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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
the 115-F d 117-F facilities at the Hanford Site. The pur; e of this
study is to provide 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 1imit for three specific modes of future use of the land and facili-
ties. These modes of use are restricted, controlled, and unrestricted.
Information on restricted and controlled use is provided to permit a full
consideration of decommissioning alternatives. Procedures are oresented
for modifying the ARl values to accommodate changes in the radionuclide
mixture or concentrations and to determine instrument responses for various
mixtures of radionuclides. Finally, a comparison is made between existing
decommissioning guidance and the ARCL values calculated for unrestricted
release of the 115-F and 117-F facilities. The comparison shows a good

agreement.
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Smith, Konzek, and Kennedy (1978), Oak et al. (1980), and Konzek
(1982).

In a recent document by Napier (1982), the ARCL method is formally
described and the results of example calculations are presented. In
addition, Napier (1982) presents a comparison of ARCL results with other
recommendations. In a related application, Kennedy et al. (1982) investi-
gates transuranic advanced disposal systems and applies the ARCL method to
develop preliminary 239py waste disposal criteria for the Hanford Site.
These criteria relate depth of disposal to allowable concentration using
human intrusion scenarios.

The ARCL method described and applied in this report to the 115-F and
117-F facilities 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 provides a "generic" classification system for
low-level waste disposal and this report attempts to rely on site-specific
conditions for unrestricted use of contaminated soil sites.
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2.0 THE ALLOWABLE RESIDUAL CONTAMINATION LEVEL METHOU

The objective of the analysis of the Allowable Residual 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. The results of the analysis may also
be used to indicate the general magnitude of any remedial actions required
prior to the release. The basic aporoach 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 individual contaminated site (si; , radio-
nuclide inventory, presence of structures), on the radiation dose 1imit

determined to be "acceptable"”, and on the scenarios of human exposure
judged both to be possible and to result in upper 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
maximum-exposed individual (Federal 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. TI EPA has not yet instituted
these criteria and is not scheduled to do so until 1984 (U.S. NRC 1981).
For this report, three possible modes of future use of the site are con-
sidered; restricted, controlled, and unrestricted. For the restricted and
controlled modes, an example dose 1imit of 500 mrem/yr is used in this
report because the sites will still be under government supervision.

For unrestricted use, an example dose Tlimit of 10 mrem/yr is used. These
use modes are further described in Section 2.1.




2.1 SUMMARY OF THE METHOD

A simplified 1ogic diagram of the ARCL method is shown in
Figure 2.1.1. As illustrated, the necessary prerequisite to any analysis
is a characterization of the contaminated area, including location, size,
radionuclide inventory, depth of overburden (for contaminated soil zones),
and descriptions of existing barriers to waste migration and to human
intrusion. These details, in conjunction with a description of the pro-
posed release mode, allow preparation of realistic site-specific radiation-
exposure scenarios. The heart of the ARCL method is an analysis of the
potential maximum annual radiation dose to an exposed individual. If the
potential dose to the individual is less than the design objective dose
1imit, then no further actions are required for that site. If it is
predicted that the potential dose may exceed the design objective, the need
for further decontamination or remedial action is indicated.

The general method for calculating the ARCL of radionuclides consists
of four steps:

1. From the informatinn presented in the site description, develop a
plausible scenario (or set of scenarios) for transfer of contamina-
tion to an individual consistent with the proposed future-use mode.

2. From the radionuclide inventory given in the site description,
calculate the maximum annual radiation dose for the site and
future-use mode exposure scenario.

3. Calculate the ARCL for all nuclides in the mixture, back calcu-
lating from the maximum annual dose. This calculation is performed
for those times that may maximize the potential exposure.

4. Test whether application of additional engineered barriers or
removal of certain areas of contamination will improve the site

characteristics. Note: This test is not demonstrated in this report.

The primary objective of the ARCL is a screening determination of
whether or not an individual facility or site requires further decontamina-

tion or remedial actions. A secondary objective is to permit a

8
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FIGURE 2.1. Allowable Residual Contamination Level ethod Logic Diagre
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determination of what remedial actions could be effective. The ARCL method
does not choose the most appropriate disposal alternative, nor does it
automatically provide the best means of hazard mitigation. Analysis of
remedial actions is simply an extended analysis of a site with modified
physical characteristics.

The extent of proposed remedial actions will depend on the possible
uses of the land or facilities that are projected. For the purposes of
this report, three possible modes of future use are considered, each with
possible scenarios that prove limiting. These future-use modes are
restricted, controlled, and unrestricted. For restricted use, governmental
control of the site is assumed to continue for the next 100 years. During
the 100-year period, access to the site is limited by fences, markers, and
intrusion barriers. The site is routinely patrolled to detect unauthorized
intruders. Following the 100-year period, the site is assumed to be
cleaned to the unrestricted-use levels. The second mode is controlled
use. Partial institutional controls are assumed to 1imit human activi-
ties at the site for a period of 300 years. Minimal surveillance
and maintenance is assumed, and historical records, markers, and zoning
restrictions prevent major disruptions of the site. Following the
300-year period, the site is assumed to be cleaned to unrestricted-use
levels. The unrestricted-use mode, besides following the other two modes,
can be postulated to begin immediately following decor 'ssioning. No con-
trols remain over use of the site or any remaining contents. Details of

these release modes are given in Section 2.3.

2.2 MUNMARLE |_JIDUM FONTAMTNATION LEVELS

The design objective is a Timit on the maximum annual radiation dose
to an individual. The annual dose is a function of the quantity an
spectrum of contaminant radionuclides and the exposure pathways to man.
The design-objective dose 1imit is converted to the site-specific, mea-
surable quantity (the ARCL, in dpm/100 cm? for surfaces or pCi/gram for
soils) through applicable exposure scenarios. Each of these concepts is
described in this section.

10




2.2.1 Maximum Annual Dose

There are four basic categories of public radiation doses that could

be calculated to measure public exposure. These are:

1.

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 comparison with
public standards.

rommitted 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 lifetime (50 or 70 years) of external

exposure plus intake via ingestion and inhalatic = This includes
the effects of radionuclide accumulation or decay in the environ-
ment during the exposure period. This dose is most closely
relatable to health effects from radiation exposure.

Maximum anpval dose during a 1ifetime (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 nuclides taken in
during the year of interest and all previous years. The maximum
annual 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 used in this report, for determining ARCL, is a comparison
of a calculated maximum annual dose received by a maximally exposed

individual with annual dose limits. When internal exposure from inhalation

and/or ingestion is the dominant dose contributor during continuous

exposure, the maximum annual dose may not occur in the first year. Thus,

11




for continuous exposure, a first-year dose may not predict the most
restrictive contamination level. Alternative methods might include calcu-
lation of the dose commitment from one year of exposure or calculation of
the Tifetime integrated dose from continuous exposure; however, no recog-
nized standards limiting these types of doses exist. Thus, the maximum
annual dose is appropriate for use in determining ARCL.

2.2.2 Radiation Exposure Pathways and Exposure Scenarios

The potential routes through which people may be exposed to radio-
nuclides or radiation are called "exposure pathways". The general pathways
can be thought of as external exposure, inhalation, and ingestion. Doses
from external exposure result from direct radiation from air, water, soil,
and contaminated structures. Doses from inhalation can result from
breathing aerosols released from facilities or from resuspended materials.
Doses from ingestion are water, fish, waterfowl, game, food crops, animal
oroducts, or direct consumption of small amounts of material transferred
from contaminated surfaces to the hands. The ARCL for individual sites is
based on the sum of exposures through all the selected pathways in a
radiation exposure scenario analysis.

The key to the ARCL method, as shown in Figure 2.1.1, is an analysis
of the maximum annual radiation dose to an individual. This dose is calcu-
lated by summing the doses from many exposure pathways. The pathways are
chosen depending on the ways an individual could be exposed for each
release maode. The collection of appropriate pathways is called an
“exposure scenario". The ability of the user of the method to choose the
exposure scenario is what gives the ARCL method the flexibility to handle
many types of sites, inventories, and locations.

Preliminary investigations have been performed to examine locations
where an individual might reside and receive a radiation dose from contami-
natad sites. In a previous study of conditions at the Hanford Site, indi-
viduals were postulated to live downwind and downstream at distances of 10
km (6.2 miles) and 1 km (3280 feet), and onsite (Napier 1982). For all
times and for all exposure scenarios, radiation dose rates to the

12
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individuals Tiving 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 scenarios were determined to
be the most critical. For the three future-use modes examined in this
report, the general types of exposure scenarios are as follows:

e restricted use
- recreation (if allowed)
- picnicking
- hunting and harvesting
- inadvertent intruder

- deliberate intruder

e controlled use
inadvertent intruder

deliberate intruder

resident (if allowed)

farmer (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
detail in this report. A summary of each scenario follows. More detail on
the required assumptions is given in Section 4.0.

13



2.3 FUTURE-USE MODES

This section contains a discussion of the future-use modes assumed for
the Hanford 100-F Area.

2.3.1 Rectricted llco

In the first future-use mode, it is assumed that the 100 Areas will
remain a valuable resource to DOE for the near future, and that restricted
use of the site will continue for the next 100 years. The facilities are
assumed to be decontaminated (if necessary) to the allowable residual
contamination levels for restricted use and left in a safe-storage condi-
tion. Institutional controls are assumed to last for 100 years. During
the 100 years of control, access to the site and facilities is assumed to
be limited by fences, markers, and intrusion barriers (such as locked doors
and sealed access points). Security surveillance is assumed to continue
and minor maintenance of fences and intrusion barriers is assumed to be
provided if required. After 100 years, the site is considered to be
released for unrestricted use. This means that the contamination levels
will have to be reduced to the unrestricted use allowable residual contami-
nation levels, if they have not been reached through radioactive decay.

