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CHARACTERIZATION AND REMEDIATION OF HIGHLY RADIOACTIVE
CONTAMINATED SOIL AT HANFORD

M. A. Buckmaster, Westinghouse Hanford Company
J. K. Erickson, U.S. Departmentof Energy, Richland Operations

ABSTRACT

The Hanford Site, Richland, Washington, contains over 1,500 identified waste sites and numerous
groundwater plumes that will be characterized and remediated over the next 30 years. As a result of the
Hanford Federal Facility Agreement and Consent Order, the U.S. Department of Energy (DOE) has initiated a
remedial investigation/feasibility study (RI/FS) at the 200-BP-1 operable unit. The 200-BP-1 RI/FS is the first
Comprehensive Environmental Response, Compensation, and Liabiilty Act (CERCLA) investigation on the
Hanford Site that involves highly radioactive and chemically contaminated soils. The initial phase of site
characterization was designed to assess the nature and extent of contamination associated with the source waste
sites within the 200-BP-1 operable unit. Characterization activities consisted of drilling and sampling, chemical
and physical analysis of samples, and development of a conceptual vadose zone model. These data were then
used to develop remedial alternatives during the FS evaluation. The preferred alternative resulting from the
RI/FS process for the 200-BP-1 operable unit is to construct a surface isolation barrier. The multi-layered
earthen barrier will be designed to prevent migration of contaminants resulting from water infiltration,
biointrusion, and wind and water erosion.

INTRODUCTION

The Hanford Site is composed of approximately 1,450 km2of semiarid land and is located in south-
central Washington state. Since 1943, the Hanford Site has been used for reactor operations, reprocessing of
spent fuels, and management of radioactive waste. In recent years, the mission has changed from production of
special nuclear materials to primarily waste management and environmental restoration.

Hanford Site facilities are generally centralized into four numerically designated areas (100, 200, 300,
and 1100 Areas), which the U.S. Environmental Protection Agency (EPA) has placed on the National Priority
List under CERCLA. Operations in the 200 Areas were mainly related to separation of special nuclear
materials from spent nuclear fuels and contained related chemical and fuels processing and waste management
facilities. Within the 200 Area, there are eight source aggregate areas largely corresponding to the major
processing plants. The major types of waste sites include: liquid waste disposal (i.e., cribs, ponds, and
ditches); solid waste landfills; underground storage tanks; and unplanned releases. The contamination is in the
form of nonhazardous, hazardous, radioactive, and mixed wastes. Each area is further divided into operable
units on the basis of waste disposal practices, geology, hydrogeology, and pertinent site characteristics. To
date, 38 operable units have been identified within the 200 Areas. The 200-BP-1 operable unit is one specific
site located with in the 200 East Area (Fig. 1).

Site characterization and remediation activities at each operable unit are being addressed through the
Hanford Federal Facility Agreement and Consent Order (1), which was negotiated and approved in May 1989
by the DOE, EPA, and the Washington Department of Ecology (Ecology). In March of 1990, DOE initiated
site characterization activities at the 200-BP-1 operable unit (2).
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Figure 1. Map of the Hantbrd Site.

216-B-61

....,.... ----_.1 I 216-B-50 __ 216-B-46

2_s-.-49 --o a18-.-45

216-B-48 _ 216-B-44

_UU'I_ IJ'l 216.B-47 ---0 216-B-43

216-B-57_ Flush Tanko 6o METER8

0



WHC-SA-2058-FP

200-BP-I OPERABLE UNIT DESCRIPTION

The 200-BP-1 source operable unit is located in the north-central portion of the 200 East Area within
the B Plant aggregate area. Contamination of soils is primarily associated with nine inactive cribs. These cribs
were used for disposal of low-level radioactive liquid waste from U Plant uranium recovery operations and
waste storage condensate from the adjacent 241-BY Tank Farm. The cribs used to dispose of U Plant waste
were in operation from 1955 to 1956, and the cribs used for disposal of tank condensate were in operation from
1965 to 1975. In addition to the cribs, four unplanned released of radioactive materials have occurred within
the operable unit. Contaminated surfaces associated with the unplanned releases have been consolidated over
the cribs and covered with clean soil to reduce contaminant migration and exposure.

