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1.0 INTRODUCTION

‘The Fast Flux Test Facility (FFTF) is a sodium-cooled research reactor
located on the Hanford Site near Richland, Washington. The shutdown of the
FFTF was initiated by a memorandum from the U.S. Department of Energy (DOE) on
December 15, 1993. An Environmental Assessment of the FFTF shutdown addresses
the issue of the potential for significant individual and cumulative
environmental impacts due to the shutdown. This document supports the
Environmental Assessment by providing the necessary information to assess the
impacts of the transportation of a portion of the FFTF irradiated fuel.

The shutdown effort of the FFTF includes the redisposition of the FFTF
fuel and test assemblies. As part of the redisposition, the sodium-bonded
metal alloy and mixed (uranium-plutonium) carbide irradiated and non-
irradiated fuel will be transported by truck in licensed casks from the FFTF
to the Idaho National Engineering Laboratory (INEL) near Idaho Falls, Idaho,
to be stored with other fuels of the same type. This document addresses the
radiological risks involved in the transportation of the sodium-bonded metal
alloy and carbide fuel. Impacts from both incident-free transportation, that
is normal transportation without incident, and potential accidents are
presented. The computer code RADTRAN 4 (Neuhauser and Kanipe 1992) was used
~ for the analyses. Included in this report is a discussion of the shipping
campaign, the RADTRAN 4 computer code, the input variables used in the code,
the computer code results, and possible population health effects.

2.0 SHIPPING CHARACTERISTICS

The irradiated fuel will be transported in licensed casks by trailer
trucks travelling under highway route controlled procedures. The trailer
trucks will follow specific routes giving prior notification to states and
tribes. Shipping will be by exclusive use as defined in Title 49, Code of
Federal Regulations, Part 173 Subsection 403(i) (49 CFR 173.403(i)).

Satellite tracking and consideration of weather conditions will help to ensure
the safe transport of the irradiated fuel.

2.1 SHIPPING CASK

The sodium-bonded metal alloy fuel may be shipped as a compiete assembly
including the fuel pins, duct, nozzle, and handling socket or the fuel pins
may be removed, washed, and placed inside an approved pin container which fits
inside the T-3 Spent Fuel Shipping Cask containment vessel. The carbide fuel
pins will be shipped without additional hardware in an approved pin container
inside the T-3 cask. The T-3 cask is a certified spent fuel shipping cask;
U.S. Nuclear Regulatory Commission (NRC) and DOE Certificate of Compliances
(CoCs) (USA/9132/B(M)F) are issued (NRC 1991) (DOE 1994b). Currently only the
sodium-bonded metal alloy fuel pins are covered under the CoCs for the T-3
cask. An amendment to the CoCs will be required before the sodium-bonded
carbide fuel can be shipped.

The cask conforms with all the U.S. Department of Transportation (DOT)
regulations for spent fuel packaging in 49 CFR 173. The T-3 cask also
complies with the specifications of Title 10, Code of Federal Regulations,
Part 71 (10 CFR 71). The cask is designed, fabricated, and maintained to

1
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T-3 Certified Shipping Cask.

Figure 1.
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protect the health and safety of the public during the transportatxon of
irradiated fuel. The cask meets the criteria of 10 CFR 71 which requires that
the payload be adequately shielded and contained, and that criticality be
pre;ented under normal conditions of transport, and hypothetical accident
conditions.

The T-3 cask design and fabrication specifications were made in English
units. Therefore, to remain consistent with the T-3 Safety Analysis Report
(SAR) (WHC 1990), references only to the T-3 cask itself are made in inches
and feet. The T-3 cask, as illustrated in Figure 1, is essentially two
cylindrical stainless steel shells separated by 8 radial in. of lead shielding
. and surrounded by a sun shield and impact limiters (WHC 1990). The inner
shell is denoted as the primary containment vessel. It is constructed from
304L stainless steel and has an outside diameter of 8.625 in. with a nominal
wall thickness of 0.322 in. The bottom end cap of the inner shell is sealed
with a 12.374 in. thick stainless steel plug. The top of the inner shell is
closed by an 11.625 in. stainless steel plug bolted in place with 16 flange
screws. Both top and bottom plugs are closed with a dual seal design.

The biological shielding of the T-3 cask is supplied by the 8 annular
in. of lead which separates the inner containment vessel and the outer shell.
The outer shell consists of 1 in. of stainless steel surrounded by a 0.08 in.
diameter wire wrap overlaid with a ten gauge stainless steel cover. Both ends
of the casks are closed with bolted end plates. The outer diameter of the
outer shell is 26.44 in. and it is 177.2 in. long. In addition, the cask ends
are covered by impact limiters constructed of steel shells filled with rigid
structural polyurethane foam.

The T-3 cask has been shown to withstand 10 CFR 71 hypothetical accident
conditions (WHC 1990). These include a 9 m (30 ft) drop of the cask onto an
unyielding surface, followed by a puncture test consisting of a 1 m (40 in.)
drop of the cask onto a 15 cm (6 in.) diameter vertical cylindrical bar,
followed by a thermal loading (fire) of 30 minute duration at 800 °C
(1475 °F). Two separate immersion tests also include the consideration of
water leakage for criticality analysis and the cask response to an external
pressure loading of 147 kPa (21 ps1) which simulates water pressure at a depth
of 15 m (50 ft).

The T-3 cask is secured to the transport vehicle with an engineered
tiedown system which meets all applicable regulatory requirements. Cask
loading, securing, and unloading procedures are documented in the T-3 Cask
User's Guide (WHC 1986).

2.2 CASK CONTENTS

The metal alloy fuel pins being shipped to INEL from the FFTF contain a
small amount of sodium (up to 9 g) between the cladding and the fuel, to
facilitate heat transfer during reactor use, and are therefore referred to as
sodium-bonded. The sodium-bonded carbide pins contain no more than 16 g of
sodium per pin. Both irradiated and non-irradiated sodium-bonded metal alloy
fuel is being shipped, but the shipments from FFTF to INEL will be bounded by
the consideration of a maximum of 1,200 irradiated sodium-bonded metal alloy
pins and 18 irradiated sodium-bonded mixed carbide pins. The fuel cladding is
austenitic, martensitic, or other high-strength stainless steel alloys. All
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pins will be inspected for cladding rupture prior to loading and any fractured
or cracked fuel pins will be shipped in sealed fuel pin tubes constructed of
300 series stainless steel. The fuel assembly containing the metal alloy fuel
pins consists of the fuel, cladding, duct, nozzle, and handling socket.

Fuel pins removed from the assembly hardware will be washed and placed
in an approved stainless steel T-3 cask pin container. Pin containers have
spacers which offer the irradiated fuel pins physical support within the
T-3 cask. They are bolted shut, and although they are not qualified as
"containment”, they do add an additional barrier to exterior elements.
Containers vary in the number of pins they can physically contain. The Ident
69 container holds over 100 pins, whereas, the Ident 1578 container holds
42 pins. The T-3 cask holds one container.

2.3  SHIPPING ROUTE

The truck carrying the T-3 cask will leave the FFTF on the Hanford Site
in Washington and proceed to INEL near Idaho Falls, Idaho, via interstate and
state highway systems. The truck will begin travel on Washington State
Route 240 and proceed on Washington I-82, Oregon I-82, Oregon 1-84, Idaho
1-84, Idaho 1-86, Idaho I-15, and Idaho U.S. 26. The computer code Highway 3.1
(Johnson et al. 1993) was utilized to generate population density and mileage
data for the analyses. The total one-way distance traveled was determined to
be 864 kilometers (537 miles) with 90.4% in rural areas (4.0 people/square
kilometer), 8.2% in suburban areas (361.1 people/square kilometer) and 1.4% in
urban areas (2042.6 people/square kilometer). The majority of travel (67%)
will occur on Timited access multilane highways and the remainder will be on
multilane divided highways or principal highways.

2.4 SODIUM CONSIDERATIONS

The T-3 cask has been proven to be leak tight under both normal and
accident conditions as defined by the NRC. The T-3 SAR concludes that
infiltration of water into the cask from immersion or storage in a moist
environment is quite implausible (WHC 1990). The only possible scenario that
could result in an immersion accident condition greater than that defined by
the NRC would be an accident on Interstate 82 crossing the Columbia River. No
other significant bodies of water are located between the FFTF and INEL.
However, the I-82 bridge across the Columbia is a straight section of divided
multilane highway and an immersion accident is not credible.

Regulations limit the quantity of "free" sodium within a cask to 200 g.
Water reacting with free sodium causes the release of heat and can cause an
increase in pressure in sealed vessels. The T-3 SAR analyzes a physically
improbable leakage scenario and concludes that the combined effects of the
heat and pressure build-up from a reaction of 200 g of sodium with water would
not cause a breach in the T-3 cask. The T-3 cask would maintain containment.
The sodium within the fuel pins is bound between the cladding and the fuel.
It is not "free™ within the cask to react with moisture and so is not
considered to add an additional burden on the cask.
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3.0 RISK ASSESSMENT METHODOLOGY

The RADTRAN 4 computer code (Neuhauser and Kanipe 1992) was used to
perform the analyses of the FFTF shipments to INEL. RADTRAN was developed by
Sandia National Laboratories (SNL) to calculate the risks associated with the
transportation of radioactive materials. The original code was written by SNL
in 1977 in association with the preparation of NUREG-0170, Final Environmental
Statement on the Transportat1on of Radioactive Material by Air and Other Modes
(NRC 1977). The code has since been refined and expanded and is currently
ma1nta1ned by SNL under contract from DOE.

The RADTRAN 4 computer code is organized into seven models (Neuhauser
and Kanipe 1994). They are:

material model

transportation model

population distribution model

health effects model

accident severity and package release model
meteoro]og1ca1 dispersion model

economic model

The code uses the first three models to calculate the potential population
dose due to normal, incident-free transportation and the first six models to
calculate the risk to the population from user-defined accident scenarios.
The economic model is not used in this study.

3.1 MATERIAL MODEL

The material model defines the source as either a point source or as a
line source. For distances less than twice the package dimension, the source
is conservatively assumed to be a line source. For all other cases, the
source is modeled as a point source which emits radiation equally in all
directions.

The material model also contains a library of 59 isotopes each of which
has 11 defining parameters which are used in the calculation of dose. The
user can add isotopes not in the RADTRAN library by creating a data table in
the input file consisting of eleven parameters.

3.2 TRANSPORTATION MODEL

The transportation model allows the user to input descriptions of the
transportatlon route. A transportation route may be divided into links or
segments of the journey with information for each link on population density,
mode of travel (e.g., trailer truck, ship, etc.), accident rate, vehicle
speed, road type, vehicle density, and link length. Alternatively, the
transportation route can also be described by aggregate route data for rural,
urban, and suburban areas with user input for the fraction of route spent in
each area. For the T-3 shipments, the aggregate route method was used.
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3.3 HEALTH EFFECTS MODEL

The health effects model in RADTRAN 4 is outdated and is replaced by
hand calculations. The health effects are determined by multiplying the
population dose (person-rem) supplied by RADTRAN 4 by a conversion factor.
The conversion factors relate population dose to latent cancer fatalities and
total detriment from cancer fatalities, cancer incidents, and genetic effects.
They are taken from the International Commission on Radiological Protection
(ICRP) Publication 60 (ICRP 1991) and are listed in Table 1.

Table 1. Health Effect Conversion Factors (ICRP 1991).

Worker Public

Latent Cancer Fatality (per person-rem) 4.0 E-04 5.0 E-04

Total Detriment (per person-rem) 5.6 E-04 7.3 E-03

3.4 ACCIDENT SEVERITY AND PACKAGE RELEASE MODEL

Accident analysis in RADTRAN 4 is performed using the accident severity
and package release model. The user can define up to 20 severity categories
for three population densities (urban, suburban and rural), each increasing in
magnitude. NUREG-0170 (NRC 1977) defines eight severity categories for spent
fuel containers that are related to fire, puncture, crush, and immersion
environments. Various other studies have also been performed for small
(Clarke et al. 1976) and large (Dennis et al. 1978) packages which can also be
used to generate severity categories. The accident scenarios are further
defined by allowing the user to input release fractions, and aerosol and
respirable fractions for each severity category. These fractions are also a
function of the physical-chemical properties of the materials being
transported. '

3.5 METEOROLOGICAL DISPERSIO“ MODEL

RADTRAN 4 allows the user the choice of two different methods for the
modeling of the atmospheric transport of radionuclides after a potential
accident. The user can either input Pasquill atmospheric stability category
data or averaged time-integrated concentrations. In the T-3 cask analyses,
the dispersion of radionuclides after a potential accident is modeled by the
use of time-integrated concentration values in downwind areas compiled from
national averages by SNL.

3.6  INCIDENT-FREE TRANSPORT

The models described above are used by RADTRAN 4 to determine dose from
incident-free transportation or risk from potential accidents. The public and
worker doses calculated by RADTRAN 4 for incident-free transportation are
dependent upon the type of material being transported and the Transportation
Index (TI) of the package or packages. The TI is defined in 49 CFR
173.403(bb) as the highest package dose rate in millirem per hour at a

distance of 1 m from the external surface of the package. Dose consequences
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are also dependent upon the size of the package, which as described in the
material model description, will determine whether the package is modeled as a
point source or line source for close-proximity exposures.

3.7 POTENTIAL ACCIDENT ANALYSIS

The potential accident analysis performed in RADTRAN 4 calculates
population doses for each accident severity category using six exposure
pathway models. They include inhalation, resuspension, groundshine,
cloudshine, ingestion, and direct exposure. However, RADTRAN 4 assumes that
any contaminated area is either mitigated or public access controlled so the
ingestion pathway is assumed to be zero. The consequences calculated for each
severity category are multiplied by the appropriate probabilities for each
category and summed to give a total radiological accident risk.

D ' 4.0 RADTRAN 4 INPUT PARAMETERS

RADTRAN 4 computer code input files divide easily into parameters
associated with the source term, parameters which are used for incident-free
transportation, and data that are associated with potential accidents. Input
file listings for each of the three cases run can be found in the Appendix.

- This section provides the technical basis for the input parameters used in the
three RADTRAN cases.

4.1 SOURCE TERM PARAMETERS

The shipments from FFTF to INEL involve two types of fuel pins.
Sodium-bonded metal alloy fuel pins and sodium-bonded mixed carbide fuel pins.
The T-3 SAR analyzes sodium-bonded metal alloy fuel and helium-bonded carbide
fuel. In a WHC Supporting Document, (WHC-SD-FF-DA-021), included in the SAR,
two sodium-bonded metal alloy fuel payloads and one helium-bonded carbide fuel
payload were characterized. The radionuclide inventories of the metal alloy
fuel payloads were shown to bound the proposed pin shipments. The sodium-
bonded mixed carbide pins are approximately the same weight and size as the
helium-bonded pins analyzed in the SAR. In addition, the helium-bonded
carbide pins were characterized to bound all carbide pins within the scope of
the SAR and contained 23 weight percent plutonium, much more than the sodium-
bonded carbide pins to be shipped. The Detailed Radiation Plan contained in a
data library at the Hanford Site lists the sodium-bonded carbide pins as
containing 14.86 weight percent plutonium. Therefore, the carbide pin
analysis within the SAR is considered to bound the sodium-bonded carbide pins
to be shipped to INEL.

