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APPENDIX D

200-UW-1 OPERABLE UNIT WASTE SITES VADOSE ZONE
CONTAMINANT FATE AND TRANSPORT MODELING

D1.0  INTRODUCTION AND PURPOSE

As part of the 200-UW-1 Operable Unit (OU) characterization, vadose zone modeling was
conducted to determine the fate and transport of contaminants of potential concern identified for
the soil waste sites. The modeling evaluated contaminants that may pose future risk in
groundwater as identified in the risk assessment described in Appendix C. Fate and transport
modeling evaluated the migration of contaminants from the waste sites into groundwater,
including contaminant attenuation and decay. The results of this modeling were used to evaluate
and select a remedial strategy for the 200-UW-1 OU.

This appendix also contains an evaluation confirming the appropriateness of the fate and
transport models for use in this focused feasibility study (see Attachment D1).

D2.0 MODELING METHODOLOGY

This modeling effort used the Subsurface Transport Over Multiple Phases (STOMP) Version 2.0
'NNL-11217, STOMP Subsurface Transport Over Multiple Phases Theory Guide, and
NNL-12034, 2000, STOMP Subsurface Transport Over Multiple Phases User’s Guide) finite

difference code developed by Pacific Northwest National Laboratory to conduct the simulations.

Quantitative predictions of hydrogeologic flow and contaminant transport are generated from the

numerical solution of nonlinear partial differential equations that describe subsurface

environment flow and tr  >ort phenomena. The STOMP code capabilities include the
simulation of saturated and unsaturated flow regimes, transport of radioactive elements and
nondecaying contaminants, and transport of aqueous phase and nonaqueous phase organic
compounds. A complete description of STOMP capabilities and the actual equations and the
partial differential approximations are contained in the referenced guides (PNNL-11217

and PNNL-12034).

The conceptual models used to simulate the 200-UW-1 OU waste sites were two-dimensional
vertical cross-section representations of the actual physical systems. The conceptual models and
input parameters were developed based on historical information and data collected during
earlier remedial investigations. The conceptual models were translated into numerical form,
using site-specific soil properties to determine the soil profile in the unsaturated zone and
underlying saturated zone. Contaminant transport for each profile was sin  ated using the
following three-part process.

1. An initial steady-state model was used to simulate conditions before site activities.
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soil types underlying the subject waste sites for use in the model. The geology units identified
around the 221-U Facility (in order from ground surface to the water table) were as follows:

Backfill within the site excavations
Gravel-dominated portion of the Hanford formation
Sand-dominated portion of the Hanford formation
Cold Creek unit

Upper Ringold fine and silty sand

Ringold Formation unit E silty sandy gravel.

Fi re D-1 shows the geology units and Table D-1 lists their respective physical properties used
in the model. The aquifer is identified in the Ringold silty-sandy gravel and was simulated as
saturated in the profile model. Section 2.3 of this document further discusses the

physical setting.

D3.2 SOIL HYDRAULIC PROPERTIES

Soil hydraulic properties for the different geologic units were developed m the existing
database of moisture retention and unsaturated hydraulic conductivity data available at the
Hanford Site. In general, soil hydraulic properties describe the amount of water that the soil is
capable of containing, the capillary pressure at which the soil retains a certain quantity of water,
and the rate at which water is capable of moving through the soil. Capillary pressure refers to
the suction exerted by the soil to hold water in place. Measurable properties of interest are the
soil bulk density, soil saturated moisture content (or porosity), moisture content as a function of
capillary pressure, and hydraulic conductivity as a function of soil moisture.

In addition, on the upper layer of the profile, estimates of i ""tration rates (net rate of water
entering the bow * -y from the top) were used to simulate the variations in soil conditions and

:charge within the backfill and the disturbed soil adjacent to the waste site. An infiltration
value of 1.44 cm/year was used in the backfill to represent the relatively higher amount of

ydraulic infiltration within this area of the model (WDOH/320-015, Hanford Guidance for
Radiological Cleanup). An infiltration value of 0.35:  year was used to represent the areas
outside of the backfill and disturbed areas. These values are consistent with reported recharge
estimates for the mnford formation elsewhere at the Site (RPP-6296, Modeling Data Package
for §-SX Field Investigation Report (FIR)).

