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ABSTRACT

The Model FSV-1 spent fuel shipping cask was designed by General
Atomic Company (GA) to service the Fort St. Vrain (FSV) nuclear
generating station, a High Temperature Gas Reactor (HTGR) owned

and operated by Public Service Company of Colorado (PSC). This
report presents an evaluation of the suitability of the FSV-1 cask
for the transport of irradiéted Light Water Reactor (LWR) fuel
assemblies from both Pressurized Water Reactors (PWR) and Boiling
Water Reaétors (BWR). The FSV-1 cask evaluation parameters covered
a wide spectrum of LWR fuel assemblies, based on burnup in Megawatt
Days/Metric Ton of Heavy Metal (MWD/MTHM) and years of decay since
irradiation, lThe criteria for sultability included allowable
radiation dose rates, cask surface and interior temperatures and

the Gross Vehicle Weight (GVW) of the complete shipping system,

iii



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



TABLE OF CONTENTS

ABSTRACT

CONTENTS

SUMMARY

1. TASK DESCRIPTION
1.1 SCOPE
1.2 ASSUMPTIONS
1.3 DISCUSSION

2. LICENSING EVALUATION
2.1 STRUCTURAL
2.2 THERMAL
2.3 SHIELDING )
2.4 -CONTAINMENT ‘
2.5 DISCUSSION

3. SHIELDING STUDY
3.1 INTRODUCTION

3.2 METHODOLOGY

3.3 SOURCE TERMS

3.4 COMPOSITION AND GEOMETRY
3.5 RESULTS

3.6 DISCUSSION

3.7 REFERENCES

4. WEIGHT STUDY

4.1 WEIGHT EVALUATION

4.2 bVERWEIGHT SHIPMENTS

4.3 DISCUSSION

THERMAL STUDY

DRAWINGS .

Drawing SK 3325-100, sheets 1 through 5
7. APPENDICES

A. Gamma and Heutron Source Strenghts

Table A-1, A-2 and A-3

B. Certificate of Compliance, number 6346,
Revision 3

Design Drawings: GADR 55-2-1, 2 and 3
Boro-Silicone Properties

Page

NN OO Oy O -

16
19
21
21
24
34
47
72

110

111

113

13

116

121

122

129

141



2.2-1

2.2-2

3-1

3-9

3-10
3-11
3-12

3-13

3-18
3~19a
3-19b

3-20

FIGURES

Spectrum of LWR Irradiated Fuel Assemblies (F/A) that can
be Transported in the Modified FSV-1l Cask. . . . . . . . . .

Fuel Heat Load vs Exterior Surface Temperature with
External Neutron Shielding. . . . . . . « « ¢« ¢ ¢« ¢« o ¢ o &

Fuel Heat Load vs EXterior Surface'Temperature with No
External Neutron Shielding. . . . . . . ¢ « ¢« ¢ ¢« « o o + &

Neutron dose-to-flux conversion factors vs. neutron energy.
Neutron dose-to-flux conversion factors vs. neutron energy.

Neutron and gamma dose rates vs, additional gamma shield
thickness normalized .to 0" additional gamma shielding. . . .

Neutron and gamma dose rates vs. neutron shield thickaess
normalized to 0" neutron shield. . . . . . . « ¢« « « .« « « .

Photon dose-to-flux conversion factors vs. photon energy. .
PWR neutron source vs. burnup for 1 year decay. . . . . . .
PWR neutron source vs. burnup for 2 year decay. . . . . . .
PWR neutron source vs. burnup for 5 year decay. . . . . . .
PWR neutron source Vs. burnup for 10 year decay. . . . . . .
Neutron source vs. decay time for various burnups. , . . . .
PWR'neutron source SPectrum. . . . « o o« « o oo « o o o o o
Westinghouse 17 x 17 PWR Fuel Assembly . . . . . . . . . ..
Geometry input for PATH PWR side calculation. . . . . . . .
Gacmetry input for DTFX-PWR si&e calculation. . . . . . . .
General Electric 8 x 8 BWR Fuel Assembly. . . . . . . . o
Geometry input for PATH BWR side calculation. . . . . . . .
Geometry input for DTFX-BWR side calculatfon. . . . . . . .
Geometry input for PATH top of FSV-=1 cask. . o « & &« o « - -
Top and closure of as-built cask., . . . « « ¢ o« & ¢« o« & & &
Bottom of FSV-1] Cask . . . . . . .', e s o o 8 4 o & e e o o

Geometry for top of FSV-1 cask for input into DTFX. . . . .

vi

.10

.11
. 26

. 27

29

.30

W42

55

+61

65



3-21
3-22
‘3-23
3~24
-3-25
- 3-26

3-27
3-28

3-29
3-30

3-31
3-32
3-33
3-34
3-35
3-36

3-37

3-38
3-39
3-40

3-41

FIGURES (Cont'd.).

New end closure design . . . . . ¢« v ¢ v v v v v e v e . .

Geometry input for PATH top of FSV-1 cask - new design .

Geometry for input for DTFX top of FSV-1 cask - new design .

Geometry input for PATH-bottom of FSV-1 cask. . . . . . .
Geometry of input for DTFX- bottom of FSV-1 cask. . . . .
ZR and Mo neutron cross section vs. neutron energy. . . .

Neutron dose rate vs. decay time for various burn-ups,
no neutron shield, no additional gamma shield . . . . . .

PWR neutron dose rate vs. burnup for various decay times,
no neutron shield, no additional gamma shield. . . . . . .

. 67

68

69

. 70

- 71

- 51

- 74

« 75

Neutron dose rate vs. distance from fuel element centerline. . 7¢

Gamma dose rate vs. burnup for various decay times, no
gamma or neutron shield . . . . . + 4 ¢« & ¢ s o« o« ¢ o « @

Gamma dose rate vs. decay time for various burnup, 6 ft.
from personnel barrier . . . . . . ¢ . . 4 e e e e e o o o

Total dose rate normalized to side of cask vs. distance
away from side of cask. . . v ¢ ¢« ¢ .6 ¢ ¢ o ¢ o o s o .

Total dose rate vs. burnup for several PWR decay times,
no additional gamma shield, no neutron shield. . . . . . .

Total dose rate vs. burnup for several PWR decay times,
no additional gamma shield, 3 in. neutron shield. . . . .

Total dose rate vs. burnup for several PWR decay times,

no additional gauma shield, 6 in. neutron shield. . . . .

Total dose rate vs. burnup for several PWR decay times
6 ft. from personnel barrier- 1 inch additional gamma
shield, 6 inches neutron shield. . . . . . « ¢« ¢« ¢« &« « o &

Total dose rate vs. burnup for several PWR decay times,
2 in. additional gamma shield, no neutron shield. . . . .

Total dose rate vs. burnup for several PWKR decay times,
2 in. additional gamma shield, 2 in. neutron shield . . .

Burnup vs. decay time to yield 10 MRIM/HR 6 ft. from
personnel barrier for various neutron shie}d thicknesses.

Burnup vs. decay time to yield 10 MREM/HR 6 ft. froig

personnel barrier for various neutron and gamma shield
thicknesses. . . ¢ v ¢« v v ¢ o ¢ o o 4 o w4 o e e e e e e

) vii

Neutron dose rate vs. distance from fuel element centerline. .77

. 78
- 79
. 80
- « 82
. 83

. 84

86

. -89



3-42 PWR burnup vs. decay time to yield 5 MREM/HR 6 ft. from
personnel barrier for various neutron and gamma shield
thicknesSesS. « « « « « « o o o o o o o o & o o o s« o o+ « .90

3-43 PWR burnup vs. decay time to yield 2 MREM/HR 6 ft. from
personnel barrier for various neutron and gamma shield
thicknesses. . . . . . . . . .. .. oo s L. .01

3-44 PWR neutron to gamma ratio vs. burnup with no additional
gamma shield for various decay times:-and neutron shield
thicknesses. . . . ¢+ ¢ ¢ ¢ ¢t 4 bt h et e e v e e e e . . 493

3-45 PWR neutron to gamma ratio vs. burnup w1th 2 in, addi-
tional gamma shield for various decay times and neutron
shield thicknessesS. . « « ¢ ¢ ¢ ¢ ¢ o ¢ 20 ¢« o o o o o o« o« <94

3-46 Gamma dose rate 6 ft. from FSV fuel shipping césk loaded
with 1 PWR fuel assembly 33,000 MWD/MTHM burnup . . . . . .. 103

