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ABSTRACT

This report contains the results of a study sponsored by UNC Nuclear
Industries to determine Allowable Residual Contamination Levels (ARCL) for
five generic categories of facilities in the 100 Areas of the Hanford Site.
The purpose of this study is to provide ARCL data useful to UNC engineers
in conducting safety and cost comparisons for decommissioning alternatives.
The ARCL results are based on a scenario/exposure-pathway analysis and
compliance with an annual dose limit for three specific modes of future use
of the land and facilities. These modes of use are restricted, controlled,

" and unrestricted. The information on ARCL valt ; for restricted and con-

trolled use provided by this report is intended to permit a full consider-
ation of decommissioning alternatives. ARCL results are preser d both r
surface contamination remaining in facilities (in dpm/100 cm2), and for
unconfined surface and confined subsurface soil conditions (in pCi/g). Two
confined soil conditions are considered: contamination at depths between

1 and 4 m, and contamination at depths greater than or equal to 5 m. A set
of worksheets are presented in an appendix for modifying the ARCL values )
accommodate changes in the radionuclide mixture or concentrations, to
consider the impacts of radioactive decay, and to predict instrument
responses. Finally, a comparison is made between the unrestricted release
ARCL values for the 100 Area facilities and existing decommissioning and
land disposal regulations. For surface contamination, the comparison shows
good agreement. For soil contamination, the comparison shows good agree-
ment if reasonable modification factors are applied to account for the
differences in modeling soil contamination and 1icensed 1ow-level waste.

iii






SUMMARY

The Allowable Residual Contamination Levels (ARCL) reported in this
document for the 1 re categories of facil- es in the 100 Areas of the
Hanford Site are based on a scenario/exposure-pathway analysis and com-
pliance with an annual dose 1imit. The five categories of facilities
considered are: retention-basin systems, miscel ieous cribs and trenches,
solid-waste burial grounds, nuclear reactors, and fuel-storage basins.
Representative radionuclide inventories are developed for each category of
facility. These inventories are used in the analyses to determine the
potential variability of the ARCL values for various radionuclide mixtures

~ and relative concentrations. Three modes of future use of the facilities

and land are considered. They are restricted, controlled, and unrestricted
use. Unrestricted use is assumed to occur either immediately or after
institutional control periods of 100 or 300 years, representing restricted
and controlled use safe-storage options.

A summary of the ARCL results is presented in 1ible S.1 for surface
contamination (in units of dpm/100 cm2). Only the categories of facilities
that contain structures are considered in the surface contamini ‘on
analysis. The: facilities are the retention-basin systems, nuclear
reactors, and fuel-storage basins. Restricted-use ARCL values range from
2.4 x 106 to 2.4 x 107 dpm/100 cm2. Contr¢ led-use ARCL values range from
9.2 x 105 to 1.0 x 107 dpm/100 cm2. These ranges reflect the dose
potential of the radionuclide inventories for each facility. For
unrestricted use, the ARCL values generally increase with time from T = 0
to T = 300 years, reflecting the radioactive decay of the more radiotoxic
short- ived radionuclides in the mixtures. The ARCL values reported for
100 and 300 years of decay represent the levels that would have to be
reached by radioactive decay of the mixtures to assure an unrestricted
release.

A summary of the ARCL values for soil contamination is shown in
Table S.2. This table contains the ARCL values resulting for the represen-
tative radionuclide inventories for all five categories of facilities, for
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TABLE S.1. Summary of the Allowable Residual Contamination Level
Values for Surface Contamination in Decommissioned
Facilities in the 100 Areas of the Hanford Site

Retention-Basin ruel-Stor Je
System Nuclear Reactors Basins

Use Mode (dpm/100 cm?) (dpm/100 cm?) (dpm/100 cm?)
Restricted Use 1.1e+7(a) 2.4E+7 2.4E+6
Controlled Use 4.5E+6 1.0E+47 9.2E45

Unrestricted Use(b)

at T = 0 years © 7.5E4+2 1.6E+3 1.6E+42
at T = 100 years 1.7E+4 3.1E+3 2.2E+42
e at T = 300 years 2.6E+4 5.8E+3 2.2E+2

(a) Where 1.1E+47 = 1.1 x 107,
(b) Three decay periods are considered for unrestricted use.
They are: T =0, T =100, and T = 300 years.

three decay periods, and for unconfined (surface) soil and confined
(subsurface) soil. The ARCL values gener: ly increase with time,
reflecting the radioactive decay of ‘the more biologically-available radio-
nuclides in the :presentative mixtures. The ARCL values also increase
with depth from surface soils to soils at depths 5 m from the surface,
reflecting the isolation of the contamination from the exposure pathways to
man.

A description of how to modify the ARCL values to accommodate changes
in the radionuclide mixture or relative concentrations is also given in an
appendix. This description includes a worksheet for performing the calcu-
lations, including sample problems. Additional worksheets are presented o
determine the impacts of radioactive dec r on mixtures of radionuclides and
to predict instrument responses.






Finally, the ARCL results show good agreement with current guidance on
decommissioning and 1and-disposal of radioactive wastes if appropriate
modification factors are applied.
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) is in the process of demonstrating
decommissioning technology at the Hanford Site. The project will provide
detailed cost, engineering, and safety data useful for determining the
final disposition of the Femaining Hanford production reactors. A major
consideration in developir decommissioning plans is the amount (or level)
of radioactive contamination that can be allowed to remain at the site.
This report contains a description and the results of a method for deter-

r ng Allowable Residual Contamination Levels (ARCL) for radionuclides
remaining at each of five generic categories of facilities in the 100 Areas
at the Hanford Site. '

The ARCL results are based on a scenario/exposure-pathway analysis and
compliance with an annual dose 1imit assigned for each of three : 2cific
modes of future use of the land and facilities. These modes of use are
restricted, control 2d, and unrestricted. )r restricted and controlled
use, institutional controls are assumed to reduce opportunities for expo-
sure by limiting access to the site. This means that some radioactive
materials may be left in place to permit radiocactive decay. For this
study, restricted use is assumed to last for 100 years, and controlled use
for 300 years. For unrestricted use, an individual is assumed to have free
access to any remaining facilities or radionuclides at the site.

Information on restricted and controlled use is developed to provide
engineers with a broad data base. This data base should help permit a full
safety and cost consideration of decommissioning alternatives, including
safe-storage options, for the remaining Hi Fford production reactor
facilities.

A brief « icription of the five generic categories of facilities at
1e Hanford Si- , current regulations regarding residual contamination, and
the history of the development of the ARCL method is given in the remainder
of this section. A more complete descri; ion of the . CL method is given

“jin Section 2. Facility descriptions for the five generic categories of

facilities and a description of the radi. fon exposure scenarios developed
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rely on a scenario/exposure-pathway analysis based on an acceptable annual
dose. The ARCL method applied in this report is such a method.

1.3 HISTORY OF THE ALLOWABLE RESIDUAL CONTAMINATION LEVEL METHOD

The ARCL method has been under development at Pacific Northwest
Laboratory since 1976. 1Its first application was as part of a conceptual
decommissioning study conducted for the NRC (Schneider and Jenkins 1977).
The method has continued to evolve as the NRC conceptual decommissioning
studies considered a variety of nuc 2ar facilities ranging from fuel fabri-
cation, through reactor operation, to low-level waste disposal and indepen-
dent spent-fuel storage. Example applications of the ARCL method that
directly relate to this study are contained in reports by Smith, Konzek,
and Kennedy (1978), Oak et al. (1980), and | 1zek et al. (1982).

In a recent document by Napier (1982), the ARCL method is formally
describe and the results of example calculations are presented. In
addition, Napier (1982) presented a comparison of ARCL results with other
recommendations. In a related application, Kennedy et al. (1982) investi-
gated transuranic advanced disposal systems and applied he ARCL method to
develop pr¢ iminary 239Pu waste disposal criteria for the Hanford Site.
These criteria related depth of disposal to allowable concentration based on
ht in intrusion scenarios.

The ARCL method described ai applied in this report to the five
generic categories of facilities in the 100 Areas at Hanford is similar to

the methods used by the NRC to develop criteria for shallow-land burial
grounds (U.S. NRC 1982). The major differences are that the NRC provided a
“generic" classification system for »>w-level waste disposal and this
report attempts to rely on site-specific conditions for facilities and
materials not considered to be low-level waste.
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2.0 THE ALLOWABLE RESIDUAL CONTAMINATION LEVEL METHOD

1e objective of the analysis of - e Allowable | ;idual Contamination
Levels (ARCL) of radionuclides in soil or facilities is the determination
of whether radioactively-contaminated sites require further decontamination
or remedial action prior to release. * e results of the analysis may also
be used to indicate the general magnitude of any remedial actions required
prior to the release. The basic approach taken to calculate the ARCL is
presented in this section.

The calculation of ARCL values for radionuclides is dependent on the
physical characteristics of each individ contaminated site | ize, radio-
nuclide inventory, presence of structures), on the radiation dose limit
determined to be "acceptable", and on the scenarios of human exposure
judged both to be possible and to result in uppc bounds of exposure. The
physical characteristics can be determined from a comprehensive site
descriy ion. Dose limits specifically for decommissioning have not yet
been set by regulatory agencies. The draft generic environmental impact
statement on decommissioning nuclear facilities (U.S. NRC 1981) contains a
recommendation that the allowable residual radioactivity level for facility
release be based on the dose anticipated to be received by individuals who
use that facility. The NRC has further recommended that release levels
after decommissioning should be set less than or equal to 10 mrem/yr to the
max imum-exposed inc vidual (Fedei Register 1981). As set forth in the
Energy Reorganization Act of 1974, the U.S. Environmental Protection Agency
(EPA) has responsibility for establishing radiation dose standards for the
protection of public health and safety. The EPA has not yet instituted
these criteria and is not scheduled to do so until 1984 (U.S. NRC 1981).
For this repor , three possible m¢ 's of future use of the site are con-
sidered; restricted, controlled, and unrestricted. For the restricted and
controlled modes, an example dose limit of 500 mrem/yr is used in this
report because the sites will still be under government supervision. For

unrestricted use, an example dose 1imit of 10 mrem/yr is used. These use

modes are further described in Section 2.3. For contaminated soil areas, the
impact of increased depth of overburden is reflected by applying modification












measurable quantity ( 1e ARCL, in dpm/100 cm2 for surfaces or pCi/gram for
soils) through applicable exposure sceni 'os. Each of these concepts is

described in this section.

2.2.1 Maximum Annual Nnse

There are four basic categories of public radiation doses that could

be calculated to measure public exposure. ese are:

1.

2.

One-year dose from one year of exposure (external plus internal). This
is the dose currently used for comparison with occupational exposure
standards and the one originally used for ¢ 1warist with public
standards.

Committed dose from one-year external exposure plus extended internal

dose accumulated as a result of a one-year intake (ingestion plus
inhalation). Normally, a 50- or 70-year dose commitment period is
used. This dose is the one currently being used by most of those who
calculate public doses and is the one used for occupational record-

keeping in 10 CFR Part 20 (1982).

Accumulated dose from a 1ifetime (50 or 70 years) of external exposure

plus intake via ingestion and inhalation. This includes the effects
of radionuclide accumulation or decay in the environment during the
exposure period. This dose can be most closely related to health
effects resulting from radiation exposure.

Maximum annual dose during a ifetime (50 or 70 years). This dose

is calculated for each year of exposure accounting for each year's
external exposure plus the internal dose from radionuclides taken in
during the year of interest and all previous years. The maximum
annu¢ dose is identified by inspection for each organ. This type
corresponds most closely to the existing guides for occupational and
public exposure which contain standards for annual radiation dose.