The exact concentration and quantity of radionuclides and contaminates of concern remaining within
200-BP-1 is uncertain. Historical records indicate that seven cribs received an estimated 33,840,000 L of
U Plant waste, two cribs received an estimated 139,200,000 L of condensate, and one crib was constructed but
has no documented history of past disposal operations. The primary known contaminates are radionuclides (3H,

99Tc ' 90Sr ' 137Cs ' 60C0 , 238,239,2,10p1, )otal uranium, and _(_Ru)and nonmetallic ions (nitrate, phosphate, total
cyanide, ferrocyanide, and free cyanide).

REMEDIAL INVESTIGATION

The primary task associated with the 200-BP-I RI (3) was the characterization of 10 inactive cribs
within the operable unit. The objectives were to assess the physical environment, and the distribution and
concentration of waste constituents in the subsurface.

Drilling and Soil Sampling

Cable-tool drilling methods were used for advancing the borehole and to collect soil samples for
chemical analysis and physical property testing. This technique was chosen primarily for radiological
contamination control and to obtain near in situ soils for physical property testing. Contamination encountered
during the drilling activities resulted in exposure rates up to 15 rem/hr. Temporary casings were telescoped
through intervals of contamination to limit the driving of contamination deeper into the vadose zone.

Soils samples were extracted from each borehole via a split-tube sampler. Radiological sampling
procedures were developed to be consistent with the as-low-as-reasonably-achievable (ALARA) policy. The
procedures were initially implemented during a nonradioactive, hands-on training session. The session allowed
field personnel the opportunity to become acclimated to handling radioactive samples and to illuminate any
potential problems prior to drilling into the radiologically contaminated cribs. When handling radioactive soils,
lead blankets and shielded waste drums were used whenever possible to reduce radiation exposures to the
worker. A glovebox, located in an onsite sample preparation trailer, was used to transfer the soils from the
split-tube to sample containers. The soils were homogenized prior to packaging and transferred to an
appropriate testing laboratory.

Due to the uncertainties regarding the nature of chemical discharged to the cribs, samples were
analyzed for all CERCLA target compound list (TCL) and target analyte list (TAL) constituents, major anions,
bismuth, cyanide (free and total), and major radioisotopes. Selected samples from each borehole were tested for
physical properties. Physical tests included bulk densities, moisture content, grain size, moisture retention,
saturated and unsaturated hydraulic conductivity, specific gravity, calcium carbonate content, and total porosity.

Spectral Gamma-Ray Logging

Geophysical logging was preformed in the newly constructed boreholes through each crib using a
Radionuclide Logging System (RLS). The RLS consists of a high resolution, high purity germanium passive
spectral gamma-ray system. The objective of the borehole survey was to characterize the presence and
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distribution of man-made gamma emitting radionuclides in the soils beneath the crib area. Radionuclides
assayed include 137Cs, (_)Co, 1255b, and _54Eu.Results of the survey are presented in profile (Fig. 2) depicting the
concentration versus depth for each borehole.

Figure 2. Results of the Radioactive Logging System Depicting Decay
Activities Versus Depth for Each Borehole.
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Geologic Characteristics

Borehole data were used to determine the geologic conditions of the vadose zone beneath the crib area.

Detailed geological characterization was required for vadose zone modeling input data. The stratigraphy
consists of unconsolidated, glaciofluvial sediments known as the Hanford formation, which were deposited
during several episodes of cataclysmic flooding during the Pleistocene Epoch. The Hanford formation in the

vicinity of 200-BP-I operable unit is divided into three facies: lower gravel-dominated, middle sand-dominated,
and upper gravel-dominated (Fig. 3).