ORIGEN2 (Croff 1980) runs were made to calculate curie inventories for
all three potential payloads. The power histories used in the ORIGEN2 runs
were typical of fast reactor environments and considered to be worst case.

Two of the three payloads described in the T-3 SAR have had additional ORIGENZ2
runs made on them (see section 7.0 Appendix). The two runs consisted of the
worst case metal alloy fuel payload and the carbide fuel payload. For these
two runs, the original ORIGEN2 input files for the T-3 SAR were modified to
extend the decay times of the pins to up to 1,095 days after shutdown. The
FFTF was shutdown in March 1992; accordingly, the source term for the T-3 cask
shipment uses the curie values listed in the ORIGEN2 output for an
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after-shutdown decay time of 850 days. Most of the fuel assemblies were
removed from the reactor before March 1994 and will have additional decay time
before shipment, so the 850 day decay time is a conservative value.

The determination of the source term for the two types of shipments also
included the consideration of the activation of sodium. The FFTF uses liquid
sodium as a coolant. Therefore, although the fuel pin assembly will be washed
before insertion into the approved pin containers, 200 g of free sodium per
shipment is conservatively assumed to be present. Additionally, the pins
themselves contain some sodium encased between the cladding and the fuel. The
maximum quantity contained within the metal alloy pins is assumed to be 9 g,
one gram more than the T-3 SAR limit. The maximum quantity within the
sodium-bonded carbide pins is 15.52 g, a number taken from historical data.

ORIGEN2 (see section 7.0 Appendix) runs were made to determine the
activation_of sodium within the pins during reactor operation. The number of
curies of *Na per gram of sodium bonding after 850 days of shutdown time was
found to be 2 x 10 Ci/g. The power history used for this analysis assumed a
worst case flux and reactor location.

The ®Na present in the FFTF sodium coolant was determined by decaying
Taboratory ana]ys1s results conducted in February 1993 (see section 7.0
Appendix). The 22N gct1v1ty per gram of coolant 850 days after shutdown was
found to be 3.6 x 10

The source term for the sodium-bonded metal alloy fuel duct, nozzle, and
handling socket was generated following procedures outlined in section 7.0
Appendix. The values found for the additional assembly hardware were added to
the 169 fuel pin inventory.

Table 1 in the Appendix contains the total sodium-bonded metal alloy
curie quantity generated from the ORIGEN2 runs. Table 4 contains the total
curie quantity for the carbide pins. These total source terms were refined
using precedence set by SNL as discussed in the RADTRAN 4 User's Manual
(Neuhauser and Kanipe 1992). SNL suggests disregarding radionuclides that
contribute a small percentage to the hazard of a package. Sensitivity studies
conducted by SNL have shown that radionuclides that are a small percentage of
the hazard contribute a correspondingly small percentage of the dose or risk.
The hazard of a radionuclide in this instance is measured by the percentage
contribution of the particular radionuclide to the total A, quantities within
the package. A, values are assigned to each radionuclide ﬁy the International
Atomic Energy Agency and adopted by the DOT in 49 CFR 173. They are
determined for each radionuclide by consideration of a series of exposure
routes and are a measure of the toxicity of the radionuclide. Radionuclides
with high A, values are relatively less toxic than radionuclides with low A,
values.

Of the 61 radionuclides identified as part of the metal alloy total
source term, 20 of these were eliminated using two criteria. The hazards were
normalized to 1.0. Radionuclides were then eliminated until the normalized
sum reached a value of 0.99. This indicates that 99% of the hazard of the
package is included. The second criterion used was the Annual Limit on Intake
(ALI), as defined in the ICRP Publication 30 (ICRP 1979-1982). The ALI is
that activity of a radionuclide which when taken by one individual gives the
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limit set by the ICRP for a year of occupational exposure. Radionuclides that
were eliminated from the source term by the first criterion were replaced on
the list if their quantity was greater than ten times the ALI, even if their
hazard indicator was extremely lTow. Isotopes with quantities lower than ten
times their respective ALI values that also contribute less than 1% to the
total hazard of the shipment will not change the RADTRAN 4 results which are
reported to three significant figures. See the example below.

Example: The three radionuclides, ™Cs, %°Ac, and Z°Np, listed below
with their quantities and A, values, are from a hypothetical mixture
awaiting shipment.

Column A B C D
Radionuclide | Quantity | A, (Ci) Number of | Normalized | 10 x ALI

(Ci) A;s_(A/B) (C/Sum) (Ci)

37cs 120 10 12 0.996 2.0 E-03

25p¢ 1.0 E-04 0.002 0.05 0.00415 3.0 E-06
BINp 2.0 E-04 25 0.000008 | 6.64 E-07 | 2.0 E-02
SUM — — 12.050008 1.0 _—

Column A represents the quantity of the radionuclide present. Column B
is the corresponding A, value for that radionuclide. Column C is the
quantity of the rad10nuc11de in Column A divided by the A, value for
that radionuclide. Column D is then found by norma11z1ng the Column C
results. The normalized refg ts can be used as a hazard indicator.__For
instg‘nce, in this mixture, Cs contains 99.6% of the hazard. So, 25p¢
and Np may be omitted from the 1list for trgnsportat1on analysis
purposes. However, when the quant1t1e§ Ac and Np are compared
to their ALI values, the quantity of ““Ac is greater than ten times the
ALI value so it is left on the list.

Tables 1 and 4 in the Append1x were generated on an Excel 5.0 (Microsoft
Corporation 1993) spreadsheet and give the A, values, number of A,s, and ALI
values for each isotope, as well as the norma]lzed hazard and f1na] hazard for
the refined source term. As can be seen, using this methodology, 20
radionuclides were omitted from the sodium—bonded metal alloy source term
leaving 41 radionuclides in the final source term, and 3% radionuclides were
eliminated from the carbide fuel source term (including %Na) leaving 55
radionuclides in the final source term. Tables 1 and 4 show that the hazard
remaining in the final source terms after refinement are 99.998% and
99.999998% respectively.

Table 2 gives the final source term for the 100 pin and 18 sodium-bonded
pin metal alloy shipments and Table 4 gives the final source term for the
18 pin carbide fuel shipment. These source terms represent conservative
values. They were generated using worst-case metal alloy and carbide fuel pin
payloads. The source terms are decayed to 850 days after shutdown, when in
fact many of them will have aged for much longer time periods before shipment.
Furthermore, the sodium-bonded metal alloy fuel source terms also iinclude a
worst-case fuel pin sodium bonding content of 9 g per pin and the inclusion of
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200 g of free sodium within each shipment even though washing will remove most
of the free sodium.

RADTRAN 4 has a radionuclide library which contains data for 59
isotopes. Of the 41 radionuclides in the sodium-bonded metal alloy source
term, - six of them were not contained within the RADTRAN 4 library. Of the 55
radionuclides in the carbide fuel source term, 19 of them were not contained
in the RADTRAN 4 library. Accordingly, the information needed for each of the
radionuclides not in the library had to be gathered. To maintain consistency
with RADTRAN 4, the original references were used whenever possible for the
sources of this information even when more current data were available. The
$I$¥en values needed for each radionuclide and the reference for the data

ollow.

1. Half-life (ICRP 1983)

2. Photon energy (ICRP 1983)

3. Cloudshine dose factor, external immersion (DOE 1988a)
(Eckerman et al. 1988)

4. Committed effective dose equivalent for inhalation (DOE 1988b)
(Eckerman et al. 1988)

5. Committed effective dose equivalent for ingestion (DOE 1988b)
(Dunning 1983) (Eckerman et al. 1988)

6. Food transfer factor - set to zero since any contam1nat1on from
accidents will be mitigated

7. Soil transfer factor - also set to zero

8. Deposition velocity of aerosol particles (Neuhauser and
Kanipe 1992)

9. Lung type - determined by radiation characteristics

10. One-year lung dose for inhalation (Dunning 1983)

11. One-year marrow dose for inhalation (Dunning 1983)

The Appendix contains the two data sets generated for the radionuclides
not contained in the RADTRAN 4 library. Table 3 lists the data for the
sodium-bonded metal alloy fuel and Table 6 lists the data for the carbide
fuel. As discussed in Section 3, these eleven parameters are used in RADTRAN
4 to calculate population dose from potential accidents.

Two additional parameters are associated with the source term. These
parameters will later determine the release of the radionuclides given an
accident of a certain magnitude. The parameters define the physical-chemical
properties of the radionuclides being shipped. They are the physical-chemical
group and the dispersibility category of the radionuclide. For spent fuel,
five physical-chemical groups were defined. These were: Noble gases (Kr),
Halogens (I) and Tritium, Volatile solids (Cs and Na), Spent fuel particles
(mixed fission products, actinides and immobile solids), and Ruthenium. The
dispersibility category default values were taken from the RADTRAN User's
Manual. v

4.2 INCIDENT-FREE TRANSPORTATION INPUT PARAMETERS
The metal alloy fuel pin shipments are represented by three cases.
These cases are meant to bound the T-3 cask shipments that may be required.

The first case is the shipment of the 169 fuel pin assembly. No more than 6
such shipments will occur. The next case contains 100 fuel pins and requires

10
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12 shipments. The last case requires 70 shipments consisting of 18 fuel pins.
The 18 carbide fuel pins will be transported to INEL in one T-3 cask shipment
(after an amendment to the CoCs has been completed).

Table 2 is a list of input parameters that are used by RADTRAN 4 in the
calculation of population dose for incident-free transport. The first three
lines of the table show differences between the sodium-bonded metal alloy fuel
pin cases.and the carbide fuel pin case. The rest of the values in the table
are common to all shipments.

RADTRAN 4 uses the dose rate at 1 m in calculating dose to the public
and worker. In the absence of historical data, for shipments containing 169
or 100 pins of the sodium-bonded metal alloy fuel, a dose rate at 1 m of
14 mrem/hr was selected. This will cause RADTRAN 4 to conservatively use the
regulatory 1imits for the vehicle. For the 18 pin shipments, h1stor1ca] dose
readings from the T-3 cask were used.

The historical dose readings (see section 7.0 Appendix) reviewed were
from a random sampling of records for shipments to Idaho in the T-3 cask.
Measurements were taken at 1 m when the cask was loaded with a variety of
payloads. The majority of the values reviewed for payloads consisting of
irradiated fuel (mixed fission products, and plutonium and uranium isotopes)
were less than 0.5 mrem/hr, but a figure of 0.7 mrem/hr was recorded for a
shipment containing 30,000 curies. The value used in this analysis for the
18 pin shipments was 2 mrem/hr, more than twice the 0.7 mrem/hr value.

The computer code Highway 3.1 (Johnson, et al. 1993) was used to

- generate the travel fractions and mileage input values shown in Table 2.
RADTRAN 4 default values, based on national averages, were used where
case-specific values were unknown.

4.3 POTENTIAL ACCIDENT INPUT PARAMETERS

The risk associated with accidents which may take place dur1ng the
transportation of nuclear materials is calculated by multiplying the
probability of a certain event times the consequence of the event. The
probability of an event resulting in a specific release is determined by
multiplying the accident rate times the conditional probability of an accident
of a certain severity. Release quantities are used to calculate the
consequences of a release and are determined by multiplying the cask inventory
times the fractional release of the radionuclides associated with the severity
category. Aerosolized and respirable fractions of the released material are
used to calculate the amount of released material that can become airborne and
that can be inhaled, respectively. The conditional probabilities calculated
in RADTRAN 4 are then multiplied by the shipping distance, accident rate, and
dose consequence of the release and summed for a total risk. Five of the
parameters used in these calculations are listed in the following subsection
along with the reference material for the particular parameters used in this
study.

11
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Table 2. Input Parameters for Incident Free Transport.‘®

Parameter 169 100 18 | Carbide
Metal Metal |Metal
Alloy Alloy | Alloy
Pin Pins | Pins
Assembly

Number of Shipments 6 12 70 - 1
Pins per Shipment 169 100 18 18
Duct, Nozzle, and Handling Socket Yes No No
Dose rate 1 m from Vehicle/Package (mrem/hr) 14.0 14.0 | 2.0 2.0
Length of Package (m) 4.5
Distance traveled (km)‘® 864.0
Exclusive Use Yes
Fraction of Travel in Rural Population Zone® 0.904
Fraction of Travel in Suburban Population Zone® 0.082
Fraction of Travel in Urban Population Zone® 0.014
Velocity in Rural Population Zone (km/hr)® 88.6
Velocity in Suburban Population Zone (km/hr)‘® 40.3
Velocity in Urban Population Zone (km/hr)‘® 24.2
Number of Crewmen 2
Distance from Source to Crew (m) 10.0
Stop Time per km (hr/km)‘® 0.011
Persons Exposed While Stopped‘®’ 50
Average Exposure Distance While Stopped (m)‘® 20.0
Number of People per Vehicle on Link‘®’ 2
Fraction of Rural-Suburban Travel on Freeways® 0.66
Traffic Count Passing a Specific Point-Rural Zone, One-Way‘®’ 470
Traffic Count Passing a Specific Point-Suburban Zone, One-Way‘®’ 780
Traffic Count Passing a Specific Point-Urban Zone, One-Way‘®’ 2,800
Population Density in Rural Zone (people/km?)® 4.0
Population Density in Suburban Zone (people/km?)® 361.1
Population Density in Urban Zone (peop]e/kmz)(b’ 2,042.6

(a)
(b)
(c)

12

Values shown are shipment specific unless otherwise noted.
Values generated with the HIGHWAY 3.1 computer code (Johnson et al. 1993).
Default values from RADTRAN & (Neuhauser and Kanipe 1992)*
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4.3.1 Accident Rate

Expressed as accidents per mile, the accident rate is taken from
national averages (Neuhauser and Reardon 1986). Each population density zone
(rural, suburban and urban) has a baseline accident rate. In accidents/km

these are:
Accidents‘km

Rural 1.4 E-07
Suburban 3.0 E-06
Urban 1.6 E-05

4.3.2 Accident Severity Category

Conditional probabilities relate the fractions of all accidents that
occur of a given severity level. For this analysis, 6 severity categories
were defined. The conditional probabilities of accidents in each severity
category are a function of the population density of the area. Each severity
category represents the conditional probability that an accident with
mechanical and thermal forces of certain magnitudes (from crush, impact,
puncture and fire) will occur. Different types of accidents resulting in the
same magnitude of force on the spent fuel cask are thus represented by the
same severity category. In this manner, accidents with 1ittle or no impact on
the cask but with a high probability of occurrence and accidents with severe
cask impact but a very low probability of occurrence are represented. The sum
of the conditional probabilities must add to 1.0. The severity fractions for
this study, as shown in Table 3, were taken from median values developed by
SNL for spent fuel casks (Neuhauser and Reardon 1986). They are based on a
study funded by the NRC known as the Modal Study (Fischer et al. 1986).

Table 3. Accident Severity Fractions (Neuhauser and Reardon 1986).

