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THE APPLICABILITY OF INVESTIGATIVE TECHNIQUES AT
AN ABANDONED LANDFILL

Matthew D. Reynolds, E.C. Jordan Co.
Charles P. Lyons, E.C. Jordan Co.

ABSTRACT

A case history is presented which reviews the success of several tech-
niques and approaches for remedial investigations. The purpose of the
investigation was to support screening and evaluation of technologies
to remediate contamination derived from an abandoned landfill. Due to
the large area (approximately 18 acres) and uncontrolled usage history
of the landfill, remote sensing techniques were chosen as the primary
technique for source characterization. Intrusive techniques were used
only in limited areas to gain insight into the disposal practices or to
confirm remote sensing data. Exploration of contaminant migration
pathways was conducted using traditional techniques (e.g., monitoring
wells). However, costs of characterizing the fractured bedrock aquifer
beneath the landfill were minimized by packer testing and modifying
existing borings, and by careful testing of new borings prior to
monitoring well installation. Geophysical investigations using a
magnetometer were effective for source area characterization while soil
gas sampling was less effective. Careful selection and testing of
borings proved to be effective in identifying contaminant distribution
and migration potential in groundwater.

INTRODUCTION

A remedial investigation was conducted at a former uncontrolled land-
fill to provide data for characterizing risks to public health and the
environment posed by the site, and for screening possible remedial
technologies for mitigating these risks. This paper is a case study
which describes the overall technical approach used during the remedial
investigation and discusses effectiveness of the field techniques used
at the site.

Site Setting. The landfill site is located within a ravine on the side
of a hill formed by a diabase flow in Southeastern Pennsylvania (Figure
1). The site was used to bury a wide spectrum of wastes, including
drums of solvent and other industrial chemicals, from 1956 to 1964. By
1964, the fill area encompassed approximately 18 acres. As was the
practice at the time, the landfill was unlined and no cap was installed
when the filling ceased.
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Immediately west of the landfill is a row of homes which have tradi-
tionally used private wells to supply drinking water. Beyond the
homes, approximately 1,000 feet west of the landfill, is a river with
flow ranges from 2,000 to 70,000 cubic feet per second (cfs).

In 1983, the Pennsylvania Department of Environmental Resources (PADER)
became aware of the former landfill and tested the water from selected
seeps and nearby residential wells. Trichloroethene (TCE) and several
other solvents were found in the groundwater. At this time, the former
owner of the landfill was notified and agreed to fund installation of a
public water supply to the affected homes. The former owner also began
remedial investigations at the site.

TECHNICAL APPROACH

In formulating the general approach to the landfill remedial investiga-
tion, two principles were used. First, certain basic data about the
site geology and hydrogeology would be required to provide an under-
standing of the site setting. Second, it was recognized that in the
majority of remedial actions taken at hazardous waste sites, remedial
measures typically consist of the following:

o control of the source area; and

o control of groundwater or other pathways along which

chemicals migrate from the source area to potential recep-
tors.

Most often, the engineering, design, and treatment to control the
source are independent of those that control groundwater; because of
this independence, different data are required to address each. Each
field activity considered for the site was considered in light of the
data it would provide for the two remedial needs.

Because of the size of the site and the potential cost involved in the
remedial investigation, survey or screening techniques were utilized
for initial site characterization. These techniques include geophysics
and soil gas surveys in source areas and long-screened monitoring wells
to characterize and sample groundwater. The data from the initial
investigations were used to locate more detailed explorations, such as
soil borings and monitoring well clusters. In this manner, the number
of expensive investigations that provide point-source data were mini-
mized.

SOURCE AREA INVESTIGATIONS

Four techniques were used to characterize the geology and chemical
content of the landfill area: (1) geophysical survey; (2) soil gas
investigations; (3) test pitting; and (4) soil borings. This section
describes the use and success of each technique.
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Geophysical Survey. The purpose of the geophysical survey was to
identify the distribution of buried ferrous metal, including drums,
within the landfill. It was anticipated that the geophysical data
would be used in two ways. If the survey indicated that metal was
present throughout the landfill area, the distribution would aid in
defining the boundaries of the waste site. Alternatively, if metal was
confined to selected areas, these areas would be explored in more
detail as areas for possible targeted remediation.

The principle geophysical technique employed at the landfill was mag-
netometry, which provided the maximum sensitivity to ferrous metal
buried less than 30 feet below ground. Figure 2 shows the high density
of buried metal throughout the landfill area. In the western part of
the landfill, where no final grading was done, approximately half the
magnetic anomalies were at least partly due to metal objects remaining
on the ground surface. In the east, little surface metal is present;
however, the density of the anomalies is similar. The shape of the
anomalies detected during the survey is also important. Most anomalies
occur at a single point, rather than at two or three consecutive
points. The pa.ttern of single-point anomalies suggests that buried
metal, including drums, are likely to be found in small quantities
throughout the landfill.

Soil Gas Investigation. A li.nited soil gas investigation was attempted
on the eastern part of the landfill to explore the effectiveness of the
technique for mapping areas with high concentrations of volatile
organic compounds. The field method included inserting a hollow steel
probe into the soil, extracting soil vapor using a vacuum pump, and
analyzing the vapor with a gas chromatograph.

The shallow soil profile at the landfill confounded the soil gas pro-
gram. In most locations, the high silt content in the top 6 feet of
soil prevented extraction of vapor even at a slow rate. The sampling
probes had to be repositioned several times before vapor could be
withdrawn, casting doubt on the utility of the data. The low permea-
bility of the shallow landfill soils suggested that data collected with
the vapor probes would represent only localized conditions, and that
high density sampling would be required to interpret the data.

Test Pitting. Despite the utility of remote-sensing techniques, some
intrusive investigations were required to observe subsurface conditions
and collect soil samples. The first technique used was shallow backhoe
excavations or test pits. The purpose of these pits was to observe the
types of waste disposed of in the landfill and the methods of burial.
The pits were located close to geophysical anomalies.

Observation of the pits revealed that during the later years of land-
filling, waste was buried in 4-foot lifts with two feet of cover soil,
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which confirmed reports of former landfill workers. This pattern of
waste disposal was encountered across the landfill and was consistent
with the geophysical data, indicating the presence of waste material
throughout a broad area.

The test pitting provided a valuable opportunity to observe the various
waste types within the landfill.. A wide variety of metal objects,
including metal reinforcing rods, white goods, and drums, were encoun-
tered. In addition, all the waste within the top 15 feet was well-
preserved. Paper and wood products still bore legible markings, and
metal objects showed little rust, which suggests that drums buried near
the surface may remain intact today.

Soil Borings. After determining the location of buried metal and
observing the shallow landfill stratigraphy, four soil borings were
made through the landfill. These borings completed the geologic
assessment and facilitated the collection of analytical soil samples.

The geology, as determined by the borings, included up to 40 feet of
refuse above a thin strata of residual soils. Groundwater was only
encountered near the bottom of the overburden. Chemicals present in
the landfill soils included solvents (primarily TCE, dichloroethene,
polycyclic aromatic hydrocarbons, DDT, and PCBs. These chemicals were

..primarily associated with waste layers; only a few chemicals had
migrated into the soils placed between the lifts.

Summary of Source Characterisation. The investigations conducted
within the landfill source area involved a minimum of intrusive activi-
ties, yet provided sufficient data to conduct a risk assessment and
evaluate remedial technologies during the feasibility study. The
program determined the following:

o dimensions of the landfill

o disposal practices used at the site (particularly the prac-
tice of not segregating waste by types)

o chemicals found within the waste (would require treatment if
remediation was indicated)

GROUNDWATER CHARACTERIZATION

Although sampling by regulatory agencies had identified chemicals in
groundwater near the site, a conclusive link with the landfill did not
exist when explorations began. The preliminary hydrogeologic investi-
gation was designed to confirm the presence of site-related chemicals
in groundwater, followed by a more detailed hydrogeologic study. This
section describes the phased groundwater characterization effort.
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Preliminary Hydrogeologic Investigation. Four locations were chosen
for preliminary drilling and water sampling (Figure 3). The borings
were made using air-hammer techniques to minimize well installation
time. The borings were cased through the overburden and waste material
and allowed to remain open below the top of bedrock. The length of
open hole ranged from 50 to 80 feet. To gain a qualitative apprecia-
tion for the integrity of the diabase beneath the landfill, each hcle
was logged using resistivity and self-potential techniques. While
fracture zones were qualitatively identified using down-hole geophysics
and the driller's description of the hammer action with depth, no
fracture-specific, quantitative hydrologic data were collected. The
borings were also used to determine the generalized hydraulic gradient
and slope of the water table. Sampling confirmed the presence of sol-
vents, in the groundwater at the site, thus initiating a second, de-
tailed phase of groundwater characterization.

The hydrogeologic data collected during the preliminary investigation
confirmed that the landfill was leaching chemicals into the ground-
water, but did not identify (1) the north/south extent of groundwater
contamination, (2) whether the flow discharged to the river, or (3)
whether the chemicals were moving in shallow or deep fractures. Each
data gap had to be filled before the fate of chemicals in groundwater
could be determined and the risks assessed.

Detailed Groundwater Characterization. The goal of the detailed •:'-
groundwater characterization was to gather data so that the subsurface
fate of the chemicals might be determined. This phase of study in-
cluded the following:

o more intensive vertical and horizontal testing of aquifer
hydraulic conductivity and fracture porosity; and

o vertical sampling of the groundwater plume to identify
stratification.

The first two tasks took advantage of the presence of three existing
open-hole wells at the landfill. Rather than abandon these long
"screen" sampling points, they were packer-tested to identify zones of
higher fracture density and elevated hydraulic conductivity (Figure 4).
Packer test data were used to select a depth at which a short-screened
monitoring well could be installed. At two of the three preliminary
well locations, a second well was installed at a second fracture zone
identified by the packer testing. Because the stratigraphy had already
been characterized, inexpensive drilling methods (e.g., air rotary)
were used to install the second well.

When completed, this program yielded detailed hydrogeologic data about
the bedrock, and several pairs of discrete monitoring wells suitable
for water level measurements and chemical sampling. The investigation
used the existing on-site borings, to the maximum extent possible, to
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obtain geologic, hydrogeologic, and chemical data. Therefore, only
shallow air-rotary borings were necessary to complete the detailed
monitoring network at the landfill.

SUMMARY

A phased remedial investigation was conducted at: an abandoned landfill
to support risk assessment and feasibility studies. The investigation
collected data on (1) the source area, and (2) groundwater at the site.
This distinction was made recognizing that remedial technologies are
typically different for each. Both investigations began by using
screening techniques to determine general characteristics of the
contamination area and the group(s) of chemicals ojn-site.

The screening data provided valuable insight into the physical and
chemical setting, and was used to select locations for invasive ex-
plorations within the landfill. The preliminary wells placed at the
landfill identified general hyr'rogeologic properties and confirmed the
presence of solvents in the groundwater. These wells were later used
to gather detailed geologic, Viydrogeo logic, and chemical data during
the second phase of the investigation. Full utilization of screening
or preliminary data in selecting the type and location of detailed
explorations minimized the level of effort required to complete site
characterization during the second phase of investigation.
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TECHNOI0GICAL ISSUES IN Y-12 PUNT RCRA LAND UNIT CLOSURES

Janes K. Siberell
Martin Marietta Energy Systems, Inc.

William E. Manrod H I
Martin Marietta Energy Systems, Inc.

ABSTRACT

Closures have been initiated or completed for eight land-based RCR&
hazardous waste management units at the Oak Ridge Y-12 Plant, as part of
the "Closures and Post-Closures Activities" (CAPCA) Project. At some of
the sites, removal of contaminated sediments has been necessary, prior to
final closure. Sediment removal has been accomplished, in part, by the
use of a ccmnercial "Guzzler" and modified back-hoe. At all but one of
the sites, a multi-layer final cap is to be installed. The cap consists
of a compacted clay layer, PVC membrane, drainage net, geotextile fabric,
and vegetative cover layer. The cover is designed to minimize moisture
infiltration, and was analyzed with the "HELP" computer model.1 Three
sites (S-3 Pond, New Hope Pond, and Oil Retention Ponds) require struc-
tural stabilization of sediments, following removal of standing liquid,
and prior to placement of the final cap. This presentation reviews the
progress at each of the eight closure sites, and discusses technological
issues encountered at each.

Introduction

The closure of eight land-based RCRA hazardous waste management
units at the Oak Ridge Y-12 Plant is mandated by Federal Regulations to
start ty November 1988, and to be completed within 1-2 years thereafter.
For most of the sites, closure consists of construction of a multi-
layered cap over the waste site. In some cases, excavation of con-
taminants or site stabilization is also required. Issues addressed thus
far in closure design and construction, include:

Cap cross section
Clay permeability
Excavation/transport
Erosion control
Stabilization
Traffic control

Prior to the discussion of technological issues, a brief project
overview, including descriptions of the waste sites and review of the
project status as of September 1988, will be presented.
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Project Overview

The eight RCRA waste management units consist of five surface
impoundments, two land-based units, and one land treatment unit. The
surface impoundments are the S-3 Ponds, Oil Retention Ponds, Kerr Hollow
Quarry, New Hope Pond, and Chestnut Ridge Sediment Disposal Basin. The
land-based units are the Chestnut Ridge Security Pits and the Bear Creek
Burial Grounds. The Oil Landfarm is the single land treatment unit.

Shown on the map in Fig. 1 are the locations of the waste units.
New Hope Pond and Chestnut Ridge Sediment Disposal Basin are located east
of the Y-12 Plant, the security pits are south of the plane, while the
remaining waste sites are located west of the Plant. Two "borrow areas",
from which clay for the caps is obtained, are also shown.

A variety of wastes generated by plant production processes have
been placed at the sites, beginning as early as the 1950s. The Bear
Creek Burial Ground, Oil Landfarm, and Oil Retention Ponds have been used
for the disposal of such materials as oils (some of which were PCB-
contaminated), coolants, and solvents. Acids, sludges, and caustics have
been disposed of in the S-3 Ponds. New Hope Pond and Chestnut Ridge
Sediment Disposal Basin have received discharges from RCRA-regulated
waste streams. Chestnut Ridge Security Pits have received security-
related solid waste. Reactive materials have been disposed of in the
Kerr Hollow Quarry.

All eight of the waste sites are RCRA interim status units which, by
law, must be closed or permitted by November 8, 1988. Permitting the
sites would require extensive retrofitting. Closure has been judged to
be the only viable alternative for managing the sites.

For most of the sites, closure consists of construction of a multi-
layer soil cap over the waste site. In some instances, site stabiliza-
tion, will be required, to provide structural support for the cap;
stabilization is planned for the New Hope Pond, Oil Retention Ponds, and
S-3 Pond site closures. Additionally, excavation or removal of con-
taminants prior to closure is also planned - at the lagoons (adjacent the
S-3 Pond site), East Fork Basin Channel, Oil Landfarm, and Oil Retention
Ponds.

Closure plans for the sites were submitted to the Tennessee Depart-
ment of Health and Environment beginning in mid 1987. Plans have since
been approved for all but Kerr Hollow Quarry. In mid 1987, design began
for the S-3 Pond Closure, East Fork Basin, and West Borrow Area. Design
subsequently began for the East Borrow Area, Chestnut Ridge Security
Pits, Chestnut Ridge Sediment Disposal Basin, Oil Landfarm, and portions
of the Bear Creek Burial Ground closures. Additionally, feasibility
studies were initiated to identify and evaluate alternative closure
methods for Kerr Hollow Quarry, New Hope Pond, and the remainder of the
burial grounds.
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As of September, 1988, closure designs have been completed for the
S-3 Ponds, the Oil Land Farm, the Chestnut Ridge Security Pits, and the
Chestnut Ridge Sediment Disposal Basin. The Oil Retention Ponds,
portions of the burial grounds, New Hope Pond and Kerr Hollow Quarry are
scheduled to have design completed in mid-1989. Development of the
WestBorrow Area has been substantially completed. Stabilization and
Placement of the initial (clay) layer for the S-3 Pond closure has been
completed. Construction of the East Fork Basin is approximately 50%
complete. Synthetic membrane liners for the East Fork Basin and S-3 Pond
closure are being fabricated. Development of the East Borrow Area, and
the bidding process for construction of covers at the Oil Landfarm,
portions of the Bear Creek Burial Ground, Chestnut Ridge Security Pits,
and Chestnut Ridge Sediment Disposal Basin are in progress.

Overall, approximately 70 acres of multi-layer caps will be con-
structed, consisting of 380,000 cubic yards of clay; 330,000 square yards
of synthetic membrane, and 13,191 tons of rock for drainage channels and
stabilized base for covers. The project is estimated to cost in range of
$50-S70 million, with approximately $9 million having been spent in FY
1988, $23 million planned for FY 1989, and the balance planned for FY
1990 and FY 1991. Design and construction schedules represent aggressive
efforts to accomplish the work.

In addition to the project challenges, a number of technological
issues have been addressed thus far in the design and construction
effort. These include design of the cap cross section, clay per-
meability, excavation/transport of contaminants, erosion control, and
stabilization prior to closure.

Cap Cross Section

As part of the cap design process, an analysis of a number of
alternative cap cross sections wa made, to select the optimum-performing
cap, with lowest estimated cost and reasonable constructability.

Seven alternative cap cross section configurations were identified.
In general, the alternative cross sections differ in overall cap thick-
ness, number and thickness of clay layers, and presence or absence of
drainage layer and impermeable membrane. These alternatives were
selected because it was believed that they appeared to represent a
variety of feasible cap configurations, at varying cost.

After identifying alternatives, the HELP computer model was used to
estimate infiltration through the caps. The HELP Model used was a two-
dimensional analysis of mass flow rate. Inputs to the model included
material permeability, material thickness, and a unit rate (cm/sec) of
water input to the top of the cap. The model output is the infiltration
rate (cm/sec) of water out of the bottom of the cap cross section.

Selection of the optimum cap cross section was based on three
criteria: Performance (as indicated by the HELP Model results), con-
structibility, and cost. From these three criteria, the optimum cap
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cross section is shown in Fig. 2.0, consisting from the bottom up of two
feet of clay, a membrane, a synthetic drainage net, and one foot of
vegetative layer. Performance as indicated by the analysis is better
than EPA cap. Additionally, construetibility is improved in comparison
with the EPA cap (no need to apply the sand drainage layer, which is
difficult to apply on cap slopes), while cost is approximately $3 million
less expensive (based on the expect cost for all seven closures in which
caps will be used).

Clav Permeability

Material permeability - specifically, clay permeability - is an
important element of overall cap effectiveness. Furthermore, it is
critical to ensure that actual permeability of the clay barrier in the
field meets the closure plan requirement (10 "̂  cm/sec).

Determination of clay permeability in the field was made using the
standard in-place density tests and moisture control tests. Correlation
of density and moisture content with permeability was previously made
using an extensive laboratory testing program. A typical clay density/-
moisture content versus permeability curve is shown in Fig. 3.0. During
cap construction, the clay layer is compacted with a sheeps-foot roller.

In-place density tests on the fill are being performed in accordance
with applicable ASTM Standards and also with the aid of moisture meters
and number density gauges.

To date, field tests have been performed during the placement of the
two foot (bottom-most) clay layer at the S-3 Pond site. Typical field
test results obtained thus far indicate the clay has been properly
compacted wet of the optimum moisture content which indicates that
desired (10 ' 7 cm/sec) permeabilities have been obtained.

aTwo additional aspects of actual clay permeability and initial
testing experience on the S-3 Pond site are noteworthy. First is the
amount of testing that has been required. Statistical sampling require-
ments have required that 1 sample be taken per 5000 square foot of clay
layer, for each 6" thickness of compacted clay lift that is placed; to
date, this has required a two-man testing crew to be at the site full
time. Water has had to be added to the clay during placement to meet the
moisture content which correlates to the permeability required in the
closure plan.

Excavation/Transport of Contaminants

Closure of the S-3 Pond site first involved excavation and removal
of contaminated sludge from two nearby lagoons, and placement of ex-
cavated sludge into the S-3 Ponds. The lagoons in question were used as
early as the 1950s to supplement the S-3 Ponds as disposal sites for such
plant production waste as caustics and acids. Testing indicated that
approximately 300 cubic yards of sludge would need to be excavated and
transported.
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One more obvious approach for solving the excavation/transport
problem was to use front end loaders to excavate the wet sediment and
then to place sediments in dump trucks lined with plastic to be hauled to
S-3 Ponds. Concern over the possible spillage and hence contamination of
the site or haul roads led to consideration of alternative approaches.
The approach that was finally selected was to excavate the sediments
using a vacuum operated, "roto-tiller" type intake system attached to a
backhoe bucket. Sediments scraped into the intake system were tilled and
carried to an adjacent tanker truck through large diameter, flexible
metal hose. When full, the tanksr truck was then taken to the S-3 Pond
site, where it was upended to dump the sediments into the pond.

Overall, the vacuum approach worked successfully, primarily when
excavating moist or slurrled contaminants, and small rocks (up to 6
inches diameter). When larger rocks were encountered, the excavation
process was supplemented by the standard back-hoe/lined dump truck
approach.

The entire lagoon restoration process, including preparatory lagoon
brush clearing and grubbing, construction of haul roads, sediment
excavation, site contouring and finishing, and modification of adjacent
roadway was begun in late-February (1988) and completed in June (1988).
Some production inefficiency was experienced, due to training require-
ments for the new equipment and greater-than-expected number of operators
supporting use of the equipment. Nevertheless, sediment excavation and
transportation was performed without the site contamination problems
possible in the more conventionally-used approaches.

Erosion and Siltation Control

As part of the construction performed thus far in the closure
project, significant attention has been paid to the implementation of
erosion and siltation control measures.

m

At the S-3 Ponds closure, drainage ditches are in construction
around the perimeter of the cap. The ditches are designed to handle
water runoff from a 10 year storm event. After contouring, the ditches
will be rip-rapped to slow runoff water velocity and to prevent ditch
erosion. In addition, during construction of the cap for S-3 Ponds, cap
erosion has been essentially eliminated by ensuring that the clay layer
is kept sealed (by rolling), and free of cracks.

The most extensive implementation of erosion control measures to
date has taken place as part of development of the West Borrow Area (from
which clay is obtained for the S-3 Pond capping effort, as well as for
other west end caps). Fabric/plastic silt fencing has been installed
around the perimeter of the -58 acre borrow area. Storm runoff from the
borrow area is channeled via riprapped drainage ditches into an outfall
channel and sedimentation pond, which is used for collection of storm
runoff and entrapment of siltation. Undeveloped portions of the borrow
area will be seeded to reduce erosion of cover material. Finally, north
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of the borrow area, a diverted creek has been lined with a heavy layer of
plastic to prevent erosion or siltation due to nearby construction.

Recent rains have stressed the erosion controls at West Borrow Area.
Siltation fences below the sedimentation pond were filled. Some fencing
has been damaged. Substantial siltation deposits formed at the exit of
the outfall channel (leading to the sedimentation pond), and north of the
borrow area. Additionally, substantial erosion of in-progress construc-
tion of slopes adjacent ore of the haul roads to the borrow area occurred
(although siltation was contained in downstream drainage areas. Efforts
to complete dressing of the slopes - using sodding or possibly synthetic
material - are being expedited.

Stabilization

Prior to placement of the multi-layer caps, it is necessary to
ensure that the underlying foundation material will have sufficient
bearing capacity to support the cap and to prevent excessive settlement
of the cap. Closure of the S-3 Pond site, because of large volumes of
liquids disposed of at the site, has presented particularly unique
challenges to ensuring an adequate underlying foundation prior to
capping.

Initially, the S-3 Pond site was dewatered to remove standing
liquid. Pumps and piping systems were used to transport the liquids to
nearby waste treatment storage tanks. Dewatering left approximately 3-6
feet of wet sludge in the pond bottom - about the consistency of tooth-
paste. Thus, further stabilization was required, to obtain an adequate
support for the cap.

Stabilization was accomplished by end dumping approximately 45,000
tons of shot rock into the bottom sludges. The rock used was local
dolomite, and varied in size from approximately 12" to 30" in diameter.
Following end dumping into the sludge, the rock was spread into the
sludge until the stabilized portion would bear up under the construction
spreader. After spreading of the rock base, additional soil fill
material (taken from the pond berms) was placed onto the stabilized rock
base, prior to initial cap clay layer placement.

A variety of alternatives were examined before selecting the use of
rock for stabilizing the ponds - including in situ vitrification (ie, in-
place drying of the sludges following removal of standing liquids) and
injection of a cement-based grout mix into the sludge. The rock stabili-
zation approach was selected because it not only met the functionality
criteria, but also because the other approaches appeared to require more
development effort to prove their viability for our application.

Traffic Control

In order to move the large quantities of earth required to construct
the caps two new borrow areas have been developed and rather extensive
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traffic analysis performed to consider the impact of the construction
traffic required to move the soil for cap construction on the existing
day to day traffic on Bear Creek Road. Based on these analyses two
options were bid 1) unrestricted 2) restricted use during peak plant
traffic. Costs will be obtained from bid and decision made.

gummarv and Conclusions

The closure of the eight land based units which are part of Y-12
CAPCA project is well underway. Several innovative technical designs
have saved time and money. The project is large and complex but can be
accomplished. The cap fills are being constructed wet of optimum and
meeting the predefined requirements. The project has some aspects which
are requiring on-going attention as more construction is underway e.g.
erosion control and traffic control.
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A B S T R A C T

Evaluation of a new field technique of soil-gas measurement for delineation of
subsurface petroleum hydrocarbon contamination is described. CO2 soil-gas
samples were collected from four sites at a military installation in Texas. The
soil-gas survey served as the initial phase of an overall site characterization
program that ultimately included borehole and monitoring well installation. CO2
concentrations in soil gas were correlated with petroleum hydrocarbons found in
soil and groundwater samples. It appears that the high concentrations of CO2
measured at the sites were a result of contamination from heavier hydrocarbons
such as motor oil and diesel fuel. This technique allows initial field screening of
areas contaminated by hydrocarbons that have proven hard to detect using
traditional soil-gas analysis methods.

INTRODUCTION

Contamination of soils and groundwater by volatile organic compounds (VOCs) is a
problem of increasing concern. Recently, preliminary site characterization surveys
designed for delineating subsurface contamination have been accomplished using
soil-gas sampling and analysis techniques. (Marrin and Thompson, 1984). In
typical soil-gas surveys, VOC concentrations are determined by traditional field
gas chromatographic methods. The success of this technique depends on the
partitioning of volatile compounds from soil or groundwater into the interstitial
soil gases, and on the gas-phase diffusion of these compounds through the vadose
zone. In addition, the VOCs must persist through the entire processes and not
undergo oxidation in the subsurface (Marrin and Kerfoot [in Press]; Evans and
Thompson, 1986).

Within these limitations, soil-gas surveys have found widespread applicability in
preliminary site characterization efforts. However, many compounds such as diesel
fuels, waste oils, and oxygenated solvents are not readily detectable by
conventional soil-gas analysis techniques because of their low volatility. In
addition, reduced organic compounds, such as hydrocarbon fuels are prone to
degradation in the subsurface by oxidation (Evans and Thompson, 1986). Recently
a new technique has emerged that is not subject to these limitations, (Kerfoot,
et. al., 1988). The technique takes advantage of subsurface oxidation and
microbial degradations of organic carbon which can produce increased soil-gas and
groundwater concentrations of carbon dioxide (CO2) (Krauskopf, 1967; Albertson
and Matthess, 1978). Carbon dioxide concentrations of 0.2 to 5% have been
measured in soil gases above clean aquifers (Matthess, 1982; Fernandez and
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CO2 concei trations of up to 26% have been measured (Matthess, J982). These
elevated soil-gas concentrations were attributed to subsurface microbial
degradation and oxidation of the organic compounds. Therefore, the soil-gas CO2
concentration should correlate with the presence of organic compounds in soils
and/or groundwater. This presentation describes a soil-gas survey that was
carried out based on this theory.

A soil-gas survey was conducted to screen two underground storage tank (UST)
areas and the area adjacent to a total energy plant at a military facility by
measuring CO2 concentrations. All of the USTs had previously contained dicsel
fuel and diescl fuel had been detected in water from a french drain the total
energy plant. Direct detection in hydrocarbons in soil-gas samples did not seem
promising because of the low volatility of diesel fuel. Because of the tendency of
hydrocarbons to undergo subsurface oxidation, indirect detection, through
measurements of CO2 concentration was used. Following completion of the CO2
soil-gas surveys, confirmatory boreholes and monitoring wells were placed at all
three study areas. Where applicable, soil borings and monitoring wells were
installed in locations adjacent to areas that yielded suspect CO2 values from the
soil-gas survey.

GEOLOGIC AND HYDROGEOLOGIC SETTING

Geology

The near surface soils at all three sites are dominated by dusky-brown, organic,
gravelly, silty clay of the Houston Black series. The soils possess slow-to-fast
surface drainage, depending on moisture content. Infiltration rates reported by
the Soil Conservation Service range from 0.2 to 0.8 in./hr. When the soils are
dry, rainfall is drained internally through small joints and cracks. However, the
infiltration capacity is quickly exceeded as the 'clays swell and water is lost to
surface runoff (Soil Conservation Service, 1966).

Quaternary alluvial deposits which occupy terraces adjacent and above the active
flood plain (100-year) underlie the near surface soils. The alluvium is a complex
mixture of gravel, sand, silt, and clay and is approximately 15 ft thick. Gravel
lenses laterally interfinger with fine silts and clays giving considerable anisotropy
to the deposits. The alluvium mantles an upper weathered surface of Cretaceous
or Tertiary clays. The outcrops and samples are typically unconsolidated
yellowish-brown, silty clays.

Hvdrogeology

The alluvial deposits comprise a perched aquifer where the relatively impermeable
underlying clays act as an aquitard restricting downward flow of near surface
water. The shallow, coarse-grained alluvial deposits yield water to all the
monitoring wells in this investigation. Monitoring well screens fully penetrated
the alluvium and typically penetrated the upper 2-4 ft of underlying clay. Water
levels ranged from 9 to 14 ft below ground surface. Pump tests and using head
tests indicate aquifer permeability is very anisotropic with hydraulic conductivity
ranging from 10'6 to 10"2 cm/sec.
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SAMPLING METHODS

To obtain a soil-gas sample, a 3/4-in. stainless-steel rod was driven to the desired
depth using an electric roto-hammer. Once the selected sampling depth had been
reached, the rod was removed using a hydraulic jack system. Following rod
removal, a 1/4-in. OD chromatography-grade copper tube was inserted in the hole
made by the drive rod. The downhole end of the copper tube was partially
pinched shut to prevent blockage with soil as it traveled down the hole.

After the copper tube was in place, dry, clean silica sand was poured down the
hole so that approximately the bottom foot of annular space around the tube was
occupied by sand. Following placement of the dry sand, moist soil was tamped
around the probe at the surface to prevent influx of atmospheric gases to the
subsurface during pumping. The silica sand was brought to the site from a supply
maintained off site for this purpose to prevent potential cross-contamination.

Occasionally water was encountered during sampling, when this occurred the tube
was lifted above the water level, and dry, clean silica sand was poured down the
hole until it reached the level of the bottom of the tube and then the procedures
outlined above were followed.

After the copper tube was sealed in place, it was purged with a manual air-
sampling pump. After purging, the appropriate amounts of soil gas were drawn
through a rubber nipple and a colorimctric detector tube attached to the sampling
probe. The detector tubes ranged in sensitivity from 0.001% to 20.0% by volume
CO3. Sample volumes ranged from 100 cm3 to 1,000 cm3 as appropriate for the
specific detector tube used. The combined purge and sample volumes (600 to
1,700 cm3) correspond to sampling radii of up to 30 in. assuming 20% air filled
porosity. Results were obtained by comparison of the length of color change in
the colorimetric detector tubes to a scale on the tube per the manufacturer's
instructions.

A baseline survey was conducted in two areas geographically removed from the
proposed study areas. The purpose of the baseline study was to obtain
"background" values to be used for comparison with the values obtained at the
study areas. The results of the baseline survey are shown in Table 1. The
results show that the mean value for CO2 from all samples is 2.3% + 0.8 (N=13).
The mean CO2 value for shallow soil-gas samples (<5 feet) is 1.9% + 0.6 (N=8).
The mean CO2 value for deeper samples (>5 feet) is 2.9% + 0.6 (N=5). In all
cases, CO2 concentrations increased with depth.

TABLE 1: Baseline CO, Survey Results

Baseline Area #2
Sample 1 Sample 2

1.1 2.1
2.4 2.9

3.7 3.3
0.02 NC*

Dcoth
2
5

7-1/2
10

ambient

*NC -

(ft)

air

Not Collected

Baseline
Sample 1

1.2
2.1
2.4
3.0
0.03

Area #1
Sample 2

1.6
1.8
NC*
2.3
0.15
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APPLICATION

Three separate study areas located within one military facility were surveyed with
the CO2 method. Since subsurface conditions were not the same at all sites, each
site will be discussed separately.

Site 1

The Total Energy Plant (TEP) supplies all of the energy needs for the adjacent
Medical Center, including electricity, steam, and hot water. In 1986, diesel fuel
was observed in the discharge of the French drain system that surrounds the TEP.
A site investigation that included a CO2 survey was carried out to define
potential problem areas.

Twelve sampling points located around the TEP were selected for sampling and
analysis for the presence of CO2 (see Figure 1). One shallow (<5.0 ft) and one
deep (>10 ft) sample were collected at every point except point 6, where refusal
occurred at approximately 5-1/2 ft. Water was not encountered in any of the
sampling holes. Because of the abundance of concrete, asphalt, and underground
utilities on-site, sampling points were restricted to areas of known access. Table
2 shows the results of the survey.

t u m

OO

u
D

Figure I
Soil-gas Sampling Points and

Monitoring W«ll Locations at Sit* 1

1-
The results of the CO2 survey show that the average CO2 value for shallow
samples (<5.0 ft) was 4.3% + 2.1. Most of the values arc slightly elevated with
respect to the value of 1.9% obtained from the baseline survey; this could be due
to the proximity of the sampling locations to CO2 sources. CO2 values from
samples taken at shallow depths (5.0 ft) from points 4, 5, 6 and 9 were high
enough to note as potential "hot spots." Average CO2 values for the deep
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TABLE 2: Results From Soil-Gas Survey at Site 1

3.0
5.0

10.0
12.0
13.5

0.5

4.1

0.4

2.1

5.6

3.2

5.2
7.1

4.1

7.2 9.1

15.2

4.6

12.0

4.5

12.2

7.3

3.3

Depth P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll P-12

0.9 2.9 1.1

13.2
3.9

samples (>10 ft) was 7.9% + 4.3. Soil-gas samples from samples taken at deeper
depths (> 10 ft) from points 5, 7, 8, 11, and 12 contained values that were
markedly higher than other deep sample points. The points with the highest
concentrations of CO2 were located to the northeast of the site.

Four soil borings were drilled in locations adjacent to areas that yielded high CO2
values from the Phase 1 soil-gas survey (see Figure 2 for locations). Soil samples
were collected every 5 ft. During drilling, a hydrocarbon odor was detected by
the field crew in soil samples collected at 10, 15, and 20 ft from MW-2. The
strongest odor was noted from the 10-ft sample. In addition, positive responses
from the organic vapor monitor were recorded in samples collected from 10 ft to
20 ft deep in MW-2 and from 5 to 15 ft in MW-3.

Three soil samples from each boring were submitted to the analytical laboratory
for analysis of extractable petroleum hydrocarbons (EPA Method 8015) and volatile
organics (EPA Method 8240). Results indicate that volatile organics were present
in the soil sample from 10 ft in MW-2. The compounds identified in this sample
are ethylbenzene (86 ug/kg, 0.086 ppm) and toluene (110 ug/kg, 0.11 ppm).
Results from the extractable hydrocarbon analysis indicated that petroleum
hydrocarbons were present in the sample from 10 ft (4,800 mg/kg [ppm]) and 20
ft (250 mg/kg [ppm]). Petroleum hydrocarbons were not detected in samples from
all other borings (Method detection limit » 10 mg/kg).

Groundwater samples were collected and submitted to the analytical laboratory for
analysis of extractable petroleum hydrocarbons (EPA Method 8015) and volatile
organics (EPA Method 624). Results from the laboratory analysis indicate that
groundwater samples from Monitoring Well MW-2, MW-3, and MW-4, had
detectable extractable petroleum hydrocarbons (see Table 3).

High CO2 concentrations from Samples P-5, P-7, and P-12 correlate with
petroleum hydrocarbons found in soil and groundwater samples in MW-02, MW-03,
and MW-04.

Site 2

Site 2 contains two 8,500-gal steel underground storage tanks. The tanks are
believed to have contained diescl fuel for auxiliary diesel generators. The tanks
are abandoned. Both tanks have an estimated age of 30 yr. Soil gas from 13
points located around the two USTs was collected and analyzed for the presence
of CO2 (Figure 2). At all locations, samples were collected from two depths, one
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TABLE 3: Results of Petroleum Hydrocarbon Analysis of Groundwater Samples
from Site 1

Monitoring Well Petroleum Hydrocarbon (mg/L)

MW-2
MW-2*
MW-3
MW-3*
MW-4

20.0
0.10
0.35
0.54
0.91

Duplicate sample

at 5 ft and one from 8 ft to 10 ft. Water was encountered at Sample Points 6,
7, 9, and 10. Table 4 shows the results of the CO2 survey.

( e )cf

-VantPipa

Figure 2
Soil-gas Sampling Points and

Monitoring W«ll Location at Sit* 2

LEGEND

-CO2 SanpNngPato

The results of the survey show that the mean CO2 value for shallow samples (5
ft) is 2.9% + 1.3, and the mean CO2 value for deeper samples (> 8 ft) is also 2.9%
+ 1.1. These values correlate very well with the values of 1.9% (shallow) and 2.9%
(deep) obtained from the baseline survey. The results are consistent with COj
values expected in an area where no increased CO2 production has occurred.
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TABLE 4: Results from CO, Survey at Site 2

Reading (% CO2 by volume)
Depth
(ft) P-l P-2 P-3 P-3* P-4 P-5 P-6 P-7 P-8 P-8* P-9 P-lO P-ll P-12 P-13 P-13*

5 2.3 1.9 3.9 3.1 3.7 4.3 4.9 3.1 4.5 3.8 3.0 4.5 0.5 2.6 2.1 2.3
8 3.6 2.3 3.0 3.4 1.5 5.0

10 2.0 3.3 3.1 2.6 2.5 4.5 4.5 2.1 3.9 3.1

* Duplicate

A soil boring was drilled adjacent to soil-gas Sample Point 6 (see Figure 3). Soil
samples were collected every 5 ft as the boring was advanced. Soil samples from
depths of 5, 10, and 15 ft were submitted for chemical analysis. The soil samples
were analyzed for extractabic petroleum hydrocarbons (EPA Method 8015). No
petroleum hydrocarbons were detected in the soil sample.

Groundwater was encountered during drilling, and the boring was completed as a
monitoring well. Groundwater was sampled and submitted to the laboratory for
chemical analyses for volatile organics (EPA Method 624) and extractabic petroleum
hydrocarbons (EPA Method 8015). No volatile priority pollutants or hydrocarbons
were detected in the groundwatcr.

The results of the CO2 survey indicate no elevated levels of CO2. The soil boring
and monitoring well installed at this site confirm that no petroleum hydrocarbons
are present in the subsurface.

Site 3

Site 3 contains two abandoned 8,000-gal fiberglass underground storage tanks. The
tanks are buried side-by-side, and in the past were used to store dicscl fuel.

Soil-gas samples from 11 points around the two USTs were collected and analyzed
for CO2. The sampling points were arranged in a grid pattern to allow for
optimum coverage. At all but three locations, samples were collected from three
depths. While groundwater was not encountered at any sampling point, a pervasive
hardpan layer caused rejection of sampling attempts at depths greater than 10
ft.Table 5 shows the results of the CO2 survey. The results of the survey show
the average CO2 value for shallow samples (<4.0 ft) was 0.8% + 0.5 by volume.
Although these values correlate well with each other, they are low when compared
to the CO2 values from shallow samples (1.9%) obtained from the baseline survey.
The average CO2 values for deep samples (>4 ft) was 2.6% + 2.7 by volume. The
CO2 values obtained from the deep samples show a distinct increase over the
values obtained from shallower points. Soil-gas samples from 10 ft at Points P-2
and P-9 yielded CO2 values that were noticeably higher than other samples
collected from the same depth.

Two soil borings were initially drilled to confirm the results of the CO2 survey at
Site 3 (Figure 3). The borings were placed to investigate the high CO,
concentration at P-2 and P-9 (MW-1) and the slightly elevated concentration at P-
5 (MW-2). Both soil borings encountered groundwater and were completed as wells.
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Table 5: Results from CO2 Survey at Site 3

Depth Reading (% CO2 by volume)
rft) P-l P-2 P-3 P-4 P-4* P-5 P-6 P-7 P-8 P-9 P-9* P-1O

3
4
6
7

10

• _

0.9

2.0

2.5

Duplicate

1.0

2.2

7.5

0.9

2.3
2.0

0.7

2.0

3.3

0.7 0.6 0.5 0.6 0.1 1.5
1.8 0.2

1.8 1.0 0.6 1.0 0.8 2.9

3.8 3.5 1.0 1.8 1.0 5.0 5.5

P7
MW-3

• P6

MW-S

P5

P11

P10

J

\
N

Not to seal*

LEGEND

* - Monitoring Wall

I ^ - C O 2 Sampling Point

' "1 - Approximate Tank Location

T
.1

MW-4

MW-5

VwitPlp. VentPpe

Building 1415

Figure 3
Soil-gas Sampling Points, and Monitoring Well

Locations for Site 3

Laboratory results confirmed the presence of petroleum hydrocarbons in the soil
and groundwater at MW-1 and three additional wells were installed to evaluate the
extent of contamination. During drilling of MW-1, MW-4, and MW-5, a petroleum
hydrocarbon odor was detected in soil samples collected from 15 to 20 ft. Field
screening of soil samples with an organic vapor monitor indicated that the highest
organic vapor values were found at the 15-ft depth.

Three soil samples from each boring (15 total) were submitted to the laboratory for
analysis. All samples were analyzed for extractable petroleum hydrocarbons (EPA
Method 8015). Samples were selected for analysis based on field screening
measurements and field observations. Petroleum hydrocarbons were detected in soil
samples from MW-1, MW-2, and MW-5 at the 15-ft depth and in MW-4 at the 20-ft
depth. Table 6 shows the values of diesel fuel detected in soil samples.
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TABLE 6: Petroleum Hydrocarbons Concentrations from Soil Samples
Collected at Site 3

Boring # Depth (ft) Concentration (mg/kg)

MW01 15 1,700
MW02 15 15
MW04 20 46
MW05 15 160

Groundwater samples were collected and submitted to an analytical laboratory for
analyses for extractable petroleum hydrocarbon (EPA Method 8015) and volatile
organics (EPA Method 624).

Results from the laboratory analyses indicate that groundwater from Monitoring
Wells MW-1, MW-3, MW-4, and MW-5 contained petroleum hydrocarbons (sec Table
7).

The occurrence of relatively elevated levels of CO2 at P-2 and P-9 were used to
locate the initial borings and lead to the confirmation of the presence of petroleum
hydrocarbons in soil and groundwater. Exploratory borings placed at random
around the tanks may not have encountered the petroleum hydrocarbons
contamination, as witnessed by the non-detect values reported from MW-02 and
MW-03.

TABLE 7: Results of Petroleum Hydrocarbon Analysis
of Groundwater Samples from Site 3

Monitoring Well # Petroleum Hydrocarbon (ug/1)

51 890
03 690
04 2,000
05 850

CONCLUSIONS

The results of the CO2 soil-gas program indicated that petroleum hydrocarbons
were present in the subsurface in areas that produced relatively high CO2 values
during an initial soil-gas survey. A subsequent soil boring and groundwater
monitoring program confirmed the results of the soil-gas survey.

We feel that this technique can be used as a cost-effective field screening tool
during site characterization of suspect areas that may contain petroleum
hydrocarbons. Further study is needed to evaluate geologic, hydrogeologic,
chemical, biological, and cultural effects on the utility of the data. We do not
propose that this technique should stand alone as a field investigation, but it is a
tool to be used as one element of a phased approach for site characterization.
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CHARACTERIZATION OF SEDIMENT IN A LEACHING TRENCH RCRA SITE

N. G. Zimmerman, Uestinghouse Hanford Company
C. D. Kossik, University of Washington

ABSTRACT

Hazardous materials potentially were disposed of into a pair of
leaching trenches from 1975 until Resource Conservation and Recovery
Act (RCRA) regulations were imposed in 1985. These leaching trenches
now are used for disposal of nonhazardous process water. The typical
effluent (approximately 3 million gal/d) consisted of water with trace
quantities of laboratory, maintenance, and fuel fabrication process
chemicals. The largest constituent in the waste stream was uranium in
low concentrations. This paper describes the project used to analyze
and characterize the sediments in and below the leaching trenches.

Two phases of sediment sampling were performed. The first phase
consisted of taking samples between the bottom of the trenches and
groundwater to locate contamination in the deep sediments under the
trenches. To accomplish this sampling, a series of wells were drilled,
and samples were obtained for every five feet in depth. The second
phase consisted of samples taken at three depths in a series of
positions along each trench. Sampling was completed to determine
contamination levels in the shallow sediments and loose material washed
into the trenches from the process sewer system.

The project results were that no measurable contamination was found in
the deep sediments. Measurable contamination from metals, such as
chromium and nickel, was found in the shallow sediments. The primary
contaminant in the shallow sediments was uranium. The concentration of
contaminants decreased rapidly to near-background levels at shallow
depths below the bottoms of the trenches.

1.0 INTRODUCTION

This paper describes the results of a sampling program for the sediments
underlying the process trenches that serve the 300 Area on the Hanford
Site. These process trenches were the subject of a closure plan
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(DOE-RL 1985) submitted to the State of Washington Department of Ecology
(WOOE) and to the U.S. Environmental Protection Agency (EPA) in lieu of
a Part B permit application on November 8, 1985. The closure plan
described a sampling plan for the underlying sediments and potential
remedial actions to be determined by the sample analyses results. The
sampling activity and analyses results are presented and discussed.

2.0 HISTORY AND BACKGROUND

The 300 Area process trenches serve as the discharge site for the
process sewer system in the 300 Area on the Hanford Site. The trenches
were constructed and put into operation in 1975; they are located north
of the 300 Area. Each trench is about 1,500 ft long, 15 ft deep, and
10 ft wide. A concrete weir at the inlet (i.e., the south end) directs
the water into the trenches. The trenches are shown in Figure 1.

Approximately 2.6 million gal of water are discharged to the trenches
each day. Wastewater is discharged from the process sewer system into
one trench until the water rises to an operationally set level; then the
discharge is switched to the other trench. The water has been
chlorinated by the water filter plant for the 300 Area and contains
materials added to the water during use. The water discharged to the
process sewer primarily is used for cooling purposes and is not
modified. Other sources of discharges include steam condensate,
janitorial solutions from washing and waxing floors, water treatment
(primarily salt), laboratories, process water from fuel fabrication, and
other aqueous solutions that are not designated as hazardous wastes.
A major discharge to the process trenches in the past has been uranium
from the fuel fabrication process. Quantities of uranium discharged are
estimated at several hundred kilograms per year. The process sewer
system is at risk for spills of various nonhazardous and hazardous
chemicals that are not ordinarily discharged to the sewer.

Before 1985, small amounts of a wide variety of chemicals that are
presently regulated as hazardous waste were discharged, or potentially
discharged, to the sewer system. These wastes included chemicals from
chemical and biological laboratories, fuel fabrication, photographic
processing, and maintenance operations. Two known spills of
perchloroethylene, totaling 120 gal, are documented.
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Figure 1. 300 Area Process Trenches (looking South).

3.0 THE SAMPLING OPERATION

The sampling strategy was set up to complement the RCRA groundwater
monitoring program for the process trenches and to achieve the following
goals:

• Determine contaminant levels in the sediments between the
surface and groundwater caused by past disposal of hazardous
materials in the process sewer system

• Provide the basis for remedial action plans.

To achieve the goals, the pattern of contamination in the trenches and
sediments was needed. To determine the contamination between the trench
bottom and the groundwater, wells that were centered between the two
trenches were drilled svery 300 ft starting from the inlet end of the
trench. Shallow sediments in the trenches were sampled at three depths
at positions located every 100 ft along the trench bottoms.
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3.1 WELL SAMPLING

The groundwater depth at the process trenches was estimated to be
approximately 35 ft below grade. A depth of 40 ft was chosen for the
wells; samples were taken every 5 ft in depth. Six wells were drilled
and 48 samples were taken. Since the wells were used only to obtain
soil samples, the wells, except the one nearest the inlet, were filled
after sampling. The well nearest the inlet was finished as a
groundwater monitoring well. When the trenches are operating, water
from both trenches percolates through the soil between the trenches
within approximately 10 ft of the surface. Wells between the trenches
will sample soil potentially contaminated by the trench water.

The first deep-sediment or well sample was taken on April 24, 1986. The
drilling started on the north end of the center dike and moved
southward. The drilling was accomplished with a cable-tool drilling rig
using a hard-tool method. The 8-in. casing was driven to the drilled
depth, and the hole was cleaned of all disturbed materials. A sample of
the sediments was obtained from the bottom of the hole using a bailer.
To minimize leaching and dilution of any substances deposited on the
sediments, the wells were drilled with the addition of as little water
as possible. Clean river water was used for this purpose. The deep-
sediment sampling was completed on May 23, 1986. The samples were of a
slurry consistency. Most samples were passed through a USA No. 6 or
No. 10 screen to develop particle size consistency among the samples and
to eliminate pebbles and chunks of rock.

Two samples of the river water that were used for drilling and cleaning
the sampling equipment before rinsing with distilled water were
collected. The water analyses results did not indicate contamination by
hazardous constituents potentially discharged to the trenches. Two
process trench water samples were taken during the drilling of two
separate wells on May 7, 1986, and May 22, 1986. These samples were
taken as the well drilling passed the 15- to 30-ft levels to determine
if any of the trench water components would be reflected in the soil's
composition at the same level. Trench water was encountered in the
wells by the time the drill depth reached 10 ft. The analytical results
for these samples indicate that there was no significant contamination
of the soil samples from the trench water.

3.2 SHALLOW SEDIMENT SAMPLING

Shallow-sediment sampling began on June 16, 1986, and was completed on
September 10, 1986. Shallow holes were excavated every 100 ft starting
from the inlet end of each trench. Each sample site was hand dug with a
shovel to a depth of at least 18 in. below the loose sediments. In each
hole three samples were taken to represent the loose sediments washed
into the trenches with the influent, the near-surface trench bottom
(4 in. below the original surface and the bottom of the loose
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sediments), and 18 in. below the original surface. The depth of these
loose sediments varied depending on the distance from the weir.
Sixteen holes and 48 samples were planned for each trench. After the
walls were scraped of material that might have caused cross
contamination of the sample, the sample materials were collected from
the wall of the site using a trowel. The samples then were sieved and
placed in the sample bottles. All of the shallow-sediment samples were
passed through a USA No. 6 or No. 10 screen in an effort to achieve a
uniform sample particle size and to eliminate pebbles and rocks. The
holes were filled after sampling was completed.

Not all of the samples were obtained. For seven and nine of the samples
in the west and east trenches, respectively, the loose sediments were so
thin or nonexistent that not enough material could be collected for a
sample. These conditions were logged, and no samples of these sediments
were taken. An additional nine samples and six samples in the west and
east trenches, respectively, were not collected because of the presence
of water cover. Efforts were made to try to clear these areas of water
so they could be sampled, but the water could not be cleared to any
significant degree.

3.3 SAMPLING DOCUMENTATION

A series of documents were produced before and during the sampling
activities. The purpose of these documents was to verify that the
samples were taken properly and were secure at all times and to describe
the sampling activity and the environment in which the samples were
taken. The documentation produced is described below.

t Sampling Procedures--Detailed procedures that describe how the
sampling was to be performed and the quality assurance (QA)
plan were written and approved before sampling.

• Field Logbook--This logbook was kept for field notes while the
sampling was in progress. The sample number, date and time of
sampling, sample size, name of sample collectors, a brief
description of the sample, and any unusual occurrences or
problems were recorded.

• Geologist Logbook--This logbook contained information for the
daily drilling log and field notes and observations on the
shallow-sediment samples. Drilling progress and
characteristics, descriptions of samples and surrounding
geology, and process trench conditions were included.

• Quality Assurance (QA)/Quality Control (QC) Records--An
independent, third-party inspector completed a checklist for
the deep- and shallow-sediments sampling entitled "Third Party
Inspection Checklist." The inspector verified compliance with
the sampling procedure for each set of samples.
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Analytical QA and QC records are maintained by the analytical
contractor.

• Chain of Custody--Chain-of-custody documentation was prepared
and accompanied all samples.

• Geological Report--Geological reporting that described the
surrounding sediment formations and geology was completed.
The drilling and sampling programs and corresponding geologic
analyses of the samples that were obtained in conjunction with
the behavior of the process trench water levels were included.

4.0 SAMPLE ANALYSIS

4.1 ANALYSIS PLAN

A total of 144 samples were planned for collection. To stay within the
sample handling capabilities of the chemical analysis contractor and to
reduce analytical costs while obtaining the necessary information, the
following analytical stratagem was developed. Twenty percent of the
samples were analyzed for all of the same constituents as in the RCRA
groundwater monitoring program; eighty percent of the samples were
analyzed for a screening set of constituents. This stratagem resulted
in a planned total of 29 full-analysis samples and 115 screen-analysis
samples. The parameters for analysis are shown in Table 1.

The screen set of analyses is designed primarily to detect metals and to
provide an indication of organic chemicals, such as chlorinated
hydrocarbons, through total organic halides (TOX) and total organic
carbon (TOC) analyses. Significantly larger than average TOX and TOC
results for certain samples would indicate the need for a full analysis
for the sample. The samples to undergo full analysis were chosen in a
quasi-random fashion so samples from all depths would be included.

A separate 250-ml sample was taken in addition to those required for the
analyses. This sample is stored under refrigeration to be used for any
further analyses which might be required.

Four water samples were taken during the trench sampling to evaluate the
potential for cross contaminating the samples by process trench water or
river water. The river water was used for initial cleaning of the
sampling tools before rinsing with distilled water between samples.
River water was used also during the drilling process. River water was
chosen because it had not been chlorinated and was not significantly
contaminated with the constituents for which the samples were being
analyzed. Two samples of river water used for tool cleaning and
drilling were taken and analyzed. Two samples of the water in the
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Table 1. Analysis Parameters.

Full analysis parameters

Screen analysis parameters

Coliform bacteria
Beta, radium, and alpha
Inductively coupled plasma (ICP)
metals 6010 enhanced
Method 8330 enhanced (Thiourea)
Pesticides Method 8140
Nitrate, sulphate, ....(anions)
Direct aqueous injection
Herbicide 8150 enhanced
Arsenic
Mercury
Selenium
Thallium
Lead by graphite furnace atomic
absorption (GFAA)
Total organic halides (TOX)
Total organic carbons (TOC)
Cyanide
Perchlorate
Sulfide
Ammonium ion
Ethylene glycol
Citrus red No. 2

Beta
Alpha
CP metals 6010 enhanced
Mercury
Lead by GFAA
TOX
TOC

KTHWII

process trenches were taken during the well sampling program for deep
sediments. These samples were taken because the well samples were
saturated with water from the trenches at the 10-ft sample. The process
trench water samples permit the evaluation of the source of any
contamination found in the samples from the wells. The river and
process water samples did not indicate any significant contamination
potential to the samples from the trench or river water.

The analysis procedures were in conformance with the EPA procedural and
QA requirements as described in SW-846 (EPA 1986b).

4.2 ANALYSIS RESULTS

To evaluate the significance of the contamination, a knowledge of
background concentrations in the local environment is required.
Background levels are established by taking and analyzing samples from
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areas near the 300 Area process trenches that have not been impacted by
human activities. The average background concentrations (shown on
Table 2) were obtained from analysis of the following samples:

• Samples at depths of 10 and 15 ft from a new filter backwash
pond about one-half mile south of the trenches

• Samples at 8- and 16-ft depths from the proposed location of a
new sewage treatment plant northeast of the trenches.

Table 2. Concentration of Constituents in Sediments.

Constituents

Arsenic (As)

Cadmium (Cd)

Chromium (Cr)

Copper (Cu)

Lead (Pb)

Mercury (Hg)

Nickel (Mi)

Silver (Ag)

Uranium (U)

Loose sediments

Average

1.5

2.4

274.0

3.550.0

205.0

150

529.0

137 0

7.400 0

Peak

10.0

20.0

551.0

7,320.0

486 0

58.0

1.550.0

405.0

20,4000

Shallow-sediment
samples (4 in.)

Average

0.9

1.8

59.0

1.109.0

33.0

6.0

306.0

35.0

1,200.0

Peak

6.0

5.4

319.0

8.470.0

230.0

69.0

4,700.0

245.0

6,900 0

Deep-sediment
samples (18 in.)

Average

1.0

1.3

30.0

522.0

21.0

2.0

95.0

12.0

3.400.0

Peak

14.0

2.9

131.0

2,230.0

86.0

21.0

1.030.0

110.0

27,700.0

Well samples

Average

0.G

0.49

6.0

18.0

3.0

0.0

5.0

<1.0

7.3

Peak

7.0

09

10.0

42.0

70

0.1

11.0

<1.0

15.5

Background
concentration

Average

3.0

1.0

725

14.6

12.6

<1.0

6.6

<1.0

3.4

Range

<O.7-1O.O

<0.2-1 0

6.0-10.0

8.0-22.0

8.0-18 0

<0.2-<1.0

5.0-9.0

<1.0

06-8.0

The only constituents that were found to be potentially indicative of
contamination in the sediment from process trench operations are certain
metals. No contamination by compounds or elements that do not appear
naturally in the soil was identified.

The analytical results for the constituents of significance for the
trench loose-sediment, shallow-sediment and deep-sediment samples, and
well samples are presented in Table 2. Background values are also shown
on the table. The uranium results were not measured directly but are
inferred from the alpha counts. The alpha count is only a rough
indicator to detect uranium contamination, and there is a large
uncertainty in the uranium concentrations (i.e., up to a factor of
2 or 3).

Plots of contamination levels in the shallow sediments of the trenches
indicate that the contamination level decreases rapidly from the loose
sediments to the 18-in. depth. Typically, the contamination levels at
the 18-in. depth are within background ranges except at the inlet of the
trenches where the contamination decreases with depth but is still above
background for some contaminants.

By comparing the average background values with the trench-sample
concentrations, several of the constituents found in the trench
sediments are generally within the background-concentration range.
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Arsenic is generally within or close to the background-concentration
range. The average concentration of cadmium, lead, and mercury is
generally within the range of background concentrations. However, there
are a few peaks in concentration in the shallow sediments that are
significantly above the background range. The average and peak
concentrations of chromium, copper, nickel, and silver are significantly
above the background range. The average and peak uranium concentrations
in the trench are much higher than background range. Radiation
measurements in the trenches indicate that some surface-uranium
concentrations near the inlet to the trenches are much above the
background range. The deep-sediment or well-sample concentrations are
within or close to the background-concentration range for all the
constituents.

The results demonstrate that contamination above the background range
exists in the process trenches but fails to detect contamination in the
deeper well samples. The constituents found in the shallow sediments
consist of the metals and compounds described in the spill table of
Appendix VIII of the RCRA regulations (EPA 1986a). The concentrations
are too low to determine the actual compounds, but consideration of the
environmental chemistry and the sources of some of the metals suggests
that the compounds probably consist of oxides and various salts, such as
phosphates, sulfates, chlorides, nitrates, and fluorides. Based on the
concentrations and the probable compounds, the trench sediments are not
a hazardous waste as defined by the toxic mixture procedure of the
Washington Administrative Code (WDOE 1987). Six samples were chosen
from the shallow-sediment samples for an extraction procedure (EP) toxic
leach analysis. The samples were chosen to represent the range of
constituent concentrations from the most concentrated to the least. The
results of the analyses are presented in Table 3. All of the results
are below the levels that define a hazardous waste.

Table 3.

Analytical

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

<0.20

12.00

<0.01

0.02

0.46

0.10

<0.25

<0.02

Extraction Procedure (EP]
Leach Test Results.

Toxic

Results-EP Toxicity (in parts per million)

<0.20

6.6

<0.01

<0.01

<0.20

<0.05

<0.25

<0.02

<0.20

7.20

<0.10

0.01

0.23

<0.05

<0.25

<0.02

0.20

10.30

0.03

<0.01

<0.20

<0.05

<0.25

<0.02

<0.20

11.6

<0.T0

0.06

<0.20

<0.05

<0.25

<0.02

<0.20

6.90

<0.10

0.02

0.24

<0.05

<0.25

<0.02
KTU-3401-3
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S.O SUMMARY

The sampling program for the 300 Area process trenches on the Hanford
Site has been completed. The purpose of this program was to determine
the types and distribution of contamination from past operation of the
process trench system. The only contamination found in the soils and
sediments were metals, and the contamination is generally limited to
shallow depths. Future options for remedial action for this system are
now being evaluated and negotiated with State and Federal regulators.
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HIGH PRIORITY SITES AT THE ROCKY FLATS PLANT
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ABSTRACT

The Rocky Flats Plant 881 Hillside is an area formerly used for chemical
disposal and drum storage of hazardous and radioactive mixed waste. Leaking
drums and chemical disposal have resulted in volatile organic compound (VOC)
contamination of ground water to levels up to 30,000 ug/1. These levels, and
the proximity of the area to a major surface water drainage leading off site
(ground-water discharge area) triggered the RI/FS process. This paper
summarizes results of the remedial investigation and focuses on the
alternatives evaluation for treatment of VOC-contaminated ground water
collected from a french drain/withdrawal well system. Although a host of
candidate treatment systems were considered, carbon adsorption, air stripping,
ultraviolet (UV)/pcroxide and UV/ozone were most cost effective. Factors
considered in choosing UV/peroxide over the other systems were predicted
performance, ability to meet effluent standards, reliability, air pollution
considerations, mechanism of treatment, capital cost, and operation and
maintenance costs. These factors are discussed in detail in the paper and
include presentation of treatability study data and treatment performance data
from existing full scale systems. Design details of the proposed ground-water
collection and treatment system are also presented.