Figure 3. Hanford Formation in the Vicinity of the 200-BP-I Operable Unit.
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Several relatively continuous and discontinuous silt layers were encountered during the drilling
activities. The most significant was a zone encountered at a depth of approximately 58 m beneath the operable
unit and in the area immediately to the north. The significance of these layers lies in their potential to act as

perching layers for infiltrating water.

Nature and Extent of Contamination

Soil samples were analyzed for TCL organics, TAL metals, bismuth, major anions, cyanide, and
radionuclides expected to be present in the waste effluent disposed in the cribs. Contract Laboratory Program

(CLP) procedures were modified to accommodate the highly radioactive soils. In general, modifications
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cC consisted of reducing the required volume of sample to lower radiation exposure. Soils were tested in either a
gl glovebox or a hot cell depending on radiation levels. For determination of contaminants within the vadose zone,
sG soils were blank case adjusted and compared to background data,

The blank case adjustments were conducted to remove systematic detect bias for media analysis
cc conducted by a given laboratory during the sampling event. Blank case adjustments were determined by
m multiplying tile maximum detected contaminants by 5 or 10 (depending of constituent) and then comparing to the
re reported value. If the reported value did not exceed the adjusted criterion, the parameter was regarded as
ur undetected.

Following the case blank adjustments, background comparisons were made on the detected compounds
to to eliminate those sample detects that represent naturally occurring chemical concentrations. Background soil
qt quality was determined by means of the one-sided, upper tolerance limit (UTL) for the 95th percentile (alpha "--
0. 0.05) for the distribution of each parameter, A normal distribution is conservatively assumed, as data are of
in insufficient quantity to justify otherwise, The background screening was performed only for TAL parameters,

in inorganic anions, and naturally occurring radionuclides ('_°K, -'26Ra, 228Th, and total uranium). Any detected
TI TOL organic and man-made radionuclides were considered a potential contaminant due to most of these
c_ compounds do not occur naturally. Fig. 4 illustrates the vertical profile of radiological contaminants for the
21 216-B-43 crib.

Figure 4. 216-B-43 Crib Radionuclides.
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The contrast in analytical data between the near-surface and subsurface gravel/soils are consistent with

th the crib construction and waste disposal methods. The majority of detected concentration of radionuclides are
be below the infiltration gravels between 4.5 to 9.1 m below the ground surface; however, contamination was
d¢ detected up to a depth of 71.9 m. The concentrations of radionuclides at the bottom of each crib is consistent
w: with their immobility and may indicate contamination was discharge to the cribs in a suspended flocculent.
RI Radionuclides that exceeded risk-based screening concentrations were 9%r, L37Cs, 99Tc, 6°C0, 238'239'24°pu, and
to total uranium.
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Vadose Zone Transport Modeling

Modeling moisture conditions and _ontaminant migration within the vadose zone was necessary to
identify contaminants that may impact the unconfined aquifer and to estimate the lateral movement of
contaminates. Migration of liquid contaminants was numerically simulated using Version 1.2 of PORFLO-3
(4). The model is a fully three-dimensional, integrated finite-difference, flow and solute transport computer
code. The conceptual physical model was initially refined based on field characterization data that defined the
geometry, source term, boundary conditions, and required physical property data.

The modeled domain was discretized to create a finite-difference mesh consisting of nodes, cells, and
associated cell facies. Cell facies lie midway between each node, and typically represent physical boundaries
such as the interface between soil layers. The mesh was defined by 10 nodes in each direction in the horizontal
plane, and 33 nodes in the vertical plane. A square of four cell facies along the top surface of the mesh
represents the bottom portion of the crib. For reasons of numerical stability, the density of the nodes was made
greater at soil interfaces and near the bottom of the crib.

Boundary conditions along the top of the mesh were defined as constant flux whose value outside the
crib area equaled an assumed maximum recharge rate due to meteoric infiltration. For periods when the crib
was receiving liquid effluent, the entire top of the mesh prescribed a constant flux equal to the meteoric
infiltration superimposed on the liquid effluent discharge rate.