The method for determining ARCL used in this report is a comparison

of a calct ited maximum annual dose received by a maximally-exposed individual

with assumed annual dose limits. When internal exposure from inhalation

11






10 km (6.2 miles), 1 km (3280 feet), and onsite (Napier 1982). For all
times and for all exposure scenarios, radiation dose rates to the indi-
viduals living out of the immediate vicinity of the contaminated areas were
found to be orders of magnitude smaller than those received by the onsite
individual. Thus, the onsite exposure s narios were determined to be the
most cri cal. For the three future-use modes examined in this report, the
general types of potential exposure scenarios are as follows:

e restricted use

recreation (if allov )
picnicking

- tit  « | harvesting

inadvertent intruder
deliberate intruder

e controlled use
- inadvertent intruder
- deliberate intruder
- resident (if allowed)
- famer (if allowed)

e unrestricted use
- transient
- permanent resident
- well drilling, excavation
- contact with soil, inhalation of resuspended material
- drinking of well water
- backyard garden
- inadvertent intruder
- intentional intruder
- resource recovery
- recovered resource use.

The potential for radiation doses to individuals have been examined for
each of these general scenarios. The most restrictive are examined in

13






LX)
™~

describe a safe-storage condition where partial institutional controls may
help 1imit human activities in the 100 Areas for a period of 300 years.

The facilities are assumed to be decontaminated to the allowable
controlled-use, residual contamination level and left in a safe-storage
condition. Minimal surveillance and maintenance is assumed to occur during
this 300-year period. Marker systems, historical records, and zoning
restrictions (or other governmental control | are assumed to partially
1imit human intrusion. Radioactive materials are assumed to be left in a
safe-storage condition of higher integrity than considered for the
restricted-use mode.

During controlled use, unauthc zed intrusion is assumed to occur
through an intruder-discovery scenario. For this scenario, an intruder is
assumed to enter the facility and begin 1ight construction activities.
These activities are assumed to cease when the existence of stored radio-
active materials is realized or the intruder is discovered by the agency
controlling the use of the site. The individual is assumed to be exposed
by the same exposure pathways for the restricted use mode, with appropriate

ydifications to the exposure scenarios. The allowable residual contamina-
tion levels f~r controlled use of the site and facilities are calculated
ased on an example organ dose to this intruder of 500 mrem.

2.3.3 Unrestricted Use

The last mode considered is designed to account for unrestricted use
of the site and facilities. Unrestricted use is assumed to occur as the
final outcome of the first two modes considered (i.e. after 100 years of
restricted use and after 300 years of controlled use), and immediately for
the third mode (as the result of dismantlement). Thus, unrestricted-use

“allowable residual contamination levels are calculated for the mixture of

radionuclides encountered immediately and as modified by radioactive decay
for periods of 100 and 300 years.

During unrestricted use of the site and facilities, the maximum indi-
vidual is assumed to be exposed as a result of four scenarios. These
scenarios are designed to consider resource-salvage activities, resource-

15






For a contaminated soil or buried waste site covered by a layer of
c¢lean soil or overburden, the inhalation pathway (from resuspension) is
eliminated and the direct irradiation patl .y is reduced as a function of
the overburden depth. Apart from the actions of humans who may dig into
the buried wastes, the dominant pathway becomes consumption of plants whose
roots penetrate the overburden. The fraction of the plant roots that
penetrate the overburden is a function of the type of plant and the depth
that the waste is buried. Estimates of the fraction of plant roots below a
given depth have been estimated by Napier (1982) and are shown in
Figure 2.4.1. For this analysis, crop uptake of radionuclides is assumed
to be directly proportional to the fraction of active roots that penetrate
the overburden. Thus, the concentration of radionuclides in farm crops
grown over a site is scaled logarithmically with depth as shown in the
figure. In addition to root penetration, human construction activities
(i.e., basement construction) are also considered for radionuclides buried
in the top 5 m of soil. A more detailed description of the radiation

exposure scenarios considered for buried radioactive materials is given in
Section 4.0.

17






3.0 FACILITY DESCRIPTIONS

To complete a "g« 'ric" anmalysis of Allowable Residual Contamination
Levels (ARCL) for the retired production reactor facilities in the 100
Areas of the Hanford Site, we have developed brief discussions of the
physical and radiological characteristics of the facilities. The contami-
nated facilities considered in this study are divided into five major
categories: retention-basin systems, miscellaneous cribs and trenches,
solid-waste (rial grounds, nuclear reactors, and fuel-storage basins. A
separate analysis of ancillary facilities was conducted earlier and the
results documented by Kennedy and Napier (1983). This section cc
tains brief physical descriptions of typical facilities within each cate-
gory, a brief review of the radiological characterization data available
for each category, and representative radionuclide inventories for each
category. The representative radionuclide inventories a listed for the
™~ time of the sur ' (T = 0 yr), and corrected for radioactive decay for
- 100 years (T = 100 yr) and 300 years (T = 300 yr). More detailed informa-
tion about each category of facility can be found in documents by Harmon
and King (1975) and Dorian and Richards (1978).

3.1 RETENTTAN BASIN SYSTEMS

o~
u During operation, the Hanford production reactors u. 1 cooling water
drawn from the Columbia River on a once-through basis after passage through
™ a conventional water-treatment plant to remove silt and river sediments
armmon and King 1975). Macro and trace constituents in the river water
were activated as the water passed through the reactor cores. 1is coolant
water was then returned to the river through a gravity-flow system. A
typical design of the retention-basi system, based on the D and DR reactor
effluent system, is shown in Figure 3.1.1 (General Electric Co. 1963). The
function of the retention-basin system was to hold up the cooling water long
enough to permit radioactive decay of many of the short-lived activation
products before the water was returned to the river. Some of the radio-
active material in the water was deposited as sludge in the retention basin

and effluent lines (Dorian and Richards )78). The retention-basin systems

19
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are assumed to include the 107 liquid-waste trenches, effluent lines,

outfall structures, as well as the 107 basins themselves. The following
sections contain brief physical and radiological characterizations for
retention-basin systems in the 100 Areas at the Hanford Site.

3.

.1 Physical Description of the Retention-Basin Systems

The major components of the retention-basin systems are:

Ef€luent Water Linec These lines run from the reactor buildings to
the retention basins, from the retention basins to the outfall struc-
i *es, and from the outfall structures to the middle of the Columbia
River, as shown in Figure 3.1.1 ' irmon and King 1975). These lines

ai generally large diameter (1 to 1.5 m) carbon steel pipes; however,
reinforced-concrete pipe was used for some of the 1ines. These lines
also include inspection manholes, junction boxes, tie-lines between
parallel legs, and valves for routing the cooling water effluents.

The water lines ri je from about 1.6 km to 5.6 km ( 1 to 3.5 miles)
per reactor site. These lines were generally placed underground to
provide shie 1ing from short-lived gamma radiation (Harmon and King
1975).

107 Basins. The retention basins are located between the
reac ;he river as shown in Figure 3.1.1. The coolant water

was hel up in the retention 1sins long enough to permit radioactive
decay of short-lived activation products. Two types of retention
basins were used: rectangular, concrete reservoirs with poc depths
of about 4.5 m (15 ft) and surface areas ranging ‘om about 10,000 ml
to 17,000 m2 (about 110,000 ft2 to 180,000 ft2); and open-topped,
cylindrici , carbon-steel tanks about 5 m | 5 ft) in depth and 76 m
(250 ft) or 100 m (330 ft) in diameter (Harmon and King 1975). Most
of the basins had diverters or baffles to control the path of the
water flow.

Qutfa'l <tructure, Discharge Lines, and Spillways. The outfall struc-

tures are open, reinforced-concrete boxes that directed the outfall
water throu 1 discharge lines. Effluent water was sent through
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e average plutonium concentrations of the soil-fill covering the sludge
are less than about 10-1 pCi/qg

e average beta-gamma concentrations of the | :in sludge ange from
103 to 104 pCi/g

e averar plutonium concentrations of the sluc : range from
10l to 102 pCi/g

e avei |e beta-gamma and plutonium concentrations in the sludge are

101 to 102 times the average con( 1trations in the contaminated soil
colum from past basin leakage

e line-scale samples ha: rect GM rea: 1gs of about 50,000 cpm, with
239/240py and beta-gamma concentrations ranging from 10 to 300 pCi/g
and 103 to 105 pCi/g, respectively

o the highest 239/240py concer -ation detected is a diversion-box mud
sample containing 2.8 x 103 pCi/g

e the 107 liquid-waste trench inventories range from 15 to 79 Ci, with a
maximum inventory reported at the 116 -2 trench of about 2100 Ci.

A representative radionuclide inventory for the retention-basin
systems is given in Table 3.1.1. The radionuclides and concentrations

shown in this table were based on the retention-basin system monitoring data

reported: by Dorian and Richards (1978) normal | to 1 pCi/g.

3.2 MISCELLANENIS ( [BS AND TRENCHES

This category includes all of the 100 Area cribs, trenches and French
drains apart from the 107 retention-basin diversion trenches. These
facilities were usually locate within a few hundred feet of the reactor
buildings, and were used for ground sposal of liquid wastes. The liquid
wastes resulted from fuel failures, decontamination, and 1iquid and sludge
from spent-fuel storage basins (Dorian and Richards 1978).
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boron steel-ball decontamination operations. Finally, the 1706-KER
crib received 1iquid wastes from cleanup of the columns in the 1706-
KER loop (Dorian and Richards 1978).

A listing of the miscellaneous cribs and trenches in the 100 Areas is
given in Table 3.2.1. Information in this table is based on information
reported by Dorian and Richards (1978).

3.2.2. Radiological Characteristics ~f the Miscellanennc 1d

Trenches

The miscellaneous cribs and trenches in the 100 Areas received a
variety of liquid wastes resulting from fuel failures and decontamination
operations. The general conclusions of the radiological charac' “-ization
program for these cribs and trenches reported by Dorian and Richards (1978)
are:

e beta-gamma contamination levels range from 10-1 to 106 pCi/g
e radionuclide concentrations and inventories are lowest in the 117

cribs, and highest in the 108-B crib, 115-K cribs, and the 105-C pluto
crib and sand filter

e the principal radionuclides are 3H, l4c, 60co, 90sr, 137cs, 152py,
158y, and 239/240py

e 239/240py contamination levels are generally less than 1 pCi/g, except
for the 105-C crib sand filter where the concentration levels range |
to about 103 pCi/qg

e total radionuclide inventories for individual facilities range from
10-3 Ci to about 300 Ci

contamination levels generally approach background levels within 2 m
to 6 m below the bottoms of the cribs or trenches.

A representative radionuclide inventory for the miscellaneous cribs
and trenches is given in Table 3.2.2. The radionuclides and relative
concentrations shown in this table were developed based on the monitoring
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Tat 2 3.2.2. Representative Radionuclide Inventory for the
Miscellaneous Cribs and Trenches

Relative Activity Relative Activity

Relative Activity Decayed to ecayed to
at T =0 yr T =100 yr T = 300 yr
Radionuclide(a) (pCi/q) (pCi/q) (pCi/q)
34 1.2e-2(b) 5.0E-5 8.7E-10
luc 2.26-1 2.2E-1 2. -1
60co 2.2E-1 4.3€-7 1.6E-18
30gp+p(c) 8.5E-2 6.8E-3 4.4E-5
137¢s+D 3.3E-1 3.3E-2 3.3E-4
152gy 1.2e-1 7.2E-4 2.6E-8
154y 3.7E-3 1.2E-6 1.3E-13
238y4p 7.9€-5 7.9€-5 7.9E-5
238py 9,1E-5 4.1E-5 8.2E-6
239py 6.7E-3 6.7€-3 6.7E-3
Totals 1.0 0.26 0.22

(a) Base on information from Dorian and ichards (1978).
(b) Where 1.2E-2 = 1.2 x 10-2,
(c) +D means plus short-lived daughter products.

data reported for miscellaneous cribs and trenches by Dorian and Richards
(1978) normalized to 1 pCi/g.

3.3 SOLID-WASTE BURIAL GROUNDS

A total of 25 solid-waste disposé sites have b¢ | identifie¢ in the
100 Areas of the Hanford Site (Harmon and King 1975). A1l of these sites
have been retired since the early or mid 1970's, and all wastes generated
since that time have been sent to the 200 Area waste sites for disposal.
The following sections contain brief desc ptions of ‘+ e physical and
radiological characteristics of the solid waste burial grounds in the 100
Areas of the Hanford Site.
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Tahla 3.3.1.

118-DR-1
118-F-1

118-F-2

118-F-3

118-F-4
118-F-5(b)

118-F-6(b)
118-H-1
118-H-2

Title

(a) Based on information from Dorian and Richards (1978).