INTRODUCTION

A comprehensive, phased program of site characterization, remedial
investigations, feasibility studies, and remedial/corrective actions is in progress
at the Rocky Flats Plant. These investigations are pursuant to the U.S.
Department of Energy (DOE) Environmental Restoration (ER) Program and a
Compliance Agreement between DOE, the U.S. Environmental Protection
Agency (EPA) and the State of Colorado (CDH) dated July 31, 1986. The ER
Program includes all elements of the Remedial Investigation/Feasibility Study
(RI/FS) process.

In the past, both storage and disposal of hazardous and radioactive
wastes occurred at on-site locations. Preliminary assessments identified some
of the past on-site storage and disposal locations (Resource Conservation and
Recovery Act (RCRA) Solid Waste Management Units (SWMUs) as potential



sources of environmental contamination. The SWMUs have been prioritized by
degree of potential hazard to the public for investigation and clean-up under
the ER Program. The SWMUs comprising the 881 Hillside Area were
investigated as the high priority sites because of elevated concentrations of
volatile organic compounds in the ground water and proximity of the sites to a
surface drainage. An RI/FS has been completed for the 881 Hillside Area.
This paper focuses on selection of a treatment technology for removing
organics from the ground water.

NATURE OF GROUND-WATER CONTAMINATION

Volatile organic compounds (VOCs) have been detected in shallow
ground water at the 881 Hillside. In addition, there appear to be elevated
concentrations of uranium, selenium, nickel, strontium and major ions in
shallow ground water. These inorganic constituents are at concentrations
below Applicable or Relevant and Appropriate Requirements (ARARs) or of
similar magnitude to concentrations observed in ground water in the vicinity.
Therefore their removal from ground water was not an issue in the feasibility
study.

Maximum concentrations (ug/1) of VOCs reported during 1987 greater
than 1000 ug/1 are summarized below.

1,1 -Dichloroethene 48,000
1,1,1-Trichloroethane 30,250
trans-l,2-Dichloroethene 5,070
Carbon Tetrachloride 28,000
Trichloroethcne 72,000
Tetrachloroethene 13,200

Data obtained earlier (1985, 1986) and later (1988) indicate
concentrations on the order of 10,000 mg/1 for these compounds. Other VOCs
reported in the 10 to 100 ug/1 range include methylene chloride (MeC^) and
toluene.

GROUND-WATER TREATMENT ALTERNATIVE EVALUATION

Remedial actions at the 881 Hillside that involve the collection of
contaminated ground water, treatment, and subsequent subsurface discharge
must achieve chemical specific ARARs. A distinct set of ARARs have been
identified for remedial actions involving the subsurface discharge of treated
ground water. Health-based chemical-specific ARARs pertinent to ground-
water discharge have been identified and screened for the Hazardous
Substance List organic and inorganic compounds found above detectable levels
in the 881 Hillside wells. Radionuclides and conventional pollutants have also
been identified and screened. Potential ARARs include applicable standards
for the protection of ground water promulgated under the Colorado Water
Quality Control Act, relevant and appropriate standards associated with the
Clean Water Act, and applicable standards defined by the Safe Drinking Water
Act, Underground Injection Program. The ARARs, generally less than 5 ug/1,
represent the performance standards for the ground water treatment facility.
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Many ground-water treatment technologies were initially screened in the
feasibility study to identify those most feasible and cost effective for
subsequent detailed evaluation. The ground-water treatment technologies that
remained after screening are UV/peroxide, air stripping, and carbon
adsorption.

Ultraviolet/Ozone and Ultraviolet/Hvdrogen Peroxide Oxidation

Chemical oxidation is an effective method of destroying most organic
compounds present in water and wastewater. A variety of chemical oxidants
are commercially available. With the exception of fluorine, hydroxyl radicals
(OH) have the highest oxidation potential of any commercially available
oxidant. Hydroxyl radicals can be generated very efficiently by exposing
ozone (Op or hydrogen peroxide (H2O2) to ultraviolet (UV) light at
wavelengths of 400 nm or less:

UV
O3+H2O > O2+2 OH

UV
H2O2 > 2 OH

<400 nm

The hydroxyl radicals formed are highly effective at oxidizing organics
in water to carbon dioxide and water. For example, formic acid (HCOOH)
reacts with hydroxyl ions as follows:

HCOOH + OH > H2O + HCOOO-

HCOO* + OH > H2O + CO2

Ozone or hydrogen peroxide alone can also be used as an oxidant, but
they have a lower oxidation potential than the hydroxyl radical, and are thus
a weaker oxidant. Ultraviolet light serves a dual purpose in UV/H2O2 or
UV/O3 oxidation systems. In addition to converting hydrogen peroxide or O3
to hydroxyl radicals, many organics absorb UV light and become more reactive
to chemical oxidation.

Partial oxidation of the organics present will result if the concentration
of the oxidant is insufficient. For example, aromatic hydrocarbons are first
oxidized to organic acids before being completely oxidized to carbon dioxide
and water. Therefore, it is important to supply enough oxidant to completely
oxidize all organics present.

The efficiency of the UV/Ozone/Peroxidc system depends upon several
parameters, including:

0 type and concentration of organic and inorganic contaminants
(VOCs, oil and grease, metals, bicarbonate, etc.)

o turbidity of the water
o water temperature
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o UV, ozone, and H2O2 dosages
o mixing efficiency
o use of catalyst

Bench-scale or pilot-scale studies are necessary to optimize the system
efficiency. Performing such tests provide the necessary results to determine
the oxidant dosage, UV radiation required, and necessary reaction times to
achieve the desired effluent quality.

Initial evaluation of the UV/Ozone and UV/Peroxide systems indicate
that both systems will provide treated effluent water that meets chemical
ARARs for organics. However, the UV/Peroxide system requires a smaller
initial capital investment, is potentially less maintenance intensive (due to
fewer UV lamps and no ozone generation equipment) and does not require the
use of ozone, a toxic gas. Therefore, the UV/Peroxide water treatment
technology was the focus of a more detailed evaluation.

Performance data has been provided on the UV/Ozone/f^C^ oxidation
system for several different pilot-test cases of ground-water treatment. In
almost all cases, it was shown that greater than 95% oxidation of chlorinated
hydrocarbon volatiles or semivolatiles could be achieved under some
combination of F^On dose and energy input (reaction time). Test results for
waters containing chlorinated hydrocarbons at the Bendix Plant in Kansas City
are shown below.

Feed
Run A

Feed
Run B

TCE

418

470

Concentrations in ug/1.

*TCE = Ti ichloroethvlc

TCA

98

166

:ne

1.2-t-DCE

<10
<10

16

PCE

52

96

MeCl2

62

: l o °

Vinvl Chloride

<10
<10

72

TCA = 1,1,1-Trichloroethane
1,2-t-DCE = 1,2-t-DichIoroethylene
PCE = Tetrachloroethylene

= Mcthylene Chloride

Other performance data for the UV/peroxide ground-water treatment
system has been somewhat limited due to the relatively new development of
the process. However, Peroxidation Systems, Inc. has 6 UV/peroxide units
currently operational or on line and ready for operation. One of these units is
located at Rockwell International's Rocketdyne Division Santa Susana facility
in California. Pilot scale operations were performed by Peroxidation Systems,
Inc., on ground water containing VOCs (TCA, TCE, etc.) at system flow rates
of approximately 20-40 gpm. Results from the pilot scale testing were
favorable, and a UV/pcroxide ground-water treatment unit has been
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purchased, set up, and site tested. Another UV/pcroxidc ground-water
treatment system, located at a facility in Colorado, was visited and appeared to
be a low maintenance, highly effective ground-water treatment unit. This
sytem was treating ground water with TCA concentration significantly lower
than those found at the 881 Hillside. However, the treatment process had
initially treated ground water with much higher concentrations. Based upon
actual bench-scale results using 881 Hillside ground water and information
received regarding currently functioning treatment systems, the innovative
UV/peroxide ground-water treatment system appears to be a reliable treatment
technology.

Operating conditions were projected for a full-scale UV/peroxide
treatment unit using the bench-scale results provided by Peroxidation Systems,
Inc. The recommended UV/peroxide treatment unit consists of an 80-gallon
stainless steel oxidation chamber, which provides for a maximum ground-water
retention time of 2.66 minutes at a constant system flowrate of 30 gpm. The
Because methylene chloride breaks through first, the estimated carbon usage
rate is 3.1 lbs/1000 gals.oxidation chamber contains four medium-pressure UV
lamps, which are mounted horizontally in quartz sheaths. A hydrogen
peroxide feed system is used to inject approximately 50 mg/1 (per ppm of
contaminants) of a 50 percent H2O2 solution into the ground-water feed line.
The ground-water/peroxide mixture then passes through an in-line static mixer
before entering the bottom of the oxidation chamber. The ground water then
flows through the reaction chamber, passing the UV lamps, before it exits the
top of the oxidation chamber. Flow through the oxidation chamber will be
turbulent in nature to provide for the optimum degree of contaminant
oxidation. As the ground water passes the UV lamps, the contaminants wilt be
effectively destroyed to non-detectable levels.

Operating and maintenance requirements for the UV/pcroxidc
treatment system arc relatively minor. The system will require approximately
20 kW of power and 2,100 pounds/year of 50 percent H2O2 solution for normal
operation. Routine maintenance of the equipment is required and the UV
lamps will require replacement approximately every three to six months.
Capital and operating costs are shown in the following table.

ITEM
Building improvements, utilities
Treatment Unit & Equipment

- UV/Peroxide Unit
- H2O2 tank and pump

Operating Costs
- Hydrogen Peroxide ($0.52/lb.*)
- Power ($0.07/kwh)
- Lamp Replacement (every 3 months)

Capital Cost
(Dollars)
150,000

$60,000
5,000

Annual Cost
(Dollars)

$14,000
12,000
5,000
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- Operations ($61/man-hour) 45,000
- Maintenance ($50/man-hour) 5,000

TOTAL: - UV/Pcroxide $215,000 $81,000

Hydrogen peroxide costs are based on the purchase of five 500-pound drums
of 50% solution.

Air Stripping

Air stripping causes the mass transfer of volatile organic compounds
from a dilute aqueous solution to a continuously flowing air stream. Many
types of air strippers exist, but the most efficient for the removal of volatile
compounds from ground water is the packed bed tower with countercurrent
flow. Water containing VOCs is fed to the top of the tower and distributed
over the column packing material, while air is blown through the tower from
the bottom. Treated effluent is drawn off the bottom, while the air, now
containing the volatile compounds, exits the top of the column, and may be
conveyed to a vapor phase carbon adsorption system or an afterburner if
required by local air pollution regulations.

Enhanced mass transfer occurs with increased contact between phases
and is optimized by selecting packing materials with large surface area. An
increased concentration gradient between the two phases also results in an
increased rate of mass transfer. High air to water flow rate ratios arc used to
physically remove increasing vapor phase concentrations, resulting in
concentration gradients that remain as large as possible. Temperature also has
an effect on the rate of mass transfer. An increase in the system temperature
results in a corresponding increase in both the Henry's Law Constant and the
rate of mass transfer. This is the basis for steam stripping, which is used
mainly for the removal of less volatile organic compounds. Increased capital
and operating costs associated with steam generation and heat, recovery,
coupled with a minimal enhancement of system efficiency for removal of
contaminants in ground water at the 881 Hillside render steam stripping less
cost effective than air stripping.

Computer modeling or lab scale testing may be used to optimize the
design of the system. Types and amounts of wastes, system flow rate, desired
removal efficiency, amounts of suspended solids and dissolved iron,
manganese, and carbonates are some of the important system variables to
consider. The system is generally designed to obtain the desired removal
efficiency for a contaminant which occurs at a high concentration and has a
low Henry's Law Constant. Important design variables to evaluate are size of
column, type of packing, and air to liquid flow ratio. Removal efficiency can
be increased by increasing the size of the column, using more efficient
packing, increasing the air-to-liquid ratios, or using multiple columns.

A proposed preliminary design of an air stripping system for the 881
Hillside area consists of a 22-inch diameter fiberglass reinforced plastic
column approximately 35 feet in height. The packing medium consists of two-
inch polypropylene pall rings or tri-packs. An influent water flow rate of
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30 gallons per minute may be treated, with air-to-watcr flow rate ratios of 50:1
possible. A conservative estimate of the removal efficiency is 99+%. The
treated effluent will then pass through a 1,000-pound disposable liquid phase
carbon unit to provide a backup system for surges in flow or contaminant
concentrations. Based on a constant yearly flow rate of 10 gpm, carbon usage
will be approximately eight pounds/day and each 1,000-pound carbon unit will
require replacement approximately every four months. Transport and disposal
of the spent carbon unit will be required. Treated ground water exiting the
carbon unit will contain less than 1 ppb of the volatilcs identified in the
ground water at the 881 Hillside.

Air flowing from the stripper will contain a low level of contaminant
concentrations and may require treatment to meet air emission standards. A
vapor phase carbon adsorption system is the recommended treatment for air
effluent. Air exiting the air stripper would pass through a vapor phase carbon
unit containing 1,500 pounds of activated carbon. Vapor phase carbon
adsorption is reported to have a 4 to 10 times greater capacity than liquid
phase carbon adsorption, although actual effectiveness of the system may be
less. Removal efficiency is dependent upon flow rates, relative humidity,
types of organics present, and their relative concentrations. A heater and
blower may be required to lower the relative humidity in order to optimize the
removal efficiency. When the carbon is spent, it can be removed and
transported off site for regeneration. Based on an average flow rate of 10
gpm, carbon usage will be approximately seven pounds/day and each 1,500-
pound carbon unit will require replacement approximately every seven months.

Operation of the treatment process is relatively simple, requiring
occasional cleaning of the air stripping column and replacement of carbon.
Capital and operating costs are shown below.

ITEM
Building improvements,

utilities
Treatment Unit & Equipment

- Air Stripper Column
- Possible ancillary equipment

(heater, extra blower)
- Liquid Phase Carbon System

Operating Costs
- Liquid carbon phase replacement

(3 units/year)
- Vapor Phase Carbon

Replacement (1.6/year)
- Transportation and Disposal of

Spent Liquid Phase Carbon
- Operations ($6l/man-hour)
- Maintenance ($50/man-hour)

TOTAL:-Air Stripper System

Capital Cost
(Dollars)

150,000

$12,500
2,000

3,500

$167,000

Annual Cost
(Dollars)

$11,000

13,000

9,000
45,000
5.000

$83,000
Operating coits are bated upon continuous yearly flowrate of 10 gpm.
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Activated Carbon

Activated carbon adsorption systems arc commonly used to remove
organic contaminants from water and gas streams. Activated carbon is
produced from the carbonaceous residue formed from the pyrolysis of wood,
coal, or nut shells. Hydrocarbons remaining in the carbonaceous residue arc
then oxidized by steam or air (activation) which creates the highly porous
structure of the carbon.

Adsorption is a process which involves the intcrphasc accumulation or
concentration of substances at a surface or interface. Adsorption is usually
described in terms of surface tension or energy per unit area. Interior
molecules of solids arc subjected to equal forces in all directions while
molecules at the surface are subject to unbalanced forces; thus, foreign
molecules become attached to the surface. This phenomenon is known as
physical adsorption, or Van der Waals adsorption. Adsorption may also be the
result of chemical interaction between the activated carbon and the adsorbed
substance. An adsorption equilibrium is established when the concentration of
contaminant remaining in solution is in a dynamic balance with that at the
surface. In general, the higher the molecular weight and the lower the polarity
of the molecule, the greater the adsorption of the compound on activated
carbon. The surface area of activated carbon is roughly 500-1,500 m per
gram. As a result, a relatively small amount of activated carbon is capable of
treating a large volume of waste.

When designing a granular activated carbon system, certain parameters
should be considered, including contact time and hydraulic loading.

Contact time is the time that a volume of water is exposed to carbon as
it flows through the carbon bed. Factors that determine the necessary contact
time include the amount of pores and the surface area on the carbon, the
selective nature of adsorption (some organic molecules are more readily
adsorbed than others), and the concentration of the adsorbates in solution.
Contact times should be calculated from data collected during the column
testing. Typical contact times range from 15 to 40 minutes.

Hydraulic loading is the flow of water per cross-sectional surface area
(gpm/ft ) of the carbon vessel. Flows in the range of 2 to 10 gpm/ft are
common. Head loss over the length of the vessel is directly related to
hydraulic loading. If the head loss is high, pumps for pressuring the system
may be needed. Generally, a hydraulic loading of 4 gpm/ft is the limit for
gravity flow.

Carbon is a highly effective method for the removal of volatile organic
compounds from ground water. Effective removal to non-detectable levels is
common; however, adsorption capacity is compound specific. Calgon Carbon
Corporation performs a variation of the standard column test known as the
Accelerated Column Test (ACT). An ACT was performed on 881 Hillside
ground water. The mixture was passed through a short, thin column filled
with carbon. The breakthrough results and the concentrations of the water
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mixture prior to the ACT are shown below. Breakthrough occurred when the
effluent exceeded 1 ppb. As can be seen, methylcne chloride and 1,1
dichloroethane have low carbon adsorptive capacities as evidenced by their low
influent feed concentrations and rapid breakthrough.

Compound
Carbon Tetrachloride
1,1-Dichloroethane
1,1-Dichloroethylene
Methylene Chloride
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichlorocthane
Trichloroethylene

C o*

ND
2

1,050
4

350
1

1,700
3

1,050

Usage Rate
rib/1000 eal)

0.8

3.1

1.1

Breakthrough
Order

3

1

2

* Influent Concentration

Treatment of the 881 Hillside ground water will not require a complex
carbon adsorption system; therefore, based on the ACT test and low projected
flows through the system, a standard carbon adsorption unit (Model 3 Dual
Module Adsorber from Calgon Carbon Corporation) was chosen to represent the
type of system that will be of sufficient capacity. This standard unit can be
shipped and readily installed in the treatment building. After performing
adjustments, the system should be ready to operate at full capacity.

The Model 3 unit is a fixed-bed, dual-vessel, system that would be used
in series. Water will be pumped to the top of the lead (first) treatment vessel,
exit the bottom, and then enter the top of the polish (second) vessel. The two
vessels are approximately 10 feet tall (excluding piping) and four feet in
diameter (surface area 12.6 square feet), contain 2,000 pounds of carbon each,
and have a series flow capacity of 65 gpm. During treatment, water will flow
through these vessels at approximately 30 gpm in a batch operation. This will
provide a hydraulic loading of approximately 2 gpm/ft of surface area.
Contact time will be approximately 30 minutes (total for both vessels). The
pressure in the vessels will be a maximum of 75 psi.

There are currently some questions regarding radionuclide loading on
the carbon. Experimental analyses will be performed to evaluate if this will
be a problem. If the carbon has radioactivity sufficiently high to be
considered radioactive by the regeneration facilities, then the facilities may
not accept the spent carbon. The spent carbon will have to be packaged and
then shipped to the Nevada Test Site as a mixed waste for disposal. Disposal
costs will add to the cost of the operation.

Results of the Accelerated Column Test indicate the carbon usage rate
will be 3.1 pounds per 1,000 gallons of ground water, based on breakthrough of
methylene chloride. At a cost of approximately $0.90 per pound for
regenerated carbon, the annual costs are estimated to be $15,000 for carbon
(this is based on an assumed combined average flow rate from the different
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water sources of 10 gpm). The cost of shipping contaminated carbon (as a
manifested waste) for regeneration or disposal is estimated to be $2,500 (the
costs could vary substantially) and $500 for receiving fresh carbon, for a total
of $3,000 per 2,000 pound load. Using the preceding information, the
estimated costs for installing a carbon adsorption facility are shown below.

Capital Cost Annual Cost
Item (Dollars) (Dollars)
Building improvements, utilities 150,000
Carbon Treatment System 50,000
Carbon Bulk Bin No Cost
Eductor Assembly 7,000
Annual Costs

Carbon Purchases (~8 loads/yr) 15,000
Shipping (-7 loads/yr)* 24,000
Preparation (7 hr/mon) &

Disposal (-18 loads/yr)** 9,000
Operator Costs (2 hr/day, 365 days/yr) 45,000
Maintenance Costs (8 hr/month) 5.000

TOTAL 207,000 89,000
98,000

* May vary substantially
** This is needed if the carbon is sent to the Nevada Test Site for disposal.
*** Includes preparation and disposal costs.
**** Does not include the cost of shipping and setup.

CONCLUSION

The three proposed processes for treating ground water at the 881
Hillside compare favorably on the basis of cost. The 30-year present values of
the air stripping and UV/peroxide systems are approximately $1,050,000, while
the carbon adsorption system is $1,135,000.

Based on performance, reliability, implementability, safety, and
environmental and institutional impacts, there is not a substantial difference
between the three processes. Since all three processes will effectively
decontaminate the ground water, the choice of treatment is based on
expediency in destroying the ground-water contaminants. SARA favors
innovative treatment technologies that destroy contaminants, and UV/peroxide
meets this objective. Air stripping and carbon adsorption use activated carbon,
and with regeneration, the contaminants that have adsorbed onto the carbon
would eventually be destroyed. However, this assumes that the carbon is not
radioactively contaminated, thereby requiring shipment to the Nevada Test
Site for disposal. Therefore, the advantage provided by a UV/peroxide system
of directly destroying the ground-water contaminants is the deciding factor in
selecting UV/peroxide as the preferred process for ground-water
decontamination.
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ABSTRACT

The U.S. Department of Energy is conducting remedial action at
various radioactively contaminated sites with Bechtel National, Inc.
as its Project Management Contractor. At the Wayne Interim Storage
Site in New Jersey, remedial activities have included cleanup of an
active stream contaminated with low-level radioactivity, and local,
interim storage of the waste. Special requirements associated with
these activities included obtaining permits from the U.S. Army Corps
of Engineers and the New Jersey Department of Environmental
Protection; restoration of wetlands; control of water and sediments;
and prevention of contaminant migration during remedial action.

INTRODUCTION

Under the 1984 Energy and Water Appropriations Act, Congress directed
the U.S. Department of Energy (DOE) to conduct a decontamination
research and development project at the site of the former Rare
Earths, Inc./W.R. Grace and Company facility — n o w known as the
Wayne Interim Storage Site (WISS) — and at properties in its
vicinity. The WISS is located in Wayne Township, Passaic County, Mew
Jersey, approximately 20 miles north of Mewark. It is surrounded by
commercial and residential properties (referred to as vicinity
properties). In 1984 DOE acquired the WISS to serve as an interim
storage site for radioactively contaminated material removed during
the cleanup of the site and several vicinity properties under the
auspices of its Formerly Utilized Sites Remedial Action Program
(FUSRAP). Bechtel National, Inc. (BNI) serves as Project Management
Contractor for FUSRAP.

Site Background. In May 1948, Rare Earths, Inc. began processing
monazite sand at its facility in Wayne Township to extract thorium
and rare earths. In 1954 following passage of the Atomic Energy Act,
Rare Earths, Inc. received an Atomic Energy Commission license to
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conduct its operations.
The Davidson Chemical
Division of W.R. Grace
and Company acquired the
facility in 1957 and con-
tinued processing oper-
ations until July 1971.
The extraction process for
the rare earths and thorium
involved careful control of
pH, selective precipita-
tion, and separation of
desired products. Wastes
and residues from processing
operations typically con-
tained less than 5 percent
of the original thorium
concentration. Residues
were solidified and dis-
posed of in an on-site
sludge dump. Liquid
effluent streams were
treated in an on-site
waste treatment plant
and were discharged into
the local storm drain
system. The storm drain
empties into a straight
channel which eventually joins Sheffield Brook, a drainage stream
with a watershed of approximately 450 acres that includes the WISS
and vicinity properties. After passing under what is now Farmingdale
Road, Sheffield Brook ultimately joins the Pompton River. Figure i%
shows the locations of the WISS and Sheffield Brook. Since the ••%'
stream gradient of Sheffield Brook and the slopes of its floodplaJLn
are very flat, the brook tends to overflow its banks during heavy
rainfall. During the years when radioactive liquid effluent wastes
were being discharged into the storm drain system, contamination was
spread to areas in the vicinity each time the brook overflowed its
banks. Contamination was also spread as contaminated sediments and
sludges eroded and washed into the storm drains.

FIGURE 1 LOCATION OF THE WISS

CHARACTERIZATION

Sheffield Brook and the Floodplain. Radiological characterization of
these areas was conducted in accordance with a site-specific
characterization plan. Civil surveyors established a grid system
that was tied to the Mew Jersey State Plane Grid System and consisted
of 50-ft grid blocks. Radiological "walkover" surveys were performed
to further define the boundaries of contamination established by
previous surveys and to gather additional data. These surveys were
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performed using an unshielded gamma scintillation detector held
approximately 3 ft above the ground surface. Additional near-surface
gamma measurements were taken with a cone-shielded gamma
scintillation detector to ensure that the the radiation detected by
the instrument originated primarily from the ground directly beneath
the unit. Using these measurements and data from previous surveys,
the optimum locations were selected fir obtaining "biased" surface
soil samples to more precisely define the limits of contamination.
In addition, sediment samples were collected from selected locations
along the brook. Subsurface characterization was performed by
drilling both systematic and biased boreholes and obtaining downhole
gamma-logging measurements. These data were used to determine the
depth to which previously identified surface contamination extended,
and to identify areas of subsurface contamination with no surface
manifestation.

No major modification to the suspected boundaries or areas of
contamination was required based on characterization findings. Data
collected during the characterization permitted accurate design of
remedial action to be conducted at Sheffield Brook and the
floodplain, with one exception. During remedial action in the area
of Farmingdale Road, a former channel of the brook was discovered.
It was learned at that time that when Farmingdale Road was built, the
stream was moved approximately 50 ft to the north. The old channel
bed was filled in and Farmingdale Road constructed across it, leaving
contamination extending as far as 14 ft beneath the road. This
subsurface contamination was not detected during characterization.

Confluence of Sheffield Brook and the Pompton River. These areas
were characterized using the procedures described above. Initially,
characterization of surface areas along the bank of the river and at
the mouth of the brook consisted of walkover surveys and collection
of some soil and sediment samples. To determine the concentrations
and areal limits of contamination in the sediments of the Pompton
River, gamma-logging measurements were taken at 500-ft intervals,
beginning 500 ft above the mouth of Sheffield Brook and extending
approximately 0.8 miles below the mouth of the brook. A boat was
used to gain access to these areas. Traverse lines (lines
perpendicular to the riverbed) were established at these 500-ft
intervals and marked with steel pipes on both sides of the river.
Systematic gamma-logging measurements were taken at three points on
each traverse: one in the center of the river, and one on each side,
at a point half way between the center of the river and each bank.
To accomplish this, a closed-end PVC pipe was driven into the
sediments of the riverbed and gamma-logged at 6-in. vertical
intervals. Biased traverse lines were also established across areas
where heavy sedimentation had occurred (such as sharp bends in the
river and in low-lying floodplain areas), and downhole gamma-log data
were collected in these areas. In addition, sediment samples were
collected from locations at which systematic and biased gamma-logging
measurements were taken.
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DESIGN

At the beginning of the remedial design process, four major areas of
activity were identified as requiring more than the usual degree of
attention because of the special requirements applicable to wetlands
areas. These four areas of activity were (1) the removal of water
from soil to facilitate construction, (2) control of sediment during
construction activities, (3) mitigation of erosion following stream
restoration, and (4) excavation control to minimize the quantity of
material requiring interim storage. Permits were required from two
agencies before remedial action could be initiated: the U.S. Army
Corps of Engineers (COE), and the Mew Jersey Department of
Environmental Protection (NJDEP).

Dewaterina of Soil. It was necessary to dewater the saturated soils
in the streambed and the floodplain to facilitate remedial action.
Specifically, dewatering of the soil would permit construction
equipment to operate without becoming mired, reduce adhesion of
contaminated soil to the equipment, facilitate construction and
maintenance of haul roads, preclude the possibility of water dripping
from haul trucks onto public roads during transport, and allow
handling and compaction of the excavated material placed in the waste
storage pile at the WISS.

Although the original remedial design called for a series of small
dams to be constructed along the stream channel, with the "impounded"
water to be piped or pumped around the active working areas in a
series of steps, the construction subcontract was written to
encourage submittal of alternate plans for the handling of water to
take advantage of specialized experience or equipment that individual
subcontractors might possess. The successful bidder, who was
experienced in working under wet conditions, used a system of
diversion ditches and dewatering sumps that consisted of a shallow
ditch to be installed upgradient of the excavation area to divert
surface runoff and shallow groundwater recharge around the work
areas. A diesel-driven, 6-in. hydraulic sump pump installed in a
gravel sump at the lower end of the ditch pumped the intercepted
water through flexible hoses to a point downstream of the
excavation. A series of shallow (6- to 8-ft-deep) gravel sumps were
installed along the brook channel at intervals of approximately
150 ft. A screened riser pipe and a 3-in. electric submersible pump
were placed in each sump, discharging into the diversion ditch
through a flexible hose.

A 20-ft-wide earthen cofferdam was constructed at the mouth of the
brook along a naturally occurring gravel bar located approximately
50 ft beyond the boundaries of contamination established on the basis
of characterization data. The brook was diverted to the Pomptcn
River, and the mouth of the brook was dewatered by pumping. The
height of the dam was established at 4 ft as the most cost-effective
option after the likelihood of overtopping during the excavation
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period was evaluated against the costs of delays that would result
and repairs that would be required if this occurred. The schedule
for performing the work at the mouth of the brook was modified as
necessary to ensure that work was performed during conditions of dry
weather and low stream flows to the extent possible.

Control of Sediment. Sediment control was designed to prevent
sedimentation of areas downstream of Sheffield Brook and the Porapton
River and to prevent the spread of contamination. The COE permit
prohibited construction in the wetlands prior to June 15 (to prevent
adverse impacts to fisheries in the Pompton River). This requirement
was incorporated into the subcontract schedule. In addition, it was
required that hay bales and fences made of filter fabric be placed at
all points where surface runoff left the excavation areas, and
wherever the potential existed for runoff from contaminated areas to
recontaminate areas where remedial action had already been
conducted. Because the contaminants being removed were essentially
insoluble in water and were attached to soil particles, control of
sediment effectively constituted control of contamination. Finally,
excavation proceeded from upstream to downstream to reduce the
likelihood of recontamination.

Control of Erosion. Of equal importance was the control of erosion
following restoration of the brook. This was necessary in order to
eliminate any potential impacts to downstream fisheries from
siltation, and to prevent physical damage to the reconstructed stream
and floodplain. The NJDEP permit required that the stream channel be
returned to a natural condition following remedial action (without
the use of concrete or riprap). The flat stream gradient and
resultant low stream flow velocities made it possible to use erosion
control blankets to protect the bottom and sides of the channel,
while the floodplain areas required only vegetative cover.
Excelsior-type erosion blankets were specified for channel sides
where vegetation could be quickly established, while more durable
coconut fiber mats were used for the stream bottom. Use of these
types of coverings rather than concrete or riprap also allowed the
pools and riffles characterizing the original stream to develop
naturally following remedial action. The course and elevation of the
restored stream were designed to match those of the original stream
(measured at 100-ft intervals).

The COE permit included a requirement that indigenous species be used
to revegetate the wetland areas. To satisfy this requirement and to
ensure effective control of erosion, revegetation was accomplished in
two stages. During the first year, species known to be effective in
the prevention of erosion were established over the areas. During
the following year, various wetland habitat species such as reed
canary grass were planted.

Control of Excavation. Based on characterization findings, it was
learned that the floodplain was covered with a relatively thin layer
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of contamination averaging 16 in. in depth. For this reason it was
important to closely monitor and control the excavation to prevent
excavation from extending farther than necessary into the underlying
clean material. At Sheffield Brook, an average "overexcavation" of
only 6 in. would yield 7000 yd3 of extra material that would have
to be hauled and placed in the temporary storage pile, and would
eventually require permanent disposal. Cross sections of the areas
to be excavated were entered into a spread sheet computer program in
the scheduled work sequence. Data on the topography of the existing
ground surface and of the lower limits of the contamination (as
determined based on characterization findings) were included so that
volumes could be calculated. A plot of the projected excavation
volumes corresponding to each 100-ft interval along the centerline of
the stream was generated to guide field workers in preventing
overexcavation. Daily truck counts and quantity surveys were plotted
on the same graph to permit identification of any potential problems
on a real-time basis.

PERMITS

Compliance with the existing Emergency New Jersey Pollutant Discharge
Elimination System (NJPDES) permit issued for the WISS was required
for the performance of remedial action at Sheffield Brook. The
NJPDES permit allows temporary, on-site storage of soil containing
low-level thorium, radium, and uranium contamination. In addition to
the NJPDES permit, two new permits had to be obtained prior to the
performance of remedial action at Sheffield Brook. One of these was
a stream encroachment permit issued by the NJDEP, Division of Water
Resources; the second was a Department of the Army permit issued by
the New York District Corps of Engineers. Each of these is discussed
below in terms of the amount of time required to obtain the permit,
the specific requirements and authorizations included, and any
special considerations or problems specific to the permit. Several
of the design changes that were implemented to fulfill permit
requirements have already been discussed.

NJDEP Stream Encroachment Permit. The application for the stream
encroachment permit was submitted to NJDEP in early January of 1986
and was issued on April 4, 1986, with an expiration date of April 25,
1988. The permit allows excavation along a 2100-ft stretch of
Sheffield Brook, beginning at the Pompton Plains Road culvert
crossing and continuing downstream to the Pompton River. It was
necessary to obtain a modification to the permit to accommodate the
excavation of additional material at Farmingdale Road (the area where
subsurface contamination was discovered after characterization was
complete) and to allow construction of a cofferdam in the area of the
confluence. A requirement of the original COE permit was that the
stream be backfilled to its natural channel depth following remedial
action, and that excavated areas be reseeded — especially along the
banks of the stream — to prevent soil erosion. Upon completion of
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1987 remedial activities, a Completion of Work statement was
forwarded to NJDEP as required. This statement certified that the
work to which the permit applied was finished and that the permit
would not need to be renewed.

Department of the Army Permit. The COE permit application was also
submitted in early January of 1986 and was issued in the summer of
1986. No effective date or expiration date is associated with this
permit. The permit allows for excavation and removal of
approximately 40,000 cubic yards of radioactively contaminated soil
and sediment from Sheffield Brook in the area specified in the
original NJDEP stream encroachment permit. The COE permit required
that following remedial action, the brook be backfilled with
radiologically clean material to return it and other excavated areas
to original grade. Revegetation of the affected areas was also
required. While the application for this permit was under review, a
resident of Wayne who was also a professional archaeological
consultant wrote a letter to the COE stating that he felt the
proposed remedial action would have a direct, negative impact upon
prehistoric archaeological artifacts in the area of the proposed
work. He recommended that prior to commencement of work, a cultural
resource survey of the project area be conducted in accordance with
the National Environmental Policy Act, Section 101 (B)(4), and the
National Historic Preservation Act (NHPA), Section 106. A cultural
resource survey was conducted in July 1986 by a BNI archaeologist.
Pertinent archaeological literature and records of previous studies
of the subject area were researched, and systematic visual
inspections of the proposed project area and immediate vicinity were
conducted. During this detailed investigation, no cultural resources
were observed within the boundaries of the project area. It was
concluded that no direct or indirect impact to cultural resources
listed on or eligible for listing on the National Register of
Historic Places would result from the proposed remedial action; the
New Jersey State Historical Preservation Officer concurred with this
finding. It was recommended that the appropriate authorities be
notified if any artifacts were found during remedial action.

CONSTRUCTION

The total length of Sheffield Brook requiring remedial action was
approximately 1/2 mile. Although remedial action was originally
scheduled for completion in one construction season, the permitting
process was protracted so that public comments could be addressed,
thus delaying the start of construction until the end of July, 1986.
Since additional remedial action was required following the
unexpected discovery of the former stream channel beneath Farmingdale
Road, work extended into 1987. Weather was favorably dry during most
of the 1986 activity, but very wet during the following construction
season, with more than 25 in. of rainfall during the excavation
period. Major challenges encountered during this project included
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the control of water during construction, the disposal of
radioactively contaminated organic materials excavated from yooded
areas, excavation in the Pompton River, restoration of the wetlands,
and minimization of overexcavation.

Control of Water. Methods used to control water proved to be very
effective. With the diversion ditch and dewatering sumps in place,
excavation during the first year was not seriously impeded by the
water-related difficulties that might be expected in a low-lying
area. The gravel collection sump at the lower end of the diversion
ditch also provided for sediment control, serving as a filter for the
diverted water and for surface runoff from the excavation areas.
Water discharged from the hydraulic pump was free of sediments, and
the use of filter fabric barriers was not required in as many
locations as had originally been anticipated. When the the
contaminated material arrived at the W1SS for placement in the
storage pile, its moisture content was at an optimum level to
facilitate handling and compaction. However, at one point late in
the construction season, the material being placed in the storage
pile became too wet to permit proper compaction, and stability
problems developed in a corner of the waste pile as a result.
Indications were that the excessive moisture resulted from
complacency on the part of the subcontractor in operating the
dewatering sumps rather than from excessive rainfall. This situation
was subsequently corrected.

Frequent rainfall during the second year produced periods When the
excavation areas could not be fully dewatered, and material had to be
hauled in a wetter condition than was desired. This material was
worked and blended with the drier soil from the 1986 operation to
achieve the necessary compactibility and stability. Accumulation of
construction water in the leachate collection system at the W1SS has
been insignificant following remedial action at Sheffield Brook, and
has been no greater than at other New Jersey FUSRAP sites where
excavation did not involve streams and wetlands.

Disposal of Contaminated Organic Materials. The areas in which
remedial action was conducted during 1987 were heavily wooded with
many large trees. Clearing of above-ground materials was
accomplished using routine construction procedures since the trees
and brush were not radioactively contaminated. However, although not
internally contaminated, the portions of those plants that were below
ground were so covered with radioactively contaminated soil that they
could not be released for landfill disposal, even after extensive
decontamination efforts. They could not be placed in either interim
storage piles or permanent disposal areas because of the problems
they would present in terms of compaction, inefficient use of space,
and the potential for differential settlement of storage piles as the
large pieces of organic matter decay. Although equipment was
investigated that would grind the organic materials in place before
excavation or chip them after excavation, no suitable equipment was
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available at a reasonable cost. The problem was solved by breaking
stumps and roots into manageable pieces with the backhoe buckets and
processing the pieces through a standard brush chipper. The chipped
materials were then thoroughly mixed with the soil.

Excavation in the Pompton River. The earthen cofferdam was
constructed at the mouth of the brook according to plan. The area
was dewatered in approximately two days using two 6-in.,
diesel-powered pumps. A single pump was then run continuously to
keep the area dry. A sump was installed in the mouth of the brook at
a point remote from the area being remediated, and was moved as the
excavation proceeded. It was found that the contamination extended
to greater depths than was indicated by characterization data.
Apparently, the deeper sediments were sufficiently consolidated that
they could not be penetrated by the exploratory tube used in the
characterization. Although the cofferdam was overtopped during a
major storm, it suffered no serious damage as a result of the storm,
and no recontamination of the excavation areas occurred.

Restoration of Wetlands. Following restoration of the brook in 1986,
a large storm event caused minor washouts of the stream channel
lining at two locations. This occurred before any of the grass
seeded for erosion control had an opportunity to germinate. Since
that time, no further erosion has been detected, and the remaining
channel lining has functioned as expected. The grasses planted for
erosion control have become well established, and several wetland
species (e.g., cattails) have appeared naturally. The revegetation
with indigenous trees and grasses was completed in 1988. It is
expected that natural wetland species will continue to return to the
restored area from adjacent and upstream wetlands to complete the
restoration of Sheffield Brook to its original habitat condition.

Minimization of Quantities. Excavation activities: were carefully
controlled to prevent excavation from extending farther than
necessary into the underlying clean material. Radiological
technicians using scanning instruments worked alongside the backhoe
buckets, directing the operators to raise or lower the buckets as
required to cut only as deeply as necessary to ensure that all
contamination was removed. During remedial action in the Farmingdale
Road area, clean construction fill (overburden) material was
segregated for reuse as backfill material after remediation was
complete. Segregation of the overburden held the volume of
contaminated material removed during remedial action in the
Farmingdale Road area to under 500 yd3.

As a result of the special measures taken to minimize excavation
quantities, the volume of contaminated materials removed during
remedial action at Sheffield Brook was kept to a minimum, with
18,000 yd3 of material excavated in 1986 and 9,000 yd3 excavated
in 1987, for a total of 27,000 yd3. This total includes the
material removed from the area beneath Farmingdale Road, where
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contamination was discovered after characterization had been
completed. An additional S000 yd3 of contaminated material was
removed from the Pompton River. It was determined on the basis of
characterization data that the volume of the contaminated lens was
18,000 yd3. Therefore, excavation extending beyond the boundaries
of contamination was kept to an average depth of only 8 in. in the
floodplain.

CONCLUSION

Contamination of Sheffield Brook resulted from the natural transport
mechanisms of erosion, flooding, and sediment deposition. It was
expected that because the contamination was spread by and deposited
in the stream environment, characterization would be more accurate
than when contamination is more erratically spread by human
activities, but that the remediation effort itself would be very
difficult. Characterization findings were relatively accurate, with
the exception of the contamination discovered subsequently beneath
Farmingdale Road, where human activities had altered the natural
course of the stream. Although specialized procedures were required
for this effort, workable, cost-effective solutions were found for
all problems. Several lessons were learned from this effort that can
be applied to other remedial action projects.

o Historical records are of great value in guiding
characterization planning. Existing conditions may appear to
provide a complete picture, but are often deceiving.

o A careful investigation of all state and federal permit
requirements is necessary to ensure that the remedial action
design will comply with all such requirements. Sufficient
time must be allowed to accommodate unusual requirements and
concerns raised during the public comment period.

o Properly designed controls for water, sedimentation, and
erosion can prevent adverse environmental impacts and
facilitate construction, even at sites Where conditions are
difficult.

o When construction is subcontracted, allowing and encouraging
the subcontractor to make use of special equipment and
experience can result in more efficient and cost-effective
remedial action.

o Providing a means for construction managers to gauge results
(actual excavation volumes) against characterization
predictions on a real-time basis enables them to control the
excavation and avoid unnecessary overexcavation.
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DECOMMISSIONING AMD REMEDIAL ACTION PROGRESS AT
THE WELDON SPRING URANIUM FEED MATERIALS PLANT

Roger A. Nelson

ABSTRACT

The Weldon Spring Uranium Feed Materials Plant (WSUFMP)
played a key role in U.S. uranium production during the
years 1957 - 1966. Prior to its use for uranium
production, the area was used by the Army to manufacture
TNT during WW II. The 217-acre site has been virtually
abandoned until 1986. An associated limestone quarry about
six kilometers south of the plant was used by the Army for
disposal of TNT and wastes. The Department of Energy (DOE)
was given responsibility in 1985 for the demolition and
cleanup of both the plant and quarry areas. In 1986, the
DOE formally began the Weldon Spring Site Remedial Action
Project (WSSRAP). Although the first few years of the
project will be primarily devoted to regulatory actions
through both the NEPA and CERCLA processes, some remedial
action activities have already begun. These include
identification and removal of RCRA and TSCA wastes which
are not radiologically contaminated, thus avoiding
questions concerning mixed waste disposal. Efforts to stem
offsite release of uranium in surface water flow are also
being initiated. The complicated geohydrology of the area
allows easy surface and groundwater interaction. Multiple
groundwater springs more than two kilometers from the plant
site exhibit elevated uranium concentrations. This
migration is being mitigated by the construction of surface
impoundments and diversion ditches to reduce the surface
runoff over contaminated areas of the plant site, which
reduces the amount of surface water reaching the
groundwater. A status report of the activities at the DOE
site is given. Interim remedial actions are presented to
reduce the risk to the environment and to onsite workers
during the period before regulatory process completion.

INTRODUCTION AND HISTORY

This paper describes the decommissioning activities and
remedial action progress at the Department of Energy (DOE)
Weldon Spring Site Remedial Action Project (WSSRAP). The
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site is located in St. Charles County, Missouri,
approximately 50 km west of St. Louis and 22 km southwest
of St. Charles, Missouri as shown in Figure 1. It is
surrounded by state and federally owned lands. A limestone
quarry six kilometers south of the WSUFMP is also part of
the WSSRAP. The history of activities at the Weidon Spring
Site (WSS) is long and involved. However, an understanding
of the chronology of the site operations is important to
judge the progress and direction of the current project.

In April of 1941, the Department of the Army (DA) acquired
about 17,000 acres of rural farm and ranch land. From 1941
through 1944, Atlas Powder Company operated a
trinitrotoluene (TNT) and dinitrotoluene (DNT) explosives
production facility known as the Weldon Spring Ordnance
Works (WSOW) on about 2,000 acres of this land. Water
production for the WSOW was from a series of alluvial wells
adjacent to the Missouri River about seven kilometers
south. A limestone quarry about six kilometers south of
the WSOW was a source of construction material for the
WSOW. After construction, the quarry was used as a "burn
pit" for TNT and DNT materials not meeting production
standards. The quarry was constructed in the river bluffs
immediately north of the potable water producing alluvial
well field which served the production facility.

The WSOW was closed and declared surplus in 1946. By 1949,
all but the primary production area of approximately 2,000
acres had been transferred to the State of Missouri.
Except for several small parcels transferred to St. Charles
County, the remaining property became the Weldon Spring
U.S. Army Reserve and National Guard Training Area (WSTA).
During this same time period, the Atomic Energy Commission
(AEC) directed the operation by Mallinckrodt Chemical Works
(MCW)of a uranium metal production facility (from ore and
concentrate) in the downtown area of St. Louis.

In 1955, about 200 acres of the former WSOW's remaining
2,000 acres were transferred from the DA to the AEC for
construction and operation of the WSUFMP to process both
uranium and thorium concentrates. Considerable explosives
decontamination was performed prior to WSUFMP
construction. The WSUFMP was built to replace the downtown
St. Louis operation by MCW.

The WSUFMP processed concentrates primarily for metal
production from 1957 to 1966 with MCW as the operating
contractor. The facility consisted of 13 major buildings
and about 30 support structures, which still stand on the
site. In 1960, some of the wastes from the operation of
the downtown uranium ore and concentrate purification
facility were placed in the quarry. In 1961, the downtown
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facility itself was demolished with the rubble also placed
in the quarry. The AEC closed the WSUFMP in 1966.

In 1967, the DA selected the WSUFMP as the site for an
herbicide production facility in support of the Vietnam
conflict. Efforts to convert the plant to herbicide
production began in 1968 under contract to the DA. Three
of the major process buildings were gutted with most
demolition material placed in the quarry or in an onsite
waste disposal pit also containing process raffinate. Some
salvage and source material was shipped off site. Before
installation of the herbicide production equipment,
economic conditions changed and the project was cancelled.
The WSUFMP remained under control of the DA, in a caretaker
mode, until 1985 when the DOE assumed custody and
accountability.

During the dormant period, the wells and well field
originally used by the DA to supply water to the WSOW were
restored by St, Charles County with subsequent water
distribution to a major fraction of county residents. In
addition, the land surrounding the WSUFMP was converted to
a state wildlife management area with numerous man-made
lakes constructed along drainage ways leading from both the
WSTA and the WSUFMP. In 1985, DOE proposed control,
decontamination and disposal of the WSUFMP as a major
project. In 1986, a Project Management Contractor (PMC)
was selected and a DOE Project Office was established on
site.

CmUUEMT EMVIROHHEHTAL STATUS

A preliminary assessment of the environmental conditions
surrounding the raffinate pits, the chemical plant and the
quarry was performed (DOE, 1987). This effort identified a
number of pathways transporting both chemical and
radiological contaminants from different source areas off
of the WSUFMP site. In addition, it confirmed the
migration of uranium in groundwater through solution
enlarged joints at the quarry into the same alluvium from
which the county drinking water is derived. Although
monitoring wells showed (and continue to show) no
detectable levels reaching the production wells (DOE,
1988), the possibility of contaminating a large source of
drinking water led the Environmental Protection Agency
(EPA) to add the Weldon Spring Quarry (WSQ) to the National
Priorities List (NPL) in 1987. Chemical characterization
of the approximate 100,000 cubic meters of material in the
WSQ showed the presence of percent levels of TNT and DNT.
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Other hazardous substances at lesser concentrations were
also identified (PCBs, regulated semi-volatiles, and trace
levels of some volatile compounds) mixed with the natural
uranium and thorium series radionuclides.

At the WSUFMP, radiological contamination (primarily
uranium) was known to exist around the major process
buildings and at isolated locations around the raffinate
pits. The pits themselves primarily contain the decay
products of the natural thorium and uranium series with
thorium-230 making the largest contribution to the
radiological inventory (1200 Curies). Additional surface
discharge measurements showed site runoff carrying about
0.6 Ci/y of natural uranium from onsite surface sources to
offsite areas. Most of this uranium is in soluble form and
reaches the nearby lakes on the adjacent wildlife
preserve. Limited sediment sampling in three of these
lakes indicated the possibility that these sediments could
exceed the DOE guidelines for unrestricted use and could
also require remedial action.

Groundwater sampling across the entire site indicated the
presence of nitrate and sulfate levels exceeding those
regulated by the State of Missouri. The areal extent of
the nitrate exceeded the extent of the monitoring well
network. In addition, an area beneath the northeast corner
of the DOE property showed significantly elevated levels
(up to 500 ppb) of nitroaromatic compounds. At this time,
it is unknown whether the nitrate and sulfate levels are
due to WSOW sources or WSUFMP sources.

Several natural springs associated with the karst geology
of the site surface more than two kilometers from the site
and contain elevated levels of uranium, nitrate, and
nitroaromatics. Some of these springs have proven
connections (determined through the use of dye traces) to
surface runoff channels from the WSS.

THE WSSRAP ENVIRONMENTAL PROCESS

In anticipation of assuming responsibility for the WSSRAP,
DOE began preparation of a Draft Environmental Impact
Statement (DEIS) in 1984 to assess the environmental
impacts of alternatives for long-term management of the
contaminated materials at the WSS. Scoping and preparation
of the DEIS was performed in accordance with the National
Environmental Policy Act (NEPA) and DOE's implementing
guidelines. The DEIS was published in February 1987.
In addition to the NEPA requirements, the remedial actions
to be performed are subject to EPA oversight under the
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Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA). For the WSSRAP, this oversight
function is being carried out by EPA Region VII. Because
preparation of the DEIS was already underway when EPA's
role in the project was defined, DOE and EPA entered into a
Federal Facility Agreement (FFA) in 1986 wherein respective
responsibilities of the two agencies were defined. By this
agreement, DOE intended to meet EPA's Remedial
Investigation/Feasibility Study (RI/FS) requirements under
CERCLA through the issuance of the EIS and additional
supporting documentation.

Because of passage of the Superfund Amendments and
Reauthorization Act (SARA) in 1986 and additional well
monitoring data indicating significant groundwater
contamination beneath the WSS, the EPA determined that the
draft EIS published in 1987 did not contain adequate
information to assess potential environmental impacts of
the proposed action. EPA also determined that the DEIS did
not adequately evaluate the impacts of the proposed
alternatives and that it did not fulfill the conditions of
the FFA. Within this context, DOE has determined that the
appropriate environmental review required under NEPA can be
more expeditiously accomplished by incorporating those
elements required by an EIS into the format of a
Feasibility Study.

The process that DOE outlines in an RI/FS Work Plan
consists of the following elements:

1) A thorough site characterization program will be
completed prior to issuance of an FS-EIS for
public review. The results will be presented in
an RI Report which will provide the level of
environmental information required to support
decisions under both NEPA and CERCLA/SARA.

2) Concurrent with characterization, a Baseline Risk
Assessment will be prepared to determine potential
threats to public health and the environment in
the absence of any remedial actions at the site.
This assessment will also serve as the no-action
alternative in the FS-EIS.

3) An aggressive Community Relations Plan will
continue previous efforts to keep the local
community informed of the progress of
characterization and feasibility study activities.

4) The FS-EIS will be prepared to analyze
alternatives consistent with the requirements of
NEPA and CERCLA/SARA. These include potential
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raffinate and quarry sludge treatment and
reprocessing technologies, building structural
decontamination, disposal site suitability and
interim response actions.

5) The wastes in the quarry and the wastes at the
plant site are to be treated as separate operable
units. The quarry wastes will be exhumed and
temporarily stored near the current raffinate pit
location at the plant site. This will remove the
bulk wastes from the quarry and reduce the
hydraulic head forcing groundwater contaminants
toward the public water supply. The decision to
move the bulk wastes will be developed as a
focused Feasibility Study under CERCLA with an
accompanying environmental assessment under NEPA.

6) DOE is performing various Interim Response Actions
(IRAs) prior to the issuance of the Record of
Decision (ROD) for the WSSRAP to mitigate actual
and potential uncontrolled releases of
radioactively or chemically hazardous substances
to the environment. The scope of the IRAs is
limited to those actions that can be performed
under CERCLA/SARA and within the constraints of
NEPA (i.e., actions are limited to those that
constitute expedited removal actions and do not
limit the choice of reasonable alternatives).

7) A single ROD by DOE (under NEPA) and a single ROD
by EPA (under CERCLA/SARA) will be reached.

CURRENT REMEDIAL ACTION ACTIVITIES

As described above, DOE has proposed to perform various
IRAs prior to the ROD. Some activities have already been
approved by the EPA and State of Missouri Department of
Natural Resources. Upon mobilization at the site in 1986,
it was soon discovered that the. plant underground water
distribution system was progressively deteriorating.
Several active lines could not be shut off due to the age
and disrepair of various valves. The result was
approximately 75 gpm of potable water reaching the surface
from many leaky pipes across the entire facility. This
water generally found its way to the plant's original storm
water runoff system. With some of the water picking up
soluble uranium on its path off site, the net result was
about 40 million gallons per year of runoff over and above
that due to true stormwater runoff. This was estimated to
carry about 0.03 Curies per year into off-site wildlife
preserve lakes. To stop this discharge, all potable, fire
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and process water lines leading to the site, which were not
part of the county's water distribution system, were
isolated and capped.

Removal of about 300 electrical power poles and 46 km of
exterior electrical wire was justified primarily on the
basis of personnel safety. The deteriorated condition of
the poles and wire posed a real threat to personnel working
within their fall radius. Several had fallen prior to
removal activities. The poles and wire were surveyed for
surficial uranium levels prior to unrestricted release
off-site. About 4% of the material did not meet release
criteria and has been stored on-site for disposal with
other contaminated building materials. This activity was
completed in April 1988.

Twenty-four out-of-service on-site transformers and
switches containing about 6,000 gallons of PCBs (up to 36%
PCB by weight) and an additional 13 transformers containing
about 7,000 gallons of oil with less than 50 ppm of PCBs
were removed from the site. Removal of these
radiologically clean transformers complied with
requirements under the Toxic Substances Control Act
(TSCA). The PCB-containing oil and flushing solvents were
transported to a licensed incineration facility for
disposal. Oil containing less than 50 ppm of PCBs was
transported to a chemical treatment plant where it was
detoxified, allowing it to be recycled for industrial use.
The transformer carcasses were also disposed of off-site at
a licensed facility. This activity was completed in August
1988.

Ten kilometers of overhead piping and about 500 structural
members which support about 4 km of asbestos-coated pipe
will be removed from the plant area. A significant
fraction of the material is badly deteriorated from
weathering and friable asbestos is exposed in numerous
locations. The asbestos will be removed under negative
pressure and soil beneath each line will be cleaned up.
All material is to be radiologically surveyed and
classified. All asbestos-containing material will be
retained on-site until a determination of releasable
uranium concentration is agreed upon by DOE and off-site
agencies. Non-contaminated material will be disposed of
off-site. This activity has begun, and is scheduled for
completion in March 1989.

There are about 4,000 individual containers remaining
on-site in which about 300 different chemicals are stored.
The estimated total volumes are 4,000 gallons of liquids
and 2,450 cubic feet of solid material. These chemicals
will be stabilized for consolidation, with separation of
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radiologically contaminated material for on-site storage.

Radiologically contaminated chemicals are defined as those
materials which contain observable levels using on-site
field instrumentation. Nonradiological material will be
sampled and tested for chemical compatibility and then
transported off-site to a licensed disposal facility. This
activity has begun and is scheduled for completion in
February 1989. This removal will reduce the potential for
future exposure to these chemicals and the potential for
leaking or rupture of the chemical containers during other
remedial action activities.

More than 1,000 cubic meters of radiologically contaminated
soil is present on the WSTA property. Although it is
low-level contamination (up to about 250 pCi/g of uranium
and about 50 pCi/g of radium), the material must be cleaned
up to allow planned construction to begin on Army
property. This action consists of removing the
contaminated material, hauling it to an on-site staging
area, verifying and certifying that the properties meet
excavation criteria, and then backfilling, regrading, and
reseeding the disturbed areas. This activity is scheduled
to begin in early 1990.

The steam plant (Building 401) is a 1,600 square meter
5-story building that contains a large amount of piping
insulated with asbestos. Asbestos from the building will
be removed and transported to an off-site disposal
facility. Once the asbestos has been removed, the
equipment and building can be dismantled and transported
off-site for disposal. The roof of the building is covered
with tar paper that accumulated uranium dust during plant
operation and is above current unrestricted release
criteria. The roofing material will be removed prior to
building dismantlement and stored on-site for future
disposal with other radiological materials after the ROD.
In addition, loose uranium contamination was found on
several interior horizontal structural steel members. This
was usually found immediately below window openings. As
the interior asbestos abatement program proceeds,
radiological measurements will be made to ascertain the
effectiveness of simple vacuuming and washing to remove the
uranium levels. This action will reduce the volume of
on-site material requiring future disposal. This activity
is scheduled to begin in November 1988 with completion in a
little more than a year.

The two-story, 3,500-square-meter former administration
building (Building 409) also has a tar paper roof which
accumulated settled uranium during plant operations. This
roofing material will be removed separately from the
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demolition of the remainder of the building and stored
on-site as with the material from Building 401. Building
409 also contains some minor asbestos contamination. The
asbestos will be removed and transported to an off-site
disposal facility. Floor tile containing several hundred
ppm of PCB oil will also be removed prior to building
dismantlement for subsequent disposal off-site. Internal
equipment, walls, and the superstructure will then be
dismantled and transported to an off-site disposal
facility. This action will reduce the volume of on-site
material requiring disposal in support of volume reduction
guidelines in CERCLA/SARA.

In addition to the above IRAs, there are many more which
will be conducted prior to the ROD. Diversion of surface
flow around contaminated areas will reduce the total
off-site release of hazardous and radioactive materials.
The continued removal of uncontaminated materials from the
site will help reduce the volume of remaining
radiologically contaminated waste to be disposed of.
Consolidation of debris and cleanup of vicinity properties
with interim storage on-site will reduce the further spread
of contamination and mitigate exposure to members of the
general public.
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ABSTRACT

A biological sampling program was developed in order to
determine and characterize the level of potential human
exposure to radionuclides from consumption of edible
biota. Habitats included land areas contaminated with
uranium in soil to concentrations of about 20 pCi/g and
offsite water bodies contaminated to concentrations of 30
pCi/L. Fish populations sampled included bottom feeders
such as catfish as well as pelagic species such as bass and
sunfish. Terrestrial mammals included rabbits and
squirrels only. Samples were prepared to represent edible
portions only. Special analytical provisions were made to
reduce the lower limit of detection of radionuclides in
tissue to the range 0.01 to 0.05 pCi/g (wet weight). Of
the approximately 30 composite samples analyzed
(representing over 100 animals), all exhibited levels below
detection limits. A comparison with other bioaccumulation
factors from the literature is given. The upper bound to
bioaccumulation factors resulting from this study indicate
levels an order of magnitude less than modeled values but
are in agreement with measured factors for similar
organisms.

INTRODUCTION

The purpose of determining the bioaccumulation in edible
species from radioactive contamination at the Weldon Spring
Site (WSS) is to establish experimental data which could
determine the level of exposure to humans from ingestion of
these biota. This report presents a brief site history and
environmental setting, describes the sampling methods,.
presents the analytical results, and discusses the
significance of the results.

This report is not a comprehensive biological sampling Study
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whereby all links in the food chain are sampled. The scope
of this report is limited to the radiological analysis from
sampling of fish and small mammals that are exposed to
contamination originating from the WSS. This report does
not address the human exposure as a result of ingestion of
these biota. Rather, it is an evaluation of the
bioaccumulation by species commonly ingested by man in the
local environment.

The WSS is located in St. Charles County, Missouri,
approximately 30 miles west of St. Louis and 14 miles
southwest of the city of St. Charles. The site is
surrounded by state and federally owned lands. It is
adjoined on the west by the U.S. Army Reserve Weldon Spring
Training Area (WSTA) and on the east, north and south by
Missouri Department of Conservation (DOC) lands.

A brief site history relevant to the processing of
radioactive materials at the WSS and description of the
local environment are presented in the following paragraphs.

In May 1955, the site was acquired by the Atomic Energy
Commission (AEC) for construction and operation of the
Weldon Spring Uranium Feed Materials Plant (WSUFMP). The
WSUFMP processed uranium and thorium ore concentrates from
1957 to 1966 when the AEC closed the facility. During the
operation of the WSUFMP, wastes were stored in four pits
on-site. In addition, the buildings, equipment, and
immediate terrain of the plant became contaminated with
radionuclides in the uranium and thorium transformation
series.