Moisture retention characteristic curves can be derived that describe the data in terms of an
analytical equation. The characteristic curves allow the relationship to be expressed for the
entire continuum of values, which is a necessity of modeling. Moisture content often is
expressed in terms of saturation, which is the amount of water contained by the soil relative to
the amount the soil could contain. The equation that expresses the moisture retention
characteristic curves is

0,-0,

S, =[——r
®,- 0,

]
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determined from the closest soil type available and extrapolated according to the expected
characteristics of the soil type. Table D-1 summarizes the soil types and referenced parameters.

D3.3 CONTAMINANT SOIL
INTERACTION CHARACTERISTICS

Five sites with potential chemicals of concern were evaluated by the STOMP fate and

transport modeling. The sites and chemicals for each site are shown in Table D-2.

The contaminants modeled for each site were selected based on the potential to exceed
groundwater protection criteria and screening reported in Appendix C. Each chemical is shown
in Table D-2 with the depth of the maximum concentration detected in sampling and analysis.
The contaminant characteristics for each chemical are model input parameters related to its
mobility in the unsaturated and saturated zones.

Technetium-99, nitrate (separately), and nitrogen as nitrate and nitrite are considered highly
mobile and are assumed to move unretarded through the vadose zone. However, uranium total
metal, antimony, arsenic, and mercury are considered to have some attenuation during migration
through the soil. For uranium, two distribution coefficient (K4) values were used:

the conservative and best estimates from PNNL-11800, Composite Analysis for Low-Level Waste
Disposal in the 200 Area Plateau of the Hanford Site (Category F, 0.6 mL/g and 3.0 mL/g,
respectively). These estimates are within the range of values presented in PNNL-13895,
Hanford Contaminant Distribution Coefficient Database and Users Guide. The 0.6 mL/g value
is considered representative and a best estimate of current Site conditions; however, the higher
(less conservative) value also was simulated to provide for comparison and an estimate of the
uranium results sensitivity to this parameter. The 0.6 mL/g value is consistent with other

200 West Area vadose zone contaminant transport modeling (e.g., RPP-6296 and RPP-17393,
Modeling Data Package for WMAs [Waste Management Areas] T and TX-TY Field
Investigation Report). The Vadose Zone Hydrogeology Data Package for the 2004 Composite
Analysis (PNNL-14702) provides a best estimate of 0.8 mL/g for the area around U Plant.
Uranium exhibits high to moderate mobility, with greater mobility occurring at high and low pH
values (PNNL-13895). Some uranium associated with the 216-U-1 and 216-U-2 Cribs
discharges has alreadyen :dthe _ undwa  from the 200-UW-1 OU. ... transport of this
fraction was likely enhanced by the discharge history and waste stream chemistry, which
included highly acidic waste solutions during the last 2 years of operation (BHI-00187,
Engineering Evaluation/Conceptual Plan for the 200-UP-1 Groundwater Operable Unit Interim
Remedial Measure). This evaluation addresses the uranium remaining in the vadose zone, which
represents a less mobile fraction of the uranium, much of which remains within 50 ft of the
ground surface (see Figures D-2, D-3, D-5, and D-6). Only at the 216-U-8 Crib were relatively
high values of uranium measured at depths around 190 ft below ground surface. The fraction of
uranium remaining in the vadose zone is expected to remain less mobile because the highly
acidic and high-volume waste discharges that produced the higher mobility no longer occur.

Antimony, arsenic, and mercury are reportedly even less mobile than uranium under the given
soil conditions, as reflected in the model by Ky values of 45, 29, and 52, respectively (based on
Ecology 94-145, Model Toxics Control Act Cleanup Levels & Risk Calculations,

CLARC, Version 3.1).
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The higher K, value for uranium resulted in lower mobility, with a lower peak concentration and
curve spread out over a longer time interval with the area under both curves representing the
same mass of contaminant in the system, as anticipated.

The maximum concentrations used in the evaluation are shown and are significantly higher than
the calculated average aquifer concentrations indicating relatively shallow penetration of the
chemical plume in the groundwater.

D5S.3 RESULTS FOR THE 216-U-8 CRIB

The modeling results for the 216-U-8 Crib are shown graphically in Figure D-9 and with respect
to groundwater MCLs in Table D-5. The model results did not indicate that Tc-99, antimony, or
nitrate would result in groundwater concentrations greater than the MCL within 1,000 years.
The concentrations of Tc-99 and nitrate peak after 1,000 years at concentrations below the MCL.
Antimony was not predicted to reach groundwater during the 10,000-year simulation.

Uranium simulated with the more conservative K, of 0.6 is predicted to exceed the groundwater
MCL within 1,000 years; however, the same uranium concentrations simulated with the higher
K4 value resulted in uranium reaching the groundwater within 1,000 years, but at concentrations
below the MCL.