Severity Category Rural Suburban ~ Urban

Severity 1 6.03 E-01 6.02 E-01 6.04 E-O1
Severity 2 3.94 E-01 3.94 E-01 3.95 E-O01
Severity 3 3.0 E-03 4.0 E-03 3.8 E-04
Severity 4 3.0 E-06 4.0 E-06 3.8 E-07
Severity 5 5.0 E-06 3.0 E-06 2.5 E-07
Severity 6 7.0 E-06 2.0 E-06 1.3 E-07

13
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4.3.3 Release Fraction

The release fraction is defined as the fraction of material that could
be released from a cask as a result of accidents of a given severity. Release
fractions are needed for each severity category and physical-chemical group.
Release fraction data from various sources are compiled in Table 4.

Table 4 shows the results of a variety of release fraction studies. The
NUREG-0170 values shown were compiled in 1977 and are highly conservative.
Casks are assumed to release their entire contents to the environment for
accidents above severity category 4 (in an 8 severity category system). The
results of two Wilmot studies conducted on commercial and Savannah River Plant
spent fuel are also shown in Table 4. These values are included in the table
for comparison purposes. They are not as conservative as the NUREG-0170
release fractions and are intended to be used for light water reactor spent
fuel. The numbers found in the "Offsite Transportation of Spent Nuclear Fuel”
(DOE 1994a) for metallic spent fuel were developed from laboratory
measurements and the NRC Modal Study. The laboratory measurements were made
of the release of fission products from irradiated aluminum clad aluminum
alloy fuels at high temperatures (Shibata et al., 1984). Mishima
(Mishima 1994) has gathered information on release fractions for DOE
non-reactor nuclear facilities. This document does not address the issue of
cladding rupture, but does set a bounding value for a release fraction due to
the oxidation of metals in an upflow of air as shown under the delta phase
plutonium metal entry in the tables. The compilation of release fractions
found in the HEDL document represents conservative values used in 1981 for
liquid metal fast breeder reactor fuel.

Release fractions are governed by thermal stresses. For the two types
of fuels identified for shipment to INEL in the T-3 cask, the release
fractions used are those developed from laboratory measurements in a study
performed by Shibata of the behavior of aluminide fuel subjected to thermal
stress. The release fractions for the aluminide fuel are directly dependent
upon the low melting point of the aluminum cladding (less than 600°C) and the
eutectic temperature of the aluminum alloy fuel (640 °C) (Shibata et al.
1984). These release fractions will be bounding values for the two types of
fuels to be shipped if these fuels have higher thermal integrities than the
aluminide fuel.

The maximum steady state and transient temperature limit for the sodium-
bonded metal alloy fuel has been established in the T-3 SAR to be 647°C. This
temperature limit is higher than the melting point of the aluminum cladding
and the eutectic temperature of the aluminum alloy fuel. The aluminide
release fractions, therefore, will bound the metal alloy fuel case.

The sodium-bonded carbide fuel is not covered in the T-3 SAR, however
the helium-bonded carbide fuel thermal integrity limit is listed in the SAR as

" 816°C. Both the helium-bonded and sodium-bonded carbide fuels are clad with

either 20% cold worked 316 stainless steel or 20% cold worked D-9 stainless
steel cladding. D-9 is a titanium-stabilized variant of the 316 stainless
steel. The melting point of these stainless steel alloys is listed as being
in the range of 1370°C to 1425°C. In addition, the fuel and clad materials

14
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have been specifically developed for use in fast reactors and have been
extensively tested in environments which resulted in cladding temperatures
greater than 600°C. The only essential difference between the two carbide
fuels is the sodium between the cladding and the fuel. Carbide fuels in
general have shown a high degree of performance within high temperature
sodium-cooled fast reactors and show excellent material characteristics in a
sodium environment. Both sodium-bonded and helium-bonded carbide pins have
been irradiated for over 400 days in the FFTF and neither type of fuel showed
evidence of phase change in the cladding. There is no indication whatsoever
that the sodium between the fuel and clad will cause a 700°C reduction in the
melting point of the clad material or will influence the behavior of the fuel
to an extent that the conservative release fractions determined in the
aluminide fuel study are not applicable. Therefore, the release fractions
determined in the Shibata study for aluminide fuel are considered bounding for
the T-3 cask fuel types. A list of the release fractions by physical-chemical
group that were used in this analysis can be found in Table 5.

Table 5. Release Fractions, Aerosolized Fractions, and Respirable Fractions.

Severity Category 1 2 3 4 5 l 6
_— — e

Group 1 - Noble Gases 0 9.9 E-03 | 3.3 E-02 3.9 E-01 3.3 E-01 | 6.3 E-01
Group 2 - Halogens and Tritium 0 1.1 E-07 | 3.5 E-07 6.0 E-06 3.5 E-06 | 6.0 E-05
Group 3 - Volatile Solids 0 3.0 £-08 1.0 E-07 1.0 E-06 1.0 E-06 | 1.0 E-05
Group 4 - Spent Fuel Particles 0 3.0 €-10 1.0 E-09 1.0 E-08 1.0 £-08 1.0 E-07
Group 5 - Ruthenium 0 4.1 E-09 | 1.4 E-08 2.4 E-07 1.4 E-07 | 2.4 E-06
Aerosolized Gas 0 1 1 1 1 1
Fraction

Volatile 0 1 i 1 1 1

Sol ids

Spent Fuel 0 1 1 1 1 1

Particles
Respirable Gas 0 1 1 1 1 1
Fraction

Volatile 0 0.05 0.05 0.05 1 1

Solids

Spent Fuel 0 0.05 0.05 0.05 0.05 0.05

Particles

4.3.4 Aerosolized Fractions and Respirable Fractions

The aerosolized and respirable fractions are dependent upon the
physical-chemical form of the radionuclides. The fractions are taken from
Wilmot's study of risk associated with the transport of nuclear materials
(Wilmot 1983) and from the RADTRAN User's Manual and are shown in Table 5.
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5.0 TRANSPORTATION IMPACTS

5.1 INCIDENT-FREE IMPACTS

Table 6 presents the results of the incident-free transportation of the
three sodium-bonded metal alloy fuel pin shipments. The carbide fuel pin
shipment (one shipment of 18 pins) is also represented. The population doses
are the values given by the RADTRAN 4 computer code. These were multiplied by
the ICRP-60 health effects conversion factors given in Table 1.

The results indicate that the incident-free population dose from
shipping 12 shipments of 100 pins is slightly higher than that found from
70 shipments of 18 pins. This is due to the use of the regulatory limit of
200 mrem/hr dose rate at the cask surface for the 100 pin shipments. The
6 shipments of the 169 fuel pin assembly fall in between the other two metal
alloy shipments. The population dose from 6 shipments of the 169 pin assembly
is 0.186 person-rem to the worker, 5.27 person-rem to the public, and a total
of 5.46 person-rem. The population dose from 12 shipments is 0.371 person-rem
to the worker, 10.5 person-rem to the public, and a total of 10.9 person-rem.
Alternately, the population dose from 70 shipments would be 0.309 person-rem
to the worker, 9.34 person-rem to the public and 9.65 person-rem total. The
single sodium-bonded carbide shipment population dose is 4.42x10™ person-rem
to the worker, 0.134 person-rem to the public with a total of
0.138 person-rem.

~There are no excess latent cancer fatalities or excess total detriments
resulting from the normal transportation of the sodium-bonded metal alloy fuel
pins or from the carbide fuel pins. The results show a total of 2.71x10°
latent cancer fatalities for 6 shipments of the 169 pin assembly, 5. 26x1073
latent cancer fatalities from 12 shipments of 100 sodium-bonded metal alloy
fuel pins, 4.79x10™> latent cancer fatalities from 70 sQipments containing
18 pins of sodium-bonded metal alloy fuel, and 1.84x10™° latent cancer
fatalities from the 51ng1e carbide pin shipment. Total detriments for the
shipments are 3. 86x107%, 7.69x10°%, 6.84x10°% and 9.81x10™* for the 6 shipments,
12 shipments, 70 sh1pments, and sing]e shipment respectively.

5.2 POTENTIAL ACCIDENT RISKS

Table 7 presents the total risks from potential accidents of the
different types of shipments. The ICRP-60 health effects conversion factors
were again used to calculate latent cancer fatalities and total detriment from
RADTRAN 4 results. Table 7 shows population risks of 2.51x10"* person-rem for
6 shipments of the 169 pin assembly, 2.96x10°* person-rem for 12 shipments of
100 sodium-bonded metal alloy fuel pins, 3.11x10"* person-rem for 70 shipments
of 18 sodium-bonded metal alloy fuel pins, and 3.07x10°® person-rem for the
single shipment of sod1um-bonded carbide fue] Latent cancer fatalities are
found to be 1. 26x10 7, 1. 48x10 , 1. 56x10°7 and 1.54x10°°. Total detriments are
2.24x10°8, 2.16x10°, 2.27x10°°, and 2. 24x10°%.  These resu]ts show no excess
latent cancer fata11t1es or total detriment resu]ting from potential accidents
related to the shipment of the FFTF fuel.
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Table 6. Risks from Incident-Free Transportation.

Metal Alloy Fuel Pins Fg:¥b2g§5
6 12 70 1
Shipments | Shipments | Shipments| Shipment
Pins per Shipment 169 100 18 18
Population Dose (person-rem)
Worker 0.186 0.371 0.309 0.00442
Public 5.27 10.5 9.34 0.134
Total 5.46 10.9 9.65 0.138
Latent Cancer Fatalities
Worker 7.44E-05 |1.48E-04 |1.24E-04 |1.77E-06
Public 2.64E-03 |5.25E-03 [4.67E-03 |6.70E-05
Total 2.71E-03 |5.40E-03 [4.79E-03 |6.88E-05
Total Detriment
Worker 1.04E-04 [2.08E-04 |1.73E-04 |2.48E-06
Public 3.85E-02 |7.67E-02 |6.82E-02 [9.78E-04
Total 3.86E-02 |7.69E-02 |6.84E-02 |9.81E-04
Table 7. Risks from Potential Accidents.
Metal Alloy Fuel Pins | Carbide
6 12 70 1
Shipments | Shipments | Shipments| Shipment
Pins per Shipment 169 100 18 18
Population Risk (person-rem)|2.51E-04 |2.96E-04 |3.11E-04 |[3.07E-06
Latent Cancer Fatalities 1.26E-07 |1.48E-07 |1.56E-07 {1.54E-09
Total Detriment 1.83E-06 [2.16E-06 |[2.27E-06 |2.24E-08
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5.3  CONCLUSIONS

Transportation impacts relating to normal, incident-free transportation
and potential accident scenarios were considered for the shipment of
irradiated sodium-bonded metal alloy and carbide fuel from the FFTF to INEL in
support of the Environmental Assessment of the FFTF shutdown. RADTRAN 4 was
used to analyze the incident-free and accident transportation risks. Input
parameters used were conservative. Potential population dose and population
risk were-low for both types of analysis performed. No excess latent cancer
fatalities or total detriments were found to result from the proposed
shipments.
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7.0 APPENDIX

7.1 INPUT FILES

7.1.1 RADTRAN 4 Input File for 6 Shipments, 169 Sodium-Bonded Metal Alloy
Pin Assembly

&& Edited Mon Jan 9 12:57:06 1995

&% _FFTF_169_Pins Plus Assembly_6_Shipments_
& _fftf169a.in4_

TITLE RADTRAN 4.0 INPUT

FORM UNIT

DIMEN 39 6 4 10 18

PARM 13210

POPDEN 4.000 361.100 2042.600
PACKAGE
LABGRP
GRP1 GRP3 GRP4 GRP5 s -
SHIPMENT
LABISO
NA22 MN54 FESS cos8 €060 KR85
SR89 SR90 Y90 Y91 ZR95 NB95
RU106 SB125 TE125M TE127 Cs134 £s137
CE144 PR144M PM147 TE127M N163 RU103
PM148M SM151 EU154 EU155 TA182 U235
u236 NP237 - PU236 PU238 PU239 PU240
PU241 AM241 CM242 .
NORMAL
NMODE=1
9.040E-01 8.200E-02 1.400E-02 8.856E+01 4.032E+01 2.416E+01
2.000E+00 1.000E+01 0.000E+00 1.100E-02 5.300E+01 0.000E+00
0.000E+00 5.000E+01 2.000E+Q1 0.000E+00 1.000E+02 1.000E+02
2.000E+00 0.000E+00 0.000E+00 6.600E-01 4.700E+02 7.800E+02
2.800€E+03
ACCIDENT
ARATMZ
NMODE=1  1.400E-07 3.000E-06 1.600E-05
SEVFRC
NPOP=1
NMODE=1
6.03E-01 3.94E-01 3.00E-03 3.00E-06 5.00E-06 7.00E-06
NPOP=2
NMODE=1
6.02E-01 3.94E-01 4.00E-03 4.00E-06 3.00E-06 2.00E-06
NPOP=3
NMODE=1
6.04E-01 3.95E-01 3.80E-04 3.80E-07 2.50E-07 1.30E-07
RELEASE
RFRAC
GROUP=1
0.00E+00 9.90£-03 3.30E-02 3.90E-01 3.30E-01 6.30E-01
GROUP=2
0.00E+00 3.00E-08 1.00E-07 1.00E-06 1.00E-06 1.00E-05
GROUP=3
0.00E+0C 3.00E-10 1.00E-09 1.00E-08 1.00E-08 1.00E-07
GROUP=4
0.00E+00 4.10E-09 1.40E-08 2.40E-07 1.40E-07 2.40E-06
AERSOL
DISP=6
0.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
DISP=7
0.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
DISP=10
0.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
RESP
DISP=6
0.00E+00 5.00E-02 5.00E-02 5.00E-02 5.00E-02 5.00E-02
DISP=7
0.00E+00 5.00E-02 5.00E-02 5.00E-02 1.00E+00 1.00E+00
DISP=10
0.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

23



WHC-SD-TP-RPT-013, Rev. 1

EFINE NA22
9.50E+02 2.196+00 3.55E-01 8.00E+03 1.20E+04 0.00E+00
0.00E+00 1.00E-02 2.00E+00 1.10E+04 1.10E+04

DEFINE NI63
3.66E+04 0.00E+0C 0.00E+00 3.00E+03 5.40E+02 0.00E+00
0.00E+00 1.00E-02 2.00E+00 2.50E+04 2.50E+02

DEFINE Y90
2.67E+00 1.69E-06 0.00E+00 8.20E+03 1.00E+04 0.00E+00
0.00E+00 1.00E-02 1.00E+00 6.10E+04 7.40E+02

DEFINE PR144M
5.00E-03 1.27E-02 8.46E-04 4.20E+02 1.70E+02 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.70E+02 6.70E-02

DEFINE PM148M
4.13e401 1.99E+00 3.23E-01 1.70E+04 7.00E+03 0.0CE+00
0.00E+00 1.00E-02 1.00E+0C 1.30E+05 1.10E+04

DEFINE TA182
1.15e+02 1.29€+00 2.12E-01 3.70E+04 6.00E+03 0.0CE+00
0.00E+00 1.00E-02 1.00E+00 1.30E+02 1.710E+03

DEFINE U236
8.54E+09 1.57E-03 1.92E-05 6.70E+06 2.50E+05 0.00E+00
0.00E+00 1.00E-02 3.00E+00 7.70E+07 6.10E+04

DEFINE CM242
1.63E+02 1.83E-03 1.55E-05 1.70E+07 1.10E+05 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.30E+07 6.90E+06