In 19 67, 166 acres of the WSUFMP, including two small ponds
(Ash and Frog ponds) were transferred to the U.S. Army
Corps of Engineers for modification to a herbicide facility
-- Weldon Spring Chemical Plant (WSCP). The remainder of
the WSUFMP included the 51-acre Weldon Spring Raffinate
Pits (WSRP) and a 9-acre abandoned limestone quarry (Weldon
Spring Quarry - WSQ) where other AEC wastes were disposed
of from similar facilities in the St. Louis area. The WSRP
site is adjacent to the WSCP located on the southwest
corner of the former WSUFMP. The WSQ is approximately 4
miles south of the WSCP in the southern portion of the DOC
land.

Although the herbicide project was cancelled before any
process equipment was installed for production, a limited
amount of decontamination took place in the major process
buildings. However, many non-process-related buildings and
land areas became contaminated from the temporary storage
of dismantled building components and equipment. After
assuming custody and accountability from the Department of
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the Army in 1984, the Department of Energy (DOE) designated
the control and decontamination of the WSCP, WSRP, and WSQ
as a major project (Weldon Spring Site Remedial Action
Project - WSSRAP).

Radiological contamination of soils and water bodies exists
at the WSS. The contaminated soils also contribute to
surface water runoff contamination. Ash Pond and Frog Pond
(see Figure 1) receive surface water runoff from areas
containing various concentrations of uranium and thorium
series contaminants. Average uranium-238 (U-238)
concentrations in soil around Ash Pond and Frog Pond are 80
and 10 pCi/g, respectively. Drainages from these areas and
from small ravines have contributed to contamination in
drainages and three lakes located north of the WSCP on DOC
land. A sump in the WSQ is hydraulically connected to a
standing water body (Fenune Osage Slough) located on the DOC
land south of the site (see Figure 2). Table 1 presents
the analytical results of water and sediment samples
collected in these areas.

DOC Lakes 34, 35, and 36 are located on the August Busch
Wildlife Area (ABWA). The ABWA, north of the WSCP, is
characterized primarily by gently rolling terrain, varying
from cleared recreational areas and leased farm lands to
heavily overgrown and wooded sections. The area contains
39 lakes, fed by springs and small drainage streams. Lakes
34, 35, and 36 are used for recreational purposes such as
fishing and boating.

The Femme Osage Slough (FOS) and the WSCP Southeast
Drainage Easement (former sewage discharge) are located on
the Weldon Spring Wildlife Area (WSWA). The WSWA is
located south and east of the WSCP and surrounds the WSQ.
In contrast to the ABWA, the WSWA is primarily rugged,
rocky terrain with ravines and bluffs. This area is
largely undisturbed, heavily wooded, and contains regions
of heavy underbrush. The FOS is located approximately 500
feet south-southeast of the WSQ on the floodplain of the
Missouri River. The FOS is used for recreational purposes
similiar to the ABWA lakes. The WSCP Southeast Drainage
Easement extends from the WSCP approximately 2 miles
southeast to the Missouri River. Average U-238
concentrations in soil in the vicinity of the easement are
approximately 10 pCi/g.

METHODS

Fish species were collected in October and November of 1987
from surface waters impacted by contaminants released from
the WSS. Specimens were collected using electrofishing
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equipment which utilized a gas-powered generator to
introduce an electric current into the water. The fish
were temporarily stunned, netted, and placed in a
water-filled tub in the boat. Fish samples were collected
from Lakes 34, 35, and 36 on the ABWA; from the FOS on the
WSWA; from Frog Pond on the WSCP site; and from a
background location on the western edge of the ABWA, Lake
37. The fish species chosen for sampling represented three
different styles of feeding and food preference. All three
are commonly consumed by the public as a result of
recreational fishing at the ABWA and WSWA. Sunfish are
basically omnivorous fish confined to shallower waters.
Largemouth bass are predominantly piscivorous in the ABWA
lakes. Catfish are mostly omnivorous bottom feeders.
Catfish represent the species most likely to exhibit
contaminant uptake due to their proximity to the
potentially more contaminated lake sediments.

Fish were cleaned and samples prepared either the same day
they were collected or the morning following an evening
collection. Each composite consisted as a minimum of three
fish, totaling at least 800 grams. Samples were placed in
plastic bags, weighed, labeled, and immediately frozen.
The frozen samples were sent for laboratory analyses 2-3
days later.

At some locations the unavailability of some fish required
the substitution of a different species. For example, in
Lake 35, crappie fillets were substituted for sunfish
fillets. In the FOS, crappie replaced both sunfish
composites. Carp and largemouth buffalo were also
collected at the FOS because they were common within this
body of water. At Frog Pond, sunfish were the only
abundant fish, most of which were small; therefore, only
the cleaned sunfish composite could be collected.

All filleted composites were analyzed for total uranium.
The cleaned (scaled, beheaded, eviscerated) sunfish samples
represented fish that would be ground up to make
fishcakes. These cleaned samples which included bones,
were analyzed for thorium-230, thorium-232, and radium-226
as well as total uranium.

Small game mammals (rabbits and squirrels) were collected
from the WSCP. Trapping was used primarily in the Ash Pond
and Frog Pond areas. Hunting was utilized to obtain
samples from around the WSCP buildings. Each composite
consisted as a minimum of two individuals (rabbits or
squirrels), totaling at least 800 grams. Specimens were
cleaned on the day they were collected, placed in plastic
bags, labeled, and sent to the lab after being frozen. At
the lab, each composite was split into bone and tissue and
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analyzed separately for thorium-230, thorium-232, and
radium-226 as well as total uranium.

This investigation focused primarily on the analysis for
uranium in the biological specimens collected. Uranium not
only is released from site in the highest concentrations
and quantities, but it is also the most water soluble of
the radionuclides present at the WSS. In addition, uranium
is more soluble than radium and thorium in the body,
readily incorporating into the soft tissues and bones.
Surface waters at the WSS generally exhibit background
concentrations of radium and thorium.

Laboratory analytical methods generally followed the same
procedures as those used for water samples. The main
differences were in the sample preparation procedures.
Weighed fish samples were first digested in concentrated
hydrochloric acid (HC1) and then diluted to one liter
before analysis by the appropriate methods. Total uranium
was analyzed according to U.S. Environmental Protection
Agency (EPA) Method 908.0, isotopic thorium by EPA Eastern
Environmental Radiation Facility (EERF) Method 00/07, and
radium-226 by EPA Method 903.0.

Small mammal composite samples were prepared for analysis by
ashing the samples at 550°C for 72 hours in a muffle
furnace followed by treatment with various carriers,
tracers, and acids prior to the actual counting. The
analyses followed the same procedures as listed above for
the fish samples. The normal detection limits for uranium,
radium, and thorium are approximately 0.1 pCi/g.
Analytical counting times were increased to attempt to
bring the detection limits into the range of 0.01 to 0.05
pCi/g for all radionuclides.

RESULTS

Twenty-one (21) composite fish samples were sent for
analysis, representing a total of 126 fish from the DOC
lakes and 204 from Frog Pond. In each case, radiological
contaminant concentrations were below detection limits.
The results are presented in Table 2.

A total of eight rabbits and three squirrels were collected
at the WSCP. Three rabbits were collected from the Ash
Pond area, three from among the buildings, and two from
around the Southeast Drainage Area. Three squirrels were
collected from the Frog Pond area. No small mammal samples
were collected off-site or from the WSQ because of a
shortage of time available to do the wcrk. Table 3
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presents the results of radiological analyses for these
samples. In each case, radiological contaminant
concentrations were below detection limits.

DISCUSSION

The principal objective of the sampling was to establish
the fate of the WSS contaminants in edible biota in the
local environment so that their impact could be
experimentally measured. The experiment design was based
on direct sampling of edible biota and analysis of samples
for contaminants. Assimilation of radionuclides by biota
is a complex phenomenon, especially in aquatic organisms
that absorb contaminants directly from water as well as
from food in their gastrointestinal tract.

The bioaccumulation factor for the aquatic species is
calculated by using a single empirical relationship
representing the transfer of the radionuclide from the
consumption of contaminated foodstuffs and absorption of
water. Bioaccumulation factors published by the National
Council on Radiation Protection and Measurements (NCRP)
(Reference 3) and the DOE (Reference 4) are compared with
the experimental results from the WSS. These results are
presented in Table 4. For small mammals sampled, the
concentrations reported in Table 3 will be used to document
negative findings since the actual exposure of these biota
to the contaminants is unknown.

Several factors can significantly influence a
bioaccumulation factor reported in literature. The method
used to determine bioaccumulation, environmental
parameters, chemical and physical properties, and the
biotas' characteristics may change the bioaccumulation
factor by several magnitudes. Sampling and analytical
errors of the biota samples, sediment and water samples can
have a significant influence. The compounded uncertainties
can vary the results significantly. It may be impractical
to expect validation studies to agree with values found in
literature, although the data and documentation of findings
are important.

The bioaccumulation factor of an aquatic organism or tissue
is the ratio of a radionuclide in the whole organism or
tissue to that in water. Whole-body bioaccumulation
factors may be quite different from those reported for soft
tissues or muscles. If a radionuclide accumulates in the
bone, its concentration relative to the whole body is
greater than its concentration for soft tissues only.
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As indicated in the previous discussion, the
bioaccumulation factors presented in the literature are
meant to be used as a guide for more complex calculational
methodologies. The factors presented by the NCRP are from
actual data sets and experimental studies. The factors
presented by the DOE are used in environmental pathway
analyses for determining the radiation dose to humans who
may consume aquatic organisms living in contaminated
waters. Both references present whole-body bioaccumulation
factors whereas the WSS data represents both cleaned and
fillet portions. The data from the WSS seem to be more
comparable to the NCRP's than the factors from the DOE.
The results from the WSS indicate that factors influencing
the degree of bioaccumulation in biota living in these
affected environments seem to have a reduced effect on the
species uptake.
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ABSTRACT

Environmental monitoring has been an ongoing activity on the U.S.
Department of Energy's Hanford Site in southeastern Washington for over
40 years. Objectives are to detect and assess potential impacts of site
operations on air, surface and ground water, foodstuffs, fish, wildlife,
soil and vegetation. Data from monitoring efforts are used to calculate
the overall radiological dose to humans working onsite or residing in
nearby communities. In 1987, measured Hanford Site perimeter concentra-
tions of airborne radionuclides were below applicable DOE and Environ-
mental Protection Agency guidelines. Tritium and nitrate continued to
be the most widespread constituents in onsite ground water. Chromium,
cyanide, fluoride, and carbon tetrachloride were found in ground-water
wells near operating areas. Concentrations of radionuclides and nonra-
diological water quality in the Columbia River were in compliance with
applicable standards. Foodstuffs irrigated with river water taken
downstream of the Site showed low levels of radionuclides that were
similar to concentrations found in foodstuffs from control areas not
irrigated with Columbia River water. Low levels of Sr and Cs in
some onsite wildlife samples were typical of those attributable to
worldwide fallout as were concentrations of radionuclides found in soils
and vegetation from onsite and offsite locations. The calculated dose
potentially received by a maximally exposed individual (i.e., a hypo-
thetical individual using worst-case assumptions for all routes of expo-
sure) in 1987 (0.05 mrem/yr) was similar to that calculated for 1985 and
1986. Measured exposure to penetrating radiation and calculated radia-
tion doses to the public were well below applicable regulatory limits.

In addition to monitoring radioactivity in fish and wildlife, population
numbers of key species are determined, usually during the breeding
season. Chinook salmon (Oncorhynchus tshawvtscha) spawning in the
Columbia River at Hanford has increased in recent years with a
concomitant increase in winter nesting activity of bald eagles
(Haliaeetus leucocephaius). An elk (Cervus elaphus) herd, established
by immigration in 1972, is also increasing. Nesting Canada goose
(Branta canadensis) and great blue heron (Ardea herodias), and various
other animals, e.g., mule deer (Odocoileus hemionus) and coyote (Canis
latrans) are common.
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INTRODUCTION

The U.S. Department of Energy's (DOE) Hanford Site occupies a land area
of about 1,450 km2 (560 mi2) in semi-arid southeastern Washington
(Figure 1). The Columbia River flows through the Site and forms part of
its eastern boundary. Flow of the Columbia River is regulated daily
according to electric power demands. Although the river was once closed
to public access, public use for recreational and barge traffic is again
practical. The southwestern portion of the Site includes the southern
terminus of the Rattlesnake Hills with elevations exceeding 1000 m.
Both unconfined and confined aquifers lie beneath the Site.

Nuclear and non-nuclear industrial and research activities have been
conducted at Hanford since 1943. The most environmentally significant
activities have involved the production of nuclear materials and the
chemical processing and waste management associated with the major
product, plutonium. Byproduct wastes have included gamma, beta, and
alpha-emitting radionuclides and various nonradioactive chemicals in
gaseous, liquid and solid forms.

There are currently four major DOE operations areas on the Hanford Site
(Figure 1). The 100 Areas located along the Columbia River include the
dual-purpose N Reactor that produced plutonium for national defense and
steam for the Hanford Generating Project (HGP), operated by the

Figure 1. The Hanford Site. HGP = Hanford Generating Project;
REDOX = reduction-oxidation; PUREX - plutonium uranium
extraction; WPPSS = Washington Public Power Supply Sys-
tem; FFTF = Fast Flux Test Facility.
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Washington Public Power Supply System (WPPSS), and eight, now deacti-
vated single-purpose, plutonium production reactors. The plutonium
uranium extraction (PUREX) plant (reactor fuel reprocessing), plutonium
finishing plant (Z Plant), and waste-disposal facilities are located in
the 200 Areas on a plateau (elevation 229 m) about 11.3 km west of the
Columbia River. The 300 Area, located just north of Richland, Washing-
ton contains the uranium fuel manufacturing facilities in support of
N Reactor, and research and development laboratories. The Fast Flux
Test Facility (FFTF) which has operated intermittently since 1981 to
test new fuels and materials for future breeder reactor technology is
located in the 400 Area. Nongovernment facilities within Hanford Site
boundaries include HGP, the WPPSS nuclear plant (WNP) sites, WNP-1, WNP-
2 and WNP-4, including one commercial reactor (WNP-2) that achieved full
operation status in the fall of 1984, and a commercial low-level
radioactive-waste burial site near the 200 Areas, operated by U.S.
Ecology. The Advanced Nuclear Fuels Corp. (formerly Exxon) fuel
fabrication facility is immediately adjacent to, but not located on
Hanford Site property.

Environmental monitoring at Hanford has been ongoing for over 40 years.
The program is conducted to assess potential impacts to individuals and
populations that may be exposed to radionuclides, ionizing radiation and
hazardous chemicals. Environmental monitoring currently includes air,
ground and surface water, fish and wildlife, soil, vegetation, and food-
stuffs (fruits, vegetables, milk). Fish and wildlife are monitored for
radioactivity and to determine the population status of key species.

RADIOLOGICAL MONITORING

Air. Potential airborne transport of stack releases containing radio-
nuclides from Hanford facilities offers a direct pathway for human
exposure. Thus, air is sampled continuously for airborne particulates
and analyzed for radionuclides at 50 locations onsite, at the Site
perimeter, and in nearby and distant cities (Price, 1986; PNL, 1987;
Jaquish and Mitchell, 1988). At selected locations, gases and vapors
are also collected and analyzed. Many of the longer-lived radionuclides
released &t Hanford are also present in atmospheric fallout that
resulted from nuclear weapons testing in the 1950's and 1960's or from
nuclear accidents that occurred elsewhere.

In May and June, 1986, air samples collected onsite as well as those
from distant locations showed increases in several long- and short-lived
radionuclides (e.g., 137Cs, 1311, 103Ru) that resulted from the reactor
accident at Chernobyl, April, 1986, in western Russia. However, even
then, no sample exceeded 0.17% of the applicable DOE derived concentra-
tion guide (DCG) for areas permanently occupied by the public.

Ground Water. The shallow unconfined (water-table) aquifer has been
affected by waste-water disposal practices at Hanford more than the
deeper, confined aquifers. Discharge of water from various industrial
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processes has created ground-water mounds near each of the major waste-
water disposal facilities in the 200 Areas, and in the 100 and 300 Areas
(Figure 1). Discharge to ground water in the 200 Areas may contribute
ten times more water annually to the unconfined aquifer than natural
input from precipitation and irrigation (Graham et al., 1981). These
ground-water mounds have altered local flow patterns in the aquifer,
which are generally from west to east.

Ground water, primarily from the unconfined aquifer, is currently
sampled from over 560 wells (Jaquish and Mitchell, 1988). Tritium (3H)
occurs at relatively high levels in the unconfined aquifer, is one of
the most mobile radionuclides, and thus, reflects the extent of ground-
water contamination from onsite operations. Many liquid wastes dis-
charged to the ground at Hanford have contained 3H. The FUREX facility
is currently the main source for 3H-containing wastes (DOE, 1983).
Tritium from releases prior to 1983 that passed-downward through the
vadose (unsaturated) zone to the unconfined aquifer continues to move
with ground-water flow toward the Columbia River. Tritium concentra-
tions in Hanford ground water range from less than 300 pCi/L to over
2,000,000 pCi/L near or within the 200 Areas (PNL, 1987; Jaquish and
Mitchell, 1988).

Ground water from the unconfined aquifer enters the river through sub-
surface flow and springs that emanate from the riverbank. McCormack and
Carlile (1984) identified 115 springs along a 41-mile stretch of river.
Tritium concentrations in wells near the springs ranged from 19,000 to
250,000 pCi/L and averaged 176,000 pCi/L in 1985 (Price, 1986).
Although the distribution of 3H and other nuclide concentrations in
springs generally reflected those in nearby ground-water wells, the
magnitude was generally less in springs due to mixing of ground and
surface water. Tritium concentrations in the river were generally less
than those in springs. It is noteworthy that 3H also occurs naturally
in the Columbia River upstream from Hanford. Once discharges from
springs are mixed with the river a short distance downstream, 3H from
the springs cannot be detected. Concentrations of 3H upstream from
Hanford and at Richland are similar. Tritium concentrations in springs
were less than 4% of the DOE DCG (2,000,000 pCi/L). Tritium concentra-
tions in the river were less than 0.5% of the DCG and less than half the
regulatory limit for drinking water (20,000 pCi/L; EPA, 1976).

Surface Water. Columbia River water is used for drinking at downstream
cities, for crop irrigation and for recreational activities (fishing,
hunting, boating, waterskiing, swimming). Thus, it constitutes the pri-
mary environmental pathway to people for radioactivity in liquid
effluents. Radionuclides can be delivered to human foodstuffs through
crops irrigated with river water and cow's milk through irrigated
alfalfa and other cattle forage. Although radionuclides associated with
Hanford operations, worldwide fallout, and natural phenomena continue to
be found in small but measurable quantities in the Columbia River,
concentrations are below Washington State and Environmental Protection
Agency (EPA) drinking water standards.
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Deep sediments in downstream reservoirs still contain low concentrations
of some long-lived radionuclides (Nelson and Haushild, 1970; Haushild et
al., 1975; Robertson and Fix, 1977; Sula, 1980; Beasley et al., 1981).
Trace amounts of 239Pu, ^Co, 137Cs, and 152Eu persist in sediments
accumulated above the first downstream dam {McNaryl. In 1977, about 20
to 25% of the total plutonium inventory (239» 2W- 2ttWu) in Lake
Wallula sediments, 100 km downstream, was believed to originate from the
1944 through 1971 releases at Hanford (Beasley et al., 1981). However,
only 239Pu was believed to actually reflect earlier reactor operations.
Further, this 239Pu was derived from 239Np (produced by neutron capture
in natural uranium followed by decay to 239Np), an abundant isotope in
Columbia River water. Thus, plutonium may not have been released to the
river from reactor operations.

Fish and Wildlife. Fish are collected at various locations along the
Columbia River and boneless fillets are analyzed for ^ o , ^Sr, and
137Cs. Carcasses are analyzed to estimate ^Sr in bone. Following
shutdown of the last single-purpose, once-through cooling reactor and
installation of improved liquid effluent control systems at N Reactor,
short-lived radionuclides, including the biologically important 32P and
65Zn, essentially disappeared from the river (Cushing et al., 1981)
through radioactive decay. Radionuclide concentrations in fish collec-
ted from the Hanford Reach of the Columbia River are similar to those in
fish from upstream locations.

Deer (Odocoileus sp.), ring-necked pheasants (Phasianus colchicus),
mallard ducks (Anas platvrhvnchus). Nuttall cottontail rabbits
(Sylvilaqus nuttallii) and black-tailed jack rabbits (Lepus
californicus) are collected and tissues are analyzed for ^ o and 137Cs
(muscle), 239- 240Pu (liver) and MSr (bone). The doses that could be
received by consuming wildlife at the maximum radionuclide concentra-
tions measured in 1985-1987 were below applicable DOE standards (Price,
1986; PNL, 1987; Jaquish and Mitchell, 1988).

Soil and Vegetation. Airborne radionuclides are eventually deposited on
vegetation or soil. Samples of surface soil and rangeland vegetation
(sagebrush) are currently collected at 15 onsite and 23 site perimeter
and offsite locations (Jaquish and Mitchell, 1988). Samples are col-
lected from nonagricultural, undisturbed sites so that natural deposi-
tion and buildup processes are represented. Sampling and analyses in
1985 through 1987 showed no radionuclide buildup offsite that could be
attributed to Hanford operations (Price, 1936; PNL, 1987; Jaquish and
Mitchell, 1988).

Foodstuffs. The most direct way for deposited radionuclides to enter
the foodchain is through consumption of leafy vegetables. Samples of
alfalfa and several foodstuffs, including milk, vegetables, fruit, beef,
chickens, eggs, and wheat, are collected from several locations, pri-
marily downwind (i.e., south and east) of the Site. Samples are also
collected from upwind and somewhat distant locations to provide informa-
tion on radiation levels attributable to worldwide fallout. Foodstuffs
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from the Riverview Area (across the river and southeast) are irrigated
with Columbia River water withdrawn downstream of the Site. Although
low levels of 3H, ̂ Sr, 129I, and t37Cs have been found in some food-
stuffs, concentrations in samples collected near Hanford are similar to
those in samples collected away from the Site.

Penetrating Radiation. Penetrating radiation (primarily gamma-rays) is
measured in the Hanford environs with thermoluminescent dosimeters to
estimate dose rates from external radiation sources. Radiation surveys
are routinely conducted at numerous onsite locations including roads,
railroads, and retired waste disposal sites located outside of operating
areas. Onsite and offsite measurements and survey results for 1985-1987
were similar and comparable to past years. Dose rates near some operat-
ing facilities were only slightly higher than natural background rates.

Overall Impact from Hanford Operations. Beginning in 1974 the evalua-
tion of radiation doses has included assessment of the maximum external
dose rate at a location accessible to the general public, doses to a
hypothetical maximally exposed individual, and doses to the population
within 80 km of the Site. Based on these assessments, potential radia-
tion doses to the public from Hanford operations have been consistently
below applicable standards and substantially less than doses normally
received from common sources of background radiation. The calculated
50-year whole-body cumulative dose received by the maximally exposed
individual ranged from 0.5 to 3 mrem during the years 1981 through 1986
(PNL, 1987). The maximally exposed individual is a hypothetical person
who receives the maximum calculated radiation dose when worst case
assumptions are used concerning location, inhalation of radioactive
emissions, consumption of contaminated food and water, and direct
exposure to contaminants. Expressed as effective dose equivalents, the
calculated dose received by a hypothetical maximally exposed individual
was 0.1, 0.09 and 0.05 mrem respectively, in 1985, 1986 and 1987. The
average per capita whole-body cumulative (effective) dose for 1985,
1986, and 1987 based on the human population of 340,000 within 80 km of
the Site, was 0.02, 0.03 and 0.01 mrem annually, respectively (Price,
1986; PNL, 1987; Jaquish and Mitchell, 1988). These estimates and the
measured Hanford area background radiation can be compared to and are
considerably less than doses from other routinely encountered sources of
radiation, such as natural terrestrial and cosmic background radiation,
medical treatment and x-rays, natural internal body radioactivity,
worldwide fallout, and consumer products (Figure 2).

CHEMICAL MONITORING

Air Quality. Nitrogen oxides (N0x) are routinely released onsite from
fossil-fueled steam and chemical processing facilities, most notably the
PUREX plant. Nitrogen dioxide is sampled at eight onsite and one
offsite locations by the Hanford Environmental Health Foundation (HEHF).
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Natural External Background. Denver. CO

Average Washington State External
Background

U S Average Natural External Background

Measured (TLD) Htnfotd Area External
Background

Average Per Capita Genetic Medical Dose
in US

Average U S Internal Oose from Natural
Radioactivity

Global Weapons Fallout

Consumer Product Radiation (TV.
Smoke Detector, etc)

Estimated Average Per Capita Dose
(Internal and External) from 198S-1987
Hanford Operations

3; 65

388

359

I
100

Oose (mrem/yr)
200

Figure 2. Annual radiation doses from various sources: external back-
ground, Denver, Colorado, Washington State and U.S. average
from Oakley (1972). Genetic medical dose, U.S. internal
dose, weapons fallout and consumer product radiation from
Klement, et al. (1972; adapted from Price, 1986; PNL,. 1987;
Jaquish and Mitchell, 1988); TLD - thermoluminescent dosim-
eter, does not include neutron component; rarem/yr = millirem
per year.

Nitrogen dioxide concentrations measured in 1984-1987 were well below
federal (EPA) and local (Washington State) ambient air quality standards
(Price 1986, PNL, 1987; Jaquish and Mitchell, 1988).

Ground Water. In 1987, over 3000 ground-water samples were collected
and analyzed for inorganic constituents, and &ver 290 wells were moni-
tored for potentially hazardous materials including pesticides, herbi-
cides, and total organic halogen (Jaquish and Mitchell, 1988). In
addition, well samples were analyzed by HEHF for water quality.
Detected constituents included several metals, anions, coliform bac-
teria, radionuclides, and total organic carbon. Many of these consti-
tuents are expected in natural ground water. Chromium, cyanide,
fluoride, and carbon tetrachloride were found in wells not used for
drinking water near operating areas.

Columbia River. Nonradioactive waste water is discharged at eight loca-
tions along the Hanford reach of the Columbia River. Discharges consist
of backwash from water intake screens, cooling water, water storage tank
overflow, and fish laboratory waste water. Effluents from each outfall
are monitored by the operating contractors. The Columbia River is also
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monitored by the United States Geological Survey, upstream and down-
stream of the Site, to verify compliance with Class A (WSDOE, 1977)
water-quality requirements. In addition, numerous studies have evalu-
ated, and in most cases resolved, the environmental issues associated
with water intake and thermal discharge structures at Hanford (Page
et al., 1977; WPPSS, 1978; Gray et ai., 1979, 1986; DOE, 1982; Neitzel
et al., 1982).

HANFORD FLORA AND FAUNA

Most of the Hanford Site consists of undeveloped land that supports
stands of native vegetation and a few exotic species (e.g., cheatgrass,
Bromus tectorum; Russian thistle, Sal sol a kali; and tumble mustard,
Sisvmbrium a'ttissimum), is free from agricultural practices, and has
been essentially free from livestock grazing and hunting for over
40 years. Thus, the Site serves as a refuge for migratory waterfowl,
elk (Cervus elaphus), mule deer (Odocoileus hemionus), coyote (Canis
latrans) and other plants and animals. Restricted land use has favored
native wildlife that frequent riverine habitats, for example, mule deer,
Canada goose (Branta canadensis). and great blue heron (Ardea herodias).

The Columbia River at Hanford supports up to 48 species of fish (Gray
and Dauble, 1977) and serves as a migration route for upriver runs of
Chinook (Oncorhvnchus tshawytschah coho (0. kisutch) and sockeye ((h
nerka) salmon, and steelhead trout (Salmo qairdneri). The Hanford Reach
also supports the last remaining mainstem spawning habitat for fall
chinook salmon. The salmon population is maintained by a combination of
natural spawning, artificial propagation and regulated commercial and
sport harvest of returning adults.

Based on redd (nest) counts from the air, fall chinook salmon spawning
in the Hanford Reach of the mainstem Columbia River has increased
dramatically since 1980. Recent underwater observations by divers (Swan
et al., 1988) snowed salmon redds at depths below those visible by boat
or aircraft and suggests that salmon spawning in the Hanford Reach may
be even greater than previously estimated. The increase in salmon
spawning has attracted increasing numbers of wintering bald eagles
(Haiiaeetus leucocephalus). The bald eagle is listed by the U.S. Fish
and Wildlife Service as "threatened" in the state of Washington (Rickard
and Watson, 1985).

SUMMARY

The Pacific Northwest Laboratory (PNL) conducts an environmental moni-
toring program to assess potential effects of Hanford Operations on the
local environs, onsite workers, and the offsite public. Monitoring for
radiological emissions at Hanford has been ongoing for over 40 years and
includes air, ground and surface water, fish, wildlife, soil, vegeta-
tion, and foodstuffs. Measured and calculated radiation doses to the
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public have been consistently below applicable regulatory limits.
Monitoring of fish and wildlife is a significant component of the over-
all program. The Hanford Site now serves as a refuge for key fish and
wildlife species.
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TRANSPORT IN THE CLINCH RIVER, TENNESSEE

John L. Vadnal, TVA Engineering Laboratory, Norris, TN

ABSTRACT

At the request of Oak Ridge National Laboratory, the Tennessee Valley
Authority Engineering Laboratory conducted a field study on the Clinch
River during May 1987 to better describe contaminant transport and
dispersion in the Clinch River. The field study was designed to
provide insight into the transport and nixing processes necessary for
analyzing potential spills through mathematical simulations. During
the field study, Rhodamine WT dye tracer was introduced into the
Clinch Siver by two means. One was through a vertical line source
during a 25-minute period. The other was as a vertical plane source
slug. Lateral and longitudinal dye concentration profiles from the
c transport and dispersion of the resulting dye tracer plume were
observed and measured. Detailed vertical and lateral temperature,
Clow velocity and depth profiles were measured at numerous river cross
sections. A summary and analysis of the field study is presented.
The data were used to estimate dispersion and diffusion coefficients
and will verify a mathematical flow and transport model for the Clinch
River. The field study results will be applied to real-time
simulation of plume dispersal along the Clinch River. Installation of
an emergency response procedure for any future potentially-hazardous
spill is planned.

1.0 INTRODUCTION

A joint effort between the Tennessee Valley Authority (T7A)
Engineering Laboratory (SL), Morris, Tennessee and Oak Ridge National
Laboratory (ORNL) has been initiated. This effort will plan and
implement appropriate emergency response procedures during a
potentially hazardous spiLl from the ORNL Reservation. A potentially
hazardous situation could result from an accidental spill of
radioactive material from White Oak Creek (WOC) into the Clinch
TUver. The Clinch River downstrean from Melton Hill Oan at Clinch
River Mile (CRM) 23.1 is part of Watts Bar Reservoir and enters the
Tennessee River at Tennessee River Mile (TRM) 567.8.

As part of this effort, the EL designed and conducted a May 1987 field
study to determine the transport and dispersion characteristics of the
Clinch River. A detailed account of the field study and results is
provided in Vadnal and Beard (1988).
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2,0 EMERGENCY RESPONSE PROCEDURES AMD COMPUTER MODELING

The SL is part of an emergency response network within TVA (Figure 1).
The network is activated during an accident at any of T W s nucle.ir
power plants. The EL becomes involved only during spill emergencies
which ;nay affect surface waterways. The EL has developed and
maintains computer models that predict contaminant transport in river
reaches near TVA's nuclear plants. These computer models use integral
solutions (Harleman, 1979) of the convective-diffusion differential
equation (Daily and Harleman, 1966) and are used to simula-.e
finite-duration plane and line source releases. Results from EL
models are generated within approximately one hour aftar the first
emergency response notification and determine the relative
concentrations at downstream points of interest (e.g., water intaku:'.)
or can be used to devise management strategies, such as reservoir
operations, to mitigate a contaminant spill.

The EL has been involved since 1985 with ORNL in nodeling the Clinch
River. Past simulations of the Clinch Rive1: using the EL models
showed reasonably good agreement between measured and simulated
concentrations for an August 1963 dye study and a November 1985
accidental radioisotope release (Vadnal, 1988).

Integral solutions in the models require values for the longitudinal
dispersion and lateral diffusion parameters Dx and Dv. It i-5
usually necessary to conduct field tests to determine these
characteristics particular to each river. A field study to obtain the
data necessary to evaluate representative Dx and Dv for the Clinch
River was planned by the BL.

3.0 FIELD STUD?

Figure 2 shows the Clinch River study reach from CRV! 20.8-4.6. tfOC,
whose discharge derives from the ORNL Resecvation, enters the Clinch
River from the right bank at CRM 20.8. The Oak Ridge Gaseo..s
Diffusion Plant (ORGDP), located on the right bank near CRM 14.5, is
the first water intake downstream from WOC and the Lni'-.ial point of
concern during a spill event. For the purposes of the field study,
the Clinch River was divided into upstream (CRM 20.3 to 14.5) aid
downstream segments (CRM 14.5 to 4.5). Lateral diffusion would
dominate a WOC spill in the upstream segment until the contaminant
plume became completely mixed across the channel near CRM 14.5.
Advection and longitudinal dispersion would dominate the mixing
process below this point. Field data (Morton, et. al., 1963) and
numerical simulations (Vadnal, 1983) showed that a plune Prom WOC
became completely mixed across the Clinch River by CRM 14.5. The
study reach terminates upstream from the Emory River conflaence (CR?5
4.4).
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Figure 1. TVA Engineering Laboratory Emergency Response Procedure
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Preliminary computer simulations determined approximate travel times
ind contaminant dilution rates expected in the study reach.
Simulations were made for numerous operating conditions of the Melton
Hill, Watts Bar (TRM 529.9), and Ft. Loudoun (TRM 602.3) hydropower
dans. Based on computer simulations and Clinch River geometric
characteristics. Clinch River transects were selected where dye
concentration, velocity, temperature, depth, surface width, and water
surface elevation would be measured. Details of the measurement
procedures ar» given in Vadnal and Beard (1988).

On May 5, one-half gallon of 20 psrcent Rhodamine WT dye was injected
at 9 a.m. Eastern Daylight Time (ED?) from a boat traversing the main
channel at CRM 15.5. The short l.5-minute injection period simulated
nn instantaneous slug release. The plume was tracked from the dye
injection location downstream to CRM 12..1.

"Vo additional gallons of dye were injected at CRM 12.35 at 1:30 p.m.
(EDT) and became fully mixed downstream of CRM 12.1. The second plu:ne
was tracked from the dye injection location downstream to CRM 11.0.
Tracking of this second plume continued on May 6 between CRM 8.2 and
4.6. nye concentrations were measured at CRM 14.5, 12.1, and 11.0 on
.'•lay 5, and at CRM 8.2, 7.0, 5.9, and 4.6 on May 6. Composite dye
concentration profiles for these sections were computed by
cross-sec.ionally averaging the lateral concentration measurements.

Peon 9-9:25 a.m. (EDT) on May 7, 25 gallons of 20 percent Rhodamine WT
dye were injected from a boat anchored 20 feet from the right bank of
the Clinch River immediately downstream of the WOC confluence. The
injection into the Clinch River was through a vertical line source
over the depth.\ A total volume of 104 gallons of dilated dye solution
was injected at a rate of 4.16 gal/min (0.0093 cubic feet/second
(cfs)). Releases from WOC dam were held relatively constant at
apprpxinately 20-30 cfs from 8-10 EDT during the dye injection. Dy«
concentration measurements were limited to the plune extents.
Temporal dye concentration measurements, flow velocities, water
temperatures, flow depths and transverse boat position were measured
at CRM 20.8, 19.6, 18.0, 16.5, and 14.5. The Hay 7 field study
confirmed results from a previous study (Morton, et. al., 1963) which
showed that a contaminant plume originating near the WOC confluence is
completely vertically- and laterally-jnixed prior to CRM 14.5.

The dye volumes injected during the three day study were selected to
ens.ire dye concentrations of 10 parts per billion (ppb) or less at all
water intake locations downstream unless plans to suspend pumping were
arranged previously.

Special releases were required from Melton Hill Oam and comprised 12
hours of approximately 10,000 cfs on Tuesday and Wednesday, .lay 5 an*
6, and 12 hours of 8,000 cfs on Thursday, May 7. Watts Bar r>an
releases were held nearly steady for at least 12 hours during each of
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those three days. During the study, flows and water surface
elevations were recorded at numerous locations within tho study

4.0 HYDRAULIC AND DISPERSION CHARACTERISTICS

"he hydraulic and dye concentration data were used to compute
geometric, hydraulic and dispersion characteristics of the Clinch
River study reach.

4.1 Geometric and Hydraulic Characteristics *

Colunns 1-10 in Table 1 summarize the geonetrie and iiyirailtc
characteristics for each of the 13 cross sections ii the study reach.
Columns 1 and 2 show the CRM and the date and time of flow velocity
measurements. Dye concentration measurements (whose times ar* not
listed in Table 1) usually followed the velocity measurement.

Cclunn 3 shows the measured water surface width, W. The cross section
at CRM 19.6 was located on the downstream tip of Jones Island an<J
treated as two separate channels. Column 4 lists the water surface
elevation (W.S. ELBV.). Column 5 lists the water surface slope, S,
computed fron neasured water surface elevations.. Column 6 lists the
cross section area, A, based on bottom depth' measurements with the
velocity probe and surveyed distances from the banks.

Column 7 lists the measured longitudinal flow- discharge, Q.
Discrepancies between the computed Q in Table 1 and reported releases
from Melton Hill Dam were due to a combination of factors: (13
•lifferences between actual and reported dam releases; (2) inaccuracies
in the velocity probe and subjective readings by different bo-i:.
personnel; (3) flow area approximations; and (4) changing Watts Bar
Reservoir storage and water surface profile. The average longitudi ia'
flow velocity, U, in column 8 was obtained by dividing the discharge,
Q, by the measured flow area, A. The average depth, H, in column 9 wis
computed as A/W.

The shear velocity, u*, was used to nondimenstonaiize the velocity
(column 10) and lateral dicfusLon and longitudinal dispersion
coefficients (columns 12, 14 and 16) in Table I. The values of a*/'J
ranged fron 3.9 to 9.7 percent throughout the study reach. These
agreed with typical values of u*/pJ, which ranged fron 4 to 11
percent in transverse mixing studies and 9 to 30 percent in
longitudinal dispersion studies (Fischer, et. al., 1979).

4.2 Longitudinal Dispersion Coefficients

Two methods were used to compute the longitudinal dispersion
coefficient, Dx. One method, described in Fischer, et. al. (i9"?!)j
and independent of longitudinal concentration profiles, used th«
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TABLE 1. CLINCH RIVER GEOMETRIC, HYDRAULIC AND DISPERSION CHARACTERISTICS

S 6 7 8 9 10 11 12 13 14 IS 16

U HCRN DAY t U W.S. S A O
TINE ELEV.
(EOT) (FT) (FT USD (106) (FT2) (CFS) (FT/S) (FT)

(Fischer) (Harl«mn)

°y Dy °x »x °x Dx

(X) (FT2/S) Hu. (FT2/S) Hu. (FT2/J) (hi.

05/05/87 TUESDAY

15.5 0816-0903 450 741.05 7.76 8902 11668 1.311 19.78 5.36 2.085 1.5
14.5 0940-1015 380 740.00 5.92 7008 8834 1.261 18.44 4.70 1.640 1.5 28 26 44 41
12.0 1105-1150 502 740.70 4.78 9828 8173 0.832 19.58 6.60 1.611 1.5 171 159 23 22
11.0 1415-1500 662 740.80 3.83 9419 7549 0.801 14.23 5.22 0.894 1.5 654 1098 25 41

05/06/87 UEDNESOAY

8.2 1330-1415 795 740.90 2.87 14357 7596 0.529 18.06 7.72 1.106 1.5 208 282 2 3
7.0 1155-1315 845 740.80 2.87 14531 7851 0.540 17.20 7.38 1.028 1.5 281 410 8 12
S.8 1440-1530 650 740.85 2.87 15434 7451 0.483 23.74 9.70 1.668 1.5 754 678 4 3
4.6 1545-1630 660 740.85 2.87 13775 7590 0.551 20.87 7.97 1.374 1.5 376 410 10 10

05/07/87 THURSDAY

20.8 0825-0900 510 741.35 3.10 6905 5760 0.834 13.54 4.41
19.6 1000-1125 288 741.00 4.66 3690 4117 1.116 12.81 3.93 0.376 0.7

(Total * ) 7797 7180
464 4.66 4107 3063 0.746 8.85 4.88

18.0 1145-1250 378 740.70 3.10 7321 6714 0.917 19.37 4.79 1.294 1.5
16.5 1317-1402 429 740.75 1.55 7581 4601 0.607 17.67 4.89 0.787 1.5 - -
14.5 1423-1517 380 740.90 3.10 5983 4493 0.751 15.74 5.28 0.936 1.5

ENG LAB JLV 09/29/88



trransverse profiles of velocity and depth- Briefly, the theory
neglects the vertical profile of velocity (assuming the transverse
profile is much more important vhan the vertical profile in producing
longitudinal dispersion in natural streams) and applies Taylor's
M954) analysis to the transverse velocity profile. The method
requires values foe the cross section area, river width, local
depth-averaged velocity, cross section average velocity, local flow
depth, transverse coordinate and transverse diffusion coefficient.
The tfalue Dy=1.5Hu* was used at each cross section based on the
results from the transverse diffusion analysis in Section 4.3 and
previous simulations (Vadnal, 1983).

Columns 13-14 in Table I give the results from the longitudinal
dispersion analyses. The longitudinal dispersion coefficient, Dx,
is listed in column 13, and the ratio, Dx/Hu*, is listed in column
14. The values in column 14 are within the wide range noted in tJie
Lvxerature (Fischer, et. al., 1979), which vary from 8.6 for a canal
to 7,500 for the Missouri River. Values range typically from 100-500
•ind previous studies have found values of 210-245 in the headwaters of
the Clinch River (3-7 foot depths; 150-200 foot widths). An estimated
average value of 250 was used during previous simulations (Vadnal,
1983).

Tie second computation method for Dx used the solution for an
instantaneous plane source in a uniform flow field of infinite extent
(Mar Ismail, 1979). A semi-logarithmic plot of concentration versus
time collapses to a nearly straight line from which Dx can be
obtained from the slope. The concentrations measured at CRM 14.5,
12.1, 11.0, 8.2, 7.0, 5.8 and 4.6 were averaged over the cross section
to obtain a single concentration versus time profile for eaoh
tr-insect. A least-squares routine determined the "best fit" liie from
which the longitudinal dispersion coefficient was obtained.
Correlation coefficients (Miller and Freund, 1965), which ranged from
-0.69 to -0.99, demonstrated that the Gaussian curve was a reasonable
representation of the composite dye concentration profiles. \
correlation coefficient value of -1 (or 1) signifies a perfect linear
relationship while a value of 0 signifies no linear correlation.

The Dx values and dimensionless quantity Dx/Hu* are listed in
columns 15-16 of Table 1 for CRM 14.5, 12.1 and 11.0 on May 5 and foe
CRM 8.2, 7.0, 5.8 and 4.6 on May 6. The t)x values range from 23-44
square feet/second for the reach CRM 14.5-11.0 and 2-10 square
Caet/second for the reach CRM 8.2-4.6. The smaller values for May 6
reflected the effects from the overnight shutdown of Melton Hill Dam
"^leases. The shutdown caused the dye plune to remain stagnant with
only the minimal molecular diffusion occurring. These values
Increased to magnitudes similar to those for the previous day once the
elapsed time used in the calculations omitted the 12-hour overnig'it
shutdown duration of Melton Hill nam.
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Columns 13 and 15 contrast the two methods used to compute Dx. The
values in column 13 reflect the higher short-term dispersive
characteristics based on the flow velocities during the field
measurements. The values in column 15 reflect the overall dispersive
characteristics of the dye plume during the entire elapsed time since
injection. Although the values in column 13 correlate better with
.1 -:erature values, the literature values were obtained under riverine
conditions which are unlike the pulsing operations typical of
reservoir operations along the Tennessee and Clinch Rivers. The
contrasting predictive capabilities of these two methods emphasize the
critical need for site-specific dye studies to quantify river and
reservoir dispersion characteristics under various flow conditions.

4.3 Lateral Diffusion Coefficients

The lateral diffusion coefficient, Dy, was computed from (Beltaos,
1975) combining a generalized change-of-moments (GCM) analysis for
transverse mixing problems with a streamtube model (ST). A detailed
description of the GCM-ST analysis is given in Rolley and Jirka (1986).

Column 12 shows the ratio, Dy/Hu*, for the reaches CRM 20.8-19.6
and 19.6-18.0 was 0.7 and 1.5. Dye concentration measurements taken
at CRM 16.5 indicated a nearly uniform transverse dye distribution.
The value Dy=1.5Hu* was assumed to be representative for all cross
sections downstream of CRM 18.0. These values compared favorably with
literature values for the Missouri River, which ranged from 0.6 to 3.4
(Fischer, et. al., 1979). The Dy=1.5Hu* was used in the
longitudinal dispersion coefficient calculations described in Section
4.2. The same ratio value of 1.5 was used during previous simulations
(Vadnal, 1988).

5.0 SUMMARY AND CONCLUSIONS

Because of the diverse nature of a river, field studies are generally
necessary to determine representative values for its geometric,
hydraulic and mixing characteristics. These characteristics provide
the input necessary for computer modeling. At the request of ORNL,
the TVA EL conducted a field study to quantify transport and mixing
characteristics of the Clinch River downstream from White Oak Creek.
Estimates of longitudinal dispersion and lateral diffusion
coefficients were determined from the field data.

Results from this field study for the highly-dynamic Clinch River in
the Tennessee River system emphasize the importance of site-specific
studies to obtain data for estimating these characteristics. The
results presented in Table 1 demonstrate the variability of geometric
(e.g., columns 3, 6 and 9), hydraulic (e.g., columns 5, 8 and 10) and
mixing (e.g., columns 11-16) characteristics of the Clinch River.
Although values for the longitudinal dispersion and lateral diffusion
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coefficients fell within ranges found in the literature, these
parameters were shown to vary significantly within the study reach.
Also, the two methods used for computing longitudinal dispersion
coefficients produced markedly different results.

Future work on characterization of hazardous spill mixing and
transport in the Clinch River should include: incorporation of the
dispersion and diffusion coefficients determined from the dye studies
in computer modeling efforts; and, documentation of multiple spi']
scenarios under different dam release patterns to plan a general
mitigative strategy for reducing the hazardous impact from a spill.
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USE OF ANALYTICAL MODELS TO CHARACTERIZE CONTAMINANT EXPOSURES
IN AQUIFERS WITH LIMITED FIELD DATA

Jimmy Ho
Daniel L. Bonk

ABSTRACT

When limited data is available to describe a contaminated aquifer, a public health risk
assessment of a hazardous waste site often can be conducted with analytical models and
appropriate engineering assumptions. These simplifying assumptions serve to approximate
information missing from the field data and to form an idealized model of the site. When
simplifying assumptions can be adequately applied to the analysis of an aquifer, an
analytical model is an efficient and economical tool for site screening, site delisting, rapid
assessment of emergency conditions, and sensitivity analysis. For a study conducted at two
adjacent sites located in the southwestern United States, four analytical models were used
to simulate the concentrations of ground water contaminants downgradient from
identified sources. The results of this study indicate that both the simplified and more
realistic analytical models can be applied, depending on the availability of the data and the
project objective. This paper also demonstrates how field data obtained from an initial
remedial investigation can be utilized with a realistic computer model.

INTRODUCTION

In an aquifer, ground water contamination is often a problem resulting from past hazardous
waste storage/disposal/spill activities. Evaluation of the exposure concentration of the
contaminant in the ground water can be facilitated through the use of numerical and
analytical contaminant transport models to predict the migration and the distribution of
contaminant in the ground water systems.

Numerical models are primarily used for a groundwater system with complex boundary
conditions and spatial and/or temporal varied parameters such as hydraulic conductivity and
porosity. However, the use of numerical models is often time-intensive and limited by
factors such as the existence of numerical problem and data availability. In general,
analytical models are more efficient and economical than the numerical models. In many
situations, problems such as insufficient data and data with limited precision to represent
the field condition can prevent the use of numerical models. In these cases, the employment
of analytical models using simplifying assumptions can be a very useful means of evaluating
contamination in the groundwater system.

The purpose of this paper is to demonstrate the effect of applying simplifying assumptions
to different analytical models that used data obtained from the initial remedial
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investigation of the two adjacent sites located in the southwestern United States. Due to
the intrinsic limitation of the analytical approach, the simulated aquifers were assumed
isotropic and homogeneous with a constant or infinite aquifer thickness for each model.
The vertical cross-section of the source was also assumed to be perpendicular to the ground
water velocity in the aquifers. This paper also demonstrates how field data can be utilized
with a three-dimensional, transient,/steady-state analytical model developed by the
Oak Ridge National Laboratory (Yeh, 1981).

Model 1 : A model proposed by Domenico and Palciauskas (1982) is used to estimate the
contaminant concentration downgradient from the boundary of the waste source. This
model is considered to be more conservative than Models 2, 3, and 4 because of its
contaminant transport characteristics and related assumptions. The contaminant is
transported along the longitudinal direction of the ground water flow and is diluted by the
ground water only through horizontal dispersion. Assumptions of the model include:

(1) The measured concentration at the waste boundary is maintained constant.
(2) The concerned aquifer is infinity in extent.
(3) No longitudinal and vertical dispersion are considered.
(4) Aquifer properties are isotropic and homogeneous.
(5) Ground water flow is uniform.

The steady-state contaminant concentration at any downgradient distance X measured
from the source boundary is, therefore, written as:

cx = c0 = (i)

x
where:

Cx - concentration of contaminant at distance x downgradient f rom the source
Co - measured concentration at the waste boundary
Vx - ground water seepage velocity
L, - the horizontal w id th of the plume at the waste boundary
DT - horizontal dispersion coefficient

Model 2: This model was also proposed by Domenico and Palciauskas (1982) and is
considered more realistic than Model 1. It includes both the horizontal and vertical
dispersions perpendicular to the longitudinal f low direction. Therefore, the contaminant is
spread both horizontally and vertically. In addit ion t o the assumptions (1), (4), and (5)
mentioned in Model 1, other assumptions for this model are:

(1) No longitudinal dispersion is involved.
(2) Both the vertical and horizontal dispersion coefficients are identical.
(3) The thickness of the aquifer is f ini te.

Through the conservation of mass, the steady-state contaminant concentration at any
distance X downgradient from the source boundary is expressed as:

1 + 2

(2)
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which is relevant for L>2 + ( l> r « — J1/2 £ H

Alternately

c = c

X

X

in which L; is vertical extent of the contaminant plume at the boundary of the source and H
is the aquifer thickness. The other parameters have been previously defined.

Model 3: Similar to Model 2, this model simulates the dispersion of the contaminant plume
in the vertical and horizontal directions perpendicular to the ground water flow. The waste
source maintains a constant contaminant concentration at the boundary of the plume. The
contaminant plume is transported downgradient by the mechanisms of advection and
transverse dispersion. The governing equation describing the steady-state contaminant
distribution within the plume is a steady-state, two-dimensional version of the transport
equation proposed by Yen (1981), without considering the source release rate and the
degradation of contaminant. This equation will be presented in Model 4.

D
T V BY2

+ = Vv —
J 7 Z / A ax

(3)

Boundary conditions for Eq. (3) are:

3C
— = 0 at Z =
dZ

C(o,Y,Z) = CQ for 0 < Z < L2 and
Q

i< Y < —

C(o,Y,Z) = 0 elsewhere

The analytical solution of Eq. (3) with the above boundary conditions has been presented by
Morganau and Murphy (1986). This solution is expressed as

f
Z + Z -

- erf\ T- l l (4)

• erf
Y + Lj/2

-erf
Y -

2 D^ • —-

All the parameters have been defined previously. In addition to assumptions of (1), (4),
and (5), mentioned in Model 1, the assumptions of this model are:

(1) The aquifer is semi-infinite along the positive X and Z directions.
(2) Both the horizontal (y) and vertical (z) dispersion coefficients are the same.
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(3) The top of the plume is a zero flux boundary.
(4) No longitudinal dispersion is considered in the model.

Model 4: Models 1, 2, and 3 basically consider the contaminant dispersion either in one or
two directions. For a more general three-dimensional situation, a model reported by
Yeh(1981) is presented herein provides a more realistic analysis. This three-dimensional
contaminant transport model is based on the governing equation proposed by Yeh:

= V .(neDVO - V • (CV) + MR - KneC - ^ ! (5)
dt R U

where ne - effective porosity.
D - hydraulic dispersion coefficient tensor.
V - Darcy velocity vector.
M R - release rate of contaminant from the source.
K - contaminant degradation rate.
Pb - bulk density of media.
C - dissolved concentration of the contaminant.
C$ - adsorbed concentration of contaminant on the solid media.
t - time.

If a linear isotherm is adopted, i.e., Cs = C-kd, and both ne and Pb are constants, Eq. (5) can
be written as:

at \R / V R I neR R
in which R = 1 + obkd/ne and V$ = V/ne. It should be noted that kd is the distribution
coefficient; R is the retardation factor; and Vs is the seepage velocity vector.

Assumptions of this model include:

(1) Aquifer properties are isotropic and homogeneous.
(2) Grcund water flow is uniform.
(3) Contaminant in the plume can be dispersed three-dimensionally.
(4) There is a uniform and constant contaminant loading from the source.
(5) The thickness of the aquifer is finite.
(6) The contaminant source is partially penetrating the aquifer.

The solution of Eq. (6) incorporating the above assumptions were presented by Yeh (1981)
based on the analytical solution techniques with. Green's function. The computer
code AT123D developed by Yeh was used in this study.

Site Description: NUS applied analytical modeling to two sites in the southwestern United
States to provide data for a public health evaluation being performed as part of an overall
remedial investigation. The two sites included landfill (Site A) and an underground storage
tank (SiteB). Site A is a shallow, 15-foot deep, trench-type landfill dating back to pre-1952
with horizontal dimensions of about 200 feet by 400 feet. Site B is a 12,000 gallon steel tank
with its bottom situated approximately 14 feet below the ground surface. Both sites are
located within 500 feet of each other along the northern boundary of the base, in the
general area of the base fueling facilities.

Sites A and B are situated in fine-grained soils consisting of alternating thin layers of silty
clay, clayey silt, and intermixed sand lenses. In general, groundwater yields are low, with the
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average hydraulic conductivity and gradient on the order of 103cm/sec and 1 percent,
respectively. The bottoms of both sites are situated about 14 feet below the static
groundwater table.

NUS investigated both sites with the intention of determining whether contaminants
existed in the shallow groundwater along the perimeters of the sites. Shallow groundwater
monitoring wells were installed, groundwater samples were obtained, and chemical
analyses were performed primarily for volatile organic compounds. The results of the
investigation indicated that elevated levels of benzene were present at Site A and elevated
levels of vinyl chloride at Site B.

Available Data: Hydrogeologic data from the saturated zone underneath the sites along
with source-related information were obtained from initial remedial investigation
conducted by NUS. The available data for both sites are presented in Table 1.

Results of Application: Both the transports of benzene from Site A and vinyl chloride from
Site B were simulated with the previously described models. Both Models 1 and 2 can
calculate contaminant concentrations at any cross-sections perpendicular to the flow
direction. The single-valued concentration inside the boundary of the plume at any cross-
section is only determined by the downstream distance measured from the boundary of the
source and the transverse dispersion coefficient. Model 3 represents a two-dimensional
steady-state model, where the contaminant concentration at any cross-section
perpendicular to the flow direction is determined by the location and the transverse
dispersion coefficient. Model 4 represents a three-dimensional model because the
contaminant concentration within the plume is affected not only by the coordinates (x,y,z),
but also the three-dimensional dispersion coefficients. Concentrations of the contaminant
along the center line of the plume are simulated by the above models at Sites A and B and
are shown in Figures' and4. Data used to conduct each model simulation are listed in
Table 1.

Model 4 has been calibrated with the available hydrogeological data shown in Table 1 and
the measured contaminant concentrations in all the monitoring wells in the vicinity of the
source at each site. This calibration has been presented in the other report. Steady-state
concentration contours for benzene of Site A and vinyl chloride of SiteB, respectively, are
simulated by Model 3. Transient concentration contours are obtained by Model 4 at 35 years
and 17years since the initiation of the contaminant releases from each respective site, and
are presented in Figures2, 3, 5, and 6.

Discussion: Center line concentrations at Site A simulated by these four models indicate
that concentrations resulting from Models2 and 3 are approximately identical. The same
observation appears at SiteB as well. Furthermore, the simulated concentration obtained
from Model 2 is approximately equal to, but slightly higher than that of Model 3. This is due
to the existence of an impermeable boundary at the bottom of the aquifer assumed by
Model 2 in opposed to a semi-infinity media described by Model 3.

The concentrations simulated by Model 1 are consistently higher than those determined by
Models 2 and 3 for both Sites A and B. This is caused by the one-dimensional dispersion
assumed by Model 1. Both Models 2 and 3 allow the vertical and horizontal dispersion in the
plume.

Comparing the simulated steady-state concentration from Model 4 with the concentrations
determined by the other discussed models, its simulated results can be approximated by



either Models 1, 2, or 3. However, the appropriateness of using one of the other discussed
models to approximate its solution is uncertain. In essence, the use of one of the other
discussed models to approximate the solution of Model 4 is not readily determinate
because Model 4 does not use the same boundary condition {which is a constant
concentration at the boundary of the waste source) as the other models The simulated
concentration obtained by Model 4 »s primarily determined by the selected three-
dimensional dispersion coefficients and the calibrated source strength However, it is
apparent that the simulated results obtained by Model 4 still can be approximated by the
other more conservative models.

Figure 2 presents the steady-state benzene concentration contours determined by Model 3
for Site A. Figure 3 represents the Model 4 simulation of benzene concentration at 35 years
after the release of benzene from the source. Both plumes indicate an obvious migration
direction which is consistent with the ground water flow. Furthermore, the simulated
concentration contours at 35 years are higher than those steady-state concentrations
determined by Model 3. This is because Model 4 indicates that steady-state concentration
distribution has not been reached within the simuiated area. A lower concentration level is
obtained for the steady-state concentration contours determined by Model 4. (However,
results are not shown here.)

A similar comparison has been done for Site B between the steady-state and transient vinyl
chloride concentrations obtained by Models 3 and 4. Both Models3 and 4 indicate an
obvious plume direction at both the steady-state and transient conditions as shown in
Figures 5 and 6. Also, when comparing the plume fronts shown in Figures 3 and 6 (both of
which were determined by Model 4) the plume at SiteB moves slower than that at Site A.
This is due to the slower seepage velocity at SiteB opposed to Site A. Furthermore, the
retardation factor of vinyl chloride is less than that of benzene (i.e., 1.02 versus 1.15).
Because of the slower seepage velocity and lesser retardation, the effect of transverse
dispersion is stronger for vinyl chloride than benzene. This effect is depicted in Figure 6, by
the more uniform concentration distribution perpendicular to the ground water flow
direction.

The steady-state concentration of vinyl chloride at Site B determined by Model 3 is higher
than the benzene concentration at Site A, although seepage velocity at Site A is higher than
that of SiteB. This higher steady-state concentration at SiteB is due to its higher source
boundary concentration (i.e., 14 ppm versus 6.4 ppm). However, the same observation is not
seen in the results determined by Model 4, although both the boundary concentration and
source release rate are higher at Site B. This is because Model 4 has considered the
longitudinal dispersion, which is about 10times higher than the transverse dispersions.
Therefore, the higher seepage velocity at Site A overwhelms the effects of higher source
loading and higher boundary concentration determined at Site B.

CONCLUSIONS

(1) The most conservative model, i.e., Model 1, can be used to estimate the steady-state
concentration distribution along the center line of the expected plume. This model is useful
when only the data of local ground water flow veloci'y, physical characteristics of the
porous media, size of the source, and the contaminant concentration at the site boundary
are available.

(2) Models2 and3 can also be used like Model 1 for rapid assessment, site screening, and
system sensitivity analysis, while the same data needs of Model 1 and the depth of the
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aquifer arc defined. However, the estimated concentrations resulting from Models 2 and 3
do not represent a conservative estimate of the concentration distribution, even along the
center line of the plume. Therefore, the appropriateness of using Models 2 and 3 for site
delisting purposes, especially from a risk point of view, remains questionable. The use of
Model 1 is more satisfactory. im

(3) Model 2 can replace Model 3 for its appropriate uses, because comparatively less
computations are involved for Model 2 and the estimations resulting from Model 2 are more
conservative than those of Model 3.

(4) The use of Model 4 is more desirable when compared with the other discussed models,
especially when the source release rate assumed by Model 4 can be determined a priority by
model calibration. The reasons for this situation are:

(a) Field conditions can be better represented by Model 4.
(b) From the viewpoint of mass conservation, the source release rate is physically

more meaningful than the concept of constant boundary concentration,
which is assumed by Models 1,2, and 3.