Nitrogen as nitrate and nitrite concentrations was predicted to exceed the groundwater MCL
within 1,000 years.

The maximum concentrations used in the evaluation are shown and they are significantly higher
than the calculated average aquifer concentrations, indicating relatively shallow penetration of
the chemical plume in the groundwater. The average aquifer concentration for nitrogen in nitrate
and nitrite was b w the MCL, suggesting that groundwater sampling would result in
concentrations below the MCL.

D5.4 RESULTS FOR THE 216-U-12 CRIB

The modeling results for the 216-U-8 Crib are shown graphically in Figure D-10 and with
respect to groundwater MCLs in Table D-6. The model results indicate uranium and arsenic
would not result in groundwater concentrations greater than the MCL within 1,000 years.
Uranium, simulated with the more conservative Ky of 0.6, is expected to reach the groundwater
within 1,000 years, but with concentrations below the MCL. The concentration of uranium may
exceed the MCL after about 6,250 years. Arsenic is not expected to reach the water table.
Model results for the same uranium concentrations, but with a Ky of 3, were below the
groundwater MCL for the 10,000 years of the simulation. Nitrogen as nitrate and nitrite
concentrations was predicted to exceed the groundwater MCL within a relatively short time

in° ral of 15 to 53 years, and with concentrations below the MCL thereafter.

Estimated concentrations are slightly higher at a distance away from the edge of the waste site
(e.g., 10 m, 30 m). In addition, these concentrations at a distance away from the edge of the
waste site exceed the MCLs for a longer period of time (i.e., > 1,000 years).
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and uranium greater than 10,000 mg/kg extend out laterally from beneath the cap. Even with
these portions of the plumes extending beyond the cap in the vadose zone, the capping
simulations indicated that the contaminants in the vadcse zone would not result in groundwater
concentrations in excess of the MCLs.

The flow lines represent the path of a water particle moving downward from the ground surface.
The velocity field used to calculate the flow lines remains constant through time

(1.e., steady state). For the uncapped simulation, the flow field calculated in year 2002 was used
to calculate the flow lines. Because discharge to the cribs ended by 1967, it is assumed that the
flow field in the vadose zone would have essentially reestablished steady-state conditions by
2002. Emplacing a cap changes the physical system, so the flow field calculated in a later year
was used to calculate those flow lines. It is assumed that after emplacement of the cap in 2002,
the flow field calculated for year 2050 would satisfactorily represent steady-state « 1ditions.
Although the infiltration rate through the cap increases from 0.01 cm/year to 0.015 cm/year after
500 years, the figures show such little movement of the water beneath the cap that the small
change in infiltration rate would not greatly change the flow lines.

D7.0 CONCLUSIONS

Based on the modeling results, the following conclusions were made:

o For several waste sites, chemical parameters were identified that may pose a contaminant
of concern based on predicted groundwater concentrations exceed g MCLs.

— 216-U-1 and 216-U-2 Cribs, Tc-99

-~ 216-U-8 Crib
Uranium at a K40f 0.6, but not at a K4 of 3
Nitrogen as nitrate and nitrite, however, with an average aquifer concentration below
the MCL.

— 216-U-12 Crib, nitrogen as nitrate and nitrite.

o Two different Ky values used for the uranium total metal concentrations resulted in a
relatively large range of concentrations, with the lower Ky value resulting in relatively
quicker and higher concentration peaks.

e Antimony, arsenic, and mercury were relatively immobile based on the model results,
indicating that these chemicals would not encounter groundwater within 10,000 years for
antimony and mercury, and 1,000 years for arsenic.

e Simulated placement of a cap over the 216-U-1 and 216-U-2 Cribs results in lower pi ’
concentrations farther into the future, reducing the Tc-99 concentrz )ns below the
threshold for potential contaminants of concern.
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Evaluation. Subsection (5)(b) includes methods of deriving K4 values from site date
tests, and the scientific literature and represents the best information currently availat
K4 values in this case were derived from the scientific literature, which includes man
performed at the Hanford Site (see PNNL-13895, Hanford Contaminant Distribution
Database and Users Guide). K4 values used in the fate and transport models (develo
STOMP) are presented in PNNL-11800, Composite Analysis for Low-Level Waste D.
the 200 Area Plateau of the Hanford Site, and CLARC 3.1 tables (Ecology 94-145, C
Levels and Risk Calculations Under the Model Toxics Control Act Cleanup Regulatic
The specific values and associated citations are identified in Appe lix D, Table D-2,

Result. The WAC criteria have been met. Estimates of Ky values are derived from
available in the Hanford Site literature, much of which includes Site data, results of b
and other methods of measuring contaminant mobility.