105-B Burial Grou |
Construction Burial Ground No. 1
Construction Burial Ground No. 2

105-B Dummy Storage Burial Ground
Ball 3X Burial Got 1
108-B Solid Waste Burial Ground

105-C Burial ( und
100-D Burial Ground No. 1
100-D Burial Ground No. 2

100-D Burial Ground No. 3
Construction Burial Ground
Ball 3X Burial Ground

105-DR Gas Loop Burial Ground
Solid-Waste Burial ground No. 2;

Minor construction Burial Ground No. 2
Burial Ground No. 2 (Solid-Waste Burial
Ground No. 1)

Burial Ground No. 3 (Minor Construction
Burial Ground No. 1)

115-F Pit

PNL Sawdust Repository

Solid-Waste Burial Ground

100-H Burial Ground MNo. 1

100-H Burial Ground No. 2 (H-1 Loop
Burial Ground)

Construction Burial Ground
Ball 3X Burial Ground
105-H Thimble Pit

K Burial Ground

(b) Bic >gy burial Grounds (not reactor wastes).
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Solid Waste Burial Grounds in the 100 Areas(a)

Appproximate
Dimensions (m)

300 x 98
18 x 9
100 x 84
15 x 9
15 x 15
12 x 12
160 x 120
140 x 110
300 x 110
300 x 76
180 x 60
6 X6
38 x 23
180 x 150

110 x 100

53 x 15

150 x 46

120 x 60
210 x 100

43 x 15
90 x 60
46 x 9

360 x 180












Table 3.4.1. Representative onuclide Inventory for the
Nuclear Reactors

Re' tive Activity Relative Activity

Relative Activity Decayed to Decayed to
at T=0yr T =100 yr T =300 yr
Radionuclide(a) (ci/me or pCi/g) (Ci/m® or pCi/q) jf‘/mz or pCi/qg)
34 6.56-1(b) 2.7E-3 4.7E-8
14 2.7E-1 2.7E-1 2.6E-1
60¢o 8.2E-3 1.6E-8 6.1E-20
63N4 8.0E-3 4.0E-3 1.0E-3
s0gp+plc) 5.5E-2 4,5E-2 2 .8E-5
137CS+D 300E-3 3.0E-4 3.0E-6
152y 5.3E-3 4.3E-4 2.8E-6
1S4Ey 4,1E-3 2.5E-5 8.9E-10
2384p 1.6E-8 1.6E-8 1.6E-8
239y 2.5E-4 2.5E-4 2.5E-4
241am 3.6E-4 3.1E-4 2.2E-4
Totals 1.0 0.32 0.26

(a) Based on information from Dorian and Richards (1978)
{ ) Where 6.5E-1 = 6.5 x 10-1,
(c¢) +D means plus short-lived daughter products.

3.5 FUEL-STORAGE BASINS

Fuel-storage basins are located in each of the 105 reactor buildings.
They provided collection, storage, and transfer facilities for the irra-
diated fuel elements from the reactor (Harmon and King 1975). The storage
basins are of concrete construction, with a depth of about 6 m of water -
prov le both shielding and coolant for the irradiated fuel. Brief physici
and radiological descriptions of the fuel-storage basins are given in the
following sections.
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Table 3.F ' Represent ive Radionuclide Inventory for tl

Fuel Storage Basins

Re’ :ive Activity Relative Activity
Relative Activity Decayed to | a | to

at T=0yr T =100 yr T = 300 yr

&
L)

9

(a) Based on information from Dorian and Richards (1978).
(b) Where 3.5E-10 =

3.5 x 10-10,

(c) +D means plus short-l1ived daughters.
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Radionuclide(¢  (Ci/m2 or p( 'g) (Ci/m2 or nCi/a) i/m2 or pCi/g)
34 3.5e-10(b) 1.5E-1 2.6E-17
60Co 3.2E-1 6.2E-7 2.4E-18
63N 2.0E- 1.0E-1 2.5E-2
s0sr+D(cC) 1.2E-1 9.6E-3 6.2E-5
137Cs+D 1.3e-1 1.36-2 1.3E-4
152y 1.2E-1 7.2E-4 2.6E-8
154Fy 9,6E-2 3.1E-5 3.3E-12
238(J+D 6.0E-5 6.0E-5 6.0E-5
238py 2.8E-4 1.2E-4 2.5E-5
239y 1. 1.6E-2 1.6E-2
Totals 1.0 0.14 0.041
















The following assumptions are made to calculate the air concentrations
from resuspension for the intruder-explorer scenario:

e The average resuspension rate for a vigorous intruder equals
3 x 10-4 h-1 (Healy 1971, p. 32).

e The room ventilation rate is 1 air exchange per hour, representing a
reasonably air-tight room and accounting for the entry way created by
the intruder.

e The intruder is assumed to gain access to a room with dimensions of
X 6 x3m with total air volume of 100 m3.

The last exposure pathway considered for the intruder-explorer
scenario is direct ingestion of removable surface contamination transferred
to the hands. Because of a lack of data, previous studies that have
considered this pathway have relied on assumed ingestion rates. A summary
of the specific assumptions found in previous studies is given in
Table 4.1.1. For this study, the intruder is assumed to ingest removable
surface contamination at a rate of 10-4 m2/h, for a total of 8 x 10-4 m2 ¢
removable surface contamination during an eight-hour exposure period.

In addition to the three exposure pathways analyzed in this study, a
potential fourth pathway was considere  but not analyzed. This pathway is
penetration of radionuclides through the skin by either direct i sorption
(as in the case of 3H or radionuclides suspended in solvents) or by
puncture woun ;. The frequency of skin penetration situations is difficult
to predict for workers in a radiation zone, and even more difficult to
predict for intruders. However, Dunster (1962) concluded that skin pene-
tration events do not need to be taken into account in setting permissible
limits of skin contamination if direct irradiation and ingestion of con-
tamination transferred to the hands have been accounted for. Thus, we have
made no further attempts to account for skin penetration in this analysis.
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penetrating radiation, inhalation of resuspended removable surface contami
nation, and direct ingestion of removable surface contamination transferred
to the hands.

4.3 UNRESTRICTED-USE MODE

For unrestricted use, four exposure scenarios have been defined as
shown in Figure 4.1.1. They are: resource salvage and resource recycle
for surface contamination, and residential/home-garden and residential/
construction for soil contamination. 1e following sections contain
de: -iptions of these un itric’ I-use exposure :enarios.

4.3.1 RESOURCE SALVAGE EXPOSURE SC! (RIO

This exposure scenario is designed to represent the potential activi-
ties of an individual engaged in salvage operations in any paft of the
facility remaining during the unrestricted use mode. The facili  2s con-
sidered in this scenario are the retention-basin systems, nuclear reactors,
and fuel-storar basins. Because there are no controls over the
individual, it is assumed that he enters the facility and begins salvage.
operations without restraint. The_ individual intruder is assumed to spend
2000 h during a year working at salvage in the facility. The exposure
pathways considered are direct exposure to penetrating radiation, inhala-
tion of resuspended contamination, inhalation of airborne contamination
during salvage operations, and ingestion of removable surface contamination
transferred to the hands.

The direct exposure rate encountered by the individual is calculated
using the same room model and methods discussed for the intruder-explorer
scenario, with appropriate modifications for the exposure period. The
individual is assumed to work in a room with dimensions of 6 x 6 x 3 m for
the entire 2000 h of exposure.

The resu: 2nded concentration of removable surface c( :amination is

estimated using Equation 4.1 and the same assumptions as listed for the
intruder-explorer scenario. To estimate the potential impact of inhalation
of airborne material durir salvage operations, estimates of airborne
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in the Draft Environmental Impact Statement in support of 10 CFR Part 61
(U.S. NRC 1981). For this scenario, an individual is assumed to dig a
basement »r a house into a subsurface radioactive soil (or debris) zone.
The radioactive soil is assumed to be 2.5 m from the surface. Typical
surface areas for a house are assumed to be 20 m by 10 m, for an area of
200 m2. This dimension is assumed for the base of the foundation hole.
The foundation hole is assumed to be 3.5 m deep, with surface dimensions of
26 m by 16 m. The total excavation is assumed to involve about 200 m3 of
contaminated soil mixed with 800 m3 of clean overburden soil. The
resulting 1000 m3 mixture has a radionuclide concentration that is 20% of
tl original con 1tration of contaminated soil. The contaminated soil
mixture is assumed to be used as fill around the house and distributed
uniformly within a 25-m radius around the house.

For the residential/construction scenario, dose estimates are made for
the individual both during and after the construction :tivities. The most
restrictive individual doses resulting for both scenarios for each radio-
nuclide are then used in the ARCL calculation. During construction, the
individual is assumed to spend 500 hours (over about a 3-month period) on
the site. The individual is assumed to inhale air with a dust concentra-
tion of 1 x 10-4 g/m3 be exposed to direct radiation for the 500-hour
construction period. After the house is col .ructed, the individual is
assumed to reside there and conduct activities similar to those identified
by the NRC for the intruder/agriculture scenario. (U.S. NRC 1981). These
conditions are described in Section 4.3.3 for the residential/home-garden
scenario.
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TABLE 5.2.1.

Allowable Residual Contamination Level
Maximum Organ Dose Conversion Factors

Resource-

Facility: Inhalation Recycle

Direct From Resus- Inhalation Ingestion Direct Residential/

Exposure pension From Cutting From Hands Exposure Home-Garden

(rem/hr {rem/hr {rem/hr (rem/hr (rem/yr (rem/yr
Radionuclide  per Ci/m2) per Ci/me(a) per Ci/m2){a) per Ci/m2)(a) per Ci/m) per oCi/g)
34 -(b) 1.0e-2(c) 1.2E-2 6.0E-3 - 1.7€-10
e - 2.4E-1 2.8€-1 2.8E-1 3.1€-4 8.3E-8
57¢Co 1.4E+0 1.2E+1 1.4E+1 4.4E-1 2.7E+1 2.3E-7
60Co 2.7E+1 2.0E+2 2.3E42 4.4E+0 4.2E42 1.1€-2
SSFe - 2.4E+0 2.9E+0 1.2E-1 7.1€-3 1.0€-7
59Fe 1.3E+1 2.5E+1 3.08+1 3.8E+0 1.5€+2 1.9€-5
S9N§ - 8.5€+0 1.0E+1 3.6E+0 3.8€-2 5.2E-4
63N{ - 8.5E+0 1.0E+1 3.6E+0 3.8€-2 5.2E-4
sog+pld) 1.1E-1 3.7E42 4.4E+2 3.2E+1 4.0E+0 1.1E-1
93M0 4,962 1.4E+1 1.6E+1 1.4€-1 2.7E+1 6.0E-6
997T¢ - 2.7E+1 3.1E+1 6.6E-1 3.3€-3 3.9€-4
124gph 2.1E+1 8.3E+1 9.6E+1 8.7€+0 2.7€+2 2.7€-5
125gph+D 9.0E-1 5.6E+1 6.5E+1 2.2640 6.7E+1 1.7€-3
134¢g 1.9€+1 2.8E+1 3.36+1 8.8E+0 2.4E+2 5.7€-3
135¢cg - 3.9E+0 4,5€+0 1.2E+0 1.3E-1 9,0E-6
137¢s+p 8.9E+0 5.5€+0 6.5E+0 6.56+0 1.0E+2 2.6E-3
144ce4D 5.1€-1 2.6E+2 3.0€+2 9.8E+0 8.7E+0 1.3€-5
152gy 1.6E+1 9.0E+1 1.1E+42 2.8E+0 1.8€+2 5.0€-3
154gy 1.6E+1 1.6E+2 1.8E+2 6.0E+0 1.9€+2 5.4E-3
235)+p 2.8E+0 2.3E+4 2.8E+4 4.6E+1 2.0E+1 4,7€-4
238y4p . 7.4E-1 2.2E+44 2.6E+4 4.4E+1 1.26+1 4.4€-4
237NpsD 2.2E+0 2.4E+4 3.0F+4 1.3E+1 1.5€+3 7.36-4
238py 2.8E-3 2.8E+4 3.4E+4 R.0E+0 9.3E+2 6.1E-5
239py 1.7€-3 2.6E+4 3.2E+4 7.5E+0 1.0E+3 8.8E-5
241 pm 2.2E+0 2.6E+4 2.6E+4 7.8E+0 8.9E+2 1.5€-4

(a) Assuming that all surface contamination is removable, and not fixed.