(5) An analytical three-dimensional model recently presented by Huyakorn, etal. (1987) can
also be similarly used like Model 4. It is worth noting that these researchers indicated that
Model 4 may require an excessive number of time steps before approaching a steady-state
condition, while their model can perform a steady-state analysis in a single step. The
authors agrees with this statement only under the following conditions: the boundary of
the simulated area must be far away from the center line of the plume; the transverse
dispersions must be low; and/or the retardation factor of the contaminant must be large.
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TABLE 1

DATA AVAILABLE FOR THE CONTAMINANT TRANSPORT MODELING

Parameters

Aquifer depth (m)

Aquifer width (m)

Effective porosity

Hydraulic conductivity (cm/sec)

Hydraulic gradient

Bulk density of porous media (g/cm3)

"Longitudinal dispersivity (m)

"Transverse dispersivity (m)

"Vertical dispersivity (m)

"Contaminant release rate (kg/hr)

"Horizontal area of the source (m2)

Vertical depth of the source beneath water table (m)

Simulation period for model calibration (years)

Seepage velocity (cm/sec)

Initial concentration of contaminant at the source
boundary (ppm)

Distribution coefficient (cm3/g)

Site A

4.3

400

0.12

1.32x10-3

1.13x10-2

2.65

1.3

0.13

0.13

4.09 x10-4

55.5x30

0.5

35

1.09x10-*

6.4
(benzene)

6.5x10-3
(benzene)

SiteB

4.3

400

0.12

8.04x10-d

9.05x10-3

2.65

1.3

0.13

0.13

7.10x10-*

28.6x14.2

1.0

17

5.96x10-5

14
(vinyl chloride)

8.2x10-*
(vinyl chloride)

Values were determined by model calibration
contaminant concentrations in the monitoring wells.

through the use of measured
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Figura 1 • lanzana Cone, (ppm), Sita A, Modals 1,2,3, and 4
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Figure 4 • Vinyl Chloride Cone, (ppm), Site B, Models 1,2,3, and 4
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CHARACTERIZATION OF THE ATMOSPHERIC PATHWAY AT HAZARDOUS WASTE SITES

James G. Droppo, Jr.
John W. Buck

ABSTRACT

Evaluation of potential health effects for populations surrounding haz-
ardous waste sites requires consideration of all potential contaminant
transport pathways through groundwater, surface water, and the atmos-
phere. A comprehensive atmospheric pathway model that includes emis-
sion, dispersion, and deposition computations has been developed as a
component of the Remedial Action Priority System (RAPS). RAPS is
designed to assess the relative potential risks associated with haz-
ardous and radioactive mixed-waste disposal sites.

The atmospheric component includes optional volatilization and sus-
pension emission routines. Atmospheric transport, dispersion, and
deposition are computed using relatively standard modeling techniques
expanded to incorporate topographical influences. This sector-averaged
Gaussian model accounts for local channeling, terrain heights, and ter-
rain roughness effects. Long-term total deposition is computed for
the terrain surrounding the hazardous waste site. An example is given
of applications at a U.S. Department of Energy site, where atmospheric
emissions are potentially important.

The multiple applications of RAPS have provided information on the
relative importance of different constituent transport pathways from a
potential population risk basis. Our results show that the atmospheric
pathway is often equally as important as other pathways such as ground-
water and direct soil ingestion.

INTRODUCTION

Evaluating potential health effects of populations surrounding hazard-
ous waste sites requires consideration of all potential contaminant
transport pathways. Past efforts have focussed on groundwater,
surface-water, atmospheric, and other pathways.

When human health risk is used as a criterion, defining exposure sce-
narios of primary interest depends largely on the perceived importance
of the combination of inventories, pathways, receptors, and toxicity.
With a variety of possible transport pathways with quite different
transport times, it is often impossible to make a simple judgment on
the relative importance of potential scenarios.
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The Remedial Action Priority System (RAPS), which was developed for the
U.S. Department of Energy's (DOE) Office of Environment, Safety, and
Health, is designed to assess the relative potential risks associated
with hazardous and radioactive mixed-waste disposal sites. Results
from applying this multimedia, physics-based methodology can provide a
single, consistent basis for pathway comparisons.

Application of RAPS has resulted in changes in the perceived potential
relative risk between pathways; in particular, the atmospheric pathway,
which has greater relative importance than anticipated.

Characterization of the atmospheric pathway in RAPS involves sequential
computations of surface-to-air emissions, atmospheric transport and
dispersion, and air-to-surface deposition. In this paper, we will
present a description of the RAPS model, a more detailed description of
the atmospheric component, results of application at a DOE facility,
and a summary of pathway applications of the RAPS methodology.

RAPS METHODOLOGY

To apply RAPS to a site with hazardous and/or radioactive mixed waste,
a definition of how exposures to the waste constituents may occur is
required. The location of the waste is referred to as a ranking unit.
The potential methods of release of the ranking unit constituents into
the environment must be defined. The means by which these constituents
move in the environment are called transport scenarios. The ways these
constituents may reach people are called exposure scenarios. The
combination of ranking unit characteristics, environmental transport
data, and population exposure data is called the environmental setting
for a ranking unit.

The measure of relative importance of constituents in the RAPS method-
ology is based on total human population exposure within a circle [of
50-mi (80-km) radius] centered on the release. A hazard potential
index (HPI) is derived that combines this population exposure and the
relative toxicity of constituents. This index is designed to allow
comparisons of relative risks.

Starting with a single exposure scenario, an indication of the relative
importance of constituents within the exposure scenario can be
obtained. Such information is valuable for applications such as per-
formance assessment for remedial operations and monitoring program
designs.

With multiple transport scenarios from a facility, the relative com-
parison of indexes provides input for defining priorities for that
facility. Similar information is obtained by comparing transport
scenario indexes for different facilities.
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On a broader scale, as RAPS is applied to a variety of situations,
information emerges on the relative importance of pathways selected for
analysis.

ATMOSPHERIC PATHWAY MODEL

The atmospheric component is only one of a number of RAPS pathway com-
ponents. These components (atmospheric, groundwater, surface water,
etc.) are designed to provide an equivalent treatment of pathways.
Additional information on the RAPS formulations for various components
may be found in DOE (1987).

The RAPS atmospheric component is unique because it is a climatological
model that links the emission, atmospheric movement, and deposition of
participate and gaseous contaminants, currently filling a void in haz-
ardous waste site assessments. The component computes regional long-
term average air and surface concentrations based on input site
characteristics and contamination inventories.

The inputs for the atmospheric component, as well as for other RAPS
components, are designed to use data that can be relatively easily
obtained. Care has been taken to characterize processes in terms of
standard climatological and physical parameters.

To make the best use of information available at a site, flexibility is
allowed in the type of data that may be input to characterize constitu-
ent emissions from a site. Options are allowed for direct input of
emission rates, RAPS computation of emission rates using inputs of site
characteristics, and back-calculation of apparent emission rates from
environmental monitoring data. If the source characteristics are
totally unknown or too diverse to be modeled individually, then the
"air as a source" option allows input of ambiguous ambient constituent
levels. This ability to characterize emissions in several ways also
provides a means of checking computations at a site where data are
available for several options.

The RAPS atmospheric component can handle both point source and area
emissions. Point source options make allowances for initial exit size,
release height, and plume rise. Area release options make allowances
for both particulate and gaseous releases. Particulate emissions
result mainly from wind erosion and/or mechanical suspension of surface
contamination. Paved or unpaved roadway particulate emissions are com-
puted as a subset of the area emission option. The particulate emis-
sions are based on surface characteristics and local climatology.
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For gaseous emissions, RAPS includes components for computing vola-
tilization from various area source configurations, including land-
fills, spills, and ponds. Site information and contaminant
inventories are used as a basis for this computation.

The characterization of potential site emissions by volatilization and
suspension of contaminated particles in a quantitative, objective fash-
ion for hazardous waste sites is a difficult task. Volatilization for-
mulations used in RAPS are modified forms of formulations presented in
OSWFR Directive 9285.4-1 (EPA 1986). The surface suspension of parti-
cles is modeled closely following Cowherd et al. (1984).

Atmospheric transport, dispersion, and deposition processes are com-
puted using relatively standard modeling techniques expanded to incor-
porate topographical influences. A sector-average Gaussian transport
and dispersion model is used. Wet and dry deposition modules are used
to compute the long-term total deposition on the region surrounding the
hazardous waste site. Deposition rates are computed as a function of
constituent properties, local climatology, and regional surface-cover
roughness. A mass-budget approach is used to compute the plume deple-
tion as a function of plume travel time.

The atmospheric component of RAPS is an all-terrain climatological
model that accounts for nocturnal wind channeling, terrain heights, and
terrain roughness effects. For complex terrain, local climatological
channeling effects are approximated for releases that are expected to
occur within, or immediately flow into, a local nocturnal flow regime.
The intersection of elevated plumes on local topography is accomplished
using stability-dependent assumptions recommended by Hanna, Briggs, and
Hosker (1985). For all terrain types, the wind structure varies with
local surface features, including a correction for the surface rough-
ness at the wind measurement station.

AIR COMPONENT APPLICATION TO DOE SITE

The validity of the concentrations being computed by the atmospheric
component of RAPS was tested by application to a DOE site where both
emission and environmental monitoring data were available. The Mound
facility in Miamisburg, Ohio, was used because of the availability of
information contained in the Annual Environmental Monitoring reports
[e.g., Carfagno and Farmer (1986)]. By using an input of a single,
combined source term based on the stack release data, RAPS provided an
output of total impact that can be compared with monitoring results.

Mound's network of 20 ambient air monitoring stations and onsite mete-
orological tower is described by Carfagno and Farmer (1986). Five of
the air monitoring stations are located onsite. The other 15 air moni-
toring stations are located offsite to a distance of 28 mi (44.8 km)
from Mound.
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Plutonium and tritium emissions to the atmosphere resulting from oper-
ations at Mound are routinely monitored in the environment. The Mound
monitoring data for 1985 indicate the total 1985 emissions of 238pu and
3H to the air were 5.1 x 10-6 and 4.795 x 10-3, respectively (Carfagno
and Farmer 1986). For comparison with monitoring data, a tritium dio-
xide emission fraction of 0.55 is assumed. Typical stack parameters
are used: stack height, 150 ft (46 m); stack diameter, 5 ft (1.5 m),
and exit velocity, 2000 ft/min (10 m/s). Although this was a rela-
tively complex site, comparisons were made without use of the complex
terrain features of the model.

Figures 1 and 2 contain direct comparisons of computed and measured
incremental 238pu and 3H concentrations as a function of distance from
the facility. The plots are given with a normalized scale with 1 unit
= 1 x 10-24 ci/mL for 238pu and 1 unit = 1 x 10-18 Ci/mL for 3H. For
the two computed values at 10 km (6.2 mi), one of the stations had a
measured value of zero and thus does not appear on the plot. For both
238pu and 3H, the RAPS atmospheric component provides order-of-
magnitude estimates of the increments in environmental concentrations.

Similar comparisons have been made at other DOE sites with similar con-
firmation that the RAPS atmospheric component provides air concentra-
tion and deposition values that agree with environmental monitoring
data.
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TRANSPORT PATHWAY COMPARISONS

RAPS has been applied in a hazard ranking mode to potential releases
from U.S. Environmental Protection Agency (EPA) Superfund sites and DOE
facilities. These initial test applications of the RAPS methodology
can provide useful insight into how atmospheric pathways compare in
relative importance to other pathways for these sites.

Whelan et al. (1987) contains a summary of the results of applications
to EPA Superfund sites. This ranking exercise was conducted by EPA as
part of an effort to compare merits of different ranking methodologies.
The sites were selected by EPA to represent a range of the major prob-
lems encountered at Superfund sites. A physics-based ranking method-
ology such as RAPS not only provides overall ranking of sites, but also
provides the relative importance of different pathways at these Super-
fund sites.

Although the relatively small sample of sites precludes making broad
conclusions, the relative ranking pathways are interesting as they
apply to these sites alone.

Table 1 contains a summary of the pathway components that were modeled
using RAPS at EPA Superfund sites. The surface-water pathway occurred
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TABLE 1. Summary of Pathway Components at EPA Superfund Sites

Number of Number of
Pathway Sites Constituents

Groundwater 4 14 ̂ a'
Surface Water 7 19
Atmospheric 6 15
Direct Soil 3 8

(a) Includes 5 constituents at one site for which
groundwater was not the final transport medium.

most frequently at the sites and had the most constituents modeled.
The atmospheric and groundwater pathways have similar applications, and
the direct soil ingestion pathway had the fewest applications.

The numbers in Table 1 represent only those pathways that were modeled.
Other potential pathways of concern do exist, but were not included for
various reasons. For example, some pathways were not modeled because
of inadequate site inventory characterization.

In the definition of the HPI for a ranking unit, the HPI from the high-
est scoring constituent is used. For nine EPA sites, the highest HPI
values were nearly equally divided among the sites.

Tables 2, 3, and 4 contain listings for these nine sites of all the
air, groundwater, and direct soil ingestion pathway HPI scores for
individual constituents as reported by Whelan et al. (1987). The
surface-water results in this paper may have been overestimated and, as
a result, are not listed. These tables indicate the wide range of con-
stituents whose movement through the environment was considered, as
well as the variability in scores for individual constituents for dif-
ferent applications. Note, for example, the wide range in HPI values
for air pathways with lead transport.

The probability of relative rankings for the constituents in different
pathways was compared. Each pathway result was assigned a probability
value based on the total number of cases for that pathway. Figure 3
shows the air, groundwater, and soil ranking probability curves. For
the selection of sites and constituents, the pathways are relatively
close in their importance as indicated by the HPI scale. The larger
constituent HPI values in Figure 3 represent the values assigned to a
ranking unit.
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TABLE 2. Summary of EPA Superfund Air Pathway Applications

Pathway
Ranking
Order

1
2
3
4
5
6
7
8
Q

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Constituent Name

PCBs
Cadmium
Beryllium
Cadmium
Lead
Zinc
Lead
Thallium
Antimony
1,1 Dichloroethylene
Zinc
Arsenic
Chromium
Copper
Nickel
Trichloroethylene
Trichloroethylene
Silver
Lead
Zinc
Chromium
Tetrachloroethylene
Chloroform

HPI Score

79.3
69.9
61.1
58.2
54.3
48.0
43.4
43.0
40.9
39.1
35.7
33.3
31.5
24.0
20.1
19.3
18.5
17.2
14.2
9.5
0.9
0.5
-3.3

TABLE 3. Sunwnary of EPA Superfund Groundwater Pathway
Applications

Ranking
Order

1
2
3
4
5
6
7

Constituent Name

Trichloroethylene
Arsenic
Uranium-238
1,1 Dichloroethylene
Chloroform
Benzene
Tri ch1oroethylene

HPI Score

58.5
50.7
37.4
33.9
27.2
23.6
15.8
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TABLE 4. Summary of EPA Superfund Direct Soil Pathway
Applications

Ranking
Order

1
2
3
4
5
6
7
8

Constituent
Name

Dioxin
Arsenic
Lead
Cadmium
Zinc
Lead
Zinc
Chromium

HPI Score

69.9
57.4
50.9
37.8
32.3
30.9
19.7
10.5
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FIGURE 3. Comparison of Distribution of Constituent
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SUMMARY

A comparison of pathways at a number of sites demonstrated that dif-
ferent pathways had equivalent ranges of importance. The wider range
of HPI values for the atmospheric pathway is consistent with the
greater total number of pathways for the atmospheric pathway than the
other pathways.

This work is supported by the U.S. Department of Energy under Contract
DE-ACO6-76RLO 1830.
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DEVELOPMENT OF A LOW-LEVEL RADIOACTIVE WASTE DISPOSAL
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Phillip Bradbury, Bechtel National, Inc.
Richard F. Paton, US Ecology

ABSTRACT

The development of the low-level radioactive waste disposal facility
for the Central Interstate Low-Level Radioactive Waste Compact
Commission represents an excellent example of full and meaningful
public participation in a sensitive technological area. From the
outset, a high degree of public participation has been actively
sought, ard received, at every major decision stage.

The balancing of this participative approach with the needs to
maintain technological acceptability, comply with Federal and State
regulations, and proceed in accordance with the Federally mandated
milestone:; represents an experience from which many lessons of value
can be learned.

INTRODUCTION

The Central Interstate Low-Level Radioactive Waste Compact
Commission (the Commission) was formed under the Low Level
Radioactive Waste (LLRW) Policy Amendments Act to serve the States
of Arkansas, Kansas, Louisiana, Nebraska and Oklahoma. In June
1987, the Commission selected US Ecology, Inc. of Louisville,
Kentucky as its LLRW disposal site developer, with Bechtel National,
Inc., of Oak Ridge, Tennessee as the major subcontractor. The
selection process included substantial public participation by the
competing bidders, under the Commission's direction:

o Proposals were copied and made available at public
reading rooms in each of the five states

o The competitors were required to undertake a three-
week tour of the five state region, appearing
together at public meetings arranged by the
Commission. Attendances varied from a handful of
people to several thousand

o The final selection was made in a public meeting of
the Commission, with the media present, including a
public cross examination of the competitors by the
Commission members.
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This paper traces the history, through Host State selection, State,
Regional and County level screening, and the evolution of the design
concept. US Ecology and Bechtel have consciously sought a high
level of public participation with the firm conviction that a viable
project can only result with active community support. In this
process, useful guidance and experience has been available from US
Ecology's California Project, although the nature of the designs,
the State institutions and the timescales are very different.

HOST STATE SELECTION

The major step accomplished during 1987 was that of Host State
selection. The initial approach was to review the methods used by
the Southeast and Midwest Compacts, to determine how, or whether
similar processes could be used in the Central States. Two attempts
were made at an approach using directly quantifiable criteria, with
quantified weights and ranking. The difficulty with such an
approach is that any numerical ranking process is subject to debate
and not easily quantifiable. The approach finally adopted was that
developed in a public meeting of the Commission in Kansas City on
December 8, 1987 and was a semi-quantitative ranking based on
information related to three criteria:

1. Waste Volume Generation

2. Potential area of acceptable siting regions

3. Transportation considerations

US Ecology and Bechtel utilized recognized and supportable data to
develop a Host State Selection Paper, which was presented at a
public meeting of the Commission in New Orleans on December 15,
1987. At the meeting, it was identified that Nebraska and Louisiana
had the highest waste volume generation; Nebraska and Kansas had the
largest potential area of acceptable siting regions; Arkansas was
most favored from transportation considerations.

On the basis of this evaluation, Nebraska ranking first in two of
the three criteria, and no other State being first in more than one
criterion, the Commission voted to select Nebraska as its Host
State. Nebraska accepted its designation, and immediately set about
organizing an agency structure to discharge its responsibilities.

PUBLIC PARTICIPATION PROGRAM

Immediately following Nebraska's selection, US Ecology established
an office in Lincoln. US Ecology's Project Director moved to that
office, with supporting staff, and Bechtel provided the geotechnical
and environmental expertise for State screening within the same
office.
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With the establishment of this office, two different types of
activity commenced, namely the Public Participation Program and the
data gathering for the regional screening of the State for
acceptable siting areas.

A key element in the Public Participation Program was the formation
of the State wide Citizens Advisory Committee (CAC). Individual
membership in the Committee was determined by state-wide groups, not
US Ecology. It was recognized that this must be a body that could
truly represent a range of public opinions, and that would be
genuinely as independent as practicable from the Project personnel
and management. The League of Women Voters, which assumed a similar
role in connection with US Ecology's California Project, became the
organizer of the CAC. It was, and is, funded by a grant from US
Ecology, but in all other respects has maintained a proper distance,
and demonstrated its independent thinking. The CAC has assumed a
strong advisory role in a variety of activities, ranging from
identification of siting criteria to selection of the design
concept. The means by which these highly technical matters could be
determined by citizen participation is an important characteristic
of the enormously successful program that has ensued.

Basic technical criteria (geotechnical conditions, seismicity,
proximity to water bodies etc.), are, of course established in
10 CFR 61. These were presented in laymen's terms to the CAC, who
are not, in general, technical people. Presentations by Project
geologists and State geological survey personnel helped in
understanding the technical data. Environmental criteria are, by
their nature, more readily comprehended, yet here also there is a
need for interpretation, which was provided by project staff. (As
an example, the habitat of an endangered species as an avoidance
area is a concept that is readily understood, but the means of
definition of such a habitat is not.) Similarly, while it would
clearly be unrealistic to use a public forum to determine the
details of a design, it was perfectly practicable to discuss design
concepts in sufficient detail to gain meaningful insights into areas
of potential concern to the public. This was accomplished by having
the Bechtel Project Engineer discuss the design concepts, and their
advantages and disadvantages at a series of public workshops.

All these meetings were conducted in a truly participative manner.
Public comments were actively sought, both formally in the meetings
and through informal conversations in the meeting rooms following
the meetings. Future meetings using a similar format are also
planned.

All meetings of the CAC were advertised in advance as open to the
public, and the media were invited. The CAC meetings were
supplemented by public workshops, both on the design concept and the
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screening approach at a number of locations around the State. As
for the CAC meetings, US Ecology maintained a truly participative
atmosphere at each of these meetings. All significant questions
from these meetings were recorded, whether or not responses were
given in the meetings. The questions, and their answers, were then
compiled into a report (report by US Ecology to the Citizens of
Nebraska) and made available free of charge to any member of the
public that requested one.

SCREENING OF THE STATE FOR SUITABLE SITES

It was fully recognized that an acceptable site must not only be
shown to meet the technical and environmental criteria, but must
also have the strong support of the local residents. Precisely for
that reason, no attempt was made to establish a rigorous program
with very specific criteria that went beyond the requirements of
10 CFR 61 and would remain essentially unchanged throughout.
Instead the very conscious and deliberate decision was taken to
adopt a flexible approach with maximum citizen participation. Those
more accustomed to sophisticated technical approaches, and
computerized techniques have been sceptical of the extent to which
the screening process was made "citizen friendly". A good example
of this was the deliberate use of manual mapping of the criteria
rather than the use of complex computer programs, even though these
were readily available from Bechtel. Much of the scepticisn stemmed
from disbelief that a process that is so dependent on citizen
participation could result in useful progress in any short space of
time. However, with the excellent experience from US Ecology's
siting program in California to guide us, we were confident that
this could succeed in the time frame and budget allotted. The
progress made since inception of the program in March 1988
demonstrates that this confidence was not misplaced.

The sequence of events in the screening process is given below.
This must be read as a record of what actually transpired, since the
process itself was modified by public input and by the overwhelming
level of public support it engendered.

1. Map the criteria that can be truly excluded at a state-wide
scale, such as flood plains, State parks, large population
centers, etc. This resulted in the exclusion of some 15% of the
total area of the State.

2. Develop a draft Screening Criteria Document. Include the
10 CFR 61 criteria, together with other variables that the
public felt to be desirable.

3. Solicit citizen input both into the application of the first
exclusionary criteria and into the definition of criteria in the
draft document.
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4. Use the process of gaining citizen input (via the CAC and
public workshops) as an opportunity to disseminate information,
and to hear of citizen concerns. Make every attempt to answer
all questions directly, forthrightly and honestly, even when
the response is detrimental to the project.

5. Solicit expressions of interest from communities and counties.
This was accomplished by mailing of some 1,300 letters to city
and county boards across the State. The boards were invited to
pass a resolution requesting US Ecology to screen their area
for acceptable sites. Such a resolution would be regarded as a
serious expression of interest in hosting the facility, so that
it would merit the cost of conducting a technical screening.
However it would not be regarded in any sense as a commitment
to host the facility if a suitable site were found. Thus this
may be regarded as a societal/institutional step in the
screening process.

6. Where a city and its county both passed formal resolutions
requesting screening, a screening program was established.
Where a city passed the resolution without its county, or vice
versa, no action was taken.

7. For the "city/county pairs" conduct a rigorous screening, by
manual mapping, at the county level. From this process
identify siting areas that were not excluded by the screening.

8. Visit the non-excluded areas (a step too often omitted in
screening processes) to validate the screening both by direct
observation and by discussions with local residents, county
officials etc. Refine the non-excluded areas as appropriate
based on this local input.

9. Conduct the more refined screening within these non-excluded
areas to identify potential 300 acre sites.

10. Draw up a matrix for comparison of the potential sites, then
conduct the comparison to narrow the number of sites down to a
manageable size (e.g., about ten).

11. Verify local citizen support in these sites, and check on land
ownership, access arrangements etc. Hence reduce the number of
sites to three for detailed characterization.

At present (September 1988) Stages 1 through 7 have been completed,
and 8 and 9 are in process. Steps 10 and 11 are included above to
complete the process, but are still subject to modification by
citizen input. Each of the other steps was conducted with the
benefit of the maximum citizen input that could be obtained.
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The success of the process to date has been very pleasing. When the
resolutions requesting county and local screening were invited, no
less than 45 cities and 24 counties, representing about 25% of the
total land area of the State of Nebraska, responded positively.
Although this resulted in considerably more screening effort than
had been anticipated, it does give the requisite level of confidence
that citizen support is real. That level of support has remained
strong through the later stages of the screening process, and much
useful citizen input has been obtained.

We are convinced that in large measure this success has been due to
three important factors:

1. The total and dedicated commitment by both US Ecology and
Bechtel to the principle of meaningful citizen participation in
matters such as the siting of a LLRW facility, which are really
important to local residents.

2. The responsiveness by the project team to incorporate concerns
and meet frequently with public interest groups.

3. The very responsible posture of the citizens of Nebraska. The
State's populace have approached each stage of the process
objectively, and insisted (correctly) on hearing all relevant
facts from both the proponents and the opponents. They have
demonstrated their determination to make their own decisions,
and make them on a rational basis. In so doing they are
regarded by the project staff as participants and full partners
in all major decisions. The sense of trust and partnership
that has been developed has made this process a pleasure to be
associated with.

EVOLUTION OF 1HE DESIGN CONCEPT

In parallel with the public participation process just described,
the design concept has been evolving. The goal is to have this
developed to the point where detailed design, for specific sites,
can commence early in 1989. To achieve this requires not only the
efforts of the design personnel but also the interactions with a
multitude of State agencies, and with the general public.

At the time, the original proposal was developed, no detailed design
had been conducted. However, the principle of meaningful public
participation had already been well established in both the US
Ecology and Bechtel organizations. Thus the proposal indicated a
range of design concepts that could be utilized, with the firm
commitment to public interaction during 1988. Three concepts were
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presented in the proposal. These are briefly described below:

o The Design Basis Option. This represented a conservative
interpretation of the requirements of 10 CFR 61, supplemented
with the designers perceptions, based on past experience, of
what would be attractive to the public. Specifically, it
comprised an above grade vault, with individual cells within
it. Class B and C wastes were segregated from Class A,
although they were a part of the same structure. Mixed waste
would be contained in a separate structure, in principle the
same design as for the Class B and C waste. The reason for
segregation was the continuing uncertainties on regulation of
mixed wastes, and the desire to be able to accommodate future
regulatory changes by modification of only a portion of the
total facility. A multi-layer cap was provided over each
structure, and leachate collection systems were also
included. Instrumentation would permit the ability to detect
the presence of moisture in any cell, or to identify the
source of any contamination in the leachate, thereby
facilitating any necessary remedial actions. This design was
used for cost and schedule estimating, using a traditional
Work Breakdown Structure approach.

o Alternative 1 comprised an upgraded version of the Design
Basis Option. Additional protective features were provided
in the multi-layer cap. In addition, all wastes inside the
vaults would be contained within SECURE containers. (SECURES
are reinforced concrete containers that interlock together to
form a monolithic structure, a Bechtel proprietary design.)
No detailed cost estimates were developed, but an approximate
increase in cost over the Design Basis Option was provided.

o Alternative 2 was presented as the least expensive concept
that was believed to meet the minimum requirements of
10 CFR 61 in conjunction with the Central States requirement
that traditional shallow land burial could not be accepted.
It comprised an enhanced form of shallow land burial, with a
multi-layer cap and with all wastes contained in SECURES.
Again, no detailed cost estimate was provided, but an
approximate value for the decrease in cost as compared to the
Design Basis Option was supplied.

These three alternatives were presented principally as a vehicle for
interacting with the public to determine where areas of concern
might exist. That interaction has been taking place during 1988,
and in parallel, the designers have been further evolving the
concepts, and gaining the benefit of operator review and input.
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While the basic principle of an above grade vault concept has been,
and will be retained, there has been considerable development of
details.

As before, the extensive public participation that has taken place
has been viewed very positively by the project personnel. We have
been continually impressed by the ability of a responsible and
informed public to make useful contributions to a design process
that does have a number of complex elements. Again, the sense of
partnership between the project personnel and the people of Nebraska
has been a strong feature, from which we feel that we have learned a
great deal.

DEVELOPMENT OP REGULATORY REQUIREMENTS

Having accepted its designation as Host State in December 1987, and
with the prospect of a license application being submitted in little
more than two years, the State Government has had to move quickly
and effectively. Nebraska is an Agreement State, under Nuclear
Regulatory Commission parlance. Thus the major burden of the
licensing program falls upon the State Government itself.

Recognizing this, the Project personnel and the regulators have
taken a number of actions. As the representatives of the license,
we can only address the project perspective of this, since we are
not privy to all of the government actions.

A dialogue with the regulators was commenced early in 1988, shortly
after the Host State selection. After some interactions relating to
the license requirements, pathways analysis, the overall licensing
process in Nebraska etc., the more near term issues of site
characterization have formed the principal focus.

The Project has developed a Site Characterization Plan, A Quality
Assurance Program Plan covering the Site Characterization phase
(chain-of-custody requirements, records retention procedures, etc.)
as well as the more traditional aspects of design and construction
control. Copies of these, together with the bid packages for the
various site characterization contracts, have been supplied to the
regulators, even though characterization will not commence before
1989. At the same time, a continuous dialogue has been conducted
with the multitude of State Agencies who may have some interest in
the facility, to ensure that all necessary permits for the
characterization activities have been identified, with the permit
requirements and procedures known. Only in this manner can there be
reasonable confidence that all the necessary permits will be in
place before characterization is scheduled to commence.
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THE PETITION TO WITHDRAW NEBRASKA FROM THE COMPACT

Much has been said about the public participation program, and the
benefits of this to a project of this nature. However, to ignore
the existence of the petition would be to present an unbalanced
picture.

During the early months of this year, a petition was circulated
within the State, for inclusion on the November ballot. By the July
deadline for such petitions, sufficient signatures had been obtained
that, subject to validation of those signatures, it appeared that
the petition would indeed be included on the ballot. The petition
itself was then subjected to a Court challenge, essentially on the
basis of its constitutionality, by a citizen of Nebraska.

At the time of writing, the eventual outcome of this petition has
yet to be determined. If the voters were to approve it, the result
would be to cause Nebraska to withdraw from the Central Interstate
Compact. The ramifications of this have yet to be fully determined,
and are far from simple. No further attempt will be made to discuss
the issue here, but a verbal update will be given as part of the
presentation of the paper. We will, however, make the observation
that wherever we have had an opportunity to discuss the project and
the petition in detail with the public, we have generally found
people leaving the meeting inclined to vote against the petition if
it does indeed appear on the ballot.

CONCLUSIONS

The major lessons that we have learned from this process are those
associated with the public participation program. There are many
technical matters that need to be finalized, and much further
interaction with the regulators. However, the unique feature of
this process has been the extent to which the public has been
involved, in a really meaningful sense, at every major decision
point.

Although we had the benefit of US Ecology's California program to
show us the way, there were features that were unique to this
project. Among these were the fact that we have been dealing with a
multi-state project, that we have a highly engineered facility, and
that the timescale for decisions was so much more compressed. On
several occasions we received expressions of concern from other
parts of the country as to whether this level of participation could
possibly result in conclusions in any short time frame. Our message
is that it did.
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For this experience, we have to express our appreciation to the
responsible citizens of Nebraska. They have demonstrated a
willingness to become involved in an issue of importance to their
State and their community that is refreshing. Their involvement has
been, with rare exceptions, constructive and responsible. They
have, rightly, insisted on high standards, and the protection of the
public and the environment. At the same time, they have done this
in a manner that has not been obstructive. Whatever the outcome of
the petition, we feel that our experience has demonstrated
conclusively that citizen participation is something to be actively
sought in projects of this nature, and we are truly grateful for the
opportunity to be a part of this.
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1. INTRODUCTION

1.1 Background

The Low-Level Radioactive Waste Policy Amendment Act of 1985 requires
the U.S. Department of Energy (DOE) to provide technical assistance to
the compact regions, host states, and nonmember states as determined by
the Secretary of Energy. Technical assistance has been defined to
include alternative technologies for low-level radioactive waste (LLRW)
disposal. Alternative technologies refer to concepts for the disposal
of LLRW other than the traditional shallow land burial (SLB) type.
Because of wide public interest in alternative technologies, EGfcG Idaho,
Incorporated, DOE's prime contractor for its National Low-Level
Radioactive Waste Management Program, contracted Ebasco Services
Incorporated (EBASCO) to perform a study of the Earth Mounded Concrete
Bunker (EMCB) concept for a LLRW disposal facility.

The EMCB disposal concept is of great public interest because it
represents an engineered alternative LLRW disposal method to SLB
currently in use. This engineered disposal method is being practiced at
Centre de la Manche, France and is the chosen technology for the next
planned disposal facility in France. The EMCB technology was developed
in response to the French experience with traditional SLB.

U. S. Nuclear Regulatory Commission (NRC) identified (NUREG-1241) the
EMCB and the Below-Grade Vault (BGV) as the two alternatives (that
utilized cenentitious materials with earthen cover) which it will focus
its technical assistance resources, NRC does not intend to examine other
alternatives due to limited resources. However, the NRC has stated that
other alternatives, such as the Above-Grade Vault (AGV) and Mined Cavity
disposal, are licensable under 10 CFR 61.
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The EMCB disposal technology has the distinct advantage of having the
capability of being deployed on a site with a shallow groundwater
table. Avoidance of waste contact with water is a principal design
criterion, therefore, situating the disposal units above the water table
is required (though exception may be granted, 10 CFR 61.50(a)(7)).
Because the EMCB concept is partially below-grade and partially
above-grade, it can be deployed on sites with a shallow groundwater
table. This feature permits greater freedom in the site selection
process of a LLRW disposal facility. In addition, EBASCO believes the
EMCB concept is inherently more cost-effective than other alternatives
such as the Below Ground Vault concept because of less excavation, less
concrete required, and easier construction.

1.2 Objective

The objective of the EMCB study is to provide a technical safety
analysis of an EMCB disposal facility. The facility is designed to
provide reasonable assurance that the NRC performance objectives in 10
CFR 61 Subpart C can be met. This analysis is prepared according to the
format (to the extent possible) requested in NUREG-1199 and NUREG-1200.
The scope of the study is to address the technical safety analysis
requirements in a license application, not the environmental report (ER)
requirements. Therefore, the design of the EMCB is developed in
sufficient detail to perform a technical safety analysis. The level of
detail in design is commensurate with a preliminary design, with emphasis
on the waste disposal features of the facility.

The design of a licensable LLRW disposal facility must, at a minimum,
satisfy the regulatory standard in NRC's 10 CFR Part 61, namely, the
Performance Objectives in Subpart C, and the Technical Requirements in
Subpart D. In the ruletnaking of Part 61, enhanced SLB was identified as
the reference LLRW disposal technology (NUREG-0782 and NUREG-0945).
Even though the EMCB is an alternative disposal concept to the reference
technology, the NRC's (NUREG-1241 and NUREG-3774) position is that the
existing Part 61 Performance Objectives and Technical Requirements are
equally applicable to the EMCB concept. Therefore, the design basis of
the EMCB n's also consistent with NRC guidance in the Branch Technical
Position (BTP) on Near-Surface Disposal Facility Design and Operation,
which is the NRC staff elaboration of §61.51 and §61.52.

2. FACILITY DESIGN

2.1 Design Philosophy

The project mission is to design an EMCB disposal system specifically to
real northeast site conditions with representative U.S. commercial
LLRW. The objective is not to imitate the French EMCB concept (because
their site and waste conditions are different), but to produce an
American EMCB concept custom-tailored to local conditions including
American (i.e., NRC) regulatory requirements and guidance. The design
was developed to satisfy only NRC Part 61 requirements, not individual
state requirements which may go beyond Part 61 requirements.
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The EMCB disposal concept is defined here as an earth-covered engineered
concrete structure. The engineered concrete structure is situated
partially below-grade and partially above-grade. The concrete structure
may be either a single vault or a combination tusmlus and vault. In the
latter case, a below-grade vault acts as a foundation for an above-grade
concrete-covered tuaulus. The dimensions and shapes of the EMCB
structural components are specifically chosen to provide long-term
structural stability.

It is part of the standard design philosophy to produce a cost-effective
design, i.e., the design features must commensurate with the hazards
involved. Since the vast majority of the waste (96% by volume) is Class
A waste (the least radiological hazardous waste class), the basic
disposal facility is designed for Class A waste disposal. However, the
disposal systems responsible for the Class B and C wastes are
specifically upgraded, commensurate with the higher hazards involved.

The NRC regulatory framework presents a waste classification that is
based on the hazardous nature of the specific radionuclides and their
concentration. This classification system has Class A waste as the
least hazardous waste class, which is relatively harmless after 100
years of decay. Class C waste is the most hazardous, requiring a 500
year decay time to reduce the waste activity to acceptable levels.

Based upon this regulatory framework, the following design criteria were
utilized for the engineered disposal structures:

Class A waste 100 year design life
Class C waste 500 year design life

In summary, the basic design philosophy of the disposal facility is to
have two different types of disposal units. The Class A disposal units
is designed for a 100-year design life, while the Class C disposal units
is designed for a 500-year design life. All Class B waste is disposed
of in the Class C disposal units for additional conservatism.

2.2 Disposal Concept

For the purpose of this study, the EMCB facility is designed for an
annual disposal capacity of 250,000 ft^ and an operational life of 30
years. The disposal facility is assumed to be located in the northeast
United States.

The disposal system is designed to have modular disposal units to permit
interim closure of each unit as it is filled. Each disposal unit is
individually monitored and incorporates a water collection and leak
detection system. This modular feature facilitates potential
remediation of the disposal unit or waste recovery efforts. The
individual Class A disposal units are sized to the expected Class A
waste volume to permit the frequent interim closure of units. The
engineered soil cover is designed to prevent water infiltration into the
disposal units.
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The individual disposal units are constructed sequentially (as needed)
in a planned cluster. When an entire cluster is completely filled with
waste, the permanent (multi-layer) cap is constructed over the entire
cluster.

2.3 Design Assumptions

The design of the disposal facility is based on the assumption that the
facility is situated in the northeastern United States, on a site
satisfying the technical site suitability requirements in 10 CFR 61.50.
The facility is assumed to receive waste typical of a regional facility
in the Northeast. The engineered facility is based upon a hypothetical
site. No siting study was performed. The engineering facility is
designed to site characteristics representative of the Northeast.

3. GENERAL DESCRIPTION

The disposal facility is situated on a site of 165 acres. The
restricted area for disposal operations occupies 65 acres, surrounded by
a buffer zone, 500 ft wide. The disposal facility (Figure 1) consists
of eight EMCB clusters, four clusters for Class A waste and four
clusters for Class B/C waste. The proposed facility design has all the
necessary facilities to support the waste disposal operation, including:
(a) temporary waste storage building (b) administration building, (c)
access control building, (d) truck wash and inspection station, (e)
maintenance building, and (f) retention ponds. A description of the key
(and unique) design features are provided below.

3.1 Disposal Units For Class A Waste

The EMCB for Class A waste is shaped like a truncated pyramid. The
engineered structure for the EMCB cluster is 360 ft. square and 28 ft.
high. The structure consists of a 15 ft. high tumulus above a 13
ft.-high concrete vault. The concrete vault is completely filled and
acts as a foundation for the tumulus.

The concrete vaults Jay on a gravel drainage bed. The vault has 3 ft.
thick concrete walls supported by concrete footings. The vault interior
is partitioned into 60 ft. x 60 ft. disposal compartments with precast
concrete block walls. The precast concrete blocks are 3 ft. high, 3 ft.
wide, and 6 ft. long. The interior concrete partition walls lay on
concrete footings. The vault is backfilled with concrete. When a
compartment is filled, a 1 ft. thick concrete slab (with rebar) is
installed over the vault compartment.

When the vault portion is completely filled (4.5 years), waste
emplacement in the tumulus begins. The lower portion of the tumulus is
backfilled with sand and the upper portion is backfilled with concrete.
As each compartment of the tumulus is completed, it is capped with a 0.5
ft. thick concrete cap. When the entire tumulus is completely filled

1208



(4.5 years), an engineered interim cover system is installed over the
disposal structure. The specified construction material is concrete
made with Type II cement.

3.2 Disposal Units for Class B/C Waste

The EMCB for Class B/C waste is a concrete vault, partially below-grade
and above-grade. The vault is approximately 100 ft. square and 20 ft.
high. The Class B/C vault is modular, similar to the Class A vault.

The Class B/C vault has a concrete floor and lies on a gravel drainage
bed. The vault has 3 ft. thick exterior and interior concrete walls.
The interior walls partition the EMCB into 25 ft x 25 ft disposal
compartments. All walls rest on concrete footings. The vault is
backfilled with concrete. When a compartment is filled, a 1 ft. thick
concrete slab (with rebar) is installed over the vault. When the entire
vault is completely filled (8 years), an engineered interim cover system
is installed over the disposal structure. The specified construction
material is concrete made with Type II cement.

3.3 Covers

When each concrete structure is completely filled with waste, an interim
engineered cover is immediately installed over the concrete structure.
Figure 2 presents the details of the engineered cover. A 6 ft. thick
cover is installed over Class A EMCB while an 8 ft. cover is installed
over a Class B/C EMCB. The final site cover (at site closure) adds
another 2 ft. of soil above the interim cover.

Above the concrete structure, the slope of the cover is 2 percent. Off
the concrete structure, the slope of the cover is 5:1
(horizontal:vertical). The cover surface is stabilized with native
grass vegetation.

3.4 Surface Water Control Features

The facility's surface water drainage system has several elements.
Off-site water is directed away from the disposal facility by a drainage
ditch and berm surrounding the facility. The design is consistent with
the natural topography of the site.

The on-site drainage system is designed to direct water flow away from
the disposal units and leave the facility by gravity, consistent with
the site topography. During operations, any precipitation falling in a
disposal unit is directed to a retention pond, where the water is
sampled. If the water is found to be contaminated, it is treated prior
to being released.
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At site closure, the entire site is covered with additional soil and
regraded to minimize flow velocities and prevent water erosion. The
drainage ditches have a 6-in sand bed with a 1-ft thick riprap liner.

The drainage system is designed to handle a 100-year storm. If a worst
kind of storm (i.e., PMP) occurs, no significant health impacts are
expected. Temporary flooding is not expected to lead to irreparable
damage. During the operational period and the 100-year active
institutional care period, repair to the drainage system is readily
available. After the 100-year active institutional care period, the
Class A EMCBs are not as important because the Class A waste has decayed
to relatively harmless levels. The Class B/C EMCBs are fully expected
to withstand the PMP without any significant release of radionuclides.
Even if the top portion of the engineered cover is eroded, the bottom
portion is expected to remain. As a last resort, the concrete roof is
expected to remain intact.

3.5 Intruder Barrier

The human intruder barrier for the Class C waste is the concrete vault,
which is backfilled with concrete. The roof of the vault is a 1-ft
thick concrete slab (with rebar). The specified construction material
is concrete with Type II cement. The engineered cover has a cobble
layer to deter biointrusion.

3.6 Site Utilization Plan

Figure 1 shows a general arrangement of the disposal facility. An
access road is constructed to connect the facility with the nearest
state highway. The administration building and support facilities
(e.g., power distribution, well water treatment, sanitary treatment,
parking lot) are located outside the fenced-in and guarded restricted
area. All personnel and vehicle access to the restricted area is
through the front gate. The truck inspection station/truck wash is
located just inside the- gate. The front gate is controlled from the
Access Control Building. Construction trailers are located adjacent to
the Access Control Building.

Other support facilities include the equipment storage area, equipment
maintenance building, waste water treatment, two evaporation/retention
ponds, soil pile, and the temporary waste storage building (TWSB).

The clusters are separated by a minimum of 130 ft from each other and
the site road system. This separation distance will assure that
completed disposal units are not disturbed by ongoing disposal
operations at nearby active disposal units. The facility's road system
is constructed in phases, in parallel with the development of the EMCB
clusters. The site drainage system is developed in parallel with the
road system.
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3.7 Temporary Waste Storage Building

The TWSB provides separate facilities to store both high activity and
low activity waste. The primary function of the TWSB is to store
high-activity waste until it is convenient to conduct waste disposal
operations. Low activity waste is disposed of immediately upon
arrival. However, the TWSB does have a two-week storage capacity for
low activity waste in the event of a site contingency. The nominal
design storage capacity for high-activity waste is two months. In
addition, the TWSB has the capacity to repackage certain defective waste
packages.

The high activity portion of the TWSB is constructed with a minimum of
2-ft thick concrete walls. The remaining portion of the building is
constructed with sheet metal.

3.8 Support Facilities

The principal support facilities inside the restricted area are the
Access Control Building and the waste water treatment facility. The
Access Control Building supports many site functions, including facility
security, Health Physics (HP) Laboratory, change rooms, offices, and a
lunch/ meeting room. Transient construction workers of the EMCB are
provided separate support facilities (e.g., construction trailers)
abutting the Access Control Building.

The waste water treatment facility (located in the TWSB) consists of a
cartridge filter and a mixed bed demineralizer. The treatment facility
is intended to process waste water resulting f^om facility decontamina-
tion procedures, the truck wash, and active disposal units.

3.9 Utility Supplies and Systems

Off-site electricity and telephone lines are brought in along the access
road. The facility's power distribution system (transformers) is
located north of the administration building. Emergency electricity is
provided by on-site diesel generators. Diesel fuel is stored on site
behind the administration building. The diesel fuel is channeled to the
maintenance building by an underground pipeline.

The facility's water supply is from a well located in the buffer zone.
The well water is filtered in the water treatment building, which is
located north of the administration building. This water is of adequate
quality and quantity to satisfy all anticipated water needs except
laboratory requirements. Bottled water is used for laboratory require-
ments. Water usage at the facility is estimated at 6500 gallons/day.
The well pump is designed for 100 gpm.
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k. COST ESTIMATE

The life cycle cost of this disposal facility is shown on Table 1. The
estimates are in 1988 dollars. The annual operations cost includes an
average construction for the EMCB structure. This cost estimate for EHCB
disposal is comparable with the cost of other engineered disposal
alternatives.

TABLE 1

COST ESTIMATE EMCB DISPOSAL FACILITY

I. DEVELOPMENT (6 year total) Total *30,100,000

A. Land 700,000
B. Licensing 10,800,000
C. Property Development 7,100,000
D. Buildings 8,200,000
E. Equipment 3,300,000

II. OPERATIONS (Annual) Total $ 7,300,000

A. Salaries 2,700,000
B. Bunker Cluster Construction

Class A 1,100,000
Class B/C 400,000

C. Administrative and Utility 400,000
D. Maintenance Expenses 1,100,000
E. Interest Expenses (1st year) 1,600,000

III. CLOSURE AND SURVEILLANCE
(5 year total) Total $ 8,000,000

IV. LONG-TERM INSTITUTIONAL CARE (Annual) Total $ 200,000
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I. Abstract

Efforts are underway at the Department of Energy facilities in Oak
Ridge to improve the performance of radioactive waste disposal
facilities. An engineered disposal concept demonstration involving
placement of concrete encased waste on a monitored concrete pad with an
earthen cover is being conducted. The design, construction, and
operations experience with this project, the SWSA 6 Tumulus Disposal
Demonstration, is described.

II. Introduction

A facility to demonstrate the engineered disposal of solid low-level
radioactive wastes (LLW) has been constructed at The Oak Ridge National
Laboratory's (ORNL) Solid Waste Storage Area 6 (SWSA 6). Construction
of the SWSA 6 Tumulus Disposal Demonstration (TDD) was completed in May
1987 and operations were initiated in June 1987.

As indicated in Figure 1, the TDD consists of a steel reinforced
concrete pad with associated drainage and monitoring systems. The
curbed pad is drained through two surface drains to a monitoring
station where continuous flow measurements are recorded and
proportional water samples are obtained. A 30 mil PVC liner under the
concrete pad provides additional containment / leak detection
capability through a drain which is also routed to the monitoring
station. Containerized LLW is placed in concrete vaults, backfilled
with concrete, sealed, and stacked two high on the concrete pad. The
vaults will be covered when loading is complete with a temporary
plastic membrane until a low-permeability earthen cap is constructed.

This paper will review the design, construction, and operating
experience that has been developed to date through the TDD.

Based on work performed at Oak Ridge National Laboratory, operated for
the U. S. Department of Energy under contract. Dh-AC05-640R2I400 with
Martin Marietta Energy Systems, Inc.
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III. Design Experience

Facility Design Criteria

Several goals were established for the TDD and are reflected in the
following facility design criteria:

- Disposal facility performance life should be approximately 300
years;

- The pad should be constructed to support up to 16 ft of waste
contained in concrete vaults, soil overburden of up to 6 ft,
concrete cover of up to 2 ft, and earth moving equipment;

- The pad should be constructed with a curbed perimeter and drainage
system to accommodate collection of rainwater during loading
operations and collection of cap infiltration after closure; and,

The pad should be sized to hold approximately one year's waste
generation.

Concrete Pad Design

A 105 ft by 65 ft concrete pad was designed for the demonstration- A
complex pad foundation was specified. The main feature of the under
pad area was the 30 mil PVC liner and associated protective sand
layers. The liner was to be placed under the entire pad and sealed to
the sides. The liner was to be sloped to the west to the single pad
liner drain, a 3 in line which was to be connected to a monitoring
station.

The concrete pad was to be varied in thickness from 8 in at the center
to 16 in at the thickened footer along the sides. The pad was intended
to be poured with no joints. The pad was designed to minimize the
potential for cracking by the use of a large amount of reinforcing
steel and dense, high strength concrete. Number 6 (3/4 in) epoxy
coated steel reinforcing bars were to be placed in two layers on 6 in
centers. Concrete was specified to have a water cement ratio < 0.4, to
exceed 6000 psi at 21 days, and to have a 1 in slump before the
addition of plasticizer. The pad was to be sloped to the west side (1
% slope) to a gutter containing the two pad surface floor drains. The
drains were to be emptied through 4 in PVC pipes joined into a single 6
in pipe connected to the monitoring station.

Concrete Vault Design

A concrete disposal vault was designed to provide an overpack for the
LLW which was to be placed on the concrete pad. The vault was
primarily designed to provide structural stability for the waste to
reduce the potential for subsidence of the cap. The vaults were also
expected to provide a barrier for infiltration of water into the waste.
The vault was to utilize epoxy coated rebar and wire, and a concrete
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mix almost identical to that specified for the pad. The allowable
vault concrete slump was slightly higher to ensure that good filling of
the vault forms would be achieved. The vault concrete was also to
contain a water proofing additive.

The vault cavity was sized to receive a standard 4 ft by 4 ft by 6 ft
metal box and to provide a 4 in annular space. The annular space was
included to provide the capability to backfill concrete around the LLW
container after placement in the vault. After waste loading and
backfilling a pre-cast concrete lid was to be placed on the vault and
sealed with bitumen. The outside dimensions of the vault were to be 5
ft 7 in by 5 ft 5 in by 7 ft 10 in. The vaults were designed to
include forklift slots cast in the bottom for handling.

IV. Construction Experience

The pad was constructed in the period from October 1985 to May 1987.
Several aspects of the construction process were noteworthy.

Concrete Pad

Site preparation was almost complete when a solid month of rain was
experienced in November 1986. The pad excavation was inundated with
water, and the top 6 to 12 in of soil became saturated. In order to
provide a firm construction base this saturated material was removed
and replaced with a compacted gravel base.
The sand layer designed to protect the bottom of the PVC liner was
easily placed on top of the filter fabric covered gravel sub-base. The
liner and succeeding sand, gravel, fabric, and sand layers were placed
and graded to form the pad foundation and the pad forms were erected.
The top sand layer was included to control curing on the underside of
the pad.

The epoxy coated reinforcing steel was placed and tied with little
difficulty. The steel chairs that were planned to be used had a
tendency to sink into the top sand layer and were replaced with snidll
brick blocks. The elevation of the steel was high in several locations
and underlying sand was removed to lower it. Based on measurements
made after the concrete pour as part of operational testing it appears
that some portions of the steel were still too high even after this
adjustment. The concrete pour was completed as planned on January 15,
1987 with no construction joints. The concrete slump for all ready-mix
trucks was checked at the site, and if acceptable, the plasticizer was
then added. Of the 28 trucks checked, 3 were rejected for slump being
too high. Concrete strength test cylinders were made for each truck,
with all 28 day test results in excess of the 6000 psi minimum. Air
entrainment tests were made on selected trucks and all results were
within the specifications of 5 X to 7 %.

The concrete was moved to the pad via crane and bucket and was vibratH
as it was placed. The concrete was initially very stiff and the amount
of plasticizer added was increased Concrete workability improved
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dramatically. The elevation of the finished concrete was checked by
level and against preset elevations marked on the forms. The concrete
surface was finished by floating and steel troweling and a curing agent
was applied. Plastic covered with burlap was used during the initial
cure. Weather conditions during the cure did not require
implementation of contingency plans for freeze protection.

Approximately 1 month after the concrete pour, minute hairline cracks
appeared at several locations on the pad. The cracks are thought to
result from shrinkage of the concrete during curing. The cracks have
been mapped and monitored since they were first noticed. Some
additional cracks have since developed primarily associated with
elongation of previously noted cracks. No widening of the cracks has
been noted. No association of the cracks with loads imposed on the pad
by the stacked vaults has been noted. In September 1987 a crack
sealant material (SIKA Pronto 19) was applied to the pad. The major
purpose of the sealer was to limit water infiltration into the cracks
to minimize the impact of freeze/thaw on the uncovered pad.

In an attempt to determine if any leakage of water through the cracks
was occurring, pad surface flood tests were conducted in June 1987 and
February 1988. No significant leakage was detected.

Several of the cracks appeared to be reflecting the rebar pattern.
Pachometer tests conducted confirmed that the rebar cover was as much
as 0.5 in to 1 in thinner than specified (2 in) at several locations on
the pad. It is felt that this problem resulted from the high rebar
elevations noted previously as opposed to the design concrete thickness
being reduced. Structural calculations performed for the concrete pad
confirmed that adequate structural strength was available to support
the pad loads even if the concrete thickness was reduced. In the
future, measurements will be taken of foundation and rebar elevations
prior to the concrete pour and will be compared to concrete elevations
during finishing operations to ensure that adequate concrete thickness
and cover is maintained.

It is felt that shrinkage of the concrete during curing contributed to
the formation of the hairline cracks. The first cracks noted ran from
the outside edge of the pad inward for several feet and were spaced at
fairly regular intervals, suggesting they were formed to relieve
shrinkage stresses. The high water / cement ratio utilized for the pad
may have produced a "too rich11 concrete mix, resulting in the shrinkage
noted. A program to develop an improved concrete mix designed to
minimize cracking potential has been proposed.

Liner

The plastic liner, delivered in a crate with clear unpacking
instructions, was easily spread and centered over the base sand layer.
Layers of filter fabric and drainage mat were placed on both sides of
tî e perimeter of the liner to provide protection for the liner from the
forms and from gravel in the pad foundation. Another sand layer was
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carefully spread over the liner by a "Bobcat" front end loader before
placement of the upper gravel, fabric, and sand layers. The plastic
liner and protective fabric and drainage mat were trimmed and tacked to
the forms to keep them in place during the concrete pour.

Approximately three months after the concrete pour, water flows were
noted in the liner drain. Investigations have identified several
possible sources of the water as described in the folowing sections.

The pad foundation was placed in an excavation approximately 1 ft to 2
ft deep with no drain. The shale formation in which this excavation
was made is known to have a low permeability and is capable of
collecting water during wet periods. It is hypothesized that heavy
rains during the spring of 1987 flooded this underpad area causing
water elevations to rise and challenge the liner / liner drain seal,
and possibly the liner / surface drain seals, resulting in inflow of
water into the liner. Shallow piezometers were installed in the spring
of 1987 to monitor the elevation of water in the underpad area. Plans
are currently being developed to provide a drain for the gravel
underpad area in conjunction with other liner fixes.

Under liner flood tests were conducted in February 1988 to attempt to
isolate the source of the water noted in the liner drain. Water was
pumped from a tanker truck into the area outside the liner / liner
drain seal at a rate which was high enough to cause the water elevation
to rise and challenge the liner / liner drain seal. At the point when
the water elevation was noted to be at the same elevation as the seal,
flow began in the liner drain. This strongly suggested that the liner
/ liner drain seal was leaking from the outside in. Water was also
pumped through the liner drain to flood the liner and the water
elevation outside the liner was monitored to determine if any leakage
from the seal was occurring. No leakage was noted, although it is
thought that the size of the leak present would not be sufficient to
cause a measurable response in the gravel area under the pad.

Additional tests of the liner / liner drain seal were conducted in May
1988, In conjunction with this test, a flap was cut in the side of the
liner and a small amount of foundation material was removed to provide
access to the liner / liner pad drain seal. During the pad flood test
it was possible to see water leaking in at one of the metal batten
strips which are used to seal the liner to the small concrete pad in
which the liner drain is cist. After the flood test was completed, the
leaking batten strip was removed and the area was inspected. It was
noted that the surface of the liner drain concrete pad was uneven,
resulting in a "gap" under one portion of the batten strip which the
rubber gasket used was unable to seal. Repairs to this seal area are
being developed and will be implemented with the other liner repairs.

The fabric and drainage mat used to protect the perimeter of the liner
were inadvertently brought up along the inside of the forms, instead of
being cut off at the top of the pad foundation. This caused the
outside surface of the pad to have a rough finish, making it difficult
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to develop a tight seal where the plastic liner is fastened with a
batten strip to the concrete pad. It appears that there is some
potential for rainwater to enter the liner from this seal. A sheet of
PVC has been draped over the pad curb to provide a temporary cover of
this seal to eliminate this source of water inflow. Methods for a more
permanent solution are being investigated.

The two surface drains that were cast into the pad penetrate the side
of the liner to connect with the piping to the monitoring station. A
rubber boot was used to provide the seal between the liner and the
drain pipe. The boot was glued to the side of the liner, and was also
glued to the drain pipe with a hose clamp providing a mechanical seal.
During construction inspection it was noted that one of the boot -
liner joints had failed. The joint was reglued and the area
backfilled. Subsequent investigations revealed that these joints have
failed again and a method of repair is currently being developed.
These seals are not thought to currently be a source of inflow into the
pad.

Concrete Vaults

The vaults are manufactured in metal forms by a local pre-cast concrete
company. The vault is formed upside down and pulled off the form after
its initial cure. The vault cavity is slightly wider at the top than
at the bottom to facilitate removal from the form. Concrete vibrators
are attached to the metal form and activated during the concrete pour
to ensure good form filling.

Vault manufacture experience has been good. The vaults are easily
removed from the form and have been of acceptable uniformity and
quality. The manufacturer notes that some difficulty was initially
encountered in bending the epoxy coated wire to from the vault rebar
cage. This was remedied by the use of additional weights in the brake
used to bend the wire. One manufacturing change was made to improve
the uniformity of the bottom of the vault. This surface is on the top
of the vault during manufacture and was initially hand trowel finished.
This surface is now finished using a bar which produces a much more
uniform surface. One design change was made during manufacture to make
the fork lift slots larger.

V. Operating Experience

The first vault was loaded on the pad at the end of June 1987. As of
September 30, 1988 96 vaults have been loaded onto the pad. Following,
are important highlights of operating experience to date.

Waste Placement in Vaults

Concrete block spacers are placed on the bottom of the vault cavity.
The LLW containers are placed in the concrete vaults via a crane,
centered in the cavity to achieve a uniform annular space around the
waste container, and then backfilled with concrete. During initial

1223



operations it was noted that the containers would tend to "float" as
the concrete backfill was added. A mechanism was constructed to hold
the vaults down and only enough concrete was added to fill the vault
approximately 50% full. After a curing period, the waste boxes are
held in place by the concrete backfill and the hold down mechanism can
be removed and the remainder of the concrete backfill can be placed and
finished. The bitumen sealant is placed on the upper vault edge, the
concrete lid is then placed and held in position with steel bands.

Vault Placement

The completed vaults weigh 1 1 - 1 5 tons (average 12 tons). Depending
on the weight, the vaults are moved to the pad by forklift or low-boy
truck. Choker cables are placed around the vault (through the forklift
slots) and the vault is lifted by crane into position on the pad. The
choker cables are removed and the vault is pushed into final position
with the forklift. During these operations it was noted that surface
damage was being developed on the vaults. "Softeners" consisting of
pipe and wood were fabricated to protect the concrete from the choker
cables. Sand is spread on the pad or on the lower vault top to make
the final vault positioning operation easier to perform. Changes are
expected to be made to the vaults to include chamfered edges to reduce
their tendency to spall concrete when the 90 degree edges of the vault
experience a concentrated point load.

Vault loading to date has created a very uniform stack. Most of the
vaults have been stacked with little or no space between them. The
maximum space noted between vaults is about ! in, and the maximum
difference in the height of the vault stacks is also about 1 in. These
gaps will eventually be filled with small gravel when the cover is
constructed.

Pad Drainage / Monitoring System Operation

The pad drainage / monitoring system has operated with minimal
difficulties. It was noted during instrument calibration that the
ultra sonic sensor for the flow measuring device was located too close
to the water elevation in the stilling well. A spacer was fabricated
and installed to raise the height of the sensor.

During calibration of the monitoring system it was noted that flow
capacity of the drainage system might be exceeded during a large storm
event. If the pad was completely loaded, this could result in
overtopping of the pad curb. !t was determined that sufficient holdup
capacity to accommodate storm events could be created on the pad by
placing the last row of vaults no closer than 5 ft to 6 ft from the pad
surface drains.

Tumulus Performance Monitoring

Monitoring of tumulus environmental and occupational exposure is
ongoing. Pre-operational monitoring was conducted to develop
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information on background levels. Levels of suspended solids and oil
and grease in the pad runoff are increased above pre-operational levels
and are the result of the handling equipment operated on the pad during
loading operations. Worker exposure monitoring indicates very low
exposures associated with current TDD operations, on the order of 0.5
mr/man/vault. The total exposure was estimated to be 3 to 4
man-mr/vault.

V. Cost Summary

A summary of the cost of the TDD design, construction, and operation is
provided in Table 1. Design costs include Title I and II efforts, as
well as additional documentation on construction experience that was
developed by the demonstration program as a part of Title III design.
Construction costs include the fixed price contract for site
preparation, tumulus pad, and monitoring station construction, as well
as in-house costs for monitoring instrument procurement and
installation, and utility hookups. The vault costs reflect the fixed
price manufacture contract for the vaults currently being utilized on
the TDD. Operating costs include waste container placement in the
vaults, concrete backfill, vault lid placement and sealing, and vault
placement operations. The cost of the TDD cover is based on estimates
developed during a conceptual cover design effort conducted during
1987.