WAC 173-340-747(8)(b)(ii), “Vapor hase Partitioning”

WAC Assumption. If Henry's law constant is used to establish vapor phase partitior
the constant shall be derived in accordance with subsection (4)(d) of this section.

Evaluation. Not applicable. No waste sites included contaminants subject to vapor:
partitioning or transport.

Result. Not applicable.

WAC 173-340-747(8)(b)(iii), “Natural Biodegradation”

WAC Assumption. Rates of natural biodegradation shall be derived from site-
specific measurements.

Evaluation. Not applicable. No waste sites included contaminants subject to biodeg

Results. Not applicable.

WAC 173-340-747(8)(b)(iv), “Dispersion”

WAC Assumption. Estimates of dispersion shall be derived from either site-specific
measurements or literature values.

Evaluation. The 200-UW-1 OU models developed with STOMP used the estimates
dispersion contained in SAND98-2880, Stochastic Parameter Development for PORI
Simulations of the Hanford AX Tank Farm. The dispersion coefficient used for each
listed in Appendix D, Table D-1. SAND98-2880 also served as the basis for the disp
estimates in PNNL-11800 and the later PNNL-14702, Vadose Zone Hydrogeology D.
for the 2004 Composite Analysis. The use of the estimates of dispersion in SAND9S-
composite analysis indicates that these estimates are applicable to soil types located t!
the Hanford Site.
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assumes no surface barrier or control. The infiltration estimate is based on the Hanford £
average annual precipitation of 16 cm and an evapotranspiration rate of 91 percent

(WDOH/320-015, Hanford Guidance for Radiological Cleanup). The evapotranspiratior
a regulatory, agreed-on estimate for disturbed but stabilized surfaces (DOE/RL-99-40, F
Feasibility Study for the 300-FF-2 Operable Unit). Infiltration that reaches the water tab
referred to as recharge, and recharge is the parameter input to the model STOMP. The re
recharge rate (1.44 cm/year) represents the long-term annual average recharge to the wat
that incorporates both yearly and seasonal variations in precipitation and evapotranspirati

Results. The WAC criteria have been met. Estimates of infiltratiic ared red from Ha

Site data and a regulatory, agreed-on evapotranspiration rate.

CONCLUSIONS

The criteria specified in WAC 173-340-747(8) have been met. The criteria specify the
procedures and requirements for using fate and transport models (other than those specifi
subsections (4) through (6)) to establish soil concentrations that will not cause contamina
groundwater at levels that exceed the groundwater cleanup levels. ased on the evaluatic
results of each of the seven assumptions identified in WAC 173-340-747(8)(b), and the
considerations of the evaluation criteria identified in WAC 173-3¢  747(8)(c), the concht
that the models developed using STOMP code and their application within the 200-UW-
are appropriate and meet the requirements as set forth in WAC 173-340-747(8).
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Figure E-2. Conceptual Site Model for the Construction Trench
Worker Intruder Scenario.
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F3.1 TRENCH TEMPLATE

This section summarizes the cost inputs, assumptions, and backup used in the Maestro
Trench template.

F3.1. Remediation Work Scope

The template covers the construction work to remediate a waste site by using conventiona
construction equipment to excavate contaminated soil for disposal at the ERDF. The tem  te is
based on the use of a fixed-price contractor to do the construction work with Fluor Hanfor Inc.
(FH), managing the work.

Major assumptions that have been made in the preparation of this estimate are as follows:

o Disposal costs consisting of the ERDF dumping charges, fees, and transportation ¢ vaste
are included in ” 's estimate.

o All borrow material needed to backfill the excavation or restore the site comes froi
Pit 30.

» The following work process is used to restore the site:

— Mobilization consists of setting up a decontamination area, installing a temporarv
fence around the site, conducting a site survey, and improving and maintaining
site haul road.

— Environment monitoring and sampling and analysis of low-level-waste soils ar
materials during the excavation process.

— Solids (contaminated soil) collection and containment, which includes the follc

— Excavation of clean overburden soil, hauling, and stockpiling near the wast
including dust control.

— Excavation of contaminated soil and loading the soil into containers to be h
to a queue area. The work also includes site dust control.

