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ABSTRACT

This report contains the results of a study sponsored by the U.S.
Nuclear Regulatory Commission (NRC) of removable surface contamination
on radioactive materials transportation containers. The purpose of the
study is to provide information to the NRC during their review of exist-
ing regulations. Data was obtained from both industry and literature on
three major topics: 1) radiation doses, 2} economic costs, and 3) con-
tamination frequencies. Containers for four categories of radioactive
materials are considered including radiopharmaceuticals, industrial
sources, nuclear fuel cycle materials, and Tow-level radicactive waste.
Assumptions made in this study use current information to obtain realis-
tic yet conservative estimates of radiation dose and economic costs.
Collective and individual radiation doses are presented for each con-
tainer cateqory on a per container basis. Total doses, to workers and
the public, are also presented for spent fuel cask and low-level waste
drum decontamination. Estimates of the additional economic costs
incurred by lowering current limits by factors of 10 and 100 are pre-
sented. Current contamination levels for each category of container are
estimated from the data collected. The information contained in this
report is designed to be useful to the NRC in preparing their recommen-
dations for new requlations.
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1., INTROBUCTION

In a report by the Comptroller General of the General Accounting Office
(GAQ) to the Congress (May 7, 1979), it is stated that "Federal actions
are needed to improve safety and security of nuclear materials trans-
portation." The GAO further stated that:

"Over 2 million packages of radioactive materials are shipped
each year. The Nuclear Regulatory Commission estimates that
shipments will more than double to about 5.5 miilion annually
by 1985. . . GAO recommends several changes to existing pro-
cedures that would improve safety and strengthen the security
of nuclear shipments."

The GAQ specifically recommended that the chairman of the NRC and the
Secretary of Transportation should "reduce permissible contamination
levels for packages and vehicles to Tevels compatible with what industry
can reasonably achieve." This report contains the results of a study
sponsored by the U.S. Nuclear Regulatory Commission (NRC} to provide
information about removable surface contamination levels on radicactive
materials transportation containers. It also provides a general over-
view of the current status of removable surface contamination relating
to the transport of radiocactive materials. The information is based on
data collected from both industry and 1iterature, and addresses three
major topics: 1) radiation doses, 7) economic costs, and 3) contamina-
tion frequencies. Containers for four categories of radicactive mate-
rials are considered including radiopharmaceuticals, industrial sources,
nucTear fuel cycle materials, and low-level radioactive waste.

1.1 Purpose
The purpose of this study is to develop current information regarding re-

movable surface contamination on shipping containers under existing regula-
tions and to explore the impacts of regulatory change. This study was
authorized to provide data to be used by the NRC in determining what
reduced contamination levels can be "reasonably achieved" by industry.
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It is not the purpose of this report to recommend such 1imits; however,
data is provided on the estimated radiation doses and economic costs for
a range of levels from 10 times the current limits down to 1% of the
current limits.

1.2 Current Regulations

Current regulations concerning removable surface contamination on radio-
active materials transportation containers are given in the U.S., Code of
Federal Regulations, Title 49 part 173, 49 CFR 173 {1979). Removable ‘
contamination is considered to be significant if the contamination level
averaged over 300 cm2 of container surface exceeds the values given in
Table 1.2-1.

In addition to the maximum permissible tevels listed in Table 1.2-1,

the regulations state that "a sufficient number of measurements must be
taken in the most appropriate locations so as to yield a representative
assessment of the contamination situation". Also, it is stated that the
removable contamination level may be determined by using an absorbent

2 of
surface area), and then measuring the activity on the wiping material,

material to wipe the surface with moderate pressure {over 300 cm

It may be assumed that the levels in Table 1.2-1 are not exceeded if the
measured activity (per cmz) does not exceed 10 percent of those

levels. For exclusive use shipments, as defined in 49 CFR 173,389(c)
(1979), the removable contamination levels may not exceed 10 times the
levels shown on Table 1.2-1. If such exclusive use shipments are made,

a final radiation survey must be performed after each use. The results

of this survey must indicate a radiation dose rate at any accessibie sur-
face of 0.5 millirem per hour or less, and removable surface contamination
below the maximum permissible levels shown in Table 1.2-1 before the
vehicle can be returned to service.
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TABLE 1.2-1 Current Removable Surface C?ntamination Limits for
Transportation Containers{2

Maximump Permissible LevelUﬂ
Contaminant uCi/cm dpm/cm

Natural or Depleted Uranium and
Natural thorium:
Beta-Gamma . . . . 107° 2200
Alpha . . . . . 10 220

A1l Other Beta-Gamma Emitting
Radionuclides . . . . 10°% 220

A1l Other Alpha Emitting

Radionuclides . . . . 10 22

(a)ag CFR 173.397 (1979).
(b)For exclusive use shipments, these levels may be increased by a factor of 10.

1.3 Application of Data
The information contained in this report is designed to be used by the

NRC in their review of current regulations. While we have had to make
many assumptions in both the radiation dose and economic analyses, we
have based these assumptions on current information obtained from both
industry and the literature to obtain realistic yet conservative
estimates.

The radiation dose evaluation contains a discussion of the exposure
pathways, scenarios, models, and results obtained for exposures result-
ing from removable surface contamination on transportation containers,
The potentially significant exposure pathways considered are ingestion,
inhalation, and direct exposure. Radionuclides are selected for each
category of container based on the maximum permissible concentration in
air, (MPC),. -In some cases, a comparison is made of doses between high
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and low toxicity radionuclides. The doses are calculated to "composite"
workers, individvals, and population groups by summing the doses over
all exposure pathways and scenarios. The resulting doses tend to be
conservatively large since different individuals may be exposed by each
pathway however, the results are believed to be valid for estimating
collective doses. For the containers that may be transported as exclu-
sive use shipments, only secondary exposure pathways to the public are
considered. That is, a 1imited population group (of 10 people) is
assumed to ultimately ingest a small fraction of the total surface con-
tamination that remains on truck surfaces. Graphs of weighted total
body dose versus contamination level are included. The results of an
analysis of the potential dose impacts from decontamination of spent
fuel casks and low-Tevel radiocactive waste drums are also plotted. From
these plots the total collective doses to workers and the public associ-
ated with a full year of operation at a specific removable surface con-
tamination 1imit can be calculated. This can be done by estimating the
total dose per container at a given contamination level and multiplying
by the total number of containers of a specific category shipped per
year. In this manner, the relative impact of different surface contam-
ination 1imits can be estimated and compared for each container
category.

The economic cost analysis presents estimates of direct costs based on
current industry estimates. Three basic contributors to direct costs
are examined: 1) monitoring time costs, 2} instrumentation capital
costs, and 3} decontamination costs. A primary cost component of moni-
toring is the amount of time required to analyze a sample. The amount
of time depends upon the level of the background radiation, the specific
activity of the radicactive isotopes, the types and energies of the
radiation emitted, and the detector efficiency of the instrument used.
Costs are estimated for various instrumentation and condition-specific
scenarios. Instrumentation costs are developed from manufacturer price
Tists and estimates obtained from industry contacts, Decontamination
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costs are estimated for spent fuel casks and low-level waste drums and
then added to the other direct cost factors to determine the total
direct cost impacts of reducing allowable removable surface contamina-
tion limits. An estimate of the annual direct cost impacts of reduced
removable surface contamination 1imits down to 10 percent or 1 percent
of current limits can be made for each type of container. This can be
done by multiplying the estimated additional cost to achieve a given
limit (per container) times the number of containers shipped per year.
This procedure will result in a rough estimate only since many assump-
tions have been made in support of the overall economic cost analysis.

The frequency distribution analysis determined removable surface contam-
ination levels from hundreds of containers measured in the field during
this study. The data, collected from shipping records and actual smear
samples taken from containers being transported, was collected during
field trips to representative industries. Both alpha and beta-gamma
data were collected for all four categories of containers considered.

In order to quantify the amount of radiation detected over a given
amount of time, a scaler was used instead of a count-rate (or dose-rate)
meter. Contamination frequency distributions are given that relate the
number of samples coliected to the observed or reported removable sur-
face contamination level. From the data we collected, it appears that
only spent fuel casks currently have contamination levels that are fre-
quently greater than 1% of the current limits. The number of spent fuel
casks requiring further decontamination due to reduced limits, can be
estimated from the percent of the casks in excess of the reduced limit
and the number of shipments occurring per year,

By combining the results of the radiation dose evaluation, economic cost
analysis, and frequency distribution analysis, predictions can be made of

the overall impact of reducing removable surface contamination limits. For
an assumed reduction in the l1imits, the number of containers shipped that are
in excess of the reduced Timit for each container category can result using
the frequency distribution data, From this information and the dose-per-
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container estimates discussed in the radiation dose evaluation, estimates
of the total dose reduction associated with the assumed reduced limit can
be made. Estimates of the total cost impacts for the same reduced limit
can result using the cost-per-container data. Thus, a comparison can be
made of the estimated dose and cost impacts associated with an assumed
reduction in the 1imits. Estimates of the overall dose and cost impacts
made from the data contained in this report should be useful in reviewing
the basis of current removable surface contamination 1imits and in pre-
paring recommendations for future 1imits.
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2. GENERAL FINDINGS AND SUMMARY OF RESULTS

The general findings and a summary of results obtained in this study of
removable surface contamination on radiocactive materials transportation
containers are presented in this chapter. The categories of containers
considered are for radiopharmaceutical, industrial source, nuclear fuel
cycle material, and low-level radioactive waste shipment. Basic analy-
sis is provided for radiation dose, economics, and contamination fre-
quency. The principal findings and results given in this chapter are
discussed in greater detail in Chapters 3 through 5 of this report.

2.1 General Findings

Based on our investigation and analysis of removable surface contamina-
tion on radioactive materials transportation containers, we have found

that currently the radiation doses, costs, and contamination levels are

all quite low. Reducing the limits by factors of 10 or 100 may have a

cost impact without causing a significant savings in dose. When decontami-
nation of a container surface is required, the total collective dose may
actually increase since the additional dose to workers from the contents

of the shipping containers during decontamination greatly exceeds the
reduction in public dose.

On a per container basis at current Oepartment of Transportation (DOT)
1limits, the collective occupational and public weighted total body 50-
year committed dose equivalents for either alpha or beta-gamma contami-
nation are all less than 3 x 10°3 man-rem for all types of containers.
This finding is based on the results of our radiation dose evaluation
which attempted to obtain conservative, yet realistic, doses.

Direct economic costs are estimated by considering monitoring time, instru-
mentation equipment, and decontamination costs. Lowering the limits by
factors of 10 or 100 would sharply increase these total direct costs. Addi-
tionally, indirect costs caused by delays in production or shipping schedules
and further decontamination could add significantly to the total shipping
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cost. The largest direct cost element caused by reduced limits is to
the monitoring time cost (labor}, especially when alpha monitoring is
reguired.

Surface contamination data collected in this study from about 500 con-
tainers of various types indicates that actual removable surface contam-
ination levels are quite low. For all types of containers except spent
fuel casks, our data indicates that these levels are generally less than
1% of the current Timit. The majority of spent fuel shipments (about
70%) appear to have contamination levels less than 10% of the current
limit., Spent fuel casks would require further decontamination efforts
if the surface contamination limits are reduced.

The problem of spent fuel cask sweating does not appear to be a signifi-
cant problem at current limits; however, due to of the lack of available
data on this topic prediction of the impacts associated with reduced
surface contamination limits is not possible.

2.2 Summary of Results

The principal results obtained during the radiation dose evaluation,
economic cost analysis, and contamination frequency distribution analy-
sis are discussed in the following sections. More detailed information
about the specific methods and assumptions used to obtain these princi-
pal results are given in the chapters that follow.

2.2.1 Radiation Dose Evaluation
The potentially significant exposure pathways considered include direct

external exposure and internal exposure via ingestion, and inhalation,
Calculations indicated that direct exposure {from surface contamination
only) was a minor contributor to the total dose, and it is not reported
in the total dose tables or in the results presented here. Ingestion
doses are calculated based on assumptions that compare with those made
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in previous studies. These assumptions deal with the fraction of the
total removable surface contamination that can be ingested by workers
and members of the public.

Inhalation of contaminants is assumed to result when contamination
becomes airborne by the mechanisms of resuspension, incineration of con-
tainer materials, and inhalation directly from contamination transferred
- to the hands. Since data on the physical and chemical characteristics
of airborne contamination from containers is currently unavailable,
assumptions are made so that radiation dose can be estimated.

Reference transportation containers are defined for each of four cate-
gories of containers considered. Reference radionuclides are selected
for each container category based on the maximum permissible concentra-
tions in air, (MPC)a. In some cases a comparison is made between the
most restrictive radionuclide and a less restrictive radionuclide to
demonstrate a possible range of dose impacts, For spent nuclear fuel,
reference beta-gamma and alpha mixtures are defined for use in the dose
calculations.

First-year radiation dose equivalents and fifty-year committed radiation
dose equivalents are calculated for "composite" workers, individuals,
and population groups. These composite persons are defined in an
attempt to obtain reaiistic yet conservative radiation dose estimates.
They are caiculated by summing the doses over all pathways and
scenarios, even though different individuals may be exposed by each
pathway. For ease of comparison, weighted total body doses are reported
for the composite workers, individuals, and population groups defined
for each container category.

The radiation doses from optional exposure pathways are considered by

applying weighting factors. For example, we have assumed that 5% of
empty radiopharmaceutical containers are released to the public, 55% are
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incinerated, and 40% are disposed of as low~level radioactive waste.
Thus, total doses are found by summing the weighted fractional compo-
nents of each optional use.

The results of this study are summarized graphically for each category
of containers in Section 3.6 of Chapter 3. An example of these summary

figures is shown in Figure 2,2-1 for Tow-level radioactive waste. The
dose relationships for 239Pu, 9OSr, 1291, and 6OCo are shown to demon-
strate a range of radionuclide dependent doses. Collective doses to
both workers and a 1imited population group are shown to be less than

3 x 10-3 man-rem per container shipped at the current DOT Limits. For

90 1291‘

comparison, calculations are made for two beta emitters, ““Sr and

From the results shown in Figure 2.2-1, both the weighted total body

occupational dose and the public dose for %0

129

Sr are larger than the cor-
responding doses from [. Complete results for the other categories

of containers and their exposure scenarios are given in Chapter 3.

Several factors influence the analysis of radiation doses from decontam-
ination, including: the exposure rate to workers from the contents of
the container being decontaminated, the radionuclides considered in the
surface contamination dose calculations, the surface contamination level
at the start of decontamination, and the decontamination factor associ-
ated with the technique used. The impacts of these factors on the total
collective radiation dose (in man-rem) from decontamination of spent
fuel casks and low-level radioactive waste drums are shown in Chapter 3.
An example of the relative impacts of several of these factors are shown
in Figure 2.2-2. This figure also shows the occupational and public
components of the total dose. For the data shown in Figure 2.2-2, the
optimum point between total dose and decontamination time is found where
minimums in the curves occur. The only minimum that occurs is for the
lowest direct exposure rate {1 mrem/h). Thus, no total dose reduction
occurs for higher direct exposure rates. A decision on the importance
of surface decontamination should be made by weighing an increase in
occupational exposure against the potential savings in public dose.
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acquire skin contamination from container surfaces, and 3) exposure to

workers from the container contents during surface decontamination
operations.,

Radiation exposures are calculated by multiplying calculated dose rates
by the exposure times for each container category. The dose rates are
calculated using the ISOSHLD computer program (Engel et al. 1966). The
ISOSHLD program uses point kernel integrations and programmed analytical
solutions to calculate dose rates for various geometries. The following
sections contain discussions of the three direct exposure pathways
considered in this study.

3.1.3.1 Surface Contamination

The exposure to workers or individuals from surface contamination is
calculated by multiplying the exposure rate for each scenario by the
total time of exposure. The following assumptions are made to help

define direct exposure from surface contamination:

e [Each worker spends 30 minutes at an average distance of 1 m from
each container.

e For containers released to the public, individuals spend 10 hours
at an average distance of 1 m from each container,

3.1.3.2 Skin Contamination

Radioactive contamination may be transferred from the surface of con-
tainers to skin during handling. The skin area that will most probably
be contaminated is the surface of the hands. The ICRP has set a maximum
permissible dose of 75 rem/year to the hands {ICRP 1966)., Previous
studies have defined permissible skin contamination by calculating the
level of contamination that would deliver this dose rate to the basal
layer of the skin {Gibson and Wrixon 1978; Dunster 1962). However, it
is unrealistic to assume that skin contamination may be present contin-
uously at the maximum permissible level. It is quite difficult to model
the behavior of skin contamination on a per-container basis since the
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skin area contaminated, contamination level, and duration of exposure
are all subject to uncertainity. It is also difficult to relate skin
contamination on the hands to total body dose since only isolated small
areas of the body are involved. Thus, because of previous work and the
uncertainties involved, no attempt is made in this study to calculate
the dose to the hands from skin contamination., As shown in previous
studies, the total body dose resulting from skin contamination is
assumed to be negligible compared to the total body doses from ingestion
and inhalation,

3.1.3.3 Decontamination
Additional decontamination to lower the levels of surface contamination

is considered for some of the categories of containers defined in this
study. For these containers, the additional occupational exposure
received during decontamination should be weighed against the savings

in occupational and public exposure resulting from lower surface contam-
ination levels. The following assumptions are made to help define the
occupational exposure received during decontamination:

e The direct exposure rates are controlled by the contents of the
containers and are assumed not to exceed current DOT limits.

e Each worker is located at an average distance of 1 m from the
container being decontaminated.

e The exposure rates and duration of operations are based on obser-
vations of industrial procedures as defined in the radiation
exposure scenarios of this study.

3.2 Radiopharmaceuticals
Because of the many diagnostic and therapeutic uses of radiopharmaceuti-

gcals, it is impossible to select the radiopharmaceutical of most concern
without first reviewing the most common ones in use today. Table 3.2-1
contains a listing of twenty common radiopharmaceuticals and their phys-
jcal half-1ives, Also included in this table are the maximum permissi-
ble concentrations in air, (MPC},, for a continuous (168-hour per week)
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TABLE 3.2-1. Common Radiopharmaceuticals

Physicq] (a)
Half-Life (MPC)4

Radiopharmaceutical {Days) { Ci/m )
14¢ 2.1 x 108 1 x 107
18¢ 7.6 x 1072 9 x 1078
¥ca 1.6 x 101 1x107°
Sle, 2.8 x 10° 8 x 1078
e 4.5 x 100 2 x 1077
7to 2.7 x 10° 6 x 1077
64, 5.4 x 107° 4 x 1078
7856 1.8 x 10° 4 x 107
755e 1.2 x 102 4 x 107
9Im. 2.5 x 107} 5 x 10~/
113m, 7.1 x 1072 2 x 1077
125, 6.0 x 10" g x 10711
131, 8.1 x 10° 1x 10710
133Ke 5.3 x 100 3 x 1077
1974 2.7 x 10 4 x 1078
138, 2.7 x 10° 8 x 107
2014 3.0 x 10° 3 x 1078
2034 4.6 x 101 2 x 1079
203p), 2.2 x 10° 6 x 1078
206g 5 6.2 x 10V 5 x 1077

(a) The {MPC), values are from Table II, Column 1 of 10 CFR 20, 1980,
and are for the smallest value of either Soluble (S) or Insoluble
(I} forms.

exposure (10 CFR 20). It should be remembered that the optimum radionu-
clide for a specific in vivo medical use is determined by considering

both the types of radiation emitted and the chemical form used. Also,
jt is difficult to determine the relationship between the chemical form
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and the properties of the contamination on the surfaces of transporta-
tion containers. Therefore, the decision of which radiopharmaceutical
to use in the radiation dose analysis is made based on the radiotoxicity
as indicated by the (MPC)a from 10 CFR 20. From the data listed in
Table 3.3-1, 12°1 has the most restrictive (smallest) value of (MPC) ,,
and gngc has the least restrictive (largest) value. As a comparison,

radiation doses are calculated for both of these radiopharmaceuticals.

Radiation doses from surface contamination on containers used to trans-
port radiopharmaceuticals are calculated and presented in the following
sections. First, a reference radiopharmaceutical container design is
defined, The reference container design is then used to help define the
radiation exposure scenarios used in the dose calculations. Finally,
the calculated doses are presented on a per-container basis for a con-
tamination level equal to current DOT limits,

3.2.1 Reference Radiopharmaceutical Container

A wide variety of containers are used to ship radiopharmaceuticals from
the manufacturer to hospitals or research laboratories. Most of these
containers are made of cardboard and their size varies among
manufacturers for different radiopharmaceuticals. For this study, a
reference container, similar to containers used to ship gngc genera-
tors, is defined and used in the radiation dose scenarios. This con-
tainer is defined to be cubic with side dimensions of 0.61 m. The total
surface area on the outside of the container is 2.2 me. The reference
container is selected as being representative of the containers used
today, and no further attempt is made to model the specific differences

found in container design.

3.2.2 Radiopharmaceutical Radiation Exposure Scenarios
Radiation exposure scenarios for radiopharmaceutical containers are

defined in this section for each exposure pathway considered. These
scenarios define the composite transportation worker, individual in the
public, and population group for each radiopharmaceutical container.
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Total occupational doses are estimated by assuming that there are four
individuals who are exposed equally at the same level as the composite
individual transportation worker. For the public, three basic situa-
tions are considered: empty containers that are released to the public
(5% of the total), empty containers that are disposed of by the
receiver by incineration {(55% of the total), and empty containers that
are disposed of as low-level radioactive waste {40% of the total). The
following sections contain the radiopharmaceutical exposure scenarios
for direct ingestion, inhalation, and direct exposure.

3.2.2.1 Direct Ingestion
Specific assumptions for direct ingestion are discussed in Section

3.1.1. Workers are assumed to ingest 5 x 10°° n? of surface contamina-
tion from the container. An individual in the public is assumed to use
an empty container at home and ingest the contamination from

1.0 x 10'3 m2 of surface as defined in Section 3.1.1. Again, only 5%
of the packages are assumed to be released to the public, and 55% are
incinerated with 40% disposed of as low-level radioactive waste. This
amount of ingestion is assumed to account for all pathways from the
container surface to the mouth including transfer from hands, food-
stuffs, cigarettes, and truck surfaces with secondary transfer to items
entering the mouth. The composite individual in the pubTlic is also
assumed to be a member of the composite population group.