It is estimated that the design, construction, operation, and closure
costs for the TDD are approximately $ 62 /ft3 on an "as disposed"
basis. Costs on an "as generated" basis could be much lower, depending
on the degree of waste compaction achieved in waste container loading.
It should be recognized that these costs may change significantly for
future tumuli as a result of site characteristics, technology
evolution, and scale effects.
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Table 1

Tumulus Disposal Demonstration Cost Summary

- Design S 60.000

Title I & II $ 30,000
Title III $ 30,000

- Tumulus Construction $ 180,000

Fixed Price Subcontractor $ 160,000
In-House $ 20,000

- Vault Manufacture $ 234.000

260 Vaults (? $900 ea. $ 234,000

- Tumulus Operations S 660.000

Vault Loading and Placement $ 660,000
for 260 vaults at $2538 ea.

- Tumulus Closure $ 425,000

Total $1,559,000
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ENGINEERED SURFACE BARRIERS FOR WASTE DISPOSAL SITES:
LYSIMETER FACILITY DESIGN AND CONSTRUCTION

S. J. Phillips, Westinghouse Hanford Company
M. S. Ruben, Kaiser Engineers Hanford

R. R. Kirkham, Pacific Northwest Laboratory

ABSTRACT

A facility to evaluate performance of engineered surface barriers
for confinement of buried wastes has been designed, constructed, and
operations initiated. The Field Lysimeter Test Facility is located at
the U.S. Department of Energy's Hanford Site in Richland, Washington.
The facility consists of 18 one-dimensional drainage and weighing
lysimeters used to evaluate 7 replicated barrier treatments. Distinct
layers of natural earth materials were used to construct layered soil
and rock barriers in each lysimeter. These barrier designs are capable
in principal of significantly reducing or precluding infiltration of
meteoric water through barriers into underlying contaminated zones.
This paper summarizes salient facility design and construction features
used in testing of the Hanford Site's engineered surface barriers.

INTRODUCTION

Confinement of radioactive waste materials buried in geologic media
near the earth's surface needs to be ensured such that the rate of
arrival of radionuclides at the accessible environment is low enough to
preclude significant impact on public health and safety. Some catego-
ries or classes of buried waste may require engineered enhancements at
their disposal location to sustain confinement over time. Westinghouse
Hanford Company, Pacific Northwest Laboratory, and Kaiser Engineers
Hanford have initiated a task to definitively design engineered surface
barriers for long-term confinement of radioactive waste materials at the
Hanford Site.

Initial engineering and conceptual and mathematical modeling
activities have indicated the potential for use of multilayered engi-
neered surface barriers at arid disposal sites.""*) These barriers
primarily consist of natural geologic media (rock, gravel, soil) with a
materials longevity of thousands of years, configured in distinct
layers.(5>6) These layers, as constructed, are intended to effectively
eliminate or preclude infiltration of meteoric water. Meteoric water
could solubilize waste materials and result in an unacceptable radio-
active release if left to infiltrate into the underlying waste disposal
zone.
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To evaluate the performance of engineered surface barriers, a
facility has been designed, constructed, and operations initiated which
will permit quantitative assessment of barrier function under both
current precipitation conditions and future conditions where increased
precipitation would be an important parameter in a wetter climate. The
Field Lysimeter Test Facility consists of 18 lysimeters constructed in a
below-grade excavation (14 drainage and 4 weighing lysimeters in
bilateral symmetry) as shown in Figure 1. The facility design permits
one-dimensional evaluation of infiltration and mass transfer of meteoric
water within layered systems. The facility contains replicated treat-
ments evaluating (1) current and two times mean annual precipitation,
(2) sustained precipitation, (3) vegetated and nonvegetated barrier
surface, (4) gravel admixed and untreated barrier surface, and
(5) shallow and intermediate depth of barrier soil layers.

This paper provides a summary of conceptual design, design,
construction, and backfilling efforts for the Hanford Site Field
Lysimeter Test Facility.

DESIGN AND CONSTRUCTION

The Field Lysimeter Test Facility is located near chemical separa-
tions areas of the Hanford Site in southeast Washington state. The
facility is directly adjacent to a large meteorological station. The
site is located on a large, desert steppe plateau. Facility boundaries
are 49 by 49 m, the facility itself is 18 by 7 m in length and width,
respectively. The axial orientation of the facility is 0.38 rad east of
north. This longitudinal orientation is parallel with the predominant
wind direction in the region. Grade was established away from the
centerline of the facility at 1% to promote drainage.

A staging area, which is nominally the same size as the facility
plan, was established adjacent to the facility. This was used primarily
as a laydown area for materials and equipment. A borrow-and-stockpile
area was established adjacent to the facility for interim placement of
excavated soil and underlying geologic media.

A grade datum of 220 m was established at the site. From this
datum, a four-tiered excavation was made. The bottom level enclosed
three drywells, 1.8 m deep by 0.9 m square (plan). These were filled
with clean, 0.05 m gravel. The floor of the facility directly above the
drywells was cut at 3.9 m below the established datum. Subsequently,
two more cuts were made in the elevation at 3.2 and 2.3 m below grade
for drainage and weighing lysimeter floors, respectively. The excava-
tion had a 1:1 slope away from the bottom of the cut.
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Figure 1. Oblique Subgrade View of Field Lysimeter Test Facility Showing
Drainage and Weighing Lysimeter Layering.



Foundations

The lysimeter foundation floors and walls were constructed pf cast-
in-place concrete with reinforcing steel. Three major concrete pours
were made. The facility floor, drainage and weighing lysimeter floors,
and head and foot walls were sequentially constructed. High early
strength concrete with 0.038-m aggregate was used throughout. Water
accumulating in the facility during construction was shunted to floor
drains by sloped facility and lysimeter floors. Anchor bolts projecting
upward through templates were installed in the drainage lysimeter floors
to provide shear attachments for the drainage lysimeters.

Drainage Lvsimeters

Drainage lysimeters (large right circular cylinders) with sloped
bottoms were attached to their foundation floors on each side of the
facility. The lysimeters were connected edge-to-edge to make up the
side walls of the facility. Each drainage lysimeter was designed to
withstand 2,100 kg/nr lateral force. Lysimeter walls and bottom were
fabricated from 0.006-m sheet steel and plate. The nominal dimensions
of each drainage lysimeter were 3 m high by 2 m wide. The bottom of
each was sloped at 0.001 rad from the exterior side to the interior side
of the lysimeter bottom, where a drainage port was installed. Numerous
access ports were constructed through the interior sides of each drain-
age lysimeter. These were used for destructive sampling, instrument
insertion, and instrument lead access. Particulate grout was injected
into the space between the concrete lysimeter floor ar,d the sloped
lysimeter tank bottom to prevent excessive axial dilation of the
lysimeter while being filled.

Hydrostatic testing was required of the fabricator before each
drainage lysimeter was installed. Hydrostatic testing was conducted at
the fabricator's facility prior to shipping and after installation at
the facility. Certification of no leakage with 0.61-m head sustained
for greater than 7.2 x 103 s (2 h) was required.

Weighing Lvsimeters

Weighing lysimeters were attached to their foundation floors on
each side of the facility. Weighing lysimeters consist of two interior
containers encased in an outer module. The outer module forms part of
the side exterior walls of the facility. Interior containers each rest
on a large electronic platform scale and must be isolated for free
vertical travel. (Weighing lysimeters may serve as drainage lysimeters
as they have sloped bottoms and drainage ports.)

The weighing lysimeters were fabricated from 0.006-m steel plate.
Lateral steel angle was used to reinforce the outer module and vertical
steel angle was used to reinforce the interior containers. Vertical
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lifting rods extend from the bottom to the top of each interior con-
tainer with detachable eyebolts. Interior containers must be removed
periodically for maintenance of platform scales.

The lateral and transverse dimensions of the outer module are 1.7
and 3.4 m, respectively, and the height is 2 m. The lateral confining
load design limit for this module is 1,400 kg/mz. The interior con-
tainers are 1.5 m with respect to each Cartesian dimension. In general,
the bottom configuration and access ports for instrumentation for
weighing lysimeters are equivalent to the drainage lysimeters. Each
interior container was hydrostatically tested under equivalent condi-
tions as those for the drainage lysimeters.

An annular space must be maintained between each interior container
to permit accurate determinations in change of mass of each lysimeter.
However, to preclude materials entering the space, aluminum angle was
attached to the outer module that extends over the wall thickness of the
interior container. The upper 0.15 m of the interior container wall was
fabricated from 0.0034-m thick plastomer sheet. This reduces vertical
heat transfer between the interior container and the atmosphere.

Load-Bearing Roof

Steel tube (0.1-m) columns were installed extending from the
drainage lysimeter floor upward 2 m. These supported two 0.25-m wide
steel flange beams, 18 m long, running the full length of the facility
on each side of the interior lysimeter walls. These beams are anchored
and keyed into facility head- and footwalls and support an arched roof.
The roof consists of bolted-together sections of corrugated, galvanized
0.004-m-thick steel. Attached to the support beams on each side of the
facility, the arch plate was designed with a 2-m radius and 0.3-m
maximum rise from each side to the centerline of the facility.

The arch plate was welded to the beams and sealed with polyurethane
sheet, polyethylene tape, and elastomer liquid sealants. Between the
beams and the drainage lysimeters, transition piece sheet steel plates
were welded at an angle to the exterior of the facility. This design
permits positive drainage of meteoric water away from the facility.

Subsequent to placement of all lysimeters and the arched roof,
excavated material was returned from stockpile sources and placed around
the lysimeter exterior walls. Clean sand was placed over the arched
roof, providing thermal isolation between the atmosphere and the central
subgrade accessway of the facility.

Insulation

Thermal isolation of the interior of the facility is provided by an
average thickness of 0.6-m ofj sand and soil overburden. To further
insulate the interior of the facility to reduce lateral and vertical
thermal gradients, insulation! was applied to interior surfaces. An
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0.1-m thickness of cellulose insulation was applied pneumatically to the
interior of the arched roof and interior accessway walls of the drainage
lysimeters.

Ventilation/Electrical

Ventilation is provided through the central accessway of the
facility. A ventilation grating was designed as an integral part of the
bottom of the door entering the accessway. Air passes through this door
longitudinally through the central accessway to a plenum located on the
footwall of the facility. An electric fan forces air from the facility
through an 0.3-m-diameter plastomer tube that exits the facility. A
200-A electrical service was installed in the accessway of the facility
to provide power for construction and maintenance activities, data
loggers, lighting, computers, and auxiliary equipment.

Lighting and ventilating systems within the facility were designed
to interlock. This provides ventilation for personnel safety within the
facility. Lighting and ventilating systems do not operate when the
facility is unoccupied. This decreases induced lateral thermal gradi-
ents from the accessway into drainage lysimeters.

LYSIMETER FILL MATERIALS/CONFIGURATIONS

Materials

The multilayer, cyclic, engineered surface barriers rely on pore
size discontinuity to limit unsatyrated flow of infiltrating meteoric
water into waste disposal sites.(') Pore size discontinuity is provided
in the engineered surface barrier design primarily by soil overlying
clean sand thereby providing a distinct textural break. This is often
referrad to as a capillary break. The engineered surface barrier must
provide a deterrent to inadvertent intrusion. This is provided by
introduction of large rock at the base of the barrier. To maintain
distinct rock and soil layers, filter layers are needed to provide a
transition from large rock with high interstitial pore space to that of
soil. This is provided in the design of the layering sequence of
materials within lysimeters by intermediate layers of crushed rock,
gravel, pea gravel, clean sand, and a layer of geofabric. Erosive
forces at the soil atmosphere interface are reduced within some lysim-
eters by mixing gravel with surface soil. The materials used in
distinct layers of lysimeters at the Field Lysimeter Test Facility are:

basalt, 0.5 to 0.05 m
crushed rock, 0.051 to 0.038 m
gravel, 0.02 to 0.012 m
pea gravel, 0.013 to 0.001 ft
number 8 sand, 0.0024 to 0.0006 m
number 20/30 sand, 0.00084 to 0.00021 m
geofabric, (porrous, woven polypropylene sheet used
as a construction aid)
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• soil-silt loam (mixed mesic xerolie camborthid)

t admix, 30%, 0.019 to 0.0074 m gravel by weight in soil.

(Naterials are given in equivalent mean spherical diameter.)

Instrumentation
To understand the soil and micrometeorological system controlling

infiltration and intrusion into waste disposal sites and potential waste
transport to the biosphere, controlling parameters must be monitored
over time. This is conducted at the Field Lysimeter Test Facility by
measurement with sensors and transducers installed during lysimeter fill
operations. Data from these instruments and from meteorological sensors
installed at a nearby facility provide a record of current and twice
annual precipitation barrier conditions. This information is used as
input to conceptual and numerical models for simulation and prediction
of barrier performance. These models serve as a design tool for further
refinement of engineered surface barrier designs.

Several instruments and instrument systems are used. Weighing
lysimeters continually monitor absolute and change of mass of materials
within weighing lysimeters. A platform balance located within the
facility accessway is used to measured drainage water from the bottom of
each lysimeter. Tensiometers and thermocouple psychrometers are used to
measure matric water potential (thermodynamic potential). Thermocouple
arrays (vertical and lateral) are used to determine temperature within
lysimeters and background temperature exterior to the facility. Neutron
thermalization and gamma attenuation instruments are used through
vertical access tubes within each lysimeter to determine volumetric
water content. Inspection tubes installed from grade to 1.3 m are used
to visually evaluate plant root and soil interactions.

Data collected electronically are routed from sensors to three data
loggers (two serve as slave units to a primary master unit). The data
loggers preprocess the instrument signal and transfer the data through a
telephone modem to a laboratory microcomputer. Data are further
processed and stored in a data base system. Data base information can
be accessed to the lysimeter facility through a modem and telephone link
to a personal computer installed within the accessway of the facility.

LYSIMETER FILL OPERATIONS

For the 18 lysimeters constructed, 7 engineered surface barrier
layering treatments are used. The first four use a 2 by 2 factorial
design. These treatments evaluate and compare: (1) ambient precipita-
tion and two times ambient precipitation, and (2) vegetated soil cover
and nonvegetated cover. These treatments are replicated two times in
drainage lysimeters and once each in weighing lysimeters. The fifth and
sixth treatments (replicated twice in drainage lysimeters) compare:
(1) thickness of surface soil layers, and (2) surface admix gravel and
bare soil. The seventh treatment (replicated twice in drainage
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lysimeters) is used to evaluate barrier performance when excess precipi-
tation is added to the barrier until breakthrough (drainage) occurs.

Drainage lysimeters were prepared for filling by hand grinding the
bottom plate and bottom 0.2 M of the interior walls and coating with
sealant. The bottom layer of each drainage lysimeter was then filled
with hand-washed basalt. The large basalt rock was placed by hand in
the bottom of each lysimeter to minimize potential damage to the sealant
and underlying tank bottom plate. Drainage lysimeters were then filled
to a depth of 1 m with water and the remaining washed basalt was placed
into the lysimeter using a backhoe. Into each drainage lysimeter, a
1.1-m basalt rock lift (layer) was placed. Directly onto the basalt was
added crushed rock, gravel, and pea gravel layers at thicknesses of
0.15, 0.1, and 0.05 m, respectively. Each layer of material was hand
packed and leveled. Number 8 and 20/30 sand layers were added directly
onto the pea gravel, each with a thickness of 0.05 m. Placement of
rock, gravel, and sand layers was done by determining the tare weight of
a small front-end loader driven on a platform scale. Filling the loader
from stockpiled materials, reweighing on the platform scale, and
discharging the appropriate quantity of material into each lysimeter is
then done to bring the layers to predetermined elevations. Filling of
weighing lysimeters was completed using equivalent methods, however
basalt and gravel layers were excluded from weighing lysimeters.

To act as a construction aid and to provide redundancy in pore size
discontinuity between the sand and overlying soil layer, a geofabric
layer was installed and affixed to the sides of the lysimeter wall with
an adhesive. After placement of the geofabric, each drainage lysimeter
was filled with water (saturated) to the geofabric layer and then
allowed to drain until no further drainage could be detected. This
operation precharged the rock and sand layers with water, which acts to
equilibrate these layers with nondrainable water.

Soil was introduced into each lysimeter using the known mass-volume
relationship employing the small front-end loader. Lifts of 0.1 m and
0.05 m were used for soil. In each lift, the moisture content and bulk
density were determined by destructive sampling and gravimetric analysis
and gamma backscatter instruments. As with gravel and sand layers, each
lift was compacted to precomputed levels, leveled, and measurements were
made for moisture content, density, and elevation. The top layer of two
lysimeters was mixed to a depth of 0.2 m with gravel to provide an
armored soil surface resistant to erosion. A 0.05-m depression across
the top of each lysimeter was left to minimize edge effects.

Initial Conditions

The physical conditions within each lysimeter at the start of
testing will directly influence the results of each barrier treatment.
During lysimeter fill operations, volumetric soil moisture content and
bulk density were determined. Subsequently, soil moisture and soil
potential were recorded. Elevations of geologic media and soil lifts
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were determined. These initial conditions were monitored and changes
were recorded over time until initiation of testing activities. Thermal
profiles were recorded continually as well as numerous micrometeoro-
logical parameters. When lysimeter fill operations were completed, a
plastomer cover was secured over each lysimeter at grade to prevent
excessive evaporation from each lysimeter. Fill operations were
completed on June 30, 1987. All lysimeters remained covered and
nonfunctional until November • , 1987, when active operations of the
Field Lysimeter Test Facility were initiated.

CONCLUSIONS

A unique facility has been designed, constructed, and operations
initiated to determine the performance of engineered surface barriers
under near-current and two times annual precipitation or sustained
precipitation environmental conditions. The facility contains confined
layered barriers permitting monitoring and quantitative evaluation of
one-dimensional flow of meteoric water within and between barrier
layers. Numerous instruments emplaced within materials in each
lysimeter monitor mass, potential, and heat transfer parameters.
Micrometeorological instruments at an adjacent facility monitor equiva-
lent parameters affecting barrier performance. Initial conditions of
barrier materials and environmental parameters were accurately deter-
mined and recorded during lysimeter filling operations and until initia-
tion of testing. This provided a datum from which future facility
operations can be referenced.

Information derived from the Field Lysimeter Test Facility will
provide qualitative understanding and quantitative data required to
evaluate interrelated mechanisms affecting long-term barrier per-
formance. Only with a firm understanding of the forces and mechanisms
affecting barrier stability can definitive barrier designs be made with
a high degree of confidence.
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DESIGN OF A DISPOSAL CELL FOR URANIUM MILL TAILINGS AT COLLINS RANCH,
ORECON: A CASE STUDY IN INFORMAL DYNAMIC OPTIMIZATION

Walt Beyeler
Johe Dupuy

ABSTRACT

The disposal of uranium mill tailings at the DOE's UMTRAP Collins Ranch site near
Lakcvicw, Oregon provides an informative case study in the practical ramifications of
groundwatcr protection standards. This paper discusses the hydrologic setting, the
anticipated impacts of the initial cell design, and the legislative framework in which
the design was prepared.

Recently mandated compliance with the proposed EPA groundwatcr standards
presented an interesting technical challenge, as much of the construction, based on the
original design, had been completed by the time these criteria were imposed. The
design modification options, constrained by existing work at the site, are discussed,
along with the methodology used to identify a workable design enhancement.

INTRODUCTION

The Uranium Mill Tailings Remedial Action (UMTRA) Project involves stabilizing 24
inactive uranium mill tailings piles in 10 states. Remedial actions are done to meet
standards established by the U.S. Environmental Protection Agency (EPA). The EPA
standards, as initially published in 1983, required that the remedial action be effective
for at least 1,000 years, to the extent practical, and in any event for at least 200 years.
Remedial action must be designed and implemented to prevent dispersal of the tailings
and other contaminated materials, and must prevent the inadvertent use of the tailings
by man. Remedial actions should not rely for their efficacy on maintainence,
although in practice, surveillance and maintainence programs are planned.

EPA issued general groundwater standards for remedial actions performed under
UMTRA in the fall cf 19S7. The standards require that UMTRA disposal cell designs
limit concentrations of hazardous constituents in groundwater to either the Maximum
Concentration Limits (MCL) established in the Federal Drinking Water standards, to
background concentrations found at the disposal site when those concentrations are in
excess of MCL's, or to some other limits established by DOE which must be
demonstrated to be as low as reasonably achievable and to pose no threat to human
health and the environment. A third method of compliance is available if the
potentially contaminated groundwater supply is not practically exploitable, or shows
widespread ambient contamination unrelated to tailings disposal.
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On publication of the proposed EPA groundwatcr standards, the DOE adopted a policy
of complying with the standards as they affect disposal cell design and the
construction ot remedial works. This gave rise to a need to rcevaluate both the
performance of previous UMTRA Project disposal cell designs, and the extent to
which these design facilitated or lead to compliance with the proposed standards. Due
to the previously established construction schedule for the Lakcview UMTRA site,
relocation of the tailings and other contaminated materials and construction of the
Collins Ranch disposal cell was well under way when the EPA proposed groundwater
standards were issued.

LOCATION

The Lakevicw, Oregon, UMTRA site is located on the floor of Goose Lake Valley,
between the Fremont Mountains to the west and the Warner Mountains to the cast,
approximately 16 miles north of the California/Oregon border (Figure I).
Geotechnical evaluation of the area discovered seven active faults or fault zones, and
high subsurface heat flows with three hot springs and more than 40 gcothcrmal wells
in the area. These hazards necessitated the initiation of an Alternate Site Selection
Process (ASSP) in order to identify a suitable location for the final disposal of the
tailings and other contaminated materials from the Lakcview processing site.

The ASSP consisted of four phases: Phase I: designation of a search region; Phase II:
preliminary screening of the designated search region; Phase III: preliminary
screening and evaluation of potential areas; and Phase IV: identification and
evaluation of candidate sites. Technical factors were applied during each phase to
reduce the number of candidate areas acceptable for tailings disposal. The
implementation of the ASSP provided seven candidate areas of approximately 40 acres
each for further consideration, of which one area (Collins Ranch Alternate Disposal
Site) was selected as the preferred disposal site.

To assess groundwatcr conditions, 20 boreholes were drilled and nine monitor wells
were completed. Lithologies encountered in the subsurface of the Collins Ranch site
are an extremely heterogeneous assemblage of unconsolidatcd, Quaternary lacustrine
sediments. These sediments were encountered to depths of 148 feet below land surface
(bis), and are believed to exist to depths as great as 1000 feet bis at the site (DOE,
1985a).

Groundwatcr was encountered at depths from about six feet to 100 feet bis, depending
upon topographic relief. The depth to groundwater below the base of the Collins
Ranch disposal cell is no less than 30 feet. Groundwatcr flow is to the south-
southeast, opposite the local topographic slope, indicating that most recharge to this
system is from the Fremont Mountains rather than from the small arcal drainage
immediately above the disposal cell.

Water-quality data from the nine monitor wells were collected from October, 1984 to
September, 1988 to establish natural background water quality. The groundwatcr
underlying the Collins Ranch site is of high quality, with no average constituent
concentration above the EPA proposed MCL's; however, cadmium equaled or exceeded
the EPA proposed MCL in one or more sample.
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DISPOSAL CELL DESIGN

The current disposal cell design incorporates many natural, durable elements to protect
groundwater quality beneath and downgradient of th« cell. In ascending order, these
elements consist of a natural foundation material permeable enough to prevent the
"bathtub effect" on leachate exiting the base of the disposal cell, a two-foot thick
geochemical attenuation layer, the compacted tailings and other contaminated
materials, and a multi-component disposal cell cover system. Presently, the
geochemical attenuation layer, the tailings and other contaminated materials, and a
compacted-clay radon/infiltration barrier have been constructed.

The Collins Ranch disposal cell cover will consist of a series of layers on top of the
compacted, reconfigured tailings (Figure 2). The various layers are intended to: (1)
prevent radon from escaping into the atmosphere; (2) limit the amount of infiltration
into the tailings from direct precipitation over the disposal cell; (3) limit or prevent
erosion from surface flow; and (4) promote runoff from the disposal cell and prevent
surface ponding. The cover system is designed to limit seepage to a rate estimated to
be 7.E-8 centimeters per second (cm/sec) (Chen, 1988). A seepage rate of this
magnitude will not cause mounding of leachate beneath the cell nor will it change the
groundwater system enough to force groundwater to the surface in seeps around the
cell. The performance of the components of the cover system are discussed beiow.

PERFORMANCE ASSESSMENT

A substantial portion of the Collins' Ranch disposal cell had been completed at the
time the EPA groundwater standards were proposed. Most of the tailings and
windblown material had been relocated, emplaced, and consolidated. The advanced
stage of construction at Collins Ranch allowed little time for performance assessment
with respect to the revised standards, no time for additional characterization in
support of the assessment, and little flexibility in modifying the design should the
assessment show an inability to meet the specified MCL's at the edge of the facility.

Site characterization data found in the Environmental Assessment (DOE, 1985a) and
the Remedial Action Plan (DOE, 1985b) detailing the disposal design, were used to
plan a compliance strategy. Source term concentrations and sub-pile aquifer properties
are summarized in these documents as part of the overall characterisation activities.

Among the 12 constituents for which MCL's have been established, chemical analyses
of the tailings pore fluid identified three (arsenic, cadmium, and uranium) with
average concentrations exceeding MCL's. Arsenic and cadmium concentrations
averaged around 300% of their respective MCL's; average uranium concentrations
exceeded the MCL by 10%. Although a two-foot compacted soil liner has been
incorporated in the base of the cell, geochemical data on the attenuative capacity of
this feature are inadequate for quantifying reduction in leachate concentrations from
the concentrations measured in pore fluid.

Hydrologic characterization data reported in the Environmental Assessment (DOE,
1985a) include an estimated saturated thickness of the unconsolidated sediments
beneath the cell of 20 feet, flow beneath the cell to the south-southeast under a
gradient of 0.018, and a hydraulic conductivity of 0.64 ft/day.

Prior to the issuance of the groundwater standards, a generic cover design had been
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developed for UMTRA cells. The design included a low-conductivity clay layer placed
over compacted tailings, covered in turn by a sand bedding layer and cobble erosion
protection. This standard design was able to jointly satisfy the requirements for
stabilization of the tailings and suppression of radon gas emanation. A specific design
as discussed previously was developed for the Collins* Ranch cell from this generic
configuration.

An unfortunate consequence of the standard design, from the standpoint of
groundwater protection, is the tendency of the cobble armor to enhance infiltration,
and therefore leachate percolation into groundwater. An infiltration model was
developed to simulate the standard cover system for the purpose of percolation
estimation. The model predicted that, in the absence of design modifications, the clay
radon barrier would eventually become fully saturated. In this situation, leachate
percolation would be constrained by the saturated hydraulic conductivity of the clay
cap.

Two analytical procedures were used to assess the impact of estimated leachate
production rates on contaminant concentrations beneath and downgradient of the
disposal cell. Konikow and Brcdehocft's Method of characteristics model was used to
estimate the hydrodynamic influence of leachate seepage on groundwater, and to
evaluate constituent concentrations in mixed leachate and groundwater with respect to
MCL's. Domenico and Robbins' approximate analytical solution of the convection -
dispersion equation was used to estimate the distance required for hydrodynamic
dispersion to effect mixing. Because data on the effects of the gcochcmical liner, and
on potential geochemical attenuation within the aquifer, were not available,
predictions of reduction in contaminant concentrations from levels found in pore
water were based only on hydrodynamic dispersion within the aquifer.

Both models predicted that, given the description of the sub-pile groundwater system
provided in the Environmental Assessment, and conservative parameters describing the
process of dispersion, EPA's proposed MCL's would not be met for an unacceptably
large distance from the edge of the facility. The models also showed that the distance
at which MCL's could be achieved through dispersion was highly sensitive to small
changes in infiltration rate.

This sensitivity is a result of the thickness of the aquifer in which dispersive mixing
occurs. Lcachatc percolating through the base of the disposal cell will mix with native
groundwatcr flowing both beneath the cell, and adjacent to the cell (Figure 3).
Because of the relatively large area available for vertical dispersion, this process is
much more effective in mixing leachate with groundwater than dispersion along the
boundaries of the cell. The degree to which contaminant concentrations can be
reduced by vertical dispersion is limited by the amount of water flowing beneath the
cell.

The analysis showed that a leachate production rate equal to the saturated hydraulic
conductivity ot the clay cap would introduce too much leachate into the sub-pile
groundwater system for vertical dispersion to reduce contaminant concentrations to
acceptable levels within a reasonable distance from the cell. A 50% reduction of
infiltration was predicted to result in compliance with the MCL's through vertical
mixing within tens of feet of the edge of the facility.
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Because of the advanced stage of construction at Collins Ranch at the time of this
analysis, design modifications for achieving a reduction in infiltration were limited to
alterations in the filter/bedding material. Infiltration was predicted to be reduced to
acceptable levels by increasing the hydraulic conductivity of this cover component,
allowing it to function effectively as a drain. By using a coarser material, and
thereby raising the hydraulic conductivity by two orders of magnitude over the
original design, the average drainage time of the cover was reduced to approximately
1.5 days. Rapid drainage of the cover was seen to prevent the approximately 90 days
of rainfall at Collin's Ranch from providing a continual supply of water for
infiltration.

In summary, a design change was recommended for the gradation specifications of the
filter bedding layer. This modification was intended to allow rapid drainage of
precipitation from the surface of the cell. The resulting reduction on in infiltration
over the original design was seen to be sufficient to allow MCL's to be achieved near
the edge of the cell through vertical mixing with a limited supply of natural
groundwatcr underflow. This constraint on graduation substantially increases
estimated material and processing costs.

During preparation of a compliance strategy report for the Collins Ranch site,
supporting data for an aquifer thickness of 20 feet, the value found in the
Environmental Assessment, were not found in that document. Review of well logs on
and near the site showed that the saturated thickness of the aquifer was at least 60
feet, and that the unconsolidated sediments under the site were probably hundreds of
feet thick. This information implied a practically unlimited capacity for vertical
dispersion, and effectively repealed the basis for the recommended design
modifications. Although the saturated thickness of the aquifer was seen to be critical
to the hydrological performance of the cell with respect to groundwater standards,
data relating to this important feature were not fully described in the document
characterizing the hydrology of the site.

The need to consider compliance with groundwater regulations was found to influence
not only current analytical procedures and data collection, but also expectations
regarding information found in documents prepared previously. Because
environmental assessments are written in response to specific regulatory requirements,
technical information provided is generally limited by legislative mandates. As such,
they cannot be considered a complete source of information when addressing questions
which are technically related but regulatorily dissimilar.
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ABSTRACT

This paper describes the decision making process used to select a site for the disposal
and stabilization of the uranium mill tailings at the Monument Valley site.

During the three years following the spring of 1985, the Department of Energy's
Uranium Mill Tailings Remedial Action Project Office went through several site
selection processes for the disposal of tailings at the inactive uranium mill site on the
Navajo Indian Reservation in Monument Valley, Arizona. The last site selection
process was initiated as a direct consequence of the proposed groundwater protection
standards (40 CFR 192) published by the U. S. Environmental Protection Agency
(EPA) during the fall of 1987. Before the proposed standards were issued, work on
the conceptual design (disposal option) for remedial action was near completion.
Assessment of the proposed EPA standards revealed that the current design was not in
compliance with the regulations. Work on the Environmental Assessment and the
Remedial Action Plan stopped. A paper study of alternate disposal sites was initiated
at the beginning of 1988, in addition to exploring ways (via new technologies) to use
existing and previously rejected disposal options. New criteria for evaluation of all
viable options were established in light of the new standards. Probable costs were
developed for those options that had significant environmental risks associated with
them so they could be compared with those options of little or no associated risk. As
a direct result of this decision making process, an option that was previously rejected
because of the high cost, but that had relatively little associated risk, was selected as
the recommended option.
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1.0 INTRODUCTION

The Uranium Mill Tailings Remedial Action (UMTRA) Project involves remedial
work at 24 inactive mill processing sites in 10 states. An important part of the
planning and design of remedial action is site identification and selection. Experience
has shown that at times these activities (identification and selection) can be as
involved and complicated as site characterization and design.

In June 1985, the U.S. Department of Energy (DOE) identified five options for the
disposal of the Monument Valley tailings. The DOE initially focused on those options
that appeared to have little or no associated risk, would be the least costly, would
require simple designs, and would pose no problems in site characterization and
verification of the U.S. Environmental Protection Agency (EPA) standards. However,
on September 3, 1985, the U.S. Tenth Circuit Court of Appeals remanded the
groundwater standards (40 CFR 192). The EPA issued proposed standards in the fall
of 1987. An evaluation of the impacts of these proposed standards to the Project
revealed that the preferred option would not be in compliance with the regulations.
Options that were previously rejected or dropped from further analysis because of
their high risks or high costs were reevaluated. One such option which would be
relocating the Monument Valley tailings to another UMTRA tailings site at Mexican
Hat, Utah, was ultimately chosen as the best alternative.

Subsequent sections in this paper describe the following: 1) existing conditions at the
Monument Valley and Mexican Hat tailings sites; 2) background prior to the proposed
EPA groundwater standards; 3) search for alternate disposal sites and recvaluation of
previous options; and 4) implications of the preferred option.

2.0 EXISTING CONDITIONS AT THE MONUMENT VALLEY AND MEXICAN HAT
TAILINGS SITES

The Monument Valley (MON) tailings site is on the Navajo Indian Reservation, 18
miles southwest of the town of Mexican Hat in Cane Valley, Apache County, Arizona.
The site lies west of the Cane Valley Wash, which drains northeastward along the
base of Comb Ridge to Gypsum Creek and finally into the San Juan River. The
drainage area tributary to the wash in the site vicinity is about 100 square miles. The
regional site area is characterized by steep mesas and cliffs.

The designated tailings site covers 100 acres and primarily contains two tailings piles
(upper and lower) (see Figure I). Contaminated materials, totaling an estimated one
million cubic yards (cy), cover 118 acres.

The upper pile is situated slightly lower than the surrounding terrain in an arroyo
that drains an 1100-acrc upland watershed into Cane Valley Wash. The lower pile
extends out into the wash and reaches a height of 55 feet above the valley floor.
Depths to groundwatcr in the site vicinity range from two to 45 feet below grade.
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The Mexican Hat (HAT) tailings site is in San Juan County, Utah, two miles
southwest of the town of Mexican Hat, and 17 miles north of the MON site. The site
is on the Navajo Indian Reservation, approximately one-half mile northeast of the
Navajo community of Halchita. The designated site covers 235 acres and also
contains an upper and lower tailings pile (sec Figure 2). The total volume of
contaminated materials is estimated to be 2,654,000 cy.

3.0 BACKGROUND PRIOR TO PROPOSED EPA GROUNDWATER STANDARDS

In the spring of 1987, the DOE began preparing a design for relocating the MON
tailings to a moderately fractured bedrock (Shinarump) formation 2000 feet southwest
and 150 feet above the base elevation of the upper and lower piles at the MON site.
This option was referred to as stabilization on site (SOS). The rationale for this
location was that:

1) The MON tailings would be removed from the floodplain of Cane Valley Wash
and from the arroyo that drains the 1100-acre upland watershed, and thus
away from any flooding or geomorphic hazards.

2) The tailings would be situated on a geotechnically stable foundation.

3) There would be a minimal upland drainage area tributary to the disposal site-
less than 10 acres.

4) The depth to ground water is 150 to 200 feet below the existing topography.

Other options considered but rejected because of high risks, high costs, or because
they were considered impractical were:

1) Stabilization in place (SIP). High liquefaction potential,the shallow
eroundwater table, and serious flooding and erosion conditions at the MON
site would require extensive studies and a complex, costly design that would be
difficult to gain acceptance of the reviewing agencies and the Navajo Nation.

2) Near-field SOS (NF-SOS). This option would involve moving a portion of the
pile at the MON site closest to Cane Valley Wash back up onto the rest of the
pile. This design was intended to mitigate some of the potential foundation
problems since bedrock gets closer to the surface as distance from Cane Vailcy
Wash increases. Flooding and erosion concerns arc still a problem under this
option.

3) Relocation to the mine. This option would involve hauling the tailings to the
former mine. The main drawback to this option would be that radiological
characterization prior to remedial action would be difficult and verification
of the standards virtually impossible. Also, this alternative would seriously
impact future uranium extraction.
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4) Relocation to the HAT site (codisposal). This option would involve hauling the
one million cy of tailings 17 miles to the HAT site. The MON tailings would
be placed directly on top of the HAT tailings to form a single embankment.
Although there would be several advantages to this option, the most significani
drawback would be the haul costs (codisposal would cost $10 million more than
SOS).

Before completing the Monument Valley draft Environmental Assessment (EA) and
Remedial Action Plan (RAP), the DOE finished their assessment of the potential
groundwater-rclatcd impacts of the SOS option in light of the proposed EPA
groundwater standards. The proposed standards specified that the Point of
Compliance for disposal sites would be that of the Resource Conservation and
Recovery Act (RCRA) (40 CFR 264.95) or at any point where contamination would be
found in the groundwatcr. Prior to the these standards, it was understood and
accepted that UMTRA Project sites acted as controlled release systems allowing some
percolation through the tailings, but not releasing constituents to the environment
above design objectives. In order to accomplish this passive control, the designs
would rely on underlying hydrogcology to perform an attenuation/dispersion function
throughout the facility life. For the SOS design it was determined that placement of
the tailings on the relatively low permeability bedrock formation would result in the
creation of a plume of contaminated groundwater extending several thousand feet
downgradicnt from the toe of the engineered embankment. According to the new
groundwater regulations, the proposed SOS design would not be in compliance because
the maximum concentration limits would be exceeded at the toe of the pile, or at the
limit of the "waste management area."

Work on the documents stopped pending further investigation. Meanwhile, a
preliminary design had been prepared for stabilization of the Mexican Hat tailings at
the HAT site.

4.0 SEARCH FOR ALTERNATE DISPOSAL SITES AND DEVALUATION OF
PREVIOUS OPTIONS

The evaluat ion of disposal options that was implemented for the MON site consisted
of two components:

1) A search for a l ternate disposal sites using existing and new UMTRA guidelines
adopted as a result of the proposed EPA groundwatcr s tandards .

2) Exploring ways (via new technologies) to use existing and previously rejected
disposal options.

The two main objectives of the search were to identify al ternate disposa! sites that
were relatively close to the MON site to minimize the haul distances, and possessed
favorable geology for groundwatcr compliance.

The search for a l ternate disposal sites began by designating a search region with a
radius of 2.5 miles around the MON site and 2.5 miles on cither side of two Indian
service roads. A l i terature study was conducted to identify candida te areas within
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the search region. A team of project specialists visited the areas. Four possible sites,
II to 14 miles from the MON site, were identified and advanced for comparison with
the other existing disposal options.

All alternatives were compared using the same criteria, which included: 1) the
probability of compliance with the EPA groundwater regulations, 2) logistic
considerations, such as land ownership and the proximity of existing transportation
routes; 3) the amount and degree of site characterization and analyses; and 4) the
relative cost and schedule impacts.

Design enhancements such as low permeability covers or hydrogeochcmical sumps
were added to those options that had a low or unknown probability of compliance
with the groundwater standards. Mitigative measures such as foundation stabilization
(dynamic compaction) were added to the SIP design.

Table 1 shows the estimated delta costs (for construction only) for all disposal options
that were considered in the evaluation. Colocation was included in the cost analysis
because it was not fully known at the time if the codisposal option would interfere
with the HAT construction schedule. Thus, an alternate relocate option intended to
minimize schedule impacts was included for comparison with codisposal. Colocation
would involve relocating the MON tailings to an area on the HAT site adjacent to the
lower pile; thus resulting in two stabilized piles at the HAT site.

As shown in Table 1, baseline SOS with no design enhancements was the least
expensive, followed by SIP and NF-SOS. However, with the addition of design
enhancements to SOS and NF-SOS and dynamic compaction to SIP, these options were
comparable in cost to codisposal. The alternate sites identified from the search were
moderate in cost—one to two million dollars cheaper than codisposal. Colocation was
the highest-close to three million dollars more than codisposal.

Upon consideration of the apparent technical advantages and disadvantages of a!! the
options presented, it was decided that the two options worth pursuing in greater
detail were SIP and codisposal. SIP was considered to be a fairly good option in
terms of groundwatcr, although there was some scepticism as to whether a design that
satisfied all the concerns previously raised by the reviewing agencies and the Navajo
Nation could be prepared. Although cost estimates for the alternate disposal sites
were less than that of codisposal, these sites were eliminated from further evaluation
for the following reasons:

1) A full site characterization program would have to be conducted in order to
determine if these sites would be able to comply with the proposed
groundwater standards.

2) Potentially unidentified site constraints or risks could increase the costs.

3) The haul distances were not short enough to provide any advantages over
hauling the tailings to HAT.

Before making a final decision, the DOE prepared a total cost estimate comparison of
SIP at MON plus SIP at HAT versus codisposal at HAT, and evaluated the negative
and positive technical aspects of each option.
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Probable costs that took into account all potentially necessary design features at
MON, such as foundation stabilization, and a perimeter apron consisting of large
diameter, high quality rock keyed into bedrock to protect the embankment against
flooding and stream meander, were developed for SIP.

Results of an additional cost estimate refinement projected that the total estimated
cost-to-go ( the cost for construction, planning and design development, engineering,
field management, construction contingency, and surveillance and maintenance) for
SIP at MON plus SIP at HAT ranged from $3.0 million less than to $4.9 million more
than codisposal at HAT. Further, the probable construction cost for SIP at MON plus
SIP at HAT was determined to be only $182,000 than the codisposal estimate. Because
of the risks associated with SIP, the potentially high cost of design improvements to
mitigate these risks, and the simple fact that any potential groundwatcr issues would
only have to be addressed at one site, the DOE selected codisposal as the preferred
option.

5.0 IMPLICATIONS OF THE PREFERRED OPTION (CODISPOSAL)

Figures 3 and 4 show the layout and cross section, respectively, of the codisposal
option. This option involves the placement of the MON tailings over the compacted
and rccontoured HAT tailings at the lower pile. The implications of this option are
that:

1) Less radon barrier material is necessary because of the attenuating affect of
the MON tailings on the HAT pile.

2) The total quantity of cover borrow materials is significantly reduced because t
here is one pile instead of two.

3) It removes z. source of potential groundwater contamination at the MON site.
There is only one pile from which seepage has to be controlled. Furthermore,
the addition of MON tailings to the HAT pile does not alter cither the
quantity or quality of the seepage from the pile.

4) One site reduces the potential need for and amount of surveillance and
maintenance.

5) A shorter construction schedule at the MON site due to the elimination of the
embankment phase, reduces the period of (environmental) disturbance.

6) There is a minimal increase in the amount of erosion protection materials
required for the HAT pile.

7) There is a small pile height increase due to the addition of MON tailings;
hence no additional stability implications.

8) There is no change in the pile footprint due to the addition of MON tailings;
hence no change in the drainage control design (i.e., ditches, spillways, and
erosion checks).
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9) All land at the MON site will be available for use (consistent with local land
use patterns) after remediation.

In addition to the above, as proven by practical implementation of the decision to
codispose all contaminated materials, it has been taking considerably less time to
finalize remedial action at the MON site than would have been possible with any
other option. By law, the UMTRA Project has to be completed by 1990; thus any
decision that expedites the process of remediation is to be favored over an action that
does not.

6.0 CONCLUSIONS

In the desire to comply with the proposed groundwater standards and to complete the
UMTRA Project within the legislated period, codisposal was selected as the most cost-
effective and technically feasible option for the disposal of the Monument Valley
tailings. The other options were rejected because of either high relative cost, high
risk, or low or unknown probability of compliance with the proposed EPA
groundwater standards.
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TABLE 1
COST COMPARISON OF DISPOSAL OPTIONS

DISPOSAL OPTIONS DELTA COSTS (MILLIONS)

BASELINE GEOMEMBRANE GEOCHEM DYNAMIC
SUMP COMPACTION

MON
SIP
SOS
NF-SOS

HAT
COLOCATION
CODISPOSAL

ALTERNATE
SITES
SANDWORM A
SANDWORM B
RED CANYON
HALGAITOH WASH

0.3
0
0.9

7.1
4.3

3.0
2.5
3.3
2.7

3.6(4.0)
0.7(0.7)
0.7(1.6)

3.1(3.8)
3.1(4.7)

( ) Cumulative cost.

*
Construction cost only. Does not include cost for engineering, field management,

construction contingency, planning and design development, and surveillance and
maintenance.
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FIGURE 1
PRESENT CONDITIONS AT THE MONUMENT VALLEY TAILINGS SITE

MONUMENT VALLEY, ARIZONA

Ol
(0

LIMIT OF QHAOINQ

QULtY FILL

_ J

: x

J

v......-,. o

o

— "

i,> «>.-..

FIGURE 2
PRESENT CONDITIONS. MEXICAN HAT SITE

NORTH
A

TOP t S1DESLOPES

1 0 EROSION PROTECTION > 0.5' FILTER 1 BEODINf

2.0' RADON COVER AMENDED WITH 12% BENTONITE

'"VRII

T-FINAL GRADE

-NORTH DITCH \ _ C O N T A M I N A T E D MATERIAL
TO BE REMOVED. BACKFILLED
A ID COMPACTED

AILINQS & CONTAMINATED-*
GROUND SURFACE

NOT TO SCAIE

TOP OF STABILISED
EMBANKMENT — i J

TAILINGS SOIL
INTERFACE



Drumlins—Potential Low-Level
Radioactive Waste Sites

Presented by

Henry W. Maxwell

New York State Low-Level Radioactive
Waste Siting Commission



ABSTRACT - DOE MODEL CONFERENCE - 1988

Drumlins - Potential Low-Level Radioactive Waste Sites
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Waste Siting Commission

A drumlin is a subglacially produced low, streamlined
elongate oval hill, mound or ridge with its long axis
parallel to the direction of ice flow. It may be composed
entirely of till, particularly basal till, or it may have a
bedrock core and a relatively thin till outer layer. Most
drumlins are less than a half mile long, 400 to 600 feet
wide at their base and less than 100 feet high. There are
some that are more than a mile long, 1500 to 2000 feet wide
and more than 200 feet high. A drumlin has many
characteristics which are advantageous to the siting of a
low-level radioactive disposal facility. Most drumlins in
New York State are composed of basal till which, because of
its mode of deposition, may be as dense and impervious as
concrete. This composition makes several disposal concepts
feasible. Preliminary data and conceptualization indicates
a subsurface mined repository paralleling the long axis of
a drumlin would meet physical, environmental and long range
public safety requirements. A drumlin site could answer
many intervenor concerns such as longevity, esthetics,
monitoring ability, and inadvertent entry. This paper will
describe the structure, composition and engineering
significance of the components of a drumlin and will
present some alternative concepts for LLRW disposal using a
drumlin as a host.

INTRODUCTION

Drumlins are subglacially produced low, streamlined
elongate oval hills, mounds or ridges with their long axis
parallel to the direction of ice flow, Their stoss ends
(blunt and steep) faces the glacier front and their lee
ends (usually narrower and tapered) are down flow. This is
a naturally produced streamlined form analogous to a blunt-
nosed fish or a whale swimming upstream.

Most drumlins are composed entirely of compact glacial
debris known as till, which consists of a heterogeneous
mixture of soil and rock particles of all sizes from clay
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to boulders. Drumlins can have bedrock cores with a veneer
of till and a few have been found that have a core of sand
and/or gravel or glacial lake clay (Fairchild, 1907 and
Thwaites, 1959).

Drumlin dimensions are: height 30 to 200+ ft (8 to 60+m) ,
average 97 ft (30m); length 1,300 to 6,500+ ft (400 to
2,000+m), average 4,900 ft (1,500m); width 400 to 2,000+ ft
(120 to 600+m), average 800 ft (2 50m). These dimensions
are measured from the surface of the ground moraine or till
plain, upon which drumlins sit. Figure 1 shows the typical
configuration of a drumlin.

Drumlins occur in clusters, swarms or drumlin fields
containing hundreds to many thousands of individual
drumlins. In the United States, the most notable
occurrences of drumlins are in Wisconsin, Michigan,
Massachusetts, New Hampshire and New York. New Hampshire
has approximately 700 to 800 drumlins; Massachusetts about
2,000, including the most famous of all drumlins, Bunker
Hill. About 5,000 exist in the adjacent eastern Wisconsin
- western Michigan area, and the largest drumlin field in
North America containing at least 10,000 drumlins occurs in
New York (Fairchild, 1907). The Canadian provinces of
Ontario, British Columbia, Saskatchewan and Nova Scotia
also have large drumlin fields. In Europe drumlin fields
exist in Scotland, England, Germany, Poland, Switzerland
and Ireland. The most notable field being in County Down
in northern Ireland which contains tens of thousands of
drumlins (A. Holmes, 1965). See Figures 2 and 3 .

TILL

The most important factor in considering a drumlin as a
host for a low-level radioactive waste repository is its
composition. Most drumlins, as previously stated, are
composed of till. This unstratified and unsorted mixture
of glacial debris was deposited in two ways: (1) by the
gradual melting or ablation of a glacier with the
consequent dropping of the rock fragments and soil
particles enclosed within or carried on top of the ice, and
(2) beneath and overridden by the glacial ice to form basal
or lodgement till. Ablation till was subject to little to
moderate compaction and usually consists of coarser
materials because running water washed away a large portion
of the silt and clay components.

Basal till is commonly rich in clay and silt because it was
subjected to very little or no sorting from flowing water
and therefore retained its fine particle content. A
thickness of hundreds to several thousand feet of ice
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rested upon and moved over the basal till. This tremendous
load compacted the till to a very dense state. The cores
of the majority of drumlins, at least in New York State,
are composed of this dense and tough till. (Fairchild,
1907) .

ENGINEERING CHARACTERISTICS

The composition of till varies according to the bedrocks
over which the glacier moved. Granitic, gneissic and
sandstone rocks produce a sandy and bouldery textured till.
Limestone and dolomite produce a moderately clayey and
bouldery till. Shales produce a very clayey till with a
relatively small boulder content. Some tills have also
been produced from a combination of more than one type of
bedrock or the result of reworking and incorporation of
previously deposited unconsolidated materials or residual
soils. Therefore, engineering characteristics vary from
area to area, but are fairly consistent within a given
area.

The physical characteristics of the basal till(s) found in
New York State and southern Ontario are similar. They have
a silt and clay content varying from 40 to 60 percent, low
void ratios between 0.15 to 0.24, very low porosites 12 to
2 5% in New York State and 20 to 4 0% in Ontario, very high
insitu densities varying between 140 to .158 lbs/fif and dry
unit weights between 130 to 150 lbs/ef and, permeabilities
ranging from 10--* to 10-<£ cm/sec in weathered basal till
and 10-7 to 10-8 cm/sec in unweathered basal till (Cleaves,
1963; Desaulniers, et al, 1980). Other basal till physical
characteristics that demonstrate the in situ strength of
basal till are seismic velocities ranging from 6,000 to
7,500 ft/sec, high shear strength, high standard
penetration test (SPT) blow counts during soil boring
operations and the high allowable bearing capacity of 8 to
12 tsf or more (personal observations). A basal till with
these properties is similar, except for bonding by cement,
to concrete. Like concrete, it has high compressive
strength and low tensile strength.

The characteristics described are excellent for engineering
purposes, but drumlins also have other attributes which
further enhances their potential role as a low-level
radioactive waste disposal site. They are visible and
easily monitored; have existed with little alteration from
erosion for more than 10,000 years; are not, at least in
New York State, prime agricultural lands, and are often
found in areas with low population density.
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DISPOSAL CONCEPTS

The engineering and geomorphic characteristics of a drumlin
present several possible methods for disposal of low-level
radioactive wastes. A mined repository may be feasible in
the larger drumlins and below-ground burial, below-ground
vaults and auger hole disposal may be feasible for the
moderate sized drumlins.

Figure 4 shows the Mined Repository Concept. A large
drumlin with a height greater than 100 ft (30+m) would
provide ample subsurface space in which to excavate tunnels
and galleries. The tunnel would be excavated along the
long axis with the drift portal at the stoss (blunt end) .
By beginning at the stoss face, only a small area of the
drumlin would need to be removed to establish a work face
for the adit. The configuration of the tunnel could be
round or a modified horseshoe with a diameter of 21 to 30ft
(7 to 9rn) . Excavation could be accomplished by a full face
boring machine, a roadheader machine, or by conventional
blast and muck techniques. Preliminary engineering data
indicates all of these excavation methods are feasible and
that there is sufficient stand-up time (i.e. the time the
roof and walls will not remain in place after support has
been removed) which allows advancement of the excavation
without costly special support systems. It is possible a
relatively thin shotcrete application would provide
sufficient strength to support the walls and roof.

The wastes enclosed in modular concrete canisters would be
stacked within the repository area according to their (A) ,
(B) , or (C) designation. In a straight drift (tunnel)
layout (A) and (B) wastes would be stacked from the floor
to the roof. The very low volume (C) wastes would be
placed in pits or auger holes in the floor or small side
rooms in the tunnel, (See Figure 4 ) . Another layout
concept would consist of large rooms or chambers in which
only one type of waste would be placed in an individual
chamber.

No matter what the floor plan would be, all space, tunnel,
pits and auger holes, and chambers would be filled to full
capacity and any voids between canisters, and between the
canisters and the walls and roof would be filled,
preferably with a cement grout. This complete and rigorous
backfilling would minimize or completely eliminate water
infiltration and subsidence.

During construction drainage ways and piping would be
installed to take care of any immediate water problems and
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possible future long range seepage. Monitoring instruments
would be installed during construction and operation.

Closure of the repository would consist of sealing
the portal and backfilling that portion of the drumlin that
had been removed to its original configuration so that the
esthetics of the area are unchanged.

Two other concepts that are also applicable are the
below-ground and buried vault concepts. Both are wide
trenches excavated through the upper weathered zone and
deep into the unweathered till. Both are feasible, but
tend to compromise the exterior integrity of a drumlin.
The constructed covers and the backfill, even though
carefully done, will not duplicate the in situ physical
properties of the till and therefore would require more
surveillance and maintenance.

WATER CONTENT AND WATER MOVEMENT

The greatest concern for a radioactive waste
repository, whether it is for high-level or low-level
materials, is water. The ideal is to have a water free
environment in which to place the waste. Unfortunately,
drumlins do not exist and were not created in an arid
environment, therefore, the till composing a drumlin
contains water in its pores (pore water) and in stringers,
lenses and pockets of sand and/or gravel.

Fortunately, the void ratio of clayey basal till is
low and consequently, even though saturated, the water
content is low. Age dating of pore water from unweathered
tills in Ontario, Canada found this water to range in age
from 8,700 to 9,800 year old (Desaulniers, et al, 1980).
This age indicates the water filled voids is a closed
system and that the rate of water movement is extremely
low. Calculations based on the low groundwater velocities
found in unweathered clayey tills show it would take 10,000
years for groundwater to move a maximum of 26m (102ft) or
(O.Olft/yr).

Frequently found with a drumlin are stringers,
lenses and pockets of sand and gravel which contain water.
Usually they are not extensive and would drain when
intercepted during excavation operations. Unless they
cropped out on a drumlin's surface they would not be
replenished with water. Where ever encountered, they must
be investigated and properly sealed with grout so the
structural and hydrologic integrity of a trench or mined
cavity are maintained.
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SUMMARY

A drumlin composed of clayey basal till, or one having a
rock core with a veneer of basal till, appears to have
excellent physical and engineering qualifications for being
the host of a low-level radioactive waste facility.
Theoretically, the mined repository concept is the most
promising and the best method because it disturbs very
little of the drumlin's exterior; provides a stable
environment with thick natural barriers to protect the
public from radiation; and is deep enough to make
intentional intrusion very difficult and inadvertent
intrusion unlikely.

Before the concept of a mined repository in a drumlin
becomes reality, a considerable amount of engineering and
geologic data must be acquired and analyzed. Construction
and life-cycle cost estimates need to be made and if all
studies are positive, a drumlin meeting siting criteria
must be found. If only one or two percent of New York
State drumlins meet engineering and siting requirements,
there still would be an ample number from which to choose.
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Abstract

A decision-making methodology is presented that combines systems and
risk analysis techniques to evaluate hazardous waste management practices
associated with DOE weapon production operations. The methodology
provides a systematic approach to examining waste generation and waste
handling practices in addition to the more visible disposal practices.
Release-exposure scenarios for hazardous waste operations are identified
and operational risk is determined. Comparisons may be made between
existing and alternative waste management practices (and processes) on
the basis of overall risk, cost and compliance with regulations.
Managers can use this methodology to make and defend resource allocation
decisions and to prioritize research needs.

1.0 Introduction

The U. S. Department of Energy (DOE) produces about 12 million tons
(21 million cubic meters) of hazardous and mixed hazardous and
radioactive waste per year at its facilities. These wastes result from
DOE's national defense an^ weapons production activities including: 1)
the operation of production reactors, fuel reprocessing plants, and
fabrication facilities which support the production of nuclear weapons,
2) the reprocessing of fuel from naval reactors, and 3) the operation of
experimental and research reactors.

The DOE is now required to comply with the Comprehensive Environment-
al Response, Compensation, and Liability Act (CERCLA) and the Resource
Conservation and Recovery Act (RCRA) for all wastes containing hazardous
constituents. Under these requirements, DOE must initiate remedial and
long-term actions to prevent leakage of contaminants from active and
inactive waste sites. The remedial action program for existing DOE waste
sites could cost in excess of tens of billions of dollars and could span
several decades. In addition, the DOE is also forced to reevaluate its
current facility operations in order to assure that waste management
activities are in compliance with environmental regulations. Because of
the high cost of complying with these regulations, DOE is now very inter-
ested in the areas of waste treatment and waste minimization. These

* This work was performed at Sandia National Laboratories, which is
operated for the U.S. Department of Energy under contract number
DE-AC04-76DP00789.
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technologies embody waste production modifications and treatment process-
es that lead to a reduction in waste volume and/or toxicity. In either
case, waste management cost reduction will be realized. Based on costs
for related commercial industries, DOE's current waste management costs
could approach one billion dollars per year.

A decision-making methodology is perceived as being helpful (and,
indeed, necessary) to DOE and its contractors in accomplishing their
mi: -.ions in the hazardous waste arena. A concept for such a methodology
is presented in this paper. Application of the methodology in a
demonstration analysis of DOE production facility is being planned.

2.0 Objective

The principal objective of the Decision-Making Methodology under
development at Sandia National Laboratories, Albuquerque, is to provide
DOE with a systematic procedure for making decisions on hazardous waste
management alternatives. This includes identifying and prioritizing
hazardous waste management "research."

3.0 Procedure

The procedure involves coupling of "risk" analysis methods [1,2] with
facility "systems" and "cost" analysis. The risk, systems and cost
analyses are performed on the entire waste management system including
production processes, waste processing, storage, and disposal.

Model Development

The first step is to develop a systems model for operations involving
hazardous waste. This model traces the movement of hazardous materials
from production, through treatment and storage, to disposal.

Risk analyses are then performed for the systems model to identify
those waste streams and management processes that constitute the greatest
health and economic risks. The model tracks the volume of hazardous
waste generated, its form, hazard index, etc. All waste-related
operations are treated as a system by the systems model. Release/exposure
scenarios are identified and their probabilities and consequences are
determined. The results are compared with regulations [3-6] and subjected
to sensitivity/uncertainty analysis [7-10].

Operating costs and amortized capital costs for existing waste-
generating processes/equipment and waste-handling operations are
tabulated for subsequent comparison with the operating costs and capital
costs of alternative processes, equipment, or operation strategies.

The systems model is modular in its architecture, permitting elements
to be upgraded or replaced to evaluate alternative models or processes.
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Evaluation of Alternatives

Once problem areas have been identified, management alternatives can
be defined and used to develop "alternative" system models. Examples of
management alternatives include 1) selection of alternative industrial
processes that lead to smaller quantities of waste material or generation
of less toxic wastes, 2) additional or alternative waste processing and
minimization technologies (e.g., biodegradation, incineration, etc.) and
3) alternative waste storage and disposal technologies. The most
desirable waste management alternatives are then selected on the basis of
risk and cost analyses of the "alternative" system models. Thus, the
methodology can be used to define those changes to facility operations
that best address waste management problems in terms of revised system
risk and cost of implementation.

Decision-Making

The methodology represents a systematic approach to evaluating
current practices and alternatives. A manager uses the results to make
and defend resource allocation decisions based on compliance, cost, and
risk-reduction considerations.

4.0 Sample Application

Consider a simplified example. Let's assume a weapon production
operation that produces three waste streams: A, B and C. This is shown
schematically in Figure 1. First, the operation is divided into stages
and a composite hazard index for each stage is developed as follows.

Preliminary Systems Evaluation

A preliminary hazard evaluation of the entire operation is made by
reviewing and identifying all "stages" of the operation where hazardous
materials are used, generated or stored. Each stage is characterized for
hazard potential by assigning hazard indices for: a) volume of hazardous
material (low volume = low index), b) characteristics of ignitability,
corrosivity, reactivity, and extraction procedure (EP) toxicity (see 40
CFR 261) - here, absence or low values of these characteristics = low
index, c) physical form, with low values for low volatility solids and
increasingly higher indices for low, medium and highly volatile liquids,
toxic gases, etc.. d) containment - here, sealed, non-corrosive drums
would be assigned a low index and open trough or pits would have a high
index. Each stage involving hazardous materials (from production to
disposal) will be evaluated and assigned indices. For each "stage," a
composite hazard index can be determined by appropriately weighting and
adding the four indices described above. The various stages can be
ranked in this manner. The system model will consist of block diagrams
and simple equations that track the introduction, flow, generation, and
destruction of hazardous materials.
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Next, operating costs and amortized capital costs are evaluated for
all stages of operations involving hazardous materials. This would
include cost of materials added, the cost of labor to operate machinery
or to perform post-processing treatments, and the energy costs to operate
machinery.