During restricted use only an unauthorized intruder-explorer exposure
scenario is assumed. The intruder is assumed to enter the facility and
explore for a limited time. His exposure pathways are: direct exposure to
penetrating radiation, inhalation of resuspended material, and ingestion of
removable material transferred to the hands. The allowable residual con-
tamination levels for restricted use are calculated based on an example
dose to this intruder of 500 mrem.

2.3.2 Controlled Use

The second release mode accounts for a long period of controlled use
of the site prior to unrestricted release. This case is intended to
describe a safe storage condition where partial institutional controls may
help limit human activities in the 100 Areas for a period of 300 years.
The facilities are assumed to be decontaminated to the allowable

14




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 controls) are assumed to partially
1imit human intrusion. Radinactive materials are assumed to be left in a
safe-storage condition of higher integrity than considered for the

restricted-use mode.

During controlled use, unauthorized intrusion is assumed to occur
through an intruder-discovery scenario. For this scenario, an intruder is
assumed to enter the facility and begin light 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
modifications to the exposure scenarios. The allowable residual contamina-
tion levels for controlled use of the site and facilities are calculated

based on an example 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 1dioactive decay
for periods of 100 and 300 years.

During unrestricted use of the site and facilities, the maximum
individual is assumed to be exposed as a result of three scenarios. These
scenarios are designed to consider resource-salvage activities, resource-
recycle activities, and residential/home-garden activities. The
residential/home-garden scenario is designed to be similar to the scenarios

considered by the NRC in the Draft Environmental Impact Statement in sup-

15




port of 10 CFR Part 61. The allowable residual contamination levels calcu-

lated for unrestricted use are based on an example allowable organ dose of
10 mrem per year to the most restrictive organ.

16
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3.0 FACILITY DESCRIPTIONS

The 115-F Gas Recirculation facility and the 117-F Exhaust Air Filter
building are the major contaminated ancillary structures associated with
the 105-F Reactor located in the 100-F Area of the Hanford Site. Our
evaluation of Allowable Residual Contamination Levels (ARCL) for these
facilities required a review of the facility descriptions and radiological
characterization data. The following sections contain a brief summary of
the physical and radiological characteristics of these sites.

3.1 PHYSICAL CHARACTERISTICS OF THE 115-F AND 117-F-FACILITIES

The 105-F reactor was designed to operate using a graphite moderator
with a nonradioactive, inert (helium and carbon dioxide)-aas cover. The
function of the inert-gas cover was to: 1) remove moisture and aases from
the reactor core, 2) transfer heat from the graphite to the process tubes,
3) contrnl reactivity, and 4) allow detection of water leaks within the
reactor (Harmon and King 1975). A general flow diagram for the cover gas
through the 115-F Gas Recirculation facility is shown in Figure 3.1.1
(Hanford Atomic Products Operation Staff 1963). Gas losses were minimized
using low-nressure recirculation methods. The gas composition was main-
tained by gas circulation through heat exchangers, silica gel beds (for
moisture removal), and filters. A gas make-up system was also available
for gas replacement. Reactor cover-gas piping ran in the 115-F concrete
tunnel from the 105-F reactor to the 115-F Gas Recirculation facility.
This tunnel is about 11 m (36 ft) wide by about 2.4 m (8 ft) high and is
about 100 m (avbout 330 ft) Tong (Harmon and King 1975). The 11! ° tunnel
has thick-wall concrete construction with a central drain that connects to

the 1608-F waste water pump house.

Building exhaust air from the 105-F reactor was directed to the 117-F
building where air filtration and flow-control systems were located. The
exhaust air was primarily from the reactor building ventilation system to
ensure a fresh uncontaminated air supply and to maintain low levels of
airborne contamination. The ' tilation system was designed to move air

17
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The general conclusions reported by Dorian and Richards (1978) for the
115-F and 117-F facilities are:

e general background exposure rates in the facilities are less than 1
mR/hr

e qualitative smear samples range from less than 100 counts per minute
(cpm) to 10,000 cpm (measured with the GM probe)

« beta counts on smear samples were generally less than 100 disintegra-
tions per minute (dpm) per 100 cm2 with a maximum of 6300 dpm/100 cm2

+ smearable alpha contamination was generally less than 5 dpm/100 eml |
with a maximum value of 20 dpm/100 cm2

_ e the primary radionuclides detected by the GM probe were determined to
be 90sr, 137cs, with secondary contributions from 134Cs, 152y, 154gy,
and 155gy

o 14C and 3H contamination was detected to a maximum removable level of
3.5 x 104 pCi/100 cm? for 14C, and 7.3 x 102 pCi/100 cm for 3H.

A summary of the smear sample data for the 115-F and 117-F buildings
as reported by Dorian and Richards (1978), in units of pCi/100 cmZ, is
given in Table 3.2.1. The radionuclide with the highest reported removable
surface contamination level was 14C. In addition to the smear data,
samples from one of the silica gel dryers and condenser scale we also
analyzed. The results reported by Dorian and Richards (1978), in units of
pCi/g, are shown in Table 3.2.2.

For these samp , t I wclide present - 1@ greatest concentra-
tion was 3H in the silica gel dryer. The radionuclides shown in Table
3.2.1 and 3.2.2 are used in a representative radionuclide inventory to
determine ARCL values for the release modes considered. The representative
radionuclide inventory for the 115-F and 117-F facilities is shown in Table
3.2.3. The information in this table is a composite of the characteriza-
tion data reported by Dorian and Richards (1978). Because the calculated
ARCL will determine the allowable contamination level, only the mixture of

20
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TABLE 3.2. . Smear Sample ata From The 115-F and |7-F Bui]dings(a)

Radionuclide (pCi/100 cm?)

A s e AT
‘

Smear Location 34 14¢ 60¢, 90g,. 137¢5

152,

154¢,,

239/240p,

115-F Tunnel
e Inside blanked valve

from purification ro -(b) - - 1.2e+1(¢) -
e North end piping 6.4E+02 4.3E+03 - - .

115 Dryer Rooms
e Rm. 1 floor of
silica gel tower - - - 2.26+01 1.4£+02
e Rm. 2 floor at
condensate drain 6.6£+02 9.8£+03 - - . -

117-F Inlet Tunnel .
e Floor between ce’ - - 3.5E+01 3.1E+01 8.8€E+01
e Floor at 2nd turn-

ing vanes 7.3E402 3.5x104 - - -

(a) Based on data from Dorian and Richards (1978).
(b) A dash indicates that . data were reported.

(c) where 1.2E+1 = 1.2 x 10!

8.9£+02

3.4E+02

.7E£-01

1.5£+00



e¢

"

T+ E 3.2.2. Material Sample Data From The 115-F and 117 Buildings(a)

———

Radionuciide (pCi/g)

Sample Location 34 60cq 134cs  137¢g 152y 154, 155g
Rm. , Silica Gel 1.66+10(b)  2.9E+01 -lc) 1.2e+03 - 2.56406 -
Rm. 2, Scale from - 1.0e+01 4.9E-9 1.8E+03 8.3E-01 - 4 ,9E+01

inside of condenser

(a) Based on data frc Dorian and Richards (1978).
(b) A dash indicates iat no data were reported.
(c) Where 1.66+10 = 1.6 x 1010

T AT ALY s s
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radionuclides present and their relative concentrations are important.
Thus, the relative activities of the eight radionuclides in the mixture are
calculated based on decay periods of 0, 100, and 300 years. For soil
contamination, the mixtures and relative concentrations in Table 3.2.3 are
used with assumed units of pCi/g of soil.

TABLE 3.2.3. Representative Radionuclide Inventory for
the 115-F and 117-F Buildings

Relative Activity Relative Activity

Relative Activity Decayed to Decayed to
:T=0yr T =100 yr T = 300 yr
RadionurTid°£_2 (Ci/m2 ar pCi/q) (Ci/m2 or pCi/q) >i/m2 or pCi/g)

34 1.96-2(b) 7.9E-5 1.4E-9
14g 9.3E-1 9.2E-1 9.0E-1

60Co 9.3E-3 1.5E-8 6.9E-20
905r+p(C) 8.3E-4 6.6E-5 4.3e-7
137Cs+D 3.7E-3 3.7e-4 3.7E-6
152gy 2.4E-2 1.5E-4 5.2E-9

134y 9,.1E-3 2.6E-6 3.1E-13
232py, 4.0E-5 4.0E-5 4.0E-5
TOTALS 1.0 9., .1 9.0E-1

(a) Based on information in Dorian and Richards (1978).
(b) Where 1.9E-2 = 1.9 x 10-2,
(c) +D means plus short-lived daughter products.
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4.0 RADIATION EXPOSURE SCFMARIO ANALYSIS

The calculation of Allowable Residual Cot wmination Levels (ARCL) for
decommissioning the 115-F and 117-F facilities is based on an evaluation of
the potential radiation exposures resulting for each of three modes of
future use. These modes of use are restricted, controlled, and
unrestricted., For 1 s;tricted and controlled use, institutional controls
are assumed to reduce opportunities for exposure by limiting access to the
site. Some radioactive ma -ials are left in place and the 1icilities are
left in a safe storage condition. Restricted use is assumed to last for
130 years, and controlled use for 300 years. For un ;tricted use, an
individual is assumed to have free access to any remaining facilities or
radicactive materials at the site.

Exposures are estimated based upon the representative mixture of
radionuclides bas¢ <« the characterization data from the 115-F and 117-F
facilities, and the exposure scenarios determined for each mode of use.
Fijure 4.1.1 contains a summary of the radiation exposure scenarios con-
sidered for the three modes of use. For unrestricted use, the allowable
residual contamination levels for each radionuclide are determined using
the most restrictive of the three scenarios shown in Figure 4.1.1. The
fcllowing sections contain discussions of the radiation exposure scer ‘ios
considered for each mode of future use.