(b) A dash indicates no dose factors result.
(c) where 1.0€-2 = 1.0 x 10-2,

(d) +D means plus short-lived daughter products.
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TABLE 5.2.2. Scenario-Specific Allowable ;i?usl
Contamination Level Dose Factors!\d

UNRESTRICTED USE:

Column 1 Column 2 Column 3 Column 4 Column § Column 6

Composite Surface Unconfined Soil Confined Soil  Confined Soil

Restricted Use: Controlled Use: Contamination 0 -1 mDeep 1 to 4 m Deep 5 m Deep
(Total rem {Total rem (Total rem/yr (Total rem/yr (Total rem/yr (Total rem/yr
Radionuclide  per Ci/m2(b) per ~* -2(d) .o ciym2y(a) per pCi/a)(e)  per pCi/g)(f}  ver pCi/g)(a)
£l 1.3e-1(h) 3.2E-1 3.7E41 1.7€-10 3.4E-11 1.7€-12
lug 4.2640 1.0E+1 1.2€+3 8.3E-8 1.76-8 8.3€-10
57Co 1.3642 3.2€+2 3.4E+4 2.2E-7 4.4€-8 2.3€-9
60Co 1.8E+3 4.56+3 5.6E+5 1.1E-2 2.2€-3 8.9E-8
55Fe 2.0E+1 5.0E+1 6.2E43 1.0€-7 2.0E-R 1.0E-10
59Fe 3.3E+2 8.4E42 9.6E+4 1.9E-5 3.8E-6 9.1E-12
594 3.0E+1 7.4E+1 1.3644 4.3E-5 8.6E-6 4.3€-7
63N§ 9.7E+1 2.4E+2 2.8E+4 5.2E-4 1.06-4 5.26-6
305pr+pf i) 3.2643 8.0E+3 9.8E+5 1.1E-1 2.26-2 1.1E-3
93Mo 1.1€+2 2.8E+2 3.5E+4 6.0E-6 1.26-6 6.0E-8
-~ 9%7¢ 7.4E+0 1.9€+1 6.8E+4 3.9e-4 7.8E-5 3.96-6
124gp 9,0E+2 2.2E43 2.6E+6 2.7€-5 5.4-6 7.7€-10
o 1255p4D 4.76+2 1.2€+3 1.4€45 1.7€-3 3.4E-4 4.1€-7
134 4.5E+42 1.1643 1.2645 5.7€-3 1.1€-3 3.1€-7
~! 135cs 41641 1.0€+2 1.26+4 9.0£-6 1.86-6 9.0€-8
137C 54D 1.7€+2 4.2642 4.4E+4 2.76-3 5.3€-4 3.3€-7
o lutCesD 2.2E43 5.4€43 6.6E+5 1.3€-5 2.6E-6 8.56-11
152py 8.7€+2 2.2E43 2.6E+5 5.0€-3 1.06-3 3.0E-10
« 154y 1.5€43 3.8E+3 4.4E+5 5.4€-3 1.1€-3 1.36-9
2350+p 1.8645 4.6E+5 5.76+7 4.7€-4 9.4€-5 4.6E-6
No 238y4p 1.8645 4.4€+5 5.4E+7 4,4€-4 8.8E-5 4.46-6
237Npep 1.9645 4.8E+5 6.0E+7 7.3€-4 1.5€-4 7.3€-6
238py 2.2645 5.6E+5 7.06+7 6.1€-5 1.26-5 1.5E-7
23%y 2.1645 5.26+45 6.5E+7 R.8E-5 1.8€-5 2.4E-7
-\
' 261pm 2.8E+5 7.1E45 8.76+7 1.56-4 3.0€-5 7.7€-7
~3 (a) Based on 1 Ci/me of removable surface contamination in the facilities, and 1 pCi/q of soil for unconfined soil areas.

{b) Based on eight hours of exposure in the intruder-explorer scenario (see Section 4.0).
(c) Based on 20 hours of exposure in the intruder-discovery scenario (see Section 4.0).
(d) Based on 2000 hours of exposure in the resource-salvage scenario (see Section 4.0).
(e) As reported for the residential/home-garden scenario in Table 5.2.1.

(f) Based on the residential/construction scenario (see Section 4.0).

(g) Assuming a 1% root-penetration factor (see Section 4.0).

(h} Where 1.3€-1 = 1.3 x 10-1.

(1) +D means plus short-lived daughter.
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facilities. 1In addition, - ! unrestricted-use scenario-specific ARCL do: ;
are shown in Appendix A for decay periods of 0, 100, and 300 years.

The scenario-specific doses in Appendix A are next corrected to the
allowable organ dose limit by:

_ Do

where Pj e the total ARCL for each radionuclide in the mixture, Ci/m or
~ pCi/g in soil '

Do example allowable organ dose limit of either 0.5 rem/yr for
restricted and contro’ =d e or 0.01 rem/yr for
unrestricted use

ARCL; e the scenario-specific ARCL dose for each radionuclide, i, in

the mixture, rem/yr

Mj e modification factors for confined soil areas. NOTE: mMj =1
for surface contamination and unconfined soil calculations.

The resulting ARCL values for the 100 Area facilities are shown in:
s« Table 5.3.1; for restricted use
e Tat 25.3.2; for controlled use

e Table 5.3.3; for unrestricted use - surface contamination at T = 0

e Table 5.3.4; for unrestricted use
1m atT=0

unconfined soil (within the top

s Table 5.3.5; for unrestricted use
an 4 m) atT=0

confined soil (at depths between 1

e Table 5.3.6; for unrestricted use
at T = 0.

¢ ined soil (at depths >5 m)

The ARCL values in these tables are reported in units of disintegra-

tions per minute (dpm) per 100 cm? of surface or pCi/a of soil.

Unrestricted use ARCL values are reported only for the first decay period
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Radionuclide

Allowable R

'dual Contamination

Decommissioned Facilities in

Hanford Site - Controlled Use

Retention-Basin
System Inventory

(Table 3.1.1)
(dpm/100 cm2)

Nuclear Reactor
Inventory
(Table 3.4.1)
(dpm/100 cm?)

rel Values for
fg? 100 Areas of the

Fuel-Storage
Basin Inventory
(Table 3.5.1)
(dpm/1nn_rm?l-

3H
lhc

GOCO

63N5
905p+p(d)
137( D

152Eu
ISMEU
238U+D

238py

241 Am

Totals

2.2e+3(b)
6.9E+3
9.2E+5

1.1E+6
2.4E+3
3.1E+4

1.7E+6
7.3E+5
2.4E+1

2.2E+2
5.0E+2

4 .5E+6

6.5E+6
2.7E+6
8.2E+4

8.0E+4
SE+5
3.0E+4

(8, ]

.1E+4
.6E-1

= B,

3.9E+3
SE+3
3.6E+3

N

1.0E+7

3.2E-4
- {c)

2.9E-5

1.8E+5
1.1E+5
1 45

.1E+5
.8E+4

1 QO =

2.6E+2
1.5E+4

9.2E+5

(a) Based on the intruder-discovery scenario {Section 4.0), the facility-
specific radionuclide inventories (Section 3.0), and an example annual
dose limit of 0.5 rem.

(b) Where 2.2E+3 = 2.2 x 103,

(c) A dash indicates that the radionuclide shown is not considered in the
radionuclide inventory shown.

(d) +D means plus short-Tived daughters.
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TABLE 5.3.4.

Allowable Residual Contamination Level Values for Decommissioned Faci]itieia}n

the 100 Areas of the Hanford Site - Unconfined Surface Soil at T = 0 Years

Retention Basin
System Inventory
(Table 3.1.1)

Radionuclide (pCi /n)
3y 1.7e-3(b)
Ihc 5.2E-3
60¢co 6.9€-1
63N§ 8.3€-1
905r+p(d) i .8E-3
137Cs+D 2.3E-2
152Ey 1.2E-0
154 Ey 5.5E-1
238y, 1.8E-5
238py 1.7€-4
239py 3.8e-4
2'+lAm -
Totals 3.4E+0

Miscellaneous

Solid Waste

Cribs and Burial Grounds Nuclear Fuel-Storage
Trenches Inventory Inventory Inventory Basin 1ventory
(Table 3.2.2) (Table 3.3.2) (Table 3.4.1) (Table 3.5.1)
(pCi/qg" (pCi/g) (pCi/q) (pCi/g)
8.6E-3 - (c) 1.0E+0 1.9€-10

1.6E-1 - 4.4¢-1 -
1.6€-1 7.6E-1 1.3E-2 1.8E-1
- 7.2E-3 1.3e-2 1.1€-1
6.1e-2 1.3e-2 8.9£-2 6.7€-2
2.4e-1 1.0E-2 4,.8E-3 7.2E-2
8.6E-2 7.7€-2 8.6E-3 6.7€-2
2.6E-3 3.5E-2 6,.6E-3 5.3E-2
5.6E-5 1.5E-5 2.6E-8 3.3E-5
6.5E-5 - 6.3£-4 1.6E-4
4 .8£-3 9,2t-5 4.0E-4 8.9£-3
- - 5.86-4 -
7.2e-1 8.9E-1 1.6E40 h.6E-1

(a) Based on the residential/home-garden scenario (Section 4.0), the radionuclide inventories for each
facility (Section 3.0), and an annual dose limit of 0.01 rem.

(b) Where 1.7E-

3 =1.7 x 10-3,

(c) A dash indicates that the radionuclide shown is not considered in the radionuclide inventory shown.
(d) +D means plus short-lived daughters.
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TABLE 5.3.6. ARCL Values for Decommissioned Facilities in the 100 Areas of the Hanford Site -
Unrestricted Use Confined Soil at Depths 25m at T =10 Years(a)

Miscellaneous Solid Waste
Retention Basin Cribs and Burial Grounds Muclear Fuel-Storage
System Inventory Trenc ‘s Inventory Inventory Inventory Basin Inventory
(Table 3.1.1) (Table 3.2.2) (Tat » 3.3.2) (Tat = 3.4.1) (Tahle 3.5.1)
adionuclide (pCi/n) (nfi/g) {pCi/q) (pCi/q) (pCi/a)
34 2.7e+0(b) 1.3E40 - (c) 1.1E+2 2.7€-8
14¢ 8.3E+0 2.3E+1 - 4 .5E+1 -
60Co 1.1E+3 2.3E+1 5.1E+2 1.4€+0 2.5E+1
63N§ 1.3E+3 - 4 .BE+0 1.3E+0 1.5E+1
305r+p(d) 2. .9€+0 9.0E+0 8.9E+0 8.7€+0 9.2E+0
137¢s+p 3.8E+1 3.5E+1 7.2E+0 5.0E-1 1.0E+1
152gy 2.0E+3 1.3E+1 5.1E+1 8.8E-1 9.2E+0
154y 8.9E+2 3.9€-1 2.3E+1 6.8€-1 7.4E+0
238y+p 2.9€-2 8.4E-3 1.0E-2 2.76-6 4.6E-3
238py 2.7E-1 9.6E-3 - 6.5€-2 2.2E-2
239py 6.1E-1 7.1E-1 6.1E-2 4.2€-2 1.2€+0
2'j‘lAm - - - 6.0E-2 -
Totals 5 43 1.0E+2 6.0E+2 : 1.7E+2 7.7E+1

(a) Based on the residential/home-garden scenario with a root penetration factor of 1% (Section 4.0), the
radionuclide inventories for each facility (Section 3.0), and an annual dose limit of 0.01 rem.

(b) Where 2.7E+0 = 2.7 x 100,

(c) A da: 1indicates that the radionuc ide shown is not considered in the radionuclide inventory shown.