4.2-1 Gross Vehicle Weight Limits. . . . . . . + « ¢« « + « ¢ + & 117,
5~1 TAC2D two-dimensional thermal model of upper half of
FSV-1 Cask (modified) . . « v v v v 0 ¢« o o ¢ o v o o o o +.124

5-2 TAC2D results for the cask with no neutron shielding. . . . 125

5-3 TAC2D results for the cask with 3 in. of external boro-
silicone shielding. . . . ¢ +« ¢« & 4 o & ¢ ¢ o o o « so » « 126

5-4 Afterheat (KW) vs. Decay Tlme (Years) for Various
Burnups (MWD/MTHM). « « v 4 o o oo o o o o o o o o o« « « o« 127
TABLES
2.2-1 Cask Seal and Canister Temperatures . . . « « « « o« o o o o+ 12

.3-1 Summary of 1978 results - LWR fuel which could be shipped

in FSV-1 cask . v ¢ v ¢ v ¢« ¢ t ¢« ¢ ¢ o o 4 se o« s s o« o« o+ 23
3-2 Source input and dose conversion factors for ORNL 36

groupS. 3 . . . . . . . 3 . . '] . . LR ) .o_ .- . . * - o . . . & 2‘8
3-3 Gamma~-tay flux-to-duse-rate conversion factors . . . . . . :32
3-4 Neutron source (a,n) + spontaneous fission ., . . . . . . . 41
3-5 Neutron source input into DTFX. . . . « « . ¢« o « ¢ « « « + 43
3-6 Gamma sovurce terms for path input Mev e e e e e e 46

cc/sec
3-7 PWR composition COMPATiSON « « « o « o « o o o o o o o o v 48
3-8 BWR composition comparison based on .SAND 79-0172. . . . . . 49
3-9 Nuclide concentrations for the fuel . « « o« &« « o 4 « o o « 50

FIGURES (Cont'd.)

viii



3-10
3—1i
3-12
3-13
3-14
3-15

3-16

3-17
3-18a
3-18b
3-19
3-20

3-21
4.1-1

4.2-1

"TABLES (Cont'd.)

Nuclide éoncentfations for Boro-Silicate (neutron shield).
Nuclide concentrations for Gamma Shielding Materials . . .
Neutron dose rates 6 ft. from edge of transport vehicle. .
Uniform 10 mrem/hr 6 ft. from edge of transport vehicle. .

(a)

Total dose rate - mrem/hr - 6 ft. from end of truck .

(a)

Total dose rate at bottom of cask mrem/hr. . . . . . .

Dose rates 6 ft. from rear of truck due to 3 in. of added
gamma shield on bottom . . . . . . « « ¢ ¢« ¢ ¢ 4 4 e . e .

Total ‘dose rate at a point 4 in. below top of cask - old.

Total dose rate at a point 4 in. below top of cask - new.

Total dose rate on top of cask- — new.. . . + « « ¢ o« o o &
PWR gamma source strength comparison. . . . + « « « « o o
Neutron source term comparison PWR fuel ., . . . . . . ., .

FSV cask neutron results comparison (burnup in MWD/MTHM
to meet stated conditions) one PWR element. . .. . . . . .

Weight Evaluation for the Model FSV-1 Cask Modified
to Ship LWR fuel . . & . ¢ ¢ ¢ 4 ¢ ¢ o« o o « o o o o o o =«

State Weight Limits . . . . &+ ¢ ¢ ¢ 4 v v o o« o o« o o« o &=

ix

. 52
. 54

.73

+ 99

- 100

104

105



Summary

Based on this evaluation, the FSV-1 cask can be modified to be
suitable for the transport of a significant spectrum of LWR irradiated
fuel assemblies (Figure 1).

During the evaluation it was recognized that obtaining a revised
Certificate of Compliance that added LWR fuel assemblies to the authorized
contents of the FSV-1 cask would constitute final approval of its suita-
bility. Therefore, those regulatory requirements of 10CFR71 and 49CFR173,
concerning contalnment and radiation would control the design modifications
to the cask and the selection of suitable LWR irradiated fuel assemblies
based on burnup and decay. Another concern outside of the Code of Federal
Regulations was the impact of the modifications and the contents on the
Gross Vehicle Weight (GVW) and any subsequent decrease in schedule flexi-
bility when conducting overweight shipments. One further and unique
" constraint on any modifications to FSV-1 cask unit number 3, is a contractual
obligation with Public Service Company of Colorado (PSC) that this cask
be made available,in case of spent fuel shipping problems,in the configuration-
for shipping HTGR fuel elements. '

In addition to these required criteria, a desirable modification was
the removal of the inner container fo make available the largest possible
cavity (17 3/4 inches in diameter by 188 inches long). Thus, the evaluation
consisted of trade-offs between mandatory requirements, operational concerns,
contractual constraints, and desirable features.

The containment requirement may be satisfied by the canister containing
the PWR or BWR fuel assemblies, or by the modifed FSV-1 cask closures or by
' some combination of both. The final identification of the containment bound-
aries will be determined when the design of the canisters is more definitive.

Allowable radiation levels for the loaded cask are fopnd in 49CFR173.393,
thus the gamma and neutron shielding capability of the cask will determine
the selection of fuel assemblies that can be transported. Since the addition
of shielding adds weight, the consideration of an acceptable GVW really
controls the spectrum of acceptable LWR fuels. For this evaluation an
upper- limit of 78,000 pounds GVW was selected. At this weight, shipping
operations without permits are possible in all except 10 states and the

District of Columbia.
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Although many states allow 80,000 pound GVW shipments without permits,
the maximum axle loadings and '‘bridge' formulas make it difficult té
operate a 5 axle tractor and semi-trailer combination in excess of 78,000

pounds, GVW.
Typical casks designed for the transport of LWR fuel assemblies can

accept fuel heat loads of IO.to 12 KW compared to 4.1 KW for the FSV-1

cask. This limit of 4.1 KW, was based on the expected heat load from

6 fuel elements from the HTGR reactor rather than the capacity of cask

and contents. As the evaluation developed it was apparent that the

spectrum of LWR irradiated fuel elements that could be transported would

be Timited by shielding considerations rather than the 4.1 KW fuel heat

load 1imit except for the case of 3 BWR fuel assemblies with 42,000

MWD/MTHM burnup and 2 years decay time, which have a heat load of =

4,2 KW. This is a very small area of the plot (Figure 1) and with slightly

less burnup or slightly more decay this fuel heat load will be less than

L.1 KW. No potential problems with the temperature of the canister, the

inner closure seal assembly or the Boro-Silicone neutron shielding were

detected during the thermal studies. Accessible exterior surface tempera-

tures of casks during transport are limited to 180°F by 49CFR173. Certain

combinations of selar heat load, fuel heat load, and high ambient tempera-

tures (generally in excess of ]00°F) will result In exterior surface

temperatures in excess of 180°F, therefore, a personnel barrier will be

included in the modified design to make the exterior surfaces of the FSV-1

cask inaccessible. [t may be desirable to make tﬁis personnel barrier removable

and thus only use it when required, and thus simplify handling operations.
This evaluation did not include a detailed structural analysis because

of the constraints of schedule, budget and the preliminary nature of infor-

mation concerning the canisters, however, careful attention was given the

modified design in regard to maintaining the existing load paths and mini-

mizing the increase in the total package (cask and contents) weight. Although

additional structural analysis will be required to support the request for

a revised Certificate of Compliance, this evaluation to date has not produced

any serious concerns.



LWR fuel assemblies when compared to HTGR fuel elements have

differences in quantities of heavy metal, number of curies of fission

products and neutron sources as.listed below:

of a

were

The FSV cask, during the transport of 6 HTGR irradiated fuel elements

contains-as a design basis:

7.8 Kg of U235

67.8 Kg of Thorium
. v 1 x 106 Curies of fission products‘
A typical LWR cask during the transport of 1 PWR or 2 BWR irradiated

fuel asseiblies contains as a design basis:

k.0 Kg of U235 and Plutonium

3 x 10 Curies of fission products
9 x 109 n/sec neutron source

These differences do not appear to have any Impact on the obtaining
revised Certificate of Compliance, based on this evaluation.

No design features, material properties, or existing regulations

identified that would preclude the issuance of a revision to the

Certificate of Compliance to add a significant spectrum of LWR irradiated

fuel assemblies to the authorized contents for a modified FSV-1 cask.
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1.0 TASK DESCRIPTION

1.1 Scopé

Evaluate the General Atomic Company, model FSV-1 Spent Fuel

Shipping Cask to assess its suitability for the transport of Light

Water Reactor (LWR) irradiated fuel assemblies. Identify any required

modifications and assess the acceptability of a request to amend the

Certificate of Compliance to add LWR irradiated fuel, assemblies to

the authorized contents.