3.2.2.2 Inbhalation
Specific assumptions for inhalation are discussed in Section 3.1.2. For
resuspended material from the container surface, the local air

concentrations {in Ci per m3) are found using Equation 3.1. Where @
equals the surface contamination level (in Ci/mz), the resulting air
concentrations are calculated to be: [1.4 x 1078 o ] in the shipping

6. g ] in the closed transport vehicle, and

or receiving room, [1.9 x 10~
[9.2 x 10"6 - 0] in a room at a private family dwelling. Again, it is
assumed that only 5% of all containers are released to the public after

their use. For incineration, it is assumed that it takes 3 minutes to
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burn the cardboard shipping container, and that the plume travels in a
straight-1line direction downwind at ground level in one sector (22.5
degrees). Atmospheric dispersion factors are found for the population
at each of 10 downwind distances out to 80 km from Figures 3A and 3B in
Reg. Guide 1.3. It is assumed that a constant population density of 150
people per km2 are exposed in the downwind sector, for a total popula-
tion of 1.9 x 105. With these assumptions, integrated air concentra-
tions are calculated. The resulting air concentrations (in people
Ci/m3) for incineration are: [ 3.7 x 10_7-52 ] and {1.5 x 10-6 .« 2] for
the individual (located 100m downwind) in the public and the population
group. Again, 9 is the surface contamination level (in Ci/mz). No
workers are assumed to be exposed during incineration, and only 55% of
all containers are assumed to be incinerated, For direct inhalation
from container surfaces, the assumptions are listed in Section 3.1.2.3.
Workers are assumed to inhale the equivalent of 5.0 x 10'5 m2 of surface
contamination, and an individual in the public is assumed to inhale the
equivalent of 1.0 x 1073 i of surface contamination. Only 5% of all
containers are assumed to be released to the public. The individual who
takes home the container is included as part of the composite population

group.

3.2.2.3 Direct Exposure
The details of the direct exposure calculations are discussed in Section

3.1.3. Each transportation worker spends 30 minutes at an average dis-

tance of 1 m from the container, and the individual in the public spends
10 hours at an average distance of 1 m. No decontamination exposure is

considered for this case.

3.2.3 Radiation Doses from Radiopharmaceutical Transportation

Containers
The results of radiation dose calculations performed for the surface
contamination exposure scenarios for radiopharmaceutical containers are
presented in Tables 3.2-2 through 3.2-4. These doses are calculated
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TABLE 3.2-2. Individual and Collective Doses to Composite Workers from Surface Con-
tamination - Radiopharmaceutical Transportation Containers (at 10-4 uCi/cm?)

;. kirst-Year Dose Equivalent (rem) 50sYear Committed Dose Equivalent (rem)
Weignted' Weighted' '
Radionuclide/Pathway Total Body Sone Lung Thyroid Total Body Bone Lung Thyroid
1257
Inhalation
Loading/Unloading 1.7 x 10-8 ---{b) 2.1 x10-10 5.8 x10-7 1,7 x 10-8 ---(b} 2.1 x 10-10 5.8 x 10-7
Closed Yehicle 2.4 x 10-8 - 2.9 x 10-10 7.9 x 10-7 2.4 x 10-8 - 2.9 x 10-10 7.9 x 10-7
Direct From Hands 3.6 x 10-10 - 4.2 x 10-12 1.2 x 108 3.6 x 10-10 a—- 4.2 x 10-12 1.2 x 10-8
Ingestion 2.4 x 10-5 e --- 8.0 x 10-5 2.4 x 10-5 --- --- 8.0 x 10-5
Total Composite 2.4 x 10-6 - 5.0 x 10-10 8.1 x 10-5 2.4 x 10-6 - 5.0 x 10-1¢ 8.1 x 10-5
Worker
Total Occupational{c! g5, 10°f - 2.0 x 1079 3.3 x 10-4 9.8 x 10-b - 2.0 x 10-2 3.3 x 10-%
{man-rem)
99mT,
inhatlation
Loading/Unloading 3.0 x 10-19 8.0 x 10-1% 2.5 x 10-9 .- 3.0 x 1010 g0 x 10-1%4 2.5 x 10-9 .-
Closed Vehicle 4.1 x 10-10 1.1 x 10-13 3.4 x 10-9 --- 4.1 x 10-10 1.1 x 10-13 3.4 x 10-9 ---
Direct From Hands 6.0 x 16-12 1.6 x 10-15 5.0 x 10-11 - 6.0 x 10-12 1.6 x 10-15 5,0 x 15-11 -
Ingestion 1.4 x 10-12 1.2 x 10-11 -— -— 1.4 x 10-12 1.2 x 10-11 --- ---
Total Composite 7.2 x 10710 1,2 x 10-11 5.0 x 10-9 --- 7.2 x10-10 1.2 x10-11 6.0 x 10-9 ---
Worker
Total Occupationallt) 2.9 x 19-9 4.9 x 10-10 2.4 x 10-8 - 2.9 x 10-9 4.9 x 10-11 2.4 x 10-8 .-
(man-rem}

{a) Weighted total body doses are found by summing (over the reference organs} the products of the organ-specific doses and
the weighting factors discussed im ICRP 26 (1977}, The weighting factors used are 0.12 for Bone, 0.12 for Lung, and 0.03
for thyroid.

{b) A dash indicates that mo organ data was available for this radionuclide.

{c) Based on the assumption that the total occupational dose is four timeslarger than the composite worker's dose.
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TABLE 3.2-3. Doses to the Composite Individual in the Public from Surface Con-
tamination - Radiopharmaceutical Transportation Containers (at 1074 uCi/cm?)

, First-Year Dose Equivalent (rem) S0yYear Committed Dose Equivalent {rem)
Welghted' >’ Weighted '’
Radionuclide/Pathway  Totazl Body Bane Lung Thyroid Total Body Bone Lung Thyroid
125
Inhatlation
Private Family 1.2 x 10-7 ---(b} 1.4 x 10-9 3.9 x 106 1.2 x 10-7 ---(b) 1.4 x 10-9 3.9 x 10-6
Dwelling
Incineration 2.4 x 10-10 - 2.8 x 10-12 8.0 x 10-% 2.2 x 10-10 - 2.8 x 10712 5.0 x 10-9
Oirect From Hands 3.6 x 10-10 - 4.2 x 10-12 1.2 x 10-8 3.6 x 10-10 - 4.2 x 10712 1.2 x 10-8
Ingestion 2.7 x 10-6 --- - 9.0 x 10-5 2.7 x 10-6 - --- 9.0 x 10-5
Total Composite 2.8 x 10-6 --- 1.4 x 10-9 9.4 x 105 2.8 x 10-8 --- 1.4 x 10-9 9.4 x 105
Individual
9my,
Inhalation
Private Family 1.8 x 10-9 5.5 x 10-13 1,5 x 1p-8 .- 1.8 x 10-9 5.5 x 10-13 1.5 x 10-8 -
[welling,
Incineration g.0 x 10-12 2.1 x 10-15 5.7 x 10-U1 - 8.0 x 10-12 2.1 x 10-15 6,7 x 10-11 -
Direct From Hands 6.0 x 10-12 1.6 x 16-15 5.0 x 10-11 - 6.0 x 10-12 1.6 x 10-15 5.0 x 10-11 —--
Ingestion 7.2 x10-12 6.0 x 1071} --- --- 7.2 x 10712 B0 x 10-11 S ---
Total Composite 1.8 x 10-9 6.1 x 10-11 1.5 x 10-8 --- 1.8 109 6.1 x 10-11 1.5 x 10-8 -
Individual

{a) Weighted total body doses are found by summing {over the reference organs} the products of the organ-specific doses and
the weighting factor discussed in 1CRP 26 {1977}, The weighting factors used are 0.12 for bone, 0.12 for lung, and 0.03
for thyroid. .

fb) A dash indicates that no organ data was available for this radionuclide.
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TABLE 3.2-4.

Collective Dose to the Composite Population Group from ?urface Contam-

ination - Radiopharmaceutical Transportation Containers

, First-Year Dose Equivalent (man-rem)

a) (at 104 uci/cm?)

50y¥ear Committed Dose Equivalent {man-rem)

Weighted'™’ Weighted'
Radionuclide/Pathway Total Body Bone Lung Thyroid Tota) Body Bone Lung Thyroid
1251
Inhalation
Private Family 1.2 x 10-7 ---(e) 1.4 x 10-9 3.9 x 10-6 1.2 x 10-7 ---{c) 1.4 x 109 3.9 x 10-6
Dwelling
Incineration 1.0 x 10-9 - 1.3 x 10-11 3.5 x 10-8 1.0 x 10-9 - 1.3 x 10-11 3.5 x 10-8
Direct From Hands 3.6 x 10-10 --- 4.2 x t0-12 1.2 r 108 3.6 x 10-10 --- 4,2 x 10-12 1.2 x 10-8
Ingest jon 2.7 x 10-6 a-- --- 9.0 x 10-5 2.7 x 10-6 --- --- 9.0 x 10-5
Total Composite 2.8 x 10-6 — 1.4 x 10-9 9.4 x10°5> 2z ax10-% . 1.4 x 10-9 9.4 x 10-5
Population
99m7,
Inhatation
Private Famiiy 1.8 x 10-9 .5 x 10-13 1.5 x 10-8 — 4.5 x 10-10 .5 x 10-13 1.5 x 10-8 ---
Dwelling
Incineration 1.9 x 10-12 .9 x 10-16 1.6 x 10-11 - 1.9 x 10-12 .9 x 10-16 1.6 x 10-11 -
Direct From Hands 6.0 x 10-12 .6 x 10-15 5.0 x 10-11 --- 6.0 x 10-12 .6 x 10715 5.0 x 10-11 -
Ingestion 7.2 x 10-12 .0 x 10-11 - - 7.2 % 10-12 .0 x 10-11 --- ---
Total Composite 1.8 x 10-9 .1 x10-11 1.5 x 10-8 --- 1.8 x 10-9 .1 x 10-11 1.5 x 10-8 -

Population

individual who takes home an empty container.
low-level waste, and 5% are released to the public.
{b) Weighted total body doses are found by summing (over the reference organs) the products of the organ-specific doses and

the weighting factors discussed in ICRP

for thyroid.

{c) A dash indicates that n¢ organ data was available for this radionuclide.

{a} The population group considered includes 1.9 x 105 people in one downwind sector out to 80
Note:

km for incineration, and the

55 of the packages are incinerated, 40% are disposed of as

26 (1977). The weighting factors used are 0.12 for bone, 0.12 for lung, and 0.03



based on current DOT surface contamination limits for beta-gamma emit-
ters (1 x 10"4 uCi/cmz). Table 3.2-2 contains the calculated doses to

a composite worker. An estimate of the collective occupational dose from
surface contamination is also listed in this table based on the assumption
that the total occupational dose is four times larger than the dose
calculated for the composite worker. This assumption appears to be
consistant with current industry estimates of labor requirements.
Radiation doses to members of the public are presented in Tables 3.2-3 and
3.2-4, The radiation dose to a composite individual in the public is
listed in Table 3.2-3, and the collective dose to the population group is
listed in Table 3.2-4. The composite individual and population

doses are controlled by the dose from the 5% of all empty containers that
are released to the public. Incineration of 55% of the containers results
in only a small increment of additional dose.

A1l of the doses reported in these tables are for the inhalation and
ingestion dose pathways. A preliminary calculation indicated that the
dose from direct exposure is about three orders of magnitude less than the

dose from ingestion. Thus, the doses from direct exposure to
radiopharmaceutical surface contamination are omitted from these tables.

The dose calculations are performed for both 1251 and gngc to demon-
strate the radionuclide dependence of the dose calculations. Specific-
ally, the dose to thyroid from 1251 is about four orders of magnitude
larger than the dose from 9ngc to lung. The weighted total body doses

for 1251 are about three orders of magnitude larger than those from

9ngc.

3.3 Industrial Sources |
A wide variety of radionuclides are used in industry for specific appli-

cations. These applications include use in gauges, static eliminators,
and industrial radiographic devices. Table 3.3-1 contains a summary of
the more common radionuclides used by industry and their physical half-
lives. Also included in this table are the MPC values in air from Table
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II, Column 1, of 10 CFR 20. Since most of the radionuclides used in
industry are shipped as encapsulated sources, there appears to be a Tow
potential for surface contamination unless the capsule is broken, From
the data listed in Table 3.3-1, the f0110wing radionuclides are
selected on the basis of their (MPC) for use in the dose calculations:
241Am for alpha, 905r for beta, and gOCO for gamma-ray emitters. As a
comparison, the dose calculations are also made for 63N1, a less-toxic
beta emitter.

TABLE 3.3-1. Common Industrial Source Radionuclides

Physic§l (a) Physicq] (a)
Half-Life  {MPC), Half-Life {MPC)4
Radionuclide {Years) (uC1/m ) Radionuclide (Years) (uCi/m )
3y 1.2 x 108 2 x 1077 B¢s 3.0 x 101 5 x 10710
22y 2.6 x 100 3 x 10710 147, 2.6 x 100 2 x 1079
59Fe 1.2 x 107} 2 x 10710 192, 2.0 x 1001 9 x 10-10
60¢o 5.3 x 100 3 x 10710 210p, 3.8 x 1001 7 x 10712
63y 9.2 x 10} 2 x 107% 210p, 2.1 x 10} 4 x 10712
85 1.1 x 108 3x1077 2260, 1.6 x 100 2 x 10712
90y, 2.8 x 100 3 x 10711 228y, 1.9 x 100 2 x 10713
109¢4 1.2 x 100 2 x 109 2 0.3 x 102 2 x 10753
134 2.1 x 100 4 x1071° 28 1.8 x 100 3 x 10713

(a) The (MPC), values are from Tabte II, Column 1 of 10 CFR 20, 1980, and
are for the smallest value of either Soluble (S) or Insoluble {I) forms.

Radiation doses from surface contamination on containers used to transport
industrial source materials are calculated and presented in the following
sections. First, a reference transportation container design for indus-
trial sources is defined. This container is used in radiation exposure
scenarios to define radiation exposures to workers and the public. Fin-
ally, the calculated radiation doses are presented on a per-container
basis for a contamination level equal to current 00T limits,
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3.3.1 Reference Industrial Source Container

A wide variety of containers are used to ship industrial source mate-
rials from manufacturers to users. A large fraction of the containers
are made from cardboard and are simidar to the containers used to ship
radiopharmaceuticals. For this study, the reference container design is
defined to be a cubic cardboard box with side dimensions of 0.61 m, the
same box defined for radiopharmaceuticals. The total surface area on the
outside of the container is 2.2 m2. The reference container is

selected as being representative of the majority of the containers used
today, and no further attempt is made to model the specific differences

found in container design.

3.3.2 Industrial Source Radiation Exposure Scenarios
Since the same reference container is defined for both radiopharmaceuti-

cals and industrial sources, the radiation exposure scenarios are also
the same. The only difference is the radionuclides considered on the
container surfaces. The empty containers are also assumed to be dis-
posed of in the same manner: 5% are released to the public, 55% are
incinerated, and 40% are disposed of as Tow-level radicactive waste.
Specific details for the exposure pathways are found in Section 3.2.2.1
for ingestion, Section 3.2.2.2 for inhalation, and Section 3.2.2.3 for
direct exposure. No decontamination exposure is considered for this
container category.

3.3.3 Radiation Doses from Industrial Source Transportation Containers

The results of radiation dose calculations performed for the surface
contamination exposure scenarios for industrial source material con-
tainers are presented in Tables 3.3-2 through 3.3-4, These doses are
calculated based on current DOT surface contamination limits (i.e.,

1 x 10-5 uCi/cm2 for alpha and 1.0 x 10-4 uCi/cm2 for beta-gamma emit-
ters). Table 3.3-2 contains the calculated doses to a composite worker
and an estimate of the total occupational dose. This total is found by
assuming that it is four times larger than the dose to the composite
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TABLE 3.3-2. Individual and Collective Doses to Composite Workers
from Surface Contamination - Industrial Source
Material Transportatign Containers {at 107> uCi/cm2

for « and 10~4 uCi/emé for B-v)
;apirst-tear Dose Equivalent [rem) 50y Year Committed Dose Equivalert {rem)
Weighted "’ ’ Weighted @
Radignuc lide/Pathway Total dody Bone Lurg Thyroid Tokal Body Bone Lung Thyroid
241 pm
Irnhalation .
Loading/tinleading 2.5 x 10-6 3.1 w06 1.8« 100 . AR LR 1.4 x 104 4.5 x 10-5 aaalb}
Closed Vehicle 3.5 » 10-6 4.2 x W6 2.5« 10-5 —-- 1.0 » 10-8 1.9 x 10-% 6.2 « 10-5 -
Direct From Hands 5.0 x 10-8 6.1 x 10-8 3.6 5 10-7 e 4.4 5 10°7 2.8 x 1006 9.0z 107 .-
Ingestion 2.0 % Jo-8 1.7 x 10°7 .- - 2.4« 10-7 2.0 x 106 --- ---
Total Composite 6.1 x 1076 7.5 x 106 4.3 4 10-5 .- 5.3 ¢ 1073 3.4 104 1] e t0d .-
Worker
Total Gecupationallc] 2.4 » 1072 30 x 10-5 1.7 ¢ 10-2 .- 2.1 x 1078 1.4 ¢ 1073 a3 x 1074 -
{man-rem}
905p . 90y
Inhalation
Loading/Unlgading 3.0 x 10-7 5.1 5 10-7 2.0 » 10°6 --- 1.9 % 10-6 1.1 »10°5 4.8 x 106 —-
Closed Yenicle 4.0 x 10-7 6.5 2 167 2.7 2106 - Z.6 x 106 1.5 x 1075 6.5 x 10-6 -
Direct From Hands 5.9 » 10-9 9.5 2 1079 4.0 . 108 --- 1.9 1 10-8 2.2 x 10-7 9.5 4 1078 -
Ingestion 2.0 » 10-5 1.7 x 10-5 - aea 2.1« 1075 1.9 x 10-% - ---
Totz] Composite 2.7 x 10-6 1.8 « i0°5 4.7 « 206 - 2.7 % 1075 2.2 ¢ 10%% 1.4 x 1078 —--
Worker
Total Occupationaticl 1.1 x 1070 7.3 % 10-5 1.9 x 1075 . 1.1 « 19-% 9.6« 10-9 a6 x 10-8 -
{man-rem}
LU
Inhalatian ) & . 6
Loading/Unlasding 1.4 » 10 --- 1.2 2 10 .- ER IO --- 2.6 x 10 .--
Closed ¥ehicle 2.0 1977 - IRt - 4.2 1077 . 1.5 % 1078 -
Direct from Hands 2.9 x 1077 - 2y 1078 --- 6.7 w1077 e 5.2 x 08
Ingestion 5.3 % 1078 --- --- --- 1.1 % 1077 --- --- ---
Tetal Lamposite 5.7 x 107" .- 2.9 ¢ 1078 - 10w --- 6.2 x 1078 ---
Worker
Total 0ccupati0na][t"' 2.3 a ‘-0_5 --- 1z s 1077 . 4.3 x 10_5 --- 7.5 x 10_5 .-
{man-rei;
63y
[nhalation .
Loading/Unlaading 4.4 x 10-% 2.0 w1078 95w 1p-? -—- 1.2 x j0-8 100 007 9.5 x 1072 .
Closed vehicle 6.0 » 10-9 3.7 x 108 1.3 x 10-8 .- 1.8 » 10-8 1.4 « 1p-7 1.3 2 1p-8 -
Direct From Hands #,% x 10-11 5.4 x 10-10 1.9 x 1p-10 --- 7.6 % 10°0 6.1 x10-% 1.9 4 10-10 .
Ingest ion 2.2 x W07 1.8 x 10-6 - - 7.8 x 10°7 6.5 x 106 --- -
Total Compasite 2.3 x 10-7 1.8 x 1076 —-- aaa 7.8 x 10-7 6.5 x 10-6 . ---
Worker
Total Decupationalle) 5.1 4 1077 7.5 % 1006 9.2 « 10-8 - 1.7 x 10-6 2.7 x 10°% 9.1 x 108 .-
{man-rem)

{a) Weighted total body doses are found by summing {ower Lhe reference organs} the products of the prgan-specific doses and
the weighting factors discussed in ICRP 26 (1977). The weighting factors used are 0.12 for bome, 0.12 for lung, and 0.03
for thyroid.

{b) A dash indicates that no organ data was available for this radionuclide.

{c) Based or the assumpbion that the total accupatianal dese §s four times larger than the comprsite worker's dose.
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TABLE 3.3-3.

Doses to the Composite Individual in the Pubiic from
Surface Contamination - Industrial Source Material

Transportation Containers {at 1073

uCi/cmz for a and

10-4 uCi/cm? for g-v)
i kirst-vear Dose Equivalent {rem} G0rYear Committed Dose Equivalent {rem]
WeTghted ™ Weighted ™™
Radignug lide/Pathway Total Body Bone Lung Thyroid Total Body Bane Lung Thyroid
241 o
Inhalation
Private Family 1.7 x 10-5 2.1 x10°5 1.2 x l0-4 --db) 1.5 2 10-8 9.4 x 10~ 3.1 x 1079 ---b)
Dwe 11ing
Inc ineration 1.8 ¢ 10-8 4.5 5 10-8 2.7 « 10°7 an- 1.2 x 107 2.0 x W5 6,7 x 107 ---
Direct From Hands 5.1 x 10-8 6.1 » 10-8 3.6 « 10-7 .- 4.4 x 10-7 2.8 106 9.0 x 1077 —--
Ingest fon 2,3 x 10-8 1.9« 107 - .- 9.0 x 10-7 7.5 x 1076 --- -
Tatal Composite 1.7 x 105 2.0 x 1075 1,2 x 1074 - 1.5 x 10-4 5.5 x 1074 1.1 x 104 —--
Individyal
g - My
Inhalation
Private Family 1.9 x 10-6 32,2210 1.3« 10-9 .- 1.2 x 10-% 7.0x 1075 3.2 x 105 P
Dwelling
In¢ inaration 3.9 x 10-9 6.3 x 10°% 2.6 x 10-B —- 2.4 x 10-8 1.4 x 107 6,3 x 10-8 .-
Direct From Hands 5.9 x 10-9 9.5 1 10-7 4.0 x 10-8 - 1.8 x 10-8 2.2 x10-7 9.5 x 1p-8 ---
Ingestion 2.2 x 1076 1.8 x 10-5 -—- - 2.5 x 10-5 2.1 x 10-% ——- .
Total Compasite 4.1 x 10-68 2.1 x10°5 1.3 x 10-3 - 3.7 & 105 2.8 x 104 3.2 x 1075 -—--
Individual
LU
Iphalation
Private Family 9.6 x 10-7 —- 8.0 x 10-6 .- 2.0 x 10-6 . 1.7 x 10-5 -
Owelling
Incinerat ion 1.9 x 10-9 - 1.6 x 10-8 .- 4.1 x 10-9 - 3.4 x 10-8 -
Direct From Hands 2.9 x 10-9 .- 7.4 x 10-8 - 8.2 « 10-% - 6.8 x 10-8 —--
[ngest fon 1.8 x 10-° —-- .- .- 1.0 ¢ 10-5 - --- -
Total Composite 1.1 x 10-5 .- 8.0 x 10-8 .- 1,2 x 10-5 .- 1.7 x 10-5 -
Ingdividual
&3N3
Inhataticn
Private Family 2.9 x 10-8 1.8 « 1077 6.0 « 10-8 - 9.1 x 10-8 7.0 x 107 6.0 x to-8 -
Dwelling
Incineration 56210 a5 oz xe™ taetn'? yaw o w? r2x010 L
Direct from hands 2.7 x 10710 16«10 30wt L zax 10’ w0t ek Ll
Ingestion 2.8 x 10°7 2.0 x 1076 . - 8.4 x 10-7 7.0 x 10-6 . .-
Tatal Composite 2.7 x 1077 2.2 x 106 6.0 5 10-8 .- 9.3 x 1o-7 7.7r 106 6.0 x 108 -

{a) Weighted total body doses are found by summing {gver the reference organs) the products of the organ-specific doses and

the weighting factors discussed in ICRP 26 (1977).

for thyroid,

{b) A dash indicates that no organ data was available for this radionuclide.
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TABLE 3.3-4.