— Disposal of contaminated soil consists of the following activities:
— Processing at the queue area for transport to ERDF.

—  Other work at the queue area, which includes decontaminating and surveyir
containers and adding disposal liners.
— Site restoration consists of the following activities:

— Loading and hauling backfill from the overburden stockpile and Pit 30
borrow site.
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Solids collection and containment consists of the following activities:

Excavation of overburden soil, hauling, and stockpiling near the ditch w
including dust control, using large earthmoving equipment. Two crews
at the site for 80 percent of the removal process and one crew will comg
the work.

— Excavation of contaminated soil and loading the soil into containers to t
to a queue area. The work also includes site dust ¢« trol. This work wi
performed at the same time the overburden is being >moved.

Disposal of contaminated waste consists of the followir activities:
— Processing at the queue area for transport to the ERDF-.

— Other work at the queue area, which includes decontaminating and surve
~ containers and adding disposal liners.

— Transporting to the ERDF, waste disposal, and returning the waste conte

Site restoration consists of the following activities:

— Loading and hauling backfill from the overburden s ckpile and the Pit :
borrow site. The hauling from the stockpile will involve using large
earthmoving equipment. One crew will start the work until 20 percent h

backfilled, then two crews will complete the work.

— Backfilling and compaction of the waste site. Compaction is limited to ¢
compaction. Site dust control is included.

Revegetation consists of planting dry-land grass seed and native bushes and
fertilizer and irrigation as needed. The waste site, stockpile area, staging are

haul roads will be replanted.

Demobilization consists of removing the temporary fen , removing the trail
disconnecting the utilities, removing the decontamination site and haul road,
performing miscellaneous clean up.

FH Project management consists of part-time staff to manage the work and
technical support.

Fixed-price contractor management consists of full-time staff to manage the

Mobilization and demobilization of construction equipment are calculated se
and added to the costs of the work.
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— Site restoration consists of the following activities:

— Loading and hauling backfill from the overburden stockpile and Pit 30
borrow site.

— Backfilling and compaction of the waste site. Compaction is limited to
equipment compaction. Site dust control is included.

— Revegetation consists of planting dry-land grass seed and native bushes and applying
fertilizer and initial irrigation, as needed.

Demobilization consists of removing the temporary fence and decontamination site,
haul road, and miscellaneous cleanup.

— Project management consist of part-time staff to manage the work and provide
technical support. ’

e Mobilization and demobilization of construction equipment is calculated separatel nd
added to the model-specific mobilization and demobilization costs.

F3.4 RCRA,SUBTITLE C BARRIER TEMPLATE

This section summarizes cost inputs, assumptions, and backup used in the Maestro RCRA
Subtitle C Barrier template.

F3.4.1 Remediation Work Scope

The template covers the ¢ ‘ruction work to build a Modified RCRA Subtitle C Barrierc ra
w.__:site. «uet_____ ate is based on the FH use of a fixed-price c ctor to do the const  :tion
work with FH managing the work.

Assumptions are as follows:

o The borrow site for the fill materials is Pit 30. The borrow material either will be s __:able
in place at the borrow site or will require processing at the I )cess Area near Pit 3

o The standard barrier design called a Modified RCRA Subtitle C Barrier contains ei
different layers of fill and a geotextile layer that includes a| »visional asphalt laye ind
associated drainage and subgrade layers (see Figure F-1). For all waste sites excep 1e
200-W-42 Vitrified Clay Pipeline and UPR-200-W-163 unplanned release, four of
layers associated with the asp” 't have been omitted. These layers are a gravel filtc
layer, a gravel drainage layer, an asphaltic concrete pavement layer, and a base

course layer. These four layers are included in the cost template, but cost values he

been set equal to zero.

F-10
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OMB Circular No. A-94, 1992, Guidelines and Discount Rates for Benefit-Cost Analysis
Federal Programs, Office of Management and Budget, Washington, D C. ‘

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq.
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APPENDIX G

EXCAVATION OF THE 216-U-1/216-U-2 CRIBS,
216-U-8 CRIB, AND 216-U-12 CRIB
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G4.0 RESULTS OF THE ANALYSIS

G4.1 MICROSHIELD SHIELDING CC™E

For all of the dose calculations, the MicroShield,' Version 6.02, shielding code (MicroShield
Shielding Code [Grove Engineering] was chosen as the preferred shielding code because it
provides the user with the flexibility to choose between a multitude of geometric configurations
that. in most cases, closely approximate the configuration being modeled. Specifically, the code
prov __ =s the following:

More versatile geometries that ¢ erally allow offsets from the main axis of symmetry
Increased number of shields and a great deal of flexibility in their application
Sensitivity analysis for dimensional variations within a single analysis

Photon energies between 15 KeV and 15 MeV

Several energy grouping methods

User-defined materials

Radioactive decay of the source with complete generation of decay-chain daughters
Several energy grouping methods.