(d) +D means plus short-lived daughters.
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TABLE 5.4.1. Summi y of the Allowat 2 Residual Contamination Level Val :s for Surface
Contamination in Decommissioned Facilities in the 100 Areas of the

anford Site

RETENTION BASIN SYSTEM HUCLEAR REACTORC
Dominant Dominant
Use M~e ARCL (dpm/10™ ~=2) R onuclides ARCL /4~m/100 cm?) Radionuclid~-
Restricted Use 1.1e+7(a) 60Co, 152Eu 2.4E+7 90sr+n(b), 241am
Control led Use 4.5E+6 60co, 152gy 1. 7 90sr+D, 241pm

Unrestricted Uselc)

e at T = 0 years 7.5E+2 60ca, 152¢y 1.6E+3
e at T = 100 years 1.76+4 239py, 63y 3.1E43
e at T = 300 years 2.6E+4 23%uy, 63Ni 5.8E+43

{a)  cre 1.1E+47 = 1.1 x 107.
(b) +D means plus short-lived daughters.
(c) Three decay neriods are considered for unrestricted use. Thev are: T =

905,—4.[), ?41A|'|
281pn, 23%p,,

241am, ?39py

0, T=100, and T =

SUF' STORATT CASINS

ARCL {dpm/100 cml)

Dominant
Radionuclides

2.4E+6

9,2E+5

1.6E+2

2.2E42

2.2E+2

30N years.

239y, 90sr+p

239y , 905 r+D

239%y, 90sr+n
239y, 90sr+n

239py, 238y+D
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TARLE 5.4.2. Summary of the Allowable Residual Contamination Level Soil Contamination Values

for Decommissioning Faci ities in the 100 Areas of the Har

W

1

2

ird Site

ARCL and Cr~*-nlling Radionuc'i+~ for Selected Times in the Future

T =0 Years

T = 100 Ye---

T = 300 Years

Dominant{b)

Dominant(b)

Dominant(b)

Facility Category/Soil Conditionia)  ARCL (pCi/a) Radionuclide ARCL {oCi/q) Radionuclide ARCL (pCi/q) Radionuclide
Retention Basin Systems .

e Unconfined Soil 3.4+0{c) 152y 4.4E+1 A3Nj 6.2E+2 63N

o Confined Soil (1-4 m deep) 1.7E+1 162y 6.2E+2 63N 3.2E43 63N

e Confined Soil (>5 m deep) 5.3€+3 63Ni 1.5E+4 63Ni 6.6E+4 63Ni
Miscellaneous Cribs and Trenches

o Unconfined Soil 7.2E-1 905+l d) 1.3E+0 90sr+D 1.6E+3 90Sr+D
o Confined Soil (1-4 m deep) 3.5E+0 90Sr+D 5.5E+1 90Sr+D 6.8E+3 90Sr+D
o Confined Soil (>5 m deep) 1.0E+2 90Sr+D 1.3E+3 90Sr+D 2.1E+5 90Sr+D
Solid Waste Burial Grounds

e Unconfined Soil 8.9E-1 60co 2.4E+1 Sr+D 6.4E+3 90sr+n
e Confined Sofl (1-4 m deep) 4.5€+0 60co 3.4E+2 905r+D 3.0E+4 90sr+D
e Confined Soil (>5 m deep) 6.0E+2 90sr+D 7.1€+3 90sr+D 6.5E+5 90sr+D
Nuc 1ear Reactors

e Unconfined Soil 1.6€40 90sr+D 1.86+1 90sr+n 2.7643 - 90Sr+n
e Confined Soil (1-4 m deep) 7.9€+0 0Sr+n 9,9E+1 90sr+D 1.4E+4 90Sr+D
« Confined Soil (>5 m deep) 1.7642 90sr+D 2.0E+3 90sr+D 2.7€+5 90Sr+n
Fuel Storage Basins -

« Unconfined Soil 5.6E-1 90Sr+D 2.6E+0 90sr+D 4.6E+2 63n1

e Confined Sofl (1-4 m deep) 2.6€+0 90Sr+D 3.26+1 90Sr+D 2.0€43 63Ni

e Confined Soil (>5 m deep) 7.7€+1 90sr+D 9.1E+2 90Sr+D 5.3€+4 63Ni

(a) Three soil conditions are considered:
1 and 4 m, and confined soil at depths 25 m.

(b) The dominant radionuclide shown is the one that results in the largest scenario-specific dose, as shown in Tables A.l
through A.14 in Appexdix A.

(c) where 3.46+0 = 3.4 x 100,

(d) +D means plus short-lived daughters.

unconfined surface soil (to a depth of 1 m), confined snil at depths between
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6.0 DISCUSSION OF RESULTS

The Allowable Residual Contamination Levels (ARCL) reported in this
document, for the five generic categories of { :ilities in the 100 Areas of
the Hanford Site, are based on a scenario/exposure-pathway analysis and
compliance with an annual dose 1imit. ARCL values are presented for three
modes of future use of the land and facilities. The modes are restricted
use, controlled use, and unrestricted use. Information on restricted and
controlled use is included to provide engineers with a broad data base for
considering ‘commissioning alternatives. This data base should help
engineers cond: ; a full decommissioning safety and cost analysis for the
Hanford pr¢ :ion reactors and associated facilities.

Procedures for modifying the ARCL values to accommodate changes in
radionuc1ide mixtures or annual dose limits are described in the previous
section (see Section 5.3), and a worksheet method is discussed in
Appendix B. We have based our calculations on example annual dose limits
of 500 mrem/yr for restricted and controlled use and 10 mrem/yr for
unrestricted use since there are presently no DOE guidelines for acceptable
dose 1imits specific to decommissioning. The example annual dose limits
are used to help demonstrate the ARCL method only.

In this section, further modifications to the basic ARCL values and
the key modeling assumptions are described, along with a comparison to
existing NRC guidelines for decommissioning (U.S. AEC 1974) and low-level
waste disposal (U.S. NRC 1982). This section also contains a discussion of
our overall conclusions.

6. KEY ASSUl "IONS

The surface contamination ARCL values, presented for the representa-
tive radionuclide mixtures, are based on removable contamination only.
This assumption was made to account for the uncertainties associated with
the behavior of "fixed" contamination over long time periods. However, if
it can be shown that part of the surface contamination will remain fixed,
the resultant ARCL values will increase since less material will be
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values. 1is method does not account for further dilution of the
radionuclides in soil and it assumes homogeneous mixing with all materials
in the wall; however, it does provide a working estimate of the potential
concentrations of material to be buried.

6.2 MONEL MR ASSIIMDTTNNG

Several key assumptions were made in the ci :-ulation of the scenario-
specific ARCL dose conversion factors. These assumptions included:

o the particle size distribution of airborne radionuclides

e the air concentri ons ri (1ting from resuspension and cutting )erations

e the solubility of inhaled radionuclides in the bloodstream
e the uniform distribution of soil contamination in the top meter of soil

e the chemical availability of the radionuclides in the soil permitting
root uptake

e the exposure durations and diet of the exposed individual

e the quantity of material ;sumed to be salvaged in the resource-
salvage scenario

e the root uptake model assumed for 14C.

We have attempted to be consistent in making these assumptions by using
either Hanford-specific data (where available) or "standard" values used in
previous modeling assessments.

Perhaps the modeling assumption with the largest potential impact on
the results is the root uptake factor assumption used for 14c,  current
models for 14C are focused on the equilibrium incorporation of CO, gas into
growing plant materials. Because the 14C of concern in this analysis is in
a solid graphite form, we felt that the simj 2 equilibrium model was not
adequate for potential soil contamination. We, therefore, applied a
standard root uptake model, as described in the FOOD computer program
(Napier et al. 1980), with an assumed root uptake factor of 2.5 x 10-%4.
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TABLE 6.3.1 Comparison of Unrestricted Use Allowable Residual

Contamination Level Values with Existing Guidance

Removable
Surface Contamination Soil Contamination at Depths
[ dpm/1nn ~m2) Between 1 and 4 m (pCi/g)
Reg. Guide Reported Modified
R¢__onuclide 1.84 _hort 10 cFR 61(a)  arcL(b) ARcL{c)
lug 5,000 180,000 5.0e+6(d)  1,0E+5 5.0E+6
60Co 1,000 400 4,.0E+8 3.0E+6 2.0E+8
63N{ 5,000 800 2.0E+6 200 6.0E+5
s0sr+ple) 200 200 2.0E+4 6 1.0 +4
137Cs+D 1,000 5,000 6.0E+6 2.0E+4 1.0E+6
T 2384 1,000 4 3.0£+4 110 6.0E+4
23 20 3 1.0E+4 600 3.0 4
c (a) Based on 500 mrem/yr to total body through intrusion scenarios for Class A

waste, converted from Ci/cm3 using an assumed soil density of 1.6 g/cm3,

\P (b) Based on 10 mrem/yr to the limiting organ through intrusion scenarios at
- T = 100 years and corrected to ARCL at T = 0O,
" (c) Based on 500 mrem/yr to total body through intrusion scenarios at
o T = 100 years and corrected to modified ARCL at T = O years.
=~ (d) Wnere 5.0E+6 = 5.0 x 106,
| ~ (e) +D means plus short-1ived daughters.

reported directly for the two methods bear 1ittle resemblance. However,
with modification, the results can be shown to compare reasonably closely.
First, the ARCL values can be incr¢ sed by a factor of 50 so that the
analyses have the same annual dose basis. After doing this, the ARCL

vall ; for 1%C, 60co, and 137cs+D are of the same order of magnitude as the

comparison are shown in Table 6.3.1. It is not surprising that the values
|
|

NRC values. Next, the NRC developed disposal concentration 1imits based on ‘
total-body dose, and our ARCL values are I ;ed on the 1imiting organ dose.

1 addition, the values reported in 10 CFR Part 61 reflect 100 years of
radioacli re decay to the time of loss of institutional controls. If these
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APPENDIX A

SCENARIO-SPECIFIC DOSES AND ALLOWABLE RESIDUAL CONTAMINATION
LEVEL VALUES FOR FAC .ITIES IM THE 100 AREAS OF 4E HANFNPD SITE

This appendix contains data tables in support of the ARCL calculations
discussed in Sections 5.0 and 6.0 of this report. Two types of t. les are
included. Tables A.1 through A.14 contain listings of scenario-specific
doses for each radionuclide in the representative radionuclide inventories,
for restricted, col r~olled, and unrestricted use, and for surface and soil
contamination conditions. The representative radionuclide inventories for
each of the five categories of facilities are discussed and listed in
Section 3.0. Tables A.15 through A.22 contain ARCL values for unrestricted
use conditions for decay periods of T = 100 and T = 300 years. The
restricted use ARCL values for T = Q are reported in Section 5.0,

A.1






TABLE A.2. Scenario-Specific Doses - Controlled Use(a)

Retention Basin Nuclear Reactor Fuel Storage
System Inventory Inventory Basin Inventory
(Table 3.1.1) (Table 3.4.1) (Table 3.5.1)
Radionuclide (rem/yr} (rem/yr) (rem/yr)
34 1.56-4(b) 2.1E-1 1.1E-10
l1u4¢ 1.5€-2 2.7E+0 -(c)
60Co 9.0E+2 3.7E+1 1.4E+3
ggui 5.8E+1 1.9E+0 4.8E+1
1,75r+n(d) 4.2E+0 4.4E+2 9.6E+2
c ) 2.9E+0 1.3€+0 5.5E+1
ST Eu 7,942 1.26+1 2.6E+2
238 EU 6.1E+2 1.6E+1 3.5E+2
U+Dd 2.3E+0 7.0E-3 2.6E+1
§:§Pu 2.7E+1 2.2E+2 1.6E+2
241 Pu 5.7E+1 1.3E+2 8.3E+3
Am - 2 .6E+2 -
Totals 2.4E+3 1.1E+3 1.2E+4

(a) Based on the intruder-discovery scenario (Section 4.0) and the facility-
specific radionuclide inventories (Section 3.0).

(b) Where 1.5E-4 = 1.5 x 10~4,

(c) +D means plus short-lived daughters.