Collective Dose to the Composite Population Group from

Surface Contamination - I
Transportation Containers
104 uCi/em? for g-v)

Firyt-Year Oose Equivalent [man-rem)

tyet

at 10°5 uCi/cm

rial Source Material

for a and

50-!$3; Committed Dose Equivalent [man-rem)

WeTghted Weighted
Radionuclide/Fathway Total Body Bone Lung Thyroid Total Body Bone Lung Thyraid
241 pm
Irhalation
Private Family
Dwelling L7 5 10°5 2121075 1.2 x 1070 ---le) 3.7 x 1005 g.4ax10-t 31xl0f —l0)
Tncineration 1.5 x 10-7 1.gx 1077 1.1 x 106 - 1.3 x 10-6 8. 32106 2,7 106 ——-
Direct from Hands 5.0 x 10-8 6.1 « 107 1.6 x 10-7 .- 4.4 x 1077 2.8 x 106 9.0 107 ---
Ingestion 2.1 x 10-8 1.9 x 10-7 9.0 x 1p-7 7.5 x 106 --- ---
Total Composite 1.7 x 109 2.1 2 107F 1.2 ¢ 1078 .- 4.0 x 10-3 9.6 » 10-% 3.1 x 10-4 ---
Population
805, _ 90y
Innalation
Private Family -
Iwe111ing 1.6 ¢ 10-8 3.2 2108 1.3 %100 --- 1,2 x 10-5 7.0 x 105 3,2 x 10-% -
Incineratisn 1.5 x i0-8 2.8 5 10°8 1.2 ¢ 10-7 1.1 % 1077 6.5 x 10-7 2,9 x 10-7 .
Direct from Hands 5.9 x 10-9 9.5 1 10°% 4.0 x 10-8 —-- 3.4 x 1p-8 2.2 x 1077 9.5 ¢ 10-8 _—
Ingestion 7.2 x 10-b 1.8 x 10-9 .- aas 2.5 x 10-5 2.1 x 10-% --- -
Tata® Composite 1.8 x 0-6 2.1 a10-% 1.3 % 1075 a-- 3.7 & 10-5 2.8 x 1074 3,2 ¢ 10-% B—-—
Poputation
60cs
InhaTation
Private Family 9.6 x 10-7 - 8.0 x 10°6 --- 2.0 x 10°6 - 1.7 x 10-5 .-
[welling
Incinaration 8.9 x 10-9 - 7.4 » 10-8 - 1.9 x 10-8 - 1.6 x 107 ——-
Direct from Hands 2.9 x 10-9 - 7.4 x 10-8 - 8.2 x 10-9 - 6.8 x 10-8 i
Ingast ian 1.0 % 199 - .- .- 1.0 % 13-5 .- - ——-
Total Composite 1.1 x 10-5 aa 8.1 » i0-6 .- 1.2 » 10-5 - 1.7 x 10-5 .
Population
]
Inhalation
Private Family 2.9 x 10-8 1.8 x 10-7  &.0 4 10-8 - 9.1 x 12-8 7.00x -7 5.0 x 10-8 .-
Dwelling
Incineration I O R T A Y S vl L 110" g2x10% sga1p’0
Direct fror Hands 2.7 x 1071 3.5x 1071 3. 00 L zax 107’0 2o x0? el
Ingest inrn 2.4 5 1077 2.0 x 1D-R . . .4y 10-7 7.0 x 10-6 . .
Tatal C i -7 - LT
Po:ura?ngs‘tE 2.7 2 10 2.2 % 10-6 6.1 5 1p-8 .- 9.3 x 13-7 T ox - 5.1 x 10-8 ——-

fﬂ)ugighted tetal body doses are
weighting factors discussed in

{b)

takes home an empty container.
released to the public,

()4 dash irdicates that no organ data was available for this radicnuclide,

Kote:

ICRP 26 [1977).

The population group includes 1.9 x JOEE] people in gne downwind
55% of the packages are in

found by summing [over the reference argans)
The weighting factors are 0.
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worker, Radiation doses to members of the public are listed in Tables
3.3-3 and 3.3-4. The calculated radiation dose to a composite indivi-
dual in the public is listed in Table 3.3-3, and the dose to the exposed
population group is listed in Table 3.3-4., The radiation doses to the
public are controlled by the dose from the 5% of the empty containers
that are assumed to be released to the public. By comparison, only a
small fraction of the total population dose comes from the 55% of the
containers that are assumed to be incinerated.

A preliminary calculation for 6OCO indicated that the dose from direct
exposure defined in the exposure scenarios is about three orders of
magnitude lower than the doses from inhalation and ingestion for all of
the radionuclides considered. Thus, the doses from direct exposure to
industrial source surface contamination are omitted from these tables.
The dose calculations are performed for 241Am, gOSr, and 6OCo to demon-
strate the dose relationships for alpha, beta, and gamma emitters,
respectively. As a comparison, the dose from 63Ni is calculated to show
the dose response of a less-toxic beta emitter. As shown by the data in
Tables 3.3-2 through 3.3-4, the doses from &3
magnitude less than those from 9OSr.

Ni are about an order of

3.4 Nuclear Fuel Cycle Materials

Transportation of nuclear fuel cycle materials includes the shipment of
U308’ UFG, fresh fuel, and spent fuel. The radionuclides of concern in
the fuel cycle range from the isotopes of uranium in fresh fuel to a
complex mixture of fission products and transuranics found in spent
fuel. A Tisting of typical radionuclides found in nuclear fuel cycle
materials is given in Table 3.4-1 (Oak, et al., 1980; Schneider and
Jenkins 1977). This table also contains the physical half-1life for each
radionuclide. It is difficult to determine the exact physical or chem-
ical form of the radionuclides found on the surface of containers used
to ship fuel cycle material., For U30g,UFg, and fresh fuel shipments,
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238U since the fuel is only

the surface contamination is assumed to be
slightly (3 to 4 percent) enriched. For spent fuel, we have based the
dose calculations on the representative mixture of radionuclides shown
in Table 3.4-1. The fractional contribution of each radionuclide to the
total mixture is also shown. The mixture is divided into two groups for

the dose calculations: beta-gamma emitters and alpha emitters. This

TABLE 3.4-1. Common Nuclear Fuel Cycle Radionuclides(a)

Physical Physical
Half-Life Fraction Half-Life Fraction
Radionuclide (Years) Activity Radionuclide {Years) Activity
3y 1.2 x 10! (e 129mre 93 x102 3.0x 1073
32p 3.8 x107% 1.5 x 1072 1314 2.2 x107% 3.8 x 107!
ey 7.6 x 1072 3.8 x 107 134¢q 2.0 x 10° 2.2 x 1073
My 8.3 x 1070 4.5 x 1073 136¢ 3.8x 1072 1.5 x107°
Fe 2.6 x 100 7.5 x 107¢ 13765 3.0 x 10" 5.2 x 1073
S9e 1.2x1070 2.2 x 1073 140p, 3.6 x 1072 3.0 x 107°
Beo 2.0 x 107" 1.5 x 1072 140,,(b) 4.6 x1073  3.0x 1072
60¢q 5.3 x 100 3.0 x 1072 4ee 8.8 x 1072 2.2 x 1073
63 9.2 x 100 7.5 x 1070 144ce 7.7 x 1071 3.0 x 1073
6571 6.7 x 107! 1.5 x 1072 143p,. 3.8 x 1072 3.0 x 1073
89, 1.4 x 1071 7.5 x 1073 1474 3.0 x 1002 2.2 x 1074
0. 2.8 x 10" 4.5 x 107" 235 7.1 x 108 _.{d)
0y(d)  7.3x10°% 4.5x 107 238, 4.5 x 10° ()
9y 1.6 x 107 3.0 x 1073 238py, 8.6 x 10! -{d)
9571 1.8 x 1077 5.2 x 1074 239, 2.4 x 10 _(d)
103, 7.1 x1070 1.5 x 103 241p, 1.3 x 10] -.{d)
1060, 1.0x10°  2.2x10% 281 4.6 x 102 -.(d)
Homay 6.8 x 1071 7.5 x 107° 2440, 1.8 x 10! .-{d)

{a) Based on the radionuclides listed in Table 5.2-8 from Qak et al. 1980, and
selected radionuclides from Table 5.1-1 from Schneider and Jenkins 1977.

(b) Short-lived daughter of parent with same mass number.

(¢} 34 is not included in the total.

(d) This radionuclide is present in reactor fuel, but it is not found in measurable
quantities in reactor coolant water. The alpha mixture considered in the dose
calculations is 90% 238U and 10% 239py.
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is done so that representative doses will result for spent fuel ship-
ments. Thus, the doses are not based on the most toxic radionuclides,
but rather they are based on a reference mixture. Radiation doses from
surface contamination on nuclear fuel cycle materials containers are
calculated in the following sections. First, reference containers are
defined for U308’ UFB’
ence containers, radiation exposure scenarios are developed and

fresh fuel, and spent fuel. Using these refer-

radiation doses are calculated in the following sections.

3.4.1 Reference Nuclear Fuel Cycle Materials Containers
An overview of the types of containers used to transport nuclear fuel

cycle materials is given in a document by Rhoads (1977). Uranium ore
concentrate in the form of U308 classifies as Low Specific Activity
(LSA) material requiring only strong, tight, industrial packaging in
exclusive use vehicles. A standard steel drum is defined to be the
reference U308 container with a volume of 0.21 m° (55 gallons) and a

syrface area on about 2.3 m2

. Uranium hexafluoride (UF6) is shipped from
conversion plants to the gaseous diffusion plant for enrichment, then
enriched UF6 is shipped to fuel fabrication plants, Natural UF6 is
classified as LSA material, and the reference container is defined to be
a 9-metric ton cylindrical container with an approximate surface area of
11 n® (120 ft?). Enriched UF,

shipped in quantities that require Type B containers. The reference 9-

is classified as fissile material and is

metric ton container used for natural UF_. is also assumed to be used

for enriched UF6 with the addition of an60verpack. Fresh fuel elements
are assumed to be shipped in protective Type B outer containers. These
containers are cylindrical in shape with an approximate surface area of
15 m? (160 ftz). Spent nuclear fuel contains residual 235, (about 0.9%),
238U, plutonium isotopes, and highly radicactive fission products.

Spent fuel casks are large and very massive since they must provide
shielding from both gamma-rays and neutrons, and heat removal. These

casks are classified as Type B containers and weigh about 22
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metric tons empty. The surface area of the reference cask is approxi-
mately 26 m2 (280 ftz). These reference containers are selected as
being representative of the containers used in industry today, and no
further effort is made to model the specific differences found in
container design.

3.4.2 MNuclear Fuel Cycle Materials Radiation Exposure Scenarios
Radiation exposure scenarios are defined in this section for nuclear

fuel cycle materials. Since the containers used in the nuclear fuel
cycle are recycled, that is they are not released for public use, no
public exposure pathways involving contact with the containers exist.
Also, exclusive use shipments exclude contact by members of the public.
However, a limited population group is assumed to contact the vehicle
after the shipment, and they ingest a small fraction of contamination on
the vehicle. Total occupational dose is estimated by muitiplying the
dose to composite individual worker by four, assuming that four workers
are equally exposed. This is done to account for the possibility that
more than four workers may be exposed, but that they receive less dose
than the composite individual worker defined in this study. The follow-
ing sections contain the radiation exposure scenarios used in dose
calculations for nuclear fuel cycle materials.

3.4.2.1 Direct Ingestion
Transportation workers are assumed to ingest surface contamination from

5 x 10"5 m2 of surface for each container. No direct ingestion by mem-
bers of the public occurs since all of the containers are recycled and
materials are shipped as exclusive use, but secondary ingestion could
occur if food products or people come in contact with a truck surface
after it has been in contact with a container. The dose to a limited
population group (10 people for each category of container) is calcu-
lated assuming that they ingest the contamination from a total surface

area of: 2.4 x 10'3 m’ for U308 steel drums, 1.1 x 1072 m for UF6

shipments, 1.5 x 102 m for fresh fuel shipments, and 2.6 x 10~2 m for
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spent fuel shipments. These numbers are for possible secondary pathways
and are found by multiplying the surface area of each container by

1 x 10-3 m2 per m2 of surface, It is assumed that the containers for
all shipments, except for spent fuel shipments, are double stacked, and

thus only 50% are in contact with truck surfaces.

3.4.2.2 Inhalation

The Tlocal air concentrations for workers are found for each container
using Equation 3.1. Where @ equals the surface contamination level (in
Ci/mz), the resulting air concentrations in the shipping or receiving
room are calculated to be: [1.4 x 10°% . a] for U30g drums,

(6.9 x 1078 o ] for UF containers, [9.4 x 1078+ 0 Jfor fresh fuel
containers, and [1.6 x 10'5- Q] for spent fuel containers. The calcu-
lated air concentration inside a closed transport vehicle for U308 drums
is [2 x 10'6 . 2], Since all of these containers are recycled, that is
none are released to the public, there is no inhalation exposure to
members of the public. For direct inhalation from hands, workers are
the only ones in contact with the containers, and they are assumed to

inhale the equivalent of 5 x 10'5 m2 of surface contamination.

3.4.2.3 Direct Exposure
Since none of the nuclear fuel cycle materials containers considered in

this study are released for public use, only transportation workers are
exposed. Dose to workers from surface contamination is calculated
assuming that each worker spends 30 minutes at an average of 1 m from
each type of container.

3.4.3 Radiation Doses from Nuclear Fuel Cycle Materials Transportation

Containers
The results of radiation dose calculations performed for the surface
contamination scenarios defined for nuclear fuel cycle materials trans-
portation containers are presented in Tables 3.4-2 through 3.4-5. These
doses are calculated based on current DOT contamination limits (i.e.
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1 x 107° uCi/Cm2 for beta-gamma emitting radionuclides, and

1 x 10-5 uCi/sz for alpha emitting radionuclides). The doses in
Tables 3.4-2 through 3.4-5 are calculated for ingestion and inhalation
only. A preliminary calculation for the direct exposure pathway
resulted in doses that were about three orders of magnitude less than
the doses from inhalation or ingestion for all radionucides. Therefore,
they have been omitted from all of the dose tables for fuel cycle
materials.

Tables 3.4-2 and 3.4-3 contain the doses calculated for shipments that
contain uranium in either natural or enriched forms. The doses are cal-

238U for U308’ UFE’ and fresh fuel shipments. Table 3.4-2

culated using
contains the dose to a composite worker and an estimate of the composite
collective occupational dose based on the assumption that the total is
four times larger than the dose to a composite worker. This assumption
is made based on current information from industry, and accounts for the
dose to a greater number of workers who receive less dose than the

composite worker,

Since none of the transportation containers are released after their use
and most shipments are exclusive use, no exposure pathways to a compo-
site individual in the public are defined. The dose to a limited popu-
lation group exposed after the shipment by contact with the vehicle is
calculated by assuming that 10 people ingest a small fraction of the
surface contamination that is transferred to truck surfaces. This is
done to account for all secondary ingestion pathways that could involve
members of the public. The doses obtained by this analysis may be con-
servatively large, but they should provide a basis for comparison with
other doses in this study.

As a spent fuel cask drys after decontamination, the surface contamina-

tion level may increase by a process known as sweating. Such -behavior
is a complex function of many conditions including the specific cask
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TABLE 3.4-2. Individual and Collective Doses to Composite Workers
from Surface Contamination - Nuclear Fuel Cycle
Materials Transportation Containers - 238y
(at 10~4 uCi/cm? for 235U Natural and 10-5 uCi/cm?
for Fresh Fuel)

; kirst-Year Dose Equivalent {rem) 50, {ear Committed Dose Equivalent {rem}
WeTohted " WeTghted o7
Radignuclide/Pathway Total Body Bone Lung Thyroid Yotal Body Bone Lung Thyroid
238y - y30q
l:::;?:;?anlnading 1.7 x 105 4.2 x 10-6 1.4 x 1D ---{} 4,2 x 10-5 8.1 x 10-6 3.4 x 10-4 ---{a)
Closed Vehicle 2.4 x 10-5 6.1 x 10-6 2.0 x 10-% - 5.0 x 10-3 1.2 x10°% a9 x 1074 -
Direct from Hands 3.2 x 10°7 8.5 x 108 2.7 x 10-6 --- 8.4 % 1077 1.6 2 107 §.8 x 106 -
Ingestion 2.6 x 106 2.2x10% .. --- 4.6 x 106 38x10% ... ---
T“‘Glr52?°°5“* 4.4 % 1073 1.2 % 1075 3.4« 10t - 1.1 x 10-4 5.8 2 10°5 a4 x 1074 .
Tatal Occupational{B} 1.8 x 1074 1.3 £ 1074 1.4 x 104 - 1.3 x 10-% 2.1 100 3.6 x 1073 ---
{man-rem}
238)_Matural UFg
Inhalation ]
Loading/Unloading 8.8 x 10-3 2.2 x 10°% 7.1 x 10" - 1.0 x 10-5 4.2 x 10-5 1.8 x 10-3 -
Dirgct from Hands 3,3 » 10-7 8.5 x 10-8 2.7 « 106 .- 8.4 x 10-7 1.6 x 10-7 6.8 x 1076 .
Ingestion 2.6 x 106 2.2 x 10-% --- --- 4.6 x 10-6 1.8 x 10-5 - -
Total Composite 9.1 » 10-% 4.4 x 1075 7.1 x 1074 - .5 x 10-5 8.0 x 105 1.8 x 10°3 .-
Worker
Tatal OccupationallB)l 3.5 4 19-9 1.s x 10 2.8 103 - 6.2 x 10-% 3.2x 104 7.2 x 1073 -
(man-rem)
238Y-Enriched UFg
Inhalation
Loading/Unloading 8.8 x 10-6 z.2x 106 7.1 x 10-5 --- 1.0 x 10-6 4.2 x 106 1.8 x 10-4 -
Oirect from Wands 3.3 x 10-8 B.5 x 10-% 2.7 x 07 - 8.4 x 10-8 1.6 x 10-8 6.8 x 10-7 ---
Ingestion 2.6 x 10°7 2.2 x 1078 - .- 4.6 x 10-7 3.8 x 10-6 .- —
Total Composite 9.1 x 10-8 4.4 1 105 7.1 x 10-% o 1.5 ¢ 106 8.0 x i0~6 1.8 x lo-8% .-
Worker
Total Occupationat{bl 3.6 10-5 1.8 x 1073 2.8 x 0% - 6.2 x 1078 L7205 7.2 2104 -
[man-rem)
238)_Fresh Fuel
Inhalation
Loading/Unleading 1.2 x 10-3% 2.9 1 10-8 9.3 x 10°9 .- 2.8 x 10-58 5.6 x -6 2.3 x 10-4 .-
Direct from Hands 3.3 x 10-8 8.5 x 10-9 2.7 x 1077 - 8.4 x 10-8 1.6 x 10-8 6.8 x 107 -
Ingestion 2.6 x 107 2.2 x 108 - --- 4.6 x 107 3.8 x 106 .. -
Total Composite
Worker 1.2 % 1675 5.1 » 10-8 9.3 5 to-5 --- 2.8 1 10-5 9.4 x 1076 2,3 x 10-¢ -
Total Occupatienal(t) 4.5 30-5 2.0 x 106 3.7 x 10-% - 1.1 x 10-% 3.8 x 1075 9.2 x 194 ---

(man-rem}

[ﬂ}ueighted total body doses are found by summing {over the reference organs}) the products of the organ-specific doses and the
weighting factors discussed in ICRP 26 (1977}, The weighting factors used are 0,12 for bone, 0.12 for lung, and 0.03 for thyroid,
(bJA dash indicetes that no organ data was available for this radionuclide.

{¢}Based on the assumption that the total occupation dose is four times larger than the composite worker's dose.
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TASBLE 3.4-3. Collective Dose to the Composite Population Group from Surface
Contamination - ?c;ear Fuel Cycle Mgterials Transportation
Containers - 238p{a) (at 10-4 uCi/cm? for 238U Natural and 1073
uCi/cm? for fresh fuel)

Firgt-Year Dose Equivalent (man-rem} 50-Ygag Committed Dose Equivalent {man-rem)
WeightediD) Heighted\ ¥/

Material Form Total Body Bone Lung Thyroid Total Body Bone Lung Thyroid
U308 1.6 x 10-4 1.3 x 10-3 ---{c} ---{e) 2.8 x 1074 2.3 x 103 ---{a) ---{c)
UFg-Natural 7.2x10-% 6.0 x 10-3 .- - 1.3 x 10-3 1.1 x 10-2 - .-
UFg-Enriched 7.2 x 10-5 6.0 x 10-4 --- --- 1.3 x 10-4 1.1 x 10-3 - -
Fresh Fuel 9.6 x 10-5 8.0 x 10-% - - 1.7 x lo-4 1.4 x 10-3 --- ---

(a)The composite population group consists of 10 people who ingest a total of 1.2 x 10-2 m? of surface contamination that is

transferred to truck surfaces. MNote: the containers are double stacked, thus only 50% are in contact with truck surfaces.

(b)Heighted totz] body doses are found by summing {over the reference organs) the products of the organ-specific doses and the
weighting factors discussed in ICRP 26 (1977). The weighting factors used are 0.12 for bone, 0.12 for lung, and 0.03 for thyroid

{cla dash indicates that no organ data are available for this radionuclide.
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TABLE 3.4-4.

Individual and Lollective Doses to Composite Workers from

Surface Contamination
tainers - Spent Fuel

Transportﬁt

a and 10°

ion Co
uC1/cm for B-v)

(Ejrst-Year Dose Equivalent (rem}

Nuclear Fuel C cge Materials

(at 10-% uCi/fcml

50-Year Committed Oose Fquivalent {rem)

{man-rem}

{a)The doses shown are based

Fu was assumed,

on the beta-gamma radionuclide mixture shown in Table 3.4-1.