4.. RESTRICTED-USE MODE

As shown in Figure 4,1.1, e controlling exposure scenario during 100
years of restricted use is the intruder-explorer scenario. Because 1sti-
tutional controls are still in place during restricted use, the exposure
conditions for the intruding individual are assum¢ to be very 1imited.

For this scenario, an unauthorized intruder is assumed to gain entry into a
safe-storage type facility. The intruder is assumed to be motivated by
curiosity and is exposed to radiation or radiocactive materials by three
major pathways. They are direct exposure to penetrating radiation, inhala-
tion of resuspended removable surface contamination, and direct ingestion
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FIGURE 4.1.1. Exposure Scenarios for the Decommissioned
115-F and 117-F Facilities

of removable surface contamination transferred to the hands. For all dose
estimates, the individual is assumed to remain in the facility for eight
nours.

The direct exposure rate encountered by the intruder for various
contamination levels is calculated using the model developed for decommis-
sioning a reference room : BWR (( : et al. 1980). Exter ;e equiva-

1t ictors are calculated for the mixtures of radionuclide at the 115-F
and 117-F facilities using the ISOSHLD (Engel et al. 1966; Simmons : al.
1967) computer program. Because most of the safe-storage facility is
assumed to be filled with radioactive wastes and concrete, access to the
facility will be very limited. A sensitivity analysis was conducted for
the reference room model to determine the relationship between room size
and dose rate (0ak et al. 1980, p. F-16). The results (shown in
Figure 4.1.2) indicate a factor of at most two increase in dose rate for
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FIGURE 4.1.2. Dose Rate as a Function of Room Volume
for a 60Co Deposition of 1 Ci/m
(Oak et al. 1980, b. F-16)

60rg contamination from small to large rooms, assuming that the room has
3-m high walls. For this study, it is assumed that the intruder gains
access to a room with dimensions of 6 x 6 x 3 m for his entire ex sure
period. This room size may be larger than an actual room encountered, but

it serves as a reasonable basis for the scenario analysis.

As a result of the activities of the intruder within the facility, the
airborne dust concentration, x in Ci/m3, is expressed as a function of the
resuspension rate and room ventilation by (Healy 1971, p. 80):

fAQ (4.1)
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where f o the resuspension rate, h-!
A e the floor surface area of the room, m?
Q@ e the floor surface contamination level, Ci/m?
V e the volume of air in the room, m3
n * the rate of roc air exchange, h-1l.
(NOTE: X/q = K, the resuspension factor, m-1)

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

¢ The average resuspension rate for a vigorous intruder equals
3 x 1074 n-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
6 x6 x3m, with a total air volume of 100 m3.

The last exposure pathway considered for the intruder-explorer
scenario is direct ingestion of remov. le 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 assun :ions 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 m¢/h, for a total ¢ 8 x 10-4 m2 of

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 considered, but not analyzed. This pathway is
penetration of radionuclides through the skin by either direct absorption
(as in the case of 3H or radionuclides suspended in solvents) or by
puncture wounds. 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
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imits 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.

4.2 rONTROLLED-USE MODE

The exposure scenario anal: :d for the controlled use mode (as shown
in Figure 4.1.1) is the intruder discovery scenario. The intruder is
assumed to enter a safe storage facility and begin salvage operations. His
activities are assumed to continue for a total of 20 hours before either he
is discovered and removed, or he realizes that he is in a radioactive waste

facility and leaves. The intruder is assumed to have the same exposure

TABLE # ".1. Referenced Surface Contamination Ingestion Scenarios
Author and
Reference Ingestion Rate Comments
(Dunster 1962) 1073 m?/day Chronic ingestion of (MPC), values of
: 226p3, 90Sr.  and 210Ph to derive
permissible levels of skin contamination
(Gibson and 10-3 m2/day Chronic ingestion. No data available to
Wrixon 1979) improve upon Dunster's model - (MPC),,
analysis
(Healy 1971) 10-% m2/h (8 h) Chronic ingestion during 8 hrs. for
workers, 24 hrs. for members of the
1 lic. These are arbitrary isumptions
in an effort to account for presumed
higher intake by ct ldren, i.e.,
2.4 x 10-3 m?/day.
(Xennedy 10-% me2 /h Chronic ingestion of removable surface
et al. 1981) contamination on transportation

containers. Dose estimates for workers
and members of the public were reported
for radiopharmaceutical, industrial
source, nuclear fuel cycle, and low-
level waste transportation containers.
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pathway conditions identified for the intruder-explorer scenario m¢ fied
to reflect 20 hours of exposure. The exposure pathways considered are

direct exposure to penetrating radiation, inhalation of resuspended remov-
able surface contamini ion, and direct ingestion of removable surface

contamination transferred to the hands.

4.3 UNRESTRICTED-U<F MODE

For unrestricted use, three exposure scenarios ave been defined as
shown in Figure 4.1.1. They are: resource salvage, resource recycle, ¢ 1
residential/home-garden. The following sections contain descrintions of
these unrestricted-ur exposure scenarios.

4.3.1 Resource Salvage Exposure Scenario

This exposure scenario is designed to represent the potential activi-
ties of an individual engage 1in salvage operations in any part of the
facility ren ining during the unrestricted-use mode. 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 exnosure to penetratinag radia-
tion, innalation of resuspe ded contamination, inhalation of airborne con-
tamination 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 a; -opr- e modifications. 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 resuspended conc 1tration of removable surface contamination 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 during salvage operations, estimates of airborne
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consumer products. During these operations, the worker in a smelter or
foundry is exposed to piles of metal scrap, metal ingots, and accumulated
finished products. He is additionally exposed to metal fumes and particu-
lates. Radiation dose factors for these operations have been prepai 1 by
0'Donnell et al. (1978) for a study of dose to man from recycle of metals
reclaimed from decommissioned nuclear power plants. From the information in
this reference, it appears that the individual with the greatest potential
for exposure is one working in a metal scrap yard.

The dose a worker may receive is directly dependent on the quantity of
material assumed to be recovered. The individual in the resource salvage
scenario is assu | to work 2000 /yr. The market price for scrap iron is
abc : $0.09/kg, so for the individual to make a reasonable income, ! would
need to recover nearly 200 Mg/yr of scrap iron (about 1 Mg/d). This
quantity of material is assumed to be melted and made into consumer
products {(such as frying pans). A factory worker is assumed to work in a
scrap yard, as described in 0'Donnell et al. {1978), and to be exposed to
the threshold limit value (TLV) of metal particulates (5 mg/m3), for a
period long enough to process 200 Mg of recovered material.

4.3.3 Pnciﬂentia1/Home-Gardgn Fxposure Scenario

This scenario is designed to represent the unrestricted use exposure
conditions of an individual who resides on the site and engages in home
gardening activities for 50 years. Any contamination remaining on the site
is assumed to be mixed in the unconfined soil near or at the surface. The
individual is assumed to spend 12 h/d outdoors on the site, during which he
is exposed to direct penetri ng radiation from the soil. The individual
is also assumed to inhale resuspended contamination in the surface soil for
12 h/d during his 50 years of exposure, with an assumed air concentration
calculated using a time-dependent resuspension factor to account for the
environmental "aging" of radionuclides. This relationship is given as
(Anspaugh et al. 1975):

S¢ = (1074 e-”_t_) + 10-9 (4.3)
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where Sg¢ e resuspension factor m-l
10-4 ¢ resuspension factor at time t =0, m -1
A e effective decay constant controlling the availability of
material for resuspension, 0.15 day-1/2
t e tir after deposition, days
10-9 o resuspension factor after 17 years, m-1l.

Finally, the individual is assumed to grow 50% of his fruit and vegetable
diet in a backyard home garden located in the contaminated soil.
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classification is assumed. These assumptions tend to maximize the dose to
specific internal organs obtained from the TGLM equations and are rather
"standard" for situations where the exact chemical properties of radio-
nuclides are not known. External exposures are calculated using the BWR
room model (Oak et al. 1980) and dose factors from the ISOSHLD (Engel et
al. 1966; Simmons et al. 1967) computer program (also see Section 4.1).

For long-term (or continuous) exposure during the unrestricted use
scenarios the maximum annual dose to internal organs may not occur in the
first year. This is because specific radionuclides may accumulate in
internal organs as a function of their rate of intake and their physical
and biological half-lives. The PNL computer program MAXI (Napier et al.
1979; Murphy and Holter 1980) is used in this study > calculate maximum
annual do' ; from continuous exposures. The MAXI program uses dose factors
from DACRIN (Houston, Strenge, and Watson 1976) for inhalation, and the
FOOD and ARRRG computer programs (Napier et al. 1980) for ingestion of food
products. Further discussions of the mathematical models used in the MAXI
computer program are given in documents by Kennedy et al. (1979), Murphy
and Holter (1980), and Napier (1982).