A.3






TABLE A.4. Scenario-Specific Doses - Unrestricted Use
Surface Contamination at T = 100 Years(a)

Retention Basin Nuclear Reactor Fuel Storage
System Inventory Inventory Basin Inventory
(Table 3.1.1) (Table 3.4.1) (Table 3.5.1)
Radionuclide (rem/yr) (rem/yr) (rem/yr)
3H 7.4€-5(b) 1.0E-1 5.6E-11
g 1.8E+0 3.2E+2 -(c)
®0¢co 2.2E-1 9.0E-3 3.5E-1
*3\i 3.4E43 1.1E42 2 .8E+3
90sr+p(d) 4.1E+1 4.4E+3 9.4E+3
Cs+D 0E+1 1.3E+1 5.7E+2
152
- Eu 5.7E+2 1.1E+2 1.9E+2
154ey 2.3E+1 1.1E+1 1.4E+1
—  238yyp 2.8E+2 8.6E-1 3.2E+3
M 238y 1.5E43 2.26+4 8.4E+3
235py 7.2E43 1.6E+4 1.0E+6
241 am - 2.7E+4 -
c — —_—— —_—
o Totals 1.3c+4 7.0E+4 1.0E+6
A (a) Based on the resource salvage and resource recycle scenarios (Section

4,0) and the facility-specific radionuclide inventories (Section 3.0).
—  (b) Where 7.4E-5 = 7.4 x 10-5,
(c) A sh indicates that the radionucl ie shown is not considered in the
ri ‘onuclide inventory shown.
o (d) +D means plus short-lived daughters.

PO
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TABLE A.5. Scenario-Specific Doses - Unrest: :ted Use.
Surface Contamination at T = 300 Years

Retention Basin Nuclear Reactor Fuel Storage
System Inventory Inventory Basin Inventory
(1 1.1) (Table 3.4.1) (Table 3.5.1)
Radionm~1ide r) (rem/yr) (rem/yr)
13” 1.36-9(b) 1.7E-6 9.6E-16
c 1.7E+0 3.1E+2 -(c)
60Co 8.4E-13 3.4E-14 1.3E-12
ggNi 8.4E+2 : 2 .8E+1 7 .0E+2
sr+D(d) 2.6E- 2.7E+1 6.1E+1
137Cs+ 3.0E-1 1.3E-1 5.7E+0
152, 2.0E-2 7.3E-1 6.8E-3
1Shey 2.4E-6 3.9E-4 1.5E-6
238y+D 2.8E+2 8.6E-1 3.2E+3
§§gpu 3.1E+2 2.4E+3 1.8E+3
21+1Pu 7.2E+3 1.6E+4 1.0E+6
Am - 1.9E+4 -
Totals 8.3E+3 3.8E+4 1.0E+6

(a) Base on the resource salvage and resource ' :ycle scenarios (Section
4.0), the facility-specific radionucli : inventories (section 3.0) and
an annual dose limit of 0.01 rem.

(b) Whe  1.3E-9 = .3 x 10-9,

(c) +D means plus sho -lived daughters.

A.6
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TABLE A.6. Scenario-Specific Doses - Unreitgicte e
Unconfined Soil at T = 0 Years\?

Retention Basin Miscellaneous Solid Waste Nuclear Reactor

Fuel Storage

System Inventory Cribs and Burial Grounds Inventory Basin Inventory
(Table 3.1.1) (Table 3.2.2) (Table 3.3.2) (Table 3.4.1) (Table 3.5.1)
Radi e {rem/yr) (rem/yr) (rem/ve) _ rem/yr) {rem/yr)
34 8.2E-14(b) 2.0E-12 -{c) 1.1€-10 6.0E-20
l4c 1.2€-10 1.8€-8 - 2.2E-8 -
60¢o 3.1E-6 2.4E-3 1.0E-2 9,0E-5 3.56-3
B34 1. -4 - 4.56-6 4.2E-6 1.0E-4
305pr4pld) 5.7€-5 9.4E-3 1.8€-3 6.0E-3 1.3E-2
137cs4D 1.8€-5 8.6E-4 3.4E-5 7.8E-6 3.2E-4
i:iEu 1.8€-3 6.0E-4 4.6E-4 2.6E-5 6.0E-4
Eu 8. -4 2.0E-5 2.3E-4 2.2E-5 5.2E-4
2384p 2. -9 3.56-8 7.9€-9 7.0E-12 2.8E-8
238py, 3.0E-9 5.6E-9 - 2.4E-8 1.7E-8
239%y 6.7€-9 5.9E-7 9.7E-9 2.2€-8 1.4E-6
2'+1Am - - - 5.4E'8 -
Totals | 2.9E-3 1.4E-2 1.2E-2 6.2E-3 1.8E-2

(a) Based on the residential/home-garden scenario {Section 4.0) and the radionuclide inventories for ea

faci 'ty (Section 3.0).
(b) Where 8.2E-14 = 8.2 x 10-14,

(c) A dash indicates that the radionuclide shown is not considered in the radi uclide inventory shown.

(d) +D means plus short-lived daughters.
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TABLE A.8. Scenario-Specific Dose - Unrestr}cged Use
Unconfined Soil at T = 300 Years\a

Retention Basin Miscellaneous Solid Waste Nuc 2ar eactor Fuel Storage
System Inventory Cribs and Burial Grounds Inventory Basin Inventory
{Table 3 .1) {Table 3.2.2) {Table 3.3.2) {Tat » 3.4.1) {Table 3.5.1)
Radionuclide (rem/yr) ~ (rem/yr) (rem/yr) (rem/yr) _ frem/yr)
'oH 5.96-21(1 1.5€-19 -(¢) .0E-18 4 -27
6oC 1.2€-10 1.7€-8 - 2. -8 -
Co 1.6E-20 1.8E-20 7.4E-20 6.7€-22 2.6E-20
ooN 1.6E-5 - 5.26-7 5. -7 1.36-5
s i(d) 3.0E-8 4.8E-6 9.5€-7 3.1E-6 6.8E-6
137Cs+D 1.8e-8 8.6E-7 3.4E-8 7.8E-9 3.2E-7
izicu 3.9E-10 1.36 ) 3.4E-11 7.6€-9 1.3E-10
Eu 2.9e-14 7.0E-15 7.6E-15 4.8E-12 1.8E-14
2384p 2.4E-9 3.56-8 7.9€-9 7.0E-12 2.86-8
iggPu 2.7€-10 5.0E-10 - 2.1E-9 1.5€-9
2u1pu 6.7E-9 5.9E-7 9.7E-9 2.2E-8 1.4E-6
Am - - - 3.3e-8
Totals 1.6E-5 7.2E-6 1. -6 3.7E-6 2.2E-5
(a) Based on the residential/home-garden scenario (Section 4.0) and the radio ide inventories for éach

facility (Section 3.0).
>) Where 5.9E-21 = 5.9 x 10-21,
(c) A dash indicates that the radionuclide shown is not considered in the radionuclide inventory shown.
(d) +D means plus short-lived daughters.
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TABLE A.10. Scenario-Specific Doses - Unrestricted lise Confin?d
Soil at 2pths Between 1 and 4 mat T = )0 Years a)

Retention Basin Miscellaneous Solid Waste Nu :ar Reactor Fuel Storage
System Inventory Cribs and Burial Grounds wentory Basin Inventory
(Table 3.1.1) (Table 3.2.2) (Table 3.3.2) {Table 3.4.1) (Table 3.5.1)
Ra#4i~nuclide (rem/yr) (rem/yr) {rem/yr) . /yr) (rem/yr)

34 6.86-17(b) 1.7E-15 -(c) 9.2E-14 5.1E-23
;:c 2.4€-11 3.6E-9 - 4E-9 -

Co 4.6E-10 9.4E-10 4.0E-9 3.6E-11 1.4E-9
63N 1.2€-5 - 4,6E-7 4,2E-7 1.0E-5
:gSr+D(d) 9,2€-7 1.56-4 2.8E-5 1.0E-4 2.26-4

Cs+D 3.6E-7 1.7€-5 6.7E-7 2.4E-7 6.9E-5
152gy, 2.2E-6 7.2E-7 5.6E-7 2.4E-7 7.2€-7
15kgy 5.6E-8 1.3E-9 1.56-8 2.8E-8 3.4€-8
238y4p 4.8E-10 7.0E-9 1.6E-9 1.4E-12 5.6E-9

238py 2.6E-10 5.0E-10 - 3.8E-9 1.5E-9
iffpu 1.3€-9 1.2€-7 1.9€-9 4.4€-9 2.8E-7

Am - - - 9.3E-9 -
Totals © 1.6E-5 1.9€-4 3.1E-5 OE-4 3.1E-4

(a) Based on the residential/construction and residential/home-garden scenarios 3ection 4.0) and the radionuclide
inventories for each facility (Section 3.0).

(b) Where 6.8E-17 = 6.8 x 10-17.

(c) A dash indicates that the radionuc ide shown is not considered in the rad nuclide inventory shown.

(d) +D means plus short-lived daughters.
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TARILE A.12. Scenario-Specific Doses - Unr?sgricted Use Confined Soil
at Depths >5 m at T = 0 Years'2

Retention Basin ! scellaneous Solid ste Nuclear Reactor Fuel Storage
System Inventory Cribs and Burial Grounds Inventory Basin Inventory
(Table 3.1.1) t able 3.2.2) (Table 3.3.2) (Table 3.4.1) (Table 3.5.1)
Radionuclide {rem/yr) (rem/yr) (rem/yr) (rem/vr) {rem/yr)
M 8.2e-16(b) 2.0E-14 -(c) 1.1€-12 6.0E-22
luc 1.2E-12 1.8E-10 - 2.2E-10 -
0o 1.96-8 2.0E-8 8.1E-8 7.3E-10 7.8€-8
g; 1.2€-6 - 4.56-8 4.26-8 1.0E-6
sr+p(d) 5.7€-7 9.4E-5 1.8€-5 6.0E-5 1.3E-4
137cs+D 2.2E-9 1.1E-7 4.3E-9 9.9€-10 4.3E-8
152, 1.1€-10 3.6E-11 2.86-11 1.6E-12 3.6E-11
154gy 2.1E-10 4.8E-12 5.5€-11 5.36-12 1.2E-10
2384p 2.4E-11 3.5E-10 7.96-11 7.0E-14 2.6E-10
238py, 7.8E-12 1.5€-11 - 6.26-11 4.5E-11
239y, 2.6E-11 1.6E-9 2.6E-1 6.0E-10 3.8E-9
24l - - - 2.8€-10 -
Totals ~ 1.8E-6 9,.4E-5 1.8E-5 6.0E-5 1.3E-4

(a) Based on the residential/home-garden scenario with a root penetration factor of 1% (Section 4.0) ar the
radionuclide inventories for each facility (Section 3.0).

(b) Where 8,26-16 = 8.6 x 10-16,

(c) +D means plus short-lived daughters.
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T EA.14. Scenario-Specific Doses - Unresfrjcted Use Confined Soil
at Depths >5 m at T = 300 Years'?

Retention Basin Miscellaneous Solid Waste Nuclear Reactor Fuel Storage
System Inventory Cribs and Burial Grounds Inventory Basin Inventory
(Table 3.1.1) (Table 3.2.2) (Table 3.3.2) (Table 3.4.1) (Table 3.5.1)
Radionuclide (rem/yr) (rem/yr) (rem/vr) _ fremfpy _ Irem/yrd

3
1M 6.0e-23(b) 1.5€-21 -(¢) 8.0E-20 4.4€-29
60C 1.1E-12 1.7E-10 - 2 :i-10 -

Co 1.3E-25 1.4E-25 6.0E-25 5.4E-27 2.1E-25
63N 1.5€-7 - 5.6E-9 5.2E-9 1.2€-7
90gp+p(d) 3. -10 4.8€-8 9.1€-9 3.1€-8 6.8£-8

137+ 2.2E-12 1.1E-10 4.3E-12 9.9€-13 4.3e-11
| ooEu 2.3£-17 7.8E-18 2.0£-18 8.4E-16 7.8-18
,35EY 7.0E-21 1.7€-22 1.8€-21 .2E-18 4.3e-21

U+D 2.4E-11 3.5E-10 7.9E-11 7.0E-14 2.6E-10
2 ePu 7.0E-13 1.3E-12 - 5.6E-12 4.0E-12
241 PuU 2.6E-11 1.6E-9 2.6E | 6.0E-10 3.8E-9

Am - - - 1.7E-10 -

Totals 1.5E-7 4.8E-8 1.5E-8 3.7-8 ) 1.9e-7

(a) Based on the residential/home-garden scenario with a root penetration factor of 1% (Section 4.0) and the
radionuclide inventories for each facility (Section 3.0).