Three scenarios were modeled to describe movement of the contaminants through _hevadose zone.

Scenario A represents highly exaggerated vertical movement of contaminant in one crib toward the aquifer.
This step allows certain contaminants to be screened out, so that further analysis is not required. Scenario B
represents more realistic vertical movement of contaminants in one crib toward the aquifer. Results from this
scenario were used for ecological and human risk-based screening. Scenario C focused on potential lateral
spreading of contamination within the vadose zone "rodincludes eight cribs.

Each simulation was run until either the contaminant being modeled reached the unconfined aquifer at a
concentration of 1 pCi/L or it became apparent that it never would. In general, those contaminants which were
both immobile and short-lived never reached the unconfined aquifer at unacceptable limits. Constituents with
low sorption coefficients were very mobile and have reached the unconfined aquifer as shown by current
groundwater monitoring in this area. Fig. 5 illustrates migration of 9°Srunder Scenario A. As is illustrated,
9°Sr is highly sorbed to the soils and decays betore reaching the unconfined aquifer. Plutonium contamination
impacting the unconfined aquifer is shown in Fig. 6 under Scenario B. Plutonium has a large distribution
coefficient; however, due to the extremely long half life, plutonium will reach the water table 9,500 years in the
future. The major driving force is due to diffusion instead of water infiltration. Results of this modeling effort
were confirmed with measured data from field activities. Comparisons between the predicted modeling
concentrations and known analytical data checked and verified the conceptual model.

A comparison of predicted present-day soil concentrations and measured results are illustrated in
Table I. Leachate concentrations were measured from soils collected during drilling activities and are presented
in Table I. The maximum concentration for the model-predicted, leachate, and characterization data compared
favorably. The only exception is nitrite, where the model is predicting significantly higher concentrations
(50,000 mg/L) compared to the maximum leachate concentration (2,000 rag/L). Nitrite being a very mobile
constituent would be expected to migrate with the effluent, which is indicated by the presence in the
groundwater. The high model-predicted nitrite concentrations may be a result of not allowing transient moisture
to drain as rapidly as may be naturally occurring.
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Figure 5, 216-B-45 Crib Strontium-90 Concentrations.
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Figure 6. 216-B-45 Crib Plutonium.-239 Concentrations.
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Table I. Results of Comparison of Present-day Predicted
Versus Measured Concentrations.

Column leach test
maximum

Contaminant Kd Model-predicted concentration Measured crib soils measured leachate
(mL/g) concentrations

C,,, Unit C, Unit Cs,uCL Unit CWL Unit

Nitrate 0 5 x ICY mg/L NA 1.2 x 103 mg/kg 2.0 x 103 mg/L

Cobalt-60 0.5 5 x 103 pCi/L 2.5 pCi/g 42 pCi/g 2.7 x 103 pCi/g

Cesium-137 500 1 X 10 6 pCi/L 5 x 1@ pCi/g 2.0 X 10 6 pCi/g 8.4 X 10 6 pCi/g

Strontium-90 20 I X 10 6 pCi/L 2 x 106 pCi/g 2.6 X 10 6 pCi/g 5.2 X 10 7 pCi/g
I

Total 1 5 x 104 pCi/L 50 pCi/g 64 pCi/g 2.2 x 104 pCi/g
uranium

Cw = concentration in model-predicted water.

C_ = concentration in model-predicted soil = Cw x Kd.

C_,ucL = UCL soil concentration presented in crib grouping 216-B-43 through 216-B-50 and the
subsurface infiltration graavel/soil zone.

CWL = concentratio'a of leachate from column leach test.
N/A = not applicable with a Kd of 0.