5.2 ALLOWABLE RESIDUAL CNANTAMINATION LEVEL MAXIMUM QRGAN DOSF
CONVERSION FACTORS

By applying the exposure conditions defined in Section 4.0 for the
radiation exposure scenarios assigned to each mode of future use, and using
the dose models previously discussed, maximum organ dose conversion factors
for de -mining / L values are calculated. ARCL dose conversion factors
are shown in Table 5.2.1 for specific radiation exposure pathways for
radionuclides of potential interest during decommissioning. The dose
factors are in units of rem/hr per Ci/m for: 1) direct exposure (either
in a contaminated room or during resource-recycle operations), 2) inhala-
tion (from resuspension or cutting operations), and 3) direct ingestion of
contamination transferred to the hands. Inhalation and ingestion dose
factors are calculated based on the conservative assumption that 100% of

each radionuclide is in the form of removable surface contamination.
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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/h (rem/h {rem/h (rem/h (rem/ye (rem/yr
Radianuclide per Ci/m) -~ ~:=2vf3) per ~:m2){a)  per Ci/m){a)  per Ci/m)  per pCi/a)
I -(b) 1.0g-2(c} 1.2€-2 6.0E-3 - 1.7€-10
teg - 2.4€-1 2.8E-1 2.8t-1 3.1E-4 R.3E-8
s 'Co 1.4£+0 1.2E+1 1.4E+]1 4.4E-1 2.78+1 2.3E-7
20Co 2.7€+1 2.0E+2 2.3€42 4.4E+0 4.2€+42 1.1€-2
S5Fe - 2.4€+0 2.9e+0 1.2€-1 7.1E-3 1.0E-7
S3Fe 1.36+1 2.5E+1 3.0E+! 3.8E+0 1.5E+2 1.9€-5
LR - 2.28+0 2.5€+0 3.7e+0 1.4€-2 4.3E-5
2N - 8.5€+0 1.0E+1 J.6E+0 3.8E-2 5.2¢-4
ogpenla) 1.1€-1 3.7€+2 4.4E+2 3.26+1 4.0€+0 1.1€-1
o Fing 4.0g-2 1.4€+1 1.6E+L 1.4€-1 2.7E+] 6.0E-5
Te - 2.75+1 3.1E+1 6.6E-1 3.3€-3 3.9g-4
" Sh 2.1E+] 3.3€+1 9.6E+1 8.7E+0 2.78+2 2.7E-5
- S Shen Q.0E-1 5.6E+1 A.SE+] 2.2F+0 5.7E+] 1.75-3
tels 1.9E+1 2.RE-1 3.3E+1 R.BE+O 2.4E+2 5.7%-3
S s - 3.9E+0 4.56+0 1.2E+0 1.3E-1 a.0E-5
~
05N R.OE+D 5.5E+0) 6.5E+0 6.56+0 1.NE+2 2.6E-3
S ey 5.1E-1 2.6€+2 3.0E+2 9.8E+0 8.7€+0 1.3E-5
Uty 1.oE+l 9.,0E+] 1.1E+2 2.8E+N 1.8%+2 5.0E-3
T 1.6E+1 1.68+2 1.8£+2 6.0E+0 1.9€+2 5.4€-2
- Y+D 2.3E+0 2.3E+4 2.8E+4 4,58+ 2 ~1 4,7e-4
BRTSTIY 7.4E-1 2.2E+4 2.6E+4 4.,4€E+1 1.26+1 4.4F-4
< TMp+D 2.28+0 2.4€+4 3.0g+4 1.3E+1 1.RE+3 7.3E-4
Y 2.3E-3 2.8E+a 3.4E+4 R.OE+0 q,2E+2 6.1E-5
. C Py 1.7e-3 2.6E+4 3.26+4 7.5€+0 1.0E+3 ].8%-5
Celam 2.2€+0 2.6E+4 2.6E+4 7.RE+0 Q,9¢+2 1.5F-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.U x 10-2,

(d) +D means plus short-lived daughter products.

Modifications can be made to these factors to account for fixed surface
contamination. For the resource-recycle scenario, the dose factors are
mrem/yr per Ci/m of contaminated surface, adjusted to a recycle rate of
200 MT/yr as described in Section 4.3.2. The resource-recycle dose factors
are calculated for the entire year and include both external and inhalation

exposure. For unconfined surface soil areas during unrestricted use, the
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units of these dose factors are given as rem/yr per pCi/g of soil, and are

directly calculated using the scenario-specific assumptions discussed in
Section 4.3.3.

The dose factors listed in Table 5.2.1 are the largest organ dose for
each radionuclide and exposure pathway. ..ie organs considered in the
calculations are: total body, bc 2, Tung, and G.I. tract (lower large
intestine). The dose factors in Table 5.2.1 are used to calculate the
scenario-specific ARCL dose factors shown in Table 5.2.2. These factors
are given in units of total rem | - Ci/m2 of surface contamination, or
rem/yr per pCi/g of soil. They are generally calculated by multiplying the
ARCL dose conversion factors in Table 5.2.1 by the hours of exposure for
each scenario and summing over the pathways considered. For example, the
restricted use factors in Table 5.2.2 are based on 8 h of exposure as
defined by the intruder-explorer scenario. To obtain the factors in
Table 5.2.2 for the intruder-explorer, sum the ARCL dose conversion factors
in Table 5.2.1 (by radionuclide) for facility direct exposure, inhalation
from resuspension, and ingestion from hands; then multiply the sum by eight
(reflecting 8 h of uniform exposure). The same procedure is followed for
the resource-salvage scenario, for a 2000-hour period, where the resource-
recycle values are added directly. For the residential/home-garden
scenario, maxim: annual doses are calculated directly using the scenario-
specific data, so no modificé on is required. Thus, the residential/home-
garden conversion factors are directly reported in Table 5.2.2 as uncon-
fined soil factors.

5.3 ALl JABLE DPFSTDUAL CONTAM. INCTEVEL ADDY TOATTANC
TO THE 115-F AND 117-F FACILITIES

The scenario-specific ARCL dose factors calculated in the previous
section are next applied to the representative radionuclide inventory for
the 115-F and 177-F facilities (discussed in Section 3.0). The representa-
tive inventory is used to give our best current determination of ARCL
values based on existing site characterization data. However, we also
recognize that as decommissioning operations are conducted better
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TABLE 5.2.2. Scenario-Specific ARCL Dose Factors(a)

UNREST : o
Column 1 Column 2 Column 3 Tt
Composite Surface Unconfined Soil
Restricted Use Controlled Use: Contamination 0 tn 1 m Qeep

" nuclide  (Total rem per Ci/m) (b} (Total rem per Ci/m2}{d) (Total rem/yr ger Ci/m){d)  (Total rem/yr per aCi/g)(e)

3 1.3e-1() 3.26-1 3.7641 1.7€-10
teg 4.26+0 1.0E+1 1.26+3 8.36-8
7o 1.3€+2 3.2E42 3.3E+4 2.28-7
59Ca 1.8€+3 4.5€43 5.6E+5 1.1E-2
iFe 2.0€+1 5.0€+1 6.2€+3 1.0€-7
S3Fe 3.3642 8.4E+2 9.6F+4 1.9€-5
souy 3.0E+1 7.46+] 1.3E+4 4.3E-5
A1 9.7€+1 2.4€42 2.8E+4 5.26-4
3050l 9) 3.26+3 8.0€+4 9.8E+5 1.1€-1
ERETY 1.1E+2 2.8642 3.5€+4 f.0E-6
39Te 7.4E+0 1.9E+1 6.8E+4 3.9€-4
ERRRY Q.0E+2 2.26+3 2.6€+5 2.7€-5
LE5peD 4.7E%2 1.26+3 1.4€+5 1.7€-3
Plaeg 4,542 1.1€+3 1.2€-5 5.7€-3
g 1,11 1.0€+2 1.26+4 a.0E-6
175D 1.7E+2 1.28+2 4.1E+4 2.6€-3
-te 2.26+3 5.4€+3 6.6E75 1.3£-5

. ) 3.7€2 2.25+43 2.6E+5 5.0€-3
1.5€+3 3.3€+3 4.4E+5 5.4E-3

1.AE=5 1.RE+5 5.76+7 1.76-4

L.RE+S 1.4€6+5 5.4E+7 4,4€-4

<o L0E+S 1.3E5 6.0E+7 7.3€-4

1oy 2.26%5 S .5E+5 7.0€+7 §.1E-5

Doy 2.1E+5 52645 5.5€+7 3.8€-5

S-oim 2.3€+5 7L.1E+S B.7E+T 1.5€-4

“3) 3ased on | Ti/mé nf removahle surface contamination in the facilities, and 1 oCija of soil for unconfined <oil areas.
- I} Aased on ergnt hours of exposure in the intruder-explorer scenario (see Section 4.0},
ict Rased on 20 hours of exposure in the intruder-discovery scenario {see Section 3.0).
1d) 3asea an 2000 nours of exposure in the resource-saivage scenario (see Section 4.0},

- {e) As reported for the residential/home-aarden scenarin in Table 5.2.1.
(f) +D means plus short-lived daughter products.
o {g) 4here 1.3€-1 = 1.3 x 10-1,

characterization data will be generated. These data, and data from the
post-decommissioning survey, should be used to determine the final ARCL
values for the facilities. Thus, we have designed the ARCL methods in this
report to easily accommodate char s in radionuclide mixtures and concen-
trations.
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Scenario-specific ARCL doses are next calculated by multiplying the
scenario-specific dose factors (listed in Table 5.2.2) by the relative
activities of the radionuclides in the representative inventory (listed in
Table 3.2.3). The results are shown in Appendix A in Table A.l for
restricted and controlled use, and in Table A.2 for unrestricted use after
decay periods of 0, 100, and 300 years. Scenario-specific doses are calcu-
lated for the restricted and controlled use modes assuming that only non-
combustible and non-hazardous solid radioactive wastes are left in a safe-
storage facility. This facility is assumed to provide effective barriers
to most types of intrusion and require very little maintenance, if any.

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

5.1)

where Pj e the total ARCL for each radionuclide in the mixture, Ci/mé
or pCi/g in soil
DO e« example allowable organ dose 1imit of either 0.5 rem/yr on
restricted and controlled use or 0.0l rem/yr for
unrestricted use
ARCL;j  the scenario-specific ARCL dose for each radionuclide, i, in
the mixture, rem/yr
Mj e modification factors for confined soil areas. NOTE: Mj =1
for surface contamination and unconfined soil calculations.

The ARCL values calculated for the 115-F and 117-F representative radio-
nuclide inventory are shown in Table 5.3.1 for restricted and controlled
use, and in Table 5.3.2 for unrestricted use. The ARCL values are reported
in these tables in units of dpm/100 cm? for surface contamination and pCi/a
for soil contamination.