EOF
ISOTOPES -1 6 1.00 14.000 1.00 0.00 SPFUEL
NA22 3.05E-02 GRP3 7
MN54 2.34E+00 GRP4 6.
FES5 2.41E+00 GRP& 6
C058 6.27E-01 GRP4& 6
€060 7.51E+00 GRP¢ 6
NI63 1.56E+00 GRP4 6
KR85 2.58E+03 GRP1 10
SR89 2.08E+00 GRP4 6
SR90 2.11E+04 GRP& 6
Y90 2.12E+04 GRP& 6
Y91 1.30E+01 GRP4 6
ZR9S 3.69E+01 GRP4 6
NB9S 8.28E+01 GRP4 6
RU103 8.14E-02 GRPS 6
RU1T06 1.28E+04 GRPS 6
SB125 3.18E+03 GRPL 6
TE125M 7.75E+02 GRP4 6
TE127 1.73E+01 GRP4 6
TE127M  1.77E+01 GRP& 6
CS134  1.14E+04 GRP3 7
CS137 2.45E+04 GRP3 7
CE144 3.59E+04 GRP4 6
PR144M  4.30E+02 GRP4 6
PM147 3.14E+04 GRP4 -6
PM148M 2.55E-02 GRP4 6
SM151  5.57E+02 GRP4 6
EU154 6.50E+02 GRP4 6
EU155 1.13E+03 GRPL 6
TA182 3.05€-02 GRP4 6
U235 1.45€-02 GRP4 6
U236 1.15€-01 GRP4 6
NP237 1.19€-01 GRP4 6
PU236 1.18E+00 GRP4 6
PU238 4.27E+02 GRP& 6
PU239 1.14E+02 GRP4 6
PU240 3.18E+01 GRP4 6
PU241 6.14E+02 GRP4 6
AM241  3.13E+00 GRP4 6
CM242 8.94E-01 GRP4 6
DISTKM
NMODE=1 864.20
PKGS1Z
SPFUEL 4.50
EOF
EOI
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7.1.2 RADTRAN 4 Input File for 12 Shipments, 100 Sodium-Bonded Metal Alloy
Pins

&& Edited Wed Jan 11 13:57:39 1995
&& _FFTF_100_Pins_12_Shipments_
&& _fftf100d.iné_

TITLE RADTRAN 4.0 INPUT

FORM UNIT
DIMEN 39 6 4 10 18
PARM 13210
POPDEN 4.000 361.100 2042.600
PACKAGE ‘
LABGRP :
GRP1 GRP3 GRP4 GRP5
SHIPMENT
LABISO
NA22 MN54 FES5 €058 Co60 KR85
SR89 SR90 Y90 Y91 ZR95 NB9S
RU106 $8125 TE125M TE127 CS134 cs137
CE144 PR144M PM147 TE12M N163 RU103
PM148M SM151 EU154 EU155 TA182 u235 : -
u23é6 NP237 PU236 PU238 PU239 PU240
PU241 AM241 CtM242
NORMAL
NMODE=1
9.040E-01 8.200E-02 1.400E-02 8.856E+01 4.032E+01 2.416E+01
2.000E+00 1.000E+01 0.000E+00 1.100E-02 5.300E+01 0.000E+Q0
0.000E+00 5.000E+01 2.000E+01 (.000E+00 1.000E+02 1.000E+02
2.000E+00 0.000£+00 0.0C0E+00 &.600E-01 4.700E+02 7.800E+02
2.800E+03
ACCIDENT
ARATMZ ’
NMODE=1  1.400E-07 3.000E-06 1.600€E-05
SEVFRC
NPOP=1
NMODE=1
6.03E-01 3.94E-01 3.00E-03 3.00E-06 5.00E-06 7.00E-06
NPOP=2
NMODE=1
6.02E-01 3.94E-01 4.00E-03 4.00E-06 3.00E-06 2.00E-06
NPOP=3
NMODE=1
6.04E-01 3.95E-01 3.80E-04 3.80E-07 2.50E-07 1.30E-07
RELEASE
RFRAC
GROUP=1
0.00E+00 9.90E-03 3.30E-02 3.90E-01 3.30E-01 6.3CE-01
GROUP=2
0.00E+00 3.00E-08 1.00E-07 1.00E-06 1.00E-06 1.00E-05
GROUP=3 '
0.00E+00 3.00E-10 1.00E-09 1.00E-08 1.00E-08 1.00E-07
GROUP=4
0.00E+00 4.10E-09 1.40E-08 2.40E-07 1.40E-07 2.40E-06
AERSOL
DISP=6
0.00E+00 1.00E+0C 1.00E+00 1.00E+00 1.00E+00 1.00E+00
DIsP=7
0.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.0G0E+00
DIsP=10 .
0.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.0GQE+00
RESP :
DIsSP=6
0.00E+00 5.00£-02 5.00E-02 5.00E-02 5.00E-02 5.00E-02
DIsSP=7
0.00E+00 5.00E-02 5.00E-02 5.00E-02 1.00E+00 1.00E+00
DIsP=10
0.00E+00 1.00E+00 1.00E+0C 1.00E+00 1.00E+00 1.00£+00
DEFINE NA22
9.50E+02 2.19E+00 3.55E-01 &8.00E+03 1.20E+04 0.00E+00
0.00E+00 1.00E-02 2.00E+00 1.10E+04 1.10E+04
DEFINE NI63
3.66E+04 0.00E+00 O.00E+00 3.00E+03 5.40E+02 0.00E+00
0.00E+00 1.00E-02 2.00E+00 2.50E+04 2.50E+04
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DEFINE Y90
2.67E+00 1.69E-06 0.00E+00 8.20E+03 1.00E+04 0.00E+00
0.00E+00 1.00E-02 1.00E+00 6.10E+04 7.40E+02

DEFINE PR144M
5.00E-03 1.276-02 8.46E-04 4.20E+02 1.10E+02 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.70E+02 6.70E-02

DEFINE PM148M
4.13E+01 1.99E+00 3.23E-01 1.70E+04 7.00E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 1.30E+05 1.10E+04

DEFINE TA182
1.15e+02 1.29E+00 2.12E-01 3.70E+04 6.00E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 1.30E+02 1.10E+03

DEFINE = U236
8.54E+09 1.57E-03 1.92E-05 6.70E+06 2.50E+05 0.00E+00
0.00E+00 1.00E-02 3.00E+00 7.70E+07 6.10E+04

DEFINE CM242
1.63e+02 1.83E-03 1.55E-05 1.70E+07 1.10E+05 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.30E+07 6.90E+06

EOF
ISOTOPES -1 12 1.00 14.000 1.00 0.00 SPFUEL
NA22 1.81E-02 GRP3 7
MNS4  5.63E-01 GRP4 6
FES5 5.77E-01 GRP4 6
€058 1.99E-01 GRP4 6
C060 2.38E+00 GRP4 6
NI63 4.96E-01 GRP4 6
KR85 1.53E+03 GRP1 10
SR89  1.23E+00 GRP4 6
SR90  1.25E+04 GRP4 6
Y90 1.25E+04 GRP4 6
Y91 7.68E+00 GRP4 6
ZR95  2.18E+01 GRP4 6
NB9S  4.90E+01 GRP4 6
RU103 4.82E-02 GRP5 6
RU106 7.57E+03 GRPS 6
$B125 1.88E+03 GRP4 6
TE125M  4.58E+02 GRP4 6
TE127 1.02E+01 GRP4 6
TE127M  1.05E+01 GRP4 6
CS134  6.72E+03 GRP3 7
CS137  1.45E+04 GRP3 7
CE144 2.12E+04 GRP4 6
PR144M  2.55E+02 GRP4 6
PM147  1.86E+04 GRP4 6
PM148M 1.51E-02 GRP4 6
SM151  3.30E+02 GRP4 6
EU154 3.84E+02 GRP4 6
EUIS5  6.66E+02 GRP4 6
TA182 7.35E-03 GRPG 6
U235 8.58E-03 GRP4 6
U236 6.82E-02 GRP4 6
NP237 7.02E-02 GRP4 6
PU236 6.97E-01 GRP4 6
PU238 2.53E+02 GRP4 6
PU239  6.72E+01 GRP4 6
PU240 1.88E+01 GRP4G 6
PU241 3.63E+02 GRP4 6
AM241  1.85E+00 GRP4 6
CM242  5.29E-01 GRP4 6
DISTKM
NMODE=1 864.20
PKGSIZ
SPFUEL 4.50
EOF
£01
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| 7.1.3 RADTRAN 4 Input File for 70 shipments, 18 Sodium-Bonded Metal Alloy Pins

&% Edited Wed Jan 11 14:04:32 1995
&& _FFTF_18_Pins_70_Shipments_

8& _fftfi1sd.ink

TITLE RADTRAN 4.0 INPUT

FORM UNIT
DIMEN 39 6 4 10
PARM 13210
POPDEN 4.000
PACKAGE
LABGRP
GRP1
SHIPMENT
LABISO
NA22
SR89
RU106
CE144
PM148M
u236
PU241
NORMAL
NMODE=1
9.040E-01
2.000E+00
0.000E+00
2.000€+00
2.800€E+03
ACCIDENT.
ARATMZ
NMODE=1
SEVFRC
NPOP=1
NMODE=1
6.03E-01
NPOP=2
NMODE=1
6.02E-01
NPOP=3
NMODE=1
6.04E-01
RELEASE ’
RFRAC
GROUP=1
0.00e+00
GROUP=2
0.0CE+00
GROUP=3
0.00E+00
GROUP=4
0.00E+00
AERSOL
DISP=6
0.00E+00
p1sp=7
0.00E+00
DISP=10
0.00€E+00
RESP
DISP=6
"~ 0.00E+00
DIsP=7
0.00E+00
DISP=10
0.00E+00
NA22
9.50E+02
0.00E+00
NI63
3.66E+04
0.00E+00
Y90
2.67E+00
0.00E+00

DEFINE

DEFINE

DEFINE

18

361.100

GRP3

MNS4
SR90
$8125
PR144M
SM151
NP237
AM241

8.200E-02
1.000E+01
5.000E+01
0.000E+00

1.400E-07

3.94E-01

3.94E-01

3.95€-01

9.90E-03
3.00E-08
3.00€E-10
4.10E-09

1.00E+00
1.00E+00
1.00E+00

5.00E-02
5.00E-02
1.00E+00

2.19E+00
1.00E-02

0.00E+00
1.00E-02

1.69E-06
1.00E-02

GRP4

FES5
Y90
TE125M
PM147
EU154
PU236
CM242

3.000E-06

3.00E-03

4.00E-03

3.80E-04

3.30E-02
1.00€-07
1.00E-09
1.40E-08

1.00E+00
1.00E+00

1.00E+00

5.00E-02
5.00E-02
1.00E+00

3.55E-01
2.00E+00

0.00E+00
2.0CE+00

0.00E+00
1.00E+00

1.400E-02
0.000E+00
2.000E+01
0.000E+00
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2042.600

GRP5

€058
Y91
TE127
TE127M
EU155
PU238

3.00E-06

4.00E-06

3.80E-07

3.90E-01
1.00E-06
1.00E-08
2.40€-07

1.00E+00
1.00E+00
1.00E+00

5.00g-02
5.00E-02
1.00E+00

8.00E+03
1.10E+04

3.00E+03
2.50E+04

8.20E+03
6.10E+04

8.856E+01
1.100€-02
0.000E+00
6.600E-01

Co60
ZR95
Cs134
N163
TA182
PU239

1.600E-05

5.00E-06

3.00E-06

2.50E-07

3.30E-01
1.00E-06
1.00E-08
1.40E-07

1.00E+00
1.00E+00
1.00E+00

5.00E-02
1.00E+00
1.00E+00

1.20E+04
1.10E+04

5.40E+02
2.50E+04

1.00E+04
7.40E+02

27

4.032E+01
5.300E+01
1.000E+02
4.700E+02

KR85
NB95
€s137
RU103
U235
PU240

7.00E-06
2.00E-06

1.30E-07

6.30E-01
1.00€E-05
1.00E-07
2.40€E-06

1.00E+00
1.00E+00
1.00E+00

5.00E-02
1.00E+00
1.00E+00
0.00E+00

0.00E+00

0.00E+00

2.416E+01
0.000+00
1.000E+02
7.800E+02
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DEFINE PR144M
5.00E-03 1.27e-02 8.46E-04 &.20E+02 1.10E+02 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.70E+02 6.70E-02
DEFINE PM148M .
- 4.13E+07 1.99E+00 3.23€E-01 1.70E+04 7.00E+03 0.00E+00
0.0CE+00 1.00E-02 1.00E+00 1.30E+05 1.10E+04

. DEFINE TA182

1.15e+02 1.29E+00 2.12E-01 3.70E+04 6.00E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 1.30E+02 1.10E+03

DEFINE U236 i
8.54E+09 1.57E-03 1.92E-05 6.70E406 2.50E+05 0.00E+00
0.00E+00 1.00E-02 3.00E+00 7.70E+07 6.10E+04

DEFINE (CM242
1.63e+02 1.83E-03 1.55E-05 1.70E+07 1.10E+05 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.30E+07 6.90E+06

EOF
ISOTOPES -1 70 1.00 2.000 1.00 0.00 SPFUEL
NA22 3.31E-03 GRP3 7
MN54  1.01E-01 GRP& 6
FESS 1.04E-01 GRP4 6
€058 3.58E-02 GRP4 6
Co60 4.29E-01 GRP4 6
NI63 8.93E-02 GRP4 6
KR85 2.75E+02 GRP1 10
SR89 2.22E-01 GRP& 6
SR9C 2.25E+03 GRP4L 6
Y90 2.25E+03 GRP4 6
Y91 1.38E+00 GRP4 6
ZR95 3.93E+00 GRP& 6
NB9S 8.82E+00 GRP4 6
RU103 8.67E-03 GRP5 6
RU106 1.36E+03 GRPS 6
S8125 3.38E+02 GRP4& 6
TE125M 8.25E+01 GRP& 6
TE127 1.84E+00 GRP4 6
TE127M 1.89E+00 GRP4 6
CsS134 1.21E+03 GRP3 7
cs137 2.61E+03 GRP3 7
CE144 3.82E+03 GRP& 6
PR144M  4.58E+01 GRP4 6
PM147 3.34E+03 GRP& 6
PM148M 2.71E-03 GRP& 6
SM151 5.94E+01 GRP& 6
EU154  6.92E+01 GRP4 6
EU155 1.20E+02 GRPG 6
TA182 1.32E-03 GRP4 6
U235 1.54E-03 GRP4 6
U236 1.23e-02 GRP4 6
NP237 1.26E-02 GRP4 6
PU236 1.25E-01 GRP4 6
PU238 4.55E+01 GRP& 6
~PU239  1.21E+01 GRP& 6
PU240 3.38E+00 GRP4 6
PU241  6.54E+01 GRP4 6
AM241  3.34E-01 GRP4 6
CM242 9.52E-02 GRP4 6
DISTKM
NMODE=1 864.20
PKGSIZ
SPFUEL 4.50
EOF
EO1
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7.1.4 RADTRAN Input File for Single Shipment, Sodium-Bonded Carbide Pins
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&% Edited Sun Aug 7 13:28:03 1994
&& _FFTF_18_Carbide Pins_1 Shipments_