Summary of Site Risks

During the RI/FS, an analysis was conducted to estimate the health or environmental problems that
could result if contaminated soil at the 200-BP-1 operable unit was not cleaned up. This analysis is commonly

referred to as a baseline risk assessment. For carcinogens, the risk is presented as the possible (upper-bound)
risk of contracting some form of cancer given a lifetime exposure to a chemical or radionuclide. State and

federal guidelines for acceptable upper-bound cancer risk normally range from a 10.4 (1 in 10,000) to 10 .6 (1 in
1,000,000) chance of developing cancer due to exposure to a carcinogen.

The risk associated with the 200-BP-1 operable unit while maintaining current institutional controls is
< 10.6. However, discharge of wastes to the cribs has resulted in additional risk associated with the subsurface
soil contamination, if exposed to the surface. Contaminated soils at the site can be categorized by the types of
contaminants, their distribution in the soil column, and the risk posed by the various potential exposure

pathways. Below the clean soil cover (1 to 5 m), the near-surface soils contain low levels of contamination with
mCs, 226Ra, 9°St, =28Th,and uranium. The volume of contaminated soils in the near surface is estimated at

62,000 yd 3. The lifetime incremental cancer risk associated with these soils if exposed to the surface is 9x10 s.

The majority of the high activity contaminated soils is located between 5 and 15 m below ground
surface. The volume of high activity contaminated soils is estimated at 191,000 yd3. The most significant
contaminants in this zone include 9°St, _37Cs, :3s"-39'24°Pu,and uranium. Most of the radioactivity is attributable
to 9°Sr and _37Cs. These radionuclides have relatively short half-lives (29 to 30 years) and are highly immobile

in the soils. These soils, if exposed at the ground surface through human or biotic intrusion pose an
unacceptable risk ( > 10.2 lifetime incremental cancer risk). However, due to the relatively short half-lives and

10
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immobility of 9°Sr and _37Cs,they due not pose a risk to groundwater. The plutonium isotopes are highly
immobile; however, 23924°puare extremely long lived (half-life > 10,000 years). Uranium is relatively mobile

and extremely long-lived (half-life in excess of 100 million years) and poses the most significant future risk for

groundwater contamination. Vadose modeling indicates that, if no action was taken to remediate the
contaminated soils, uranium will reach the groundwater at concentrations that exceed the proposed drinking

water standard (30 pCi/L) in about 700 years.

Contaminants of concern present in soils below 15 m include nitrate, 6°C0, 99Tc, and total uranium.
Volume of contaminated soils in this region is estimated at 250,000 yd3. Nitrate, 6°C0 and 99Tc are highly

mobile and reached groundwater very soon after being discharged to the cribs. The peak groundwater
concentrations associated with these contaminants are located more than a mile downgradient of the 200-BP-1

operable unit. Concentrations currently entering groundwater for the soil at 200-BP-1 are declining and only
nitrate is in excess of the drinking water standard. Concentrations of 6°C0 and 99Tc entering groundwater from
the contaminated soils are below both current and proposed drinking water standards, however, they exceed the

Model Toxics Control Act cleanup regulations method B standards.

FEASIBILITY STUDY

The purpose of the FS (5) is to use data collect during the RI to develop and analyze remedial
alternatives. Results of this analysis will be used to make a risk management-based selection of remedies for
the release of hazardous substances that have occurred at the 200-BP-1 operable unit.

During the FS process remedial action objectives (RAO) are established for site remediation goals.
RAO focus on the development, screening, and analysis of remedial alternatives to assure that they are

protective of human health and the environment. Based on the results of the fate and transport analysis and
baseline risk assessment, the following RAO have been developed for the 200-BP-1 operable unit.

• Limit human receptor exposure to near-surface and subsurface high-activity soils to maintain a
risk in the range of 104 to 10-6.

• Limit biotic intrusion into high activity contaminated soils that could result in exposing
contaminants at the surface.

• Limit future impacts to groundwater by taking measures that will minimize infiltration and
downward migration of contaminants (primarily uranium).

• Consider the proximity and potential remedial action at the adjacent 241-BY Tank Farm in
evaluation of alternatives and remedy selection.