A description ° how to modify the ARCL values to accommodate changes
in the radionuclide mixture or annual dose limit is given in
Appendix B. Appendix B also contains a worksheet for performing the
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calculations and includes two example problems. To determine the effect of
radiocactive decay on the ARCL value calculated for a mixture, a radioactive
decay correction should be applied to the source inventory. This correc-
tion is outlined in a separate worksheet in Appendix B. Finally, the ARCL
values given in this report (or obtained using the ARCL worksheets in
Appendix B) can be translated into instrument readings using the instrument
response worksheet shown in Appendix 8. An example of this worksheet is
given for a smear sample detection system with a known calibration curve.

TABLE 5.3.1. Allowable Residual Contamination Level
Values Calculated for the 115-F and
117-F Radionuclide Inventory -
Restricted and Controlled Use

Restricted Usefa) Controlled Useld)

Radionuc’ide (dpm/100 cmé) {dpm/100 cm?)
H 3.1E+6(b) 1.2E+6
-C 1.5E+8 5.9E+7
“3Co 1.5E+6 5.9E+5
0gp+Dic) 1.3E+5 5.3E+4
1370 s+D 5.9E+5 2.4E+5
“ilEu . 4.0E+6 1.6E+6
“*%Eu 1.5€E+6 5.9E+5
- pe 6 .4E+8 1.6E+3
TOTALS 1.6E+8 6.4E+7

(a) Assuming that all of the surface contamination is removable,
and none is fixed.

{b) Where 3.1E+6 = 3.1 x 106,

(c) +D =eans plus short-lived daughter products.
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TABLE §.3.2. Allowable Residual Contamination Level Values Calculated for
the 115-F and . 7-F Radionuclide Inventory - Unrestricted Use

UNRESTRICTED < AT T = 0 UNRESTRICTED USE AT T = 100 UNRESTRICTED USE AT T = 300
Surface Contamination Unconfined Soil Surface Contamination Unconfined Soil Surface Contamination Unconfined Soil
Radionuclide (dpm/100 cm?) (0Ci/g) {dpm/100 ca?) {(pCi/g) {dpm/100 cm?) (e7<'7)
3H 2.1e+2(a) 5.1F-1 4.6E+0 8.7€-2 8.4E-5 1.0€E-4
tug 1.0E+4 2.5E+] 5.36+4 1.0E+3 5.3E+4 6.4F +4
80Co 1.0E+2 2.56-1 #.60-4 1.6E-5 -(b) -
205r+D(c) 9.2€+0 2.26-2 3.7€-2 7.36-2 2. 8E-2 3.1E-2
137¢s+D 4.0FE+1 1.0E-1 2.1E+1 ) 4.1E-1 2.2€-1 2.6E-1
152gy 2.6E+2 6.56-1 B.6F+0 1.6€-1 3.1E-4 3.76-4
1568y 1.0E+2 1.56-1 1.5 -) 2.9£-3 - -
239py 4.4€-1 1.1t-3 22010 4.4L-2 2.4E+0 2.9E+0
TOTALS 1.1E+4 2.76+1 5.3t+4 1.1E+3 5.3E+4 7.1E+4

(a) Where 2.1E+2 = 2.1 x 102.
(b) +D means plus short-lived daughter products.
(c) A dash indicates a value less than 10-5.




6.0 DISCUSSION OF RESULTS

The Allowable Resi 1al Contamination Levels (ARCL) reported in this
doc 1ent for the 115-F and 117-F facilities at 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 futui use of °~ e land
and facilities. The modes are restricted use, controlled use, and
unrestricted use. Information on restricted and controlled use is included
to prov. @ engineers with a broad data base for considering decommissioning
alternatives. This data base should help engineers conduct a full decom-
missionina saft ¢ and cost analysis for the Hanford production reactors and
facilities.

Procedures for mc ifying the ARCL values to accommodate changes in
radionuclide mixtures or annual dose limits are fully described in
Appendix 8. We have based our calculations on example annual dose limits
of 500 mr ‘yr - -~ restricted and controlled use, and 10 mrem/yr for
unrestricted use sint ther are presently no DI guidelines for acceptable
dose limits specific to decommissioning. The example annual dose Timits
are used to help demonstrate the ARCL method only.

In this section, further modifications to the basic ARCL values and
the modeling assumptions are described, along with a cor irison of the ARCL
values to existing NRC guidelines for decommissioning (U.S. AEC 1974).

This section also contains a discussion of our overall conclusions.

6.1 QHDEACE CﬂMTAMTMI\TTﬂM I\CCIIMDTT(’\NS

The ARCL values, presented for the representative 115-F and 117-F
radionuclide mixture, 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 availi le
for resuspension or transfer to the hands for direct ingestion. As an
example, we repeated part of the analysis presented in Section 5.0 using
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the representative mixture of radionuclides for the restricted-use mode
assuming that only 10% of the contamination was removable, with 90% fixed.
The results showed an ARCL value of 4.0 x 102 Ci ' compared to

7. x 103 i/m2 reported in Section 5.0.

The unrestricted release calculations for the facilities were based on
the r¢ Hurt -.salvage scenario.  this scenario, we assumed that both the
surfaces of the acility and the internal surfaces of piping and equipment
had the same contamination level. This may be unreasonable if decontamina-
tion of the inside surfaces of piping and equipment proves to be difficult
or ineffective. Modifications to the basic calculation can be made to
account for higher internal surface contamination levels by increasing the
air concentration that results from cutting operations. As an example, we
repeated the calculation assuming that the inside surfaces of piping and
equipment were ten times mo- contaminated than building surfaces at T = 0.
The impact nf this change is to increase the air concentration resulting
from cutting operations by a factor of ten. This will reduce the calcu-
lated ARCL value by about a factor of 3.

6.2 MNDELTME ACCUMPTI( S

Several key assumptions were made in the calculation of the scenario-

specific ARCL dose conversion factors. These assumptions included:
e the partic e size distribution of airborne radionuclides
e tI air concentrations resulting from resuspension and cutting operations
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 assumed to be salvaged in the resource-

salvac scenarios
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o the root uptake model assumed for l4cC.

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 ootential impact on
the results is the root uptake factor assumption used for 14C. Current
models for 14C are focused on the equilibrium incorporation of C0» gas into
growing plant materials. Because the 14C of concern in this analysis is in
a solid graphite form, we felt that the simple equilibrium model was not
adequa for potential soil contamination. We, therefore, applied a stan-
dard 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. This
approach recognizes the long-term potential for an increased availability
of the 14C from the solid graphite form.

6.3 COMPARISONS WITH REGULATORY GUIDE 1.86

The U.S. Nuclear Regulatory Commission (NRC) has provided guidance for
the termination of licenses for nuclear reactors in Regulatory Guide 1.86
(U.S. AEC 1974). We conducted a comparison of the ARCL values for specific
radionuclides with the values reported for removable ¢ tamination in
Table I of Regulatory Guide 1.86. The results of this comparisc are shown
in Table 56.3.1. For 137Cs, we calculate an ARCL value for removable sur-
face contamination of about 5000 dpm/100 cm2, which is a factor of five
greater than the value reported by the NRC (1000 dpm/100 cm2). For 60Co,
our ARCL value is a factor of 2.5 1o * - 1n the NRC value, and for 90Sr
our value equals the NRC value. The major differences are for 14C and
238y+D. Our value for 14C is 180,000 dpm/100 cmZ, which is much higher
than the 5000 dpm/100 cm2 reported by the NRC. Our value for 238y+D is
only 4 dpm/100 cm2, which is much lower than the 1000 dpm/100 cmZ reported
by the NRC.

This comparison shows good agreement between Requlatory Guide 1.86 ar
our ARCL values for unrestricted release. The major difference is 1at we
have calculated the ARCL values based on an example annual dose limit of
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10 mrem/yr for each radionuclide, and Regulatory Guide 1.86 only reported four

administrative limits for broad groups of radionuclides.

6.4 CONCLUSIONS

A major consideration in developing decommissioning plans for the
Hanford production reactors is the amount (or level) of radioactive con-
tamination that can be allowed to remain at the site. This report contains
a description of the methc ; for determining Allowable ‘:sidual Contamina-
tion Levels (ARCL) for the radionuclides remaining at the 115-F and | 7-F
facilities. ARCL values are reported for a representative mixture of

radionuclides and are based on a scenario/exposure pathway analysis and

TABLE 6.3.1. Comparison of Unrestricted-Use Levels for
Removable Surface Contamination

Rea. Guide 1.86(a) 115-F and 117-F ARCL(b)

Radionuclide (dpm/100 cml) (dpm/100 cm?) B
137¢s+plcC) 1,000 5,000
60Co 1,000 400
305 r+D 200 200
lug 5,000 180,000
60Co 1,000 400
63N3 5,000 800
305p+p(d) 200 200
138¢ ) 1,000 5,000
2384 1,000 4
239py 20 3

(a) Based on values from Table 1 of U.S. AEC (1974).

(b) Based on the scenario-specific ARCL doses for unrestricted use
(at t = 0) reported in Table 5.2.2, and an annual dose limit
of 10 mrem/yr.