Risk Analysis

For this methodology, risk is defined in terms of consequence
(deaths, serious illness, etc., from an accident/exposure scenario) times
the frequency of occurrence. As an example, let's assume the total risk
(for all accident scenarios) is 0.1 deaths per plant per year. It may be
possible to reduce the risk to 0.001 deaths per plant per year by
analyzing the system, as proposed here, and making modifications in
processes and/or practices. Figure 2 shows how risk analysis is
performed on the production facility once the "stages" (operations)
involving hazardous materials have been outlined.

Accident scenarios and corresponding consequences must be developed.
A review of safety or environmental documentation on the facility and
plant visits are typically required to identify accidents (involving
hazardous waste materials) that could result in injury or death. For
example, let us assume an accident sequence is linked to hazardous waste
stream A of the production process depicted in Figure 1. The scenario, a
major fire, produces toxic fumes and results in the death or serious
injury of 3 workers (in the plant) and sickness to 50 members of the
public (off-site). Smaller consequence scenarios (spills, leaks, etc.,
usually having higher frequencies than high-consequence scenarios) are
also identified from incident reports or interviews with operators.
Next, the probability for each scenario is determined by either
historical frequencies (if available) or by probabilistic risk analysis
on components of the machinery involved.

Sometimes, frequencies in related industries (such as the commercial
chemical industry) can be used if little or no data are available for a
specific scenario at the plant being analyzed. For a fire and subsequent
exposure to toxic fume:;, one could use the Statistical Abstracts [11] and
the National Fire Protection Association Reports [12]. There were 19
major facility fires for the chemical industry in 1985 and 11400 plants
in that category, giving a frequency of 0.0017 accidents of this type per
plant year. This gives a death risk of 0.005 per year per plant (i.e., 3
x 0.0017). When the consequence and probabilities are known for each
scenario, the specific risk (from each scenario) and the cumulative risk
can be calculated from the product (and sum of products) of consequence
times probability.

Comparison With Regulations

Sandia's decision-making methodology has the capability of showing
compliance with regulations. For example, 40 CFR 261, defines regulated,
hazardous wastes. An important part of the systems analysis is to
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identify all wastes and then to determine if the waste fits the narrower
category of "hazardous" waste. Hazardous waste is defined as any waste
that is not excluded from the regulation, and that is either listed or
exhibits one or more of the characteristics of hazardous waste:
ignitability, corrosivity, reactivity, and EP toxicity.

Reactivity's parameters are highly subjective and tests have not been
fully established. There is a flashpoint threshold specified for the
ignitability characteristic (less than 140°F); and specific pH values
(greater than 12.5 or less than 2.0) and also a steel corrosion rate to
define the corrosivity characteristic. EP toxicity involves testing the
waste for concentrations of certain soluble heavy metals and/or
pesticides. These wastes are hazardous if extract concentrations are
more than 100 times primary drinking water standards. There is an array
of contaminants which may indicate EP toxicity and wastes exhibiting this
characteristic are often denoted for the specific constituent, e.g., EP
toxic for chromium or EP toxic for cadmium and mercury.

Several wastes, even though they exhibit a characteristic of
hazardous waste, are excluded from full regulation as hazardous wastes.
Examples include wastes generated from the processing of ores and
minerals, residues remaining in empty containers, certain small
quantities of hazardous waste (small quantity generators generate between
100 and 1000 kg/mo.), samples, etc.

In addition, the EPA Clean Air Standards [5] must be demonstrated for
incinerator operations as well as for operations/processes involving
volatile chemicals. Waste water treatment operations are regulated under
the Clean Water Act [6].

Sensitivitv/Uncertainty Analysis

In both the system model and in the risk analysis model, there is
uncertainty associated with models' inputs (and outputs). An approach
for handling this uncertainty is to treat model input parameters as
variables with ranges of values and assigned probability distributions.
Specific values for model input would then be obtained from these ranges
by using a well-defined statistical sampling procedure. Monte Carlo
simulations are performed to provide a distribution of model predictions.

Another important aspect of the methodology, with respect to those
stages requiring detailed scenario analysis, is the study of variation in
model output as a function of variations (as distinguished from
uncertainties) in model input. This is typically referred to as a
sensitivity analysis. A sensitivity analysis has several important
benefits. First, it can be used to direct future research toward
understanding the behavior and influence of important parameters. In
turn, this refined knowledge could result in reduced uncertainty due to
more realistic ranges of values for these parameters. Second, the
identification of important parameters can be beneficial in the
refinement of a computer code or model or in the development of a less
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complex, more efficient code. The idea is to focus the model(s) on
parameters whose values are most likely to affect the final result. Less
sensitive or well-behaved variables can be assigned average values or be
modeled by simple expressions.

More detailed discussions of sensitivity and uncertainty techniques
may be found elsewhere [7-10].

Evaluation Of Alternatives

Next, alternative practices/technologies are reviewed. New indices
and operating costs are figured. Capital costs for new systems are also
tabulated so the alternative technologies can be compared on the basis of
both operating cost and amortized capital cost. After these steps,
release scenarios and consequences are revised to reflect the new system.

For example, a simple chemical treatment of an emulsified waste
stream has been used, in Sandia-sponsored experiments at the University
of Notre Dame, to produce a supernatent (a low volume, toxic, green mat)
and a relatively clear subnatent. The supernatent could be incinerated
at relatively low cost (compared to incinerating, storing, or otherwise
disposing of all the waste stream) and the subnatent (90% of the waste
volume) has been successfully reduced in a Sequencing Batch (biological)
Reactor (SBR) [13] to CO2 and H2O, which can be discharged to the
municipal sewer. This approach has potential for drastically reducing
the volume of waste, its ultimate disposal cost, and health risk at a DOE
production facility.

5.0 Summary

The decision-making methodology, as described in this paper,
identifies potential sources of hazardous waste problems by
systematically analyzing practices and operations involving these
materials. The method accounts for coupling, interfaces and feedback
loops between processes or operations that create or involve hazardous
waste. The method permits evaluation of alternatives after identifying
and ranking high-risk operations and practices at a production facility.
Furthermore, it provides a systematic approach to eliminate high-risk
problems and provides a well-defined, objective method for focusing on
important issues.
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ABSTRACT

A RACP selects site cleanup criteria that protect human health and the environment and are
cost effective. They generally use existing environmental standards and/or guidelines which include
safe drinking water. RCRA groundwater protection, threshold limit values and air quality standards,
and recommended soil cleanup level guidelines. If these are the only criteria used, the RACP may
be more stringent and expensive than necessary. Another step, a risk assessment program, should
then be considered in the cleanup decision process. A risk assessment uses chemical concentrations
observed in soils, groundwater, and air to project their impact on human health and the environ-
ment. Toxicological data on human exposure to these concentrations (LD 50s and carcinogenic
action levels) are used to assess risks to human health and the environment. The risk assessment
also considers the probability of exposure. E.g., remedial programs at "Superfund" sites consider
three criteria in order to assess risks to human health and the environment: (1) pathways of expo-
sure, (2) population at risk, and (3) chemicals of concern. By eliminating or severely limiting the
significance of any criteria, the site may no longer represent a significant risk. This paper presents
a RACP case history where a risk assessment was needed to select a cost effective and environmen-
tally acceptable cleanup program.

INTRODUCTION

A risk assessment program uses the data obtained in the initial phase of the remedial action
program for soils, groundwater. and ambient air to project the real impact of these values on human
health and the environment. Toxicological data on human exposure to the chemical concentrations
found, including their LD50s and carcinogenic action levels, are used to assess the risks to humans
and the environment. At the same time, the risk assessment also addresses the probability of expo-
sure occurring by considering the location of the contaminants of concern and the potential path-
ways for exposure. For example, every remedial program at a "Superfund" site must consider three
equally important criteria in order to properly assess the risks the site poses to human health and the
environment. They are: the population at risk, the chemicals of concern, and the pathways of
exposure.

BACKGROUND

The proposed resort site is located adjacent to the Pacific Ocean. The site includes two
elevated terraces and a central low valley. A creek runs through the valley and discharges to the
Pacific Ocean.

The geology at the site consists of alluvial deposits (sand and gravel laid down by stream
action in the valley), older alluvial deposits which cap the terraces, and Miocene shale bedrock.
Groundwater has not been encountered at depths underlying the terraces, but does occur in the allu-
vial deposits in the valley at depths of 10 to 25 feet.
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The site was actively used as a tank farm and oil processing plant between 1028 and the laie
1940s. The location of historic oil operations is documented by aerial photographs of the area
Figure 1 shows the location of tanks, buildings, dikes, and sumps at the site as indicated by ihese
photographs. Notably, the western portion o( the property has never been utilized for industrial
operations. Operations ceased in the early 1950s. All structures have been removed with the
exception of what appears to be tank containment dikes, which are evident from the present topog-
raphy.

SITE INVESTIGATION - PHASE 1

The site investigation consisted of two phases. During Phase 1. the preliminary site investiga-
tion, soils and water samples were collected and analyzed using approved EPA methods for organics
and California Assessment Method (CAM) for metals at locations selected to include all of the
sumps, tanks, and areas of historical industrial activities.

MET AL CONCENTRATIONS PRESENT AT THE SITE

Analyses for CAM metals were obtained during Phase 1. A comparison of the analytical
values for concentrations of total CAM metals at the site with draft recommendations Irom the Cali-
fornia Department of Health Services (DHS) for the soluble threshold limit concentration (STLC)
and total threshold limit concentration (TTLC) values for the CAM metals clearly shows that only
three of the values for any of the metals exceed the TTLC (one arsenic [As] value and two selenium
[Se] values). While some variation in values between sampling points does occur, these would be
expected as soils are typically nonuniform, varying both at depth and at location.

QRGANICS PRESENT AT THE SITE

Organics were found at the site in soil and water samples. Total petroleum hydrocarbons
(TPH) concentrations ranging from 40 to 7,000 ppm were found at six locations and benzene,
toluene, and xylenes (BTX) were also detected. One value for chlorobenzene was also determined,
although when a duplicate soil sample was analyzed it was not detected. The one value could easily
be a false positive.
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Figure 1. Historic Oil Operation (Penfipici & Smith triRinpprs Inr. 1985.
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Three additional organic compounds were also observed in soil samples: methylene chloride,
acetone, and freon. Since these chemicals are commonly used in analytical laboratories for sample
preparation, it was concluded that their presence was most likely the result of laboratory contamina-
tion.

SITE INVESTIGATION - PHASE 2

After reviewing the Phase 1 report, the California DHS requested additional information on
both organics and metals. It expressed particular concern over the high concentrations of heavy
metals found, their potential for migration, and the potential for groundwater contamination.

Consequently, samples were obtained from eleven borings and were analyzed for metals.
The samples from one were used to establish background values. All of the borings with the excep-
tion of the background borings were placed adjacent to areas of contamination as indicated by the
Phase 1 data to determine whether these elevated levels were representative of larger areas of
contamination and whether any significant vertical or horizontal migration of heavy metals had
occurred. Figure 1 identifies all borings.

Since excavation and fill activities were to occur in the vicinity of EA-14. where high organic
concentrations were found, the DHS asked specifically that the question of organics in the vicinity
of the EA-14 borehole area be addressed. For the two borings adjacent to EA-14. S-ll and S-12.
organic vapor screening was performed in the field using a portable dual-column gas chromato-
graph. Samples were selected based on the field screening results, and submitted to an analytical
laboratory for TPH and BTX analysis.

INORGANIC TEST RESULTS

Table 1 summarizes the ranges of metal concentrations found and contains recommendations
from the DHS, California Site Mitigation Decision Tree Manual, for values for the STLC and
TTLC and the recommended soil cleanup levels (RSCL). All metal concentrations are lower than
the TTLCs.

Table 1. Analytic Data Summary Phase 2 Metal Concentrations (ppm)

Regulatory and Guideline Values

Substance

As

Se
Cr

7n

Ni

Cu
8a

Hg

Concentration
High Low

12.9

30

208

?36

233
98

1,07?

?.O4

0.3
0.1

19.8

24

18.8

8.6

32

<0.04

TTLC

500

100

2,500

5,000

2,000

2,500

10,000

20

STLC

5

1

SfiO

250

20

25

100

0.2

Drinking Water
Standards

0.05

0.01

0.05
+ *

5.0
-
**

1.0
1.0

0.0002

5

1

1

RSCL

SO

10

50

,000

-
,300

,000

n.?

Range

I •

0.1 •

; •

10 -

5 -

7 _

100 -

0.0 -

• 50

. ,•>

• 1,000

• 300

• 5 0 0

• 1*0

3,000

• O.i

*
1 nirninn Soi Is

Average

n. i

100

50

40

30

4 30

0.03

Lindsay, Willard L., 1979, Chemical Equilibria in Soils.

Values have been proposed as drinking water standards hut arc not regulated by E PA.

TTLC and STLC levels are provided for the management of hazardous waste and are not
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appropriate measures for determining the necessity for or extent of a soils cleanup program. The
California DHS. however, in accordance with the California Site Mitigation Decision Tree Manual,
focused iis requirements on an assessment of risks represented by on-site levels.

A review of more than 100 test results indicates all values are below the RSCL with the
exception of eight Sc values from samples ranging in depth from 20 to 40 feet; two barium (Ba)
values at 15 and 30 feet: and four isolated mercury (Hg) values.

A statistical comparison between background values of Boring SB-1 and data for surface soil
samples clearly shows that all surface soil metal concentrations are essentially equal to or less than
background. Further, all metals, again with the exception of the same eight selenium values and one
mercury value, are well within the common range found in soils, indicating that the metals content
of the soil can be assumed to be naturally occurring.

ORGANIC TEST RESULTS

The California DHS has listed a number of organic compounds which, if present in a waste
at levels exceeding TTLC values, would be subject to California's regulations regarding hazardous
waste management. None of the organic compounds found at the site exceeds TTLC values. Con-
sequently, other references were used to assign concentration values, which could be of concern, for
the organic compounds BTX found in the soils.

OSHA threshold limit values (TLV) were used for organic compounds that could be inhaled
or absorbed through dermal contact, that may be toxic, or are known or suspected carcinogens.

EPA-recommended maximum contaminant levels for organic chemicals in drinking water
were used, including limits of 5 ppb for benzene (see Table 2).
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0.006
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EPA has not listed xylenes as toxic, but rather regulates these organics solely on the basis thai
they are ignitable. Consequently, the presence of xyienes, unless their ignitability poses a problem,
would not pose a health hazard (see Table 1).

The majority of organics in soil samples were below the detection limit of 0.001 mo/kg. Boih
the nonregulatory RSCL recommended by the DHS for soils and EPA's proposed drinking water
standards support the conclusion that soil concentrations of organics found at the site pose no threat
to human health and the environment. The quantities of organics present arc also orders of
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magnitude below OSHA TLV and therefore are not likely to have an impact on human health and
safety through inhalation or dermal contact. Finally, while the concentrations in soil are greater
than the standard concentrations for drinking water for benzene (DHS action level, EPA toxicity
screening level, and drinking water proposed standard) and xylenes (DHS action level), these organ-
ics were found only in soils and not in the water samples.

SPATIAL LOCATION OF CONTAMINANTS

Since high values for some metals as well as TPH values for organics were detected during
both Phase 1 and Phase 2 investigation? it was prudent to establish the spatial location of the con-
taminants of concern to determine available pathways of exposure and consequently establish the
potential population at risk.

Grading maps showing cut-and-fill areas on the site were reviewed to determine where the
high concentrations of contaminants were located relative to the proposed construction activities.
Soils in the vicinity of sample location EA-i will be removed to a depth of 8.1 feet. Samples at a
depth of 20 feet showed a value of 354 ppm for arsenic (As), and 107 ppm for nickel (Ni). Sample
locations S-l through S-6 surround sample location EA-1. The highest values reported for As and
Ni found in these borings were 8.58 ppm As at 10 feet and 116.6 ppm Ni at 2.5 feet. These soil
samples will continue to be covered by approximately 12 feet of soil and thus will not pose a signifi-
cant risk.

Sample location EA-31 will be filled with 5.5 feet of soil while EA-14 will be filled with 2.2
feet of soil. EA-31 contained 204 ppm As and 632 ppm Ni at a depth of 15 feet. Adding 5.5 feet
of additional surface will result in an even greater level of protection. Sampling locations S-6, S-8
and S-9 are close to or downgradient from EA-31. The highest reported values at any depth for
these locations is 6.1 ppm 5 feet deep at location S-ll. Cover of 10.2 feet of soil gives great
assurance that even the concentrations reported will not present a risk of exposure.

Sample locations EA-7, EA-32 and EA-33 will be left undisturbed, with no grading occur-
ring. EA-7 contains 727 ppm As at a depth of 18 feet. Sample location S-10 is approximately 90
feet upslope from EA-7. The highest reported As value at any depth at this location is 12.91 ppm
at a depth of 10 feet.

RISK ASSESSMENT - PHASE 3

After DHS completed its review of the Phase 2 report, it continued to express concerns
about items such as the toxicity of the metals and organics, the health risks the observed concentra-
tions might imply, and their potential for migration to groundwater. Consequently, a risk assessment
was undertaken. The potential for migration (mobility) of metals and organics to groundwater was
also assessed.

INDICATOR PARAMETERS

In performing a risk assessment for a remedial action cleanup program, it is useful to identify-
site-specific conditions and chemical parameters as indicators of potential environmental problems
and issues. All too often the regulatory community tends to rely solely on generic "shopping lists" of
chemicals identifying potential sources of environmental concerns to determine if removal for site
remediation is required. Examples of these shopping lists are the Appendix VIII Hazardous Con-
stituents for Organics, and in California, the CAM List for Metals, which contains some 22 metals.
Once the initial phase of a site investigation is complete, it is preferable and useful to review those
chemical constituents which were found to be present and to select from these a few "indicator
parameters" that would have the greatest potential for environmental damage rather than using all of
those from the generic list.

This approach will focus the risk assessment effort to the benefit of both the investigator and
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regulatory agency. Better targeting of the problem will simplify the agency's administrative efforts,
while reducing the long-term costs and time required for completing the remedial action plan.

Selection of indicator parameters for both metals and organics should be influenced by
specific site conditions, including site geology, hydrology, and meteorology as well as types of anti-
cipated construction activities. For example, if groundwater is a source of drinking water, then the
six metals regulated by EPA for groundwater become important indicator parameters. If
groundwater is not an issue but human health and the ecological system are, then those metals
present that are toxic and carcinogenic become the important indicator parameters. In this investi-
gation, groundwater was not an issue but toxics were; therefore, the indicator metals selected were
As and Ni on the basis of potential carcinogenicity. These plus barium, chromium, calcium,
selenium, zinc, and mercury were selected on the basis of being health hazards. By using indicator
parameters, the 17 metals evaluated in Phases 1 and 2 were thus reduced to 8 in Phase 3.

A similar approach was used for organics. While eleven organic compounds or families of
compounds were analyzed in Phase 1, the only significant parameter present was TPH. which was
considered an indicator of gasoline. Therefore, during subsequent phases of investigation, the most
hazardous components of gasoline, benzene, toluene, and xylenes (BTX) were selected as the
organic compound indicators. No other organics were analyzed in Phases 2 and 3.

HEALTH RISKS

A quantitative health assessment was undertaken of cancer risks potentially presented to both
visitors and workers at the proposed site. The probability of contracting cancer due to the presence
of contaminants in the soil at the site was calculated. The possibility of noncancer health effects
occurring was also evaluated. Various exposure pathways (inhalation, ingestion, dermal absorp-
tion) were assessed and assumptions identified.

INHALATION PATHWAY

Particles of dust and soil to which heavy metals are adsorbed can be resuspended into the
atmosphere, primarily due to wind erosion or dust generation by soil disturbance. Inhalation of
these resuspended particles can represent a potential exposure pathway for humans.

ESTIMATION OF AIRBORNE CONCENTRATIONS OF DUST

The estimation of generated ambient dust concentrations at any specific site would require
detailed information on the surface-type contours, soil moisture, and wind speeds and direction as
well as characteristics of ground level obstacles and watering patterns. A simple approach, a "worst
plausible case" scenario, would be to assume that 85 percent of the average PM10 (paniculate
matter, 10 fjum in diameter or less) levels would be generated from resuspension of soil on the site.
This value multiplied by the fraction of the metal in the dust would yield the airborne concentration
of the metal available for inhalation. The average of PM10 concentrations used (31.8 (xg/m3) was
reported by the California Air Resources Board for 1984 and 1985 in California.

The fraction of the metal in dust can be calculated by taking the average of all surface soil
samples in ppm. However, this represents an extreme overestimation of surface soil metal con-
centrations. This is because all values at all sampling locations within the site were used to com-
pute the average concentration, regardless of whether the soil at a particular location was going to
be removed, covered by a building or paved parking lot. or covered by new soil and landscaping.

A second method of calculating resuspension concentrations of dust and soil is to use an
empirically-derived factor. Resuspension factors (Krs) of 10 ll'm ' to 10gm ' have been reported
(Horst 1977).
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ESTIMATION OF CANCER RISK VIA INHALATION

Of the metals identified in the soil, two are regulated by the EPA and DHS as carcinogens:
As and Ni. Cr in the hexavalent form is also carcinogenic, but laboratory analysis confirms that all
Cr at this site is in the noncarcinogenic trivalent form. Thus, noncancer health effects were con-
sidered for all indicator parameters while cancer risks were only assessed for As and Ni.

A "worst-case" estimate of cancer risk due to exposure via inhalation can be estimated by
assuming a 70-year lifetime of continuous exposure to the calculated airborne levels at this site.
Because this is highly improbable, and because the surface soils on the site will be covered by build-
ings, parking lots, roads, and landscaping, a more reasonable, but still very conservative, assessment
of cancer risks includes the following assumptions:

• Assume an employee will work a maximum of 2,000 hours per year for 50 years at the site.

• Assume a guest at the hotel will stay a maximum of 14 days per visit and visit the hotel once
each year for 70 years.

• Assume that only 10 percent of the resuspended soil from the site is contaminated as virtually
the entire site area will be landscaped, covered with clean soil, or covered by a building or parking
lot.

The lifetime cancer risks from As and Ni using the conservative assumptions were then cal-
culated and found to be 2.0 x 108 and 8.8 x 109 for employees and 1.1 x 108 and 5.0 x 109 for
guests, respectively.

INGESTION PATHWAY

Ingestion of soil and dust containing contaminants can occur and therefore presents a poten-
tial pathway of exposure. Paustenbach (1986) from available scientific literature on soils ingestion
by age group found the consensus estimate to be 100 mg/day for children (aged 2-6) and virtually
none (5 mg/day) for adults.

The average surface soil concentrations used are for a worst plausible case scenario. Because
much of the existing surface soils will either be removed, covered by buildings, parking lots or
lawn, or replaced with clean soil for landscaping, the most likely estimate would involve contact
with no more than 10 percent of the indigenous soils. The percent lifetime spent at the site by
employees and guests are those used for As and Ni inhalation exposure. Most likely doses via inges-
tion were then calculated by the EPA carcinogen assessment group method and found to be 7.3 x
IO'H and 3.2 x 10"9 for employees and 4.9 x 10"8 and 2.2 x 10'9 for guests, respectively.

DERMAL ABSORPTION PATHWAY

Skin absorption of substances present in soils is another potential route of exposure. To cal-
culate the potential dose via this route, the amount of daily soil contact and the percent uptake
through skin must be estimated.

The amount of skin contact with soil is age dependent, with the Centers for Disease Control
(CDC)(Kimbrough 1984) estimating that children aged 9 months to 5 years will have an average
daily contact with 2.4 g/day and persons older than 6 years of age will have an average daily contact
with 0.1 g/day. Thus, a visitor who frequents the resort site for 2 weeks every year from birth for a
70-year lifetime, will have an average most-likely skin contact with soils of 9.9 x 10~4 g/day.

A worker who works 2,000 maximum hours each year for 50 years will have an average con-
tact, which assumes no use of protective clothing, of 1.5 x 10 3 g/day.

The CDC also assumed that soil would remain on the skin for a period long enough for a one
percent absorption of any substance present. The EPA (personal communication) agrees with the
CDC assessment of one percent absorption and recommends the use of this figure for both metals
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and polynuclear aromatic (PNA) hydrocarbons.

Total cancer risk via all pathways to arsenic and nickel are 6.8 x 10"8 for a visitor and 1.1 x 10 7 for
a worker.

Because considerable cutting and filling of existing soils will be conducted onsite. some sub-
surface soils with greater concentrations of metals than surface soils may be placed on the surface.
In the remote possibility that these soils are not covered by buildings, parking lots or landscaping,
the highest soil concentration for As (12.91 ppm) and Ni (233.60 ppm) were used to calculate the
worst-case total cancer risks via all pathways, which were 2.0 x 10~7 for a visitor and 3.5 x 107 for a
worker.

NONCANCEROUS EFFECTS

The potential for noncancerous adverse health effects from exposure to substances present in
the soil is extremely low. The acceptable daily intakes (ADI) when compared to the total estimated
daily dose of each substance were not exceeded.

ORGANIC HEALTH EFFECTS

Because the soil concentration of organic contaminants is very low, the risks of adverse
health effects from these substances appear negligible. To be assured of this, however, two screen-
ing calculations were conducted for inhalation cancer risks presented by benzene and PNA hydro-
carbons.

The highest soil concentration of benzene, 0.01 ppm. was used. A total value of 4,000 ppm
was used to represent an unrealistic "worst-case" concentration. The unit risk factor for benzo-a-
pyrene was used in the calculation. The risks due to inhalation were 3.7 x 10~'4 for benzene and
5.8 x 10"6 for PNA hydrocarbons. Thus, even with the unrealistic assumption that all hydrocarbons
have carcinogenic potency equal to benzo-a-pyrene, the risks from inhalation were quite low. In
fact, the cancer risk from the hydrocarbons present is more likely to be 1,000 times lower.

MOBILITY (MIGRATION)

Water solubilities and soil adsorption properties of organics are important factors in control-
ling migration in the subsurface. The very low solubility of xylenes and their high adsorption will
significantly retard migration in soils. Benzene and toluene are somehat more soluble and less
adsorbable: however, their migration will also be retarded. The mobile components of crude
petroleum or waste oil are those portions that are water soluble. Components such as benzene,
toluene, and xylenes meet this criterion and thus can be mobile and enter groundwaler. At the
same time they are also volatile and would not be expected to be present in appreciable concentra-
tions after many years. These factors significantly limit the amount and ability of these organics to
migrate in soils and consequently restrict their potential for movement into groundwater.

Figure 2 indicates that although organics in EA-14 are still present at the site, no significant
migration has occurred. The depth at which organics were found, in reference to the total depth of
the boring, indicates that very limited, if any, vertical migration has occurred. Table 3 summarizes
information for samples taken in upgradient and downgradient directions. Comparison of the data
indicates negligible vertical or horizontal migration of either the TPH or the trace amounts of vola-
tile organics.

In addition to TPH, the volatile organics benzene, toluene, and xylenes are usually found in
significant quantities at a location where a gasoline tank has leaked (see Table 3). TPH are typi-
cally used as an indicator parameter, since the test can be performed rapidly and uses simple
laboratory techniques. However, sites can have significant TPH present without having benzene,
toluene, and xylenes also present. At sites where gasoline is the hydrocarbon ol concern, such as at
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Figure 2. Concentration of Selected Organic Compounds in Soil in Vicinity of Boring EV2

Table 3. Comparison of Volatile Organic Concentrations at the Site
Versus a Typical Gasoline Tank Leak Site

Volati le Oraamcs

Sample No.

EA-14

S-11

S-12

Typical
Gasoline
Tank Leak

Sample
Depth Ft.

8

20

10

--

Total
Petroleum

Hydrocarbon
ppm

4,000

<5

<5

48

Benzene

- -

ND

ND

2.5

'ppm)

Toluene

0.3

0.006

0.005

1.3

Total
Xylerxjs

- -

o.oo:

o.oc:

2.9

a leaking underground gasoline tank, the TPH can be 10 to 50 ppm At the proposed resort site, the
TPH are much higher, 4,000 ppm. The benzene, toluene, and xyienes in soils and groundwaicr.
however, are substantially lower (ND and 0.006) than the values found in gasoline station soils and
groundwater. This implies that the contaminants at the proposed resort site consisted of crude or
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minimally processed oil and is supported by the abundance of long-chnin hydrocarbons identified in
the speciation of the TPH sample from EA-14.

The potential mobility of inorganic ions was also addressed. Because of the natural clays
found at the site, even those soluble metals present will be immobilized to some extent by the canon
exchange capacity of the soils. It. is therefore not surprising that the data collected in the Phase 2
study indicates that little or no migration of heavy metals has occurred.

GROUNDWATER

Gioundwater issues should be considered in terms of the regional hydrogeological setting as
well as site-specific conditions. This setting consists of layered tertiary age geologic formations, the
Monterey formation overlies the Rincon formation, which in turn overlies the Vajueros formation.
Sediments contained within the Monterey and Rincon formations generally consist of very fine
grains, silts, and clay, which are not considered aquifer material. The uppermost aquifer within
the sedimentary sequence consists of sandstones contained within the lower Rincon formation and
Vajueros formation. These sandstones exist at a depth in excess of 1.000 feet and constitute one
of the oil producing reservoir formations. Based on these geologic facts, no regionally important
fresh water aquifers underlie the site.

Minimal groundwater does exist in the approximately 30-foot thickness of alluvium that exists
within the the creek valley. The limited quantity and quality of the groundwater along with the
regional hydrogeologic setting of the site was considered by the California Regional Water Quality
Control Board (RWOCB). Based on this information, it indicated that groundwater contamination
was not an issue ai this site.

SUMMARY AND CONCLUSIONS

This remedial action program for the proposed resort site has evaluated a number of factors
to arrive at criteria for a site cleanup program that will protect human health and the environment
and at the same time will be cost effective. During the course of the investigation, it became
apparent that the regulatory agencies reviewing the program were evaluating the possible impact
on the environment of these contaminants solely on the basis of their elevated concentrations in soils
found during the Phase 1 and Phase 2 investigations, rather than considering what probability
existed that these high concentrations would have an adverse effect on human health and the
environment.

As a consequence, the Phase 3 risk assessment program was implemented considering the
population at risk, the chemicals of concern and the available pathways of exposure. Therefore,
using indicator parameters, toxicological data for the contaminants was used to assess risks of expo-
sure to human health and the environment (population at risk and chemicals of concern). The spa-
tial location of th^se contaminants (pathways of exposure) and their potential for migration were
evaluated.

When all factors were taken into consideration, the chemicals of concern, the population at
risk, and the pathways of exposure, it was determined that the removal of any contaminated soils at
the site was not necessary as part of a remedial action cleanup program. In conclusion, the soil
concentrations of metals and organics found at the site pose no threat to human health and the
environment either now or when construction is completed. When the cost of the risk assessment
($75,000 to $100,000) is compared to the estimated disposal costs of soil as a hazardous waste
(3,000 yd^ at $335.yd1 = $1,000,000) eliminating the need to remove soils to a permitted hazardous
waste disposal facilitv has been cost effective by providing substantial cost savings.
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USE OF QUANTITATIVE RISK ASSESSMENT AND RISK MANAGEMENT
IN A FACILITY SITING ISSUE AT RANDOLPH AIR FORCE BASE

Dennis M. Smith
Jane M. Patarcity

ABSTRACT

Quantitative risk assessment (QRA) techniques were employed to guide decision makers on
the advisability of constructing a health maintenance facility on a site which had been
previously employed for the handling of potentially hazardous chemical compounds. A site
investigation study provided information regarding the occurrence and distribution of
chemical compounds in soils and groundwater at the proposed facility site. Exposure
potential was considered by determining the most likely pathways of chemical release and
transport, as well as human activities at and near the site.

Estimates of individual exposure and dose models were prepared for many different
scenarios. Critical scenarios included:

• Inhalation of contaminated soil particles by onsite workers during site
construction activities.

• Direct dermal contact with contaminated soils and concurrent accidental
ingestion of contaminated soils by children during site occupancy.

A contaminant release and transport model was used to estimate exposure to airborne
particulates during construction activities.

INTRODUCTION

In conjunction with the United States Department of Defense (DOD) multi-phased
Installation Restoration Program (IRP); Headquarters Air Training Command (HQATC) and
Randolph Air Force Base (RAFB) requested a site investigation and risk assessment of the site
proposed for a composite medical/dental facility (CMDF). Martin-Marietta Energy Systems,
Inc. (Energy Systems) requested that NUS Corporation (NUS) prepare a risk assessment and
advise on the suitability of siting the proposed CMOF on this study area.

Study objectives included:

• Determine the presence or absence of contamination in the specified area of
investigation.

• Perform a public health and environmental risk assessment and evaluate the
suitability of constructing the combined medical/dental facility in the study area.
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Randolph AFB is located about 14 miles northeast of San Antonio, in Bexar County, Texas.
The study area is located in the northwest area of Randolph AFB, immediately west of Third
Street West and south of North Perimeter Road. The proposed CMDF is to be located in the
northwestern third of the study area. The study area was in an open, grassed area that
slopes gently toward the East. Two above-ground JP-4 fuel tanks designated TF-41101
(840,000-gallon-capacity), and TF-41106 (420,000-gallon-capacity), are located just
southwest of the study area.

It had been reported that, residuals from cleaning of the tanks had been spread on the
ground, from 1951 to 1975 to decompose. Based on present practice, it was believed that
each tank had been cleaned, in rotation, once every 3 years, providing about
300-400 gallons of bottom sludges each year. The deposited sludges were believed to be the
source of the lead, chromium, and hydrocarbons detected in recent analyses of soil samples.
There was no visible surface evidence of the deposited sludges, and there were no records to
indicate exactly where the dumping occurred.

A field investigation at the proposed CMDF was conducted to obtain information on the
presence of surface and subsurface soil or groundwater contamination. Soil borings and
monitoring wells were installed to obtain soil and groundwater samples for chemical
analyses. In addition, the monitoring wells provided information concerning local
groundwater elevations and subsurface soil permeability values. The drilling of shallow
(Oto 3 foot) and deep (0 to 45 foot) soil borings provided soil samples for chemical analyses
and stratagraphic logging. A total of one hundred and fifty samples of surface soils,
subsurface soil and groundwater samples were collected and analyzed for chemicals
potentially present at the site. The suite of compounds for analysis included volatile
organics base neutral extractables organics, PCB, oil and grease, ethylene dibromide and
lead. Table 1 presents a summary of the analytical findings.

TABLE 1

SUMMARY OF CONTAMINANTS DETECTED IN SOIL AND GROUNDWATER

Chemical-Media

Lead -Soil

Chloroform - Soil

Toluene - Soil

Toluene - Groundwater

Bis(2-ethylhexyl)phthalate - Soil

PCB-1254-Soil

PCB-1242 - Groundwater

Range

5-82 mg/kg

20-68 yg/kg

6 yg/kg

14 yg/kg

200-2900 ug/kg

19.2 yg/kg

0.87yg/l

Detections/
Samples

Analyzed

70/97

6/69

1/69

1/6

6/69

1/69

1/8

Mean

13.4 mg/kg

37 yg/kg

6 yg/kg

14 ug/l

923.3 yg/kg

19.2 yg/kg

0.87 ug/l

No dear discernable pattern of organics in soil contamination was evident Low levels of
contamination in groundwater were observed in two different wells, both on the east side
of the site.
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Review of Table 1 indicates the presence of compounds which could, under certain
conditions of exposure pose health risk to potential receptors. Table 2 identifies relevant
toxicity data for these compounds.

TABLE 2
APPLICABLE OR RELEVANT CRITERIA AND UCRS

Chemical

Lead

Chloroform

Toluene

Bis(2-
ethylhexyl)
phthalate

PCB

Drinking
Water mg/l

0.05(3)

0.1<4>

2.0(5)

21(6)

12.6x10-6(6)

Acceptable
Intake-OralO)

mg/kg

1.4x10-3

1.0x10-3

3.0x10-1

2.0x10-2

None
Identified

Acceptable Intake-
InhalationC)

mg/kg

4.3x10-4

None Identified

1.5

None Identified

None Identified

PEL<2)
mg/m3

0.05

240

753

None
Identified

0.5

UCRd)
(mg/kg-day)-1

None
Identified

8.1x10-2

None
Identif ied

6.84x10-4

4.34

0) (Versar, 1986)
(2) OSHA, (29 CFR 1910, 1983)
(3) DWS-MCL (40 CFR 141, 1984)
W DWS-MCL, as total trihalomethanes(40CFR 141, 1984)
(5) Recommentded MCL (US EPA, 50 FR, 219, 1985)
(6) AWQC adjusted for ingestion of water only (ICF Inc., 1986)

Releases of particulates prior to site preparation and construction was not expected to be
significant because of the well-established vegetative cover of the proposed site. Similarly,
fo l lowing construction of the facil i ty, the building itself featur ing, a slab foundat ion, in
conjunction w i th paved parking areas and roadways, and the anticipated vegetation (i.e.,
grass) surrounding the facil ity was believed to effectively preclude fugit ive emissions as a
contaminant release mechanism. However, releases of particulates bearing absorbed
contaminants through the dust-generating construction activities was considered a major
contaminant release mechanism. Consequently, significant CMDF exposure routes included
airborne contaminant transport w i t h subsequent exposure through inhalat ion, direct skm
contact and contaminant absorption and accidental ingestion of contaminated soils.
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Estimates of exposure to individuals were prepared for many scenarios-two critical
scenarios were.

• Inhalation of contaminated soil particles by onsite workers during site
construction activities.

• Direct dermal contact with contaminated soils and concurrent accidental
ingestion of contaminated soils by children during site occupancy.

For the purposes of estimating receptor exposure to contaminants via the airborne
particulate pathway, a simple deterministic model was developed relating contaminant
release, transport, and exposure concentration as follows:

• Source: weight fraction of chemical contaminant(s) detected in the soil based on
measured data.

• Release: dust (soil) emissions from repeated dumping of a front-end loader
during the site preparation stripping operation using an emission-rate estimator
equation provided by Versar (1986). (See EQ. 1, Appended).

• Transport: dispersion by a vertical horizontal growth of plume model to a down
range receptor (USEPA, 1985). (See EQ. 2, Appended)

• Receptor: a maximally exposed individual (worker) located 2.5-meters
immediately downwind of the front-end loader dump point, for 8 hours-per-day
over the duration of the scraping operation.

Using this model, the exposure concentration estimates of soil-bound contaminants
provided in Table 3 were developed.

TABLE 3

ESTIMATED EXPOSURE CONCENTRATIONS FOR A MAXIMALLY EXPOSED
INDIVIDUAL VIA INHALATION DURING CONSTRUCTION

Soil Contaminant

Lead

Chloroform

Toluene

Bis(2-ethylhexyl)phthalate

PCB-1254

Maximum Expected
(yg/m3)

6.3x10-3

5.2x10-6

4.6 x10-7

2.2 x10-4

1.5x10-6

Mean Expected
(yg/m3)

1.0x10-3

2.8x10-6

4.6 x 10-7*

6.9x10-5

1.5x10-6*

* Based on one detection in soil.

During the period of occupancy following construction of the CMDF, some potential for
contact (i.e., exposure) would exist if no remediation were provided for the soil
contaminants in the 0- to 3-foot horizon. It was felt unlikely that adults frequenting the
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facility or staff working at the facility would come in direct dermal contact with
contaminated soil.

However, the case where children are exposed to soil contaminants, both direct contact and
accidental ingestion were considered relevant exposure routes. To develop a worst-case
exposure model, the following assumptions were made.

• Children may be exposed over the ages 3-12 (ages 12 + fall into the adult lifetime
model)

• Body weight = 26 kg (Anderson, et al., 1985)

• Average total body area of a child over the ages 3-12 -9400 cm2 (Versar, 1986)

• Body area exposed = 26 percent (Anderson etal., 1985)

• Amount of soil in contact with the skin = 2.77 mg/cm2 (Versar, 1986)

• Absorbed fractions: chloroform and toluene = 100 percent,
bis(2ethylhexyl)phthalate = 3 percent, PCB = 3 percent, lead = 0 percent

• Exposure durations considered = 12,24, and 48days/year for 9 years.

Based on these assumptions, the exposure estimates provided in Table 4 were developed.

TABLE 4

ESTIMATED DOSES FOR A MAXIMALLY EXPOSED CHILD VIA INTERMITTENT DERMAL
CONTACT AND ACCIDENTAL INGESTION DURING FACILITY OCCUPANCY

Soil Contaminant

Chloroform

Bis(2-ethylhexyl)phthalate

PCB-1254

12-Days/Year
mg/kg-day

7.5x10-8

9.58x10-8

6.34x10-10

24-Days/Year
mg/kg-day

1.5x10-7

1.91 x10-7

1.76x10-8

48-Days/Year
mg/kg-day

2.99x10-7

3.83x10-7

2.59x10-9

The toluene dose was estimated to be 1.6 x 10-6 mg/kg on a daily basis for the same
exposure conditions.

In the construction occupational setting, it is standard industrial hygiene practice to obtain
exposure measurements and compare them to an established acceptability criterion.
Therefore, the appropriate criterion for the QRA was the OSHA Permissible Exposure Level
(PEL), since such criterion are actually enforceable by statute.

Table 5 presents the estimated exposure concentrations as derived from the exposure model
described previously. Contrasting the exposure estimates, for both the plausible (based on
the average site wide concentrations) and worst-case (based on the maximum observed site-
wide concentration) conditions, with the PEL indicates that the estimated exposure
concentrations are well below the enforceable standard. No appropriate occupational
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health exposure criteria for bis(2-ethylhexyl)phthalate could be identified for comparison.
However, the worst-case exposure estimate of 2.2 x 10-4 yg/m3 is a very low concentration,
and well below the detection limits of standard industrial hygiene measurement techniques.

TABLE 5

RISK CHARACTERIZATION VIA INHALATION OF
CONTAMINATED SOIL PARTICLES DURING CONSTRUCTION

Soil Contaminants

Inorganic Lead

Chloroform

Toluene

Bis(2-ethylhexyl)phthalate

PCB-1254

Worst-Case
Exposure

Concentration
(yg/m3)

6.3x10-3

5.2x10-6

4.6x10-7

2.2x10-4

1.5x10-6

Plausible Average
Exposure

Concentration
(ug/m3)

1.0x10-3

2.8x10-6

4.6x10-7

6.9x10-5

1.5x10-6

OSHAPEL(ug/m3)

50

240,000(D

753#000<D

None Identified

0.5(D

d) PEL is derived for vaporous airborne concentration. Under the exposure scenario,
particulate-bound contaminant concentrations are assumed to greatly exceed
vaporous contaminant concentrations.

Table 6 summarizes the carcinogenic risks associated with the potential childhood, less than
life exposure during occupancy of the building.

TABLE 6

CARCINOGENIC RISK CHARACTERIZATION VIA DIRECT SKIN CONTACT
AND ACCIDENTAL INGESTION OF CONTAMINATED SOILS

3Y CHILDREN DURING OCCUPANCY - 48 DAYS EXPOSURE/YEAR

Soil Contaminant

Chloroform

Bis(2-ethylhexyl)phthalate

PCB-1254

Total

Excess Lifetime
Cancer Risk

Dermal

2.4x10-8

2.6x 10-10

1.1 x 10-8

Excess Lifetime
Cancer Risk
Ingestion

3.6x10-10

1.3x10-10

5.4x10-9

Excess Lifetime
Cancer Risk Total

2.4x10-8

3.9x10-10

1.6x10-8

4.0 x 10-8

Table 7 presents an assessment of the potential for noncarcinogemc health hazards
associated with daily childhood exposure during occupancy of the facility
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TABLE 7

NONCARCINOGENIC RISK CHARACTERIZATION VIA DIRECT SKIN CONTACT
AND ACCIDENTAL INGESTION OF CONTAMINATED SOILS BY CHILDREN

DURING OCCUPANCY ON A DAILY BASIS

Soil Contaminant

Inorganic Lead

Chloroform

Toluene

Bis(2-ethylhexy!)phthalate

Total

Noncarcinogenic
ADI Fraction

Dermal

*

1.8x10-3

2.3x10-6

1.1 xiO-3

Noncarcinogenic
ADI Fraction

Ingestion

0.11

2.6x10-5

2.6x10-7

5.5x10-4

Noncarcinogenic
ADI Fraction

Total

0.11

1.8x 10-3

2.6 x10-6

1.7x10-3

0.11

* Inorganic lead is not dermally absorbed to an appreciable degree.

CONCLUSION

Based on the available data and the assumptions used to characterize exposure, the
chemical contamination detected at the proposed site was determined not to pose excessive
or unreasonable risks to construction workers or individuals occupying the clinic. Likewise,
the chemical contamination observed was determined not to pose any problems in attaining
OSHA SubpartZ - Toxic and Hazardous Substance compliance limits. Consequently, it was
recommended that the site be developed and construction of the CMDF proceed. It was
additionally recommended that standard industrial hygiene surveys and practice be
implemented during the construction activities.
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APPENDIX A

Model equations used to simulate exposures to contaminant bearing airborne particulates
during construction.

Excavation and transfer of contaminated soils. Estimate fugitive dust releases resulting from
on site excavation and dumping of contaminated soils.

5 / \ 2.2 / \ 1.5/ FO-1
= K(0.0009) t w '

2 / \ 4.6/

where:

EHE = emission rate for heavy equ ipment (batch dump) operat ions (kg/megagram
material dumped) .

k = 0.36 = particle size multiplier for particles <10yg.
s = silt content (of contaminated material) (percent).
U = mean wind speed, (m/s).
H = drop height, (m).
M = material moisture content, (percent).
Y = dumping device capacity, (m3).

The equation is designed for application to batch dump material transfer and does not take
into account material released to air during excavation.

Excavation and transfer of contaminated soils. Dispersion of contaminated dust resulting
from on site excavation and dumping of contaminated soils.

(1.0 xl06pg/gm) (0.20) E Q . 2

H E (sin 22.5°) (R)(H)(u)

where:

C = concentration (ug/m3)
Ehe = Emission rate (kg/megagram)
WF = weight fraction of contaminant
H = height into which plume is uniformly mixed (m)
R = downwind distance from source (m)
u = annual average wind speed (m/sec)
0.2 = fraction of time wind blows toward the receptor
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ABSTRACT

To aid the USEPA's selection of decommissioning criteria for unre-
stricted release of cleaned up sites and facilities, a new ap-
proach has been developed for estimating the potential hazard from
residual radioactivity. That approach, intended to provide conser-
vatively realistic estimates of radiation doses to individual resi-
dents from such radioactivity in the environment and in buildings,
uses a comprehensive yet relatively simple set of physically-based
risk-level environmental transport and exposure pathway models.
Doses are estimated for up to 10,000 years. Radioactive decay and
ingrowth are explicitly accounted for. Compared to some other ap-
proaches, the new approach has several outstanding features. First,
some of its models are less conservative than the comparable models
in other approaches. Second, the new approach includes models for
estimating certain doses in multi-room buildings. Third, the ap-
proach's integrated set of transport and behavior models permits
straightforward consideration of situations with significant move-
ment of radioactivity within the environment and/or significant
radioactive ingrowth. Fourth, the approach's efficient solution
techniques, combined with its comprehensive set of transport and
behavior models, make consideration of many situations practical.
And fifth, the associated computer code runs on a personal compu-
ter. The new approach constitutes a significant first step toward
a set of comprehensive relationships for providing dose and health
risk estimates for residual radioactivity at a variety of sites
and facilities.

INTRODUCTION

To develop justifiable criteria for permissable radioactivity levels fol-
lowing cleanup of contaminated lands and buildings, it is necessary to
quantitatively relate the amounts and types of residual radioactivity to
the potential hazard. An earlier review of the various approaches avail-
able for estimating the hazard to humans from residual radioactivity con-
cluded for a variety of reasons that no existing approaches were suitable
to aid the U. S. Environmental Protection Agency's (USEPA's) selection of
decommissioning criteria for regulatory purposes. l Thus the USEPA decided
that a new approach for estimating potential radiation doses from residual
radioactivity should be developed. The resulting approach is the subject
of this paper. Because the approach's basic models and assumptions have
been reviewed in a previous paper2 and are detailed in the soon-to-be-pub-
lished user's manual', they will not be described here. Instead, this
paper includes only a brief overview of the approach and focuses on a com-
parison of some of its key features to those of other risk-level approach-
es being used to consider residual radioactivity.

*This paper discusses technical work funded primarily by the Office of
Radiation Programs of the USEPA.
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MODELS AND ASSUMPTIONS

The new approach utilizes a comprehensive yet relatively simple set of
physically-based, state-of-the-art risk-level environmental transport and
exposure pathway models. Those models include certain models long in use,
some of whose data bases have been updated; scaled-down versions of some
recent, more sophisticated models (the crop exposure model, "* the surface
soil transport model,5'6 and the external ground exposure model5); and new
models developed for this approach (the building transport and exposure
models). The models have been interfaced to permit "mechanistic", time-
dependent consideration of interactions within and among the various envi-
ronmental media. Radioactive decay and ingrowth are explicitly accounted
for. Residual radioactivity initially present in surface soil, subsurface
soil and/or in buildings can be considered. Calculations are performed
for each of a set of representative times between the time of release of
the site for unrestricted use and 10,000 years later. The basic flow of
information for estimating individual doses and health risks is indicated
in Figure 1. The overall approach has been programmed in a computer code
entitled REUSEIT.

Environmental Transport Models

Movement of radioactivity within the environment is assumed to occur via
the processes depicted schematically in Figure 2. For the atmosphere,
resuspension of surface soil and subsequent deposition are taken into ac-
count. For surface soil, addition of radioactivity by irrigation and by

Initial
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in Building
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Figure 1. Schematic representation of dose estimation procedure.
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Figure 2. Schematic diagram of Figure 3.
environmental media and transport model,
mechanisms.

Five-layer surface soil

percolation downward from higher surface soil (if any), as well as removal
by leaching accompanied by downward movement (to lower surface soil), are
modeled. In addition, (re)suspension and subsequent transport of surface
soil contamination into any buildings is accounted for. For subsoil,
additions by percolation from surface soil and losses by removal of ground-
water for irrigation are considered. For surface water, contamination
both by erosion and/or runoff of surface soil and by subterranean flow of
subsoil contamination are modeled.

The most detailed modeling of environmental transport involves considera-
tion of radioactivity in surface soil (Figure 3.) Less detailed considera-
tion is given to behavior in the atmosphere and in groundwater.

Environmental Exposure Pathway Models

The estimated environmental exposures include external exposures from con-
taminated ground, air and water; and internal exposures from inhalation of
contaminated air, as well as from ingestion of contaminated water, crops,
animal products, and aquatic foods. Most of the environmental exposure
pathway models are adaptations, in two cases involving extensive modifica-
tions, of the traditional USNRC Regulatory Guide 1.1097 models often used
for analyses of potential radiation exposures. The two substantially
modified models are the external ground exposure model5 and the agricul-
tural products model. "* Another significant departure from the RG 1.109
models involves the inclusion of area dependencies for some pathways. 3#e

Building Transport and Exposure Pathway Models

The estimated indoor exposures include external exposure from contaminated
interior building surfaces (walls, ceilings, and floors); ventilation
systems, and abandoned equipment; and inhalation from contaminated dust,
both from inside the building and from outside. The models used to esti-
mate exposures in contaminated buildings were developed as part of the
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forrulation of the overall approach described in this paper. Their lev-
els of sophistication and complexity of use are comparable to the corres-
ponding levels of the USNRC Fee Guide 1.109 models traditionally employed
f-r estipatinn exposures in the environir.ent.

Dose and Health Effects Mod els

Annual and lifetime dose commitments and health risks can be estimated
for onsite residents.

COMPARISON TO CTKER APPROACHES

There are at least 2 approaches other than the one outlined in this report
currently used for estimating potential radiation doses from residual
radioactivity. Those approaches are programmed in the PRESTO-RESID code'
and in the ONSITE/MAXI1 code.8 A comparison to some key features of
those two approaches is presented in Table 1. As can be seen, the 3
approaches differ substantially in certain significant capabilities. Sev-
eral of these features are discussed in the remainder of this paper.

Surface Soil Transport

For residual radioactivity, an important component of the environment
would often be the surface soil. The behavior of radioactivity in this
region can be described "more realistically" using the 5-layer model5

in REUSEIT than using the surface soil models in the other 2 codes. This
is due primarily to two features of the 5-layer model: its consideration
of "leaching" and subsequent downward movement of radioactivity from the
soil surface; and its more detailed resolution of the location of radio-
activity. At least one of these features is missing in the correspond-
ing models in each of the other 2 codes.

The effect of leaching-related removal is shown in Figure 4, which illus-
trates buildup of radioactivity due to irrigation. As can be seen, ig-
noring such removal tends to overestimate surface soil concentrations,
especially at future times. In addition, neglecting such removal causes
mispredictions of the times at which maximum concentrations occur.

Because a radionuclide1s rate of downward progression is critically depen-
dent on its interactions with the soil (reflected by its distribution
coefficient, K,), even irrigation with the same groundwater concentrations
can result in substantially different maximum surface soil concentrations
for different radionuclides (with different K 's) and in much different
times at which those maxima occur (Figure 5). Models without leaching do
not predict these important distinctions among radionuclides and their be-
haviors in the environment. As the doses for several major exposure
pathways (e.g., crops and external ground) are strongly dependent on sur-
face soil concentrations, the substantial discrepancies in those concen-
trations predicted by various surface soil models translate into signifi-
cant discrepancies in the corresponding predicted odses.

The effect of more detailed description of the location of radioactivity
in surface soil is illustrated in Figure 6, in which surface soil distribu-
tions for 3 models are indicated: plane model (all radioactivity on sur-
face;; plow-layer model (radioactivity uniformly distributed in plow layer,
i.e., m top 1'5 cm) and 5-layer model (an infinite variety of distributions
are possible with one possibility depicted in the figure). Also shown are
the corresponding external ground doses for 2 radionuclides, a high-energy
.-er.itter and a low-energy Y~emitter, f°r each of the three distributions.
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Table 1. Some Key Assumptions in Several Consequence Assessment Codes
Used For Residual Radioactivity

Features

Surface Soil

Groundwater

Atmosphere

Engineered
Features

Radioactive
Decay

Population-
At-RisJc

Dose Factors
Internal
External

Health Risk
Factors

Computer

REUSEIT

5 fixed layers
+ arbitrary 6th;
"leaching"

dilution,
adsorption;
1-D to offsite

modified mass
loading

multiroom
building

decay and
ingrowth

onsite indivi-
dual

EPA d

plane + layer

EPA

PC/AT

PRESTO-RESIDa

1 fixed layer:
"leaching"

modified 1-D
transport with
dispersion

resuspension
factor plus
resuspension;
modified Gaus-
sian plume

subsurface
waste trench

decay only

offsite indivi-
dual and popu-
lation

EPA
planee

EPA

IBM 3081

ONSITE/MAXIlb

2 fixed layers;
no leaching

none

mass loading or
resuspension
factor

single room

decay and
ingrowth

onsite indivi-
dual

ICRP f

plane + volume

none

PC/AT; VAX;
CDC 6600-7600

a. This is a slightly modified version of PRESTO-EPA-CPG. See Ref. 9.

b. See Ref. 8.

c. Concentrations in groundwater used for irrigation can be specified.

d. See Ref. 5.

e. Intruder scenarios use different dose factors.

f. R. L. Engel, J. Greenborg, and M. H. Hendrickson, ISOSHLD - A Computer
Code for General Purpose Isotope Shielding Analysis, BNWL-236, 1966;
G. L. Simmons et al., ISOSHLD II Code Revision to Include Calculation
of Dose Rate Frcm Shielded Bremsstrahlung Sources, BNWL-23 6, Supple-
ment 1, 1967.
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Figure 5. Buildup of radioactivity
in surface soil from irrigation.

Figure 6. Buildup of radioactivity
in surface soil from irrigation.

As can be seen, for radioactivity distributed in the soil, the (5-layer)
doses estimated for some radionuclides, especially low-energy y-emitters,
are substantially lower than those estimated with the conservative plane
model in which the ground provides no attenuation (as the radioactivity
resides on the surface). The doses estimated with the 5-layer model are
also more "realistic" than those estimated with the plow layer model (unless
there really is a plow layer) because attenuation is overestimated for
some radioactivity which is modeled to be too far beneath the surface.
The doses estimated by the 5-layer model will in some cases be larger and
in some cases be smaller than those estimated using the unphysical
assumptions in the other models.

Concentration

Q.

o

Doe*

high high low high lowlow
•rwrgy

Figure 7. Surface soil distributions and associated relative external
qround doses for Z radionuclides (a high-energy y-err.itter and a low-
energy Y-eir.i tter) as predicted by 3 surface soil models: plane,
plow layer cind 5 layer (with only the top 3 layers shown) .
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Building Models

The building models in this approach go beyond any other risk-level
models for estimating doses inside contaminated sttuctures. All other
approaches include at most a 1-room "building" model. Unfortunately,
one room, no matter how large, is not conservative for some radionuclides,
in particular, for those with significant high-energy y-emissions which
can pass through walls with little attenuation. For such radionuclides,
radioactivity in rooms an individual never enters can contribute signifi-
cantly to his (her) external dose.

Some estimated relative individual doses for two radionuclides, a high-
energy y-emitter and a low-energy y-emitter, are depicted in Figure 8 for
3 situations with 1 room, 5 rooms and 27 rooms contaminated, respectively,
for a range of floor sizes. As expected, for both radionuclides, the dose
from a contaminated floor approaches the dose from an infinite plane (ap-
proximately the dose from an area of 10,000 m2) as the floor size increas-
es. As can be seen, for both radionuclides the dose from a contaminated
room whose height is fixed approaches the dose from 2 infinite planes as
the room size increases (and the side walls recede). As can also be seen,
for the high-energy y-emitter, whose radiation is not substantially atten-
uated by the walls, the individual external dose in a building with 27
contaminated rooms is approximately several times the individual dose in
a building with only 1-room contaminated. (The dose can be even higher
if more than 27 rooms are contaminated). For the low-energy y-emitter,
whose radiation is strongly attenuated by even relatively thin walls be-
tween rooms, the entire external dose comes from the room the individual
occupies and so the dose is independent of the number of contaminated rooms.
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Figure 8. External individual doses from two radionuclides, a high-
energy y-emitter (for which attenuation by walls is relatively low) and
a low-energy y-emitter (for which attenuation is substantial).
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For a building, a 1-room model such at that in ONSITE/MAXI1 predicts ap-
proximately the same external doses as REUSEIT's multi-room model yields
for the single room case. Thus, in multiroom buildings, external doses
for some radiomulides (high-energy y-emitters) can be significantly
underestimated using such a 1-room model. The doses from contaminated
buildings cannot be considered

Radioactive Ingrowth

Radioactive decay typically tends to lower the potential radiation hazard
with time. However, decay which results in significant ingrowth of more
hazardous radioactive progeny can substantially increase the potential
problem with time. The effects of environmental ingrowth, especially for
lengthy actinide chains, are often neglected in risk-level approaches for
residual radioactivity (and low-level waste).

The dependence of potential doses on radioactive decay and ingrowth is de-
picted schematically in Figure 9 for 2 radionuclides for which long-term
ingrowth is not important (Sr-90 and Ru-106) and for one radionuclide for
which such ingrowth can be significant (Th-230). As can be seen in the
thorium example, failure to consider ingrowth and to consider long times
after decommissioning can potentially result in underestimation of certain
doses by over an order of magnitude. Thus approaches such as PRESTO-RESID
which do not include ingrowth can substantially underestimate the poten-
tial hazard for some radionuclides.

Long-Tarm Ingrowth Not Significant

Sr-90 (• Y-90)

10' 10J
10"

Long-Tarm Ingrowth Significant

10

Figure 9. Relative potential individual dose as a function of time
for 2 radionuclides for which long-term ingrowth is not significant
and for 1 radionuclide for which such ingrowth can be important.
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Conservatism Realism

Unlike many risk assessment approaches which have been designed to be
very conservative and which may thus significantly overestimate doses for
some exposure pathways, the new approach has been designed to be "conser-
vatively realistic", that is, to be somewhat more "realistic" (in a
modelinq sense) and to default on the conservative side when what is
realistic is not known or is not readily amenable to risk-level modeling.
As a result, in the new approach the doses estimated for some pathways
and some radionuclides are substantially lower than those estimated by
some other risk approaches. For example, as noted, the improved account-
ing of the distribution of surface soil radioactivity and the considera-
tion of energy-dependent attenuation by soil (instead of no attenuation
as in some models) result in external dose estimates for some radionu-
clides which are much smaller (an order of mahnitude or more) than the
comparable dose estimates for other approaches.

However, the increased "realism" in some models has resulted in higher
dose estimates for certain situations. For example, as already noted,
the inclusion of multiple rooms in the building models results in dose
estimates for some radionuclides which are much higher than estimates of
the 1-room models in other approaches. As another example, also already
noted, the consideration of long term ingrowth can result in substantial-
ly higher dose estimates at later times than approaches neglecting such
ingrowth.

Overall, the use of more "realistic" models has resulted in a state-of-
the-art risk-level approach which provides more consistent dose estimates
than other approaches. However, it should be noted that the estimates
provided by the approach are critically dependent on the data used. As
the data are not necessarily conservative (especially the data in the
generic element-dependent and radionuclide-dependent data bases), the
dose estimates generated by the approach are not necessarily conserva-
tive. (The same can be said for the more conservative approaches which
relie on some of the same nonservative data bases.)

Solution Techniques and Implementation

Although the approach is comprehensive and incorporates some very desire-
able features not typically included in residual radioactivity approaches,
e.g., physically-based modeling of movement of radioactivity within the
environment and inclusion of radioactive ingrowth, it is still a very
practical approach. The adoption of extermely efficient solution techni-
ques, e.g., the use of analytical solutions throughout and the restric-
tion of detailed dose calculations to a set of judiciously-chosen times,
has resulted in an approach whose models can be economically implemented.
(REUSEIT has been programmed to run on a personal computer.) Thus the
consideration of a large variety of situations is practical with the new
approach. In contrast, the limited environmental transport models in
0NSITE/MAXI1 and the time-consuming solution techniques in PRESTO-RESID
tend to make those approaches less practical for many situations.