Far

Radicnuclide Type Weighted™ Weighted
Pathway Total Body Bone Lung Thyroid Total Body Bone Lung Thyroid
Beta-Gamma
Inhalation
Loading/UnToading 7.5 x 10-7 8.7 x 10-7 50 x10-6 1.4 x10-6 4.1 x10-6 1,9x10% 1.2 x10-5 1.4 x 10-6
Direct from Hands 1.3 x 10-9 1.4 x10-% 8.9 x10°? 2.3x10°9 6.3x10-%9 3.2x10-8 20x108 2.3x109
Ingestion .6 x 10-6 3.0 x 10-6 ---{c) 7.4 x 1075 6.2 x 10-6 3.2 x 10-5 —{e) 7.9 x 10-5
Total Composite .4 x 1076 3.9x106 s5.0x106 7.5x10% 1.0x10-5 5.1x10°% 1.2 x10°% 8.0 x 1070
Worker
Total Occupational{d) 1.3 x 1075 1,6 x 10-5  2.0x 10-5 3.0 x 104 4.1 «10-5 2.0 x10-% 4.8 105 3.2 x 10-4
{man-rem)
Alpha
Inhalation
Loading/Unloading 1.9 x 10-5 6.1 x 10-6 1.5 x 10-4 .- 5.6 x 10-5 8.8 x 10-> 3.8 x 10-4 -
Direct from Hands 3.4 x 10-8 1o« 108 2.7 x 1077 - 5.4 x 10-8 1.5 x 107 6.3 x 10-7 --
Ingestion .6 x 10-7 2.6 x 10-6 --- . 4.7 x 10-7 3.9 x 10-6 - -
Total Composite
Worker .9 x 1077 8.7 x 10-6 1.5 x 10-4 - 5.6 x 10-5 9.2 x 10-5 3.8 x 10-4 -
Total Uccupational{d) 7.7 4 10-8 3.5 x 10-% 6.0 x 10-% .- 2.2 x lo-4 3.7 x 10°% 1.5 x 10-3 --

alpha, a mixture of 95% 238y and 5%

(b)Heighted total body doses are found by summing {over the reference organs) the products of the orgam-specific doses and the
weighting factors are (.12 for bone, 0.12 for lung, and 0.03 for thyroid.

{t)a dash indicates that no organ data was available for this radionuclide,

{d)gased on the assumption that the total occupational dose is four times larger than the composite worker's dose.





































































occupational and collective public doses for U308, UF g {natural or
enriched}, and fresh fuel containers. The differences in these doses
are due to the different surface areas of the reference containers
defined for each material, and how these areas are used in the dose sce-
narios. For spent fuel shipments, the calculated doses are based on
defined reference mixtures of beta-gamma and alpha emitters. The path-
way dependence of the dose calculations can be seen in Figure 3.6-4 by
the difference in the behavior of collective public doses between beta-
gamma and alpha emitters. For beta-gamma radionuclides, the dominate
exposure pathway is ingestion, which results in large public doses com-
pared to occupational doses, For alpha radionuclides, inhalation is the
dominant pathway, and since only ingestion by the public is considered,
the public doses are not much larger than the occupational doses.

For low-level radioactive waste shipments, the calculated dose relation-

ships are shown in Figure 3.6-5. The dose relationships for 239Pu, 9DSr,

1291, and 6OCo are shown to demonstrate a range of radionuclide-

dependent doses. For comparison, the doses from 905r and 1291 are cal-

culated. The weighted total body occupational and public doses for 9OSr

are both larger than the corresponding doses from 1291.
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4. ECONOMIC COST ANALYSIS

Cost-benefit analysis is a technique which is beginning to find
increasing use in many areas of scientific research, including health
systems analysis (Klarman 1973). The problem of analyzing removable
surface contamination levels for radiocactive materials transportation
containers is a type of health systems problem, in that the primary
reasons for establishing maximum contamination limits are health pro-
tection for workers and the general public and prevention of the spread
of radioactive contamination. In applying cost-benefit analysis to this
problem, the costs of reducing allowable removable surface contamination
levels should be weighed against the health benefits to be gained from
this reduction.

The health benefits to be gained from reducing removable surface con-
tamination Timits are not measured in an economic sense in this study.
Attaching a dollar value to health benefits is a complex problem
involving bidding schemes and other techniques which are beyond the
scope of this study. The health impacts in terms of radiation doses of
reducing the limits were considered in Chapter 3. The purpose of this
Chapter is to provide information on the economic costs of reducing
removable surface contamination limits, so that at Teast a general
comparison between economic costs and health benefits is possible.

The direct economic costs of reducing removable surface contamination
limits are divided into three distinct categories: monitoring time
costs to demonstrate compliance with new limits, monitoring instrumen-
tation capital costs for demonstrating compliance, and decontamination
costs. Direct cost measurements are done on the basis of information
obtained from industrial representatives and theoretical cost modeling.
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Detailed questions were asked of industry representatives to obtain
quantitative information that would be useful in measuring direct costs.
Thus, all cost information given in this chapter is based on constant
1980 dollars. All assumptions made in the cost calculations are clearly
stated. Direct costs are measured quantitatively for both containers
and vehicles. While the indirect costs of reducing contamination Timits
(including production delays, etc.) were not quantified, some qualita-
tive statements on these indirect costs are included at the end of this
chapter.

4.1 Monitoring Time {osts

It is believed that monitoring time costs to demonstrate compliance will
constitute a substantial proportion of the direct economic costs of
reducing removable surface contamination limits. While some containers
may have to be decontaminated as a result of modified limits, theoretic-
ally every container will have to be monitored more closely to demon-
strate compliance with the new limits. Some writers have taken the
position that modifying the limits would have little impact on the labor
costs of monitoring, as with slight modification of smearing techniques,
current instruments would be able to detect levels 100 times below the
current levels with few problems (Nickols 1978). Nickols advocates
limits that are as low as "reasonably achievable". What is reasonably
achievable, however, depends to a great degree on the amount of money a
firm spends for monitoring time and instrumentation. Clark (1975)
states that the costs of maintaining ALARA conditions may be quite
large, especially when indirects costs are included.

Dickson et al. (1980) reported that the costs of performing a radiation
survey increase with decreasing dose Timits and that the cost can be
very high for a survey near the state-of-the-art detection limits. His
study also reports that there is a dose limit so low that no amount of
expenditure could produce a satisfactory confirmation that the radiation

levels are below this Timit.
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A primary cost component of monitoring costs is the amount of time spent
in taking and counting the removable surface contamination smear. While
the amount of time spent taking the smear does not vary much with the
allowabTle levels for removable contamination, the amount of time spent
counting the smear to verify compliance with the levels may vary a great
deal.

Several factors influence the ability to detect the levels of radiation
required to demonstrate compiiance with removable surface contamination
limits. These factors include the level of background radiation, the
specific activity of the radiation source, the types and energies of the
radiation emitted from the source, the source-detector geometry, the
instrument time constant, the speed at which the detector probe is moved
across the source, and the detection efficiency of the instrument used.
Recent studies have addressed the problem of measuring radicactive con-
tamination with common field instrumentation (Bush and Handal 1971,
Sommers 1975; Iles et al. 1977). In general these studies have reported
that special problems arise when Jow-energy emitiing radionuclides are
present in the mixtures.

The counting time required to achieve a given counting error can be
derived from the basic equations for a Poisson distribution. For a
2

~ n)’
and if n is the number of counts recorded by an instrument over time t

Poisson distribution, the mean value equals the variance (m=~ g

the counting rate is r = n/t. The count rate + its standard deviation
is:

r+ g =+ (/2 -ri(z)”z- (4.1)
L A t
In terms of percentage error:
100 _ 100
r im% =rt nl/Z% (4.2)
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Thus, the percentage error of a counting measurement is determined by
the total number of counts accumulated (Price 1964).

When several independent quantities are combined by addition or
subtraction, the standard deviation is:

(4.3)

Thus, for a background counting rate of ry X o, and a total counting
rate (source plus background) of rri9q the source counting rate is:

2 2 1/2
ro* o, = (rT - rb) + (Ob + GT ) {4.4)
By substitution from Equation 4,1 into Equation 4.3:
(rb r )1/2
o_ = +—+ . (4.5)
S th tT

To determine the optimum use of counting time, Equation 4.5 is differen-
tiated with respect to time, and solved for minimum error (dosfdt = 0)
assuming a constant time (tb + tT = a constant) (Price 1964). The result
is:

tb LN /2

rid . (4.6)

T AT

The relative counting error, d, is found by:

1/2
g .95 . __os /by * T/t (4.7)

r (rT- rb) - (rT - rb)

Solving this equation for the sample counting time, t., using Equation 4.6

T!
gives:
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1/2

"1 _ (4.8)

r
2 b
T‘-I- d (1 - ??)

Thus, the required counting time associated with various levels of con-

tamination for given relative counting error, d, can be estimated. How-
ever, in the field it is difficult to maintain a constant source-
detector geometry that matches the time constant of the instrument used
when long counting times are required. Detector response can be
improved by lowering the background count rate, but this usually means
that a laboratory with a shielded counting volume is required. The
selection of a more sensitive detector can also improve detection
ability and reduce the time required to achieve the necessary detection
level.

Because of uncertainty and variation in the parameters of the counting
time equation, a scenario approach is followed in this study., Monitor-
ing time cost calculations are estimated for five scenarios involving
assumptions concerning the detection efficiency of the detection instru-
ment, the background radiation count rate at the time the sample radia-
tion count is undertaken (rb), the smearing technique used, the mix of
beta and gamma radiation in the sample, the costs per hour for monitor-
ing, and the acceptable relative counting error of the counting
measurement (d).

So far as possible, each scenario is constructed on the basis of instru-
ments and techniques that are currently being used or are currently

available for use in the industry. A summary of data used in the five
monitoring time scenarios considered in this study is shown in

Table 4.1-1. Each of the assumptions and how they are arrived at will
be described in detail in the following sections.
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TABLE 4.1-1.

Beta-Gamma

Alpha

4+ Beta Detection

4~ Gamma Detecticn

4r ATpha Detection

Summary of the Data Used in the Monitoring Time Scenarios

Fully-Burdened Costsla)

{Dollars per hour)

Scenario  Backqround (CPM; Efficiency () Efficiency (%) Background {CPM) Efficiency (¥}
1 25 50 0.3 2 50
P4 120 32 0.2 4 37
3 30 18 0.15 3 18
4 200 17 .12 7 18
5 250 17 0.08 8 15

[a)A11 costs are based on 1980 dollars.

22 30 39
22 30 39
21 29 37
20 27 35
20 27 35



4,1.1 Detection Efficiency

Assumptions regarding the detection efficiency of radiation detection
instruments are constructed on the basis of information gathered from
conversations with industrial radiation safety personnel and from
instrument manufacturers' specifications.

Detection efficiencies vary according to whether the counting is done
under laboratory conditions or with portable instruments in the field.
Detection efficiencies also vary with the amount of radioactive energy
emitted from the isotope that is being sampled. Most detection effi-
ciencies are measured and listed for the isotope 9OSr. Because this
isotope is a common one, the detection efficiencies for it were used as
basis for the efficiencies defined for use in the scenarios. However,
the scenario estimates were lowered slightly to reflect the fact that
905r has a relatively high energy level, causing its detection

efficiencies to be higher than those of other isotopes.

According to instrument specification information sheets obtained from
industrial contancts, a 4r counting geometry efficiency of 50 to 55
percent is about the highest efficiency obtainable from commonly used
stationary laboratory instruments. The lower bound on this estimate is
used as the counting efficiency in Scenario 1 for both beta and alpha
radiation.

Manufacturer's specifications indicated that the highest efficiency
obtainable from a semi-portable detector is between 32 and 39 percent.
These detectors are of the same type as those used in determining fre-
quency distributions in Chapter 5. The lower bound on the above esti-
mate is used as the counting efficiency for both beta and alpha
radiation in Scenario 2.

The primary advantage of a shielded detector is the reduction of
background radiation. The efficiency of portable shielded detectors is
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reported to be between 15 and 20 percent which is not much higher than
that obtainable from most handheld probes. Thus, a detection efficiency
of 18 percent was chosen for Scenario 3 for both beta and alpha
radiation.

The final two scenarios involved obtaining efficiencies for simple hand-
held field instruments. On the basis of manufacturer's specifications,
efficiencies of 17 percent for beta detection and 18 to 15 percent for
alpha detection were chosen for these scenarios.

The counting efficiency for gamma radiation is generally much lower than
the counting efficiency for beta and alpha radiation. According to
industrial sources the highest gamma detection efficiency that can be
expected from a detector which may also be used for beta radiation
detection is about 0.3 percent. Higher efficiencies may be obtained
from sophisticated counting systems using sodium iodide or lithium
drifted germanium diode detectors with single or multi-channel ana-
lyzers, but such instruments are normally found only at facilities which
handle large amounts of gamma sources, and these instruments are rarely
used for contamination detection., This is because it is rare that a
facility uses or transports pure gamma-emitters, and most facilities
rely on detecting the beta components in a given surface contamination
mixture. Thus, 0.3 percent is selected as the gamma detection effi-
ciency for Scenario 1, and efficiencies of 0.2, 0.15, and 0.12 and 0.08
percent are chosen for the other scenarios.

4,1,2 Background Radiation

In uncontrolled environments, the background radiation count will vary
according to counting site location, the day the count is taken, and
even the time of day the count is taken. Thus, all background counts
described below are simply "typical average" background counts.
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The background count for beta-gamma radiation in a field situation,
according to our industrial sources, normally varies from 120 counts per
minute to 250 cpm. Because all scenarios except Scenario 1 are field
situations, the assumed background counts are 120 c¢pm for Scenario 2,
and 200 and 250 cpm for Scenarios 4 and 5. Because Scenario 3 assumes

3 portable shielded detector is used, a background count of 30 cpm is
used for this scenario. Scenario 1 (the laboratory situation) assumes

a background count of 25 cpm.

Information on alpha radiation background counts was difficult to
obtain, since at most facilities alpha background is assumed to be so
low that it is not normally measured. For scenario construction, alpha
background counts varying between 2 and 8 cpm, are selected for the five
scenarios.

4.1.3 Smearing Technique

Smearing techniques may vary tremendously depending on the type of con-
tainer being analyzed, company policy, and even the individual takirg
the smear. For purposes of this study, however, the assumed smearing
technique used is based on 49 CFR 173.389(f) and 173.397{a). These
regulations stipulate the amount of allowable radiation in terms of a
300 cm2 area and thus this study assumes that a smear is taken over

only this amount of surface area. The allowable Timits of 66,000 disin-
tegrations per minute for beta-gamma radiaticn and 6600 dpm for alpha
radiation on each smear covering 300 cm2 are assumed., Counting times
are estimated down to 66 dpm with a 10% relative counting error for the
various scenarios, using Equation 4.8. No analysis was attempted to
describe smear ccllection efficiencies.

4.1.4 Mix of Beta-Gamma Radiation
Current regulations are stated in terms of beta-gamma removable contami-

nation levels, but the characteristics and counting efficiencies for
beta radiation and gamma radiation are markedly different. In
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practice, what is usually done in measuring smearable contamination on
transported containers is to concentrate on beta radiation and place
less emphasis on determining the amount of gamma radiation that may be
present. Thus, an arbitrary mix of 95 percent beta radiation and 5 per-
cent gamma radiation was assumed for all scenarios. Aggregate counting
efficiencies were computed for beta-gamma radiation, but assuming only

5 percent gamma radiation caused these aggregate efficiencies to differ
little from the beta radiation efficiencies listed previously. A higher
percentage of gamma radiation than what is assumed will Tower the count-
ing efficiencies and raise the counting times above the equation esti-
mates. However, in practice mixtures of beta emitters are far more
common sources of surface contamination than pure gamma emitters.

4.1.5 Monitoring Costs Per Hour

In an effort to ascertain the true costs of monitoring time, a concept
known as the "fully burdened" cost is utilized. Fully burdened costs
reflect the total costs of business operation including taxes, overhead,
and maintenance of equipment, as well as labor wage costs. In essence,
the fully burdened cost of monitoring assumed in this study reflect the
total costs of radiation monitoring to the firm, except for the capital
costs of the radiation detection instruments. AlIl fully burdened costs
are estimated based on 1980 dollars.

Some of the firms contacted could not provide any information on their
fully burdened costs of monitoring. Of those that could provide this
information, the costs of monitoring ranged from $25 an hour to $40 an
hour. A1l firms contacted were able to provide their labor wage costs
for monitoring., Comparison of the labor wage costs for the firms that
were able to provide a fully burdened cost figure to those that were not
revealed that labor wage costs were generally lower for those firms that
were not able to provide a fully burdened cost figure. Thus, fully
burdened costs in the scenarios are lowered slightly from what the
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respondents reported to reflect the results of this comparison. The five
cost scenarios are estimated for base fully burdened costs of $20, $27, and
$35 per hour, modified for instrument technical complexity.

In addition, it was felt by many (though not all) of the industrial
respondents that hourly costs rise as the technical complexity of the
detection operation is increased. To reflect this assertion, the fully
burdened base costs Tisted above are raised by approximately 10 percent
for Scenarios 1 and 2 and by approximately & percent for Scenario 3
since the technical complexity of the instruments is somewhat higher for
these scenarios.

4,1.6 Relative Counting Error of the Counting Measurement

An arbitrary relative counting error of 5% is assumed for all scenarios.
While this level of error maybe high for most Taboratory testing, it is
probably Tow relative to most field testing, The assumed level is
thought to be an appropriate average.

4.1.7 Monitoring Cost Results

The monitoring time and monitoring costs per smear for the five scenar-
ios and three cost cases for the various levels of removable contamina-
tion are presented in Tables 4.1-2 through 4.1-5.

The data in these tables indicate that the monitoring costs per smear
for counting time are quite low under the current regulations. The
highest costs per smear calculated under the current regulations for
beta-gamma (Table 4.1-2) and for alpha {Table 4.,1-3) given the scenario
assumptions, are $0.03 and $0.26 (Scenario 5 - $35 Cost).

Decreasing the current 1limits for beta-gamma by 10 times (Table 4.1-3)
allows the costs per smear to remain fairly Tow at $0.39 per smear in
the worst case {Scenario 5 - $35 Cost). The counting time is still
below 1 minute, and thus this surface contamination level could be
detectable with handheld field instruments.



TABLE 4.1-2. Counting Times and Counting Costs Per Sample
at Current DOT Beta-Gamma Limits (10~% wuCi/cm?)

Scenario Scenario Scenario Scenario Scepario

Beta-Gamma 1 2 3 4 5
Counting Time 0.8 sec 1.3 sec 2.24 sec 2.6 sec 2.65 sec
Costs Per Sample $0.01 $0.01 $0.01 $0.01 $0.01
{$20 Base Cost)
Costs Per Sample $0.01 $0.01 $0.02 $0.02 $0.02
($27 Base Cost)
Costs Per Sample $0.01 $0.01 $0.02 $0.03 $0.03
[$35 Base Const)

Alpha (a)
Counting Time 0.7 sec 1.2 sec 1.85 sec 2.1 sec 2.5 sec
Caosts Per Sample $0.01 $0.01 $0.01 $0.01 $0.01
($20 Base Cost)
Costs Per Sample $0.01 30.01 $0.01 $0.02 $0.02
{$27 Base Cost)
Costs Per Sample $0.01 $0.01 $0.02 $0.03 $0.03

($35 Base Cost)
{8} These values are for a factor of 10 times higher than the current DOT
alpha Yimits.

TABLE 4.1-3. Counting Times and Counting Costs Per Sample at Levels 10
Times Below Current DOT Beta-Gamma Limits (10-5 uCi/cmé)

Scenario Scenario Scenario Scenario Scenario
Beta-Gamma 1 2 3 4 5
Counting Time 8.4 sec 15.7 sec 25.3 sec 37.4 sec 39.9 sec
Costs Per Sample $0.05 $0.10 $0.15 $0.21 $0.22
($20 Base Cost)
Costs Per Sample £0.07 £0.13 $0.20 $0.28 $0.30
($27 Base Cost)
Costs Per Sample $0.09 $0.17 $0.26 $0.36 $0.39
($35 Base Cost)
Alphala)

Counting Time 7.5 sec 11.9 sec 19.1 sec 21.9 sec 26.6 sec
Costs Per Sample $0.05 $0.07 $0.11 $0.12 $0.15
{$20 Base Cost)
Costs Per Sample $0.06 $0.10 $0.15 $0.16 $0.20
{$27 Base Cost)
Costs Per Sample $0.08 %0.13 $0.20 $0.21 $0.26

(335 Base Cost}

(ﬂ)These values are for current DOT alpha limits.
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TABLE 4.1-4. Counting Times and Counting Costs Per Sample at Levels
T 100 Times Below Current DOT Beta-Gamma Limits {10-6 uCi/cm?)

Scenario Scenario Scenario Scenario Scenario

Beta-Gamma 1 2 3 4 5
Counting Time 1.75 min 5.13 min 6.54 min  19.5 min 23.1 min
Costs Per Sample $0.64 $1.88 $2.29 $6.50 $7.69
($20 Base Cost)
Costs Per Sample 50.88 $2.57 £3.16 $8.77 $10.38
($27 Base Cost)
Costs Per Sample $1.14 $3.34 $4.03 $11.37 $13.45
{$35 Base Cost)

Alphala)
Counting Time 1.31 min 2.19 min 3.56 min 4.4]1 min 5.56 min
Costs Per Sample $0.48 $0.80 £1.25 $1.47 $£1.85
{$20 Base Cost)
Costs Per Sample $0.66 $1.10 $1.72 $1.98 $2.50
{$27 Base Cost}
Costs Per Sample $0.85 $1.43 $2.20 $2.57 $3.24

{$35 Base Cost)

{2)These values are for a factor of 10 below current DOT alpha limits.

TABLE 4.1-5. Counting Times and Counting Costs Per Sample at Levels
1000 Times Below Current DOT Beta-Gamma Limits(10~7 pCi/cm?)

Scenario Scenario Scenario Scenario Scenario

Beta-Gamma 1 2 3 4 5
Counting Time 38.19 min 4.46 hr 4 hr 24.4 hr 75.6 br
Costs Per Sample $14.00 $98.20 £583.99 $487.75 $605.18
{$20 Base Cost)
Costs Per Sample $19.10 $133.91 $115.99 $658.46 £817
{$27 Base Cost)
Costs Per Sample £24.82 $174.09 $147.99 $853.56 $1059.07
{$35 Base Cost)

Alpha (2)
Counting Time 15.93 min  31.52 min 53.19 min 1.43 hr 2.03 hr
Costs Per Sample $5.84 $11.56 $18.62 $28.70 $40.63
($27 Base Cost)
Costs Per Sample $10.35 320.49 $32.80 $50.22 $71.10

(a)These values are for a factor of 100 below current DOT alpha 1imits.
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If the Timits for alpha are lowered to 10 times below the current 1im-
its, however, the counting times would increase to a point where hand-
held probes would no Tonger be a valid means of counting. Holding a
sample over a handheld probe for more than a minute would probably not
be feasible because of cost and accuracy considerations. Thus, we
assume that for levels requiring counting times longer than 1 minute, a
firm would require more complex instruments than simple handheld probes.
In addition, for any counts longer than 1 minute, we assume a scaler
would be necessary to accurately verify beta-gamma and alpha levels for
every scenario except Scenario 1, where the complexity of the counting
instrument would negate the need for an additional scaler instrument.
With the above criteria, counters in Scenarios 1, 2 and 3 remain valid
detection methods because they do not involve the used of handheld
probes, while Scenarios 4 and 5 are eliminated. The lowest possible
cost per sample for alpha at 10 times below current levels {Table 4.1-4)
are $0.48 {Scenario 1 - $22 Cost), which is greater than the highest
calculated cost for beta-gamma in moving to 10 times below current
Timits,

Moving to 100 times below the current Timits would cause substantial
monitoring time cost increases for both beta-gamma {Table 4.1-4) and
alpha radiation {Table 4.1-5). The lowest possible costs in moving to
these limits for beta-gamma are $0.64 per sample for the highly complex
detection instruments assumed in Scenario 1. The lowest possible costs
for alpha are $5.84 per sample. The cost impacts of verifying compli-
ance to 1000 times below the current Timits are shown only for beta-
gamma and they would be very substantial. It is also questionable
whether detection of this level of radiation would even be technically
feasible for any of the assumed scenarios except Scenario 1, given

counting times of 4 hours or more.