&% _fftfcba.in

TITLE RADTRAN 4.0 INPUT

FORM UNIT
DIMEN 52 6 5 10
PARM 13210
POPDEN 4.000
PACKAGE
LABGRP
GRP1
SHIPMENT
LABISO
H3GAS
KR85
NB95M
CcD113M
TE127
PM146
T8160
PU240
CM242
NORMAL
NMODE=1
9.040E-01
2.000E+00
0.000E+00
2.000E+00
2.800E+03
ACCIDENT
ARATMZ
NMODE=1
SEVFRC
NPOP=1
NMODE=1
6.03E-01
NPOP=2
NMODE=1
6.02E-01
NPOP=3
NMODE=1
6.04E-01
RELEASE
RFRAC
GROUP=1
0.00E+00
GROUP=2
0.00E+00
GROUP=3
0.00E+00
GROUP=4
0.00E+00
GROUP=5
0.00E+00
AERSOL
DIsP=6
0.00E+00
DISP=7
0.00E+00
DIsP=10
0.0CE+00
RESP
DISP=6
0.00E+00
DISP=7
0.00E+00
DISP=10
0.00E+00
NI63
3.66E+04
0.00E+00

DEFINE

18
361.100

GRP2

MNS4
SR89
TC99
SN119M
TE127M
PM147
u237
PU241
CM243

8.200E-02
1.000E+01
5.000E+01
0.000E+00

2042.600

GRP3

FES5
SR90
RU103 -
SN123
Cs134
SM151
NP238
AM241
CM244

1.400€-02
0.000E+00
2.000E+01
0.000E+00

GRP4

€058
Y90
RU106
SB124
cs137
EU152
NP239
AM242M
NB9S

8.856E+01
1.100€-02
0.000E+00
6.600E-01

GRP5

€060

Y91
AG110
$8125
CE144
EU154
PU238
AM242

4.032E+01
5.300€+01
1.000E+02
4.,700E+02

NI63
ZR95
AG110M
TE125M
PR144M
EU155
PU239
AM243

2.416E+01
0.000E+00
1.000E+02
7.800E+02

1.400E-07

3.94E-01

3.94E-01

3.95E-01

9.90E-03
1.10E-07
3.00e-08
3.00e-10
4,10E-09

1.00E+00
1.00€+00
1.00E+00

5.00€-02
5.00E-02
1.00E+00

0.00E+00
1.00E-02

3.000E-06

3.00E-03

4.00E-03

3.80E-04

3.30e-02
3.50e-07
1.00E-07
1.00E-09
1.40E-08

1.00E+00
1.00E+00
1.00E+00

5.00E-02
5.00€E-02
1.00E+00

0.00E+00
2.00E+00

3.00E-06
4.00E-06

3.80E-07

3.90E-01
6.00E-06
1.00E-06
1.00€-08
2.40E-07

1.00E+00
1.00E+00
1.00E+00

5.00€-02
5.00E-02
1.00E+00

3.00E+03
2.50E+04

1.600E-05

5.00E-06

3.00E-06

2.50E-07

3.30E-01
3.50E-06
1.00E-06
1.00E-08
1.40E-07

1.00E+00
1.00E+00
1.00E+00

5.00E-02
1.00E+00
1.00E+00

5.40E+02
2.50E+04

29

7.00E-06
2.00E-06

1.30e-07

6.30-01
6.00€-05
1.00€-05
1.00€-07
2.40€-06

—_

.Q0E+00
1.00E+00
1.00E+00

5.00€-02
1.00E+00
1.00E+00

0.00E+00
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DEFINE Y99
2.67e+00 1.69E-06 0.00E+00 8.20E+03 1.00E+04 0.00E+00
0.00E+00 1.00E-02 1.00E+00 6.10E+04 7.40E+02
DEFINE NB9SM
3.61E+00 6.83E-02 9.64E-03 2.20E+03 1.00E+04 0.00E+00
0.00€+00 1.00E-02 1.00E+00 2.00E+04 5.10E+02
DEFINE AG110
2.85€-04 3.06E-02 4.98E-03 5.30E+04 1.10E+04 0.00E+00
0.00E+00 1.00E-02 1.00E+00 4.42E+05 9.17E+04 .
DEFINE AGI10M
2.50E+402 2.74E+00 4.50E-01 5.30E+04 1.10E+04 0.00E+00
0.00E+00 1.00E-02 1.00E+00 4.42E+05 9.17E+04

6.02E+01 1. 3.15E-01 5.50E+03 9.30€+03 0.00E+00
0.00E+00 1.00E-

1.00E+00 4.58E+04 7.75E+04
DEFINE PR144M

5.00E-03 1.27€-02 8.46E-04 4.20E+02 1.10E+02 0.00E+00
0.00E+00 1.00E-02 1.00E+00 2.70E+02 6.70E-02

DEFINE PM146
2.026+03 7.53E-01 1.20E-01 1.10E+05 3.20E+03 0.00E+00
0.00E+00 1.00E-02 2.00E+00 9.17E+05 2.67E+04

DEFINE TB160
7.23E+01 1.126+00 1.78E-01 2.20E+04 6.40E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 1.83E+05 5.33E+04

DEFINE U237 .
6.75E+00 1.42E-01 2.13E-02 3.30E+03 2.70E+403 0.00E+00
0.00E+00 1.00E-02 1.00E+00 9.60E+03 6.50E+02

DEFINE NP238
2.12E+00 5.50E-01 9.16E-02 3.10E+04 3.40E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 9.60E+03 1.30E+03

DEFINE NP239
2.36E+00 1.72E-01 2.66E-02 2.20E+03 2.90E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 1.50E+04 2.80E+02

DEFINE AM242M
5.566+05 5.11E-03 7.54E-05 5.10E+08 4.20E+06 0.00E+00
0.00E+00 1.00E-02 3.00E+00 2.50E+07 4&.40E+06

DEFINE AM242 .
6.68E-01 1.83E-03 2.19E-03 6.10E+04 1.10E+05 0.00E+00
0.00E+00 1.00E-02 1.00E+00 3.30E+05 2.00E+04

DEFINE (CM242

1.63E+02 1.83E-03 1.55€-05 1.70E+07 1.10E+05 0.00E+00
0.00E+00 1.00E-02 1.00E+00 9.80E+07 5.90E+06 .
DEFINE CM243 ) :

1.04E+04 : 34E-01 2.02E-02 3.50E+04 2.90E+06 0.00E+00

DEFINE CO113M
4.96E+03 1.85E-01 0.C0E+00 4.20E+05 1.S0E+05 0.00E+00
0.00E+00 1.00E-02 2.00E+00 3.50E+06 1.25E+06
DEFINE SN119#
2.93E+02 1.15€-02 3.46E-04 5.30E+03 1.20E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 4.42E+04 1.00E+04
DEFINE SN123
1.29E+02 6.88E-03 1.14E-03 7.90E+03 7.70E+03 0.00E+00
0.00E+00 1.00E-02 1.00E+00 6.58E+04 6.42E+04
DEFINE $SB124
80E+00
02

0.00E+00 1.00E-02 3.00E+00 1.20E+08 1.10E+07
EOF
ISOTOPES -1 1 1.00 2.000 1.00 0.00 SPFUEL

H3GAS 1.23E+01 GRP2 10
MNS4  3.53E+01 GRP4 6
FESS 8.24E+00 GRP4 6
COS58 2.84E-01 GRP4 6
C060 1.55E+Q0 GRP4 6
N163 3.69E-01 GRP4 6
KR85 1.08€+02 GRP1 10
SR89 1.70E-01 GRP4 6
SR90 7.23E+02 GRP4 6
Y90 7.24E+02 GRP4 6
Y91 1.156+00 ° GRP4 6
ZR95 4.88e+00 GRP4 6
NB95 1.10E+01 GRP4 6
NB9SM 3.62E-02 GRP4 6
€99 2.65E-01 GRP4 6
RU103 2.07E-02 GRPS 6
RU106 5.35E+03 GRPS 6
AG110 1.48E-01 GRP4 6
AG110M  1.12E+01 GRP4 6
CD1134  1.80E+00 GRP4 6

30
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SN119M  1.01E+00 GRP4 6
SN123  2.41E+00 GRP4 6
SB124 2.06E-03 GRP4 6
$B125 3.66E+02 GRP4 6
TE125M  8.94E+01 GRP4 6
TE127M 3.52E+00 - GRP4 6
TE127 3.456+00 GRP4 6
CS134 4.63E+02 GRP3 7
CS137 1.91E+03 GRP3 7
CE144 3.93£+03 GRP4 6
PR144M  4.07E+01 GRP4G 6
PM146  2.86E-01 GRP4 6
PH147 3.07E+03 GRP4 6
SM151  7.71E+01 GRP4 6
EU152 3.27E-01 GRP4 6
EU154  4.94E+01 GRP4 6
EUIS5 2.37E+02 GRP4 6
18160 1.51E-02 GRP4 6
U237 7.40E-02 GRP4 6
NP238  1.69E-03 GRP6 6
NP239 6.68E-02 GRP4 6
PUZ38 9.71E+00 GRP6 6
PU239  9.69E+01 GRP4 6 -
PU240  7.23E+01 GRP4 6
PU241 3.02E+03 GRP4 6
AM241  1.76E+01 GRP4 6
AM2424  3.38E-01 GRP4 6
AM242 3.37E-01 GRP4 6
AM243  6.67E-02 GRP6 6
cM242  7.31E+00 GRP4 6
CM243  5.57E-02 GRP4 6
CM244  1.65E+00 GRP4 6
DISTKM
NMODE=1 864.20
PKGSIZ
SPFUEL 4.50
EOF
€01

31
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7.2 TABLES FOR SODIUM-BONDED METAL ALLOY AND CARBIDE FUEL PINS
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TABLE 1. SODIUM-BONDED METAL ALLOY FUEL PIN SOURCE TERM AND HAZARD INDICATOR.

Summary Table for Sodium-Bonded Metal Alloy Fuel Pins after 850 Days Decay (FFTF Metal Fuel Assembly).

169 Pins
169 Pins | Plus Assembly
Quantity . Quantity A2 Qty/A2 Normalized ALl 10xALI Less Than Final
€n (Ch [)] Hazard Cl 10xALl Hazard

NA 22 i 1.81E-02 8.00E+00 2.26E-03 ~ T41E-09 6.00E-04 8.00E-03 B 1.25E-08

CR 51 8.50E-07 1.60E-08 8.00E+02 2.67€E-09 8.74E-15 2.00E-02 2.00E-01 X

MN 54 9.52E-01 2.34E+00 2.00E+01 1.17E-01 1.56E-07 9.00E-04 9.00E-03 1.56E-07

FE S5 9.75E-01 2.41E+00 1.00E+03 2.41E.03 3.20E-09 4.00E-03 4.00E-02 3.20E-09

CcO 58 3.36E-01 6.27E-01 2.00E+01 J3.14E-02 5.51E-08 1.00E-03 1.00E-02 5.51E-08

CO 60 4.03E+00 751E+00 7.00E+00 1.07E+00 1.89E-06 2.00E-04 2.00E-03 1.89E-08

NI 83 8.38E-01 1.56E+00 1.00E+02 1.56E-02 2.75E-08 3.00E-03 3.00E-02 2.75E-08

NB 92 5.15E-21 1.27E-20 3.00E+00 4.22E-21 1.38E-26 “2.0E-05 2.00E-04 X

MO 93 8.62E-03 1.63E-02 1.90E+02 8.58E-05 2.81E-10 5.00E-03 5.00E-02 X

KR 85 2.58E+03 2.58E+03 1.00E+03 2.58E+00 8.46E-08 NA B.46E-06

SR 89 2.08E+00 2.08E+00 1.00E+01 2,08E-01 8.82E-07 8.00E-04 8.00E-03 : 6.82E-07

SR 90 211E+04 2.11E+04 4.00E-01 5.29E+04 1.73E-01 2.00E-05 2.00E-04 1.73E-01

Y 90 2.12E+04 2.12E+04 1.00E+01 2.12E+03 6.94E-03 7.00E-04 7.00E-03 6.94E-03

Y 91 1.30E+01 1.30E+01 3.00E+01 4.33E-01 1.42E-08 2.00E-04 2.00E-03 1.42E-06

ZR 95 3.69E+01 3.69E+01 2.00E+01 1.84E+00 8.05E-08 4.00E-04 4,00E-03 6.05E-06

NB 95 8.28E+01 8.28E+01 2.00E+01 4.14E+00 1.36E-05 1.00E-03 1.00E-02 1.36E-05
~ |RU103 8.14E-02 8.14E02 2.50E+01 3.26E-03 1.07E-08 ' 2,00E-03 2.00E-02 1.07E-08
“* |RH103M 7.34E-02 7.34E-02 1.00E+03 7.34E-05 2.41E-10 1.00E+00 1.00E+01 X

RU108 1.28E+04 1.28E+04 7.00E+00 1.83E+03 6.00E-03 9.00E-05 9.00E-04 6.00E-03
** {RH108 1.28E+04 1.28E+04 3.00E+00 4.27E+03 1.40E-02 4.00E-02* 4.00E-01 1.40E-02

SB125 3.18E+03 3.18E+03 2.50E+01 1.27E+02 4.17E.04 2.00E-03 2.00E-02 . 4.17E-04

TE125M 7.75E+02 7.7SE+02 1.00E+02 7.7SE+00 2.54E-05 7.00E-04 7.00E-03 2.54E-05

TE127 1.73E401 1.73E+01 2.00E+01 8.65E-01 2.83E-08 2.00E-02 2.00E-01 2.83E-06

TE127M 1.77E+01 1.77E+01 2.00E+01 8.83E-01 2.89E-08 3.00E-04 3.00E-03 2.89E-08

TE129 1.65E-04 1.65E-04 2.00E+01 8.24E-08 2.70E-11 7.00E-02 7.00E-01 X

TE129M 2.53E-04 2.53E-04 1.00E+01 2.53E-05 8.30E-11 6.00E-04 8.00E-03 X

1131 9.94E-223 9.94E-23 1.00E+01 9.94E-24 3.26E-29 5.00E-05 5.00E-04 X

CS134 1.14E+04 1.14E+04 1.00E+01 1.14E403 3.72€-03 1.00E-04 1.00E-03 3.72€-03

CS137 2.45E+04 2.45E+04 1.00E+01 2.45E+03 8.04E-03 2.00E-04 2.00E-03 - 8.04E-03

BA140 3.46E-15 3.46E-15 2.00E+01 1.73E-168 5.67E-22 1.00E-03 1.00E-02 X

LA140 3.98E-15 3.98E-15 J.00E+01 1.33E-18 4.35E-22 1.00E-03 1.00E-02 X

CE141 481E-03 481E-03 2.50E+01 1.92E-04 8.31E-10 7.00E-04 7.00E-03 X

PR143 4.88E-14 488E-14 2.00E+01 2.44E-15 8.00E-21 8.00E-04 8.00E-03 X

CE144 3.59E+04 3.59E+04 7.00E+00 5.12E+03 1.68E-02 3.00E-05 3.00E-04 1.68E-02
* {PR144 3.59E+04 3.59E+04 3.00E+00 1.20E+04 3.926-02 1.00E-01 1.00E+00 . 3.92€-02