(c) +D means plus short-lived daughter products.
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compliance with an annual dose 1imit. These ARCL values show good : -ee-
ment with the removable contamination levels reported by the NRC in
Regulatory Guide 1.86 (U.S. AEC 1974). The data presented in this report
can be modified by the reader to consider different mixtures of radio-
nuclides at various concentrations (using the worksheets in Appendix B),
while maintaining site-specific exposure conditions. Further flexibility
is included that will permit an engineering consideration of alternatives
to unrestricted use (i.e., restricted or controlled use). The ARCL values
calculated in this report (or as modified by additional site-specific data)
can be translated into instrument responses (using the worksheet discussed
in Appendix B) and included as part of the overall Health Physics program
for certifying release of the 115-F and 117-F facilities after decommissioning.
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APPENDIX A

SCENARIO-SPECIFIC DOSES FOR THE 115-F AND 117-F FACILITIES

This appendix contains the scenario-specific doses calculated for the
115-F and 117-F representative radionuclide inventory. This inventory is
discussed in Section 3.2 and shown in Table 3.2.3. Table A.l1 contains the
scenario-specific doses calculated for restricted and contro 2d use. They
are based on the intruder-explorer and intruder-discovery scenario. Table
A.2 contains the scenario-specific doses calculated for unrestricted use.
The surface contamination doses are for the most restrictive of the
resource-recovery and resource-recycle scenarios. Finally, the unconfined
soil doses are based on the residential/home-garden scenario.
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TARI £ A 1, Scenario-Specific Allowable Residual Contamination Level Doses for
the 115-F and 117-F Facilities - Restricted and Controlled Use

Restricted Usela) Controlled Use(b)

Radionuclide (rem) ) [ vam)
3y 2.5e-3(c) 6.1E-3
Luc 3.9E+0 9.3E+0
60Co 1.8E+1 4.2€+1
905pr+p(d) 2.7E+0 6.6E+0
137¢s+D 6.3E-1 1.6E+0
152¢y 2.1E+1 5.36+1
LSUYEY 1.4E+1 3.56+1
239py 8 . 4E+0 2.1E+1
TOTAL 6.8E+1 1.7E+2

(a) Based on the intruder-exnlorer scenario dose factors for restricted use
listed in Table 5.2.2, and the relative concentrations of the radio-
nuclides shown in Table 5.3.1 for T = 0.

‘{(b) Based on the intruder-discovery scenario dose factors for contolled use
listed in Table 5.2.2, and the relative concentrations of the radio-
nuclides shov in Table 5.3.1 for T = 0.

(c) Where 2.5€-3 = 2.5 x 10-3.

(d) +D means plus short-lived daughter products.
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TABLE A.2. Scenario-Specific Allowable Residual Contamination Leve Doses
for the 115-F and 117-F Facilities - Unrestricted Use
UNRESTRICTED USE AT T = 0 ESTRICTED USE AT T = 100 UNRESTRICTED USE AT T = 300

Surface Contamination Unconfined Soil Surface Contamination Unconfined Soil Surface Contamination Unconfined Soil

(a) Where 7.0E-1 = 7.0 x 10-1,
{b) +D means plus short-lived daughter products.

Radionuclide {rem) (rem) {rem) . (rem) (rem) (rem)
34 7.0e-1(a) 3.26-12 2.9E-3 1.3E-14 5.2E-8 2.4E-19
1 1.1E+43 7.7€-8 1.1E+3 7.6E-8 1.1E+3 7.5E-8
60co 5.2E+43 1.0E-4 8.4E-3 1.7€-10 - -
905~+p(b) 8.1E+2 9.1E-5 6.5E+1 7.3E-6 4.2e-1 4.7€-8
137Cs+D 1.6E+2 1.0E-5 1.6E+1 1.0E-6 1.6E-1 1.0E-8
152gy 6.2E+3 1.2€-4 1.56+1 7.5€-7 5.2t-4 2.6E-11
13%¢y 4.0€+3 4.9€-5 1.1E40 1.4€-8 1.4€-7 1.7€-15
239py 2.6E+3 3.5E-9 2.6E+3 3.5E-9 2.6€+3 3.5E-9
TOTALS 2.0E+4 3.76-4 3.8E+3 9.1E-6 3.7E+3 1.4€-7




APPENDIX B

ALLOWABLE RESIDUAL CONTAMINATION LEVEL WORKSHEETS

FOR THE 115-F AND 117-F FACILITIES




APPENDIX B

ALLOWABLE RESIDNAI CONTAMTMATION LEVEL WORKSHEETS
FOR THE 115-F and 117-F FACILITIES AT THE HANFORD SITE

The ARCL method permits the consideration of mixtures and concentra-
tions of radionuclides different than the representative inventory con-
sidered in this report. Figure B.l1 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. Case Name. Enter the name or the numerical designation of e case
considered.

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 ¢f ADrl_ Nage Fartors to Enter from Table 5.2.2. The

calc¢ ation 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.

llea Mada Fancddaesd Check the u mode considered {i.e., restricted,
) tric d). 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 work: 2ets should be used.

Contamination Conditions., Select either surface contamination (in

Ci/m?) or s0il contamination (in pCi/g) calculations. Facility
surface contamination calculations (Ci/mz) require factors from
Columns 1, 2, or 3 of Table 5.2.2, depending upon the use mode
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1. Case Name:

2. Preparer's Name:

3. Date Prepared:

4. Determination of ARCL Dose Factors to Enter From Table 5.2.2. C(heck one lUse Mode and one (ontamination Condition.

Contaminated Surfaces Surface Soi
Use Mode/Contamination Condition Ci/medpm/ 100 cn? (pCi/a)
1
Restricted Use 0 0.5 rem/yr Column 1 Column 4
IControlled Use @ 0.5 rem/yr Column 2 Column 4
Unrestricted Use @ .01 ren/yr 1 Columny 3 Column 4 1 .

5. Radionuclides 6. Radionuclide . Radionuc)ide* 7. Scenario-Specific 8. Product of 9. ARCL - Product 10. Conversion
Considered Concentrations Concentrations ARCL Dose Factors Columns 6a § 7 of Column 6a & to dom/100 cml
{List) (Available {Ci/m2 or (Step 4; rem/yr per: {(rem/yr) Item 8b Multiply Column 9

Units) pCi/q) {Ci/m or pCi/ql) (Ci/m2 or oCi/g) by 2.2 x 1010
6b. 8a. Total: 9a. Total: 10a. Total:
*May he taken from Decay 8b. Annual Dose Limit 9b. Check:
Correction Worksheet Divided by B8a. 9a. Divided by 6b.
(0.5 or 0.01/ ) ( + )
- R = = 8b?
1l. Present Gross Contamination Level Yielding Future ARCL of Item 9a: (Used only with Decay Correction Worksheet)

12.

Product of Item 9a (or 10a) and Item 9 of Decay Correction Worksheet.

{9a or 10a) x {9 of Figure B.4)

Additional Notes.

FIGURE B.

= (Ci/me, PCi/q, or dpm/100 cml)

Allowable Residual Contamination Level Worksheet for

115-F and 117-F Facilities at the Hanford Site
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desired. Soil contamination calculations (pCi/g) require factors from
Column 4 of Table 5.2.2. If results for more than one contamination
condition are ri« 1ired, additional worksheets should be used.

Radinniuclides Considered. Enter the radionuclides considered in the

space provided. If additional space is required, use additional
work sheets.

Radionu¢ ide Concentrations. The calculation requires that the source

inventory be given in units of Ci/m? for surfaces or pCi/q for soils.
[f the inventory is available in other units (such as dpm/100 cm2),
list it in worksheet Item 6 and convert to appropriate units in

[tem 6a. Total the results and enter in Item 6b. The inventory may
be given in either relative or absolute amounts. To determine the
effect of radioactive decay on the ARCL value calculated for a mix-
ture, a radioactive-decay correction should be applied to the source
inventory. This correction is outlined in a separate worksheet
(Fiqure B.4). The resulting decayed inventory should then be entered
in Item 6a of Figure B.l, with the total reported in Item ¢

Scenario-Specific ARCL Dose Factors. Enter the values from the appro-

priate column of Table 5.2.2 (as determined in Step 4) in units of

rem/yr per Ci/m¢ for surfaces or rem/yr per pCi/g for soils.

Product of Items 6a and 7. Multiply the concentration of each

radionuclide listed in worksheet [tem 6a by its corresponding scenario-
specific !CL dose factor from Item 7 and er :r in units of rem/yr.

Sum all radionuclides and enter the total as Item 8a. Next, divide

the annual dose limit (either 0.5 or 0.01 rem/yr) by the total and
enter the result as [tem 8b. Note: A different dose limit may be
substituted in this step if desired.

ARCL. Multiply the concentration of each radionuclide given in

[tem 6a by the correction factor of Item 8b and enter the corre-
sponding ARCL values for each nuclide of the specific r «ture in

Item 9 in total mixture ARCL as Item 9a. The value calculated as

Item 9a is the total gross activity that may be allowed to remain that
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results in the desired dose limit. At this point, a convenijent
mathematical check may be made by dividing Item 9a by Item 6a; the
result should be equal to Item 8b.

10. Conversion From Ci/mé to dpm/100 cmé. If facility surface cor mina-
tion ¢ culations are desired, the result is converted from Ci/mZ by
multiplying the ARCL values for each radionuclide (Item 9) by a con-
st 1t (2.2 x 1010). Enter the results in units of dpm/100 cm?2 in
Item 10. Note: This step should not be performed if soil contamina-
tion calculations 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 [tem 10a.

11. Optional Decay Time Correction. If the radionuclide concentrations
used in Item 6 or 6a were taken from the Radioactive Decay Correction
Work sheet (Figure B.4), then the result calculated as Item 9a (or 10a)
of the ARCL Worksheet (Figure B.l) is the ARCL applicable to that
future time. That is, it is the amount that may remain on - e surface
or in the soil at the future time of unrestricted release. To deter-
mine the present contamination lTevel 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 10a, if calculated) by
the value of Item 9 of the Decay Correction Worksheet (Figure B.4).