Remedial Alternatives

Based on the RAO, a range of potential remedial technologies were evaluated and combined to form l0
alternatives for detailed analysis. The range of alternatives includes: no action (with monitoring); institutional
controls; three barrier alternatives; four alternatives that involve excavation of the high-activity soils with and
without treatment; and one in-situ treatment alternative.

A detailed analysis of these alternatives was conducted in compliance with the evaluation criteria
required by CERCLA. The analysis was conducted to evaluate the ability of the alternatives to meet the
criteria. The comparative analysis was conducted by first determining relative scores for each of the
alternatives against the individual criteria. The relative scores were then normalized on a 0 to I0 performance

scale, with 10 being the most preferred. The criteria were then weighted in terms of importance. Finally,
composite scores were calculated by multiplying the criteria weights by the alternative score and summing for
all criteria. Results of the analysis were calculated by a multi-attribute decision analysis computer program and
are listed in Table II.

11
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Table II. Criteria Weights, Normalized Preference Scores, and
Composite Scores for Each of the Alternatives.

Short-Term

Alternative Long- Treatment Implement- Cost Composite
Term ability Score

Radiation Accident

(Criteria Weight) (0.4) (0.04) (0.05) (0.05) (0.06) (0.04)
,, ,,

A) No Action 0 0 10 10 10 9.72 5.49

B) Institutional Controls 5 0 10 10 10 9.70 7.48

C) Biointrusion Barrier 4 0 10 9.35 9 9.13 6.76
,, ,,,

D) Modified RCRA 7 0 10 8.71 9 8.57 7.70
Barrier

,,

E) Hanford Barrier 8 0 10 7.74 9 7.87 7.78
,

F) Excavation and Soil 8 5 1.23 3.23 1 .92 4.05
Washing with RCRA
Barrier

G) Excavation, Soil 10 10 0 0 0 0 4.40
Washing, and Vitrifi-
cation and RCRA Barrier

H) Excavation and Ex- 9 5 1.23 3.55 1 1.87 4.89
Situ Fixation with RCRA
Barrier

,,,,

I) Excavation and 8 0 3.51 6.77 2 1.96 4.62
Disposal with RCRA
Barrier

,,,,

J) In-Situ Fixation with 8 5 8.05 8.06 7 2.26 5.93
RCRA Barrier

NOTE: Overall protection of human health and the environment and compliance with ARAR are threshold
criteria and are omitted in favor of their components represented in the five listed criteria.

Preferred Alternative

Construction of a modified RCRA barrier is the preferred alternative for the 200-BP-1 operable unit.
The multi-layered earthen RCRA barrier is designed to meet minimum technology requirements in 40 CFR
264.301 for landfill closures and have a design life up to 1,000 years. This alternative is believed to provide
the best tradeoffs among alternatives with respect to the evaluation criteria. Based on the information available
at this time, the preferred alternative would be protective of human health and the environment, would comply

12
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with applicable or relevant and appropriate requirements (ARAR), would be cost effective, and would utilize a

permanent solution without additional risks due to the implementation of the alternative,

CONCLUSION

Characterization of the vadose zone beneath the 200-BP-1 operable unit required a multi-disciplinary

investigation approach to define the nature and extent of threats to human health and the environment. Results
of the characterization activities identified potential contaminants of concern at specific receptor exposure points
for subsequent human health and environmental risk assessments. Current risks at the 200-BP-I operable unit
are < 106; however, additional risk are associated with the subsurface soils.

The data collected during the RI was further evaluated in the 200-BP-I FS. The FS examined a range

of alternatives and provided recommendations lbr selecting a preferred alternative for remediating contaminated
soils at the 200-BP-1 operable unit. Results of the comparative analysis indicate that the preferred alternative
would be a modified RCRA barrier,

The 200-BP-1 RI/FS provides excellent information that can be used to accelerate remedy selection for

analogous sites in the 200 Area. The successful development and implementation of this project will lead the
way to the ultimate cleanup of the Hartford Site.
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