PR144M 4.30E+02 4.30E+02 3.00E+00 1.43E+02 4.70E-04 0.00E+00 4.70E-04

ND147 8.18E-18 8.18E-19 2.00E+01 4.09E-20 1.34E-25 8.00E-04 9.00E-03 3

PM147 J.14E+04 3.14E+04 2.50E+01 1.25E+03 4.11E-03 1.00E-04 1.00E-03 4.11E-03

PM148M 2.55E-02 2.55€-02 3.00E+00 8.50E-03 2.79E-08 J3.00E-04 3.00E-03 2.79E-08

SM1IS51 557E+02 S§.57E+02 9.00E+01 8.19E+00 - 2.03E-05 1.00E-04 1.00E-03 . 2.03E-05

EU1S4 8.50E+02 8.50E+02 1.00E+01 8.50E+01 2.13E-04 2.00E-05 2.00E-04 2.13E-04

EU1SS5 1.13E403 1.13E+03 4.00E+02 2.82E+00 9.23E-08 9.00E-05 9.00E-04 9.23E-06

TA182 1.24E-02 3.05E-02 2.00E+01 1.53E-03 2.04E-09 3.00E-04 3.00E-03 2.04E-09

W181 8.01E-02 8.01E-02 1.00E+02 8.01E-04 2.62E-09 3.00E-02 3.00E-01 x

W185 8.04E-02 8.04E-02 2.50E+01 3.22E-03 1.05E-08 7.00E-03 '7.00E-02 X

w188 2.22E-03 2.22E-03 5.40E+00 411E-04 1.35E-09 1.00E-03 © 1.00E-02 X

RE188 2.24E-03 2.24E-03 1.00E+01 2.24E-04 7.35E-10 3.00E-03 3.00E-02 X

U235 1.45E-02 1.45E-02 1.00E+03 1.45E-05 4.75E-11 1.00E-06 1.00E-05 4.75E-11

U238 1.15E-01 1.15E-01 2.70E-02 4.27€+00 1.40E-05 1.00E-08 1.00E-05 1.40E-05

U237 151E-02 151E-02 2.00E-03 7.54E+00 2.47E-05 3.00E-03 3.00E-02 X

NP237 1,19E-01 1.19E-01 5.40E-03 2.20E+01 7.20E-05 4.00E-09 4.00E-08 7.20E-05

NP238 2.00E-04 2.00E-04 2.00E-03 1.00E-01 3.28E07 8.00E-05 8.00E-04 x

NP239 1.48€-03 1.48E-03 2.50E+01 5.91E-05 1.94E-10 2.00E-03 2.00E-02 b4

PU236 1.18E+00 1.18E+00 1.90E-02 6.20E+01 2.03E-04 4.00E-08 4.00E-Q7 2.03€-04

PU237 1.62E-05 1.62E-05 5.40E+02 2.99E-08 9.81E-14 J.00E-03 3.00E-02 X

PU238 4.27E+02 4.27E+02 3.00E-03 1.42E+05 4.67€-01 2.00E-08 2.00E-07 : 4 67E-01




TABLE 1. SODIUM-BONDED METAL ALLOY FUEL PIN SOURCE TERM AND HAZARD INDICATOR,

Summary Table for Sodium-Bonded Metsl Alloy Fuel Pins aefter 850 Days Decay (FFTF Metal Fuel Assembly).

WHC-SD-TP-RPT-013, Rev. 1

169 Pins
769 Pins | Plus Assembly
Quantity Quaniity A2 Qty/A2 Normalized A ToxALY Less Than Final
[(+]] (Ch [()] Hazard Cl 10xALY Hazard
[ [PU239 114E+02 1.14E+02 200E-03 | 5.B8E+04 ~ 1.86E-01 2.00E-08 2.00E-07 1.86E-01
kPUZ«iO 3.1BE+01 3.18E+01 200603 | 150E+04 521E02 2. 00E-08 3 00E-07 531602
PU241 6.14E+02 6.14E+02 1.00E01 | 6.14E+03 201E-02 B.00ED7 8.00E-06 2.01E-02
AM2A 3.13E+00 3.13E+00 SO0E03 | 302E+02 1.28E-03 8.00E-09 .00E-08 1.26E-03
CM243 894E-01 8 94E-01 200E01 | 4.47TE+00 14705 300E-07 3.00E-06 1.47E-05
Totals 2.1BE+05 2.16E+05 305E+05 1.00E+00 1.00E+00
“Based on best available data Total AZa= 3056405
*Included in RADTRAN Parent isotope Total Ci (100 Pins) = 2.38E+05




TABLE 2. FINAL SODIUM-BONDED METAL ALLOY FUEL PIN SOURCE TERM.

WHC-SD-TP-RPT-013, Rev. 1-

Summary Table for Sodium-Bonded Metal Alloy Fuel Pins.
169 Fuel Pins

Plus Assembly | 100 Fuel Pins| 18 Fuel Pins
Quantity (Ci) | Quantity (Cl) | Quantity (Ci)
==+ 1NA 22 3.05E-02 1.81E-02 3.31E-03
MN 54 2.34E+00 5.63E-01 1.01E-01
FE 55 2.41E+00 5.77E-01 1.04E-01
CO 58 6.27E-01 1.99E-01 3.58E-02
CO 60 7.51E+00 2.38E+00 4.29E-01
* Ni 63 1.56E+00 4.96E-01 8.93E-02
KR'85 2.58E+03 1.53E+03 2. 75E+02
SR 89 2.08E+00 1.23E+00 2.22E-01
SR 90 2.11E+04 1.25E+04 2.25E+03
* Y 90 2.12E+04 1.25E+04 2.25E+03
Y 91 1.30E+01 7.68BE+00 1.38E+00
ZR 95 3.69E+01 2.18E+01 3.93E+00
NB 95 8.28E+01 4.90E+01 8.82E+00
RU 103 8.14E-02 4 82E-02 8.67E-03
= IRH103M 4.34E-02 4.34E-02 7.82E-03
RU106 1.28E+04 7.57E+03 1.36E+03
= " |RH106 1.28E+04 7.57E+03 1.36E+03
SB125 3.18E+03 1.88E+03 3.38E+02
TE125M 7.75E+02 4.58E+02 8.25E+01
TE127 1.73E+01 1.02E+01 1.84E+00
TE 127M 1.77E+01 1.05E+01 1.89E+00
CS134 1.14E+04 6.72E+03 1.21E+03
cs137 2.45E+04 1.45E+04 2.61E+03
CE144 3.59E+04 2.12E+04 3.82E+03
= |PR144 3.50E+04 2.12E+04 3.82E+03
* PR144M 4 30E+02 -2.55E+02 4.58E+01
PM147 3.14E+04 1.86E+04 3.34E+03
. PM148M 2.55E-02 1.51E-02 2.71E-03
SM151 5.57E+02 3.30E+02 5.94E+01
EU154 6.50E+02 3.84E+02 6.92E+01
~|EU155 1.13E+03 6.66E+02 1.20E+02
* TA182 3.05E-02 7.35E-03 1.32E-03
U235 1.45E-02 8.58E-03 1.54E-03
* U236 1.15E-01 6.82E-02 1.23E-02
NP237 1.19E-01 7.02E-02 1.26E-02
PU236 1.18E+00 6.97E-01 1.25E-01
PU238 4.27E+02 2.53E+02 4 55E+01
PU239 1.14E+02 6.72E+01 1.21E+01
1PU240 3.18E+01 1.88E+01 3.38E+00
PU241 6.14E+02 3.63E+02 6.54E+01
AM241 3.13E+00 1.85E+00 3.34E-01
CM242 8.94E-01 5.29E-01 9.52E-02
Totals 2.18E+05 1.29E+05 2.32E+04

Not in RADTRAN Library

Included in RADTRAN Parent Isotope

hh

Includes Pin Amount + 200 g

Maximum Per Container

- 35
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TABLE 4. CARBIDE FUEL PIN SOURCE TERM AND HAZARD INDICATOR.

Summary Table for Carbide Fuel Pins after 850 Days Decay (FFTF Metal Fuel Assembly).

91 Pins (Ci) | 18 Pins (CI}| A2(Ci) | Qty/A2 [Normalized| AL (Ci) 10xAL! [Less Than Final
Hazard 10xALI Hazard
H3 6.20E+01 1.23E+01 1000| 0.01227| 9.61E-08| 8.00E-02| 8.00E-01 9.6126E-08
NA22 5.49E-03 84 0.00069; 5.38E-09| 6.00E-04| 6.00E-03 X
MN54 1.79E+02] 3.53E+01 20} 1.76637| 1.38E-05| 8.00E-04| 8.00E-03 1.3836E-05
FES5 4.17E+01| 8.24E+00 1000{ 0.00824| 6.46E-08| 4.00E-03| 4.00E-02 6.4565E-08
c0O58 1.44E+00 2.84E-01 20] 0.01419] 1.11E-07| 7.00E-04| 7.00E-03 1.1117E-07
COo80 7.85E+00] 1.55E+00 7} 0.22171| 1.74E-06| 3.00E-05| 3.00E-04 1.7367E-06
NI63 1.87E+00 3.69E-01 100} 0.00369| 2.89E-08| 8.00E-04| 8.C0E-03 2.8943E-08
KR85 5.47E+02| 1.08E+02 1000 0.10824| 8.48E-07 NA 8.4785E-07
SR89 8.61E-01 1.70E-01 10| 0.01703| 1.33£-07| 1.00E-04| 1.00E-03 1.3341E-07
SR80 3.66E+03] 7.23E+02 0.4] 1807.91] 0.014162| 4.00E-06; 4.00E-05 0.01416175
Y90 3.66E+03f{ 7.24E+02 10{ 72.3758] 0.000567| 6.00E-04| 6.00E-03 0.00056693
Y91 5.80E+00{ 1.15E+00]. 30} 0.03824 3E-07| 1.00E-04] 1.00E-03 2.995E-07
ZR95 2.47E+01{ 4.88E+00 20{ 0.24379| 1.91E-06| 1.00E-04| 1.00E-03 1.8097E-06
NB95 5.54E+01 1.10E+01 20| 0.54762| 4.29E-06{ 1.00E-03] 1.00E-02 4.2896E-06
NB95M 1.83E-01 3.62E-02 3| 0.01206| 9.45E-08] 2.00E-03| 2.00E-02 9.4463E-08
TC99 1.34E+00| 2.65E-01 25| 0.01059| 8.29E-08]| 7.00E-04| 7.00E-03 8.2925E-08
RU103 1.04E-01 2.07E-02 . 251 0.00083; 6.47E-08| 6.00E-04{ 6.00E-03 6.4704E-09
RU106 2.71E+04] 5.35E+03 10{ 535.451| 0.004194| 1.00E-05{ 1.00E-04 0.00419429
AG110 7.51E-01 1.48E-01 3| 0.0495; 3.88E-07/8.00E-03"| 8.00E-02 3.8772E-07
AG110M 5.65E+01 1.12E+01 71 1.59513] 1.25E-05| 9.00E-05| 9.00E-04 1.2495E-05
CD113M | 9.09E+00j 1.80E+00 50{ 0.03596] 2.82E-07| 2.00E-06| 2.00E-05 2.8165E-07
SN119M 5.08E+00 1.01E+00 100| 0.01005| 7.87E-08{ 1.00E-03] 1.00E-02 7.8742E-08
SN123 1.22E+01| 2.41E+00 3| 0.80308{ 6.29E-06{ 2.00E-041 2.00E-03 6.2907E-06
sB124 1.04E-02 2.06E-03 5| 0.00041| 3.22E-09| 2.00E-04] 2.00E-03 _3.2228E-09
sB125 1.86E+03] 3.66E+02 25| 14.6532| 0.000115] 5.00E-04] 5.00E-03 0.00011478
TE125M 452E+02] 8.94E+01f , 100§ 0.89387 7E-06] 4.00E-04| 4.00E-03 _7.0019E-06
TE127 1.74E+01 3.45E+00 20| 0.17228| 1.35E-06] 2.00E-02} 2.00£-01 1.3495E-06
TE127M 1.78E+01 3.52E+00 20} 0.17595| 1.38E-06{ 3.00E-04! 3.00E-03 1.3782E-06
C8134 2.34E+03| 4.63E+02 10| 46.2659| 0.000362{ 1.00E-04] 1.00E-03 0.00036241
CS137 9.65E+03 1.91E+03 10} 190.78] 0.001494| 2.00E-04| 2.00E-03 0.00149442
CE144 1.72E+04] 3.39E+03 7| 484.898| 0.003798| 1.00E-05| 1.00E-04 0.00379831
PR144M | 2.06E+02] 4.07E+01 3| 13.5758| 0.000106]1.00E-01*] 1.00E+00 0.00010634
PM146 1.45E+00 2.86E-01 3| 0.09547{ 7.48E-07| 4.00E-05| 4.00E-04 7.4786E-07
PM147 1.55E+04| 3.07E+03 25| 122.875] 0.000963| 1.00E-04| 1.00E-03 0.0009625
SM151 3.80E+02| 7.71E+01 90| 0.85648{ 6.71E-06| 1.00E-04!| 1.00E-03 6.709E-06
EU152 1.65E+00 3.27E-01 10] 0.03272| 2.56E-07| 2.00E-05| 2.00E-04 2.5627€E-07
EU154 2.50E+02| 4.94E+01 5| 9.88615| 7.74E-05| 2.00E-05| 2.00E-04 | 7.744E-05
EU155 1.20E+03|  2.37E+02 60| 3.95604| 3.1E-05| 9.00E-05| 9.00E-04 _ 3.0989E-05
18160 7.63E-02 1.51E-02 10( 0.00151} 1.18E-08{ 2.00E-04| 2.00E-03 1.1817E-08
U237 3.74E-01 7.40E-02 0.002| 36.9989f 0.00029{ 2.00E-03| 2.00E-02 0.00028982
NP238 8.56E-03 1.69E-03 0.002| 0.8463| 6.63E-06| 6.00E-05| 6.00E-04 6.6292€E-06
NP239 3.38E-01 6.68E-02 _25] 0.00267| 2.09E-08] 2.00E-03] 2.00E-02 2.0917E-08
PU238 4.91E+01 9.71E+Q0 0.003§ 3237.36| 0.025359| 7.00E-09| 7.00E-08 0.02535893
PU239 4.90E+02| 9.69E+01 0.002{ 48471.4| 0.379687| 6.00E-09| 6.00E-08 0.3796867
PU240 3.66E+02| 7.23E+01 0.002] 36168.1] 0.283312| 6.00E-09| 6.00E-08 0.28331244
PU241 1.53E+04| 3.02E+03 0.1 30164.8| 0.236287| 3.00E-07| 3.00E-06 0.23628737
AM241 8.90E+01 1.76E+01 0.008] 2198.81] 0.017232| 6.00E-09]| 6.00E-08 0.01723155
AM242M 1.71E+00 3.38E-01 0.002| 169.22| 0.001326| 6.00E-08| 6.00E-08 0.00132553
- |AM242 1.70E+00 3.37E-01 0.002| 168.429| 0.001319| 8.00E-05| 8.00E-04 0.00131934
AM243 3.37E-01 6.67E-02 0.008 8.34231| 6.53E-05| 6.00E-09| 6.00E-08 6.5347E-05
CM242 3.70E+01 7.31E+00 0.2} 36.5637| 0.000286| 3.00E-07| 3.00E-06 0.00028641
CM243 2.82E-01 5.67E-02 0.009{ 6.18901{ 4.85E-05| 9.00E-09| 9.00E-08 4.848E-05
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TABLE 4. CARBIDE FUEL PIN SOURCE TERM AND HAZARD INDICATOR.