12. Additional Notes. Add any additional comments or clarifications on
the worksneet,

As examples of the use of the ARCL Worksheet, two examole problems are
described. Both rely on a radionuclide mixture composed of l4c (50%),
63ni (53), 90Sr+D (5%), 137Cs+D (10%), 152Eu (15%), and 15%Eu (15%) by
activity. The completed worksheet for the first example problem,
unrestricted release of a facility with surface contamination, is shown in
Figure B.2. The relative concentrations of the radionuclides are shown in
worksheet Items 6 and 6a since an activity distribution is assumed. The
total is reported in Item 6b in units of Ci/ml. Scenarijo-specific ARCL
dose factors for the radionuclides are obtained from Column 3 of
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1. Case Name: £ XAMPLE ORLEM 1 - Unrestaiciep RELERse oF A Faauivy (ngf,;cg (om,..,,,,,o,,.,,o”\
2. P ‘s N : .
reparer's Name: (. € EVNEDY, Te.
3. Date Prepared: Q/23/33
4. Determination of ARCL Dose Factors to tnter From Table 9.2.2. (heck one Use 'Mode and one Contamination Condition.
Contaminmited Surfaces Curface Soiv]T T
Use Mode/Contamination Condition Cr /e eudpn/ 100 ._!{“ leCizay B
vRestricted Use (¢ 0.5 rem/yr Column 1 Column 4
Controlled Use @ 0.5 rem/yr Column 2 Colump 4
Unrestricted Use 0 0.01 ren/yr y// olumn _ v | Column 4 1
5. Radionuclides 6. Radionuchide ta, Radionuc Lidas 7. Scenario-Specttic A, Product of 9. ARCL - Product 0. Conversion
Considered Concentrations Concentrations ARCL Dose Factors Columrs 6a & 7 of Column 6a & to dpm/100 cm
{List) {Available (Ci/m? oree (Sten 4, rem/yr per: {rem/yr) Item 8b Multiply Column 9
units rachas iy [Ci/m ee—pliloia. (C1/m2 onpbtried” by 2.2 x 1010
Y C
C 0.« 0.50 |.2E+3 6-0€+2 3.0E-] o.QRE *2
3Ny 0.05 0.05 2.8EtY [[HE+T 3.1£-9 ©.RE+)
CY-3
SetD 0.05 0.05 q.8£+5 Y.q9€+4 3.1&-9 .9E+]
BIC+D 0,10 010 Y YE+Y 4. YER G.26-9 l-yE+2
1st
Ey 0.1% 0.5 .6E+S 3.9£+¢ 9 .Y€-9 2NE+2
iS5y -
Ey 0.15 O. 1S Y. ¥£+5 6.bETY 9.9£-9 =2,1E 12
fb. Total: {. [0} Ra. Total: I-GE"S 9a. Total: .2 E-Q 10a. Total: l.qu3
*May be taken from Decay Bb. Annual Dose Limit 9b. Check:
Correction Worksheet Divided by Ba. 9a. Divided by 6b.
{asa¥ 0.01/).LE+S) LR€E-2+ .0
= ©.26-8 - 5b = (pi2E-9 = 8b?
yesV/
11. Present Gross Contamination Level Yielding Future ARLL of [tem Ya: (Used only with Decay Correction Worksheet)

12.

Product of Item 9a (or 10a) and ltem 9 of Decay Correction Worksheet.
{9a or 10a) x (9 of Fiqure B.4) = (Ci/m, PCi/q, or dpm/100 cm?)

Addi tional Notes.

FIGURE B.Z2. I oow

Facil ies at - e Hanford Site - Example Problem 1

le Residual Contamination Level Worksheet for 115-F and 117-F




Table 5.2.2, as indicated by Step 4 of the worksheet, and are entered as
Item 7. The products of the entries in Items 6a and 7 are listed as

Item 8, with a cumulative total dose of 1.6 x 105 rem/yr given as Item 8a.
This is the dose that the potential resource-salvage individual could
receive if the facility were left contaminated to the level of Item 6b,

1.0 Ci/mé. The ratio of the unrestricted release annual dose limit

(0.0l rem) to the total in I ¢ s given - 1Item 8b as 6.2 x 10-8. This
value, multiplied by the entries in Item 6a, results in the ARCL values sum
to the ARCL for the mixture of 6.2 x 10-8 Ci/mé. The 1thematic check of
Item 9b indicates that no errors ' e propagated into the example.

Finally, beci se surface contamination calculations are being performed,
the conversion of the result to units of dpm/100 cm? is reported as

[tem 10a. The radionuclide contributing the dominant portion of the dose,
and thus controlling the total ARCL values, is 194Eu as seen by the entries
in Item 8 of Figure B.Z2.

The second ¢ 1ple problem considers the same radionuclides and ¢ cen-
trations as the first (now in pCi/g) for unrestricted use of unconfined
soil as shown by Items 4-7 of Figure B.3. The scenario-specific ARCL se
factors for this problem are obtained from Column 4 of Table 5.2.2 and are
entered in Item 7 of the worksheet. The products of the radionuclide
concentrations and ARCL dose factors are reported in Item 8, with a otal
of 7.4 x 10-3 rem/yr shown in Item 8a. The ratio of the annual dose limit
(0.01 rem) to Item 8a is shown in Item 8b as 1.3. The resulting ARCL
values for surface soil are reported in Item 9 with the total of 1.3 oCi/g
shown in 9b. The radionuclide contributing the dominant portion of the
dose, thus controlling the total ARCL for the mixture, is 90sr+D as seen by
inspection of the data entries in Item 8 of Figure B.3.

The entries in Items 6 or 6a of the worksheet are designed to be input
as curies (or relative curies) existing on or in the site at the time of
release. Thus, for restricted or controlled use, the input inventory is
that presently existing on the site. However, unrestricted use can occur
immediately, or at some time in the future at the end of restricted or
cot ~olled use. The radionuclide inventory would be decayed to some level

B.6
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Case Name:
ne: EXAMPLE PRo&LE m 2~ Unrectricted Release of surface Coul

Preparer's Hame: (&, €. Kea by , Tu.

Date Prepared: 6/23‘ N

Determination of ARCL Dose Factors to tnter From Table 5.2.7. Check one itse Moue and one Contamination Condition.
ontaminated Surfaces] Surtace Sl -

Use Mode/Contamination Conditio Ci/me edpm/ 100 cm? (1 /) /

Restricted Use U 0.5 rowm/yr Column | Colunn 4

Controlled tise 0 0.5 rem/yr ) column 2 Catumn 4

Unrestricted Use 0 0.01 rem/yr v 1 Column 3 l o lumn v

Radionuclides 6. Radionuciide ha. Radronuclide* 7. Scenario-Specifac R. Product of 9. ARCL - Product 10.

Constdered Concentrations Concentrations ARCL Oose Factors Calumns 6a & 7 of Column 6a &

frist) {Availanle +errm—or8. {Step &; rem/yr per: {rem/yr) ftem 8b

Units) Wi/g) —Foipalo®Ci/g ) (C1/w? or oCi/q)

Conversion

to dpm/100 cm?
Multiply Column 9
by 2.2 x 1010

2.

‘. 0.50 0.50 Q.RE-R Y2E-8 C.RE~

©3IN 0.05 0.05 5. 2E-Y 2.bE-S G.RE-2

2setb _p.os  _D.05 L 1E-| 56E-R _(.RE-2

374D O, 1D 0.10 2.3E-3 2.7E-Y LLYE-2

26y 0.5 .15 5,063 Z.5E- 2. 1E-1

|SK‘E‘A DLlS D'IS 5:%5'3 @alf-ﬂ 2.'&"[

Ab. Total: l L0 fa, Tatal: . HE -3 9a. Total:__|. 3 10a.
*May be taken from Decay Ab. Annual Dose Limit 9b. Check:
Correction Worksheet Nivided by 8a. 9a. Otvided by 6bh.
{ vib—e®0.01/F.4 €23) (1,8 +~ t.0)
= L 3 = Rh = 1. = 8b?
Yes v’
Present Gross Contamination Level Yielding Future ARCL of Item 9a: (Used only with Decay Correction Worksheet)
Product of Item 9a (or 10a) and Jtem 9 of Decay Correction Worksheet.
(9a or 10a) x (9 of Fiqure B.4) = (Ci/m?, PCi/q, or dpm/100 cm?)}
Additional Notes.
FI¢ RE B.3. A - I » Residual Contamination Level Hrksheet for 115-F and

Faciiities at the Hanford Site - Example Problem 2

Total:

117-F






lower than that existing today. The effect of radioactive decay on the
source inventory for a mixture can be determined using the worksheet shown
in Figure B.4. The decayed inventory, resulting from the Figure B.4
worksheet, is then used in the Figure B.l worksheet to determine the ARCL
v lue after radioactive decay. Decay periods of 100 years for Figure B.3
restricted use and 300 years for controlled use are sed for this study,
but any decay time (in years) can be used in the worksheet. The following
instructions explain how to use the Decay Correction Worksheet shown in
Figure B.4.

l. rase Name. Enter the name or numerical designation of the case
considered.

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

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

4, Radionuclides Considered. Enter the radionuclides considered in the

space provided. If additional space is required, use additional
worksheets.

wl
.

Present Contamination Level. Enter the present source inventory in
units of Ci/m¢ for surfaces or pCi/g for soils. This inventory is the

T = 0 inventory and can be given in relative or absolute amounts.

6. DNerav Constant. Enter the decay constant (yr‘l) for each radionucli
in the source inventory. A list of decay constants is shown at the
bottom of the worksheet,

7. Time in the Futura  The number of years of radioactive decay con-

sidered should be entered in Item 7. Note: The same number of years
should be antered for each radionuclide.

3. Decayed Contamination Level. The negative exponential of the product

of the entries in Items 6 and 7, times the entries in Item 5, is
reported in Item 8 as the decayed contamination level. This level
should be totaled in Item 8a and entered in the ARCL Worksheet

B.9




(Figure B.1) to determine the decayed ARCL value for the specific time
in the future considered.