(b) Where 6.0E-23 = 6.0 x 10-23 .

(c) A dash indicates that the radionuclide shown is not considered in the radi iclide inventory shown.

(d) +D means plus short-lived daughters.




TABLE A.15.

Al 11le Residual Contamination Ler . Values for
Decommissioned Facilities in the 100 Areas of the
Hanford Site - Unrestricted Us? ?urface

Contamii :ion at T = 100 Years\d

(a) Based on the st

Retention Basin Nuclear Reactor Fuel Storage
sstem Inventory Inventory Basin Inventory
(Table 3.1.1) (Table 3.4, ) (Table 3.5.1)
Radionuc’ de (dpm/100 cm?) (dy '100 cm¢) (dpm/100 cm?)
34 2.8e-1(b) 2.9E+1 2.4E-9
lhe 2.1E+2 3.0E+3 -(c)
60co 5.5E-2 1.7E-4 9.7E-4
63Nj 1.7E+4 4,3E+1 1.6E+2
30Sr+D 5.9E+0 4.9E+1 1.5E+1
137Cs+D 9.6E+1 3.2E+0 2.0E+1
152¢y 3.1E+2 4 .6E+0 “1.1E+0
238y+p 7.3E-1 1.7E-4 9.4E-2
238py 3.1E+0 3.4F+0 1.9€-1
239y 1.6E+1 2.0 +0 2.5E+1
241am - 3.4F+ -
Total JE+4 3.1E+3 2.2E42

rce salvage and resource recycle scenario (Section

4), the radionuclide inventories for each facility (Section 3.0), and

an annual dose 1imit of 0.01 rem.
(b) Where 2.8E-1 = 2.8 x 10-1,

(c) A dash indica s

that the radionuclide shown is not considered in the

radionuclide inventory shown.
(d) +D means plus : ort-lived daughters.
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TABLE A.16. Allowable Residual Contamination Level Values for
Decommissioned Facilities in the 100 Areas of the
Hanford Site - Unrestricted Us? ?urface
Contamination at T = 300 Years\a

Retention Basin Nuclear Reactor Fuel Storage
System Inventory Inventory Rasin Inventory
(Table 3,1.1) (Table 3.4.1) (Table 3.5.1)
Radionuclide (dpm/100 cm?) (dpm/100 cm?) (dom/100 cm?)
3H 2.9e-5(b) 1.0E-3 1.4E-13
lhe 1.2E+3 5.8E+3 -(c)
60¢o 1.2E-12 1.4F-15 1.3€-4
63 N4 2.5E+4 2.2E+1 1.3E+2
905p+p(d) 2.2E-1 6.2E-1 3.3E-1
137¢s+n 5.6E+0 6.7E-2 7.0E-1
152¢y, 6.5E-2 6.2E-2 1.4E-4
15k 4,5E-6 2.0E-5 1.8€-8
238y4p 4,3E+0 3.4E-4 3.2E-1
238py 3.6E+0 7 .8E-1 1.3E-1
239py 9,1E+1 5.6E+0 8.6E+1
241 pm - 4.9E+0 -
Totals 2.6E+4 5.8E+3 2.2E+2

(a) Based on the resource salvage and resource recycle sce rio (Section
4), the radionuclide invantories for each facility (Section 3.0), and an
annual dose limit of 0.01 rem.

(b) Where 2.9E-5 = 2.9 x 10-5,

(c) A dash indicates that the radionuclide shown is not considered in the
radionuclide inventory shown.

(d) +D means plus short-lived daughters.
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TARIF A,18. Allowable Residual Contamination Level Value: r Decommissioned
Facilities in the 100 Areas ot She Hanford S -~ Unconfined
Surface Soil at T = 300 Years\2

Retention Basin scel laneous Solid Waste Nuclear Reactor Fuel Storage
System Inventory Cribs and Burial Grounds Inventory Basin Inventory
(Table 3.1.1) (Table 3.2.2) (Table 3.3.2) fable 3.4.1) (Table 3.5.1)
Radionuclide (pCi/g) (pCi/g) (pC* /=Y ___ (pCi/q) (pCi/g)
3H 6.8€-7(b) 5.5xx6 -(c) 4,9E-4 2.96-13
luc 2.7E+1 1.3E43 - 2.7E+3 -
€0co 2.9€-14 1.0E-14 3.7€-11 6.3E-16 2.76-14
63N 5.9E+2 - 5.6E+3 1.0E+1 2.8E+2
305p+p(d) 5.3E-3 2.8E-1 4.6E+1 2.9E-1 6.9E-1
137cs4p 1.3E-1 2.1E+40 7.2E+1 3.1E-2 1.4E+0
1526y 1.5E-3 1.7e-4 3.7E-2 2.9E-2 2.9E-4
154y 1.0E-7 8.2E-10 7.8E-6 9.2E-6 3.7E-8
2384 1.0E-1 5.0E-1 1.0E+2 1.76-4 6.6E-1
;;:Pu 8.6E-2 5.2E-2 - 3.6E-1 2.8E-1
ougPU 2.2E40 4.2E+1 6.1E+2 2. 0 1.8E+2
Totals ' 6.2E+2 1.6E+3 6.4E+3 2.7E+3 4.6E+2

(a) Based on the residential/home-garden scenario (Section 4.0), the radionuclide inventories for each
facility decayed 300 years and normalized to 1 pCi/g (Section 3.0), and an annual dose limit of 0.01 rem.

(b) Where 6.8E-7 = 6.8 x 10-7,

(c) A dash indicates that the radionuclide shown is not considered in the rad nuclide inventory shown.

(d) +D means plus short-lived daughters.
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TABLE 2 20, Allowable Residual Contamination Level Values for Decommissioned
acilities in the 100 Areas of the Hanford Sz’ts - Confined Soil
at Depths BEtween 1 and 4 m at T = 300 Years\a

Retention Basin Miscellaneous Solid Waste Nuclear Reactor Fuel Storage
System Inventory Cribs and Burial Grounds Inventory Basin Inventory
(Table 3.1.1) (Table 3.2.2) (Table 3.3.2) (Table 3.4.1) (Tahle 3.5.1)
Radionuclide (pCi/q) (pCi/g) (pCi/g) (pCi/qg) (pCi/qg)
13” 3.4£-6(b) 2.8E-5 -(c) 2.4E-3 1.2E-12
] 1.4E42 6.5E+3 - 1.4E+4 R
%o 1.4€-13 5.2E-14 1.8E-10 3.2E-15 1.2E-13
gz i 3.0E+3 - 2.8E+4 . 5.0E+1 1.2E643
1375r+0(d) 2.6E-2 1.4E+0 2.3E42 1.4€+0 2.9E+0
Cs+D 6.5E-1 1.0E+1 3.6E42 1.6E-1 6.0E+0
i:EEu 7.5€-3 8.23E-4 1.8E-1 1.4E-1 1.2E-3
LEu 5.0E-7 4.1E-9 3.9(-5 4.6E-5 1.6E-7
2380 5.0E-1 2.4E40 ' 5.0E+2 8.5E-4 2.8E40
::gPu 4.3€-1 2.6E+1 - 1. +0 1.2E40
Pu 1.1E41 2.1E+2 3.0E-11 1. +1 7.8E+2
24Am - - - 1.2E+1 -
Totals ' 3.2E+3 6.8E+3 3.0E+4 1.4E+4 2.0E+3

(a) Based on the residential/construction and residential/home-garden scenarios (Section 4.0), the radionucli
inventories for each facility (Section 3.0), and an annual dose limit of 01 rem.

(b) Where 3.4E-6 = 3.4 x 1076,

(c) A dash indicates that the radionuclide shown is not considered in the radionuclide inventory shown.

(d) - means plus short-lived daughters.
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TABLE A.22.

Retention Basin
System Inventory
(Table 3.1.1)

2

W)

1iscellaneous
Cribs and
(Table 3.2.2)

o)

1Y

Solid Waste
Burial Grounds
(Table 3.3.2)

9

Allowable Residual Contamination Level Vi
Facilities in the 100 Areas of
at Depths >5 m at T = 300 Years

1es i Decc
igg Hanford Site - Confined Soil

Nuclear Reactor
Inventorv
(Table 3.4.1)

nissioned

Fuel Storaoce
3asin Inventory
(Table 3.5.1)

Radionuclide (pCi/qg) (pCi/q) (pCi/g) (pCi/q) (pCi/q)
34 7.3€e-5(b) 8.2E-4 -(c) 4.9€-2 3.3E-1
4o 2.9E+3 2 .0E+5 - 2.7E+5 -
60co 3.1E-12 1.5€-12 3.7E-9 6.3E-14 3.1€-12
63N 6.3E+4 - 5.6E+5 1.0E+3 3.2E+4
90gp4+p( d) 5.6E-1 4.2E+1 4.6E+3 2.9E+1 7.9€+1
137cs+p 1.4E+1 3.1E+2 7.2€43 3.1E+0 1.7E+2
152y 1.6E-1 2.5€-2 3.7E+0 2.96+0 1.76+2
154gy 1.1€-5 1.26-7 7.8E-4 9.3E-4 4.2E-6
238y+p 1.1E+1 7.5E+1 1.0E+4 1.7€-2 7.7€41
238py 9.2£+0 7.8E+0 - 3.6E+1 3.2E+1
239py 2.3E+2 6.3E+3 6.1E+4 2.6E+2 2 .0F+4
24mm - - - 2.36+2 -
Totals 6.6E+4 2.1E+5 6.5F+5 2.7E+5 5.3E+4

(a) Based on the residential/home-garden scenario with a root penetration factor of 1% (Section 4.0}, the
radionuclide inventories for each facility (Section 3.0), and an annual dose limit of 0.01 rem.

(b) Where 7.3E-5 = 7.3 x 1075,

{c) A dash indicates that the radionuclide shown is not considered in the radionuclide inventory shown.

(d) +D means plus short-lived daughters.
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APPENDIX B

ALLOWABLE RESIDUA' TCONTAMINATION LFVF! WORKSHEETS
FOR FACILITIES IN THE 100 AREAS OF THE HANFORD SITE

The ARCL method permits the consideration of mixtures and concentra-
tions of radionuclides different than the representative inventories con-
sidered in this report. Figure B.l contains a worksheet that can be used
to determine the ARCL resulting for any combination of the radionuclides
shown in Table 5.2.2. The following instructions explain how to use the
worksheet.

1. Facility Name. Enter the name or the numerical designation of the
facility and other identification information.

2. Preparer's Name. Enter the name of the person preparing the ARCL
worksheet.

3. Date. Enter the date on which the worksheet was completed.

4, Determination of ARCL Dose Factors to Enter from Table 5.2.2. The
calculation requires the proper dose factors which are a function of
both the use mode and the contamination condition. Check only one use
mode and only one contamination condition to uniquely determine from
the worksheet which column of Table 5.2.2 contains the proper factors.

Use Mode Considered. Check the use mode considered (i.e., restricted,
controlled, or unrestricted). Note that the annual dose limits con-
sidered are 0.5 rem/yr for restricted and controlled use, and

0.01 rem/yr for unrestricted use. If results for more than one use
mode are desired, additional worksheets should be used.

Contamination Conditions. Select either surface contamination (in
Ci/m2) or soil contamination (in pCi/g) calculations. Note that the

soil contamination calculations can consider unconfined (surface) soil
or confined (subsurface) soil conditions. Facility surface contami-
nation calculations (Ci/m2) require factors from Columns 1, 2, or 3 of

B.1
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1. Facility Name:
2. Preparer's Name:
3. Date Prepared:

4., Determination of ARCL Dose Factors to Enter From Table 5.2.2. Check one Use Mode and one Contamination Condition.