Summary Table for Carbide Fuel Pins after 850 Days Decay (FFTF Metal Fuel Assembly).

91 Pins (Ci) | 18 Pins (Ci)| A2(Ci) | Qty/A2 [Normalized| ALI(Cl) | 10xAL! [Less Than Final
Hazard - : 10xAL! Hazard
CM244 8 36E+00| 1.65E+00 0.01| 165.284] 0.001295] 1.00E-08| 1.00E-07 0.0012947
NI59 133E-02] 263E-03 900| 2.9E-06] 2.29E-11| 2.00E-03] 2.00E-02 X
CD115M 1.04E-03] 2.05E-04 30| 6.8E-06] 5.36E-11| 5.00E-05| 5.00E-04 X
SB126 2.07E-02| 4.08E-03 3] 0.00136] 1.07E-08| 5.00E-04| 5.00E-03 X
CE141. 3.78E-03] 7.48E-04 25| 3E-05| 2.34E-10{ 6.00E-04| 5.00E-03 X
PM148M 1.036-02] 2.03E-03 3} 0.00068] 5.29E-09| 3.00E-04| 3.00E-03 X
CR51 1.86E-07] 3.69E-08 600{ 6.1E-11| 4.81E-16| 2.00E-02| 2.00E-01 X
FE59 2.80E-05{ 5.54E-06 10| 5.5E-07| 4.34E-.12{ 3.00E-04{ 3.00E-03 X
PU237 7.31E-06| 1.45E-06 0.002| 0.00072| 5.66E-09| 3.00E-03| 3.00E-02 X
PU243 292E-11| 5.77E-12 0.002| 2.96-09| 2.26E-14| 4.00E-02| 4.00E-01 X
RB86 1.60E-11| 3.16E-12 30| 1.1E-13| 8.26E-19| 8.00E-04| 8.00E-03 X
NB92 1.80E-21] 3.55E-22 3| 1.26-22! 9.28E-28(2.00E-04*| 2.00E-03 X
RH103M 9.42E-02f 1.86E-02 1000| 1.9E-05{ 1.46E-10| 1.00E+00] 1.00E+01 X
RH106 2.71E+04| 5.35E+03 3| 1784.84] 0.013981|*** 0.01398098
AG109M | 3 50E-03|] 6.03E-04 3/ 0.00023] 1.81E-09|8.00E-03*! 8.00E-02 X
AG111 6.48E-26] 1.28E-26 20| 6.4E-28] 5.02E-33] 9.00E-04| 9.00E-03 X
INT15M 7.30E-08] 1.44E.08 20| 7.2E-10{ 5.65E-15] 4.00E-02| 4.00E-01 X
SN125 592E-20f 1.17E-20 10| 1.26-21| 9.17E-27| 4.00E-04| 4.00E-03 X
TE129 | 167E-04] 331E-05 20| 1.7E-06] 1.3E-11| 6.00E-02| 6.00E-01 X
TE129M 257E-04] 5.08E-05 10{ 5.1E-06] 3.98E-11| 2.00E-04| 2.00E-03 X
131 9.60E-23|  1.90E-23 10| 1.08-24| 1.49E-29| 5.00E-05| 5.00E-04 X
XE131M 1.81E-18] 359E-19 10| 3.6E-20 2.81E-25|** X
CS136 291E-16] 5.76E-17 7|1 8.2E-18| 6.45£-23| 7.00E-04| 7.00E-03 X
BA136M 4 80E-17| 9.49E-18 3| 3.2E-18] 2.4BE-23|1.00E-01*| 1.00E+00 X
BA137M | 9.12E+03] 1.80E+03 3| 601.582| 0.004712[*** 0.00471232
BA140 266E-15] 5.27E-16] . 20| 2.6E-17] 2.06E-22| 1.00E-03| 1.00E-02 X
LA140 3.07E-15] 6.06E-16 30| 2E-17] 1.58E-22] 1.00E-03| 1.00E-02 X
PR143 3.41E-14}] 6.75E-15 20| 3.4E-16{ 2.64E-21| 7.00E-04| 7.00E-03 X .
PR144 1.72E+04| 3.39E+03 3| 1131.43] 0.008863|** 0.00886271
ND147 1.70E-18{ 3.35E-19 20{ 1.7€-20{ 1.31€-25( 8.00€-04 8.00E-03 X
PM148 5.77E-04| 1.14E-04 3| 3.8E-05] 2.98E-10] 5.00E-04 5.00E-03 X
EU156 141E-13] 2.79E-14 3| 9.36-15{ 7.3E-20| 5.00E-04] 5.00E-03 X
TB161 8 90E-30| 1.76E-30 3| 59€E-31| 4.6E-36| 2.00E-03| 2.00E-02 X
NP240M 1.81E-09]  3.50E-10 0.002| 1.86-07| 1.4E-12|3.00E-03*| 3.00E-02 X
Totals 3.05E+04 : 127662 1 0.999999973
*Best available data
**DAC = 4.0E-10 Cilcm"3
*** Included in RADTRAN Parent Calculations
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TABLE 5. FINAL CARBIDE FUEL PIN SOURCE TERM.

Carbide Pin Summary Table.

18 Pins

H3 1.23E+01
MN54 3.53E+01
FE55 8.24E+00
CO58 2.84E-01
CO60 1.55E+00
*INIB3 3 60E-01
KR85 1.08E+02
SR89 1.70E-01
SR80 7.23E+02
* Y90 7.24E+02
Yei 1.15E400
ZR95 4.88E+00
NB95 1.10E+07

* INB95M 3.62E-02
TCo9 2.65E-01
RU103 2.07E-02
RU106 5.35E+03

* |AG110 1.48E-01
“TTAGI10M 1.12E+01
*ICD113M 1.80E+00
*ISN11om 1.01E+00
*[SN123 2.41E+00
* |SB124 2.06E-03
SB125 3.66E+02
TE125M 8.94E+01
TE127 3.45E+00
TE127M 3.52E+00
CS134 463E+02
Cs137 1.91E+03
CE144 3.30E+03

* |PR144M 4.07E+01
= |PM146 2.86E-01
TT|PM147 3.07E+03
REE 7.71E+01
EU152 3.27E-01
EU154 4.04E+01
EU155 2.37E+02

* |TB160 1.51E-02
0237 7.40E-02
*INP238 1.69E-03
*INP239 6.68E-02
PU238 9.71E+00
PU239 9.69E+01
PU240 7.23E+01
PU241 3.02E+03
AM241 1.76E+01
*|AM242M 3.38E-01
* [AM242 3.37E-01
AM243 6.67E-02

* |CM242 7.31E+00

39




WHC-SD-TP-RPT-013, Rev. 1

TABLE 5. FINAL CARBIDE FUEL PIN SOURCE TERM.

Carbide Pin Summary Table.

18 Pins

* |CM243 5.57E-02
CM244 1.65E+00
**IRH106 5.35E+03
* |BA127TM 1.80E+03
*PR144 3.39E+03

Not included in RADTRAN

Library

l

Lo i d

Included in RADTRAN

Parent Isolope Calculation

40




WHC-SD-TP-RPT-013, Rev. 1

| Jenuep sJosnN NvHLAVY - H
J0joRd BunyubIOAN/IAID e jenuepy sJasn NvHLAVY - ©
ejeQ a|qe|ieAY jsog . gsg6l 304 - 4
’ £861 bBuiuung -7 agg6l 304 -3
eydyy - ¢ £861 buiuung - o B8g6L 300 - A
* B)og pue BLWESD - 2 adA] uoissiwgz - r 8E DI -0
18k L ueyysseig/Ll - | fenuely sJasn NvM1avy - | 8¢ dyDI- 8
:8324NOS
10+301L°L 80+302°1 £ 100 0 0 90+36°Z | ¥0+35°¢C 20-320°2 L0-3¢vC°L | v0+3V0°) £YZND
_80+306°S L0+308°6 1 10°0 0 0 Go+31°L | 20+3LL 60-356°1L £0-3¢9'L | 20+3£9°L ZPZND
$0+300°2 S0+308°E ! 100 0 0 €0+32°L | $0+31°9 £0-361°2 20-3¢8'L | 10-989'0 |  ZvZnV
90+30¥'v L0+305°2 | ¢ 10°0 0 -0 90+3Z'v | 80+3L°S 50-3vS°L £0-31L1'6 | 50+395'6 | WZveny
20+308°2 $0+305°L ! L0'0 0 0 £0+36°C | £0+32°C 20-399°2 10-32L°L | 00+39E°2 68ZdN
£0+30E°L £0+309'6 } 100 0 0 £0+3¥°C | pO+3LE Z0-391°6 10-305'S | 00+321°2 8EZdN
20+305°'9 £0+309'6 | 100 0 0 €0+32°7 | €0+3€°C 20-3¢1e 10-92¢°L | 00+35.°9 182N
PO+3EE Gus | GO+TER bas | | 10°0 0 0 £0+3%°9 | $0+32°C 10-382°} 00+32L°L | 1043822 09181
P0+3L9Cue [ GO+BLL6ax | € 10°0 0 0 £0+32°¢ | 60+31°L 10-302°L L0-3e6°L | £0+320°C ov1iNd
20-30.L°9 20+30L°2 ! 100 0 0 20+31 L | 20432 P $0-39v'8 20-3/2°1 | £0-300°6 | Wpridd
P0+3SL Les | VO+3BE Fuu | | 100 0 0 £0+3¢'6 | £0+35°S 10-351°¢ 00+308°L | L0+320'9 $2188
$0+329 ' Oue | PO+3850us | | 100 0 0 £0+32°L | £0+36°L £0-3r1'L £0-388'9 | 20+362Z'1 EZINS
PO+300 baw | YO+TZV Vuu | | 10°0 0 0 £0+3¢°1 | €0+3ES $0-39%'€ Z0-351°L | 20+36'2 | WBLLNS
G0+35Z bue | 90+305Ce | Z 100 0 0 SO+3S°L | S0+3JT¥ 00+300°0 L0-368°L | £0+396'% | WELLAD
P0+3L1 6w | GO+TTY bux | |} 100 0 0 #0+31°L | $0+3E°6 LD-Z0S ¥ 00+3%£°2 | 20+305°2 | WOLLOV
Y0+ 6 | SO+TZU Vax | L 100 0 0 y0+31°L | $0+3€°S £0-386'V 20-390'¢ | ¥0-358°2 0LLOV
20+301°G $#0+300°2 l 100 0 0 $0+30°4 | £0+32°C £0-3¥9'6 20-368'9 | 00+319€ | WS68N
20+30¥°L $0+301°9 ! 100 0 0 $0+30°) | £0+32°8 00+300'0 90-369°L | 00+3.9°C 06A
$0+305'Ces | ¥0+305Cus | T 100 0 0 20+3¢'S | £0+30°€ 00+300°0 0 ¥0+399°¢ £9IN
(1o/mMay) (1D/N3Y) (1o/m3d) | (10/may) | (03S-10/EvIN-NEN)
3800 HNI - 3500 |3dAL | (03S/W) [HOLOVH | HOLOVH | "ONI “IYHNI | ¥O.LDV4 3s0a | (sia/Aan) | (SAvQ)
MOBHYIN HA LI ONNT YA L {DONNT|13A 'd30 WL 1108 {'¥L 004! 3a3D0 | 3030 ANIHSANOTD |3 NOLOHd | 3d4IT-21VH
9 ] r { H ) 4 3 a o) g Y

(AUVYEM ¥ NVHLAVY SO NOLLYLNIWONY) SNid T3N4 3198V ¥0d V.1va 3d0.LOSI "9 I18V1.

0f

AlRIGTT NYHLUVY J0 91EpaN

41




WHC-SD-TP-RPT-013, Rev. 1
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7.4  INTERNAL MEMOS

7.4.1 Sodium-22 Radioactivity for FFTF Sodium-Bonded Assemblies
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Westinghouse Internal
Hanford Company Memo
From: Criticality and Radiological Analyses KDD-80150-94-003
_Phone: 376-9415 N2-32
Data: August 10, 1994

Subject: SODIUM-22 RADIOACTIVITY FOR FFTF SODIUM-BONDED ASSEMBLIES

To: J. R. Green G2-02
cc: R. A. Burk N2-01 T. M. Burke N2-01
J. W. Daughtry H4-64 J. G. Field G2-02
J. Geenborg HO-35 R. K. Hulvey N2-33
D. C. Johnston N2-02 S. F. Kessler N2-32
E. F. Loika N2-51 J. C. Midgett N2-51
J. V. Nelson Ha-64 R. F. Richard H4-64
R. A. Schwarz HO-35 J. R. Vincent N2-33
J. B. Waldo N2-57 W. V. Witherspoon N2-33
K . .

DD File/LB

Reference: QRIGENZ Isotope Generation and Depletion Code, CCC-371,
Oak Ridge National Laboratory, Oak Rjdge, TN, December 1985.

In response to your request, I am providing you the activity of sodium-22
for both sodium inside the pins and coolant that may cling to the outside of
sodium-bonded FFTF test assemblies, MFF-1, MFF-1A, MFF-2, MFF-3, MFF-4,
MFF-5, MFF-6, IFR-1, and ACN-1. Activation and decay of sodium-22 in the
bond were calculated with the ORIGEN2 nuclide transmutation computer program
(Reference). A sodium bond was placed inside these test assembiies to
provide good heat transfer from the fuel to the cladding. Activity for the
coolant sodium that may cling to the exterior of the pins was estimated by
decaying the February 1993 FFTF coclant sodium laboratory test results. The .
activities of the sodium bond and coolant are different because the coolant
spends only a fraction of the time during reactor operation in a significant

neutron flux region.

A conservative set of assumptions was selected for the purpose of analyzing
the safety of shipment of pins from these assemblies. [t was assumed that
the sodium in the pins was located at the midplane of the core, even though
much of the sodium bond is displaced away from core center during fuel
restructuring. It was assumed that these pips were located in the highest
_total neutron flux in the reactor (5.5 x 10" neutrons per square centimeter
per second) for 291 MW reactor operation and exposed for 853 equivalent full
power days (EFPD). Test assembly, ACN-1 was irradiated at 400 MW reactor
power but discharged in June of 1985. Its subsequent decay drops its
sodium-22 level below that of the dther tests irradiated at a later date. It
was assumed that the exposure was continuous and ended on the last day of
FFTF operation, March 19, 1992. Neutron cross sections were selected from
those tabeled "FFTF Pu/U" in Table 4.4 of the Reference. The resultant
activity was decayed for 850 days to be consistent with other nuclide
activities you are using for your safety analysis.