Phase | Evaluation of LWR Fuel Shipping

Note:

Calculate detailed neutron-gamma shielding for PWR/BWR fuel

with age (1 to 10 years old) as parameter.

Use scoplng thermal calculations to assess spent fuel package
wall temperatures and fuel basket design requirements.

Assess containment adequacy (alternate head arrangement, seal
adequacy, leak-check capability, etc.).

Analyze cask and vehicle weight in detail.

Assess current status of state restrictions regarding 73,280

ib vs. 80,000 1b GVW.

Prepare designlayodts and sketches to support technical assessment of
feasibility and cost estimate.

Perform structural engineering to insure package limitations’

are not exceeded. ' .
Prepare a detailed program cost and schedule proposal for design
certificate amendment, and acquisition of the FSV cask, with sup-
porting technical documentation. o
Phase Il - Evadluation of HLW Shipping'wfll be the subject of

a later report.

1.2 Assumptions

This evaluation of the FSV-1 cask was based on the following

information and/or assumptions:

Neutron and gamma source terms supplied by Sandia Laboratories

utilizing the SANDIA-ORIGEN computer code.



@ The inner container of the FSV-1 cask is removed.
e LWR irradiated fuel assemblies will be in welded, gas tight
canisters.
e The closure system will be modified to provide an inner
closure which does not féquire aﬁ inner container.
e Criticality control can be accomplished by administrative
methods or poison ihserts. A criticality study will not be
a part of this evaluation.
e The following ground scatter corrections factors were used:
For neutrun duse rate - 1.4 '
For gamma dose rate - 1.1
e The reference PWR tuel assembly canlster was assuied to be
) 12.75 inches 0.D, by 169.89 inches long, without the pintie.
® The reference BWR fuel assembly canister was assumed to be
| 16.00 inches 0.D. by 169.89 inches long without the pintle.
e The maximum allowable dose rate will be 10 mrem/hr at a
distance of 6 feet from the edge of the vehicle (49CFR173.393).
® The maximum allowable dose rate on the surface of the inner

closure will be 50 mrem/hr.

1.3 Discusiyzl

In the data supplied, the gamma source term for Ag 110m, assumed
the emission of a 2.75 MeV photan 100% of the time, This assumption
results in an over estimation of the gamma dose rate. The amount of
this overestimation varies with decay time and with the thickness of the
gamma and neutron shielding. Ais6, In comparlson with ulher values
currently used in the nuclear industry, the SANDIA-ORIGEN code, (a-n)
conversion is believed to,be high by a factor of 2. '

Unfortunately these concerns about the supplied data wcre not dis-
covered until the shielding study was nearly complete. S5chedule and
- .budget constraints did not allow the shfelding study to be redone, however,
the appropriate corrections were incorporated into the results presented
in the shielding evaluation (Seclion 2.3 and in the Summary (figure 1).

The information used to define the size, shape, and weight of the
PWR and BWR irradiated fuel assembly canisters, especially in the case
of BWR fuel, was obtained from preliminary dgsign concepts,‘therefore these
envelopes should be verified and/or updated as soon as better information

becomes available. 6



2.0 LICENSING EVALUATION

Prior to any use of the FSV-1 cask for the transport of LWR irradiated
fuel assemblies, the Certificate of Compliance (coC) must be amended to add
the LWR fuel assemblies to the authorized contents. During this evaluation
particular attention was directed toward making those hardware changes and
selecting the LWR fuel assemblies that have the least impact on the existing
COC and thus there is a high probability that a revised COC will be obtained.
The following subsections summarize the structural, thermal, shielding, and

containment evaluation.

2.1 Stfuctural Evaluation

The model. FSV-1 cask consists of an inner container which provides
for the containment of the radioactive material and an outer body which
provides the gamma shielding and the structural integrity. The current
operational configuration is shown on drawing GADR 55-2-2 (Ref. 7.2).

When the FSV-1 cask is used to ship canisterized LWR fuel assemblies,
the inner container will be removed to provide a larger cavity, and since
the inner closure is part of the inner container, the cask.body will be
modified to accommodate an inner closure that provides the gamma shiélding
and an outer closure that provides the structural integrity. The proposed
modification to the closure system is shown on drawing SK3325-100, Issue B,
Sheet 5 (Ref. 6). A

The new inner closure has an attached seal assembly consfsting of
concentric silicone rubber seals. An external port on fhe upper surface
of this closure allows for the evacuation of the seal interspace and thus
verification that the closure is sealed. The inner closure further has

provisions for sampling the contents of the cask cavity.

An impact limiter, 'similar to the existing one but slightly
modified to accommodate the new outer closure configuration, provides pro-
tection for the closure system during the accident conditions of transport.
These above described modiflcations will make the FSV-1 cask suitable for

the transportation of some canisterized LWR irradiated fuel assemblies, based



on burnup and decay. To extend the spectrum of LWR fuel that can be
transported i.e.: higher burnup and shorter decay times, neutron shielding
must be added to the exterior of the cask. Several different neutron
shielding materials were considered in various thicknesses. Based on the
feasibility of fabrication, the acceptable weight increase and a reasonable
increase in the spectrum of LWR fuel assemblies which could be transported,
a 3 inch layer of Boro-Silicone, protected with a stainless steel shell
was selected for the conceptual design.

The modified closure design as evaluated was devised to minimize
the amount of new structural analysis required to support the request
for a revision to the Certificate of Compliance. All load'paths have
E;mained the same or equivalent and the same impact limiter design has
been retained. The weight increase for the package (cask and contents)
‘has been kept to a minimum consistent with the requirements. When
configured for the transport of HTGR fuel elements, the package weighf
is 47,587 pounds and the maximum wéight of the package when configured
for the transport of LWR fuel assemblies is 51,783 pounds. Thfs is an
increase in weight of 4196 pounds or 8.8%.



2.2 Thermal Evaluation

A thermal analysis was performed for a FSV-1 cask as modified for
shipping LWR spent fuel. The objective-of the analysis was to deter-
mine the allowable fuel decay heat for a given cask surface temperature
and the corresponding seal and canister temperatures. The following
.cask configurations regarding neutron shielding were considered: a cask
with no additional shielding and a cask with 3 inches of external Boro-
Silicone neutron shielding.

The curves (Figures 2.2-1 and 2.2-2) showing the allowable decay
heat vs. the cask exterior temperature were generated assuming one-
dimensional, steady-state heat flow and balancing the heat fluxes at
the exterior surface of the cask.

Figure 2.2-1 is the plot of the exterior surface temperature of
the cask, without additional shielding vs. the fuel heat load. The
ambient temperature is 130°F, the insolation is 96 BTU/HR FT2(3314 watts
solar heat load) and the surface emissivity is 0.5.

Figure 2.2-2 is the plot of the exterior surface temperature with
3 inches of Boro-Silicone neutron shielding added vs. the fuel heat
load. The Boro-Silicone is covered with a stainless steel protective
skin which has a surface emissivity of 0.5, the ambient température‘is 130°F
énd-the insolation is 96 BTU/HR FT (4273 watts solar heat load).

Table 2.2-1 shows maximum .canister temperature, the inner and outer
seal temperatures and the fuel heat load for the different cask shielding
concepts. The results are for the 130°F day, an insolation of 96 BTU/HRZFT
and a cask surface temperature of 180°F. The reported temperatures are
for nominal internal gaps. The seal temperatures could vary approximately
f_SOF depending on gap selection, and the canister temperature could vary
approximately 1_ho°F; ‘

The external surface temperature of 180°F (Ref. 4OCFR173.393) was
selected to establish the maximum fuel heat load that could be transported
without the use of a personnel barrier to prevent access to the surface
of the cask. An insolation of 96 BTU/HR FTZ(Ref. GADR-55, Addendum 1)

- and an ambient temperature of 130°F (Ref. USNRC Reg. Guide 7.8 were applied.
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TABLE 2.2-1

CASK SEAL AND CANISTER TEMPERATURES

2
(130°F Ambient, 96 Btu/hr ft Insolation
and a Cask Exterior Temperature of

Fuel Heat
Load
(watts)

830

895 .