Contaminated Surface Surface Soil S0l 1-4 m Deeo Soil >S5 m Neep
se Mode/Contamination Condition Ci/m or dpm/100 cm- {oC1/q) (pCi/q) (pCi/g)
estricted Use @ 0.5 rem/yr Column 1 Column 4 Column 5 Column 6
ontrolled Use @ 0.5 rem/yr Column 2 Column 4 Column § Column 6
nrestricted Use @ 0.01 rem/yr Column 3 Column 4 Column 5 Column 6
S. Radionuclides 6. Radionuclide 6a. Radionuclide* 7. Scenario-Specific B. Product of 9. ARCL - Product 10. Conversion
Considered Concentrations Concentrations ARCL Dose Factors Columns 6a & 7 of Column 6a & to dpm/100 cm?
(List) (Available (Ci/m or : (Step 4; rem/yr per: (rem/yr) Item Bb Multiply Column 9
Units) pCi/q) fci/m or pCi/q]) (Ci/m2 or pCi/a) by 2.2 x 1010
6b. Total: 8a. Total 9a. Total ___l0a. Total:
*May be taken from Decay 8b. Annui. ...p Limit 9b. Check.
Correction Worksheet Divided by 8a. 9a. Divided by &b.
(0.5 or 0.01/ | )
= = 8b = = 8b?

11. Present Gross Contamination Level Yielding Future ARCL of Item 9a: (Used only with Decay Correction Worksheet)
Product of Item 9a {or 10a) and Item 9 of Decay Correction Worksheet.
(9a or 10a) x {9 of Figure B.4) = {Ci/m2, PCi/q, or dpm/10D cm?)

12, Additfonal Notes.

IGURE B.1. Allowable Residual Contamination Level Worksheet
. for Facilities at the Hanford Site






10.

11.

12.

Item 9 in uni ; of Ci/m2 or pCi/g. Sum all entries in the column and
enter the total mixture ARCL as Item 9a. The value calculated as

Item 9a is the total gross activity that may be allowed to remain that
results in the desired dose 1imit. At this point, a convenient mathe-
matical check may be made by dividing It 9a by Item 6a; the result
shoul be equal to Item 8b.

Conversion From Ci/m? to dpm/100 cm2, [f facility surface contamina-

tion calci 1ations are desired, the result is converted from Ci/m2 by
multiplying the ARCL values for each radionuclide (Item 9) by a con-
stant 2.2 x 1010, Enter the results in units of dpm/100 cm2 in

Ite 10. Note: This step should not be performed if soil contamina-
tion calcule ‘ons are desired. A value corresponding to Item 9a may
be calculated either as the sum of the values in Item 10 or a multiple
of It 9a and entered as Item 10a.

Optioni Deray-Tima Forrection. If the radionuclide concentrations
used in Items 6 or 6a were taken from the Radioactive Decay Correction
Worksheet (Figure B.4), then the result calculated as Item 9a

(or Item Ja) of the ARCL Worksheet (Figure B.l) is tI ARCL applic-
able to that iture time. That is, it is the amount that may remain
on the surface or in the soil at the future time of unrestric 2d
release. To determine the present contamination level of the nuclide
mixture that will result in the 1imiting dose at the future time, one
additional step is necessary. Multiply the value of Item 9a (or

Item 10a, if cal¢ :ed) by the value of Item 9 of the Decay-Time
Correction Worksheet.

Addi+inng] Notes. Add any additional comments or clarifications on
the worksheet.

As examples of the use of the ARCL worksheet, two sample problems are

described. Both rely on a radionuclide mixture composed of l4¢ (70%), 63Ni
(5%), 90sr+D (7%), 137Cs+D (8%), and 152ty (10%) by activity. The com-
pleted workshe« for the first sample problem, unrestricted release of a
facility with surface contamination, is shown in igure B.2. The relative

B.4
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1. Facility Name: £yqampce Pro&uem 1 - unrestricted Use of a Facitity
2. Preparer’s Name: (), E. Kenwnedy , Jz.

3. Date Prepared: 6/30/83

4. Det ination of ARCL Dose Factors to Enter From Tahle 5.2.2. Check one Use Mode and one Contamination Condition.

Contaminated Surfaces urface Soil Sofl 1-4 m Nee Sail >5 m Neep
Use Mode/Contamination Condition ci/m2 or dpm/100 cn2| o (oCi/q) {pCi/q) (nCi/q)
nestricted Use @ 0.5 rem/yr Column 1 . Column 4 Column § Column 6
ontrolled Use @ 0.5 rem/yr Column 2 Column 4 Column 5 ) Column 6
Unrestricted Use @ 0.01 rem/yr v umn 3 7 | Colum 4 “nlumn 5 Column 6 l
5. Radionuclides 6. Radionuclide 6a. Radionuclide* 7. Scenario-Specific 8. Product of 9. ARCL - Product 10. Conversion
Considered Concentrations Concentrations ARCL Dose Factors Columns 6a & 7 Column 63 & to dpm/100 cm?
{List) {Available (Ci/m2 ar (Step 4; rem/yr per: (rem/yr) em 8b Multiply Column 9
Units)(§rachay) pCi/g) (Ci/m orpEirqiia _ i/e? ampbiial® by 2.2 x 1010

[} .

e 0.70 0.70 1LRE+3 B.HED 7.0€6-8 [LSE +3
3 Ny 0.05 0.05 2. REHY 1.YE+3 5 €£-9 L IE2
205D 0.0% 0.0F 7.%£+5 £.9€E*Y _F.06-9 |.S&+2,
133

Csth 0.08. 0.0% Y YELY 3.5E+3 9.06-9 I.8E¢2
152
Py p.i0 0 p.lO . _2.6E4S | 2.6E:4 I 0E-% 22Et2
6b. Total: -0 Ra. Total: /.g 53 9. Total: [,OE-F 10a, Total: 2., 2Et3
*May be taken from Decay 8b. Annual Dose Limit 9b, Fhack:
Correction Worksheet Oivided by Ba. 9a. ided by 6b.

6-0?0.01/f, g€+s)  ([.08-Tx LO )
s 1. pE-F =8 = J0E-7 = 8b?

res o
11. Present Gross Contamination Level Yielding Future ARCL of Item 9a: (Used only with Decay Correction Worksheet)
Product of Item 9a (or 10a) and Item 9 of Decay Correction Worksheet.
(9aor10a) _ /¥ A x (9 of Figure n.4) _ Mg = AA  (ci/m?, pcifa, or dom/100 cu?)

12. Additional Notes.

FIGURE B.2. Allowable Resi 1al Contamination Level Worksheet for Facilities
at the Hanford Site - Example Problem 1
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1. Facility Name: AMPLE ProscEeEm 2~ Unrestricted Release 6§ Surface So.l

2. Preparer's Name: (). £, KEMVED Y, 3'&'.
3. Date Prepared: &/20/93

4. Detemination of ARCL Dose Factors to Enter From Table 5.2.2. Check one Use Mode and one Contaminatfon Condition.

|
vunieminewcu Surfaces Surface Soil Sail 1-4 m Deev Soil >5 m Neep
Use Mode/Contamination Condition Ci/m” or dpm/100 cw2 {n(i/q) v~ {pCi/q) {pCi/q)
testricted Use @ 0.5 rem/yr Column 1 Column 4 Column 5 Column 6
ontrolled Use @ 0.5 rem/yr Column 2 Column 4 Column 5 Column 6
nrestricted Use @ 0.01 rem/yr / Column 3 1 olumn 4__, & Column § Column 6
5. Radionuclides 6. Radionuctide 6a. Radionuclide* 7. Scenario-Specific A. Product of 9, ARCL - Product 10. Conversion

L8

Considered Concentrations Concentrations ARCL Dose Factors Columns 6a & 7 of Column 62 & to dpm/100 cm2
(List) (Available {Step 4; rem/yr per: (rem/yr) [tem 8b Multiply Column 9
units)(§raches) __ pCi/g) oCi/al) (Ci/m2 or oCi/q) by 2.2 x 1010
" 0.Zo 0.70 %.26-% 5.8E-§ 8.26-1
/% 005 0.05 5.2 6-Y 2.6£-5% G.oE-2
396r+d 0.0% 0.07 (&~ 7RE-2 23€6-2
PGd _0.0% _0.0%  _23E-3 _2.26-4 _9.56-2
'_siég__ — Jdo 0 (O S.06-3 D0E-Y 1 2E-!
6b. Totat: [ - O Ra. Total: .Y & - 9a. Total:__f,72  10a. Total:

*May be taken from Decay
Correction Worksheet

Ab. Annual Dose Limit 9b. Check:

Nivided by 8a. 9a. Divided by 6b.
tors—ar0.01/ g ge-3) (1.2 +_ ).d)
= _ 1.2 = 8b = 1.2 = 8b?

11. Present Gross Contamination Level Yielding Future ARCL of 1| (Used only with Decay Correction Work ‘et)
Product of Item 9a (or 10a) and Item 9 of Decay Correction Worksheet.

(9a or 10a) _A/@  x (9 of Figure B.4) N = MA _ (ci/m, PCi/g, or dom/100 cw?)

12. Additional Notes.

Allowable Residual Contamination Level Worksheet for

FIGURE B.3.
I :i ities at the Hanford Site - Example Problem 2












Y

)

D

1. Facility Name: Evampre Frotiem 3~ Correctrion Ffor 300 yeary o4
Ractioactwe becay _unrestricted Release 0§ Surfoce Sol

2. Preparer's Name: yj. ¢. Kennedy , Ja.

3. Date: 6/30/33

4, Radionuclides 5. Present 6. Decay 7. Time in 8. Decayed
Considered Contamination Constant Future Contamination
(List) Level 4L4/m 9 (yr-1) (yr) Level (Ci/ml

—dpm/100-cml s (see below) dom/100 cml,
¥ pCi/g) ' ~ri/q)
'Y, t a3~ ) e EXPL - (Log-y) e (_ “J(a) = [ 0%
e3a - 2 == )eexe[ - )e (3 2] =_0.0052
SrtD (. 0F ) e EXPl - (24g-3) ¢ (200)) = _5.2E-5S
Bt (_0.0% ) e EXP[ - (2.3£2) ¢ (200 )] = _g.1£-5
'S2Ey (_0.106 ) eexP[ - (5.06) o ( 300)] =" _3.6E-3
( ) o EXP[ - ( ) o ( '\l =
5a. Total = _ [. © 8a. Total = _ .6 8S

9a. Ratio of Present to Future Gross Contamination Levels. Quotient of Item 5a
and Item 8a. 5a.( .o ) 8a. (0D.635 )= -¢

Decay Constants for Prtential Nuclides at the 115-F and 117-F Facilities

Nuclide Frps*=nt Nuclide Constant Nuclide Fronectanst Nuclide Constant

34 5.6E-2 63N 7.5€-3 135c¢ 3.0E-7 237Np+D  3.2E-7
14c 1.2€-4 %0Sr4D  2.4E-2 137cs+n  2.3E-2 238py 7.9€-3
57Co 9.3E-1 EEITP 2.3E-4 lhbce 8.9€-1 239py 2.8€-5
60Co 1.3€-1 997¢. 3.2E-6 152gy 5.0E-2 241Am 1.6E-3
55Fe 2.6E-1 124gp 4,2€+0 15ugy 8.9E-2
S9Fe 5.6E+0 1256h4p  2.5E-1 235y4+p  9.8E-10
SON{ 8.7€-6 134cg 3.4€-1 238y+p  1.5E-10

(a) The notation EXP [ - (a)(b)] means the exponential, e-3b

FIGURE B.5. Allowable Residual Contamination Level Radioactive
Decay Correction Worksheet - Example Problem 3
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each radionuclide and beta in Item 3. The product of Items 5 through 9 is

entered in Item 10 for each beta, with the total detector response shown in
Item 10a.

The resulting instrument response is 37 counts per minute above
background. The overall detection efficiency for this instrument and
procedure is (37/2200), or about 1.7%. It should be noted that this
instrument is not a "standard" instrument used for field surveys at the
Hanford Site. A similar calibration on procedure should be conducted to
determine the instrument response for the pancake GM probe. Two major
differences are apparent with the u: of the pancake GM probe instead of
tI El ‘line beta-ty; scintillation syst . .rst, the GM probe is less
sensitive, thus the calibration curve would show a lower percent detection
at all energies. Second, the probe would record count rates directly from
surfaces, thus an estimate of the fraction of the contamination transferred

™~

to a smear is not required.
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