Hanford Operations and Engineering Contractor for the US Departmant of Energy
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J. R. Green : '~ KDD-8D150-94-003
Page 2
August 10, 1994

Given the above assumptions, the resultant sodium-22 activity of 2 x 107

Curies per gram of sodium bond was computed. For the coolant sodium, 300

Area Radiochemistry Laboratory analysis (Laboratory Serial Number 93-04987,

attached) measured a sodium-22 activity of 5.2 x 10°° Curies per gram of

coolant sodium in February of 1993. When decayed with a half life of 2.6

years to July, 1994 (850 days after FFTF shutdown), this activity drops to
3.6 x 1077 Curies per gram of sodium coolant.

}{ zs*'iél?ékabvx ‘ ‘ $27/,
K. D. Dobbi Reviewed by: K@?{Z/
Senior griAZipal Engineer sviened -5, F.7KessTler

Senior Engineer
Concurrenc3§7}f/
J. W. Daughtry, Manager

Criticality and Radiological Analyses

Attachment
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Number C - Pg - &Y . . Lab Serial No.
saape | P FETE ALKALI METAL ANALYSIS 7309737
IDENTIFICATION | 1ime . : Date Received
Date 2 / 93 7/ ?3
Sample Submitter MSIN: Phone Waork Order
72!11 7[:9«//(/—!— N2r-oYl (L~ 4336 ‘Nak vak ] u(d
Special Instructions /ﬁ ,/,”H.ﬂ;( (c G/' L;M
ANALYSIS - ' RESULT* ANALYSIS RESULT*
[0 oxygen m Lead 0,00
] -Hydrogen O uithium lolXi
O carbon m Magnesium Q, 7
a Nit;ogen {X Manganese . Lf
O sodium ‘ O wMolybdenum ' <.04
R’ prutonium I Neluded wil dobal Alpha 8 wickel 25
[J rarticulates (O ehosphorus
a Aluminum O, A {J Potassium
J sarium <, 07 O Rubidium
O sismuth L 2 IH siticon O f
{1 Boron » £.04 O sitver <.ez
o] Cadmium Z ., 0l O strontium <.ef
]X Calcium A3 O sulfur . i
[J cesium . O rvin '5:‘
[ chiorine =g, AFNK [3 ritanium o, O0H
m Crromium ) D, LI [0 Uranium ' L 2
] cobalt 4.0 O vanadium £.c2
m' Copper .03 0O zine -
O ruorine [E Tritlum I X /D'_7 -C/; /QH‘\
{3J cold —— ] Gamma Spectrometry_/Ma-22 = 5,1 X /0’7CI'/77"\
lg Iron A 9 0 Ce'i‘57= </’</c’MCzi /71"\
. 0 '
f Lokl Alphe 12 Xlé".c_i_’/(;r/n

Analyst's Remarks lou. rLDo ch) /g [Iﬁa/qLL 69\..\- O'wa.r 'Pd-i’n]y/( Q,?’qa- eMl—mR‘)

A/D Q%llw (. G’Q 1 L EL & pjj:v’ﬁ D . I’é P #" ('-(":

§?m;7/¢ Cups tueve Onb—} ~ o% Gl
' Date Completed

...ported By % MM/L_/ ,/%ﬁdf\ 3/25/93 3/23 /9_)

*Unless otherwise indicated, all Distribution: White - Final Report ‘ B8C-7340-032 101/3>"

results are expressed in P PM. Canary - Laboratory Loqbook
Pink - Qriginator

46




WHC-SD-TP-RPT-013, Rev. 1

7.4.2 Historical Dose Readings from T-3 Fuel Shipments to Idaho
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Westinghouse Internal
Hanford Company . Memo
From: FFTF Shutdown Project Office 18310-DLN-012
Phone: 376-9809 N2-53
Date: August 9, 1994 :
Subject: HISTORICAL DOSE READINGS FROM T-3 FUEL SHIPMENTS TO IDAHO
To: J. R. Green G2-02
cc: J. G. Field G2-02

S. Guttenberg N2-53

M. 7. Jansky H6-26

D. C. Johnston N2-02

D. H. Jones N2-53

DLN File/LB

Attached are a random sampling of shipping records from fuel
shipments to Idaho in the T-3 casks to support the RADTRAN
analysis you are conducting for the FFTF Shutdown
Environmental Assessment. If you need further assistance,
please call me.

W?Z;lezm.

D. L. Nielsen
Senior Engineer
ejt

Attachment 1}

Hanford Opserations snd Enginesring Contractor for the US Departmant of Energy
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7.4.3 ORIGEN 2 Calculations for FFTF Metal and Carbide Fuel
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Westinghouse Internal
Hanford Company . Memo
From: Radiation Physics and Shielding 8D530-RAS-94-009
Phone: 6-5977 HO-35
Date: August 5, 1994

Subject: ORIGEN 2 CALCULATIONS FOR FFTF METAL AND CARBIDE FUEL

To: _dJ. R. Green G2-02
cc: J. Greenborg HO-35
References: 1. Memo, R.‘A. Schwarz to J. G. Field, "Shielding Evaluation

for Metal and Carbide Fuel Pins," dated January 13, 1990,
FRRP:Sc90-001.

Origen 2 Calculations have been made for FFTF metal and carbide fuel
assemblies. The input for these calculations was obtained from Reference 1,
with the decay times modified to decay the source up to 1095 days. All of
the calculations were made on a Sun workstation. The input and output files
are stored in cfs in the directory /w97555/t3, which are identical to those
delivered on July 28. :

P gl

A. Schwarz
Advanced Scientist

Concurrence:
: J.]Greenborg, Manager
diation Physics and Shieldin

Hanlord Operations and Englneering Contractor for the US Department of Energy
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-1
-1
-1
BAS
T
RDA
LiB
PHO
Lip
INP
MoV
RDA
RDA
BUP
IRP
IRP
IRP
IRP
IRP
1RP
IRP
IRP
IRP
IRP
IRP
MoV
iRP
BUP
OPTL
OPTA
OPTF
ouT
MoV
RDA
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
HED
T
oPTL
OPTA
OPTF
cut
ot
STP 4
2

END

WHC-SD-TP-RPT-013, Rev. 1

Figure 1. Origen 2 Input File for Metal Fuel

FFTF METAL FUEL ASSEMBLY
SOURCE IN THE T 3 CASK FROM METAL ASSEMBLY
VECTOR -1 = METAL FUEL PIN CONTENT
012338138238593010
101 102 103 10

0 00
1 -1 -t 1
-1t 10 169.0

VECTOR 1 NOW CONTAINS 169 METAL FUEL PINS (1 METAL ASSEMBLY)

IRRADIATE FUEL FOR 1133 DAYS AT 7.5M4 (200 MWD/KG)
100 7.5 1 2 4 2
200 7.5 -2 3 40
300 7.5 3 4 4 0
400 7.5 4 5 4 0
500 7.5 5 6 4 O
600 7.5 6 7 4 O
700 7.5 7 B 4 0
800 7.5 8 9 4 0
90 7.5 9 104 0
1000 7.5 10 114 0
1100 7.5 11 124 0
12 11 0 1.0
1143 7.5 11 124 0
888878788888888388888888888
8888787838888888888888888888
88838787888888B8388888888888
12 100
12 1 0 1.0
BEGIN DECAY
9.0 1 2 4 4
120.0 2 3 4 0
180.0 3 4 4 O )
365.00 4 5 4 0
- 730.0 5 6 4 0
766.0 6 7 4 0
790.0 7 8 4 O
820.0 8 9 4 O
850.0 910 4 0
880.0 10 11 4 0
1095.0 11 12 4 ©
1 DISCHARGE
DECAY AFTER 769 DAY IRRADIATION
8878787878888888888888888808
887878B7B87888388888888888888
88787B787838888888883888888
3 0,001 9 0.001 -1
12 100

922380 152.17

400000 28.18 260000 67.048

240000 10.074 420000 0.967 280000 0.6447 230000 0.28207
250000 0.56414° 740000 0.4B355 060000 0.18536 140000 0.2418

922350 101.45

60
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8D530-RAS-94-009
August 5, 1994
Page 3 of 3

Figure 2. Origen 2 Input File for Carbide Fuel
-1
-1
1
BAS FFTF CARBIDE FUEL ASSEMBLY
Ti7 SOURCE IN THE T3 CASK WITH A MAX OF 23 X PU
RDA VECTOR -1 = CARBIDE FUEL PIN CONTENTY
LB 01233381 38238393010
PHO 101 102 103 10
LIP 000
NP o R Y B I I
MoV -1 1.0 1.0
RDA VECTOR 1 NOW CONTAINS 91 CARBIDE FUEL PINS (1 CARBIDE ASSEMBLY)
RDA IRRADIATE FUEL FOR 512 DAYS AT 6.4MW (70 MWD/KG)
BUP
IRP 100 6.4 1 2 4 2
IRP 200 6.4 2 3 4 0
IRP 300 6.6 3 4 4 0
IRP 400 6.4 4 5 4 O
IRP 500 6.4 S 6 4 0
1RP 52 6.4 6 7 4 0
BUP .
oPTL 888878788838888888888888888
OPTA 8838878788883888888888888888
OPTF 88887878888888888838888888°88
out 7 100
Mov 7 10 1.0
RDA BEGIN DECAY
DEC 9.0 1 2 4 4
DEC, 1200 2 3 4 0
DEC 180.0 3 4 4 0
DEC 365.0 4 5 4 0
DEC 730.0 5 6 4 O
DEC 760.0 6 7 4 0
DEC 790.0 7 8 4 ©
DEC 820.0 8 9 4 0
DEC 850.0 910 4 0
DEC 880.0 10 11 4 O
DEC 1095.0 11 12 4 0
HED 1 DISCHARGE
TIT DECAY AFTER 512 DAY IRRADIATION
oPTL 88378787878888888338888888838
OPTA 88787878788888838388888888888
OPTF 88787878788888388888888838888
cuy 5 0.00001 7 0.00001 -1
out 12 100
STP 4
2 942620 24.59 922350 259.46 922380 35776.54 942390 9366.24
942400 1244.05 942410 129.12 0 0.0 0 0.0
280000 509.2 240000 443.5 260000 2175.0 060000 2320.0
65.70 140000 24.6 420000 65.75 0 0.0

2

4

3 250000
0

END
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| 7.4.4 Fuel Assembly Source Term Calculations
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Westinghouse Internal
Hanford Company Memo
From: Radiation Physics and Shlelding 8D530-SFK-95-001

Phone: 376-9953
Date: January 11, 1995
Subject: ACTIVITY CALCULATION FOR FFTF METAL FUEL DUCT, NOZZILE, AND

HANDLING SOCKET

To: J. R. Green - 62-02
cc: J. Greenborg HO-35 -

R. R. Schwarz HO-35

K. D. Dobbin N2-32

D. C. Johnston N2-02
SFK FILE/LB

REFERENCES: 1 Memo, R. A. Schwarz to J. R. Green "Origin 2 Calculation
for FFTF Metal and Carbide Fuel" dated August 5, 1994 .
80530-RAS-94-009.

2 WHC-SD-FF-SWD-046 "Certification of the DKHI-4FRAC Program"
dated October 1994.

Reference 1 documented the calculation of fuel pin activities for an FFTF
Metal Fuel Assembly. The results of these calculations were used to
calculate the activities 'of the duct, nozzle, and handling socket by using
the reaction rate fractions generated by the program DKHI-4FRAC. This
program is used to calculate hardware activities for fuel assembly shipments
from FFTF to either an examination facility or a disposal facility. A
complete description and operating instructions are contained in reference
2. The data in table 1 was calculated by using the results from reference 1
for the isotopes in the fuel pin cladding used to calculate the source term
and hazard indicator, and multiplying by the appropriate fraction to get the
activity for the duct, nozzle, and handling socket.

A gl

S. F. Kessler, Senior Engineer
Radiation Physics and Shielding

?OHCUY‘Y‘QHC?:

(kz. Greenborg )
adiation Physics and Shielding

rkj

Hanford Operations and Engineering Contractor for the US Department of Energy
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TABLE 1: HARDWARE ACTIVITIES FOR A METAL FUEL ASSEMBLY

Cladding Duct Nozzle Handling
: : Socket
Fraction 0.4063 0.44016 0.15315 0.00038
Isotope (Ci) (Ci) (Ci) (Ci)
cr! 6.50E-07 7.04E-07 2.45E-07 6.08E-10
Mn** 9.52£-01 1.03E+00 3.59E-01 8.90E-04
Fe> 9.75E-01 1.06E+00 3.68E-01 9,12E-04
Co®® 1.99E-01 2.16E-01 7.50E-02 1.86E-04
Co%° 2.38E+00 2.58E+00 8.97E-01 2.23E-03
NiS3 4.96E-01 5.37E-01 1.87E-01 4.64E-04
Nb?2 5.15E-21 5.58E-21 1.94E-21 4.82E-24
Mo”3 6.62E-03 7.17E-03 2.50E-03 6.19E-06
Ta'®? 1.24E-02 1.34E-02 4.67E-03 1.16E-05

i‘}\
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

DOCUMENT REVIEWED
NUMBER:__8D530-SFK-95-001 :

TITLE: Activity Calculations for FFTIF Metal Fuel Duct, Nozzle, and

Handling Socket

AUTﬂOR(s):

S. F. Kessler

I. Method(s) of Review

( X)
()

()
()

Input data checked for accuracy
Independent calculation performed
( ) Hand calculation

{ ) Alternate computer code:
Comparison to experiment or previous results
Alternate method (define)

II. Checklist (either check or enter NA if not applied)

( X

SN — s e~ g o P~ P, S g, o g, e,
= P-4

2 >< > >< 3> I I I > D€ D€ D M D¢

N N St S st P v N St et st Y S i S St

_—
><
~—

( Xy

(NA)
()

I1I. Comments:

Task completely defined

Activity consistent with task specification

Necessary assumptions explicitly stated and supported

Resources properly identified and referenced

Resource documentation appropriate for this application

Input data explicitly stated

Input data verified to be consistent with original source
Geometric model adequate representation of actual geometry
Material properties appropriate and reasonable

Mathematical derivations checked inciuding dimensional consistency
Hand calculations checked for errors

Assumptions explicitly stated and justified

Computer software appropriate for task and used within range of
validity

Use of resource outside range of established validity is justified
Software runstreams correct and consistent with results

- Software output consistent with input

Results consistent with applicable previous experimental or
analytical findings

Results and conclusions address all points and are consistent with
task requirements and/or established limits or criteria
Conclusions consistent with analytical results and established
limits

Uncertainty assesment appropriate and reasonable

Other (define)

IV. REVIEWER: Harvey Goldberq s DATE: _16.Januarty 1995

£
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