180°F)
First Second
Cangster Sgal Seal
(°F) (°F) (°F)
Unshielded Cask : 264 , 184 ' 184
Boro-Silicone external 281 200 200
shielding
Note: The USNRC Certificate of Compliance (6346 Rev 3) for the FSV-1 cask

allows for contents with a maximum fuel heat load of 4.1 kilowatts.
By allowing the exterior temperature to increase above 180°F the fuel
heat load can be increased to the 4100 watt limit without exceeding

the allowable seal temperature of 400°F.
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Using this criteria the allowable fuel heat load is approximately

895 watts for the cask with neutron shielding and 830 watts for the cask
without neutron shielding. These limits would not be very restrictive

for PWR fuel assemblies after 5 years decay but would be restrictive for
remaining spectrum of LWR fuel assemblies. Based on this analysis a
personnel barrier will be included in the modifications to the FSV-1

cask, however, the surface temperature of the cask will vary nearly
directly as the ambient air temperature. Thus when the ambient temperature
is expected to be 100°F or lower, all but a few LWR fuel assemblies with
the highest heat loads can be transported without the use of the personnel

barrier.
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2.3' Shielding Evaluation

The model FSV-1 cask was evaluated for suitability for the shipment
of Light Water Reactor (LWR) fuel; either one Pressurized Water Reactor
(PWR) or three Boiling Water Reactor (BWR) fuel assemblies. Radiation
dose rates were calculated based on the existing cask shielding and for
several cases of additional gamma and neutron shielding. Both PWR and.
BWR fuels with a range of burnup and decay times were considered as tﬁe
radiation source. Although several options of supptemental gamma and
neutron shielding were analyzed, the additioﬁ of 3 inches of Boro-~Silicone
neutron shielding to the exterior of the FSV-1 cask has been selected
as the optimum for added shielding.

The Department of Transportation (DOT) external radiation dose
rate (per 49CFR173.393) limit of 10 mrem/hr at 6 feet from the edge
of the transport vehicle was used to determine which fuel assemblies.
could be transported. Based on this determination the maximum burnup
in Megawatt Days/Metric Ton Heavy Metal (MWD/MTHM) and the associated
minimum decay time for each fuel type are:

Transportable with No Supplemental Shielding

Type Quantily Burnup (MD/MTHM) Decay (years)
PWR I 15,000 I
PWR 1 23,000 2
PWR 1 30,000 5
PWR i 32,000 10
BWR 3 - 1
BWR 3 12,500 2
BWR 3 18,000 5
BWR 3 25,000 10

Transportable with 3 Inches of Boro-Silicone Neutron Shielding

PWR ! 26,000 1
PWR 1 37,000 2
PWR i 45,000 5
PWR ! >50,000 10
BWR 3 - 1
BWR 3 42,000 2
BWR 3 43,000 5
BWR 3 >50,000 10

Note: The values in this table have been revised to reduce the
SAND|A-ORIGEN (a,n) conversion by a factor of 2 and zero
out the 2.75 MeV group,

14
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The trade-off between burnup and decay for no additional shielding and
for 3 inches of Boro-Silicone neutron shielding is graphically diSplayéd
in Figure 2.3-1.

The information presented in this summary of the shielding evaluation
has been revised to include a correction for the gamma decay and a,n con-
version in the SANDIA-ORIGEN code. The data reported in the balance of
the shielding evaluation is uncorrected. Due to the nature of the error
in the reference code the uncorrected results are conservative, i.e.: LWR
fuel assemblies with higher burnup and shorter decay time can be trans-

ported without exceeding the 10 mrem/hr at 6 feet criteria.
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2.4 Containment Evaluation

During the transport of HTGR fuel elements in the FSV-1 cask, the
primary containment boundary is provided by the inner container (reference
7.2). This inner container closure has a seal assembly with two concentric,
silicone rubber seals. This arrangement provides for a seal interspace
which is evacuated and the pressure rise monitored to verify an acceptable
leakage rate prior to each use. The outer closure which seals to the cask
body has a similar seal arrangement, which is tested for an acceptable -
leakage rate as part of the annual testing and maintenance program for
the FSV-1 cask.

For this evaluation of the suitability of the cask for the transport
of LWR irradiated fuel assemblies, the inner container is removed from the
FSV-1 cask to provide a larger cavity, and thus accommodate laryer canisters.
Without the inner container, the regulatory requirements for primary con-
tainment must be satisfied by other components of the shipping package,
i.e. cask and/or contents.

There are four possibilities for providing the required containment
-during both the normal and accident conditions of transport:

Case | - Design the modified cask closure seals to satisfy the

regulatory requirements concerning leakage rates for
both normal and accident conditions of transport.

Case 2 - Design the LWR fuel canister to satisfy the regulatory

requirements for ''special form'' material.
Case 3 - Design the canister as a ''containment vessel'' and
design the cask body to protect this ''containment vessel''.

Case 4 - Design the canister as a "containment vessel' for nurmal
conditions of transport and design the cask body closure
to provide containment dur}ng accident conditions of
transport. , ' )

For Case 1, the USNRC Regulatory Guide 7.4 "Leakage Tests on Packages
for Shipment of Radioactive Materials'', provides guidance to satisfy the
requirements of 10CFR71 by establishing leakage rates and leakage tests
in accordance with ANSI NIL.5, '""Draft Amerlcan National Standard for

Leakage Tests on Packages for Shipment of Radioactive Materials."

16



The mechanical integrity of the cladding on LWR fuel elements should
be adequate to provide containment of the pellets and the gases during
the normal conditions of transport and could possibly provide containment
during the accident condifions; The desfgn and use of impact limiters
probably controls whether the LWR fuel element cladding can survive the
impact portion of the accident conditions of transport. Since the FSV-1
cask does not use an impact lTimiter on the bottom of the cask, the
survivability of the fuel element cladding is doubtful, and the closure
seals will need to safisfy the leakage rates allowable for accident con-
ditions of transport.

For Case 2 the regulatory requirements are imposed by 10CFR71,
subpart A, section 71.4 (0) (2) as follows:

_ "(0) "Special form'' means any of the following physical
- forms of licensed material of any transport group:

(2) The material is securely contained in a capsule having
no dimension less than 0.5 millimeter or at least one
dimension greater than five millimeters, which will
retain its contents if subjected to the tests prescribed
in Appendix D of this part; and which is constructed of
materials which do not melt, sublime, or ignite in air
at l,h7S°F., and do not dissolve or convert into dis-
persible form to the extent of more than 0.005 percent
by weight by immersion for 1 week in water at 68°F. or
in air at 86°F."

10CFR, Part 71, APPENDIX D - TESTS FOR SPECIAL FORM LICENSED MATERIAL

1. Free Drop - A free drop through a distance of 30 feet
onto a flat essentially unyielding horizontal surface,
striking the surface in such a position as to suffer
maximum damage. :

2. Percussion - Impact of the flat circular end of a 1
inch diameter steel rod weighing 3 pounds, dropped
through a distance of 40 inches. The capsule or material
shall be placed on a sheet of lead, of hardness number
3.5 to 4.5 on the Vickers scale, and not more than 1 inch
thick, supported by a smooth essentially unyielding
surface. :

3. Heating - Heating in ajf to a temperature of l,h?SoF. and
remaining at that temperature for a period of 10 minutes.

4. Immersion - Immersion for 24 hours in water at room
temperature. The water shall be at pH 6-pH 8, with a
maximum conductivity of 10 micromhos per centimeter.'
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If the canister is qualified as 'special form'", the only containment
concern will be the air or gas that occupies the space inside the cask
and outside of the canister. This air or gas will not be "primary
coolant'' as defined in 10 CFR 71 but rather part of the authorized
contents of the cask. If this air or gas contains no radiocactivity,

the closure seal can be considered a secondary seal. |If the air or

gas contains radioactivity, the leakage rate and leakage test determined
per ANSI N1L4.5 will be applied to the inner closure seals.

For Case 3, the canister provides the containment as in case 2,
however, does not quallify as “speciai form'', but is protected by the
cask body during the normal and accldent conditions of' transport. his
"containment vessel' must be leakage tested per USNRC Regulatory Guide
7.4, prior to each shipment. w

For Case 4 the canister functions as a “containment vessel' during ’
the normal conditions of transport but is not designed nor protected by
the cask body such that it survives the accident conditions of transport.
The cask closure seals must, for this case, be leakage tested per USNRC
Regulatory Guide 7.4, using ANSI N14.5 to establish allowable leakage
rates for the accident conditiéns of transport, prior to each shipment.
This case is very similar to Lhe LWR irradiated fuel shipping casks that
can depend on the fuel rod cladding for containment during'the'normal
conditinns of transport.