Converting the time of counting per smear to a time of counting per
container is not straightforward., Different firms use different
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sampling techniques and may take one or many smears from an individual
container. In addition, not every container in an individual shipment
is always smeared, but randomized checking procedure may be used.

A simplifying assumption for this problem is to assume that one smear

is taken on every container shipped for all types of containers, except
spent fuel casks. While this assumption might underestimate the time
needed to monitor an individual container (because more than one smear
is often taken) it would probably overestimate the amount of containers
smeared (because not all containers are always smeared). Spent fuel
casks, however, are a special case, The possibility of contamination

an these shipments is higher than for other shipments and thus, they are
monitored extensively., The average number of smears taken on spent fuel
casks shipped and received is found to be 83. 1In this study, we assume
that 50 additional smears are taken at the reactor site where the cask
shipment originated.

The monitoring time cost impacts of reducing the current limits on a per
smear basis are presented in Table 4.1-6. To estimate the total
monitoring cost impacts utilizing the above assumptions, the number of
containers shipped in all categories except spent fuel casks should be
multiplied by the costs shown in TabTle 4.1-6. For spent fuel casks, the
number of shipments should be multiplied by 139 (the average number of
smears taken on a spent fuel cask} and then multiplied by the costs
shown in Table 4.1-6.

A problem arises in determining total impacts because it is difficult to
predict which scenario is most likely to occur. While monitoring time
costs decrease from Scenario b to Scenario 1 because of increased detec-
tion efficiency and reduced background, the capital costs necessary to
purchase the instruments which provide these conditions increase. Thus,
there appears to be a tradeoff between higher capital costs necessary to
purchase technically complex detection instruments and the lower
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TABLE 4.1-6. Suggested Monitoring Cost Impacts per Smear of Lowering
Removable Contamination Levels for Alpha and Beta-Gamma
to 10 and 100 Times Below Current Limits

Monitoring Costs at Levels 10 Times Below Current Limits {1980 Dollars)

Cost Changes Per Sample Scenario 1  Scenario 2 Scenaric 3 Scenario 4 Scenario 5
Cost Changes Per Sample $0.05 $0.09 $0.14 $0.20 $0.20
{$20 Base Cost)
Cost Changes Per Sample $0.06 $0.12 10.18 $0.26 $0.28
($27 Base Cost)
Cast Changes Per Sample $0.08 $0.16 $0.24 $0.33 $0.36
{$35 Base Cost)
Alpha
Cost Changes Per Sample $0.43 $0.72 $1.14 Not Feasiblefd) Not Feasible(a)

($20 Base Cost)

Cost Changes Per Sample $0.60 $1.00 $1.57 Not Feasibield) Not Feasiblela}
{$27 Base Cost)

Cost Changes Per Sample $0.77 $1.30 $2.00 Not Feasiblel(2) Not Feasible{a)
{$35 Base Cost)

Monitoring Costs at Levels 100 Times Below Current Limits (1980 Dollars)

Beta-Gamma

g5y Ghangs Per Sample $0.64 $1.87 $2.28 Mot feasiblel{a) Not Feasiblelal

g 0 Base ost?
Cost Changes Per Sample $0.87 $2.56 $3.14  Not Feasible(2) Not Feasible(2)
{$27 Base Cost)
Cost Changes Per Sample $1.13 $3.33 $4.01 Not Feasible{a) Not Feasible(a)
{$35 Base Cost)

Alpha

Cost Changes Per Sample $5.79 $11.49 $18.51  Not Feasible{a) Not Feasiblela)

{$20 Base Cost)

Cost Changes Per Sample $7.91 $15.66 $22.74  Not Feasible{a) Not Feasible{a)
($27 Base Cost)

Cost Changes Per Sample $10.27 $20.33 $32.60  Not Feasible(a} Not Feasible(a}
{$35 Base Cost)

P —

{a)Not feasible with handheld probes because of counting time >1 minute.
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monitoring time costs incurred in using these instruments. How firms
will operate given this tradeoff depends on the relative costs of
monitoring time and instrumentation at a given contamination level.

4,2 Instrumentation Costs

The capital costs for the various instruments that may be used for
detection of removable surface contamination vary significantly,
According to the industrial sources contacted, laboratory detectors of
the complexity of those assumed in Scenario 1 may cost as much as
$25,000. Simple handheld detectors and probes of the type assumed in
Scenarios 4 and 5 may cost as Tittle as $500 for both detector and
probe.

A first step in determining the instrumentation costs as a result of
reduced limits is to determine what instruments are currently being used
for radiation detection and how many of these instruments are necessary
to monitor a given number of containers. It is felt that the best
source of answers to these questions are obtained through contacts with
industrial representatives,

Currently, most industrial sites contacted employ a mix of portable and
laboratory instruments. The detection instruments used, the approximate
number of containers monitored anually, and estimates of the number of
containers monitored per instrument for the industrial sites contacted
are presented in Table 4.2-1., Note that Table 4.2-1 contains informa-
tion for each category of container considered in this study (i.e.,
shippers of radiopharmaceuticals, industrial sources, nuclear fuel cycle
materials, and low-level radiocactive wastes).

The measurements of the number of containers handled per instrument are
obviously very rough approximations. The number of containers a given

instrument may monitor is theoretically very large, but repair time and
other considerations will reduce this number in practice. Most firms
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TABLE 4.2-1.

SITE 1

SITE 2

SITE 3

SITE 4

SITE B

Detection Instruments Currently in Use at Representative Industrial Sites

SITE 6

Number of Instruments:

25 Available

Pascription:

Containers Handled Annually:

An LSD Counter

Shielded G-M lodine
Probes for Beta-Gamma

Internal Praportional
Gas Flow Counters for #

182,000 Radiopharma-
ceuticals

1,800 Hot Waste Drums

Containers Handled Annually
Per Instrument:

7,350 Radiopharma-
ceuticals and Waste
Shipments

21 Availahle

15 Mini-Manitors which
are used only for alpha

detection

6 Liguid Scintillation

Counters which are
ysed for both beta-

gamma and alphz counting

104,000 Radiopharma-
ceuticals and Indus-
trial Use Containers

4,950 Radiopharma-
ceuticals and Indus-
trial Use Containers

*

4 Available

Gas Proportional
Planchet Counter

G-M Pancake
Probes with
Scalers

13,000 Industrial
lUse Containers

7,000 Radio-
pharmaceuticals

5,000 Radiophar-
maceuticals and
ITndustrial Use
Containers

2 Available

Shielded Gas Flow
Proportionat
Counter

G-M Probe Backup

210 Fuel Casks

105 Fuel Casks

6 Available

PAC-6 Air Flow
Proportional
Counters for alpha

Pancake Probes and
G-M Detectors for
beta-gamma with
Scaters

100,000 MWaste
Containers

17,000 MWaste
Shipments

8 Available
2 Gas Flow prapor-

tional Counters

6 Alpha Scintillation
Counters

Not Available

Nat Available



generally have a pool of instruments to draw from so that they will have
an adequate number of instruments in peak shipping periods or if some of
their instruments should break down. Differences in sampling techniques
and the radiocactivity associated with different types of containers will
also cause the frequency of use for detection instruments to vary
significantly from one facility to ancther.

However, in order to estimate the capital costs for monitoring on a per
container basis, it is necessary to approximate the number of containers
monitored by a typical instrument. The numbers presented in Table 4.2-1
are based in the assumption that every container handled by a firm is
monitored with an instrument. While these numbers are only rough
estimates, they are based on industry experiences.

In the monitoring time cost calculations, it is assumed that all con-
tainers except spent fuel casks are smeared once over a 300 cm2 area,

as stated in the current regulations. To maintain consistency with this
approach, the frequency of instrument use is assumed to be equal for all
types of containers except spent fuel casks. This assumption allows for
an averaging of the numbers presented in Table 4.2-1 to yield an average
number of approximately 8600 containers (excepting spent fuel casks)
monitored per instrument per year. For spent fuel casks, an average

number of 105 per year is cbtained from reported industrial data.

The useful life of a detection instrument is also a very difficult prob-
lem to assess. Variation in the frequency of use and maintenance prac-
tices causes the useful life of a detection instrument to vary from one
facility to another. On the basis of information gathered from instru-
ment manufacturers the useful life of a field instrument is assumed to
be five years and the useful life of a laboratory instrument is assumed
to be seven years.
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Information on the useful life of the instrument may be combined with
the annual number of containers monitored by a typical instrument to
yield the total number of containers monitored over the useful life of
the instrument. In this study, these numbers are 735 spent fuel casks
or 60,200 containers of other categories for a laboratory instrument,
and 525 spent fuel casks or 43,000 containers in other categories for
less complex field instruments.

Using the above numbers, the per container capital costs for the instru-
mentation assumed in the five scenarios are presented in Table 4.2-2,
along with the approximate total capital costs. The numbers in

Table 4.2-2 are combined with the numbers in Table 4.1-6 to obtain an
idea of how firms would be likely to act given the tradeoffs between the
increased capital costs of deciding to use a more complex detection
instrument and the reduced monitoring time costs of such a decision,

In reducing the limits to 10 times below the current beta-gamma limits,
Scenario 2 would be the least-cost choice for a firm to make. At these
limits, scalers are not assumed to be necessary to detect the allowable
surface contamination levels. The total cost impacts of reaching this
level under Scenario 2 would vary between $14.31 and $24.04 per con-
tainer for spent fuel casks (assuming 139 smears) and between $0.11 and
$0.18 per container for all other container categories, the lowest of
any of the scenarios (see Table 4.2-3).

In reducing the limits to 10 times below current limits for alpha, Sce-
nario 1 would be the least-cost choice for spent fuel casks, with total
cost impacts varying between $86.98 and $134.24 per cask. For other
containers the least-cost choice would depend on the monitoring costs

of the firm, At a $20 cost of monitoring, Scenarios 1 and 2 would be
equal in cost impact at $0.76 per container (this assumes a scaler would
be necessary to utilize the instrument assumed in Scenario 2). At
higher time costs, Scenario 1 would be the least-cost choice,
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TABLE 4.2-2.

Approximate Capital Costs for T
Radiation Detection Instruments

{pgca1 Laboratory and Field
a

Unshielded Unshielded
Liguid Scintillation Chamber Chamber Shielded Gas Beta-Gamma Air
and Other State-of- Counters Counters Beta-Gamma Propartional Partable Handheld Proportional
the-Art Counters [beta Crystal})  {Alpha Crystal) Counters Alpha-Counters Scalers Detectors Alpha Counters
{7-Year Life) [7-Year Life) {?-Year Life) 7-Year Life) (7-Year Life} (7-Year Life] (5-Year Life) {5-Year Life}
Approximate £20,000 £1,325 $1,325 $1,750 31,200 $1,300 $500 $650
Capital Cost
Costs per Con-
tainer Over the
Life of the
Instrument:
Fuel Casks $2v.21 $1.80 £1.80 £2.38 $1.63 £1.77 £0.95 $1.24
A11 Dthers $0.33 $0.02 $0.03 £0.02 $0.02 $0.02 £0.02

[alThe instrument Tife for laboratory instruments is defined to be 735 spent fuel casks or 60,200 shipping containers. For field instruments, the instrument

life is defined to be 525 spent fuel casks or 43,000 shipping containers,

A1l rost estimates are based on constant 1980 dollars.



Scenario 1 would be the Teast-cost choice in reducing the limits to 100
times below current limits for both beta-gamma and alpha. The higher
capital costs involved in purchasing instruments of the complexity
assumed in Scenario 1 are more than compensated for by the reduced
monitoring time costs of using these instruments.

The least-cost amounts for reaching levels 10 and 100 times belaw the
current limits are presented in Tables 4.2-3 and 4.,2-4. It is obvious
from the results presented in Tables 4,2-3 and 4.2-4 that lower contami-
nation limits would provide significant incentive for a firm to purchase
detection instruments with higher detection efficiencies. The differ-
ences in monitoring time costs between Tow and high efficiency instru-
ments clearly outweigh the capital cost differences between the two
types. In fact, there is evidence that firms in the industry are
already beginning to purchase and use more complex instruments, because
of license requirements and other factors not directly related to DOT
requlations.

4.3 Decontamination Costs

At a first glance, decontamination costs would appear to be a substan-
tial part of the costs of reducing removable surface contamination lim-
its. When a problem is detected related to removable surface contami-
nation, it would seem that the costs of alleviating the problem would
be significant. However, under the current limits very few instances
of such problems have been discovered and for some types of containers,
the direct costs of decontamination are relatively small.

4,3.1 Radiopharmaceutical and Industrial Source Containers

Recent surveys indicate that the frequency of decontamination for radio-
pharmaceuticals and industrial use shipments under the current Timits is
very low. One survey taken in eight states and New York City found only
2 of 2593 radioactive containers had detectable surface contamination
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Least Cost per Container for Reaching Levels 10
Times Below Current Limits

Least Cost to Attain Levels 10 Times Below Current Limits (1980 Dollars)

4,23

Least Cost Monitoring
Scenario Time Cost Instrumentation Total Cost
Beta-Gamma Number Impact Cost Impact Impact
Fuel Casks 2 $12.51 $1.80 $14.31
($20 Base Time Cost)
A1l Others 2 $0.09 $0.02 $0.11
{$20 Base Time Cost)
Fuel Casks ? $16.68 $1.80 $18.48
($27 Base Time Cost)
‘A1l Others 2 $0.12 $0.02 $0.14
($27 Base Time Cost)
Fuel Casks 2 $22.24 $1.80 $24.04
($35 Base Time Cost)
A1l Others 2 $0.16 $0.02 $0.18
($35 Base Time Cost)
Alpha
Fuel Casks 1 $59.77 $27.21 $86.98
($20 Base Time Cost}
A1l Others 1lor?2 $0.43 or $0.33 or $0.76
($20 Base Time Cost) $0.72 $0.04
Fuel Casks 1 $83.40 $27.21 $110.61
($27 Base Time Cost)
A1l Others 1 $0.60 $0.33 $0.93
($27 Base Time Cost)
Fuel Casks 1 $107.03 $27.21 $134.24
($35 Base Time Cost)
A1l Others 1 $0.77 $0.33 $1.10
{$35 Base Time Cost)



TABLE 4.2-4. Least Cost per Container for Reaching Levels
100 Times Below Current Limits

Least Cost to Attain Levels 100 Times Below Current Limits (1980 Dollars)

Least Cost Monitoring

Scenario Time Cost Instrumentation Total Cost
Beta-Gamma Number Impact Cost Impact Impact
Fuel Casks 1 $88.96 $27.21 $116.17
{($20 Base Time Cost)
A1l Others 1 $0.64 $0.33 $0.97
($20 Base Time Cost}
Fuel Casks 1 $120.96 $27.21 $148.14
($27 Base Time Cost)
A1l Others 1 $0.87 $0.33 $1.20
{$27 Base Time Cost)
Fuel Casks 1 $157.07 $27.21 $184.28
($35 Base Time Cost)
A1l Others 1 $1.13 $0.33 $1.46
{$35 Base Time Cost)
Alpha
Fuel Casks 1 $304 .81 $27.21 $832.02
{$20 Base Time Cost}
All Others 1 $5.79 $0.33 $6.12
($20 Base Time Cost)
Fuel Casks 1 $1099.49 $27.21 $1126.70
($27 Base Time Cost)
All Others 1 $7.91 $0.33 $8.24
{$27 Base Time Cost}
Fuel Casks 1 $1427.53 $27.21 $1454.74
($35 Base Time Cost)
All Others 1 $10.27 $0.33 $10.60

{$35 Base Time Cost)
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greater than current DOT limits (Los Alamos 1978). Another study in
I1Tinois (I11inois Department of Public Health 1980) found no detectable
surface contamination on 51 containers wiped and a study in South
Carolina discovered no excessive contamination on 80 radiopharmaceutical
containers {South Carolina 1978). The results of other studies (South
Carolina 1980; Carter et al. 1980), pointed to the same conclusion that
the incidence of contamination in excess of current limits is very low.
Two of the industrial representatives contacted cited the frequency of
decontamination for radiopharmaceuticals and industrial use shipments

at their facilities at about 1 in 15 million containers.

in addition, the procedures for dealing with contamination in excess of
the current limits are relatively simple for many of the types of con-
tainers being examined in this study. If excess contamination is found
on radiopharmaceuticals or on most industrial use shipments, the normal
procedure would be to open the container, examine its contents for leaks
and, if this examination were satisfactory, repackage the material. The
direct costs of such procedures, in terms of labor and materials are
expected to be quite low (for example, the material cost of replacing a
large radiopharmaceutical container is only about $1.15).

Thus, because the frequency of decontamination is so low and because the
costs of decontamination are also Tow, the total direct cost impacts for
decontamination of radiopharmaceuticals and industrial source shipments
1imits is assumed, for purposes of this study, to be negligible.

4.3.2 Spent Fuel Casks
For spent fuel casks and waste drums, the containers {i.e., the casks

and the drums) appear to have a significant economic value. Thus, when
contamination is found on a container, it would be decontaminated rather
than replaced. For spent fuel casks in particular, decontamination is a
normal procedure and a major cost element of cask shipping (Anderson et
al. 1978). Designs which facilitate easier decontamination are given
significant weight in cask design (Rhoads 1977).
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The materials costs for decontaminating metal containers are quite low.
Normally, simple alcohol or soap solutions are used to wash down the
casks or drums. Thus, the primary cost of decontamination is Tlabor
time.

Our industrial contacts indicated that the costs per hour for decontami-
nation of spent fuel casks and waste drums are normally the same as the
costs per hour for monitoring such containers. The same workers are
usually involved in both operations and radiation monitoring is per-
formed after each decontamination to insure that the decontamination was
successful in getting the container surface contamination below required
levels. Thus, $30 an hour was chosen as an average fully burdened cost
per hour for decontamination.

To determine the decontamination cost impacts of reduced limits for
removable contamination, the frequency of decontamination under the
current reqgulations must first be estimated. Once this is done, an
additional problem is to determine the reduction in contamination level
each time a decontamination is performed (i.e., the decontamination
factor).

Industrial records on spent fuel cask decontamination are used as a
basis for estimating decontamination factors and costs. These records
included approximately 77 observations on spent fuel cask shipments made
between March, 1979 and August, 1980. Contamination levels were
recorded for every area of the cask and transporting vehicle by taking
smear samples after decontamination. These records are quite extensive,
and an average of 89 smears were normally taken from the surface of the
cask and transporting trailer after initial decontamination. Note that
all of the numbers and records discussed in the remainder of this decon-
tamination analysis are for beta-gamma radiation only. The records of
alpha radiation indicated that the levels found on spent fuel casks are
very low or nondetectable.
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No records are available on contamination levels prior to decontamina-
tion, since all casks are routinely decontaminated once before the con-
tamination levels are measured. In addition, a policy that requires
removable contamination Tevels that are 10 times below the current non-
exciusive use levels is often used in the industry. This is done to insure
that any "sweating" of the cask surface during transport will not result

in surface contamination levels that are in excess of current DOT

limits.

To reach surface contamination levels equal to or less than the current
DOT Timits, initial decontamination of the cask usually requires about
two hours of labor time for two men. This leads to a base cask decon-
tamination cost of $120 per cask, assuming an hourly fully burdened cost
of $30. Only 4 of the 77 casks were found to have contamination levels
in excess of the current limits after one decontamination. This means
that only about 5 percent of the casks would require further decontami-
nation under current regulations after the initial washdown. Further
decontamination is estimated to require two men and 30 minutes of
effort, for an additional cost of $30. Thus, assuming that one total
washdown would always be necessary, the average cost of reaching the
current levels is calculated as follows for nonexclusive use shipments:

(Base Cask ) Frequency Cost of Total
Decontami- + fof Further} «[Further = | Costs to
nation Cost Decontami- Decontami- reach (4.9)
nation nation current
Timits

or: $120 + {0.05)-($30) = $121.50

To reach surface contamination levels 10 times below current DOT limits,
spent fuel casks require another spot decontamination of certain areas
about 90 percent of the time. Because only certain areas require a

second decontamination, the time required averages about 30 minutes for
two men, leading to an additional cost of $30 per cask. Infrequently
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(about 12 percent of the time), a third spot decontamination is
required, which also requires about 30 minutes for two men and another
cost of $30. Thus, in reaching Tevels 10 times below the current
1imits the average cost of decontamination per cask is calculated as

follows:

Base Case Frequency of ost of Frequency Cost of

Decontami- ] + { Second Decon-| fSecond +§ of Third o Third

nation Cost tamination Decontam- Decontami-J YDecontam-
ination nation ination

Total Costs

to Reach 10 (4.10)
=] Times Less

Than Current

Limits

or: $120 + (0.90)-(%$30) + {0.12)-($30} = $151 per cask

The average contamination levels after one, two and three decontaminations
are illustrated in Figures 4.3-1 and 4.3-2. A bar graph representation is
used since the post-decontamination levels shown are for averaged cases.
The dotted lines connecting the costs on these figures are added to show
the trend of the data, and they should not be used to estimate costs to
achieve intermediate levels of decontamination, since the costs of reach-
ing levels 100 times below the current limits are calculated on the

basis of extrapolated decontamination factors.

Note that Figures 4.3-1 and 4.3-2 present information for two separate
cases: the case where two decontaminations are required to get below
required levels and the case where three decontaminations are required.
This is done since combining the two cases gives the distorted picture
that contamination levels after three decontaminations are greater than
contamination Tevels after two decontaminations. This occurs because
those cases where three decontaminations are necessary appear to be

cases where the contamination was not easily reduced, rather than cases
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administrative costs associated with providing information to
regulatory agencies on the problem and how it was being corrected. An
additional cost was the impounding of the hauling vehicle until it
could be verified that the contamination problem had been corrected.

4,7 Economic Cost Analysis Summary

The direct economic cost of reducing removable surface contamination
Timits were divided into three categories for analysis in this chapter:
1) monitoring time costs, 2) instrumentation capital costs, and 3}
decontamination costs. All direct cost estimates were made on the basis
of constant 1980 doilars, information obtained from industrial
represenfatives, and from theoretical cost modeling.

Based on a least-cost analysis of the 5 scenarios defined in Section
4.1, the monitoring-cost impacts of verifying compliance for levels 10
times below current limits were found to vary (depending on the cost of
monitoring time) between $14.31 and $24.04 per cask for beta-gamma moni-
toring of fuel casks and between $0.11 and 3$0.18 per container for other
types of container. The costs for monitoring at Tevels 100 times below
current T1imits were found to vary between $11.17 and $184.28 per spent
fuel cask and 30.97 and $1.46 per container, for all other types of
containers.