As an example of this procedure, the soil contamination inventory of
Example Problem 2 is used in the Decay Worksheet with an assumed decay
period of 300 years. igure B.5 shows the resulting decay calculations as
Example Problem 3. The decayed contamination level for this mixture is
0.48 pCi/g in soil. This decayed contamination level is used in the ARCL
Work sheet to determine the unrestricted ARCL value for the Soil Contamina-
tion Example Problem after 300 years of controlled use. The resulting

calculations are shown in Figure B.6 as a continuation of Example
Problem 3.

The impact of radiocactive decay on the ARCL calculations can be demon-
strated by comparing the ARCL results for Example Problems 2 and 3 (see
Figures 3.3 and 8.6). At T = 0, the ARCL value is controlled by 90Sr+D,
but after 300 years of radicactive decay the ARCL value is influenced the
Tonaer-lived 63Ni. Since the scenario-specific ARCL dose factor for 63Nj
is less than the one for 90Sr+D, a higher contamination level can be
permitted. Thus, the ARCL for the mixture is 1.3 pCi/g at T = 0, while at
T = 300, the value is 680 pCi/g. The presently allowable contamination
level that will result in 680 pCi/g in 300 years is 1400 pCi/g.

Finally, the instrument response for the ARCL with field or labor :ory
equipment can be determined using the Instrument Response Worksheet shown
in Figure B.7. The following instructions explain how to use the Instru-
ment Response Worksheet shown in Figure B.7.

1. Case N. . Enter the name or numerical designation of the case
considered.,

2. onn:rer's Nai . Enter the name of the person preparing the Instru-
ment Response Worksheet.

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

B.10
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. Radionuclides 6.

Case Name: elﬁ!mm.(: P&o&- “» 3 (Co”+.n“n)_ CD(‘ftcho.

YueresTa Tao

TLENS @ ©F SURFACE

Preparer's Name: Ww.E , KE‘JNQD'{, T,

Date Prepared: Q/Q_})/gs

Determination of ARCL Dose Factors to Enter From Table 5.2.2.

SOII\

(op 300 76’0:‘5
(5€c CKAMPLE PROLLEM Y

Contaminated Surface Surface Soi)
Use Mode/Contamination Condition Ci/m? edpm/100 cn? (pC1/0) v
Restricted Use O 0.4 remlyr CoYumn 1 Column 4
Control led Use O 0.4 rom/yr Calunn 2 Colunn 4
Unrestricted Use O 0.0 rem/yr \/ Column 3 T oona v

Radionuclide 6a.

Radianucivde® 7.

Scenario-Specific

B,

Product of

(hech one llse Mudr and one Contamination Condition.

9. ARCL - Product

10.

ot Bad,omctive Decay:

Conversion
to dpm/100 cm?

Considered Concentrations Concentrations ARCL Donse Factors Culumps 6a 8 7 of Column 6a &
(List) (Available (Step 4, rem/yr per: {rem/yr) Item 8b Muitiply Column 9
(Fron FI‘\.S- 5) Units) pCi/q) [Ci/m or pCi/q])) (Ci/m or pCi/q) by 2.2 x 1010

N¢ 0.Y2 .2E-3 0L - IE+

Gx N, S.RE-R 5.2 - 2.8E-¢ T HE LD L
Regr+d 3.¥€E-S 1.1 B~ $1E-© 5.1E-2

[}

¥ D lLoe-y 2.2E-3 2.FE-F -4 E-(

StEy 9.0E-8 5. 0£-3 2.3€-lo 0 .YE-S

1€y 3.RE-IR 5.46-3 2.06-1S  5.3£-10

6p, Total: De Y XS Ra. Total: Z.2E-f  a. Total: HBO  10a. Total:
8b. Annua)l Dose Limit b, Check:

11.

12.

*May he t
re

aken from Deca -
on Worksheet

Present Gross Contamination Level Yielding Future ARCL of [tem 9a:

Divided by fa.

w05y 0.01/ 7. 26
. + = Ab

= lME*R

Product of Jtem 9a (or 10a) and Item 8 of Decay Correction Worksheet.

(9a or l0a) Gﬁo x (9 of Figqure 8.4)

Additional Notes.

Allc

FIG f B.6.
Faci

b
pY

2.0p

=_1Yoo

Res¢ dual

9a. Divided by 6b.

(68D  + 0,445)

= LYES = Bb? 7
HYes

{Used only with Decay Correction Worksheet)

(Ci/m?, PCi/a, or dpm/100 cmd) o

ontamination Level Worksheet for 115-F and 117-t
s at the Hanford Site - Example Problem 3
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1. Case Name:

2. Preparer's Name:

3. Date:

4. Radionuclides 5. ARCL 6. Alpha, Beta or 7. Intensity 8. Detector 9. Sampling 10. istrument
Considered ( dpm/100 Gamma Energies (Fraction) Efficiency Efficiency Response (1tems
(List) or pCi/q) (MeV) (Fraction or (Fraction) 5x7 x8 x9)

_ cpm/pCi/g) {counts/minute)
5a. Total 10a. Total

FIGURE B.7. Instrument Response Worksheet
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10.

Radionuclides Considered. Enter the radionuclides considered in the

space provided. If additional space is required, use additional
work sheets.

APF', Enter the ARCL values for each radionuclide in the mixture and
enter the total in Item 5a. Note: These values are obtained from
Items 9 or 10 of the ARCL Worksheet (Figure B.l).

Alpha, Beta or famma Energies. Enter the alpha, beta, or gamma

energies (in MeV) per disintegration for each radionuclide. Note:
Identify the type of particle or photon for each ergy.

Tntensity. Enter = e intensity of each alpha, beta, or gamma energy
per disintegration for each radionuclide. Note: This shot d be a
fraction < 1.0.

Detector Eif ‘ciency. Enter the detector efficiency for each typoe of
particle or photon for each radionuclide. Note: This should be a
fraction <1.0.

sampling Fffiriencv, Enter the sampling efficiency for the procedure

used. Note: mear samples of removable surface contamination,
this fraction will be <1.0.

Instr Resporce, The instrument response for each alpha, beta, or
gamma is determined by multiplying the values shown in [tems 5, 7, 8
and 9. The total instrument response for the mixture is the sum of

the values shown and reported in Item 10a.

The successful completion of this worksheet relies upon the develop-

ment of an instrument calibration curve for each type of pi :icle or | »ton

nver a range of decay energies. As an example of the use of this

worksheet, the :ta energy calibration curve, developed in a previous study
for a smear-sample detection system, is assumed (Kennedy et al. 1981). The
detection system consists of an Eberline Model No. MS-2 miniscaler with a

beta-type scintillation crystal. This system is semiportable and can be

used onsite for smear-sample analysis. The energy calibration curve was
developed using 14c, 997c, 36¢1, 21084, and 234pa sources of known

B.14
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strength. The resulting calibration curve (Figure B.8) shows counting
efficiency (%) versus energy for beta emitters. The efficiencies range
from 10% for l4C to about 45% for 36C1. The example of the use of this
worksheet relies on the mixture of beta emitters considered in tI first
example problem. This mixture consists of 14C (50%), 63Ni (5%), 90Sr+D
(5%), 137Cs+D (10%), 152Eu (15%), and 154Eu (15%). The resulting ARCL for
removable surface contamination for this mixture from Example Problem 1 is
reported as 1400 dpm/100 cm? (see Figure B.2). These radionuclides, their
contribution to the total ARCL (from Figure B.2), their beta energies and
their beta intensities are entered in the Instrumentation Worksheet
(Figure B.9). For this example, the smear samples are assumed to remove
10% of the surface contamination, thus 0.1 is entered for each radionuclide
and beta in Item 9. The product of Items 5-9 is entered in Item 10 for
each beta, with the total detector response shown in Item 10a.

The resulting instrument response is 28 counts per minute above
background. The overall detection efficiency for this instrument and
procedure is 28/1400, or about 2%. It should be noted that this instrument

60
2
5
Z 40 |-
w
o
s
[
w
g
z ~
z 2 ~
2 >
2345
0 o l |l l
¢} 1.0 2.0

BETA ENERGY (MeV)

FIGURE B.8. Calibration Curve for the Eberline MS-2
Miniscaler and Beta-Type Scintillation
Probe
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. Date: 6/23/%3

. Preparer's Name: W.E. Kewmweoy  Te
N .

“?

. Case Name: Cywump g Proa, em Y — berm /00 cm* Fom Exampes PlaaLF»n 1

. Radionuclides 5. ARCL 6. Atpto, Beta er 7. Intensity 8. Detector . Sampling . Instrument
Considered (df 100 cm2 Lomma—Energtes (Fraction) Efficiency Efficiency Respanse {Items
(List) or pCi. (MeV) (Fraction or (Fraction) 5x7 x8x9)

com/pCi/g) (counts/minute)
Me G.2E*2 0.156 Lo 0.10 ©.10 6.2
3N G BE +1 0.066 1. O U.05 0.0 0.6%
a0c ~+D . =+ O .5Y¢ .o 0. %0 0.10 2.7
b.BET 2.2% l.o 0.1y 0.10 0.as
ASE |.NE+2 .51 p.as 0.39 .10 5.2
boEe2 .2 0.05 0.26 p.lo 0 .25
"“Ten 21E+2 0.6%% (0.7 0.42 0.10 (.3
Sley 2 Er2 0225 l. o 022 0.0 4. G
Sa. Total . S+3 10a. Total 2§
FIGURE 9. Instrument Response Worksheet - Example Problem 4
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is not a "standard" instrument used for field surveys at the Hanford

Site. A similar calibration procedure should be conducted to determine the
instrument response for the pancake GM probe. Two major differences are
apparent with the use of the pancake GM probe instead of the Eberline beta-
type scintillation system. First, 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.

B.17
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