The present design concept for the FSV-1 cask, modified for the
transport of LWR irradiated fuel assemblies does provide for a seal
assembly as part of the inner closure. This seal assembly can be leakaye
tested and thus satisfy the requirements for a containment boundary.
When the canister design is finallzed, and its contribution tuward
satisfying primary containment is evaluated, the cask elosure design

and the cask handling (leakage testing) procedures can then be aptimized.
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2.5 Discussion of License Evaluation

The final test of the suitability of the FSV-1 cask, appropriately
modified, for the transport of LWR irradiated fuel assemblies will be
the issuance of a revision to the Certificate of Compliance, which adds
the LWR fuel the the authorized contents.

During this evaluation, considerable care has been used in the
selection of the neutron shielding material, in the selection of the
candidate LWR irradiated fuel assemblies and the design modifications,
to limit the amount of analysis that will be required to support the
request for a revision to the Certificate of Compliance.

Structural load paths for the modified design are the same or
equivalent to the existing design. The weightfincrease in the package
has been limited to slightly less than 9%. Further structural analysis
will be required to determine if the existing cask structure can accept
this increase in weight. For most load conditions the applied stress
levels are sufficiently below the allowable stress levels to accommodate
this increase in the loads.

The current Certificate of Compliance authorizes contents with a
. total heat load of 4.1 kilowatts. Some of the LWR irradiated fuel assemblies
selected for transport in the modified FSV-1 cask could have a heat load
slightly greater than 4.1 &w. The existing fuel heat load limit {s based
on the expected décay heat from 6 irradiated HTGR fuel elements after 100
days decay rather than any finite capacity of the FSV-1 cask. If it is
desirable to ship the few LWR fuel assemblies with decay heat in excess
of 4.1 kw, the appropriate revision to the Certificate of Compliance
appears feasible.

The spectrum of LWR irradiated fuel assemblies that can be transported
in the modified FSV-1 cask will be limited by the neutron and gamma shielding.
Specific radiation levels, external to the cask, arc not a part of the
Certificate of Compliance, however, the regulatory requirement of 49CFR173.393
must be satisfied prior to each shipment. Therefore, that spectrum of LWR
fuel assemblies that will not exceed the allowable radiation levels, should

be identified in the authorized contents.
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Since the containment boudary for the FSV-1 cask, when configured
for the transport of HTGR fuel, is provided by the inner container,
removing this container during the transport of LWR fuel assemblies will
require that another containment boundary be identified.in the revised
Certificate of Compliance. Containment of radioactive material within
a shipping package (cask and contents) may be provided by the cask or
the contents or some kcombination of both, i.e. the contents may provide
containment for normal conditions of transport and the cask may provide
containment for accident conditions of transport.

The design concept for the modified inner closure for the FSV-1 has
provisions for a seal that can be leakage tested and thus satisfy the
requirements for a containment boundary. There are two existing pene-
trations in the base of the ca;k body that will become part of the contain-
ment boundary when the inner container is removed. Although the seals
associated with these penetwations are not easily leakage tested, these
penetrations are not opened and closed when the cask is loaded or unloaded
and thus the seals are not disturbed and a pericdic leakage test may be

justifiable.
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3.0 SHIELDING STUDY

3.1 INTRODUCTION

3.1.1 Design Shielding Analysis for HTGR Fuel

The Final Design Report for the FSV-1 fuel shipping cask (Ref. 3-1)\
describes the engineering analyses which.led to the final design shown in
Reference 6.2. It covers the physical dimensions and materials of
construction, weight calculations, stress analysis, shielding analysis,
~heat transfer analysis, criticality analysis, and several othef‘facets
of the overall design.

The orfginal shielding analysis for the FSV-1 cask was performed in
1967 utilizing the PATH gamma shielding code (Ref. 3-2). At that time,
littde was known about the possible emission of néutrons from spent fuel,
but fortunately later studies (Ref. 3-3) showed that the neutton émission
from HTGR spent fuel was minimal because of the numerous capture events
needed to transmute tH-232 or U-233 to Cm-242 or Cm-2hk. Hence, the
design of the FSV-1 cask with only stainless steel and depleted uranium
gamma shielding proved to be the correct approach for the transport of
HTGR spent fuel. ' ’

In 1977 and 1978 the closure system for the FSV cask was reanalyzed
and modified in order to reduce the external radiation levels during the
cask handling procedures. Details of thfs modification are reported in
an addendum to the original design report. (Ref. 3-4).

Finally, in 1979 some actual dose-rate measurements became available
when the cask was used to transport a surveillance spent fuel element
from Fort St. Vrain to GA. The calculated gamma dose rates on the surface
of the cask were within a factor of two of the measured dose rates  (Ref.
3-5), and hence, the shielding design of the cask for the transport of

HTGR fuel elements is essentially as claimed in the design report.
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3.1.2 Earlier LWR Application Studies

Possible use of the FSV-1 cask for the shipment of LWR spent fuel
was first considered in 1971 (Ref. 3-6). |t was recognized at this time
that some form of neutron shielding might have to be added in order to
accommodate LWR fuel with appreciable burnup. A series of independent
studies on LWR shipping cask concepts (Ref. 3-7) confirmed this conclu-
sion. .

Further studies were performed on Shiphing cask applications in
1978 (Ref. 3-8); It was assumed that the FSV-1 cask could accommodate
one PWR assembly or four BWR assemblies, and that only neutron shielding
could be added to the cask. The preliminary results from this 1978 study
are shown in Table 3-1.

As will be shown, these earliér results, especially for the PWR,

did correctly predict the trend of neutron shield requirements for the
FSV-1 cask. However, a much more accurate analysis was needed, utilizing

up-dated source terms and adequate computer calculations.

3.1.3 Purpose of Present Shielding Study

The purpose of the present shielding study on the FSV-1 cask is to
determine with a good degree of certafnty its adequacy to transpurt LWR
spent fuel elements with or without additional shielding. It differs
from previous séudies in making more extensive use of discrete ordinates
transport calculations and utilizing more timely and complete input in-
formation on source terms and fuel element_configuration. The planned

steps in this study included:

1. Gather input Infurmation (burnup, specific power, power distri-
bution, decay time, source terms, geometry, composition, container
details, changes in dose rate criteria if any, etc.)

2. Calculate side neutron dose rates as function of neutron
shielding thickness and location using the 1-D DTFX transport
code. Also calculate secondary fissions and capture gamma

production.

22



TABLE 3-1
SUMMARY OF 1978 RESULTS - LWR FUEL WHICH COULD BE SHIPPED IN FSV-1 CASK

Burnup (MWD/MTHM)
PWR BWR o
No Additional Shielding
Decay Time' (yr)
1 Unfeasible Unfeasible
2 20,000 18,000
3 23,500 22,000
10 26,500 . 24,500
4-in, Neutron Shielding Added
Decéy Time (yr)
1 ‘ Unfeasible Unfeasible
2 37,500 37,000
3 ' : 45,000 41,500
10 >50, 000 50,000
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3. Calculate side gamma dose rates as function of neutron shielding
thickness and location , including primary and secondary sources,
using the PATH gamma-shielding code or DTFX transport code.

4, C(Create pérametric curves from 2 and 3 to permit a selection
of neutron/gamma split and appropriate neutron shield thlckness.

“ Include approximate corrections for ground scattering.

5. Perform dose rate calculations at ends of cask.

This shielding writeup will cover the methodology and calculational
approach, source terms, geometry and composlitions, and results. Tlresenta-
tion of the results has been carefully tailored to provide the qulckest
answer to tﬁe queétion "How can the FSV-1 best cafry LWR "tuel of X burnup ~

and Y decay tfme?”
3.2 METHODOLOGY AND CALCULATIONAL APPROACH

3.2.1 Design Criteria

The maximum permissible radiation dose rates during transport are
established by Title 49, Code of Federal Regulations, Part 173,393. The
specific limit used for this study is: 10 mrem/hr at a distance of
6 feet from the edge nf the transport vehicle. Design guidance from
the NWTS Test Program further limits the radlation dose rate lur cuntlact
operations to a maximum of 50 mrem/hr. This limit of 50 mrem/hr s
applicable to the outer surface of the inner closure prior to the instal-

lation of the outer closure.

3.3.2 Direct Neutron Calculations

Direct neutron calculations were performed using the one-dimensional
transport code DTFX (Ref. 3-20). This code numerically solves (by the
method of discrete ordina;es) the multigroup form of the neutron transport
equation in one-dimensional plane, cylindrical, and spherical geometries.
Due to the long cylindrical geometries involved, one-dimensional analysis
is more than adequate. The DTFX code just described was chosen because

of its calculational method and simplicity of use.
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The neutron flux-to-dose-rate conversion factors used in the
DTFX calculations were obtained from Ref:83-9 ang are shown in Figs.
3-1 and 3-2 for neutron energies from 10 to 10 MeV. Table 3-2
gives the conversion factors for the .energy ranges used in DTFX.