Mi--~Shield v6.02 has been verified and validated in accordance with Grove Enginc ing’s
Quanty Assurance Plan, which implements the requirements of 10 CFR 50, Appendix B,
“Quality Assur-— -e Criteria for Nuclear Power Plants and Fuel Reprocessing Plants.”

Grove Engineering has made a verification and validation report available to prov’ : users with a
:port that can readily be reviewed or audited by independent authorities. The report offers a
»mpendium of the technical basis for MicroShield and consolidates information sources used

over the years in its development.

G4.2 RESULTS
Tables G-4 through G-6 provide the results of the analysis for review. The assoc ed

MicroShield input and output files, which provide the receptors’ locations and dose rates based
on the concentrations provided in Table G-1, are included as an attachment to this analysis.

GS5.0 CONCLUSIONS

The goal of this analysis was to evaluate doses to the maximally exposed receptors during the
1 d “on of the 216-U-1/216-U-2, 216-U-8, and 216-U-12 waste cribs within the confines of
the 200-UW-1 Operable Unit. As expected, for all receptors and their respective locations in the

! MicroShield is a trademark of Grove Engineering, Rockville, Maryland.
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waste crib the highest doses were calculated at the center, with lower doses calculated at
the sides. .

As shown in Table G-7, doses to * :ex: rator operator and the *~ pit shuttle truck driver

slightly less than those calculated for the laborer providing dust suppression. The lower uoses
are expected because of the shielding provided by the cab and the added :ad. On comparis of
the final results, the laborer would be considered the maximally exposed receptor in all

cases analyzed.

"“hot "1 the calculated doses to all receptors are high for the 216-U-1/216-U-2 and
216-U-8 Cribs, the analysis assumed that only one person would be performing each task

(i.e., one laborer, one excavator operator, and one in-pit shuttle truck iver), wheninre
many personnel would be performing the work. For example, the analysis assumed that ne
laborer would be performing work 6 hours per day for the entire exhumation period, but mo s
low as reasonably achievable (ALARA) exposure goals for U.S. Department of Energy sites
would limit worker doses to 500 to 1,000 mrem/year. Based on these goals, multiple labore
would be required to work at the site to share the doses incurred, and additional radiological
controls would have to be implemented to maintain those set ALARA exposure goals.

Additional radiological controls may include but are not limited to p.  ’enting the need for tl
laborer to enter the active exhumation area by using a water cannon from the edge of the cle
area, where shielding would be provided by the m¢  structural frame of the cannon.

Additional lead shielding could be added to the cannon’s main structural frame and to the ce  »f
the excavator and in-pit shuttle truck.

G6.0 REFERENCES
10 CFR 20, Part 835, “Occupational Radiation Protection,” Title 10, Code of Federal
Regulations, Part 20, Part 835, as amended.

10 CFR 50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants,” Title 10, Code of Federal Regulations, Part 50, as amended.

BHI-01558, 2001, 116-N-1 Trench Level I ALARA Review, Rev.0, Bechtel Handford, Inc.,
Richland Washington.

Grove Engineering, MicroShield Shielding Code, Version 6.02, Grove Engineering,
Rockville, Maryland.
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Page ¢ 3

DOS File : 216-U-8 Laborer.msé
Run Date: August 5, 2004

Run Time: 9:01:00 AM

Duration : 00:00:56

. e e - - . fl Rat E Rat
ey Q'.umu.uljﬁﬁt ULTIINTTF1- MeV/cm?/sec mo fhr
No Buildup wither | !
0.6 4.840e+14 2.239¢+03 9.491¢, . )
0.8 2.976e+08 2.392e-03 8.451e-03
1.0 3.744e+08 4.596e-03 1.425e-02
1.5 1.058e+10 2.764e-01 6.954e-01 4.55UE-U4
TOTALS: 6.987e+14 2.240e+03 9.492e+03 4.37 30
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APPENL...H

HISTOGRAMS FOR THE 216-U-1/216-U-2 CRIBS,
216-U-8 CRIB, AND 216-U-12 CRIB
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