SUMMARY

The new approach constitutes a significant first step toward a comprehen-
sive, versatile, practical set of relationships appropriate for providing
radiation dose and health risk estimates for residual radioactivity at a
variery of sites and facilities. Thus it can potentially be used to help
choose decommissioning criteria for residual radioactivity. As such it
serves to fill a significant gap in the spectrum of previously available
approaches.
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THE MULTIMEDIA ENVIRONMENTAL POLLUTANT ASSESSMENT
SYSTEM (MEPAS) USER-FRIENDLY SHELL
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ABSTRACT

Pacific Northwest Laboratory (PNL) has developed the Multimedia
Environmental Pollutant Assessment System (MEPAS) to prioritize
environmental issues based on their potential impact to public health.
MEPAS is an objective, physics-based system that quantifies the rela-
tive risk to the surrounding population from radioactive and chemical
constituents released to the environment. MEPAS uses generally
accepted, independently peer-reviewed computer models that simulate
constituent migration and fate from the source through designated
transport pathways to important environmental receptors, where exposure
and relative risk calculations are performed. PNL has provided support
in implementing the MEPAS model by supplying an external code, called a
shell, that simplifies model operation and execution. The MEPAS user-
friendly shell is a menu-driven application written for IBM PC-
compatible systems to provide simplified data input, access,
modification, and preparation of site data required to estimate poten-
tial environmental hazards using MEPAS.

INTRODUCTION

The U.S. Department of Energy (DOE) has taken the first step in using
assessment systems for evaluating environmental problems by having PNL
develop the MEPAS methodology. MEPAS has helped DOE implement the
Remedial Investigation and Endangerment Assessment processes in a more
consistent, timely, and cost-effective manner. MEPAS is an objective,
computerized, physics-based system that provides a means of quantifying
the relative risks from constituents released into the environment.
It provides DOE with a management tool for assessing active and inac-
tive chemical and radioactive mixed-waste disposal sites in a scien-
tific and objective manner on the basis of limited site information.
MEPAS is currently being used in DOE's Environmental Survey, which
assesses environmental issues associated with DOE facilities.

The MEPAS methodology uses empirical, analytical, and semianalytical
mathematical algorithms and a coupled pathways analysis to predict the

1323



potential for contaminant migration from a waste site to important
environmental receptors. Groundwater, overland, surface water (e.g.,
rivers, wetlands, and lakes), and atmospheric pathways are considered.
Using the contaminant transport predictions, simplified exposure
assessments are performed for the identified receptors. The relative
risks associated with the sites are then calculated.

To implement MEPAS for a site, the investigator designates appropriate
transport pathways by identifying the path of the constituents from
the waste site through the various media. The investigator is then
prompted to supply site and constituent information. The exposure
route to the population is integrated into the analysis, and the sub-
sequent risk to the population is computed for the site. The MEPAS
user-friendly shell has been developed to assist the investigator in
implementing the MEPAS model and preparing the required site data.

DISCUSSION OF MEPAS SHELL

The user-friendly shell provides easy access and manipulation of site
data and files for assessing hazardous waste sites. To install this
application, an IBM PC (or 100% compatible) with 640K RAM, a 20-Mb
hard disk, and a 132-column printer are required. A math co-processor
is not required, but it will greatly improve model performance. The
data capture and storage programs are written in compiled DBaselll
Plus. The MEPAS model is in Fortran, and intermediate programs are in
' C Installation requires approximately 1 Mb of disk space. This is
a file-based application; all data are stored and exchanged between
major components by file I/O.

Facility and Ranking Unit are terms that have been implemented because
of the nature of the application for which the shell was initially to
be used. The terms Site and Waste Unit can be substituted wherever
appropriate without changing the meaning.

Figure I depicts the main menu of the shell. The menu options provide
access to the following components:

• Constituent Library - The investigator can view the physical
properties of radionuclides and chemicals used in the MEPAS model.

• Utility Routines - Various utilities allow the investigator
to re-index data base files, define the printer, and set up a
color monitor.

• Create/Update/Examine - All data entry, edit, and review
functions take place under this broad heading.
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Environmental Pollutant Assessment System (MEPAS)

MAIN MENU - (Version 1.2)
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= UTILITY Routines

C = CREATE/UPDATE/EXAMINE

S » Supplemental Library

R = Run/Print Reports/Templates

Facility: Facility Description
Rank Unit: Ranking Unit Description
Scenario: Surface soil >Groundwater >Surface Water

CURRENT SELECTIONS ||

Figure 1. Main MEPAS Control Menu

• Supplemental Library - Special circumstances may warrant the
development of a user-defined chemical data base. This fea-
ture will be available in a later release of the shell, and
the menu option has been included for completeness.

• Run/Print Reports/Templates - A submenu at this selection
enables the investigator to specify run-time parameters,
create run files, and invoke the MEPAS model. Similarly, all
printing is done from this menu option, including generation
of input data lists and intermediate and final reports.

For the purposes of this paper, we will describe only the Constituent
Library, Create/Update/Examine, and Run/Print Reports/Templates com-
ponents in further detail.

CONSTITUENT LIBRARY

From the main menu, the investigator has a view-only window to the
constituent library. The constituent can be selected by entering one
or more characters or by moving through the data base using motion keys
such as PgUp or right arrow. The view includes a tabular list of the
properties of the constituent required by the exposure model. Prop-
erties of the constituents required by the model include 1) physical
properties, such as vapor pressure, Henry's law constant, and molecular
weight; 2) exposure data, such as reference dose, cancer potential, and
bioaccumulation factor; and 3) typical values for site data, such as
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KOW, KOC, and Kds. The investigator cannot alter the contents of this
library. If it is incomplete, PNL should be notified, and a new
library will be distributed.

CREATE/UPDATE/EXAMINE

The first screen that appears after this selection from the main menu
is a depiction of the major components that identify the site data
currently selected. The descriptive names of the current selection
appear next to the corresponding component, as shown in Figure 2.

FACILITY Facility (Site) Description

-> RANKING UNIT Ranking Unit (Waste Unit)
Description

-> SCENARIO
I

Transport/Exposure
Description

Figure 2. Site Configuration

Facility Setup

To change the facility selection, the selector bar is positioned on
the FACILITY designation, and RETURN is pressed. The resulting display
is a list of site descriptors previously set up (if any). The INS key
can now be used to indicate the desire to ADD a new site. Use of arrow
keys or PgUp/PgDn moves the selector bar through the list; the RETURN
key is used to indicate a new selection.

Ranking Unit Data

To change the ranking unit selection, the investigator can position
the selector bar on RANKING UNIT and press RETURN. After returning
from the FACILITY selection, the shell will, by default, move the
selector bar to this position to reinforce the concept of logical pro-
gression that is implemented throughout the shell. The investigator
can either select from a list of ranking units already prepared for the
parent facility or add one. At this point, the constituents of concern
are identified. The investigator can page through multiple screens of
constituent names and select a maximum of 20 constituents from the con-
stituent chemical properties data base, including both parent and decay
products.

Transport Pathway Data

The investigator can select from a list of scenarios already set up
for the current ranking unit or choose to add one. To add a scenario,
the investigator must choose the pathway that most closely represents
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the actual problem and then 1) select those waste unit constituents
that are transported by this particular pathway, 2) add or select
receptors, and 3) match the receptors with exposure routes, such as
ingestion, bathing, direct contact, etc.

After facility, waste unit, and transport pathway data input is com-
plete, the investigator can enter site data into the shell in prepara-
tion for analysis. The required site data have been grouped logically
and formatted into templates that can be selectively edited and printed
as worksheets.

A list of required templates is displayed by default at the end of a
scenario selection or invoked directly from the configuration screen
from which the investigator can select a template to edit. The inves-
tigator is only allowed to see the specific templates required to com-
plete the scenario data in preparation for an analysis. This template
selection algorithm is an important feature of the shell; the automatic
determination of the required templates saves the investigator from
locating unneeded data.

Most template data have associated optional reference numbers. In
situations where data source referencing is required, a pseudo-
reference system is accessible at the template list display. This
feature is activated by a function key and allows the investigator to
enter pseudo-references. These (pseudo-) references can be added,
modified, and searched by reference number. Templates and reference
lists can both be printed, a feature that is described later in this
paper.

An example of a data template is shown in Figure 3. In addition to a
line description of each datum required, several other characteristics
should be noted. The first line tells the user the section number and
name of this template, which corresponds to the section in the guide-
lines documentation where these data are fully described. The names of
the facility, ranking unit, and scenario are displayed so the investi-
gator does not need to remember the current configuration. At the
bottom of the display is at least one highlighted line indicating what
cursor motion keys can be used, including use of END to quit with a
save or ESC to abort with no save. Each line item includes the number
of the item as it appears in the guidelines, the encoded parameter
name, and unit of measure. In some cases, typical values may be
enclosed in brackets, [].

Wherever possible, data entered into the templates are validated. A
number of different methods are employed:

• A range filter is used for values that must be within a
specific range.

1327



2.4 PARTIALLY SATURATED ZONE (PSZ)

Facility: Facility Description
Ranking: Ranking Unit Description
Scenario: Surface soil >Groundwater >Surface Water

(Page 1 of 2)

a. Surface Soil Textural Classification -- WT-CLASS:

b. % Sand of Top Soil -- WT-SAND:

c. % Silt of Top Soil -- WT-SILT:

d. % Clay of Top Soil -- WT-CLAY:

e. % Organic Matter Content of Top Soil -- WT-OMC:

f. % Iron and Aluminum in the Top Soil -- WT-IRON:

g. pH of Top Soil -- WT-PH:

Move cursor = ||,PgUp,PgDn. Quit/Save - END.
Sum of Percent Sand + Silt + Clay must

226 09/16/88

Sand

[94] 90 %

[4] 5 %

[2] 5 %

1.23 %

12 %

7.0

Abort/NoSave -
equal 100

12:30:51

FAC001
RU001
T3SS

Ref:

Ref:

Ref:

Ref:

Ref:

Ref:

ESC.

0

0

0

0

0

0

Figure 3. Data Template for MEPAS User-Friendly Shell

• Typical values may be enclosed in brackets to the left of the
number required, so the investigator will have to enter the
data but has the benefit of knowing the typical value. In
some cases, this typical value is bas*d on the site-specific
data, as in equilibrium coefficients (Kds). For Kds, the
typical value is placed directly into the empty input field.
Other typical values provided for the investigator include
soils information from a soil characteristics data base based
on the selection of a similar soil type.

• Importing joint frequencies and population distribution data
from external sources is another of the shell's assets. This;
saves the investigator from having to input these large data
matrices.

• A summary sheet of critical data can be printed from the
Print WORKSHEETS menu option.

• When the investigator exits a template with a quit/save, the
status of that template is determined, stored, and displayed in
the template selection list. A scenario cannot be included in an
analysis if any of its templates are incomplete.

An important feature of the shell is that the investigator can copy
environmental settings data (climatology, soil characteristics, and
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exposure locations) from an existing facility or ranking unit. This
is helpful for ranking units that are close to each other and have the
same hydrogeology and atmospheric properties. In this way, data input
(and errors) are kept to a minimum.

RUN/PRINT REPORTS/TEMPLATES

When this option is chosen at the main menu, a submenu is displayed
with selection options that enable the investigator to 1) print the
templates as worksheets, 2) create data files for input to the MEPAS
model, 3) invoke the model, and 4) print intermediate results from the
model run.

Printing the Templates as Worksheets

After the scenario configuration is complete, required templates can be
printed. These printed templates or worksheets have several functions.
If printed early in the cycle, they can be used as working papers to
assist in compiling the data before entering it into the shell. They
can be printed at any time to reflect the current state of the data
bases, and when the analysis is complete, they can accompany the analy-
sis documentation for QA/QC. The (pseudo-) reference list can also be
printed from this option.

Creating Data Files for the MEPAS Model

The data set creation procedure retrieves the data required for a
MEPAS analysis of the particular scenario(s) and structures the data
in a format acceptable to the model. Any scenario for which all
required templates are complete can be included in an analysis. Each
run configuration is called a data set, and the investigator provides
a description and file ID for each data set. All of the MEPAS model
intermediate files, results, and data sets will have this user-defined
ID as a file name. Any data sets already created can be selected for
rerun to incorporate changed data, and new data sets can be created.
The configuration of a data set can be changed as desired, out will
include a facility, ranking unit, and up to 10 scenarios selected by
the investigator.

Invoking the MEPAS Model

When the investigator chooses the Run MEPAS Model option from the Run/
Print Report/Templates menu he/she must select one or more data sets to
be run from a list of the completed data sets. When the selection is
completed, the model will be invoked for each data set specified. As
the model runs, each program name is echoed to the monitor as it is
invoked, and in the major components, the progression through each
scenario is echoed. The intermediate and final results are written to
files that must be printed for review.
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Print the MEPAS Results

Result and/or important intermediate files of the MEPAS model can be
printed from the Run/Print Report/Templates submenu. The investigator
first must decide whether to select files for printing by data set or
by file type. A selection list of the appropriate files will be dis-
played from which the investigator selects the desired report/file.
The advantage here is that the investigator does not have to know the
designations of the different file types; the shell provides that
information.

Not only will final results be important for printing, but if a run is
not completed normally, or the results are in question, the intermedi-
ate files should help identify the reasons for the behavior.

ACKNOWLEDGMENT

This work was supported by the U.S. Department of Energy under Contract
DE-AC06-76RL0 1830.

1330



Use of a Monte Carlo Modeling Approach
for Evaluating Risk and Environmental Compliance

Presented by

K a t h r y n A. Higley

Pacific Northwest Laboratory



USE OF A MONTE CARLO MODELING APPROACH FOR
EVALUATING RISK AND ENVIRONMENTAL COMPLIANCE

Kathryn A. Higley and Dennis L. Strenge
Pacific Northwest Laboratory(a)
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ABSTRACT

Evaluating compliance with environmental regulations, specifically those
regulations that pertain to human exposure, can be a difficult task.
Historically, maximum individual or worst-case exposures have been
calculated as a basis for evaluating risk or compliance with such
regulations. However, these calculations may significantly overestimate
exposure and may not provide a clear understanding of the uncertainty
in the analysis. The use of Monte Carlo modeling techniques can provide
a better understanding of the potential range of exposures and the
likelihood of high (worst-case) exposures. This paper compares the
results of standard exposure estimation techniques with the Monte Carlo
modeling approach. The authors discuss the potential application of
this approach for demonstrating regulatory compliance, along with the
strengths and weaknesses of the approach. Suggestions on implementing
this method as a routine tool in exposure and risk analyses are also
presented.

INTRODUCTION

The U.S. Environmental Protection Agency (EPA) has published
guidelines on performing exposure assessments for evaluating regulatory
compliance. The problems of uncertainty and the use of realistic versus
worst-case assessments are addressed in the EPA guidelines (51 FR 34053)
as follows:

When there is uncertainty in the scientific facts, it is
Agency policy to err on the side of public safety. The Agency
intends to be realistic, but will not arbitrarily select mid-
ranges of environmental distributions that may compromise
human health.

The Guidelines do not encourage the use of worst-case
assessments, but rather the development of realistic assess-
ments based on the best data available. However, the Agency

(a) Pacific Northwest Laboratory is operated by Battelle Memorial
Institute for the U.S. Department of Energy. This work was
supported by the U.S. Department of Energy, under contract DE-
AC06-76RL0 1830.
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will err on the side of public health when evaluating
uncertainties when the data are limited or nonexistent.

Further guidance is given in the Superfund Public Health Evaluation
Manual pertaining to methods for addressing uncertainty, in which three
types of analyses are discussed--two recommended approaches plus a third
stochastic method (EPA 1986):

There are two recommended approaches for addressing the
unavoidable estimation uncertainties likely to be encountered
in the exposure assessment. One is to use the conservative
(not necessarily "worst-case") approach in making the
assumptions necessary for a particular estimation method.
The consequence of making conservative assumptions is that
risks may be substantially overstated but will not be
understated in the final analysis. All assumptions and the
basis for each should be recorded.

A second, and generally preferred, approach is to calculate
and present both best estimates and conservative upper bound
estimates for all exposure point chemical concentrations. If
this approach is followed and both sets of concentration
estimates are carried through the entire public health eval-
uation (ultimately resulting in two sets of risk estimates),
the results will provide not only an estimate of the risk
magnitude but also a good indication of the overall uncer-
tainty of the analysis. Of course, this approach requires
more calculation effort, but it is a straightforward way to
account for analytical and data uncertainties. This approach,
which yields an upper bound and best estimate of each risk
projection, emphasizes the uncertainty involved by displaying
it quantitatively. A large disparity between the upper and
best estimates of risk would indicate relatively high
uncertainty, and vice versa. This approach requires that two
sets of more subsequent worksheets be completed, one for the
best estimate and one for the upper bound.

A third possible approach, generally beyond the scope of the
Superfund public health evaluation process, is to model the
important variables determining chemical concentration and
risk stochastically. This allows estimation of a risk
distribution, from which median and the 90th percentile (or
other upper bound) values can be determined. This approach
is more complex and time-consuming than a deterministic
approach, and still only accounts for uncertainty due to the
variables recorded stochastically. It does not address other
sources of uncertainty, such as applicability of the release
or transport models to the real site condition.

The third method, involving a stochastic analysis, is the method used
in this study.
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EXPOSURE ASSESSMENT USING DETERMINISTIC ANALYSIS

The method currently employed to demonstrate compliance with
environmental regulatory limits, including both radiological and
hazardous chemical standards, is the use of a maximally exposed
individual calculation. This approach typically is considered to
provide an estimate of the upper-bound exposure of any member of the
population exposed to the environmental contaminant of concern. In
preparing the evaluation of potential exposure, a suite of assumptions
must be made concerning the location, behavior, and mass of this
"worst-case" individual. Typically these assumptions are designed to
be conservative in nature, so that the resultant estimate will most
likely be significantly greater than that expected to be received by
the population at large.

Input parameters for these calculations, including dietary intakes,
oraan masses, and agricultural patterns, are summarized in several
documents, such as the ICRP's "Standard Reference Man" (ICRP 1975).
Values listed in these documents may represent the mean, 95th, or other
percentiles of the population at large.

One of the most significant drawbacks to using the maximum, or any
single-point estimate of exposure, is that each of the input parameters
used in the calculation is subject to critique, question, or outright
argument. In addition, the routine selection of "standard" parameters
may unintentionally underestimate the true exposure because of unique,
site-specific dietary habits, agricultural patterns, or population
behavior.

Another disadvantage of the single-point, determinstic approach is
that the resultant estimates provide no indication of the likelihood of
the predicted exposure being exceeded. For example, is the predicted
exposure likely to be exceeded 50%, 25%, 5%, or 0.005% of the time?
Conventional wisdom has held that the maximally exposed individual
calculations typically represent exposure at the 99th percentile (e.g,
3 a on a normal distribution). However, recent investigations have
shown that for certain exposure scenarios, the 75th percentile may be
more accurate (Farris 1988).

Because of the increasing demand for accuracy and information in
exposure estimates, the maximally exposed individual or worst-case
exposure approach is coming under increasing criticism (EPA 1986). The
necessity of defending (sometimes in court) each of the assumptions
used in the assessment of exposure requires that careful review and
forethought be given to the choice of which approach is used.

EXPOSURE ASSESSMENT USING MONTE CARLO ANALYSIS

This paper illustrates the use of a Monte Carlo uncertainty
analysis to estimate total dietary intake of arsenic at a site contam-
inated from a hypothetical operation. The analysis is also performed
using background levels of arsenic to provide a comparison of intake at
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the site under conditions in which no contamination occurred. This
method indicates the increment in daily arsenic intake as a result of
the presence of contamination from the hypothetical operation at the
site. The results of the analysis can be used to evaluate regulatory
compliance.

Stochastic representations of important parameters are used in a
deterministic model to generate a distribution of total daily intake to
individuals in the exposed population. The stochastic distributions are
sampled using the Latin hypercube technique (Iman et al. 1981) to
randomly generate many sets of input parameter values from which total
daily intakes are estimated. The resulting set of total daily intakes
are analyzed to determine mean, median, 5%, and 95% values. The
analyses are performed for the trace metal arsenic to illustrate use of
the method.

The basis for the analysis is the Latin hypercube sampling
technique (Iman et al. 1981). The Latin hypercube sampling technique
is one method that is being used to provide estimates of the range of
exposures to individuals or populations. The advantage of this method
is that it does not rely on specific values for individual input
parameters. Instead it uses distributions for each of the parameters.
Being similar to the best-estimate/worst-case approach, it provides an
estimate of the magnitude of the risk and a more quantitative indication
on the uncertainty of the analysis.

The major components of the analysis include:

• definition of food classes for the diet

• definition of concentration distributions for each food class

• definition of intake rate frequency distributions for each
food class

• definition of concentrations and intake rates for each sample
diet

• evaluation of total intake for each sample diet.

The calculations are performed for as many sample diets as necessary to
produce statistically significant results. The number of samples
generally required is slightly more than the number of parameters to be
varied (Iman et al. 1981).

The following sections describe implementation of the Monte Carlo
uncertainty analysis.
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METHOD OF ANALYSIS

The goal in the analysis is to determine the daily intake of trace
metals by individuals in the United States. The total daily intake is
the sum of the intake from each food type (including soil), as follows:

Ii = £ Uf * Cif

where Ii = total intake of contaminant i (mg/day)

Uf - daily consumption rate of food type f (kg/day)

Cif = concentration of contaminant i in food type f (mg/kg).

The dietary intake is based on daily intake rates defined in the
Nationwide Food Consumption Survey (Pao et al. 1985; USDA 1983), for
which 3-day food intake data for about 36,100 individuals in the 48
conterminous states were collected. The data were collected over a
period of 1 year (April 1977 through March 1978) and are, therefore,
representative of average intakes and include seasonal variations of
intake for the food categories. The Nationwide Food Consumption Survey
identified several hundred classes of food, selected to include the
major types of food in the diet of the general population.

For this analysis, some of the food groups from the Nationwide
Food Consumption Survey (Pao et al. 1985; USDA 1983) were combined,
reducing the number to 18 main groups, and then two groups were added--
tap water consumed alone as water (not mixed with coffee, tea, or
instant mixes) and soil (to account for inadvertent ingestion of soil).
The latter two groups were added as potential ingestion routes repre-
senting usual routes of exposure to contaminated media. The total
intake is calculated from these 20 food classes. These food classes are
listed in Table 1, along with the mean and median intake rates for each
food class. The background concentration of arsenic in each food type
is taken from the literature.

The total water requirement in the diet is estimated using dietary
models of Zach and Barnard (1985, 1987). An analysis is performed to
ensure that the total water need, based on the intake set for a given
sample, is met. If too little water is included in the sample set,
then the intake of tap water is increased to meet the need. The water
content of foods and beverages is calculated from fractional water
content data provided in Gebhardt and Mathews (1985). The water
balance analysis includes consideration of metabolic water, which
represents water formed during metabolism of protein, fat, and carbo-
hydrates contained in the food intake.

The metabolic water content of the food categories has been
determined from data of Gebhardt and Mathews (1985). The metabolic
conversion of carbohydrates, fat, and protein to water is provided from
Zach and Barnard (1987).
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TABLE 1. Mean and Median Values for Dietary Intake Rates

Food Type

Drinking water froi tap
Beverages froa tap water
Beverages, imported
Fluid milk and lilk beverages
Vegetables
Grains
Leguies and nuts
Fruit
Meat (beef, pork, lamb, veal)
Sausages and Reat Rixtures
Poultry
Eggs
Total cheeses
Dairy products other than

niIk and cheese
Fats and oils
Freshwater finfish
Saltwater finfish
Shellfish
Total sugar and sweets
SoiI ingestion (kg/day)

Intake Rate,
Mean

722.0
425.0
220.0
275.0
150.0
190.0
18.3

125.0
72.7
90.0
24.9
26.2
14.2

18.4
12.4
2.4
10.3
2.39

20.1
0.00006

g/day
Med i an

722.0
291.0
118.0
194.0
133.0
160.0

0.076
90.0
57.3
50.0
0.087

15.9
0.092

0.076
7.65
0.D66
5.77
0.D726
8.25
0.00006

Little definitive information is available on the ingestion of
soil by individuals. A review of estimated intakes reported in the
literature suggested that a reasonable soil intake distribution for
exposure analyses is represented by a triangular distribution, with a
maximum of 100 mg/day, a minimum of 20 mg/day, and a mean of 60 mg/day.

CONTAMINANT CONCENTRATIONS

The background concentration of arsenic in each food type is taken
from the literature. Mean and median values for background and
contaminated media concentrations are presented in Table 2. The data
in this table are not intended to be complete, as only a limited
literature search was performed. However, the data presented should be
sufficient to define the likely range of trace metal concentrations in
the U.S. diet. Because of space limitations, the data derived from the
literature review are not presented. The values for arsenic concentra-
tions in contaminated media are hypothetical and are selected for
illustrative purposes only.

The concentration of arsenic in contaminated meat, milk, poultry,
and eggs is estimated based on soil, plant, and water, concentrations
in the contaminated area. A simple model is used to estimate the total
animal intake of arsenic; the concentration in the animal product is
then estimated from the total intake using concentration ratios (dry
feed basis). Mean and median values for the concentration ratio
distribution are also presented in Table 2. The distributions were
derived using a Monte Carlo analysis of unassociated background feed,
water, and soil concentrations. The analysis of animal product
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TABLE 2. Mean and Median Values for Arsenic Concentrations

Media/Food

Contaminated Media
Domestic tap water
Local fruit
Local vegetables
Local freshwater finfish
Contaminated area soils
Cropland soiIs
Local irrigated crops
Local contaminated area plants
Stock well water
Local river water

Background Media
Farm pond water
Imported beverages
Imported milk
Imported vegetables
Imported grain and products
Imported legumes and nuts
Imported fruit
Imported meat
Imported poultry
Imported eggs
Imported cheeses/cottage
liporied other dairy products
Imported fats, oils, and butter
Imported freshwater finfish
Imported saltwater finfish
Imported shelIfish
Imported sugars and sweets
Background soi 1
Imported cattle feed
Imported chicken feed

Concentration Ratios
Meat concentration ratio
Milk concentration ratio
Poultry concentration ratio
Egg concentration ratio

Concentration,
Mean

0.105
0.229
0.229
0.252

603.0
72.0
0.23
2.41
0.024
1.46

0.0175
0.059
0.0151
0.00661
0.0203
0.0162
0.018
0.0214
0.063
0.0233
0.0152
0.0152
0.0106
0.216
1.36
1.7
0.0163
7.04
0.015
0.0291

0.0856
0.01782
0.1276
0.0568

mg/kg wet wt.
Median

0.0854
0.0568
0.0568
0.252

207.3
41.5
0.0568
0.266
0.024
0.534

0.0175
0.0115
0.01054
0.005
0.0173
0.00836
0.00681
0.0109
0.0512
0.0186
0.0105
0.0105
0.00632
0.2
0.4
0.26
0.00837
4.31
0.0131
0.0228

0.0519
0.165
0.1
0.042

concentration is only used for the contaminated site analysis, because
the background analysis uses actual reported arsenic concentrations for
meat, milk, poultry, and eggs.

FRACTIONAL INTAKE FACTORS

The analysis of intake for the exposure at the contaminated site
considers the source of food for individuals in the exposed population.
Because much food is imported to any given area in the U.S., an
estimate is needed as to the fraction of each food category that is
imported and the fraction that is derived from local production (and
thus subject to enhanced contamination). For most of the food types,
the fraction of food obtained from local sources can vary considerably.
Most fractions will include 0% (no food obtained locally) to up to 100%
(all food obtained locally). The mean and median values for the
fractional intake factors are presented in Table 3. For some of the
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TABLE 3. Mean and Median Values for Fractional Intake Factors

Food Source
Fractional

Mean

0.35
0.21
0.21
0.65
0.25
0.25
0.05
0.06
0.02
0.65
0.083
0.35
0.5
0.5
0.5
0.5
0.75
0 15

Intake
Median

0.25
0.156
0.156
0.75
0.00015
0.0007
0.05
0.06
0.0184
0.687
0.0775
0.35
0.5
0.5
0.5
0.5
0.75
0.15

Mi Ik produced local ly
Garden vegetables produced locally
Fruit produced locally
Fresh neat produced locally
Poultry produced locally
Egg produced local ly
Freshwater fish caught locally
An i ma I feed fro* irrigated crops
Ani*al feed fro* tailings plants
Animal water fro* stock wells
Animal water fro* local river
Chicken feed fro* irrigated crops
Chicken water fro* stock wells-
Chicken water fro* domestic wells
Chicken soil fro* tailings
Chicken soil fro* cropland
Soil fro* irr. crop areas
Soil fro* tailings areas

food types there is a large difference between the mean and the median
values. This indicates a skewed distribution for which a large
fraction of the population is likely to obtain a small amount of the
food locally, but a small number of people may obtain much of the food
locally.

RESULTS OF EXPOSURE ANALYSES

Results of the Monte Carlo uncertainty analysis for exposure to
background levels and enhanced levels of arsenic are presented in
Figure 1. Table 4 presents values for the mean, median, 5%, and 95%
values based on 1000 sample diets generated using the Latin hypercube
computer program of Iman and Shortencarier (1984). Table 5 presents
the mean values for arsenic intake as reported in the literature. The
values from the literature were estimated using deterministic approaches
based on average food concentration and dietary intakes. The mean
values agree fairly well with the values reported in the literature.

The daily intake analysis was also performed using all of the mean
values for the parameters, and using all of the median values for all
of the parameters. The results of these calculations are presented in
Table 4 under the headings "All Mean" and "all Median," respectively.
As expected, the daily intake estimates using the mean values are
greater than the estimates using the median values.

The values reported in the Total Diet Studies of the U.S. Depart-
ment of Agriculture (Gartrell et al. 1985a,b) for the years through
1981 are based on a diet estimated from market basket surveys, and on
food concentration measurements of prepared portions from the surveys.
The market basket survey dietary intakes tend to be significantly
higher than the dietary intakes reported in the Nationwide Food
Consumption Survey findings, largely because the market basket approach
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FIGURE 1. Daily Intake Rate of Arsenic for Background
and Enhanced Exposure

TABLE 4. Summary of Results of Monte Carlo Analysis

Exposure Type

Background
Enhanced

0
0

5X

.014

.066

Average
SOI

0.047 0
0.19 0

Daily
95*

.38

.61

Intake,
Mean

0.097
0.25

•fl/day

Ail
"0,
0.

Mean

096
.19

All
0.
0.

Median

018
065
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TABLE 5. Reported Daily Intakes of Arsenic

Reference Intake, mg/riay

Jelinek and Corneliussen (1977) 0.008 - 0.104
Gartrell et al. (1985a,b) 0.059 - 0.072
Schroeder and Nason (1971) 1.0

does not account for loss during preparation or from discarded foods.
Also, the Total Diet Study (Gartrell et al. 1985a,b) food concentra-
tions are set to zero if the measured values are below detection
limits. Kolbye et al. (1974) have shown that assuming zero concentra-
tions can have a strong influence on the average daily intake estimates
for trace metals, because many measurements are below detection limits.
They reported that daily lead intakes were estimated to be 0.0574
mg/day when trace and zero values were set to zero; the intake increased
to 0.159 when the trace values were set to 0.09 ppm (the detection
limit); and the intake increased to 0.233 mg/day when trace values were
set to 0.09 ppm, and zero values were set to 0.05 ppm (approximately
one-half the detection limit). After 1981, the Total Diet Studies
based the dietary intake estimates on the results of the Nationwide
Food Consumption Survey 1977 - 1978 (USDA 1983). The revised diet is
in better agreement with the diet used in the current study.

POTENTIAL APPLICATION OF THE MONTE CARLO METHOD
TO DETERMINE REGULATORY COMPLIANCE

The use of Monte Carlo method as a means to demonstrate compliance
with applicable regulations has potential both in the assessment of
future impacts, as well as existing ones, because it provides more
information than currently available through the use of the "maximally
exposed individual" approach. While the Monte Carlo method does not,
strictly speaking, provide an estimate of uncertainty, it does provide
insight into potential ranges of exposure. As noted earlier, the EPA
has encouraged the use of realistic assessments in evaluating exposure.
The selection cf a 95th percentile value will provide a consistent
approach to estimating exposure. Comparison of the median and 95th
percentile values would also provide insight into the sensitivity of
the exposure estimate to the range of data selected as input parameters.

SUGGESTIONS FOR IMPLEMENTATION OF THE METHOD
AS A ROUTINE TOOL IN EXPOSURE ANALYSES

This presentation represents a first attempt at the use of the
Monte Carlo method as a means of determining compliance. For the
method to be used routinely, the parameters and their distribution that
are included in such assessments must be standardized as much as
possible. Comments or suggestions on this approach are welcome.
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INTRODUCTION

Lightning and the related secondary effects present a significant
hazard to those who handle some forms of hazardous materials.
Specifically, these include flammables, explosives, nuclear products
and storage facilities for other materials considered hazardous.

History has proven that the conventional techniques in use today are
not very effective. The most probable reason that there have not been
more catastrophies, is that most hazardous material sites are general-
ly low strike risk facilities.

Explosive storage bunkers have exploded due to lightning; petroleum
storage facilities have been set on fire by lightning strikes, and by
its secondary effects; and facilities handling hydrogen have been set
on fire or exploded as the result of nes.-.by strikes. All of these
cases were either "protected" by NFPA 78 criteria, or by general
industry standards.

From the days when explosives were developed, up to this present hour,
lightning has proven to be an adversary that has circumvented our pro-
tection attempts. Not always, but with distressing frequency, and at
unexpected times and locations.

In dealing with this problem, the tendency has been to explain away
the problem by implying that the protection was not quite up to
standards. This position may suppress public reaction; however, it
does not provide a long term solution. A study of the lightning
strike mechanism and the related phenomena provide a key to the loss
mechanism and facilitate the derivation of a safe protective system
that can be made 100 percent effective.

THE CAUSE MECHANISM PREMISE

To understand the cause, it is necessary to understand the lightning
mechanism and its related secondary effects. To that end, a review of
those fundamentals is offered.

A charged cloud develops a very strong electrostatic potential through
some internal mechanism. Scientists have estimated this potential to
achieve levels in the order of ten to the eighth volts. They state
that the resulting electrostatic field beneath that cloud, reaches
values of between 10 and 30 thousand volts per meter of elevation above
earth, during a mature storm. They also state that this field induces
a charge on the earth, beneath that cloud, of equal but opposite po-
tential. It may be considered an electrical shadow as illustrated by
Figure 1.
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As the cloud moves, so does that electrical shadow. As it enters the
area of concern, it charges everything within its sphere of influence,
including any surface or n»ar surface hazardous materials.

When the charge within the cloud reaches the critical level, the
resulting potential causes the air beneath the cloud to ionize, forming
down-ward moving streamers called "step leaders." As these leaders
move toward earth, they bring the storm cell potantial with them, as
illustrated by Figure 2.

As the leader approaches earth, streamers are formed from earth bound
facilities, moving upward toward the downward moving leaders. The
first streamer to make contact with the leader, closes the circuit and
"Charge Neutralization" begins. This whole process may be thought of
in terms of a wire being lowered from the cloud to earth; the first
structure it touches, closes the circuit - conductor or not.

This Charge Neutralization is the process of transferring electrons
from a body with a surplus (the cloud) to one with a deficiency (earth
under the cloud); as illustrated by Figure 3. This of course takes
some time; but not much. Although the average time is 20 microseconds,
there are often many surges of current in the lightning channel as the
various earth bound charge centers move to the stroke terminus and are
neutralized; that may be between one and 26 current surges per stroke
channel (flash).

If there is at least a semi-conductive path between all of the charged
areas and the terminus of the stroke, the induced charge will be to-
tally neutralized. However, if there are electrically isolated pockets
of charge, there can be "secondary effects" with severe consequences,
These are the result of the so called "Bound Charge," described by the
American Petroleum Institute in their Bulletin 3002A.

The Bound Charge hazard as illustrated by Figure 4, is believed to be
the cause of lightning related explosions of explosives and flammables
handling facilities.

This cause is quite similar to that related to static electricity
except that the "static" was induced by the storm as opposed to other
charging mechanisms.

When the charge neutralization process has terminated and the stroke
channel has de-ionized, this bound this bound charge is left on any
body isolated from direct electrical contact with earth.

Since oil, dry wood, dry concrete and many other materials are essen-
tially insulators, they cannot transfer the charge in the 20 micro-
second interval available for neutralization. The induced charge is
therefore "bound" by the insulative qualities of the material itself,
or its interface with local earth.
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The Bound Charge is usually at a very high potential, perhaps equal to
that of the cloud; but now, at a difference with respect to its
surroundings, the discharged earth or its container. That potential is
usually high enough to create an arc between it and the closest
conductive body that was discharged by the stroke. If the conditions
are "right" an explosion or a fire is initiated.

This phenomena is a common cause of petroleum storage tank fires. In
one typical case, an arc forms between the floating roof and the tank
wall, igniting the vapors around the seal - also illustrated by Figure
4. The obvious conclusion is that the primary cause of flammables
storage and processing facilities is the secondary effects (bound
charge), not the strike itself. The strike itself seldom comes in
direct contact with the flammables; the secondary ark that does the
work. In like manner, explosives stored in a bunker, can retain a
bound charge from which a discharge can initiate the explosion.

Also, the charge motion itself can create a significant hazard as it
moves from where it was induced to the terminus of the stroke. During
the discharge process, a large volume of charge is being transferred
many hundreds of feet in a few micro-seconds. This charge transfer
will use the path of least resistance. Discontinuities in that path of
charge movement are conducive to arking. In the wrong place these arcs
will ignite, explode or damage the inter-faces between conductive and
non-conductive elements in the path of these moving charges.

Another factor related to nearby strikes is the Electromagnetic Pulse
(EMP) of Figure 5. The EMP is the direct result of a nearby lightning
stroke and the related severe magnetic field, di/dt's in the order of
100,000 amperes per microsecond are not uncommon in a lightning
channel. And, as with any fast moving electrical current, there is a
related, very strong magnetic field which will induce transient current
into any coupled conductors.

THE CHARACTER OF POSITIVE PROTECTION

Positive protection must provide a safe environment under any circum-
stance; and not be subject to failures. That is, the potential for
system compromise must be insignificant. In dealing with the phen-
omena, lightning, this means that the following functions must be
accomplished:

1. Eliminate the potential for direct strikes to the
critical site, and thereby its EMP as well.

2. Eliminate the possibility of earth current (induced
charge) passage through the site of concern.

3. Eliminate the potential for bound charges within the
area of concern.
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These objectives demand a new approach to lightning protection; and,
preclude the use of any system based on a collection and diversion
technologies. To demonstrate, a review of contemporary technologies is
mandated.

Conventional Protective Concepts Lightning Rod (Air Terminal) Systems
are designed to provide a "preferred path" for the lightning, by
capturing the stroke and diverting the resulting current flow around
the protected area, as in Figure 6. In addition to their questionable
reliability in that function, they encourage the stroke, and encourage
the secondary effects by bringing the stroke energy into the area of
concern. For details, refer to a former paper.

Improvements in air terminal concepts such as the Radioactive Air
Terminal, the Laser Terminal, the french "Helita", etc. do not solve
the basic problem. That is, the stroke to within the area of concern
is still encouraged; and the better they work, the higher the risk to
hazardous materials therein

The Faraday Cage of Figure 7, does solve some of these problems - but
not all. It does reduce the risk somewhat. The cage is designed to
surround the protected area with an electrostatic shield. But to be
effective, all sides, including the top and bottom, must be part of the
shielded area.

This system has no effect on the Electromagnetic Pulse (EMP); and its
impact on the charging effect of the storm's cells is of dubious value.
There is no concrete data available as to its state, or of the material
contained therein during storm conditions. The cost may be prohibit-
ive, or the design impractical for some facilities.

CHARGE DISSIPATION, POSITIVE PROTECTION

The obvious protector premise, simply stated is: "No strike, no fires
or explosion". What is equally true, but less obvious is: "No bound
charge, no fire or explosion." Therefore, any system that can be shown
to prevent the direct strike and eliminate the potential for a bound
charge, will provide positive protection for explosives, flammables and
other hazardous materials. The Dissipation Array™ (DAS™) has been
proven to be just such a system. The DAS constantly drains the charge
from a protected area, leaving it virtually without a significant
charge, even in the midst of intense storm.

Based on a well known electrostatic phenomena called: "Point
Discharge", the DAS as its name implies, dissipates the charge slowly
and constantly throughout the life of the storm. It uses Point
Discharge as the media for passing the charge from the site into the
surrounding atmosphere.
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Point discharge is a phenomena that occurs when a sharp point is
exposed to a strong electrostatic field, in excess of lOKv. The point
takes an electron from the adjacent air molecule, leaving it a free
ion. The storm's electrostatic field draws that ion away from the
point and the process repeats as long as the electrostatic field is
present and at a high enough potential is present. Ion flow increases
exponentially with an increase in the field strength and linearly with
wind or air speed. When large amounts of ions are produced, it creates
a related phenomena called corona or St. Elmo's Fire. The DAS™ does
just that, it creates massive ionization during a mature storm;
discharge currents of up to 1/2 ampere, have been measured from one
system.

A form of the DAS is illustrated by Figure 8 which illustrates the
three basic components and its functional impact on the protected site.

They function as follows:

1. The Ground Current Collector (GCC) collects the induced
charge as it enters the area to be protected, providing
a ready conductor for that charge, to the service wires.

2. The Service Wires (SW) provide a preferred path from the
GCC to the Ionizer. Since there is a continuous flow of
charge, the GCC - SW provides the preferred path for the
flow of storm related charge. As a result, very little
charge is admitted to the protected site.

3. The Ionizer provides the interface between the site and
the storm system, passing the induced charge on to the
air molecules which carry the charge away from the site.

The more intense the storm, the higher the ionization current. Corona
has often been observed around an Ionizer during active storms at
night. The protected area is left virtually free of charge.

Customer history has proven that the residual charge was so low that no
secondary arcs would form, where prior to the DAS, secondary arcs would
frequently ignite light hydrocarbons and hydrogen. A prior paper(l)
provides the results of a 15 year study involving over 650 systems and
4000 system years of data which prove the reliability of the DAS
concept for the protection of many types of facilities. Some of these
involved flammable fluids storage, others involved flammable gasses
(H2), while others involved explosives storage facilities. Many of
these are repeat users. These data prove that the residual charge,
within the protected area, is too low to flash even Hydrogen.
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IMPLEMENTING A DAS™ SYSTEM

Since the DAS is composed of three subsystems, these must each be de-
signed to perform the required function for the given application.
Figure 10 illustrates a potential deployment concept for two applica-
tions, an oil storage tank, and an explosives storage bunker.

The Floating Roof Tank (Figure 10) is protected through use of a
circumferential Ionizer mounted to the tank rim. That tank wall
provides the Service Wire function, which is connected to the tank
bottom plates. The tank base plates provide the Ground Current
Collector function.

LEC has protected several hundred tanks this way, some of which have
been in service for up to 15 years. Inspite of prior loss history for
these same facilities, none of these tanks have been struck, or
experienced a "seal fire" since the installations were complete.

The Explosives Bunker (Figure 10) is protected through use of an
Ionizer mounted on a pole or tower beside the bunker. Redundant
service wires connect the Ionizer to the circumferential Ground Current
Collector. The collector keeps the charge out of the Bunker area.
Further, it will bypass any earth current passing near the area, around
the protected site. This concept has been successfully implemented in
Thailand for the Royal Thai Navy, in a very high Isokeraunic area.

Figure 11 illustrates the installation of a DAS on a hydrogen off-gas
stack. Prior to this installation, any mature lightning storm in the
plant area, would cause the stacks to ignite due to the secondary
effects - not a direct strike. In the subsequent 8 year history, there
has never been a hydrogen stack ignition. PPG Chemical Company of Lake
Charles, Louisiana, has subsequently ordered similar protection for
other sites.

In summary> lightning need not be a problem to hazardous materials. A
DAS™ configuration has been tested and proven to be the safest form of
protection. By eliminating the direct strike, all of the side effects
are also eliminated. The result is the elimination of the lightning
related source of ignition.
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Figure 1, The Charged

Cloud Phenomenon.

Figure 2, The Stroke

Formation Process.

THE CHARGE NEUTRALIZATION
MECHANISM

Figure 3 , The

Charge Neutralization
Mechanism.
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THE BOUND CHARGE HAZARD
(The Post Stroke Situation)

Figure 4, The Bound

Charge Hazard (The Post

Stroke Situation.
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Figure 5, The EMP Hazard.
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Figure 6, The Lightning Rod Approach.
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Figure 7, Thp Faiaday Cap,n ,

Figure 8, The Dissipation

Array Concept.
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MANAGING THE ASBESTOS ABATEMENT PROCESS

E. ROBERT WHITE

ABSTRACT

Managing asbestos abatement projects do not vary greatly from other
construction-related projects. Scheduling, cost controls, bonding, insurance,
preliminary planning, permitting, etc., are all common denominators in any
construction process. The two major issues requiring specials attention in
asbestos-related projects are controlling asbestos fibers during abatement
and reducing long-term liability associated with the waste materials.

INTRODUCTION

Asbestos, a group or naturally occurring fibrous minerals was once hailed as
"The Miracle Fiber of the Twentieth Century". The long flexible fibers
were deemed by many to be suitable for use as a non-combustible, non-
conducting, or chemically resistant material. It is claimed to have been
applied to more than three thousand commercial uses. (Slides 1 and 2)

Over thirty (30) million tons of asbestos have been used to insulate walls,
pipes and ceilings. The Environmental Protection Agency (EPA) estimates
that there are over a billion square feet of sprayed or trowellcd-on
asbestos in structures throughout the country. One government agency
compared the volume to a "one-foot thick sidewalk stretching all the way
to the moon" ... and this does not include asbestos-containing materials
(ACM) in homes. (Slides 3 and 4)

With increasing asbestos use, human exposure and chronological time, a
pattern of life-threatening diseases began to emerge. Asbestos-related
diseases were discovered to have a latency period ringing from 15 to 40
years following exposure. The understanding of this causative relationship,
long after exposure, has been the subject of a plethora of regulations
banning further uses of asbestos. The net result of this national attention
is a $300 billion asbestos abatement industry. (Slide 5)
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SCOPE

This presentation goes beyond the current minimum regulatory requirements
which must be followed during asbestos abatement. Abatement projects
include any activity which may involve the repair, removal, transportation
and disposal, enclosure, or encapsulation of any material containing more
than 1 percent asbestos by weight. Emphasis is placed upon the concepts
of risk reduction for managing the removal of all forms of asbestos-
containing building products and the disposal of those materials.

MANAGING THE ASBESTOS ABATEMENT PROCESS

Abatement is defined as the act or process of putting an end to a
nuisance. However, like most of the earlier "Supcrfund Cleanups", asbestos
was not actually abated in the complete sense ... it was simply moved from
one location to another. The medical or toxicological hazard associated
with asbestos was not reduced and neither was the associated liability to
the owner/generator of the waste. Compounding this failure to eliminate or
reduce the hazard of the source material, came word from the medical
community that asbestos cannot be medically dissolved or surgically
removed. Furthermore, there is no known safe level of exposure i.e., no
recognized threshold below which will not produce a physiological effect.

Asbestos abatement projects do not vary greatly from other construction-
related projects. Regulatory notification and permits are required before
projects are allowed to start up. A certain amount of lead time is also
required to secure bonds and insurance. Large projects may require a
certain amount of lead time to secure the required number of negative air
machines and to train a local work force. There exists within asbestos
abatement projects significant potential for risk, however, which does not
currently exist in other construction-related projects.

A contemporary approach to managing the asbestos abatement process must
therefore include a building survey and risk assessment, preliminary
planning, notifications, work area preparation, heating, ventilation and air
conditioning (HVAC) modification, specialized monitoring methods, security
measures, emergency planning, administrative controls, quality Assurance and
Quality Control (QA/QC), specialized health, safety and site specific
training, removal procedures, waste management, transportation and
processing of waste to reduce the inherent hazards of the material and to
eliminate future liability for owner/generator.

o Building Survey and Risk Assessment

Real estate management of commercial and industrial property has become
increasingly complex because of the liability which exists if the property
contain? hazardous materials. The prudent building owner will take steps
to minimize building occupants' potential exposure to airborne asbestos.
To determine if ACM is present in a building, construction records should
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be examined and a thorough inspection of building materials should be
conducted. Suspect materials should be carefully sampled and analyzed for
asbestos content by a qualified laboratory. Complete, accurate,
unambiguous documentation of the survey and all test results is essential.

o Preliminary Plaaaiig

If ACM is found in a building, a special operations and maintenance
(O&M) program should be implemented immediately. The site-specific
program should be designed to clean up asbestos fibers previously
released, prevent future release by minimizing ACM disturbance of
damage, and monitor the condition of ACM. Controlling ACM is often
complicated; assessment requires simultaneous consideration of the type
and condition of the material, timing and alternative abatement methods,
as well as, site-specific constraints that affect individual owners and
buildings. Assessment should be accompanied by a quantitative measure
of airborne asbestos contamination.

It is important to note that the physical presence of ACM in a building
does not necessarily equate to a real danger to building tenants.
Exposure to respirable asbestos fibers from undisturbed ACM in good
condition is unlikely. When building maintenance, repair, renovation or
other activities disturb ACM, or if it is damaged, asbestos fibers may be
released creating a potential hazard to individuals within the affected
area. Once airborne, asbestos fibers tend to remain suspended by the
building's operating mechanical systems, tenant vacuum cleaners, traffic,
fans on equipment, doors, elevators, moving drapery, etc.

o Notifications

Generally, there are three requirements imposed upon a building owner if
ACM is present:

1. Notification of ACM presence to building users - The building owner
owes to the public what the law calls a duty of care. Liability to
the owner inures because of his possession of the land which he can
use for his own benefit or the benefit of others. Thus if a land
owner knows or should know that asbestos is present in a particular
part of the building, then the law imposes upon him to warn people
entering the premises to disclose to them the presence of asbestos
as the substance might cause harm. It is only when the building
owner breaches his duty of care that he can be found to be
financially responsible to an injured person.

2. Notification to appropriate regulatory agencies if ACM is to be
removed from the property, and

3. Notification to individuals probably exposed to asbestos
concentration at or above the current action level of 0.1 filters/cm*
that triggers worker training and medical monitoring requirements.
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Building owners in the State of California have additional reporting
requirements and mandatory posting of warnings which took effect on
February 27, 1988 for the first 29 substances under Proposition 65.

o Work Area Preparation

Slides 6 through 16 illustrate examples of scaffolding, phasing-demising
walls, isolation barriers, air and water filtration devices and required
placarding.

o HVAC Modification

The HVAC system must be completely isolated or removed from the
abatement area. A contaminated HVAC system is often the mechanism of
re-contamination of a clean area. The air distribution side of the air-
handling unit may be utilized for make-up air if the air is pre-filtered
through a high efficiency paniculate air (HEPA) filter.

o Specialized Monitoring Methods

Methods typically used include partial pressure differential monitoring
devices, work area air pumps and outside air pumps for monitoring air-
borne asbestos fiber counts. Additionally, there arc personnel air-line
monitors for oil and carbon monoxide levels, thermometers in the work
area environment, oxygen meters for enclosed areas, organic vapor
analyzers (where appropriate) and discharge water monitoring for asbestos
fibers.

o Security Measures

A 24-hour security system for controlling access must be maintained until
the construction site is cleared. Additionally, there are often owner/user
security requirements which must be factored into the project.

o Emergency Planning

Plan typically contains Standard Operation Procedures (contingencies) for
communications, auxiliary power, responding to significant weather-related
problems and seismic events, decontamination and transportation of
injured personnel, first-aid procedures and CPR, as well as reporting of
incidents.

o Health, Safety and Training

The most obvious issues are respiratory protection and controlling fibers.
Currently, the regulators (NIOSH and EPA) arc not recommending the use
of negative pressure air purifying, or powered air purifying respirators
for use in asbestos environments. (Slides 17 through 20). Well managed
work controls can successfully confine fibers. A building fire, however,
if not controlled can spread asbestos fibers across entire sections of
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cities and neighborhoods.

Current asbestos abatement methods are fraught with more basic and
immediate safety hazards than protecting workers and confining fibers,
e.g.,

Falls From Scaffolding: - 305 Total
2 Deaths

245 Permanent Disabilities (80%)

Falls From Ladders: - 640 Total
1 Dead

540 Permanent Disabilities (84%)

Heat Stress/Stroke: - 57 Total
2 Deaths

44 Totally Disabled (77%)

Electrocutions: - 50 Total
7 Deaths

34 Totally Disabled (78%)

(Slides 21-23)

o Reatoval/Eacapiiilatioa/EaclosHre Procedures

Examples of these procedures are illustrated in Slides 24-33. During
demolition or renovation activities often associated with asbestos
abatement, other hazardous materials may be encountered, like lead
sheeting in walls (Slide 34), or polychlorinated biphcnyls (PCBs) in the
fluorescent lighting fixture ballasts which were contemporary with
asbestos installations (Slide 35).

o Administrative Coatrols, Quality Asuraace/Quality Coatrol

Administrative Controls are the foundational elements of effective
management. They should be structured so that QA/QC receives
management attention comparable to that given to costs, schedule and
performance. Quality is conformance to standards. Quality management
is a systematic way of guaranteeing that organized activities happen the
way they are planned. It is a management discipline concerned with
preventing problems from occurring by creating the attitudes and controls
that make prevention possible.

QA refers to the system whereby an organization provides assurance that
monitoring of quality-related activities has occurred. Implementation of
the QA Program is designed to ensure that data are collected under
controlled conditions, rather than simply to ensure documentation of
poorly conducted work. Examples of QA activities include:
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- Ensuring that organizational elements are staffed by technically
competent personnel

Ensuring that specific plans and procedures are in place to prevent
conditions adverse to quality

Ensuring that al! records, logs, standard procedures, project pians
and analytical results arc maintained in a retrievable fashion from
secured storage.

QC refers to specific actions taken to ensure that system performance is
consistent with established limits. It is these actions which ensure
accuracy, precision, protocol, security, and compatibility of results.

o Waste Management, Transportation and Disposal

The problem of disposal is integrally tied to the problems of removal.
The currently acceptable practice of transporting and landfilling friable
asbestos wastes places the building owner in an unacceptable position.
The very real risks and potential liabilities associated with this practice
far outweighs any short-term benefits or cost savings to the owner.

Treatment of friable asbestos materials with Portland Cement and casting
into place or into 55-galion containers at the landfill site would
encapsulate the fibers. Better yet, the asbestos fibers should be
destroyed by melting into glass, thereby eliminating the hazardous
characteristics of the asbestos and eliminating all future liability for the
owner/generator of the waste ACM.

SUMMARY

In summary, management of ACM is imperative. The technology associated
with ACM control, however, is in its formative stages. This is
predominately a low-tech, high-risk business problem. Prudent building
owners/managers are urged to establish a decisive course of action to
control asbestos exposures to building occupants and to methodically
eliminate the hazard altogether.
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ASSESSMENT OF POTENTIAL WORKER EXPOSURE
DURING THE OPERATIONAL PHASE OF

THE TUMULUS DISPOSAL DEMONSTRATION PROJECT*

David R. Styers, Automated Sciences Group, Inc.
Sidney B. Garland, II, Environmental Sciences Division, Oak Ridge National
Laboratory

ABSTRACT

The Oak Ridge National Laboratory has a continuing commitment to improve
waste management and storage practices for solid low level radioactive
wastes (LLW). The Tumulus Disposal Demonstration Project was chosen by
the Low Level Waste Disposal Development and Demonstration (LLWDDD)
program as one of the disposal technologies that is being evaluated to
dispose of this waste in an environmentally acceptable manner. For this
project, primary waste packages containing dry, solid LLW with contact
dose equivalent rates less than 200 millirem per hour were placed into
secondary concrete disposal vaults and the void spaces fillod with a
concrete grout mix. The completed units were then placed on the Tumulus
pad. To assess potential worker exposure for this disposal technology,
the radiation field at the site was surveyed. Measurements of worker
exposures during the loading operations necessary to prepare and to
emplace the LLW were conducted. The goal is to develop a database
sufficient to compare worker exposures for disposal facilities of
different designs.

INTRODUCTION

The Tumulus Disposal Demonstration Project (TDDP) is being evaluated by
the Oak Ridge National Laboratory's (ORNL) Low-Level Waste Disposal
Development and Demonstration (LLWDDD) program for the disposal of solid
low-level radioactive waste (LLW) in an environmentally acceptable
way.1**' •* The Tumulus technology, derived from a similar disposal
facility in France, will make more efficient use of the rapidly
diminishing land space within the burial areas of ORNL. The TDDP is
located on ORNL's Solid Waste Storage Area 6 (SWSA-6).

The disposal of LLW within the Oak Ridge Reservation (ORR) is controlled
by the Department of Energy (DOE) Order No. 5820.2.13 This Order requires
that LLW be disposed of by shallow land burial (SLB) or greater
confinement disposal (GCD). The Tumulus design meets the requirement of
GCD.

* Based on work performed at the Oak Ridge National Laboratory, operated by Martin Marietta Energy
S K , Inc., for the U.S. Department of Energy under contract DE-AC05084ORK00.
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While LLW wastes generated by DOE are not directly regulated by any other
federal or state regulations, the Tennessee Department of Health and
Environment (TDHE), the U.S. Environmental Protection Agency (EPA), and
the Nuclear Regulatory Commission (NRC) are concerned with environmentally
safe disposal of these wastes. Related federal regulations are those
outlined in (1) 10 CFR 61 that contains LLW disposal regulations for
commercial facilities,12 (2) NRC Branch technical position papers, and (3)
acceptable dose limits for workers and the public as outlined in DOE Order
5480.1A for DOE facilities and 10 CFR 20 for commercial facilities.7'11

In addition, EPA is currently developing radioactive waste disposal
standards for inclusion in 40 CFR 193.

It is the intent of the LLWDDD program to develop a series of disposal
technologies that meet or exceed the LLW disposal requirements of the
TDHE, EPA, and DOE.4 Due to the types and levels of radioactive
contamination inherent to LLW, appropriate handling, storage, and disposal
procedures and technologies must be developed and demonstrated.

DEMONSTRATION REQUIREMENTS AND PROCEDURES

The Tumulus technology was envisioned to accommodate only those LLW which
would be rendered innocuous through the natural radioactive decay
processes of the stored radionuclides during the 100-year institutional
control period for this project. Radioactivity limits to achieve this
goal are currently being developed by the use of pathways analysis models
in an activity outside the scope of this project. The Waste Acceptance
Criteria (WAC) developed for the TDDP are those approved for low-activity
LLW disposal in SWSA-6. The requirements for the WAC are as follows9:

o All waste that is to be placed into the concrete disposal vaults
will be dry-solid, low-activity waste, including solidified sludges.

o Contact radiation at the surface of the primary waste containers of
solid LLW before placement into the secondary concrete vault shall
be < 200 mrem/hr. Waste will be contained in sealed 55-gal drums,
4-ft x 4-ft x 6-ft boxes, or other approved containers.

o All waste will be certified that it does not contain concentrations
of materials above the levels identified as hazardous under the
Resource Conservation and Recovery Act (RCRA) and waste will contain
<100 nCi/g of transuranic (TRU) materials.

The waste generators document that all WAC for these wastes are certified
as being met by using the ORNL Form, "Log-in Data Sheet for Low-Level
Wastes", that accompanies all LLW being transferred to the TDDP site.

As a demonstration project, much more documentation and monitoring are
necessary than would be required to meet regulatory requirements.
Generally, the types of data collection activities proposed would be
required by the regulators; however, the frequency and detail are greater
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due to the demonstration status. Radiological monitoring at the TDDP site
is basically divided into two parts: that which is done by ORNL's
Environmental and Health Protection Division's (EHPD) Radiation Protection
Section and that which is done by a Radiation Monitoring Specialist (RMS).

The ORNL's Radiation Protection Section is responsible for the
radiological surveillance for the health and safety of the personnel who
perform disposal duties on the TDDP site. The exposure values measured
by ORNL's Radiation Protection Department will be the official record of
the individual's occupational exposure. The function of the RMS is to
perform valid, representative monitoring of the various TDDP unit
operations to permit accurate prediction of the total collective dose
equivalents received by the SWSA personnel.

The purpose of the radiological monitoring activities of the RMS for the
TDDP is to determine the potential radiological exposures to the workers
as they dispose of LLW on the Tumulus pad. An evaluation of the work
procedures and precautions was made to maintain the exposure levels As
Low As Reasonably Achievable (ALARA).

The objectives of the radiological monitoring activities for the TDDP are
to:8

o comply with regulatory and procedural requirements,
o evaluate work procedures for ALARA worker exposures,
o evaluate the performance of the Tumulus disposal technology,
o evaluate the worker exposure monitoring program for adequacy,

and
o assess worker and public safety.

The radiation monitoring activities necessary to fulfill these objectives
and to keep worker exposures ALARA included the following:8

o reviewing existing radiation data for the TDDP site,
o determining the preoperational radiation background for the

TDDP site,
o assessing the radiological safety concerns associated with

the disposal activities for the project,
o developing waste handling procedures to ensure that all

radiation exposures are ALARA, and
o monitoring the unit operations necessary to emplace LLW onto

the Tumulus pad.

Concentration data of the long-lived unidentified gross alpha and beta
activities in particulate air and the external gamma radiation levels
within the Oak Ridge Reservation (ORR) were obtained from the OF
Environmental Surveillance reports for calendar years 1984 through 1986.
This information was compared to the preoperational exposure rate and
particulate air activity data collected at the TDDP site. Furthermore,
the preoperational transferable surface contamination levels on the
Tumulus pad surface were determined.
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Radiological monitoring of the various unit operations for the TDDP was
performed by the RMS on not less than 20% of each unit operation using
special high sensitivity thermoluminescent dosimeters (Panasonic AQ-814).
These unit operations included: (1) loading the primary waste forms into
the disposal vaults; (2) grouting the void spaces; (3) sealing the vault;
and (4) loading the vault onto the Tumulus pad. Worker exposures were
determined as they performed each unit operation. A time and distance
record was kept during all waste handling operations.