Neutron calculations were performed using a neutron spectrum
normalized to 1 n/cm3-sec. The results of the DTFX computer calcu-
lation were then multipiied by the appropriate neutron source strength
for a fuel element with a specific burnup and decay time. The cylindri-
cal calculations were run in the P3, 58 application. Slab geometry was
utilized with 516~quadrature for the top and bottom dose rate calculation-
with correction factors applied to the results to correct for the actual
finite slab geometry.

The DTFX neutron calculations were run for two cases: (I) the
FSV-1 cask without additional shielding and (2) the FSV-1 cask with
3 in. of nuetron shield added to the outside. Both of these cases
considered no additional gamma shield. |In order for parametric studies
to be analyzed, Figs, 3-3 and 3-4 were utilized for neutron dose rate
generation. For example, the neutron data for no neutron shield and
1 in. gamma shield is generated by multiplying the data for no neutron
and no gamma shield by the 1 in. factor in Filg. 3-3. The same method

is applied to all other studies.

3.2.3 Direct Gamma Calculations

Direct gamma calculations were accomplished with the help of the
point-kernel computer code PATH (Ref. 3-2). This code is based upon.
exponential attenuation from source point to dose point, adjusted by
appropriate buildup factors. The flux-to-dose-rate conversion factors .
were adjusted to comply with the ANS Standard 6.1.1 (Ref. 3-9). This
data standard Is shown in Fig. 3-5 for gammas with energles between 10—2
and 102 MeV. Table 3-3 tabulates these factors for 38 discrete photon
energles. Corrections for multilayer buildup were also applied, since
the calculatlons performed by most point-kernel codes take into account
only one-layer buildup factors. Corrections fqr4two-|ayer configurations
of iron and uranium (Ref. 3-10) were applied when deemed appropriate.
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TABLE 3-2
SOURCE INPUT AND DOSE CONVERSION FACTORS FOR ORNL 36 GROUPS

Conversion Factor
( Midpoint ( rem/hr )
Group a) "Energy Range Energy Particles/cmz—sec
1 14.9-6.70 MeV 10.8 MeV 1.6-4
2 6.70-3.68 , 5.19 1.5-4
3 3,68-2.02 ° 2.85 1.3-4
4 2.02-1.35 1.68 1.3-4
5 1.35-0.907 1.13 1.3-4
6 0.907-0.498 0.7 1.1-4
7 0.498-0.334 0.42 8.1-5
8 0.334-0, 183 0,26 5.2-5"
9 0.183-0.123 0.15 3.0-5
10 123-52.5 KeV 87.8 KeV 2.0-5
11 52.5-40.9 46.9 1.2-5
12 40.9-24.8 32.9 9.1-6
13 24,8-15.0 19.9 - 6.0-6
14 15.0-7.10 11.0 3.8-6
15 7.10-3.35 5.2 3.6-6
16 3.35-1.23 2.3 3.7-6
17 1.23-0.454 0.84 3.8-6
- 18 0.454-0.101 0.28 4.0-6
19 101-47.9 eV 74.5 eV 4,2-6
20 47.9-22.6 35.3 4,36
21 22.6-10.7 16.7 4.,4-6
22 10.7-2.38 6.5 4.5-6
23 2.38-1.13 1.8 4,4-6
24 1.13-0.414 0.77 4.3-6
25 0.414-0.1 0.26 4.1-6
26 0.1-0.0 0.05 3.7-6
27 13-8 MeV 10.5 MeV 9.3-6
28 8-41.92 6.5 A,9-A
29 4.92-3.03 4.0 5.0-6
30 3.03-1.86 2.5 3.6-6
31 1.86-1.15 1.5 2.7=06
32 1.15-0. 705 0.93 1.9-6
33 0.705-0.34 0.8%3 1.7-h
34 0.34-0.129 0.24 5.9-7
35 0.129-0.049 0.09 2.8-7
36 0.049-0.03 | 0.04 4,.4-7
(2)

Groups 1-26 for neutrons.and groups 27-36 for gammas.
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TABLE 3-3 :
GAMMA-RAY FLUX-TO-DOSE-RATE CONVERSION FACTORS

Photon Energy (rem/hr)/
(MeV) (photon/cmz—sec)

~NU W -

(4]

3.79-07
5.01-07
6.31-07
7.59-07
8.78=07
9.85-07
1.08-06
1.17-06
1.27-06
1.36-06
1.44-06
1.52-06
1.68-06
1.98-06
2.51-06
2.99-0b6
3.42-06
3.872-0A
4.01-06
4.41-06
4.83-06
5.23-06
5.60-06
5,80-06
6,01-06
6.38-06 .
6.74=06
7.11-06
'7.66=06
8.77-06
1.03~-05
1.18-05
1.33~05
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All PATH gamma-ray calculations for PWR fuel were run assuming
that the fuel element burnup was 20,000 MWD/MTHM with a decay time of
1 yr. Calculational results for the remaining cases of burnup and

decay time were obtained using the following equation:

6 s; (B,t)

DR(B,t) =S DR, (20000,1) x 5. (20000,1)
i=1 |

where DR(B,t) = total dose rate due to a fuel element with

burnup B and decay time t, R/hr,

gamma energy group index,

i
DRi(ZOOOO,l) = dose rate due to energy group i with burnup
equal to 20,000 MWD/MTHM and decay time equal
to 1 yr, R/hr,

Si(B,t)= source strength of energy group i for a specific

burnup B and decay time t, photons/cm3-sec.,
Si(20000,l) = source strength of energy group i for a burnup
of 20,000 MWD/MTHM and decay time 1 yr, photons/cm3-sec.

PATH gamma calculationsboff the side of the cask considered 0, 3,
and 6-in. of neutron shield added to the outside. Parametric studies
involving extra added gamma shield were calculated the same way as the
neutron studies explained earlier. Dose point locations were taken 6 ft.
from the edge of the transport vehicle (119 in. from center of cask).
Gamma calculations for the rear of the cask considered dose point locations
on the bottom surface of the cask and 6 ft. from the rearof the transport

vehicle (154 in. from bottom of cask).

3.2.4 Ground Scattering

The effect of ground scattering of radiation has been widely
calculated and reported in the literature (for instance, see Ref. 3-11).
Much of this work was done in connection with the Aircraft Nuclear Pro-

pulsion program, the space program, and the civil defense program.
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The ground-scattered dose rate from the NL 10/24 cask was calculated
in some detail by NL Industries (Ref. 3-12). For the normal case of 6 ft.
from the edge of the transport vehicle, the ground-scattered neutron dose
rate was 40% of the direct neutron dose rate, while the ground-scattered
gamma dose rate was 2.3% of the direct gamma dose rate. Otﬁer investigators
have found somewhat higher gamma scattering percentages (Reft. 3-11). For
this shielding study, the correction factors for ground scatter were taken

as 1.4 for neutrons and 1.1 for gammas.

3.3 SOURCE TERMS

Neutron and gamma source terms were supplicd by Sandia Laboratories,
utilizing the SANDIA-ORIGEN computer code (Ref. 3-13). ORIGEN runs were

made for the following four cases:

Case 1: PWR fuel assembly, 20,000 MWD/MTHM burnup, 37.3 MW/MTHM
' specific power, 3.3% enrichment, 80% load factor, fuel
removed from core just before end of second year in reactor.
Case 2: PWR fuel assembly, 33000 MWD/MTHM burnup, other quantities
same as Case 1, fuel removed from core after three years.
Case 3: PWR fuel assembly, 40,000 MWD/MTHM burnup, 45.2 MW/MTHM
specific power, other,quantities same as Case 2.
Case 4: BWR fuel assembly, 34,000 MWD/MTHM burnup, 2.66% enrichment,
80% load factor, fuel removed after four years, variable
specific power as follows:
33.3 MW/MTHM Ist burnup phase
. 32,0 MW/MTHM  ?nd buroup phase
b 29.4 MW/MTHM 3rd burnup phase
28.8 MW/MTHM Lth burnup phase
ORIGEN, with its extensive and impressive printout, is only-as Qood
as its stored nuclear data. An effort will be made in the near future
to identify the dlfferences between ORIGEN-1, SANDIA-ORIGEN, and ORIGEN-2.
In the meantime, a general discussion of the source terms-and their rela-

tive importance will have to suffice.
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3.3.1 Fission Products

SANDIA-ORIGEN calculates the inventories of 708 fission products.
The flux and burnup calculations utilize only three neutron-energy groups
(fast, resonance, thermal). These three groups are collapsed into a
single group for the actual burnup calculations. Presumably, the cross
section averaging is done for an average mix of fuel, moderator, fission
products, actinides, poison, and structure at an average temperature. As
certain high-cross-section products build up, it.is obvious that the
single-group cross sections will become more and more approximate (as
‘self-shielding and flux spectrum changes occur). Therefore, uncertainties
in the fission-proauct inventories -- especially for high burnup -- are
to be expected. ) |

The ORIGEN code prints out a complete nuclide listing of fission
products as a function of decay time, in units of gram atoms, grams, and
curies; These quantities are then converted to watts of decay heat and
MeV/sec of gamma emission (by photon energy group). _In Table A-1 of the
appendix, the gamma source strengths for the three PWR cases and the ‘
single BWR case are reproduced directly from the SANDIA-ORIGEN runs.