The costs of monitoring alpha contamination levels for these reduced
1imits would be substantially higher, primarily because current limits
for alpha are 10 times below those for beta-gamma. At 10 times below
current limits for alpha, the estimated cost impacts are between $86.98
and $134.24 for spent fuel casks and between $40.76 and $1.10 per con-
tainer for all other types of containers. At 100 times below current
Timits, these impacts increase to between $832.02 and $1454.74 per spent
fuel cask and between $6.12 and 3$10.60 for all other types of
containers.
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The costs of decontaminating spent fuel casks and waste drums were ana-
lyzed. Based on the information obtained, decontamination costs for
radiopharmaceutical and industrial-use shipments were assumed to be
negligible. Decontamination costs for spent fuel casks were a signifi-
cant cost component. Detailed records of contamination levels after
decontamination were used to estimate the costs of decontamination if
the current limits were reduced. The decontamination cost impacts of
attaining levels 10 and 100 times below current limits were estimated
to be $29.50 and $59.50 additional cost per spent fuel cask.

Information on the decontamination of waste drums was limited, but costs
under current limits were estimated to be $2.21 per drum. The decontam-
ination records for fuel casks were used to extrapolate decontamination
costs impacts on waste shipments for Jower limits., These additional
costs were estimated to be $0.54 per drum at 10 times below current
1imits and $1.06 per drum at 100 times below current Timits.

Decontamination costs were added to monitoring costs to determine the
total cost impacts of reducing removable surface contamination limits.
When the cost impacts for beta-gamma and alpha contamination are summed
and a base monitoring cost of $27 per hour is assumed, the total cost
impacts resulting from levels 10 times below current limits are $1.07
per container for radiopharmaceutical and industrial source shipments,
$1.61 per drum for waste shipments, and $158.59 per cask for spent fuel
casks. The total cost impacts at 100 times below current Timits are
$9.44 per container for radiopharmaceuticals and industrial use ship-
ments, $10.50 per drum for low-level waste shipments, and $1334.34 per
cask for spent fuel casks. The largest cost element in these totals is
the cost of alpha radiation monitoring.



The effects of reduced limits on vehicle monitoring and decontamination
costs were also estimated. At $30 per hour for monitoring and decontam-
ination, the total cost impact estimates at 10 times below current Tim-
its would be $5.35 per shipment for radiopharmaceuticals and industrial
use shipments, $24.54 per shipment for waste shipments and $115.30 per
shipment for spent fuel casks. At 100 times below current limits, the
cost estimates are $47.20 per shipment for radiopharmaceuticals and
industrial use shipments, $212.68 per shipment for waste shipments and
£920.32 per shipment for spent fuel casks.

All of the industrial representatives contacted believed that the
indirect costs of reduced contamination limits would probably exceed the
direct costs. Some of the indirect costs would include delays in pro-
duction and distribution schedules, increased transit costs because of
longer waits for monitoring and decontamination, and increased
administrative costs because of additional regulatory actions.
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5. CONTAMINATION FREQUENCY DISTRIBUTIONS

The purpose of this chapter is to quantify the present levels of remov-
able surface contamination associated with the shipment of radicactive
materials. To accomplish this purpose, field trips were required to
collect information from industries representing each category of trans-
portation container considered in this study. Information was collected
during these trips from both industry shipping records and from actual
measurements of smears taken from container surfaces. Both alpha and
beta-gamma data were collected and used to develop contamination fre-
quency distributions that relate the number of smears fo the observed

or reported contamination level. This chapter contains sections that
discuss the instrumentation, procedures, and results for the four cate-
gories of radioactive shipments: radiopharmaceuticals, industrial
sources, nuclear fuel cycle materials, and low-level radivactive waste.

5.1 Instrumentation
The radiation detection instruments used to determine the activity on

the smear samples collected for this project were selected based on
several criteria. First, in order to quantify the amount of radiation
detected over a given amount of time it was necessary to use a scaler
instead of a rate meter. A scaler records the activity as a given num-
ber of counts per total time while a rate meter only gives the instan-
taneous activity which fluctuates over time. A second criterion was
that the active area of the alpha detector and the beta-gamma detector
be similar in size so the same smear could be counted on both detectors.
Finrally, it was necessary to select semiportable instruments that could
be transported between sites.

A detection system that fulfulled these requirements was the Eberline
smear counting system consisting of two model MS-2 miniscalers and two
model RD-13 scintillation detectors. One detector contained an alpha-

type scintillation crystal and the other contained a beta-type
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scintillation crystal. Both detectors had an active detector diameter
of 4.3 cm, thereby, allowing for standardization of smear size and geo-
metry. This enabled the operator to analyze both alpha and beta-gamma
radiation using the same smear sample.

The MS-2 miniscalers used were single channel pulse height analyzers.
The six decade scaler allowed the sample to be counted for a set length
of time. Automatic timing could be used for specific count times
between 0.1 and 50 minutes. The threshold setting on both miniscalers
was 500 volts. No window was set on either miniscaler, thereby allowing
a full range of alpha and beta energies to be detected. The high vol-
tage for the alpha detector was set at 450 volts, and for the beta-gamma
detector it was set at 500 volts,

The instruments were initially calibrated with eight different sources.
The counting efficiencies that were determined are given in Table 5.1-1.
A 137Cs {2.16 x 10'3L1Ci) source manufactured by Westinghouse and a
230Th(1.96 X IO‘ZLJCi) source from Eberline were used to verify that

the instruments were operating at the efficiencies previously determined.

5.2 Procedures

The smear samples were taken using Whatman No. 5 filter paper which has
a diameter of 4.25 cm. The area smeared was approximately 300 cm2
which is equivalent to that prescribed by the Department of Transporta-
tion requlations in 49 CFR 173. The smears were numbered consecutively
and placed separately in correspondingly numbered envelopes immediately
after each smear was taken.

The activity on each smear was counted for 5 minutes which allowed the
detection of (.22 dpm/cm2 alpha and 2.2 dpm/cm2 beta-gamma (from a
smear covering 300 square centimeters of surface} with a relative
counting counting error of less than 10% {based on calculations made
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TABLE 5.1-1 Calibration of the Eberline MS-2 Miniscaler With the
Eberline Alpha RD-13 and Beta RD-13 External Probes
Probes

Calibration of Eberline MS-2 Miniscaler and Eberline
Alpha RD-13 External Detector

Nuclide Ener MeV Counting Efficiency %
239Pu 5.15 41.7%
2304, 4.68 42.3%

Calibration of Cberline MS-2 Miniscaler and Eberline
Beta RD-13 External Detector

Nuclide Ener MeV Counting Efficiency %
14c 0.15% 10. %
997¢ 0.290 24. %
36¢4 0.714 44..5%
210g; 1.17 6. %
234p, 2.32 16. %
90g,_y 0.56-2.27 54. %

using Equation 4.8 from Chapter 4). The current maximum permissible
level for removable radiocactive contamination is 22D0 dpm/cm2 beta-
gamma and 220 dpm/cm2 alpha for natural or depleted uranium and

natural thorium, Therefore, a factor of 1000 exists between detection
level of the instruments (with less than 10% relative counting error}
and the current contamination Timits. For all other beta-gamma emitting
radionuclides the maximum permissible level is 220 dpm/cm2 and for all
other alpha emitting radionuclides it is 22 dpm/cmz. Both measurements
are a factor of 100 above the detection level of the system {with 10%
relative counting error}. Background counts were calculated by
averaging over a 20 minute period prior to each use of the instruments.
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The gross counts per minute were converted into net dpm/cm2 using the
efficiency of 90Sr-gOY for beta-gamma radiation and 239Pu for alpha
radiation since the actual isotopes present on the smear were unknown,
90Sr-gOY and 23%py efficiencies were used because these isotopes are
considered "worst case isotopes” due to their relative toxicity and
radiobiological damage potential. The counting efficiency of the beta
9oSr—goY than for other isotopes and thus the

reading was a lower estimate of the amount of beta-gamma contamination

detector is higher for

on the smear. Since the energies of most alpha emitting isotopes are
within a narrow range, the measurements made were good estimates of the
amount of alpha contamination present on the smear independent of the
actual isotope present.

A limited gamma-spectra analysis using a Ge-Li detector was conducted

on the Tow-level waste smear which contained a detectable amount of con-
tamination (1.23 dpm/cmz). The results showed very small amounts of
13?Cs, 58C0, 54Mn and 60Co barely measurable above background. No
further spectra analyses were conducted since only one smear sample

contained activity significant enough to analyze.

5.3 Radiopharmaceuticals

Removable surface contamination frequency distribution data for remov-
able surface contamination on 142 radiopharmaceutical shipping con-
tainers is listed in Table 5.3-1. Containers from three different sites
were examined. These containers consisted of cardboard boxes and metal
cans. All measurements were below the statistical detection limit of
the instrumentation for a 10% relative counting error, and most beta-
gamma data points were at least three orders of magnitude below the
current DOT limits. The level of alpha contamination was also well

below the current DOT i1imits. An additional 110 data points were
obtained from seven sites during a related study being conducted for the

NRC by Reynolds £iectric and Engineering Co. Inc. (REECO), on radiation
exposures to workers during transportation of radiopharmaceuticals. These
data points are included at the end of Table 5.3-1 with REECO listed in
place of the sample number.
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TABLE 5.3-1 Frequency Distribution Data for Radiopharmaceuticals

Sample Package Labeled Beta-Gagma Alpha ,
Number Type Contents {dpm/cm”) (dpm/cm™ )
120 Cardboard 125, Bkgrd® Bkgrd(®)
121 o -- " "
127 " 99Mo 14 "
128 " " .09 "
129 " 163yp 25mc1) .19 "
130 v " 44 "
131 " . 15 "
132 " v Bkgrd "
133 " " " "
134 " u " v
135 " " “ "
136 " “ " "
137 L v " "
138 " 1257 (31mci) " "
139 " " (.065C1) 02 "
140 " " (.168Ci)  Bkgrd v
141 “ " (.305CH) " "
159 " 85¢r(.5uc) " 01
160 “ 855r (2ue) " "

141Ce(ZuC1) " "

1257 c1) .. '

sc(1uci)
161 " -— .02 Bkgrd
162 . —— .02 0
163 " --- 03 "
164 v .- .02 "
165 " - 02 "
166 " - .01 v
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Sample

Number

167
168
169
170
171
172
173
174

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

195
1396

Package
_Type

Cardboard

TABLE 5.3-1

Labeled
Contents

(Cont'd)

131I

1251 (1.54mCH)

1251 (. 1mc4)

12510 oomei)

3% (uc)
Bl
1251 (.o2mci)
1251 (. oamci)
1251 o2mci)
1251 10mc1)
1251 (smei)
1257 (omei)
1251 (20mc1)
1311 (5mci)
14 (somci)
3H(10mCH)
1251 (,02me)
34(smci)
1251 (10mc1)

Beta-Gamma

(dgm/cmzz

Bkgrd
.01
Bkgrd
.02
Bkgrd
.01
.01
Bkgrd

Bkgrd

Bkgrd

Bkgrd
.01
.01

Bkgrd



TABLE 5.3-1 {Cont'd)

Sample Package Labeled Beta-Gagma Alpha ?
Number Type Contents (dpm/em”) (dpm/cm”)
197 " 3u(imci) u m
198 " 1251 .01 .01
199 " ?zgo(.OImCi) Bkgrd Bkgrd
200 z I .01 "
201 L 14¢ (.o5mCi) .03 "
202 . Sler (2mci) Bkgrd u
203 . 125 .01 "
204 . 1251 (1mci) Bkgrd "
205 z 125, z “
206 . 1251 ¢ 005mei) " :
207 . 125, .01 "
208 " " .01 "
209 " " Bkgrd "
210 " " z "
211 " " . z
212 " y " "
213 o Ser(smei) .01 :
214 u L3¢ (6mc), Bkgrd "
3h(2s5mci)
215 0 1251 (.275mci)  Bkgrd Bkgrd
216 " 1257 (gomc4) " "
217 " 1251 (160mc1) . :
218 " 1257 (180mc) z u
219 " 1335, 14¢, ! .01
241,

220 u Mer(175.1tmci) Bkgrd
221 Can 226 a(5mC1) ! !
222 Cardboard 32p(63.82mC1) ! !
223 o H(amci) .06 u
224 " - Bkgrd .
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TABLE 5.3-1 (Cont'd)

Sample Package Labeled Beta-Gargma Alpha ,
Number Type Contents (dpm/cm”) (dpm/cm”)
225 Cardboard 3H(1omci) ! y
226 Can 34(373mc) z "
227 z 34(21.75uCH) .05 "
228 Cardboard 1257 oomei) Bkgrd "
229 0 125 u o
230 " " .01 o
231 " " Bkgrd "
232 " " " "
233 " o " :
234 : " .02 "
235 " " .03 z
236 " %7 6a(.093C1) .01 "
237 z PMo(1.35C1) .02 "
238 u 67 6a(.046C1) " 0
239 “ 133ye(.270ci) .04 n
240 " 20179(.058ci) .01 "
241 z co(2mCi) Bkgrd u
242 " 13765 (2uC 1) .04 "
243 " Blsnzoomci) .06 Z
244 " 3o (5mCi) .06 "
245 " 125¢ (120mci) .09 "
246 u nMg(2.7C1) .02 "
247 L Mo (1.35C1) .03 "
248 " 99Mo(2 25C1) .08 "
249 " Mo(1.35CH) .09 "
250 u 99Mo(2 7C1) .07 :
251 " 9o(1.35CH) .03 "
252 " g (2.25C1) .04 "
253 " 9%%o(.45CH) .06 "
254 ! 9o(.45C1) .01 "
255 " 9M0(.45C1) .02 l
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TABLE 5.3-1 {Cont'd)

Sampie Package Labeled Beta-Gagma Alpha 5
Number Type Contents {dpm/cm”) (dpm/cm”}
256 Cardboard DMo(. 9c) Bkgrd Bkgrd
257 n BMo(.675¢4) .04 z
258 " PMo(.9c) .04 "
259 " 133ye(.05¢1) Bkgrd “
260 y 133ye(.080ci) .06 "
261 : 133ye(.1¢1) .06 0
262 ! 676a(.009CH) .07 "
263 u 67Ga(.003CH) .01 !
264 u 133ye(.04c1) Bkgrd "
265 " yo(.45¢C1) .05 .01
266 Y " Bkgrd Bkgrd
267 " Mo (1.35¢1) .04 .01
268 " " .01 Bkgrd
269 " 9Mo(1.35C) .02 "
274 " 20671(.002¢i)  Bkgrd "
275 " " u .
276 " “ " "
277 " " " "
278 u ! z "
279 " n " “
280 u u : 0
281 " " " "
282 . 57¢0(.002¢1) ! "
283 “ 3u(.01cH) n )
284 " *5(.0012¢1) “ "
285 " ~ 3s(.0048c1) . "
286 " Exempt Quantity " "
287 v 33s(.0012¢+1) " .
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TABLE 5.3-1 (Cont'd}

Sample Package Labeled Beta-Gagma Alpha ,
Number Type Contents (dpm/cm”™) {dpm/cm”)

reeco(C)  cardboard 990 Bkgrd Bkgrd

n 1] ] 1] n
] L] H n ]
n H 1] 1] H
1] L] L1} 15 1t
1l LU 4] n L]
] 1] n L} 1]
L] 1] 1 1] 1]
il i i H n
1] 1] 1] H 1]
L] n ] u L]}
] n 1] H n
[] n it 1] n

Ga 1] It
1] 1] 99”0 L]} 1]
1] n 1] 1] 1]
1] ] ] Ll H
1] L] 1t n 1]

] ] L] L]} 1]
L]} n 1] u 1}
n " il 1] L]
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Sample
Number

reecotc)

Package
__Type

Cardboard

TABLE 5,3-1

Labeled
Contents

99

Mo

5.11

(Cont'd)

Beta-Gamma

(dgm/cm2)

Bkgrd

Alpha 2
{dgm/cm }

Bkgrd



Sample
Number

reecotc)

Package
—Type

Cardboard

TABLE 5,3-1

Labeled

Contents

(Cont'd)

Beta-Gamma
(dpm/cm’)

QQMO

H
H

G?Ga
IBII

QQMO

5.12
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{dpm/cm )

Bkgrd



TABLE 5.3-1 (Cont'd)

Sample Package Labeled Beta-Gagma Alpha ,
Number Type Contents (dpm/cm”™} (dpm/cm”)

reeco{€)  Cardboard Sl Bkgrd Bkgrd
67
1l 1l Ga n L]

H 1] 13 1 I n 11
1] n 131 1] 1]

I
1t i 9 gMO 13 "

(a) The average background (Bkgrd} count rate for beta-gamma measurements of
radiopharmaceuticals was 122 cpm.

(b) The average background (Bkgrd) count rate for alpha measurements of
radiopharmaceuticals was 1 cpm.

{c) REECO indicates data obtained from the Reynolds Electric Engineering Co.
Inc. during a parallel study for the NRC.
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5.4 Industrial Sources
Table 5.4-1 Tists the 43 removable surface contamination data points

which were obtained from industrial source shipping containers. The
data was from container smears taken at three different sites. Twenty-
nine of the data points were collected from containers just prior to
shipping, while the other 14 were collected from containers being
received.

Analysis of the smears from all of the containers revealed beta-gamma
contamination levels that were below the amount which could be measured
at the 10% counting accuracy level. In order for the highest of the
measurements (0.14 dpm/cmz) to have been considered significant with a
10% relative counting error, the counting time would have to have been 50
minutes {based on calculations made using Equation 4.8 from Chapter 4).
This measurement, although it was the highest recorded, was a factor of
about 1500 times less than the DOT limits.

None of the smears contained alpha contamination that was detectable at
the 10% relative counting error limitation set for the instruments. The
smear containing the greatest amount of alpha contamination (0.01 dpm/cmz)
was a factor of about 200D times Tless than the current DOT limits.

5.5 Nuclear Fuel Cycle Materials

The amount of removable surface contamination present on nuclear fuel
cycle materials shipping containers was examined for two types of
nuclear fuel cycle shipments; uranium shipments (UBDB and UF6), and
spent fuel shipments. Differences in the data collection methods and
the results require that these two types of shipments be discussed
separately.

5.5.1 Uranium Shipments

Forty data points were collected from the surface of shipping containers
at a uranium conversion plant. The types of containers examined
included 55 gallon drums containing yellowcake shipped from a uranium
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TABLE 5.4-1. Frequency Distribution Data for Industrial Sources

Beta-Gamma Alpha

Sample 2 9
Number Package Type Labeled Contents (dpm/cm®)  (dpm/cm”)
95 Cardboard box  O°Kr (.1 Ci) Bkgrd () Bkgrd(®)
9 " " .07 .01
97 u " .09 Bkgrd)
122 n 210, .04 "
123 . » Bkgrd !
124 " n 11 d
125 n n .10 n
126 n o .14 "
142 " 210, (.01 ci) Bkgrd .
143 m . .01 .01
144 " " .02 Bkgrd
145 " o Bkgrd .01
146 " 21054 (.02 ¢i) " Bkgrd
147 M 210p0 (.04 Ci) .04 "
148 " 20 (.01 ci) Bkgrd "
149 ’ 21055 (.01 ¢i) " .01
150 " l u Bkgrd
151 : " : !
152 L u Bkgrd "
153 " " " "
154 " . " .01
155 z " .03 Bkgrd
156 " " .04 "
157 u n .03 u
158 " 210p, (.12 ¢i) Bkgrd "
270 ! to (.48 mCi) " "
271 u 19520 (1.53 mci) " :
272 u 57¢o (5 mCi) ! "
273 " 80¢0,137¢5,57¢o (5.25 mci) "
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TABLE 5.4-1. (Cont'd)

Sample Beta-Gam?a Alpha ,
Number Package Type Labeled Contents (dpm/cm®)  (dpm/em®)
288 " 3 (19 ¢i) Bkgrd
289 “ 325 (19 ¢) " "
290 " 1251 (.004 ¢i) n !
291 " s (.005 Ci) .06 :
292 z 325 (.01 i) .03 "
293 0 Ser (Lo1 ¢i) .04 "
294 ! 3p (.05 i) .07 !
295 Cardboard box 2P (.01 C%) Bkgrd Bkgrd
296 " Yca (.001 1) n .
297 m 32p (002 ¢i) .02 "
298 " 1251 (.01 i) .06 "
299 " 1250 (001 i) Bkgrd .
300 " 1251 (001 1) y z
301 ! 33p (001 ci) " "

(a) The average background (Bkgrd) count rate for beta-gamma measurements of
industrial sources was 114 cpm.
(b) The average background (Bkgrd} count rate for alpha measurements of
industrial sources was 1 cpm.
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mill, three sizes of cylinders (2.5 tons, 10 tons and 14 tons) contain-
ing uranium hexafluoride being sent offsite, and the same cylinders
returning to the plant empty. The frequency distribution data points
obtained are listed in Table 5.5-1. These data points are based on a
smear covering an average area of 100 cmz. A1l smears were detected

to have beta-gamma activities less than 4.40 dpm/cm2 which is about a

factor of 500 less than the Department of Transportation (DOT) 1imits.

Sixty-eight percent (68%) of the smears tested for alpha contamination
are below the 10% relative counting error limit of the instruments using
a five minute count time. As the data illustrates, all of the smearable
contamination measurements were below the DOT limits by about a factor
of 60.

5.5.2 Spent Fuel Shipments
Although spent fuel casks were not available for actual surface contami-

nation measurement, it was possible to acquire some shipping records for
the last two years from industrial records. The site data reviewed
reported about 37 smear samples from incoming, loaded spent fuel casks
and about 52 smears from outgoing, empty casks. Filter paper, 4.7 cm

in diameter, was used to smear an area of 100 cm2. The smears were
counted on a Beckman shielded gas flow proportional counter for 20
seconds. The efficiency of the counter was 50% for beta-gamma radiation
and 33% for alpha radiation in a 2 mgeometry. The background was 30 cpm
for beta-gamma and 1 cpm for alpha.

According to calculations, the Beckman counter is able to detect beta-
gamma radiation levels below 10 dpm/cm2 with a 20 second counting time
and a counting error of less than 10%. This is a factor of 20 below the
maximum permissible level of removable beta-gamma radioactive contamina-
tion. The system is able to detect alpha radiation levels of 10 dpm/cm2
with a 20 second counting time and a counting error of less than 10%.
This is about 2 times below the current permissible level for removable
alpha contamination.
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TABLE 5.5-1. Frequency Distribution Data for Nuclear
Nuclear Fuel Cycle Shipments
{Yellowcake & UFg)

Sample Beta-Gamga Alpha ,
Number  Package Type Labeled Contents (dpm/cm™)  (dpm/cm”)
302 55 gallon drum U308 (250 mCi) .24 A1

303 " " " .32 12

304 " " " .95 .58

305 " " " .73 .36

306 " " " 1.02 .52

307 " " " A1 .08

308 " " " .76 .40

309 " N " .44 .34

310 " " " .13 .13

311 " " * .54 .59

312 " " " .18 .08

313 " " " .98 .88

314 " " N 4.40 3.25

315 n u " Bkgrd'?) .05

316 " " " .39 .26

317 " " " .38 .26

318 10 ton cylinder UF, empty .24 Bkgra!P)
319 " " " Bkgrd .01

320 " " " " .03

321 " " L " Bkgrd
322 " " " " "

323 " " " " "

324 " " " " "

325 “ " " .04 "

326 " " " .14 .04

327 " " " .03 .01

328 “ L " Bkgrd  Bkgrd
329 " " full .67 .16
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TABLE 5.5-1. {Cont'd)

Sample Beta-Gamma Alpha

Number Package Type Labeled Contents Lgpm/cmz) jdpm/cmzl
330 " " " .45 .06
331 " " " .12 .03
332 " ! " 1.18 .17
333 2.5 ton cylinder UF6 full .05 .05
334 " " " 47 .14
335 " " " .59 .18
336 " " " .165 .63
337 14 ton cylinder " " 1.46 .80
338 " " " .02 .15
339 14 ton cylinder UF6 full 1.58 54
340 " " " .28 .08
341 " " " .03 Bkgrd

(a) The average background (Bkgrd) count rate for beta-gamma measurements of
Yellowcake and UFg was 172 cpm.