RESULTS

A review of the existing data on the gross alpha and beta-gamma activities
in particulate air revealed that they have essentially remained constant
within the ORR since 1979. For the time period from 1979 through 1986,
the yearly average concentrations for the gross alpha emitters have ranged
from 0.7 E-15 to 5.7 E-15 microcuries per cubic centimeters (uCi/cc) while
the yearly average concentrations for the gross beta-gamma emitters have
ranged from 7 E-15 to 30 E-15 uCi/cc. The average preoperational
concentrations for the gross alpha and beta-gamma emitters at the TDDP
site were 30 + 60 E-15 uCi/cc (+ 1 sigma) and 35 + 62 E-15 uCi/cc (+ 1
sigma), respectively. The preoperational airborne activities at the TDDP
site appear to be caused by the natural decay of the daughter products of
the gaseous isotopes 222Rn (radon) and 220Rn (thoron).

The preoperational exposure rate average for '.he TDDP pad was
approximately 0.045 + 0.009 milliroentgens per hour (mR/hr) (+ 1 sigma)
at 1-m above the pad surface. This average value was approximately three
times higher than the 5-year average for the nearest external radiation
monitoring station and approximately five times higher than the 5-year
average for the ORR network stations. All of these monitoring stations
are located outside of the SWSA-6 site boundaries. The higher average
exposure rate for the pad was probably caused by the influences of the
waste disposal activities occurring within the SWSA-6 site boundaries.

External transferable surface contamination measurements performed on the
TDDP pad surface found that the maximum transferable beta and/or gamma
contamination for all measurements was < 80 disintegrations per minute
per 100 square centimeters (dpm/100 cm2). These values are well below the
ORNL standard of 200 dpm/100 cm for transferable beta and/or gamma
contamination.

Figure 1 illustrates the average exposure received by each member of the
SWSA-6 disposal team as he performed the various unit operations necessary
to prepare and to emplace a disposal vault onto the Tumulus pad. Tables
1 through 3 provide summaries of the unit operations monitoring. It takes
approximately one hour from start to finish to prepare and to emplace a
primary container of solid LLW onto the Tumulus pad. The average net
exposure per man per vault is approximately 0.6 mR/man/vault. The
disposal crew usually consists of from 5 to 8 men, depending upon the
operation. To date approximately 100 disposal vaults have been placed
onto the Tumulus pad.

1372



CONCLUSIONS

The conclusions for the radiological monitoring activities for the TDDP
are as follows:

o The TDDP disposal activities thus far have not caused a radiological
impact on the environment on or near the StfSA-6 burial ground.

o The radiological objectives of the monitoring plan have been net.

o All primary waste forms thus far have met the Uaste Acceptance
Criteria (VAC) for contact exposure rates and transferable surface
contamination levels.

o The average net exposure per man per vault for the disposal
operations is approximately 0.6 mR/man/vault.

o The average time needed to emplace each vault onto the Tuaulus pad
is approximately one hour. The loading crew usually consists of
five to eight men, depending upon the disposal activity.
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Table 1
Summary of Unit Operations Monitoring

Operation:

Date

11-07-87
01-20-88
01-29-88
04-28-88
06-13-88
07-05-88
08-08-88

Loading Primary Waste

Background
(mR/hr)

0.41 + 0.07 (n-3)
0.30 + 0.05 (n-3)
0.24 + 0.10 (n-3)
1.20 ± 0.40 (n-2)
0.29 ± 0.21 (n-3)
0.91 + 0.02 (n-2)
0.46 + 0.03 (n-3)

Number
of Vaults

7
1 ..
3
3
5
4
7

Number
of Crew

3/4
. 3/4

3/3
2/5
3/5
3/3
6/6

Grand

Average Time
(min/man/vault)

6.3
6.8
3.6
7.3
4.8
17.3
6.4

Averace: 7.5+4.5

Avg, Exposure Rate
(mR/hr/man/vault

4.34
8.11
2.00
4.10
8.05
0.05
0.01

3.8 + 3.4

Operation; Grout Vaults

04-19-88
04-25-88
04-27-88
05-03-88
07-07-88
08-11-88
08-29-88
09-08-88

(initial pour)
1.06 + 0.09
0.16 ± 0.07
0.45 + 0.11
0.18 + 0.09
0.34 + 0.05
0.62 + 0.18
0.12 + 0.03
0.24 ± 0.03

(n-3)
(n-5)
(n-3)
(n-3)
(n-4)
(n-4)
(n-4)
(n-4)

6
6
5
1
4
3
3
1

5/6
4/4
4/4
7/7
6/6

VI
VI
7/7

3.7
9.2
3.5
8.8
10.6
5.3
9.7
13.6

Initial Pour Average: 8.1 + 3.6

0.08
0.02
0.11
0.83
0.06
0.90
0.19
1.28

0.4 + 0.5



Table 1 (Continued)

04-25-88
04-26-88
04-27-88
05-03-88
06-16-88
07-20-88
08-16-88
08-30-88

(final
0.16 ±
0.25
0.45
0.18
0.91
0.54
0.24
0.09

pour)
0.07 (n
0.09
0.11
0.03
0.05
0.11
0.09
0.02

5)
(n-3)
(n-3)
(n-3)
(n-3)
(n-4)
(n-3)
(n-4)

6
6
1
1
8
4
3
3

5/5
7/7
2/2
6/7
8/8
8/8
7/7
7/7

8.6
13.1
29.0
10.8
6.0
8.6
9.9
11.2

Final Pour Average: 12.2 ± 7.1
Grand Average: 20.3 + 8.0

Operation:

04-22-88
04-23-88

Operation:

04-23-88
05-25-88
05-26-88
06-01-88
06-29-88
08-08-88
08-08-88
08-31-88

Sealing Vaults

0.31 ± 0.03
0.19 + 0.01

Load Pad

0.19 + 0,01
0.12 + 0.04
0.37 + 0.11
0.18 + 0.06
0.10 + 0.03
0.64 + 0.14
0.23 ± 0.13
0.17 + 0.04

(n-6)
(n-3)

(n-3)
(n-5)
(n-5)
(n-6)
(n-7)
(n-2)
(n-2)
(n-4)

8
5

8
3
1
4
7
2
2
3

3/4
2/2

Grand Average

7/7
6/6
6/6
6/6
5/5
4/5
4/5
8/10

Grand Averaee:

5.1
6.4

: 5.8

21.8
42.4
41.3
54.6
22.5
15.0
36.4
32.2

33.3 + 13.1

0.01
0.02
0.12
0.25
0.14
0.06
0.08
0.04

0.1 + 0.1
0.5 + 0.5

0.08
0.20

0.1 + 0.1

0.01
<0.01
<0.01
0.01

<0.01
<0.01
0.01
<0.01

<0.01

Total: 67 + 16 minutes/man/vault at 0.6 +0.5 mR/man/vault
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Table 2
Summary of External Radiation Measurements On Primary Containers

Transferable Contamination

Date
11-07-87
01-20-88
04-27-88
04-28-88
06-13-88
06-15-88
07-05-88

Vaults with
Contact Exposure Rates

(mR/hr)

0-10 ]
7
1

1
5
1
3

L0-200
3

1
3

1

n
10
1
1
A
-»

5
1
4

(dpm/lOOcin^)

Alpha
<20
<20
<20
<20
<20
<20
<20

Beta-Gamma
<200
<200
<200
<200
<200
<200
<200

Table 3
Summary of External Radiation Measurements On Secondary Containers

Average
Contact Exposure Rates

(mR/hr)
Transferable Contamination

(dpm/lOOcm^)

Date
04-23-88
04-30-88
05-25-88
05-26-88
06-01-88
06-29-88
07-20-88
08-08-88
08-31-88
09-08-88
09-14-88

0.3
0.2
0.3
0.6
0.2
0.2
0.4
0.3

<0.2
<0.2
<0 2

± 0.2
± 0.07
±0.06

± 0.05
+ 0.07
+ 0.01
+ 0.2

n
14
10
3
1
4
9
4
7
3
1
3

n
14
10
3
1
4
9
4
7
3
1
3

Alpha
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

Beta-Gamma
<200
<200
<200
<200
<200
<200
<200
<200
<200
<200
<200
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ABSTRACT

Site remediation is a pressing issue in European countries due to limited availability
of land. Therefore, much progress is being made in the development of effective
technologies for remediating contaminated sites. The purpose of this program was to
investigate the most successful and innovative technologies for potential application
into US markets. This EPA-sponsored project was based on a 9-month research effort
which identified 95 innovative technologies in use or being researched in foreign
countries. The most promising technologies were studied in-depth through personal
interviews with the engineers who research and apply these technologies, and tours of
laboratory models and full-scale installations. The most successful full-scale
technologies investigated were developed in Holland, West Germany and Belgium.
These technologies include vacuum extraction of hydrocarbons from soil, in situ
washing of cadmium-polluted soil, rotating biocontactors for treating pesticides in
ground water, high-temperature slagging incineration of low-level radioactive wastes,
in situ steam stripping, and a number of landfarming and soil washing operations.
The paper provides description of 13 site remediation techniques that have shown such
promise in laboratory studies or in practice to warrant consideration of their use in
the United States.

INTRODUCTION

The following paper summarizes the results of a 9-month study by the U.S.
Environmental Protection Agency's Office of Program Management and Technology.
The purpose of this EPA program was to identify and assess international technologies
applicable to hazardous waste site remediation in order to promote their use in the
United States. The program was conducted in two phases: I) Phase I - Technology
Identification and Selection; and 2) Phase II - Technology Review. This paper
summarizes the results of Phase II of this program, a detailed investigation of the most
promising technologies identified by the Phase I efforts.
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The Phase !I investigation of the most promising technologies was accomplished by
interviewing scientists and engineers who are researching or have extensive experience
with each technology. Meetings at laboratories, facilities and site installations were
scheduled by Alliance or organized by the coordinators of treatment technology
research in each country. Key coordinators from foreign countries include Ms. Esther
Soczo , Coordinator of Soil Development at The National Institute of Public Health and
Environmental Hygiene (RIVM), the major government research center in Holland;
Dr. Ir. K. J. A. de Waal, Deputy Director of TNO (Netherlands Organization for
Applied Scientific Research); and Mr. Christian Nels, Director of Research for
Umweltbundesamt, (Federal Republic of Germany's equivalent to U.S. EPA).

OVERVIEW OF SITE REMEDIATION PROGRAMS IN EUROPEAN COUNTRIES

Although the Phase J efforts reviewed site remediation technologies from all parts of
the world outside the U.S., the Phase II investigation focused on technologies in
Holland, Belgium, and Federal Republic of Germany. Other countries such as France,
Italy and Denmark are performing extensive technology development. However, much
of this work is already being documented by the NATO/CCMS Pilot Study
Demonstration program.' The Phase I Technology Indentification and Selection
Report2 summarizes the status of site remediation programs and technology
development in many countries.

Site cleanup criteria, developed in Holland, have served to promote the development of
full-scale site remediation technologies in that country. In addition, the other
countries (Federal Republic of Germany and a province in Canada) are using these
standards as guidelines in evaluating cleanup goals. The Dutch government has
developed three sets of soil concentration levels for hazardous contaminants which are
used as guidelines for prioritizing site remediation. Table 1 gives examples of the
three reference levels designated A, B, and C.

TABLE 1. DUTCH REFERENCE LEVELS USED F0« THE JUDGMENT
OF SOIL CONT»KlN»TIOK

Component

P o l y c y c l i c a r o m a t i c h y d r o c a r b o n s <toi
Manonuc1 ear «rum*tics {tot»i)
H i n e r ,i I oil
Cyanide (total complex)

t«8/kfl

*

:»L) 1
0.1

100
5

* ~ Background level uncont animated soi I.

B - Level uhich nee ess>tares further invest igat ion.

dry Height)

1

20
7

1,000 5
50

C

200
70

.000
50J

Soils with contamination above the "C" level, if treatable at a cost below 250 Dfl/tonne
($135/ton), must be cleaned to below the "B" level concentrations. Soil below the "B"
level, but above the "A" level, may be used as fill in road or building construction.
Soils cleaned to concentrations below the "A" level may be left in place.
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SUMMARY OF PHASE II RESULTS

The field team visited 12 research groups, consultants, and manufacturers at
IS locations in three countries in Europe. The site visits, conducted from March 21
through April 2, 1988 during the Phase II effort, are summarized in Tables 2, 3,
and 4.

Tabl* 2. Soil Wishing InitiHlttOfii VliitMt by AUIancaEPA n»ld Teim In March 1988 In tha Naltwlandt and 1h« F«4«r»l Republic or Germany

InsUHalKfci
Hcfinons M*ontoriuw)fc
D v Rosmalfin. Iho Knltis

Amrasloori. Iho Nulhs

HuHlumi) iJitviiCriitQ 0 v h
Hniuxjcnliorrf:!) II10 Noll is

HartiAiiOf GmbH Oorlm.
FHO

TBSO IrKhiblnovvdriitinHj"!!
Omlili Oil CREP Systnm

Bremen. FnG

Raud
Throughput
11 tons/I*

?2 ions/In

30 iLHts/l"

16 5 22

New 68
gpm plant

Principal Ofxfntajns
• Pa* hcto swing
• ScrubbNig wiHi (J-'IP-IJISIIS

andoxtrtanis
• Fkxciilafcoi)
• PreopriaiKMi

• Pfvlicto V7m(j
• Saubbtng with "'•in l ]rni-.
• FiocciHahon
*nliaonraliiM>rii
• Carbon fHlnis

• Parkciu si/uxj
• FiOlli flOtAliOn w;l!t

cleaning agenls
• Wasnirtg

• Partdo si7mq
• Low-boq VIIK, I I«- I willi

amactaiiis
• WaatNng
• WalCH )roalii)Rrtl tiy

Rotation, aw Sinn*"), MHI
etch. WM| JC1IV3I»HI
cat ban

• Priiltcte si/my .
• washing wuh I J I M : H E P I
• SohcVhquKl sc^ii-itmn

npjoct Fucd w PoinUnts
Si JO Trarisprvutjln Tfealod

<63 pm I»aiispiKiarto CyarMdos
but ImxJ Hoavy nieUls

PCAi

Kmosene

Out t'Mti Cyarwlos
lloavy ntci.ils

Stirvcriis
Cl HCs

*. 50 |im MUIMIG. Iml Cyaiwios
wiN tw luntf «n Moavy mold's
(Ito future PCAs

Oils
ClHCs
Posucxies

< t5 i>m Fiuxl Ofoancs

PAH
Org Cl crawls
PCBs

< 100 |ini MnlHln f»HocUWituS
HCs
PAHS
E>U \U\ org

Robactory
PoHutants

ClHTs
Aron takes

Br ruifxis

PAHS
PCOs
HCH
Sonn l*f l^'

Hcivy nwuls

PCBa
FIHCs
Cyan*n»s
Ho.Tvy meWs

1 rcainiont f TO {** Casts po
To<> Ion

$73 91 $136
$10? at .n.u
30S < 63 nm

$53 [*.5
$? 50/lon lor CKti $t3G
•- <63 jim. up to
20'..

S9O 15b ?2O0 .is rwjli

$136 (eictudos SUKJOO
/O5*d.Bj rtispo&Al} slnred

lo rt*lo

$82 109 $6K/dAV
e«ck<hng disposal siurtyo
Ol roSNkiM. 3920 boamwil
Ctt yite nan tioaHMt

Coils

J-l n.l.i>.

Not hi (own
ai Ins limn

Tabl* 3. Incineration Installation Vii i ttd by Allianca'EPA Field Team in March 1988 In Belgium

Size and
Company/
Institution

SCtOCEN
Mol. Bekjium

Technology

High-
Temreraiuro

Slayying
Incineration

Pollutaiils
Treated

All

(originally
for low-

level
radioactive

wastes)

Medium
Troated

All

Principal Operations

• Waste shredding and

lull mixing
• Combustion at 14OO°C

into molten slay
• Slag granulation by

quenching
• Ofl-gas treatment by

teflon bag filters,
scrubber and HEPA '
fillers

Scale ol Tuno ol
System Treatment

Full 133IIVIV

Tiualinent Capital
Costs Costs

Si 60/lb S6 million

(less if buiit
w/oul
extensive

oM-gas
treatments)

1385



Tab** 4. Other Sn* n*n*dt*tK>n T»chno4ogi** Visitad by AHunc^EPA Ftttd T»am m Msrcti 19M tn t f * N*th*rUnOfc and lh«
F»d«r«l Republic of Germany

Company/
Institution

TNO-DeoL ol
Environmental
"1 ecnndogy
Dein. me Notr-.s

T N O Dent ot
Process
Technology
Apeidoorn. me
Neins

RIVM- Son
ana Grouno
Water
Research
Laboratory
Bilthoven. fm
Netns

TAUW inlra
Consul! bv
Deventer. the

TAUW Int-a
Cunsuit D\
Oeven;er. :ne
Nerns

iccnnik Grror*!
Wa.'Oori. FMG

umweitschuu
rj'jra GmbH
Ganaervesee.
rRG

Technology

Eiecirocnemical
Dechlonnatpon

Treatment

Bioreactors

Ir. Srlu
Biorestoration

In Silu
Cadmium
Removal

Rotating
B'Oiogicai

Contacors

Extraction anc
Air Stripping

On-site
Composting

Pollutants
Treated

Polar and
lone

Organo-

Non-
cniot-
mated

hydro-
caroons

Gasoline

Cadmium

Pesticides

orrjanics

Non-
chlor-
maied

nydro-
cartons

Medium
Treated

Dilute
Aqueous
Waste

Streams

Sluined or
dry sol

Soil

Soil

Ground
Water

Soil
vaflase

zones and
ground
water

Soils

Pnncipal Operations

• Titanium anode
• Woven carbon fiber

cattiode
• Membrane between
• Surface actrve addiijves
• About 10 A. 60 mms

• Mixing and aeration
• Nutrients
• Detergents
• Native microorganisms

• Infiltration ot nutrients
• Water, and
• H^O? as oxygen source
• iron extraction unit

• infiltration ol acidic water
to leach cadmium
(OH = 3.5I

• Ion exchange onsite

• Metal honeycomb disks
• Compost air filter
• Sand Filtration
• Activated carbon

• PVC siotieo weiii
extract from vadose

• Small pump
• Activated carbon column
• Compressed air injected

into ground water

• Unique substrate
• Nutrients, microoes
• PET liner with leachate

collection
• Aeration
• Greenhouse cover

Scale
ol

Sysiem

Bencn

Bench

Full

Full

Full

F jU

Full

Size and
Time o' Treat"**)!

Treatment Costs

Pttot lests win i 02/gaJ
be 26 gdtfhr

Pilot tesis will $4 5'ton
DC 11

tons/aay

1961 C-J vos. S i7 i cu
1 j ye.Hrs yrt

39.200 cu S 6 3 T U
yrjs. i year ya

110 gpm Daxa not
avaiianif?

10 000 ...
yes. i /ear

131 cu yas S90'lor
per uea. 6

montns wth
greenhouse

CapitaJ
Costs

Nol y d
oetefiTiinefl

No: yet
Oeter inrnod

S336.000

S2 5
million

Dam not
avatiabie-
lotai costs
fpflucec

R6C

sisoo.

en scalf; Gt
protect

vanes

In general, the Phase II efforts were successful at identifying site cleanup
technologies not currently used in the United States, as well as unique applications of
techniques used in the United States. Among the most important Phase II findings
were five different soi! washing techniques in Holland and the FRG. Another key
finding was the High Temperature Slagging Incinerator (HTSI) technology reviewed in
Belgium. In addition, the field team reviewed unique applications of in situ biological
treatment and composting techniques, vacuum extraction and in situ air stripping,
in situ extraction of cadmium from soils, application of rotating biological contactors,
and electrochemical dehalogenation techniques.

All of these unique applications and research should contribute significantly to our
knowledge base of site cleanup technologies in the United Stales. The results of Phase
II site visits are summarized below.
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Soil Washing Equipment Findings

The field team reviewed five high throughput soil washing technologies in Holland and
the FRG. Characteristics of these technologies are summarized in Table 2, including
throughput, unit operations, reject particle size, and costs.

A key similarity among all of the units was that they operate on the principle that
most of the contaminants are sorted to the fine materials (<63 um) and segregation of
these materials from the other size fraction "cleans" the soil. Some of the units
(i.e., the Heijmans unit), employed very simple particle separation and wash water
treatment technologies, while others (Harbauer and Oil CREP) employed more
sophisticated extractants and cleaning agents. A major consideration of ail washing
techniques is the fact that as particle reject size decreases, so does sludge residue
generation. Cleaning efficiency tends to decrease with decreasing particle reject size
cuts as well.

Although it is impractical to discuss the details of each soil washing technique in this
article, a brief discussion of the HWZ soil washing operation in Amersfort, Holland
will serve to illustrate a typical soil washing unit. The HWZ unit was approximately
the median in size and complexity of unit operations among the soil washing units
investigated. One atypical feature of this unit is that 30 percent of the wash water
was discharged to a nearby estuary, whereas many of the other units employed
100 percent recycle of wash water.

The HWZ soil cleaning method is based on techniques of soil washing and particle
sizing, along with a water treatment stream. A flow schematic of the system is shown
in Figure 1.

oral
an*

90(L STREAM

COME IU1EMU.

oanmmtmi
•01 UUv

TO.iEifcma.YTC
•.uKECommonai

IIME
UUWIU—

•.(SMOKE
MDCTMOE

CMKMNMIKU*
ww.aua

Uvk

ZI

-J WATER STREAM

•KTOfniMT l i t

as i
Firsts

•MTM

Figure 1. HWZ «oH trwtmtnt •chtrm.
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After first crushing the larger pieces of rubble, pieces 4 mm < x < 50 mm are
separated out of the stream by wet sieving. Soil particles 63 urn < x < 4 mm comprise
the main soil stream. These particles are washed of adsorbed contaminants by
scrubbing with detergents and adjusting the pH to 12-13 by addition of NaOH. The
HWZ soil scrubber employs two mixing propellors, one mixing up and the other
mixing down, with a net flow downward. A hydrosizer then removes low density
organic and carbon particles such as wood and rubber. After a dewatering step, the
remaining sand (63 um < x < 4 mm) is often clean enough to be used in asphalt
batching, or else it must be landfilled. The fines (<63 um) are separated by
hydrocyclones and dewatered in a belt press. The remaining contaminants are
concentrated in this small volume of fines and it is disposed of as hazardous waste.

The contaminated scrub water and the overflow from the wet sieves, hydrocyclones
and belt press are cleaned in the water treatment stream. After residual fines are
removed by sedimentation, the water is treated in a tank by precipitation,
neutralization, coagulation, and flocculation to remove the dissolved contaminants.
Cyanide can be removed here by the addition of ferrous sulfate.

In the last steps of the water treatment stream, floating iron hydroxide particles are
removed by sand filtration, and dissolved organics by activated carbon. The cleaned
water is then discharged or recycled as shown in Figure 1. The treatment of soil
contaminated with bromine compounds has been successful on a laboratory-scale, but
has not yet been tested on a full scale.

In general, pollutant levels and removal efficiencies achievable by soil washing
strongly depend on the distribution of the pollutants over the different size fractions
and the presence of soil particles other than sand (such as adsorbing clay and carbon
particles) which are difficult to wash. The contaminants trapped in the clay clumps
cannot be reached by scrubbing, but if crushed, can be taken out in the sludge.
Where the amount of fine fractions <63 um is greater than 20 percent, the volume
reduction of the contaminated soil is generally not sufficient to warrant treatment.

Most of the soil washing companies noted that their practical upper limit of fines
(<63 um) was 20 to 30 percent in the soil to be cleaned. Because the proportion of
fines present increases the generation of sludge, treatment costs tend to increase for
finer grained soils. The Harbauer technology shows an advantage of potentially
generating less sludge; however, the additional costs of wash water treatment employed
for that technology make it slightly more expensive than the other soil washing
technologies reviewed.

Heijmans, which is among the more simply designed systems, accepts soils with fine
fractions <63 um up to 30 percent, but their process works best on sandy soils with a
minimum of humus-like compounds. Because no sand or charcoal filters are employed
by Heijmans, the system is not able to treat such contaminants as chlorinated
hydrocarbons or aromatics. Like most soil washing techniques, the throughput and
cost of treatment is dependent on quantity of fine fractions (<63 um) in the soil to be
cleaned.
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The Heijmans system has had its greatest success treating soil contaminated by
cyanides (CN). Heijmans adds hydrogen peroxide (H2O2) into the scrubber to react
with CN to form CO2 + NH4. in one experiment, CN at a concentration of 5,000 to
6,000 mg/kg dry soil was reduced to 15 mg/kg. \ table showing the results of the
Heijmans soil washer on seven different types of contaminated soil is shown in
Table 5.

TABLE 5. RESULTS OF SOIL ("LEAIIUGS PERFORMED IT HEIJMANS
M1UEU1ECHNIEK 3.V.* (Analyst* performed by an
Independent laboratory}*

Site

Fuel dr i tIi ng

Gal vanj z ing

Gasujrks

Gasworks

Diesel fuet

Cat voni zing

Soil type

Si It
Sand

Ccorsc sand

F ine sand

Fine sond

Coarse sand

Silt
F ine sand

Coarse sand

Contaminant

local cyanide
Chrome
Nickel
Zinc

Kerosine

Total cyanide
Chrome
Cadmium
Copper
Nickel
lead

Total cyanide

Total P C M

Mineral oi t

Total cyanide
Zinc

lefore
<»g/k9)

250-500
43-45

250-890
460-720

5,000 7,000

400-1.000
100-2,500
4-1g

100-250
100-600
100 450

80 220

250-400

3,000-8,000

75-300
160-170

After
<mg/kg)

10-15
11 15
40 70
140 ZOO

80-120

6 10
70-120

0.5-1.4
25-60
50-80
20-70

5 15

0.5 10

90-120

r-io
5 0 8 0

RSource: Reference 4, "Heij m* ns Mitieutechniek b.v. lodemsanering,
lnstallatie Vocr Het Heinigen Van Crond", January 1°BS.

Vendor supplied cleaning efficiency data for the other four soil washing units are
summarized in Table 6 for a variety of contaminant types. In general, the efficiencies
for heavy metals and cyanides are similar among the units. The OIL CREP unit tends
to be more efficient for hydrocarbon wastes and the Harbauer unit has advantages in
soils with higher clay content.

Marbaurr Zmti** NrideBi) Ult»Oprinf6 N W l ^ t M a n m o ^ CM! Crfp !(lt« a

f f * t C • *ne c • M 1 e I #nc »• •>• t i c i »nC y * * • i r 1 m
LI t mi t 1 nptit Cu lp i ' l (XI fnpi i t QuVp*# I TX) t npgt Oi/Iput (X) |npt«t ^^1 put {13

Oinir - , < « i ' t g ) 1 4 0 1 £0\ 'P- !

' . ? , r ?a . * 9? ^ flft.i 1? 0 14 9 B ? tOO * n 15 ?P 86 C I . ! ) ! 46 S ;•• 8

t b l * o-g Ci 50.5 n O 1QD 5.1 a . (. 9? ^

H ( « g C •. . k g )

ig', I 2 0 S S<> 1 " ? C 12 '?^ 1

(•q/Ml • ?00 1 .000 S 59.? trja ;C0 S IS 91 !

t*-.. («<)/.g> &S0 H . 8? B
. I rne. 'bon* (Bfl/kg) »;.0D3 6S CJ.S 1 . ?B5 j ; J <?• fl

u fnr . htn i fnp S#C'J 016,000 ^C 99 . fl

iir<T h,rlf or»fbDn» 27* D 1 99 « 20 JO »' 9ft D

1389



High Temperature Slagging Incineration (HTSO

The Belgium HTSI technology shows promise as a transferable technology for high
hazard waste streams and fibrous asbestos wastes. Details of this technology are
summarized in Table 3. Very high combustion efficiency and offgas cleaning
efficiencies along with very stable slag residues make this technology very attractive.
The high treatment costs $3.5O/kg ($l.60/lb) associated with the low throughput
60 kg/hr (133 Ib/hr) unit make the development of higher throughput units critical to
successful importation to the United States' market.

Other Unique Applications of Site Remediation Technologies

During the trip, many other successful applications of conventional and novel
treatment technologies were observed, on both a research scale, as well as full-scale.
Table 4 outlines the important characteristics of these technologies.

Biorestoration research and full-scale applications of bioremediation technologies have
advanced in European countries much as it has in the United States. During visits
with two research organizations (TNO and RIVM) and three consulting companies, the
field team observed many successful studies and applications of biological treatment
technologies, mostly aerobic systems.

In situ bioremediation was being researched and tested at RIVM and applied by
Heidemij in Holland. RIVM found that hydrogen peroxide was a suitable oxygen
source for in situ bioremediation. Biodegradation rates of 10 mg C/kg day were
obtained by RIVM. At a contaminated gasoline site, bioremediation will be used for
cleanup to the Dutch "A" limit of 20 mg/kg.

Onsite bioremediation technologies are being researched and applied in both Holland
and the FRG. TNO showed successful results from laboratory experiments for both
wet slurry biological treatment systems and dry compost-type systems. This
fundamental research showed diffusion of organics from the soil particles to be the
rate limiting step. Full-scale applications of compost-type systems were being applied
by both Heidemij (Holland) and Umweltschutz Nord (FRG). Costs for full-scale ex
situ composting applications were reported to be in the range of S32 to $136/ton.

A Rotating Biological Contactor (RBC) application employed by TAUW in Holland was
used on pesticide-contaminated ground water containing chlorinated organics. TAUW
found that the RBC system reduced activated carbon requirements by ^2 percent, and
decreased remediation costs by 30 percent.

Other physical/chemical treatment research reviewed included an in situ cadmium
extraction project by TAUW and an electrochemical dehalogenation research project by
TNO. The cadmium extraction project employed in situ hydrochloric acid leaching of
cadmium from over 30,000 m5 of soil. The acid leachate was purified by ion
exchange and reused. The treatment cost was estimated to be $75, ton of soil. The
electrochemical dechlorination research is currently nearing the end of ihe bench-scale
phase. The potential application to site remediation is in the detoxification of
complex arganohalogens in the aqueous phase. Current costs are projected to be
$0.023/gal. Full-scale research will begin June 1988.
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Numerous full-scale projects involving in situ vacuum extraction and air stripping of
volatile contamination were reviewed in the FRG. Hannover Umwelttechnik (HUT)
has installed over 300 vacuum extraction systems for vadose zone decontamination.
HUT has also developed a unique in situ air stripping system for removing volatiles
from ground water in conjunction with vacuum extraction. Treatment costs for the
HUT system are less than 10 DM/tonne ($5/ton).

CONCLUSIONS AND RECOMMENDATIONS

Soil washing experience in the Netherlands and the Federal Republic of Germany
(FRG) has shown that soil washing can be conducted on a large-scale at costs
substantially lower than those of incineration (with notably less effectiveness).
Although most of the technologies generate 10 to 20 percent of the initial volume as
sludge, depending on the fines content, work is being conducted in the FRG to
improve effectiveness of soil washing on fine materials and to reduce sludge
generation. Typical cleaning efficiencies for soil washers ranged from 75 to
95 percent removal, depending on the contaminant. Although the authors believe that
soil washing technologies could be used effectively in the United States to
significantly reduce landfilling of CERCLA site soils, it is unlikely that domestic or
foreign companies will invest in this market unless a uniform set of soil cleanup
criteria are developed or technology based criteria are established.

Biological treatment technologies have been shown to be useful both for polishing to
lower concentrations using in situ treatment, and for gross removals of organic
materials using RBC and composting systems. Efforts should be made to encourage
the use of these types of systems in the United States.

High temperature slagging incineration appears to be a viable technology for
application to high hazard wastes and asbestos waste in the United States. The
licensing and construction of units in the United States should be tracked to encourage
evaluation of domestic installations.

In situ vacuum extraction of volatile organic compounds is a well-known technology in
the United States. Applications in the FRG include the use of in situ air stripping of
volatiies from ground water into the vadose zone and their subsequent removal by
the extraction wells. Such vacuum extraction applications and other innovations si.ch
as bioaugmentation should be encouraged in the United States.

The apparent success of this relatively short-duration, technology assessment program
indicates that despite the wealth of information available in the United States, there
is much to be learned from ongoing work in foreign countries. The authors
recommend that further efforts be made to encourage the transfer of European site
remediation technologies through improved literature dissemination and seminar
presentations at symposia. It is also recommended that results of research identified
under this project and the NATO/CCMS Pilot Demonstration program be closely
monitored over the next few years.
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ABSTRACT

Closure of landfills, surface inpoundrnents, trenches and other waste
disposal areas involves an engineered cover to promote surface runoff and
evapotranspiration and minimize erosion and infiltration. The purpose is
to minimize the contact of precipitation with the waste and, therefore,
minimize the production of leachate. The relative hydrologic performan-
ces of several cap designs were compared with the computer model Hydrolo-
gic Evaluation of Landfill Performance (HELP). Results available from
the model include runoff, evapotranspiration, lateral drainage within the
cover and percolation of water through the cap. The relative magnitude
of the results were used as a basis to determine cap effectiveness. All
designs used compacted clay as the bottom barrier layer and vegetated
topsoil at the surface. One design was identical to the expected RCRA
guidance cap and the performances of other cap designs were compared with
that design. Both sand and geonets were used for lateral drainage layers
and the hydrologic performance of geosynthetics has been evaluated.
Estimates of the covers cost have been made and the economic benefits of
various innovative designs are presented.

Background

Low-level radioactive waste and mixed wastes have been disposed of
in several sites in the vicinity of the Oak Ridge Y-12 Plant. Closure
plans have been developed and approved by appropriate regulatory agencies
for several of these sites. A variety of cap (final cover) designs for
closure of these sites were investigated to determine their relative
ability to inhibit infiltration of precipitation to the waste.

Closure of these sites must meet both federal and state regulatory
requirements. Part 264 of Title 40 of the Code of Federal Regulations
(40 CFR 264) outlines closure requirements for hazardous waste sites.
Additionally, those sites for which caps are proposed as part of closure
are regulated by the Division of Waste Management under authority of the
Tennessee Solid Waste Act, as amended in 1981. The 1981 state regula-
tions do not specify criteria for multi-layer caps, synthetic liners and
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drainage nets. In 1982, the EPA published draft guidance which outlined
how to meet closure criteria.1 The draft guidance included the following
recommendation.

The cap should consist of, as a minimum, three parts: (1) a vegeta-
ted top cover, (2) a middle drainage layer and (3) a low permeability
bottom layer. The guidance documents provide detailed design recommenda-
tions which are sometimes interpreted as specifications rather than
performance criteria. Specific guidance for surface impoundments which
may be extrapolated to SIB, state that "the cap or final cover must be
designed to minimize infiltration of precipitation into the surface
impoundment after closure.2 It must be no more permeable than the liner
system."

The EPA Construction Quality Assurance document-̂  states that for the
leachate collection system (LCS) in liners, "there are three main types
of synthetic drainage materials available for use in I£Ss: nets, mats,
and geotextile fabrics. These synthetic drainage materials may be used
alone or in combination with granular drainage layers to form the LCS for
a hazardous waste land disposal facility."

The same document discusses materials of construction for caps,
stating that: "Both the gas venting and water drainage layers in a final
cover system are similar in design and construction to the LCS and may be
composed of granular soils and/or synthetic drainage layers, including
geotextiles."

The Minimum Technology Guidance for single liner systems also en-
courages consideration of alternative materials and indicates the
mechanism for demonstrating equivalence between synthetic and natural
materials. An owner or operator wishing to use an LCS or drain other
than the one recommended in the guidance document should compare the
properties of the design against the recommended design using the
following criteria. The design should compare hydraulic transmissivity,
compressibility, chemical compatibility, mechanical compatibility and
slope stability. The decision to use equivalent synthetic materials
should also consider construction characteristics and performance.
Performance criteria to consider include flow characteristic, material
cieep, useful life of the material, ability of the material to resist
clogging and ease of performance verification. If equivalent or better,
he should proceed; if not, he should abandon the alternate design.

Purpose of Study

The purpose of the study was to analytically compare the extent to
which different caps, particularly caps with synthetic drain layers,
would reduce infiltration. The principal tool for this analysis is the
computer program, Hydrologic Evaluation of Landfill Performance (HELP).4

As suggested in "Engineering Guidance for the Design, Construction and
Maintenance of Cover Systems for Hazardous Waste"5: "... the HELP model,
designed specifically for the hydrologic analysis of waste disposal units
and their covers, is recommended as the best analytical tool to date."
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It was expected that the results of this model would reliably predict the
relative amount of infiltration for each cap design. The absolute value
of infiltration is important but was not the objective of the analysis.

Description of Analysis

Analyses were performed initially for seven different cap cross
sections. All calculations were carried out with the same climatological
data. Climatological data consisted of default mean monthly tenpera-
tures, mean monthly radiation, mean monthly leaf area indices and winter
cover factors for Khoxville, Tennessee. Calculations were performed with
default precipitation data and local precipitation data. Results from
infiltration calculations were essentially identical for the two sets of
precipitation data.

The caps were assumed to cover a one acre square, sloped toward
drains at two parallel edges. A viable grass cover was assumed and a Soil
Conservation Service runoff curve number appropriate to the soil type and
assumed cover was used. Analysis was also performed for two sites, the
S-3 Ponds and Bear Creek Burial Grounds. The relative performance of the
various caps remained the same. The cap cross sections are described in
Table 1. below.

Table 1. Cap Cross Sections

CROSS SECTION CAP DESCRIPTION
NUMBER

1. 36 INCHES OF UNCOMPACTED SOIL.

2. 24 INCHES OF UNCOMPACTED SOIL, GEOTEXTILE FABRIC, 12 INCHES
OF SAND, SYNTHETIC IMPERMEABLE LINER, 24 INCHES OF COMPACTED
CLAY.

3. 12 INCHES OF UNCOMPACTED SOIL, 24 INCHES OF COMPACTED CLAY.

4. 12 INCHES OF UNCOMPACTED SOIL, GEOTEXTILE FILTER IAYER,
GEOSYNTHETIC DRAINAGE NET, GEOTEXTILE FILTER IAYER, 12 INCHES
OF COMPACTED CLAY.

5. 12 INCHES OF UNCOMPACTED SOIL, GEOTEXTILE FILTER LAYER,
GEOSYNTHETIC DRAINAGE NET, 30 MIL SYNTHETIC LINER, 12 INCHES
OF COMPACTED CLAY.

6. 12 INCHES OF UNCOMPACTED SOIL, 12 INCHES COMPACTED CLAY,
GEOTEXTILE FILTER. IAYER, GEOSYNTHETIC DRAINAGE NET, GEOTEX-
TILE FILTER, 12 INCHES OF SAND, 24 INCHES OF COMPACTED CLAY.

7. 12 INCHES OF UNCOMPACTED SOIL, 12 INCHES OF COMPACTED CIAY,
GEOTEXTILE FILTER LAYER, 12 INCHES OF SAND, GEOTEXTILE,
GEOSYNTHETIC DRAINAGE NET, 24 INCHES OF COMPACTED CLAY.
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Results

The HELP model was used to produce monthly and annual totals for
precipitation, evaporation, runoff, lateral drainage, and vertical
percolation through the base of the cover. These results were used to
compare the effectiveness of various caps. The output also lists peak
daily values for each component of the water budget during the time of
simulation and average values over the entire three-year period. Average
values over a three-year simulation period are given in Table 4 for the
various cross sections.

Table 4. Water budget for seven caps.
(units are inches and are average annual values)

CROSS
SECTION

1

2

3

4

5

6

7

PRECIP

43.52

43.52

43.52

43.52

43.52

43.52

43.52

ET

26.57

27.24

26.93

26.66

26.67

26.86

26.86

RUNOFF

0.55

0.71

2.95

0.55

0.55

2.29

2.29

DRAINAGE

0.0

13.82

0.11

13.16

15.64

3.53

11.07

PERCOLATION

16.29

1.55

13.09

3.04

0.55

10.39

2.86

These results indicate that to best reduce infiltration, a cap must
include a lateral drainage layer to shed water which has infiltrated
through the surface layer. Similarly, two vertically adjacent drainage
layers are redundant as ponded water generally will not be deep enough to
drain laterally through the upper layer. The analysis also indicates
synthetic materials such as filter layers, impermeable membranes and
geotextile drainage layers are very effective in preventing percolation
into the waste.
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The sand drainage layer and the geonet both serve to transport water
to drains incorporated into the cap. Table 4 shows that the predicted
percolation through cross section 5, which uses a geonet drain layer,
reduces infiltration by a factor of 3 more than cross section 2, which
adheres strictly to current EPA design guidance. Both layers function by
draining water laterally as it ponds on the barrier layer below. In both
cases, the maximum depth of ponding during the three years of simulation
was considerably less than the drainage layer thickness; 6.3 inches for
the sand layer and 0.2 inches for the geonet. Data from the geonet
manufacturers and from Kberner6 indicate that the effective hydraulic
conductivity of the drainage net increases rapidly with decreasing
hydraulic gradient. The results reported for the geonet are, therefore,
conservative in using the effective hydraulic conductivity at a gradient
of one with a hydraulic gradient of approximately 0.05 expected in the
cap as designed. The model assumed lateral flow through the drain layer
is laminar and Darcy's law applied. Thus, some inaccuracy is possible in
predicting flow through the net but, again the results should be conser-
vative.

Two cross sections were chosen for sensitivity analysis. The first
consisted of 24 inches of topsoil, a geotextile filter, 12 inches of
sand, a synthetic impermeable liner and a 24 inch barrier layer. It was
used to test the sensitivity of predicted percolation through the barrier
layer to variations in the following parameters: barrier layer hydraulic
conductivity, barrier layer thickness, hydraulic conductivity of the sand
layer and maximum distance to drain.

The second cross section was comprised of 12 inches of topsoil, a
geotextile filter, a geotextile drainage layer, a synthetic impermeable
membrane and a 12 inch barrier layer. Sensitivity analyses of the
following parameters were performed: hydraulic conductivity of the
barrier layer, thickness of the barrier layer, hydraulic conductivity of
the geotextile drainage net, leakage fraction of the impermeable liner,
and thickness of the geotextile drainage net.

A sensitivity analysis indicated that predicted percolation is most
sensitive to the leakage fraction of the impermeable membrane, conduc-
tivity of the sand, and conductivity of the barrier layer, respectively.

Costs

Costs for the various cross sections were estimated for one site and
then extrapolated to the various sites which were subject to closure. It
is clear from this data that savings are realized with the use of
synthetic drains rather than sand drains. The analysis also indicated
that the thickness of the topsoil layer and the clay layer could be
reduced for some additional cost savings. Costs shown in Figure 1.0 are
site specific.
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Conclusions

The most effective designs are chose that use synthetic materials as
drainage layers and/or impermeable liners. The more corrplex, multi-layer
systems (cross sections 6 and 7) perform no better than simpler covers
(cross sections 2, 4, and 5) and would complicate construction and
increase costs. Costs of the various designs were estimated and an
advantage was seen in using geonets (rather than sand) and in minimizing
clay layer thickness.

The EPA Region IV and TDHE approved cross section 5 for the closure
of SIB waste sites at the Y-12 Plant. A total savings of approximately 3
million dollars is estimated as a result of the change of cap cross
section. This savings is a result of substitution of synthetic drain
for sand and a decrease of layer thickness in the top soil layer. An
intangible benefit of the alternate cross section is decreased installa-
tion time. Construction has started and will continue for approximately
18 months.

Despite the successful analytical results described in this paper,
additional considerations must be factored into use of geosynthetics as
well as natural materials. Possible problems with geosynthetics, which
are not reliably predictable at this time include: 1) the rate of
deterioration of impermeable membranes and consequent rate of leakage;
and 2) the compression, clogging and resulting loss of hydraulic conduc-
tivity of geosynthetic drainage nets when exposed to overburden pressures
over an extended period of time. On the other hand, filter layers,
drainage layers and barrier layers constructed of natural materials such
as clay, sand and gravel are also subject to deterioration and failure.
Soil layers are subject to failure by differential settling, piping, and
cracking while drainage layers can become clogged.
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FIELD DEMONSTRATION OF IN SITU VITRIFICATION
FOR APPLICATION TO ORNL LIQUID WASTE DISPOSAL TRENCHES

B. P. Spalding and G. K. Jacobs1

ABSTRACT

A field-scale vitrification of a 'cold' (nonradioactive) model of an old
seepage trench was completed on July 20, 1987, by personnel of Battelle
Pacific Northwest Laboratories in cooperation with ORNL. An estimated
20 tons of soil and crushed limestone backfill were melted. The desired
melting depth of 2 m was achieved. The molten mass tended to grow
parallel to the long axis of the trench rather than symmetrically around
the square array of electrodes. All melt geometry, safety, and process
performance objectives were achieved satisfactorily. A 2-month cooling
period was required before core sampling of the vitrified product was
initiated. Samples of the off-gas scrub solutions have indicated that
99.88% and >99.99% of the cesium and strontium tracers, respectively,
were retained in the trench. Samples of the field-produced material
were found to be as good or better than two standard high-level nuclear
vitreous waste forms using standard leach tests. Approximately half of
the block devitrified or crystallized to pseudowollastonite and
anorthite mineral phases during cooling. However, devitrification
produced no significant change in the leach properties of the material.

INTRODUCTION

A series of seven seepage pits and trenches were used between 1951
and 1966 for the disposal of approximately 2.5x10 gal of liquid
radioactive wastes at the Oak Ridge National Laboratory (ORNL).
Approximately 200,000 Ci of 90Sr and 600,000 Ci of : 3 7Cs, along with
smaller quantities of other fission products, uranium, and transuranic
elements, were disposed of in this series of pits and trenches. To
facilitate the seepage of liquids, the trenches were constructed on the
tops of ridges, were oriented perpendicular to the strike of the bedding
of the formation, and were filled with crushed limestone or dolomite.
As the liquids seeped out, the Cs and Sr remained within, or in close
proximity, to the trenches. Cesium is generally irreversibly sorbed by
the illite-rich soils at ORNL. Strontium, on the other hand, is poorlv
sorbed. To reduce the mobility of Sr, the pits and trenches were
treated with a highly alkaline solution (NaOH) at the time of disposal.
All of the pits and trenches are now covered with asphalt caps to reduce
the direct flow of precipitation through the waste. Currently, the

•'-Environmental Sciences Division, Oak Ridge National Laboratory,
(operated by Martin Marietta Energy Systems, Inc., under contract DE-
ACO5-84OR21400 with the U.S. Department of Energy), Oak Ridge, TN 37831.
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pits and trenches do not contribute significantly to surface-water
contamination, and most of the Cs and Sr remains in c)ose proximity to
the botcom of the pits and trenches. However, the large inventory of
lj7Cs and aBSr, the close proximity of the wastes to the surface and
White Oak Creek, and the potential for significant releases in the
future necessitates either a long-term site maintenance and monitoring
program or some form of remedial action to allow the sites to be
permanently decommissioned.

Ir. situ verification (ISV) is one possible technology that could be
applied to the pits and trenches (others include grouting and ground
densification). 1SV, developed and patented for DOE by Battelle Pacific
Northwest Laboratory (PNL), involves placing four electrodes in a square
array around the contaminated volume of soil, applying power to the
electrodes, and melting the entire mass of soil into a chemically
homogeneous and durable glassy-to-microcrystal1 in* waste form. The
melting is initiated at. the surface of the soil and progresses downward
through the contaminated zone. Gases produced during the high-
temperature (1600 to 2000°C) operation are collected through an off-gas
hood and scrubbed of possible contaminants in a process trailer. The
ISV technology has been extensively tested by PNL at electrode spacing^
from approximately 0.3 to 6 m. The pits and trenches at ORNL are good
candidates for vitrification because of their small areal extent and
shallow depth (<6 in). The potential for personnel exposure from trie
high concentrarions of S0Sr and 137Cs in the pits and trenches makes an
in situ technology highly desirable compared with one that would require
excavation of the contaminated zone.

The pilot-scale 'cold' demonstration of ISV technology was performed
jointly by ORNL and PNL to achieve four main objectives: (1) complete an
application of ISV technology away from the Hanford Site to evaluate the
feasibility of technology transfer to ORNL, (2) assess the operational
performance of ISV for applications in structurally heterogeneous, high-
carbonate soils and rocks, (3) determine the retention factors (mass in
melted soil divided by mass in off-gas) for Cs and Sr under field
conditions, and (4) evaluate the durability of the waste form produced
in the ORN'L soil system. Objectives 1 and 2 were addressed in a
preliminary report last year (Jacobs et al. 193/). Detailed assessments
of results relatii.g to objectives 3 and 4 have bet-n published recently
(Carter et al. 1988).

The principles of ISV are based on developments from work performed
at PNL on joule-heated melters for various nuclear waste immobilization
projects (Buelt et al. 1979). The joule-heating principle involves
internal resistance heating as electrical current passes through the
molten media. In ISV, the resistance decreases as the molten mass
increases in size. To maintain a power level high enough to continue
melting additional soil, the current must be increased. To accomplish
the variable current during ISV processing, a power transformer with
multiple voltage taps is used. At startup, the ISV process requires
high voltage and low amperage. As the melt prugri-ssc-s and resistance
decreases, the lower voltage taps on the power transformer allow
increased amperage to be applied to the melt, mair.tai ning a high power
level. The process continues until heat losses from the melt approach
the energy delivered to the soil via the electrodes or until power is
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discontinued to the electrodes.

"COLD" DEMONSTRATION DESCRIPTION

The objectives of the pilot-scale demonstration of ISV technology at
ORNL were developed to address key differences between the conditions
during previous tests of the ISV technology and those anticipated for
contaminated sites at ORNL. For example, the waste trenches at ORNL
contain large quantities of 137Cs that could volatilize at high
temperatures and be carried into the process trailer with the off-gas,
resulting in additional operator exposure and wastes. Therefore, it was
necessary that the retention factor of >10,000 for Cs (Cs in melted soil
divided by Cs in off-gas) obtained in engineering-scale tests (Carter et
al. 1987) be confirmed at a larger scale under field conditions. Also,
the soils at ORNL are more structurally and chemically heterogeneous
than those used in previous tests at Hanford. The trench design, with a
significant quantity of crushed carbonate rock present, results in a
bulk composition of the ISV melt lower in silica and higher in calcium
and magnesium than previously studied compositions (Oma et al. 1983).
Therefore, the operational performance of the ISV technology as well as
the long-term durability of the resulting waste form needed to be
addressed specifically for sites at ORNL to provide more confident
scale-up predictions. Some of these issues have been investigated
during laboratory- and engineering-scale tests conducted at PNL during
1985-1986 (Carter et al. 1987).

Trench 7 was chosen as a model because of its size, inventory
characteristics, and the fact that some characterization of the trench
has already been accomplished (Olsen et al. 1983). To enable the pilot-
scale ISV system to be used, a 3/8-scale model of Trench 7 was
constructed in an uncontaminated portion of the ORNL site. The site,
located on top of a ridge in the Maryville Limestone (an interlayered
limestone-shale), was chosen for the similarity of its physical and
geological characteristics to the areas used for seepage disposal in the
past at ORNL. After preparation of the site (clearing, leveling,
electrical service, etc.), the trench was constructed perpendicular to
the strike of the bedding. The 9.2-m-long trench was 1 m wide at the
top and tapered to 0.4 m at the bottom. The trench was constructed to a
depth of 1.5 m, except for the central section, which was excavated to a
depth of 2.5 m to allow for the placement of a vertical array of eight
type-K (to 1300°C) thermocouples (one thermocouple at every 0.31 m
depth) for monitoring the depth of the melt. To simulate the
contaminated sludge that is present in Trench 7, 526 kg of a mixture of
18 wt% Cs- and 82 wt% Sr-carbonate was placed in the central portion of
the trench. These quantities of Cs and Sr were selected to yield a
waste foroi with sufficient concentrations of Cs and Sr that their leach
characteristics could be determined. An actual segment of trench 7 of
equivalent size would contain only 114 g of 137Cs (10,000 Ci @ 88.1
Ci/g) and 53 g of 90Sr (3300 Ci @ 62.4 Ci/g). The entire trench was
then filled from the 0.6- to 1.5-m level with crushed carbonate rock.
The upper 0.6 m of the trench was backfilled with original soil. In
addition to the array of thermocouples in the center of the trench,
type-K thermocouples were placed at depths of 0.6, 1.2, and 1.5 m along
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both sides of the trench at distances of 2.1 and 3.1 m from the center
of the trench. Three type-R thermocouples, which have a higher maximum
operating temperature (175O°C) than type-K thermocouples, were placed in
a vertical array at the center of the trench at depths of 0.9, 1.5, and
2 m in an unsuccessful attempt to monitor melt temperatures. The type-R
thermocouples are extremely expensive and cannot function while current
is being applied to the melt; they were included in an effort to monitor
the temperature of the melt during cooling. Moisture detection cells
were placed in the trench at several locations but did not function
properly and will not be discussed further. The four molybdenum
electrodes (5 cm diam and 3.7 m long) were placed in graphite sleeves
(15 cm OD) and placed 1.2m apart in a square array of augered holes
approximately 2.5m deep. The off-gas hood was then placed over the
trench and connected to the off-gas treatment system. The electrodes
were connected to the power-delivery system. Run data (temperatures,
off-gas flow rates, and CO and C02 concentrations, electrical
parameters, etc.) were recorded every 6 min and logged into a
computerized data storage system. Off-gas scrub solution samples were
collected approximately every 2 h (duplicate samples were obtained for
analysis at both PNL and ORNL).

RESULTS

After one false start on June 26, 1987 (a result of transformer
circuitry malfunctions), the ISV test was started on July 15, 1987. The
test ran continuously, except for a few interruptions, for 110 h until
power was shut off on July 19. Soil temperatures and manual probing of
the melt with a steel rod confirmed that the desired depth
(approximately 2.1 m) of melting had been reached.

The total power consumed during the test was approximately 29 MWh.
Details of the amperage and voltage adjustments during the run have been
discussed elsewhere (Jacobs et al. 1987). The depths of melting were
determined by observing the maximum temperature reached at each
thermocouple in the vertical array located at the center of the trench.
Upon contact with the melt, type-K thermocouples generally burn out,
giving a sharp response on the data-logging system and making depth
determinations relatively easy. Based on visual observations of the
surface of the soil and temperatures recorded by the thermocouples
throughout the trench, the final dimensions of the melted mass were
approximately 4.9 m long x 2.1 m wide x 1.2 m thick (see Fig. 1). Based
on the uniform SrO and CS2O content of samples from the melt (1.5 and
0.39%, respectively) and the known quantities of Sr and Cs placed in the
trench, a vitrified mass of 20 Mg was calculated. Based on this
vitrified mass, approximately 1.26 kWh of electrical energy was required
to produce a kg of ISV product. As of August 28, 198 7, the edges of the
mass had cooled to temperatures <70°C. Core sampling of the block was
carried out on October 12-14, 1987 to obtain material, for durability
testing and chemical analyses.

Samples of the off-gas scrub solutions have been analyzed so that the
Cs and Sr retention factors can be determined. Samples of the crushed
carbonate rock and soil used in the trench, wall-smears from the off-gas
ducting and hood, and HEPA filters have also been analyzed for Cs and Sr
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Fig. 1. Shape of the pilot-scale ISV mass (overlaid on the
original trench dimensions). Solid circles are locations of
type-K thermocouples. The dashed line on the end view indicates
the melt crosssection near the forward edge and the solid line
indicates the crosssection at the middle of the melt.
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so that a mass balance for the system can be calculated. Most of the Cs
(86 g) was found in the process scrub solutions with a significant
amount on the primary HEPA filter (2.1 g) and the ducting (2.9 g). The
only significant amount of Sr (0.7 g) was found in the process scrub
solution samples. These small amounts of Cs and Sr, compared to the
amounts placed into the trench (73,274 and 236,931 g, respectively),
yield retention factors of 99.88 and >99.999%, respectively, within the
melted mass.

Chemical analyses of HF-HC1 digests of over thirty core samples from
various depths and locations within the resulting vitrified block
indicated an average composition of 13% AI2O3, 18% CaO, 0.39% CS2O, 4%
Fe2O3, 3% K20, 2% MgO, 1% Na20, 55% SiO2, and 1.5% SrO. This
composition varied only slightly throughout the melted portions of the
trench and did not vary between glassy and crystalline (devitrified)
samples. Analysis of the crystalline materials by X-ray diffraction
indicated that it was composed predominantly of pseudowollastonite (CaO-
SiO2) and anorthite (feldspar, CaO-Al2O3-SiC>2). Based on the Si and Ca
analyses, it is estimated that the melted mass was formed from about 30
weight % limestone (the major source of its Ca) and 70 weight % from the
surrounding and cover soil (the major source of the Si). Standard leach
procedures [MCC(Materials Characterization Center)-1 test] were carried
out on both the glassy and devitrified phases. MCC-1 test results are
usually reported as normalized release (NR) values (g/m^). By
normalizing the quantity leached to the amount of the element in the
sample, one can evaluate whether the release of elements is congruent or
incongruent. These values are calculated as follows:

NRt - m± / (Fi • SA)

o
Where: NR^ = normalized release of element i (g/m )

m^ - mass of element i in leachate (g)
Ft - (wt% of i oxide / 100) - jTMW of i / MW of i oxide)
SA « surface area of sample (m^)

Typically, a 1 cm cube of sample is equilibrated for 28 days at 90°C
with a volume of distilled water such that a sample SA/Volume ratio of
10 m is maintained. Fig. 2 indicates the results of the MCC-1 tests
on both phases and compares their performance to two glass waste forms
which were developed for high-level waste disposal. The low normalized
releases illustrate that the field-produced waste form exhibited
excellent durability. The MCC-1 tests illustrated in Fig. 2 were
performed at 90°C using deionized water. When the tests were repeated
at 22°C using an ORNL streamwater sample, the normalized releases of Cs
and Sr were reduced over an order of magnitude to <0.2 g/m . These
lower values are probably more useful for predicting waste from leaching
performance in the field.

DISCUSSION

Perhaps the greatest concern and justification for an actual 'hot'
test derives from the volatilization of 0.12% of the Cs within the
melted mass. Such Cs retention within the melt is an excellent starting
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Fig. 2. Comparison of normalized release from MCC-1 leach testing for
ORNL pilot-scale ISV products and some high-level nuclear waste
glasses (PNL 76-78 and SRL-165).
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point but Cs retention needs to be improved during an application of ISV
to seepage trenches. Were ISV to be applied to liquid waste seepage
trench 7 with process performance similar to that achieved for this
'cold' demonstration, a significant radiological hazard due to
volatilization of ^'Cs would be encountered. Application of ISV to
trench 7 would probably require about ten settings of hood and
electrodes to complete the entire trench volume which contains a total
inventory of about 100,000 Ci of ^37Cs. Thus, each melt setting would
be dealing with about 10,000 Ci. If only 99.88% of this were retained
in the melt, then approximately 12 Ci of l"cs WOuld enter the process
off-gas and most of this would be contained in scrub solutions. Without
performing any dose calculations, this clearly represents a significant
hazard for the process operators and would also produce a significant
amount of waste for disposal by other means. It is highly desirable to
achieve a net melt retention of 99.999% of the 1 3 7Cs. Such a net
retention would bring only 0.1 Ci into the process trailer which could
be accommodated without extreme shielding or waste handling precautions.
There are several possible methods by which such a larger melt retention
of l37Cs might be achieved.

Firstly, unlike the 'cold' test where elemental Cs analyses in the
process off-gas scrub samples were, of necessity, determined after the
demonstration, real-time monitoring of ^-37Cs within the process trailer
is available and necessary during a 'hot' test. The process trailer is
equipped with several radiation monitors within the off-gas train. If
significant volatilization of *-"cs were observed, then power to the
melt could be lowered. The volatilization of ^'Cs is highly
temperature dependent and power regulation can be employed to regulate
melt temperature. Most Cs volatilization probably occurs in hot spots
near the electrodes where power density and, hence, temperatures are
greatest. Thus, a 'hot' demonstration will provide a test of the
feasibility of such a feedback control procedure to minimize ^^Cs
volatilization while maintaining melt progress. It should be noted that
the method used in the 'cold' demonstration did not attempt to minimize
Cs volatilization because power delivery to the melt was maximized at
all times. Thus, this 'cold' test can be interpreted as measuring the
maximum Cs volatilization potential were the ISV process applied to a
trench containing actual radioactive waste.

Several possible modifications may also help to minimize Cs
volatilization during ISV and could be attempted during a 'hot'
demonstration. Because the ORNL seepage trenches contain crushed
limestone to facilitate liquid seepage, they have significant voids,
probably about 30% of the trench volume, into which glass forming or
modifying materials might be introduced. Of particular interest would
be materials which could produce a glass of significantly lower melting
temperature. Sodium hydroxide would be a promising choice as an
additive because it could be introduced as a liquid solution (e.g. 40%)
and provide enough Na to yield a glass of significantly lower melting
temperature. In addition, the introduction of NaOH could provide an
electrically conductive path between the electrodes within the trench so
that surface melt initiation could be obviated. A subsurface melt
initiation has the additional potential benefit of placing a 'cold' cap
between the melt and the surface to aid in particulate and ^37Cs removal
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from the off-gas. Potential benefits from a subsurface melt initiation
and glass melt temperature lowering will be tested in the laboratory
before actually being incorporated into a 'hot' field demonstration. A
net reduction in the ambient aboveground inventory of "'Cs during an
ISV test could also be attained by recycling scrub solution to the
bottom of the trench via an angled well driven into the test trench.
Thus, only the 137Cs volatilized during the very last stages of an ISV
run would be retained within the process trailer and result in waste.
The remainder would be incorporated into the melted mass as it engulfed
the well discharge point(s) at the trench bottom. Thus, many techniques
may be developed or applied in combination to increase the net retention
of 137Cs with the melted mass during ISV.
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