There is no direct way to clearly identify which nuclides are con-
tributing the most to the shielded dose rate, since the nuclide emissions
are summed together. However, as will be shown later, the 1.99- and 2.75-
MeV photon groups are the most important, thus strongly suggesting that
Pr-144 is a major contiibutor to the shielded gamma dose rate at one to
three years' decay. The 2.75 MeV emergy group contributor was found to
be (erroneously) Ag-110m, a matter which will be discussed later. In
any follow-on study, the fission yéelds, absorption cross sectibns, and
emission spectra being used in ORIGEN for Ce/Pr-144 and Ru/Rh-106 should-

be carefully evaluated.
3.3.2 ‘Actinides
The actinldes of most importance to the FSV-1 cask shielding study

are Pu-238, Cm-242, and Cm-244, all of which emit neutrons by spontaneous

fission and/or alpha-n reactions. The ORIGEN code tabulates actinides by
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gram-atoms, grams, and curies, along with conversions to watts and n/seé.'
The actinide listing is a little more helpful than the fission product
listing in that heu;ron emission rates are given by nuclide.. For example,
the CM-244 emission rates are 2.38+3 (a,n) neutrons/Ci-sec and 1.4145 spon-
taneous. fission neutrons/Ci-sec. The (a,n) yield is approximately twice
that calculated for U0, (Ref. 3-14). In the case of Cm=242, the (a,n) yield
used in ORIGEN is 2910 n/Ci-sec, a factor of 2.5 higher. Therefore, the
neutron source terms (as listed in Table A2 of the appendix) are probably
somewhat conservative. The relative yields of Cm242 and Cm244 are shown

graphically .in Figs. 3-6 to 3-9.

3.3.3 Activitatinn Products

The ORIGEN code also calculates activation prpducts (i.e. structural
materials; activitated fission products such as Cs-134 are considered under
fission products). This information is not partlicularly relevant to this
study for three reasons:.

1. Most of the fuel assembly structure is located at either end

of the assecmbly, but in the SANDIA-QRIGEN runs it is homogenized
‘with the fuel. Thus, the structurai actlvitation tevels are not
necessarily corfect.

2. Stainless steel was assumed to be completely free of cobalt.

In any event, gamma emission from the structural materials is
negligible compared with that from the fission products (compare
Table A-3 with Table A-1 In the appendix).

3.3.4 Input Data

The neutron source strength data used as input for DTFX is due to
the actinides present in the fuel assembly. ‘Table 3-4 and Fig. 3-10 give
the neutron source strengths for different PWR and BWR burnups as a function
of decay time. The neutron source specctrum was also obtained from Ref. 3-12.
Table 3;5 showé the spectrum collapsed into the DTFX input energy groups
3

and normalized to 1 neutron/cm’-sec. This source spectrum is also shown in

Fig. 3-11 and agrees quite well with previously published work (Ref.3~15).

\
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NEUTRON EMISSION (N/SEC-ASSEMBLY)

: PWR NEUTRON SOURCE VS BURNUP
L FOR 2 YEAR DECAY
TOTAL
I~ CM244-SF
108 ’ [
-
f
-
[ CM244-aN
: CM242-SF
-
- / CM242-aN
106 }—
8 | | 1

20,000 3u,uuy 40,000

BURNUP (MWD/MTHM)
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NEUTRON EMISSION (N/SEC-ASSEMBLY)
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NEUTRON SOURCE (o,n) + SPONTANEOUS FISSION

TABLE 3-4

Decay Time (n/cm3—sec)

Rurnup
Fuel MWD /MTHM 1 yr 2 yr 5 yr 10 yr
PWR 20,000 1.02242 7.715+1 6.548+1 5.737+1
PWR 33,000 1.13243 9.651+2 8.34442 - | 6.974+2
PWR 40,000 2.778+3 2.489+3 2.179+3 1.812+3
BWR 34,000 1.718+3 1.487+3 1.29+43 1.077+3

41



4
3;—
2—

-
-
[+~ ]
= =
(1)
a
<
2
L
=z
= 108 —
o
) 9
«
E sf
F
e 1F
,_
@ 6
=

5.—
4
3—

PWR NEUTRON SOURCE VS.DECAY TIME
FOR VARIOUS BURNUPS i

PWR - 40,000 MWD/MTHM

PWR - 33,000 MWD/MTHM

BWR - 34,000 MWD/MTHM

PWR - 20,000 MWD/MTHM

w ] 1 | I IR WU N G
S 2 3 4 5 6 7 8 910
DECAY TIME (YRS)
Fig. 3-10. Neutron source vs decay time for various burnups

42



TABLE 3-5
NEUTRON SOURCE INPUT INTO DTFX

Energy Range 3
(MeV) n/pm -sec
6.7-14.07 0.014
3.68-6.7 0.106
2.02-3.68 0.417
1.35-2.02 0.157
0.907-1.35 0.108
0.498-0.,907 0.117
0.334-0.498 0.080
Total 1.00
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The gamma sources used as input for PATH are a combination of source
st}engths due to actinides,fission products, and activation products.
Table 3-6 shows the source strengths broken into six energy groups for
PWR and BWR fuel elements with various burnups and decay times. Actually,
the only six energy groups input into PATH are those for the case of a
fuel element with a specific burnup of 20,000 MWD/MTHM and a decay time
of 1 yr. Al other dose rate calculations are found utilizing the
method in section 3.2.3. It should be noted that the gamma source terms
assume no initial cobalt content in the stainless steel structure of the
fuel .elements. This neglected concentration of about 2000 ppm may change
the dose rate~results on the top and bettom of the cask where the majority

of the fuel assembly structure is located.
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GAMMA SOURCE TERMS FOR PATH INPUT

E (MeV)
PWR 20,000 MWD/MTHM
.63
1.1
1.55
1.99
2.38
2.7
PWR 33,000 MWD/MTHM
.63
1.1
1.55
1.99
2.38
2.75
PWR 40,000 MWD/MTHM
.63
1.1
1.55
1.99
2.38
2.75
DWR 34,000 MWD/MTHM
.63
1.1
1.55
1.99
2.38
2.75

1.894
9.0

5.348
5.134
1./65
1.067
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3.195
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+ + + + + 4+
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+ + 4
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3.4 COMPOSITION AND GEOMETRY
3.4.1 Compositions

3.4.1.1 Fuel,
Fuel assembly compositions vary depending on the reference from which

they are obtained. One major factor for this difference is the discrepancy

in the fuel assembly structure used in the calculations. One reference
may include the end structure while others may not. Table 3-7 shows a |
comparison between other referenced PWR fuel elemental compositions and
the conservative averages used in this study. ’

To determine conservative averages for BWR fuel elemental compositions
a comparison was made between PWR and BWR taken from Ref. 3-18 and shown
'in Table 3-8. Note that when the elemental compositions are.:compared for
ﬁWR and BWR fuel assemblies in units of grams per unit cross sectional
area the values obtained are very close to one another. With this data
the conclusion is that the same volumetric atomic concentrations as those
found in PWR fuel assemblies may be used for BWR fuel assemblies. The
actual nuclide concentrations used for the fuel region in this study

are found in Table 3-9.

From Table 3-9 a change was made since Zr cross sections were not
available in the General Atqmic data base. For DTFX calculafions, Mo’
cross sections were adjusted to resemble as close as possible, the Zr
cross sections. To accomplish this, the Mo absorption cross section
was reduced to zero and the total cross section was reduced accordingly.
Fig. 3-26 shows the relatfon between the actual Zr cross section and
that used as input into DTFX. For PATH calculations Mo. gamma attenuation

data was substituted for that of Zr.