{b} The average background {(Bkgrd) count rate for alpha measurements of
Yellowcake and UFg yas 1 cpm.
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Table 5.5-2 contains the 2055 frequency distribution data points for
beta-gamma contamination which were used in this study. The majority of

the smears {89%) showed contamination levels that were less than 30

dpm/cm2 beta-gamma, while 65% of the total number of smears measured
contained less than 10 dpm/cmz. One percent of the smears showed beta-gamma
activity above the DOT nonexclusive use limits 1isted in 49 CFR 173.

The reported surface contamination levels for alpha contamination are
contained in Table 5.5-3. The amount of contamination found on all
samples is below the nonexclusive use limit of alpha contamination
(22 dpm/cm?) by at least one order of magnitude. A1l of the measured
samples are also below the 10% relative error detection limit.

5.5.3 Spent Fuel Cask Surface Sweating
After decontamination, the removable surface contamination level associ-

ated with a spent fuel cask may increase with time by a process known as
sweating. The amount of this increase is a function of the design of
the cask surface, the method used for decontamination, and the proper-
ties of the radionuclides involved. Our industry contact indicated that
this problem has been Targely brought under control by careful design of
the surfaces of newer spent fuel casks. We were unable to collect or
find data that would quantify the amount of increase resulting from
surface sweating for two basic reasons: 1) during our data collection,
only a few spent fuel shipments were scheduled, and thus it was diffi-
cult to coordinate our data collection trips with these shipments, and
2) our major industry contact routinely decontaminated cask surfaces
upon receipt to remove road dirt, and thus the actual level upon receipt
prior to decontamination was not recorded. Also, our industry contact
routinely decontaminated cask surfaces before release from the site to

a factor of 10 below current limits. This was done to help avoid any
problems that may result from surface sweating.

Even though we can not make a quantitative statement about the magnitude
of this problem, our best information from industry sources indicates
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TABLE 5.5-2 Frequency Distributi?n Data for
Spent Fuel Shipments(a)

BETH-GAMMA [ dpmsrmEl

SHIPMEHT HUMEER 8l ®2 E3]
CASK TOP €.4 2.2 2.8 2.6 B2.F 75,49 .5 18.%9
CRTK TOP (SIDE) 19.9 19.86 Z6. 132,98 E2.5 YE.3 8.6 32.8
PRESSURE TEST FORT 75.4 18.9 1.5
PRESSURE RELIEF FORT 79.5 18,9 2.1

CAWITY VENT PORT 3.8 5.3 1.g

UPPER RUFTURE DIZCS 2.7 2.5 31.7 12,32 1.8 1.5
CASK SIDE {UPPER) 2%.4 19.4 25.2 126.9 98.5 77.4 4.9 9.4
CASK SIDE (MIDDLE) 79.7 41.3 57,7 t14.7 113.8 £3.4 45,8 17.2
LOWER RUPTURE DI3CS 13.5 18.1 33.0 31.8 7.9 1.5
CASK SIDE (LOWER) 34.8 2é.8 3F.2 a7.7 79.9 7?78.8 S4.4 22.5
CASK BRIE (LEDGE) 33.7 21.3 18.7 48.3 17.5 18.:2 38.7 8.3
CASK BASE (SIDE) 52.8 45.4 25.8 133,38 134.2 145.2 45.2 28.3
DRAIN PORTS .4 4.8 11.5 18.8 .7 £.0
EASE EBOTTOM 1.7 2,2 25,85 179.% 282.5 7e.¢ 1€.1 ¢
TEUNIOHE {(UPPER) E1.4 38,1 1%.1 3.1 S8 2804 14,3 &.2
TRUNIOHNE (LOWER) 392.7 BO.%  292.7 E54.0 227.8 3356.1 13.3 39.7

BETA-GAMME (dpm-cmE)

SNIPMEHT HUMEER 4 #E we

CR3K TOP £.4 6.3 6.4 12.¢ 1@.7 17.1 4.3 3.6 2.
CRIK TOP (3IDES! 12.2 7.8 E.5 42,3 19.9 13.5 3.7 3.7
FRESSURE TEST FORT 2.1 4.2 2.5

PRESSURE RELIEF WALYE 2.2 &.2 2.3

CAVITY VEHT FORT 2.7 5.4 2.3

UPRER RUPTURE DI&Cs 2.6 4.1 3.2 2.5 1.5 i.5
CAZK SIDE (UPFER) 28.7 234 31.6 6.5 3.4 5.4 2.5 2.1

CASK SIDE (MIDELE! 2.7 17.1 24.2 15,5 8.7 4.2 2.,% 2.4
LOWER RUPTURE DizcCs 2.3 2.9 5.8 3.8 1.% 1.8
CASK SIDE (LOWER: 25.9 2.6 17,8 2.5 B.3 £.9 3.6 £.2

CASK BASE [(LEDGE) 13.8 4.4 5.2 l2.5 20.86 16,1 g7 6.7

CHREK BRSE (SIDE) 1.1 9.9 .8 24,9 12.8 1BE.E 7.8 13.7 &
DRAIH PORTS 3.1 4.0 1.9 2.9 1.5 1.5

BASE BOTTONM 13.5 7.9 V.2 2.4 2.8 4.3 2% £.2
TRUHIONS (UFPEFR) €.7 7.3 ld4.v 2.3 2.2 3.9
TRUNIOHS (LOWER) 3.8 le.d 13.% 1.1 7.2



TABLE 5.5-2

{Continued)

BETA-GAMMA  (dpmrcme)
SHIFMENT HUMEBER L LE] L L]
CASK ToP 11.3 17.5% 24.2 5.2 4.8 2.2 11.8 9.2 7.7
CASK TOP (SIDE) 26.8 i6.5 20.6 2.5 4.8 €.@ 1é.2 11.2 1ls.e
PRESSURE TEST FORT 1.3 £.8 5.7
FRESSURE RELIEf PORT £.5 3.7 16.8
CRYITY VENT PORT ES.E 3.3 13.3
UPFER RUPTURE DI:CE 4.4 6.4 3.8 1,4 2.3 1.4
CARSK SIDE I(UFFER] 2.3 22.8 E.& 3.2 2.3 6.5 E.2 6.1 le.2
CASK SIDE (MIDDLE) 14,1 9.8 1o.8 £.9 4.2 3.5 7.9 EB.2 14.1
LOWER RUPTURE DIICS 3.8 2.@ 2.9 2.3 1.8 4.4
CRSK SIDE (LQUER) 1.5 14.7 11.7 5.6 7.1 4.5 13,3 7.4  14.3
CASK BRSE (LEBGE! 27.3 16.7 1é.@ 2.8 4.5 4.8 1.9 3.2  €.6
CASK BRSE (SIDE) 35.5 46.5 E1.E 7.9 7.9 4.3 17.4 11.9 165.4
DRAIN PORTS 16.3 11.4 7.8 18.9 3.8 7.1
BRSE BOTTOM 7.4 7.E 3.8 3.8  3.& 18,6 6.6 6.1
TRUMIONS (UPFER) 29.3 32.% 5.5 4.3 17.2 (7.1
TRUMIOHS (LOUER) 23.7 28.9 4,2 5.5 4.8 14,4
BETA-GAMMA (dpmscm)
SHIPMENT HUMEBER 1@ *i1 w1z
CREK Top 112.5 24,4 E5.% 61,6 64.7 E5.E 96,4 EP.5 33.8
CA$K TOF (SIDE!} 322.8E 11.5  2é.% 73.4  18.8  26.2 72,5 EB.& 31.7
FPRESSURE TEST PORT 2€.3 19.8 2.1
PRESSURE RELIEF FORT 8.2 131.2 19.4
CAVITY VENT PORT 11.5 12.¢6 162,93
UPPER RUPTURE DISCS 18,3  i2.€ £.d 21.2 1.8 2.1
CASK SIDE (UPPER! Eg.2  2%.4  1@5.4 £5.4 45,8 32.4 4z.4  TL.E  46.7
CRSK SIDE (MIDDLE) Er.4  6®.8 129,13 36.2 32,1 24.% 28.4 £2.5 53.8
LOWER RUPTURE DIsC: B9.2  26.2 5.2 12.4 45.4 EB2,.%
CASK SILE (LOUER) 25.2 15.3  13.e 120.1 23.8 8.% 43,4  9Z.@  74.8
CASK BRSE (LEDGE) 62.6 35.4 27.8 48.6  19.8  11.3 41,2 S9.9%  27.1
CRSK BRSE (SIIE) 41.7  12.83  1€.% 131.2 15.1 ta.s 135.7 33.2  23.%
DRAIN PORTS 7.7 £.8 16.5 15,2 28,6 ZG.%
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TABLE 5.5-2 (Continued)

BETA-ZAMMA (dpmrcmi]

SHIFMENT HUMBER =13 =g alsg

CASK TOF 47.6 23.4  28.3 $6.2 92.4 95.7 25.6  143.7 112.6

CASK TOF (SIDE) 192.6 22.3  33.4 98.8  35.4 7l.2 92.86  142.4 ZB00.2

PRESSURE TEST PORT  94.0 £.3 S4.1

PRESSURE RELIEF PORT 85.3 4.4 30.4

CAVITY VENT PORT 49,2 19.1 38.4

UPFER RUPTURE DISCS 4é6.,1 34.8 184.8 77.6 28.6 91.4

CASK SIDE (UFPER] 42.0 48.1  23.1 41.3  15.2  28§.1 442.9 231.4 £41.5

CASK SIDE (MIUDDLE} 78.9 §8.9 B5&.5 1.9 T4.4  93.7 §43.8 377.3 497.2

LOWER RUPTURE DISCE 8R.7  192.2 171.8 72.8 28.4 15@.2

CASK SIDE (LOWER) 44.7 45,8 59.5 88.8 11@.2 68.8 7B1.2 7B1.1 6£%2.0

CASK BASE (LEDBGE) 1€z.2 5@.6 35.0 76.8 12.3 25,3 529.1 98.3 B1.7

CASK BASE (SIDE!} 7E.0 55.4 £8,T 161.3 28.2 31,9 468.8 3983.% 333.7

DRAIN PORTS 37.5  63.6 4.4 25.5 34.4  17.4
BETR-GAMMA (dpm-sem)

SHIFMENT HUMBER %16 1?7 ®ig

CASK ToP 16.3 9.3 3.2 13.§  22.5 13,8 3.8 2.4 2.9

CASK TOF (SIDE) 4.2 14.56 15,5 ia,s 7.5 19.5 8.5 5.9 .3.2

FRESSURE TEST PORT 2.8 18.5 2.0

PRESSURE RELIEF PORTS.5 7.8 2.6

CAYITY VENT PORT 1.3 4.6 3.8

UPPER RUPTURE DISCS 18.2 2.3 4.8 7.5 1.6 4.2

CASK SIDE (UFFER) 15.3 12.4 22.7 7.8 4.5 19.% 1.9 4,3 4

CASK SIDE (MIDILE) 2.5 18.7  22.% 1e.,8 7.5 7.5 2.2 1.3 W7

LOYER RUPTURE DISCS 15.5  14.@ 7.5 4.5 .1 2.3

CASK SIDE {(LOWER) 7.7 12.2 24.1 13.6 18,5 7.5 2.3 z.1 1.9

CASK BASE (LEDGE) 16.2  15.7  &.9 1.5 7.5 4.5 1.2 .5 2.

CRSK BRSE (SIDE) 27.6 17.3 34,5 16.5 4.§ 2.9 2.6 1.8

DRAIN PORTS 6.2 6.3 18.5 4.8 9.3 z.9

BASE BOTTOM 5.0 5.7 4.7 1.5 7.5 zz.8 3.7 4.4 3.1

TRUNHIORS (UFPPER] 1.7 18.4 4.8 4.5 1.3 1.8

TRUNHIONS (LOWER) 8.6 z.E 4.8 4,5 .8 3.6
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TABLE 5.5-2 {Continued)

BETA-ZAMMA rdpm/cme)

SHIPMENT HUMBER w19 20 =21

CASK TOP 16.4 §2.2 7E.% 1.5 1.6 1.4 32.6 43,9  24.5

CRSK TOP (SIDE) 3.7 35.8 22.7 2.4 1.7 2.4 143,4 64,3 79,2

PRESSURE TEST PORT 8.4 2.2 10,9

PRESSURE RELIEF PORT 12.9 .9 15.6

CRAY1TY VENT PORT 7.9 1.6 §.2

UPPER RUPTURE DISCS 7.t }.8 1.5 2.0 4.2 £.4

CASK S$IDE (UPPER) 34.9  22.4  41.7 1.7 .8 1.6 167,7 60.9  195.3

CASK SIPE (MIDDLE) g@.8 47,7 45.1 2.5 1.3 1.3 174.8 B&6.7  110.3

LOWER RUPTURE DISCS 9.5 6.6 1.2 1.0 zr.8 7.2

CASK SIDE (LOWER) 21,7  63.3 4.4 1.7 t.8 1.3 205,22 1@.2  11.4

CASK BASE (LEDGE} £9.7 58.9  41.3 1.8 1.8 1.8 193.3 2.E 3.6

CASK BASE (SIDE: 16.2  12.6 25.2 7.5 2.3 1.1 188.8 7.3 8.8

DRALH PORTS 12.7 .3 z.5 2.1 9e.8  32.4

BASE BOTTOM 27.7 24.t  19.E 1.4 1.4 1.45 26.% 16.4  27.8

TRUNNIONS (UPPER) 12.6  39.3 t.4 1.4 1.8 13.5

TRUNHIONS (LOWER} 6.3 3.7 1.4 1.4 19.5 25.2
EETR-GAMMA (dpm-cm2)

SHIPMENT HUMBER %22 w23

CASK TOP 105,68 93.& 9%.8 12.2 1.3 1z.8

CASK TOP (SIDE) 118.3 1%.2  35.1 El.5  €.3 18.3

PRESSURE TEST PORT 17.2 2.5

FRESSURE RELIEF PORT 6.5 8.7

CAYITY WENT PDRT 9.9 9.8

UFPER RUPTURE DISCS 36,7 13.3 6.5 5.7

CASK SIDE [UPPER) 81.7 €8.6 5.9 7.4 19.6  14.4

CASK SIDE (MIDDLE! £7.8  &5.0 97,32 2z.1 0 3@.7 20,8

LOWER RUPTURE DISCS 22, 19.1 9.7 td.2

CASK SIDE (LOWER) 27.5  22.3  32.¢ 26.1  36.4 19,6

CASK BASE (LEDGE] 42.9  15.9  18.2 20,6 19,2 11.9

CASK BRSE (SIDE) 113.7 19.8%  16.% 44.8 6.2 E.7

DRAIH PORTS 26.1 8.2 6.9 2.z

5.24



TABLE 5.5-2 {Continued)

BETR-GRHMA (dpm- cmZ)

SHIPMEHT HUMBER %24 .25 ¥

HERD 2.9 18,6 9.2 E.7 14.9 128.1 14.4 15,8 7.1 8.6 6.7 7.2

CRSK TOP & SIDES 4.9 B.5 3.5 3.8 1.5 7.1 1.1 14,9 12.9 13.8 3.9  16.F

3.8 4.2 4.8 1.7 3.2 6.8 6.6 11.5 16.9 5.3 5.7 4.1

CAVITY VENT PDRT 2.3 1.6 4.3

PRESSURE RELIEF PORTE.d 1.1 3.8

PRESSURE TEST PORT 3.8 2 4.2

SIDES (UPFER) .7 2.9 1.6 1.2 15.4 15.1 13,6 5.7 12.8 6.6 12.1 t1@.2

UFPER RUPTURE DISC 1.7 4.7 2.1 3.1 2.1 2.6

SIDES (MIDDLE) E.0 2.4 2.5 1.7 8.5 &.3 11.8 8.1 1§.3 6.2 18.9 §

SIDES {LOWER) 4.6 2.4 4.1 4.8 20,5 15.1 14.2 14.5 18.9 B.3 12.9 &,

LOWER RUFTURE DISC 2.9 3.9 3.8 6.6 z.1 2.0

BASE (LEDGE) 2.1 3.7 2.3 3.8 14.5 3.9 5.3 4.1 14.8 7.5 11.& £.9

BRSE [SIDE) .4 2.7 3.9 1.6 1.5  11.1 i4.7 10,5 21.7 16.2 17.8 6.8

DRAIM PORT 3.4 2.4 3.8 2.2 7.2 2.3

BASE (BOTTOMI 2.9 z.6 2.3 2.1 2.3 1.3 2.8 1.9 7.0 4,2 4.9 9.3

TRUHIONS (LOWER: 1.2 1.4 t1.0 5.2 7.8 5.9

TRUNIONS (UFFER) 8.9 3.1 1.1 2.4 z.0 2.9 Z.4 3.6 2.8 1.6

BETA-GRHMA (dpm/cmi)

SHIPMEMT HUMBER WZT *28 %23

HERD 2.5 3.3 4.6 2.3 2.9 3.1 E.3 &.,9 2.5 2,7 5.8 1?.7

CASK TOP & SIDET 3.3 ¥ 6.2 2.8 2,6 1.5 2.9 3.6 4.1 7.7 6.1 2.7
2.8 2.8 4.3 .3 3.1 5.7 2.9 5.0 4.7 5.7 7.2 1i.4

CAVITY VEMT PORT 3.7 1.8 2.8

PRESSURE RELIEF 2.8 z.4 L4

PRESSURE TEST PORT 3.2 z.2 1.6

$1LES (UPPER} 3.4 2.7 3.0 1.@ 2.7 3.7 2.3 1.7 4.2 15,3 §.0 15.%

UPPER RUPTURE DIZC 2.4 3.7 3.8 4.6 2.3 3.8 2.1

SIDES (MIDILE! 2.8 2. 3.2 1.2 2.7 2.3 2.9 2.7 B.&  18.2 14.2 7.4

SIDEST (LDWER! 3.1 3.5 3.7 2.3 2.5 E.0  Z.@ 4.0 8.2 ZA.7 12.8% 9.4

LOWER RUPTURE DISC 2.3  11.7 2.1 2.7 3.0 5.2

BASE (LEDGE) 3.3 .2 z.2 2.9 3,6 2.8 2.9 3,6 7.6 7.9 1E.1 4.8

BASE (SIDE) 4,5 5.4 3.1 7.8 E.1 2.2 2.3 3.6 9.3 11,4 12.3 17.%

DRAIN PORT 1.9 2.1 3.4 1.8 1.6 1.1

BAZE (BOTTOM) 2.4 3.2 2.8 .2 2.8 3.1 3.2 3.1 2,8 .4 :.5 1,7

TRUNIONS [LOWER) 1.1 2,z 3.6 3.3 1.8 1.3 2,8 7.2

TRUNIONS (UPPER) 2.9 2.8 .4 2.7 3.9 1.3 2.6 1,9 2.4 2.9
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TABLE 5.5-2

{Contin

BETR-GAMMA (dpm-cmi)

ued)

SHIFMENT HUMEER 30 #31 =32
HERD 3.3 2.2 3.6 10.9 1.2 1.3 1.7 1.3 1.7 2.9 2.2 .1
CASK TOF & 3IDES 1.1 2.5 1,8 1.4 8.5 1.5 2.8 1.3 1.1 1.4 1.8

: 2.0 2.2 3.3 2.4 4.8 1.3 2.6 5.4 3.9 3.2 2. 4.3
SAYITY YENT FORT 3.5 1.4 1.2 6.4
FPRESIURE RELIEF 3.z 12.6 11.8
PRESTURE TEST FIRT 3,7 E.4 7.7
SIDES \WPPER) 2.4 2.7 1.0 1.8 1.6 3.2 1.3 3.3 1.2 1,6 3.8 4.9
UFPER RUPTURE DISCs.@ 4.2 E.1 2.3 3.2 6.4
SIDES (MIDOLE? 1.9 3.2 3.2 2.3 4,7 2.5 3.4 6,8 2.8 2.2 2.3 2.7
SIDES [LOWER) 1.7 2.1 1.2 3.5 6.4 5,2 5.1 4.9 1.7 2.6 4.6 6.2
LOWER RUPTURE DISC3,9 2.9 4.5 4.2 g.4 3.9
EASE (LEDGE) 1.8 1.1 3.3 3.7 1.7 1.7 2.7 4.7 2.2 6.3 2.7 8,9 2.9 1.9
BHSE (SI1DE} 5.8 1.3 3.2 3.3 1.3 5.3 2.7 2.9 7.9 B.7 2.9 2.6
TRAIN PORT 3.2 2.4 3.6 2.5 3.5 4,3
BAZE (BOTTOMI 2.3 1.7 2.9 3.2 18.4 1.2 9,4 2.8 2.2 1.8 4.4 2.7
TRUNIONS (LOWERY 2,5 1.8 3.6 2.8 1.3 1.3 2.3 2.
TRUMIONS (UPPER! 2.2 2.4 16.8 4.7 19.4 9.6 1.7 1.9 1.7 2.9

BETA-GRMMA (dpm-cma)
SHIFMENT HUMEBER LRk %34 =35
HERD 1.8 1.8 &.6 Z.t 1. 1.8 (.5 1.% 65.5 16.7 3.4 .B
CHIK TOP % SIDES 1.% 1.5 1.5 1.5 1.5 .5 1.8 W5 5.1 4.4 3.4 9.7
2.9 3.7 1.5 4.8 1.5 1.5 1.& 1.t 4.7  20.5 4.8 17,1

CRYITY WENT PORT  1.§ 1.6 $.7
FRESSURE RELIEF 1.5 1.5 3.7
PREZZURE TEST POFT 1.5 1.5 2.4
EIDES (LFFER) 1.5 2.4 1.7 1.5 1.5 1.8 1.5 1.5 3.8 6.5 8.0 £.8
UFPER RUFTURE DIZC1.6 1.8 1.5 1.% 2.8 4.4
$IDES (MIDDLE! L.e z.e 2,30 2.3 2.2 1.5 1.5 {.s 3.4 19.7 11.4 8.8
TILES (LOWERD 1.3 3.8 2.4 3.1 1.8 1.8 1,58 1.,§ 7.t 18.9 3,4 8.9
LOWER RUPTURE DITCL.3  1.E 1.5 1.5 2.6 E.8
BRZE (LEDGE) 1.5 1.6 1.5 1.% 1.5 1.5 1.8 1,E 4,7 E.8 E£.4 £.8
BATE (SIDE} 1.8 1.7 1.6 1.% 1.5 1.8 1.5 1.5 .2 13.3% 13.2 6.4
DRAIH PORT 1.8 1.8 1.8 1,8 16.8 2.4
ERZE (BQTTOMI 1.8 1.&%8 1.5 1.% 1.8 1.8 1.7 .5 4.4 5.9 5,1 4.9
TRUSIONE (LOWERY) 1,5 1.5 1.8 1.7 5.8 5.4
TRUMIONZ (UPPER) 1.9 1,5 (.5 1.5 1.8 2.1 1.8 1.8 E.? 1.8 5,0 2.7
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TABLE 5.5-2 (Continued)

EETA-~ERAMMA fdpm-cm)

$HIPMENT NUMBER »36 %37 €3g

HEAD 1.2 1.3 2.6 1.2 13.8 2.3 2.4 3.7 3.6 5.1 7.2 9.0
CHSK TOP & SIDES 1.3 1.3 3.5 2.6 B.S 7.2 6.7 16.% 3.5 2.8 5,5 3.8

4.4 2.3 .8 1.% 2.2 5.4 €.8 5.3 18.4 E.7 E&.8 .3

CRVITY WENT PORT 2.3 .2 7.3

PRESSURE RELIEF 1.3 1.8 'L

PRESSURE TEST FORT 1,3 1.4 1.4

SIDES (UFPPER) 1. 1.3 1.3 1.3 5.8 21.2 28,3 i2.9 2.7 2.8 2.2 1.8
WRFER RUPTURE DISC 1.3 1.3 1.9 3.4 1.4 1.4

SIDES ¢MIDDLE) 1.9 1.3 1.3 1.3 4.7 28.3 15,7 1B.B .1 1.5 3.7 4.8
SIDES (LOWER) 1.3 1.3 1.4 1.8 16.3 17.8 7.9 14.2 2.7 3.5 2.6 4.4
LOWER RUPTURE DISC 1,3 1.3 2.3 1.4 £E.3 1.4

BASE (LEDSE) 3.4 1.3 1.3 1.3 E.2 &.9 5.2 3.3 1.7 1.7 4.0 t.4
BASE (SIDEJ 1.2 1.3 1.7 1.3 3.7 2 i5.8 .7 1.4 2.8 1.7 1.4
DRAIN PORT 1.3 1.3 1.9 3.3 1.4 1.4

BASE (BQTTOM) 1.3 1.2 1.7 1.3 1.7 2.1 3.4 3.6 3.4 1.4 1.4 1.5
TRUNIONS (LOWER] 7.3 1.3 4,9 4.z 1.4 2.8

TRUNIOHS (UPPER} 1.3 1,3 1.3 1.3 2.0 2.8 6.2 2.8 3.1 2.8

FETA-GAMMA (dpm/emi)
SHIPMENT HUMBER #33 »d@ a4
HERD 8.3 2.2 3.2 Zz.z 2.6 2.8 2.8 4.4 4.2 5.8 7.8 11.3
CRSK TOP & SIDES 2.6 3.2 7.9 1.4 3.2 6.3  1%.2 9.4 2.6 3.5 7.4 2.2
1.6 9.9 2.5 1.9 4.3 17.6 5.2 2.4 - - - -

CAYITY VEHT PORT 4.4 12.9 1.2

PRESSURE RELIEF 4.6 16.6 4.3

PRESSURE TEST FORT 2.9 2.6 2.3

SILES (UPPER) 1.6 1.6 2.2 1.9 2.4 9.5 6.1 9.8 5.6 &.1 7.5 6.8
UPFER RUPTURE DISC4.2 2.8 5.7 19,5 14.1 7.3

SIDES (MIDDLE) 2.8 2.8 2.2 3. 7.3 12.9 18.1 8.8 7.1 6.8 8.7 7.9
SILES (LOWER) 2.8 3.3 2.7 2.1 7.1 7.5 1EBE.4 13.3 28.1 i6.2 17.6 14,8
LOWER RUPTURE DISCZ.3 4.7 §.5 7.® 12.2 3.6

BASE (LEDGE) i.g 7.9 2.8 1.3 12,7 15.5 1%.4 5,8 E.6 B.? 15,3 5.7
BASE {SIDE!} 8.8 1.4 95,1 2.9 8.8 11.6 3.1 2.7 26,9 18.1 17.4 B.1
DRAIN PORT 3.2 3.1 i2.6 9.8 14,4 3.9

BASE (BOTTOMI 3.2 3.2 ©.3 3.3 7.0 9.2 8.4 8.8 6.5 7.6 13.7 §.8
TRUMIONS (LOWER) 5.9 3.6 7.7 7.2 1.3 1i2.8

TRUNIOMS {UPFER: E.4 15.3 2.7 2.1 2.4 3.9 - - - -
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TABLE 5.5-2 {Continued)

BETA-GHMMA (dpm-cmei

SHNIPMEHT NUMBER w42 L) [TE]

HEALD 4.6 2.4 7.8 18.7 2.2 5.7 g.8 3.1 5.6 4.3 E.t 5.3

CASK TOP & SIDES 3.4 £.5 4.3 6.3 F.1 13,8 2.9 4.5 8.9 6.8 13,7 7.2
1.6 7.9 3.5 &.4 E.4 BE.3 3.7 8.9 2.4 13.3 7.2 16.7

CAVITY YEMT PORT 2.7 3.8 12.%9

PRESSURE RELIEF 17.5 6.8 16.5

PRESSURE TEST PORT 7.4 6.5 13,3

SIBES (UPPER) 15.8 1,5 15.8 9.7 16.2 7.% g.1 8.5 6.8 LI T - T iz.8

UFPPER RUPTURE DISC 3.1 4.4 1.1 11.1 3.8 Va7

SIDES {MIDDLE) 13.9 9.& B.1 12.8 4,1 3.8 7.9 8.1 1€.3 14.2 8.8 1£.3

SIDES (LOWER) 28.3 18.5 12.8 7.t E.7 4.8 3.5 .5 19.5 &.% 1B, 11,8

LOWER RUFPTURE DIESC13.8 E.4 2.7 3.5 4.3 E£.08

BRASE (LEDGE} E.1 11.3 9.8 4.4 £.2 4.9 B3 4,32 E.E T.E 14,7 4.7

BASE (SIDE} 4.6 21,4 7.1 16.8@ 6.9 7.3 E.8 4.5 8.3 9.8 6.9 5.3

DRAIM PORT 12.6 13,8 132.1 8.8 2.2 8.7

BASE (BOTTOM) 8.7 B2 .z 14.4@ 4.2 4.0 .3 £.8 4.8 3.2 3.1 4.1

TRUHIONS (LOWER) £.1 .3 c.e 7.8 4,1 .1

TRUNIOHNS (UFRER) 2.8 8.4 4.1 5.2 £.7 4.8 8.8 6.8 3.7 E.& 18,7 8.7

BETA-GAMMA (dpm cmel

SHIPMEHT HUMBER *45 w4 %47

HEAD E.1 v.2 7.1 .3 1,2 3.4 5.7 13.4 4.4 12.1 16.9 18,6 10.4

CASK TOP & SIDES 7.8 11.% 9.6 16.9 i;?g 22? 14?4 é?él ig:? 12.2 4.7 9.6 18.7
= - - - 4.6 7.2 2.1 7,6 12.9

CAVITY VENT PORT 11.3 4.3 15.1

PRESSURE RELIEF 9.1 11.3 17.3

PRESSURE TEST PORT13.7 £.5 18.2 19.3

SIDES (UFPER) 16,1 1.5 18,4 15.9 1.2 6.9 5.4 B.2 14.% 13.5 11,3 &.@

UPFER RUPTURE DISCS.1 E.4 9.3 4.1 5.3 11,8

SIDES (MIDDLE) 12.4 (3.1 Z28.2 13.8 6.5 4,8 7.3 .8 9.1 12.4 €.8 5.4 5.8

SIDES (LOWER) 17,9 11.2 17.2 6.6 16.1 3.3 7.6 1@.3 4.9 4.5 5.2 2,2 5.1

LOWER RUPTURE DISCit.®@ 6.9 9.8 Z.1 4.2 13,2

BASE (LEDGES 16,8 12.4 12,2 13,6 4,3 7.2 1z.7 3.9 t6.8 11.7 18,6 18.1

BASE (SIDE) 1S.0 9.9 18,8 13.7 2.9 E.8 13.3 2,4 2.8 3.6 13.2 &.0 3.9

DRRIN PORT 13.6 14.5 11.5 14.6 3.8 18.8

BASE (BOTTOM) 3.3 6.2 15.& 1E.4 2.6 1.8 4,8 2.2 1,8 £.0 £.9 4.8 6.8 4.6

TRUNIONS (LOWER) 8.1 1.5 2.9 5.7 11,2 2Z8.8

TRUNIONS (UPPER) 2.8 2.8 2.8 z.@ 3.5 2.& 7.9 8.5
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TABLE 5.5-2 (Continued)

BETA-SAMMA (dpm-em2)

SHIFMENT HUMBER 843
HEAD 2.7 2.7 3. z.7
CRSK TOP & $I1DES 7.8 E.8 &, 2.3
1.4 4.7 - -
CAVITY VENT PORT 15.4
PRESSURE RELIEF PORT 7.8
PRETSURE TEST FORT 13.1
SIDES (UPRER) 4.3 1B.6 3.6 8.3
NPFER RUPTURE DISC FORT 2.6 4.0
SIDES (MIDDLE) 16.% 15.6 5.8 5.7 £.8 14,4 10.9 14.0 12.5
SIDES (LOWER) 13.&2 9.2 5.0 8.1
LOWER RUPTURE DISC PORT 7.8 10.4
BASE (LEDGE) €.4 6.9 8,7 7.3
BRSE (SIDE) 9.1 T.4 7.2 1.0
DRAIN PORT 12,8 4.3
EASE (BOTTOM) .3 7.3 6.1 2.4
TRUNIONS (LOWER) 8.5 1z.8
TRUUMIONS (UPPER) 3.5 1,8 1.7

(a) The data was obtained from industry records for 48 spent fuel cask
shipments between 1978 and 1980.
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TABLE 5.5-3 Frequency Distribution Data for
Spent Fuel - Alpha

ALPHR COMTAMINIATION  (dpm/100 cm?)
SHIPMENT NUMBER 1 2 3 4 5 6 v 8 3 18 11 12
CASK TQOP <34 34 <21 <2t ND <21 <21 31 <3t 13 ND 18
CAsK TOP (SIDE) {34 <31 <21 <21 MO <&t 2t 731 <31 a3 ND €
PRESSURE TEST PORT <34 <31 <21 Lzt ND <21 <21 <3t <3t <13 HD <&
PRESSURE RELIEF PORT <34 <31 <21 <2 HD <21 <21 <3t <31 <13 ND é
CAYITY YENT PORT <34 <31 <21 <21 NI <21 <21 <31 <31 <13 HD €
UFPER RUPTURE DISCS <34 <31 {21 <2l HID 21 <21 <31 <31 13 WI {6
CASK SIDE (UFFER} <34 <3t <21 <21 HD {21 <21 <31 <31 Sk MD £
CAS¥ SIDE (MIDDLE) <34 <31 <2l €21 NT 21 <21 “21 <31 Az KD -1
LOWER RUPTURE DISCS <34 - 21 {21 HO {21 el <31 131 43 NI 6
€CASK SIDE (LOWER) <34 B1 <21 <21 ND <21 <21 <31 <31 €13 ND <&
CASK BASE (LEDGE) <34 <31 45 <21 HD 1 €21 <31 <31 13 HT =]
CASK BASE (SI1DE) {34 <3t {21 {21 ND 21 31 31 <31 12 MDD &
DRAIH PORTS ¢34 <31 <21 <21 HD <21 <21 <31 <31 Sk HD <6
BASE BOTTOM <34 <31 <21 <21 ND <21 <21 <31 <31 - - -
TRUNHIOHS (UFPER) 34 31 <21 <2t HD <21 <21 <31 <31 - - -
TRUNHIDONS [(LDWER) 51 &g <21 <21 ND <21 <21 <31 <3l - - -
ALPNR CONTRMINIATION (dpm/100 cm®)

SHIFMENT NUMBER 13 14 15 18 17 1e 19 ze 21 22 23
CASK ToOP 47 <13 K13 ND <21 ND NT KD <31 <13 <13

CASK TOP {(SIDE) <47 <13 <13 HD <2t HD HD ND <31 <13 <13
PRESSURE TEST PORT 47 U3 <13 ND <21 HD ND ND <31 43 <13
PRESSURE RELIEF PORT <47 2 {13 HE <21 ND MD HD NgcH! 43 <13
CAVITY YENT PORT <47 <13 <13 ND <21 HD ND NI <31 <13 <13
UPPER RUPTURE DISCS <47 <13 <13 ND (21 ND NI ND <31 13 <13

CASK SIDE (UPPER) W? a3 A3z HD <21 ND HD ND <31 a2 413

CASK SIDE (MIDDLE) 47 U3 <13 NI <21 ND ND ND 31 43 <13

LOWER RUPTURE DISCS <47 <13 <13 ND 21 ND ND HD <31 13 <13

CAZK SIDE (LOWER:} {47 {13 <13 HD <21 ND HD HD 4e <13 <13

CASK BASE (LEDGE) 47 <3 <z ND <21 ND ND ND <21 3 <13

CASK BRZL (SIDE) 47 13 <13 HE <21 ND KD HD <3t a4z 413

DRAIN PORTS <47 13 13 ND <21 ND HI ND <31 (13 <13

BRSE ROTTOM - - - HD <21 ND N <21 <3t - -

TRUNNIONS (UFFER) - - - ND o2 NI Hp €21 <31 - -

TRUNNIONS (LOWER) - - - NB <21 WD NI <21 <31 - -
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TABLE 5.5-3 (Continued)

ALPHA CONTAMINATIGN (dpm/100 cmé)
SHIPMENT NUMBER 24 g 25 27 28 239 20 a1 3z 23 34 35 36
NEAD ND <21 ND NI ND <12 NI <21 <32 <21 421 MD <21
CRSK TOP AND SIDES NI <21 ND MND HL <13 HD $21 {32 <2t <2t HD <21
CAYITY YENT PURT ND 21 ND MD ND <13 MD {&1 <32 <21 221 HT <21
PREZSURE RELTEF  ND  <&1 o NI ND <13 ND <21 <3z <21 <21 ND <21t
PRESSURE TEST PORT MD <21 D HT NO <18 ND <21 <22 <21 (21 NG <21
SIDES (UPPER) ND <21 HD D ND <13 ND <21 <22 <E1 <21 ND <@l
UPPER RUPTURE DISC ND <21 HD HD ND <13 HD <21 <32 <21 <2l ND <2t
$IDES (MIDDLE) NI <21 N ND MO 413 WD <21 <z <1 <21 ND <21
SIDES (LOWER) D <21 NI HD ND <13 NI <21 <32 {21 <2t ND <2t
LOUER RUPTURE BIZC NI <21 ND HD ND <13 HB <21 <32  <e1  <2i ND <zt
BRSE (LEDGE) ND <21 HD NI ND <13 NI <21 <32 <21 <3t ND <21
BASE (SIDE) ND <21 ND HD HD <13 MD <2l <32 <2l <21 ND <21
DRAIN PORT ND <21 ND ND ND <13 NI <21 32 <21 <21 ND <21
BRSE (BOTTOM) ND  g21 ND ND D <13 HD <2l <32 <21 <21 ND <21
TRUNIONS (LOWER3 ND <2t NI D ND <12 NI <21 <32 <21 <2t ND <21
TRUNIONS (UPPERY MD <21 ND ND ND <31 ND <2t <32 <21 <21 ND <2t
ALPHR CONTAMINATION  (dpm/100 cmd)
SHIPMENT NUMBER 3?7 38 a4 40 41 a2 42 44 45 45 47 48
HEAD 21 <2t <18 ND ND <25 <16 ND NI <22 <14 <23
CASK TOP AWD SIDES <21 ¢zl  <1& ND ND <2E <16 ND ND <2g <14 <23
CAYITY YENT PORT <21 <21 <16 HD ND <25 <16 ND ND  <z2 <4 <23
PRESSURE RELIEF <21 <21  <ié HD NI <25 <16 ND HD <22 <14 (23
PRESSURE TEST PORT <21 <Zz1 <16 ND ND <25 <16 ND ND <22 <14 <23
SIDES (UFPER) <21 {21 <1e ND ND <25 (16 ND ND 48 <14 <23
UPPER RUPTURE DISC <21 <21 <1% I ND 2% <16 ND HD <E2 <14 <23
SIDES (MIDILE! <21 <21 <ts NI ND <25 <1e NI NI <22 <14 <23
SIDES (LOWER) <2t <21 <1s ND ND <25 <16 ND ND <22 <14 <23
LOWER RUPTURE DISC <2t <21  <1g ND HB <25 <16 HD ND <22 <14 <23
BRSE (LEDGE) 21 <21 <16 HD ND <28 <1% ND HD <22 <14 <23
BASE (SIDE) @i <21 <16 NI ND <25 <18 ND HD <22 <184 <23
DRATH PORT 21 <21 <% ND NI <25 <16 NT ND <22 <14 <23
BRSE (BOTTOM) <21 <21 <16 D ND <25 <15 HD HD - S PR T
TRUHIONS (LOWER) <21 <21  <1¢ ND NI <25 <16 NI HD <22 <14 (23
TRUNIONS (UPFER) <21 <21 1% L ND  <2E NI ND WD <22 <14 (23

(a} This data
shipments

was obtained from industry records for 48 spent fuel cask

between 1978 and 1980Q.
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that it is not a major problem at the current DOT Limits for newer
casks. It was not possible in this study to collect enough data on this
problem to determine the impacts of reducing the current DOT limits.

5.6 Low-Level Radioactive Waste

One hundred and sixteen smear samples were obtained from low-level
radioactive waste containers. The containers ranged from steel drums,
to overpacks, to plywood boxes. The amount of surface contamination
found is recorded in Table 5.6-1. The smears with the highest contami-
nation levels had beta-gamma activities of 1.23 dpm/cm2 and 0.52

2, the Tlargest of which is still about 170 times below the cur-

dpm/cm
rent DOT Timits. No appreciable alpha contamination was found on any
of the smears. The greatest amount of alpha activity found on a smear

was about a factor of about 2000 times less then the current DOT limits.

5.7 Frequency Distribution Summary

Removable surface contamination frequency distributions are plotted in
Figures 5.7-1 through 5.7-10. These plaots show the number of smears
versus the removable surface contamination level in disintegrations per
minute per cm2 of surface area. For radiopharmaceuticals, the remov-
able alpha contamination frequency distribution is plotted in

Figure 5.7-1, and the removable beta-gamma contamination frequency dis-
tribution is piotted in Figure 5.7-2. A1) of the measured data are
below the 10% relative counting error associated with the detection
system, which is two orders of magnitude below the current DOT 1imit.

The frequency distributions for industrial sources are shown in-

Figure 5.7-3 for alpha and in Figure 5.7-4 for beta-gamma., Again, all
of the measured data was below the 10% relative counting error detection
1imit for the instruments. In fact, for the highest beta-gamma measure-
ment (0.14 dpm/cmz) to have been considered significant (with a 10%
relative counting error), about 50 minutes of counting would have been

required.
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TABLE 5.6-1. Frequency Distribution Data for Low-Level Waste

Sample Beta-Gamga Alpha
Number Package Type Labeled Contents (dpm/cm )  (dpm/cm )
1 Type A overpack LSA 12 Bkgrd(b)
2 " " .01 "
3 " " .12 "
4 " b .35 "
3 " " .16 L
6 " " .06 "
7 " " .29 "
8 " " 1.23 g
9 " " 17 "
10 " " 12 "
11 " " .23 "
12 " " .04 "
13 " " .52 "
14 Barrel drum LSA .13 "
15 " " .07 "
16 “ " .07 "
17 " " .07 "
18 " " .10 "
19 " " .01 "
20 " " .07 "
21 P1ywood Box LSA .06 n
22 z “ Bkgrd(® "
23 " " .01 "
24 " " .02 "
25 Overpack -- .02 "
26 " -- .04 .
27 " - .08 "
28 " -- .01 "
29 " - .07 .
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TABLE 5.6-1. {Cont'd)

Sample Beta- Gamma Alpha ,
Number  Package Type Labeled Contents (dpm/ch Lgm/cm
30 " -- .03 .
3 " -- .05 o
32 Barrel drums LSA .07 "
33 " " .01 "
34 u " .05 "
35 " " .02 "
36 " " .03 "
37 " " .04 "
38 Barrel drums LSA .09 Bkgrd
39 ! ' .06 "
40 " u .01 "
41 " " .05 "
42 " " .01 "
43 " " .05 "
44 " " .02 "
45 " ; .09 "
46 " u .04 u
47 " " .05 "
48 . " .03 "
49 " » .02 "
50 w " .01 m
51 " " .01 "
52 " 34,1¢,3% (.o01cH) Bkgrd "
53 " 34, %¢,1251 (Loo3ci) .01 .
54 " 34 (.9x1073¢1) Bkgrd "
55 " 129 5704 (3 c1) .06 u
56 ! 3H,14c,32P (.001Ci) .02 "
57 " 3, 14¢, 1257 (003c1) .06 "
58 " 34 (L9x1073¢1) .04 "
59 ! 1251 57¢0 Bkgrd "
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TABLE 5.6-1. (Cont'd)

Sample Beta-Gamga Alpha ,
Number Package Type Labeled Contents {dpm/cm~}  (dpm/cm")
60 " 125; 57¢, .09 "
61 " 3y,14¢ 3% .07 "
62 Cask - .02 "
63 " -- .02 "
64 " - .07 "
65 L -- .03 .
66 " - .01 "
67 L -- .02 "
68 " -- Bkgrd .
69 " - .02 "
70 " -- .01 "
71 L -- .01 h
72 " -- .02 "
73 " -- .03 L
74 " -- .04 u
75 Drum barrel 3y,14¢ Sl 125, .01 Bkgrd
76 " " .05 L
79 " 3y, 14¢ 32p 125, 02 ;
78 n n Bkgrd "
79 " 3y, 14 .04 "
8D " " .02 "
81 " 3y, 14¢, 1251 .03 "
82 " 34,14¢,32% .07 z
83 " " .07 "
84 " w1 .03 "
85 " " .04 "
86 ) 3,51, 125, 01 ’
87 Cask - .03 "
88 " -- .07 "
89 " -- .06 "
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Sample
Number

Package Type

90
91
92
93
94
98
99
100
101
102
103
104
105
106
107
108
110
111
112

113
114

115

116
117

118
119

Truck

Barrel

Barrel

TABLE 5.6-1. (Cont'd)

Labeled Contents

Beta-Gamma

Alpha

iqu/cm?) iﬂmecm?)

14C (.002 uCi) .12

1251

.06
.05
.07
.04
.03
.02
.09
.12
.17
.15
.14
.1

.14
.18
.07
.18
.05
.09
.04

.11

.14
.22

.21

21
.19

(a) The average background (Bkgrd) count rate for beta-gamma
measurements of Tow-level waste was 105 cpm.

{b) The average background (Bkgrd) count rate for alpha measurements of

low-level waste was 1 cpm.
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