3.4.1.2 Neutron Shield Material

The neutron shleld material chosen for this s tudy is a commercial
product named Boro-Silicone, with properties as specified in Ref. 3-18.
This material has a recommended temperafure limit of 400°F (ZCSOC) along
with properties of good machinability and capability of casting in Lhe
tield. Table 3-10 lists the nuclides and their weight percent along

.with their atomic densitles,
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TABLE 3-7
PWR COMPOSITION COMPARISON

Grams per Assembly

National Lead Sandia Conservative Averages
Element (Ref. 3-12) (Ref. 3-17) Used in This Study
0 57,300 61,400 60,000
Cr 122 3,110
Fe 4Mm 8,105
Ni 2,530 3,825 .
Zr 102,000 125,800 100,000
U-238 396,000 427,000 400,000
U-235 2,500 ~ 2,400-3,500 ) 3,000
Pu-239 1,990 2,425 2,500
Pu-240 548 1,000-1,100 | 1,000
Si 100 )
Mn © 200
Mb 280
Mo 170
Sn 2,054
Note: " Sandia's combﬁsition includes the end structure of the

fuel assembly. For conservatism, these structural
elements were omitted for side dose rate calculations
in the present study.
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TABLE 3-8
BWR COMPOSITION COMPARISON BASED ON SAND79-0172

PWR Grams BWR Grams
per Unit per Unit
PWR Grams BWR Grams per | Cross Sectional | Cross Sectional
Element per Assembly | 3 Assemblies Area Area
Zr 125,800 161,760 244 252
0 61,400 73,800 119» 115
U-238
U-235 456,000 547,000 885 851
Pu-239 2,430 3,000 4.72 4.67
Pu-240 1,000-1,100 1,280 2 2
Conclusion: Use the same volumetric atom concentrations for BWR

as for PWR.
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TABLE 3-9

NUCLIDE CONCENTRATIONS FOR THE FUEL

Nuclide gm/assembly at/b-cm
0 6.0+4 1.2-2
2r 1.0+5 3.51-3
U-238 . 4,0+5 5.39-3
u-235 - 3.04+3 4.09-5
Pu-239 2.5+43 3.41-5
Pu-240 1.0+3 1.34-5
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TABLE 3-10
NUCLIDE CONCENTRATIONS FOR BORO-SILICATE
' (NEUTRON SHIELD)

Nuclide wt % at/b-cm
0 46.77 2.82-2
Si 17.63 6.05-3
Al 17.36 6.20=-3

10.9 8.75-3
H 4.63 4.43-2
Ca 1.03 2.48-4
B-10 0.20 1.8-4
B-11 0.81 7.21-4
Na- 0.39 1.64-4
Mg 0.19 7.54-5
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3.4.1.3 Gamma Shield Material _
Depleted uranium was taken as 0.2 wt % U-235 and 99.8 wt % U-238.
These nuclide concentrations along with those for air and iron are

shown in Table 3~11.

3.4.2 Geometry

3.4.2.1 Side .

The geometry for a Westinghouse 17 x 17 PWR fuel assembly was
obtained from Ref. 3-16 and is shown in Fig. 3-12. For all PWR calcu-
lation, one fuel assembly was considered placed inside a 12-in. schedule
LO pipe 12 ft. long and centered inside the cask. For side calculations
performed by PATH the fuel was taken as recfangularly homogenized and
positioned in the geometry shown in Fig. 3-13. Dose points were located
off the corner of the fuel element where the highest dose rates would be
obtained. For DTFX side calculations, the cylindrical geometry shown
in Fig. 3-14 was utilized. In this case the iron pipe and steel structure
inside the cask have been Homogenized to fill the area between the fuel
and dépleted uranium regions. The equivalent thickness of iron is 2.6
cm. in this region.

The geometry for a General Electric 8 x 8 BWR fuel assembly was
also obtained from Ref. 3-16 and is shown in Fig. 3-15. For all BWR dose
rate caldculations, three homogenized fuel elements were considered placed
inside a 16 inch schedule 40 pipe and centered inside the cask. The PATH
geometry is shown in Fig. 3-16 along with the dose point locations. The
geometry for BWR side calculations performed by DTFX (Fig. 3-17) is the
same as that for the PWR case except that the Eeddced density iron between

the fuel and depleted uranium has an equivalent thickness of 2.9 cm.

3.4.2.2 Top .
Due to the nature of the obtainable information of PWR and BWR fuel

assemblies, the top and bottom configurations were taken as the same

for both. The top of the fuel assembly was broken down into the 5 regions

shown in Fig. 3-18, All regions are homogenized except for the upper tie

plate region in which the actual geometry was used.
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TABLE 3-11

NUCLIDE CONCENTRATIONS FOR GAMMA
SHIELDING MATERIALS

Material Nuclide at/b-cm
Depleted Uranium U-235 9.69-5
' U-238 4.77-2
Air N 4,9-5
Iron Fe ' 8.51=2
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The hompgenfzed densities of each region were calculated from actual
dimensions found in Ref. 3-16. These fuel regions were placed as close
to the top of the cask as possible, so that conservative dose rates could
be obtained. Two designs of cask closures were considered. Both cases
consider the closures (Fig. 3-19a) with the'inner container of the cask
removed. In the first case the inner closure is lower in the cask body
by the thickness of the container flange and has an air gap formed
above it. The PATH geometry is showﬁ in Fig, 3-18 and all regions
are included. The geometry input for DTFX appears in Fig. 3-20. All
low density regions have been removed su as to roduce unnecressary gomputer
time. The second case cbnsiders an entircly new closure design, as
shown in Fig. 3-21. The geometry for PATH calculations is drawn in
Fié. 3-22. The geometry input for DTFX is shown in Fig. 3-23. Once
again, all low density regions have been removed. In both closure
designs the dose rate calculations were performed al dose point locations

where the dose rate is a maximum.

3.4.2.3 Bottom

The bottom of the FSV-1 cask is shown In Fiy. 3 19b. This figure
also includes the 2-in. steel bottom of the inner container. In con-
sidering the shielding analysis previouély done on the cask (Ref. 3-=4)
this extra 2 inches of steel was retained in our analysis even though
the inner container has been removed. The PATH géometry for this case
is shown in Fig. 3-24 along with the location of the dose points. The
lawer tie plate region of the fuel éssemb]y has been ignored because
its geometry does not come into considerations when dose puints arc
located along the center axls of the fucl assembly. Also, the iron
thicknesses of both the fuel rod bottum end pluy and grill area of the
lower tie plate have been added together and considered as one region.
For the geometry of DTFX calculations (Fig. 3-25) all iron in considera-
tion was placed into one region while all low density material inside
the cask was removed. In both the DTFX and PATH dose rate calculations
the dose point locations extended 6 ft. beyond the edge of the transport

vehicle.
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3.5 RESULTS
3.5.1 PWR

3.5.1.1 Side
Dose rates from the side of the cask were considered for both PWR

and BWR fuel assemblies. PATH calculations considered dose rates on the
side of the cask and 6 ft. from the edge of the transport vehicle, for
neutron shield thicknesses of 0, 3, and 6 in. Dose rate calculations

performed by DTFX considered 0 and 3 in. neutron shield for the same dose

po}nts as those in PATH.

3;5.].1.1 Neut;ons. The results of neutron dose rates 6 ft from the
edge of the transport vehicle due to one PWR fuel assembly within the
cask are shown in Table 3-12 and Figs. 3-27 and 3-28 for various com-
binations of burnup, decay time, and neutron shield with no added extra
gamma shield. .

The total neutron dose rate per source neutron has been broken
down into primary and secondary contributions in Fig. 3-29 for the
different regions in the as-built cask. Also shown is the secondary
gamma dose rate due to the primary source neutrons. The neutron dose
rate breakdown is shown again in Fig. 3-30 for the case of 3-in. of
neutron shield added to the cask. It is interesting tu note that
secondary neutrons contribute‘IS% to 35% as much to the dose rate as
do the primary neutrons.

Values of neutron dose rates for other shielding combinations may
be found with the help of Figs. 3-3 and 3-4 and the method described in
Section 3.2.2.

3.5.1.1.2 Gammas. The results of yauma slde dose rates 6 ft from the

edge of the transport vehicle are shown in Figs. 3-31 and 3-32 at various
decay times and burnups for the case with no extra neutron or gamma
shielding. Dose rates for other cases are found by using the data shown
in Figs. 3-3 and 3-4 and the methods described in Section 3.2.2.

Dose rate information regarding a change in dose point location may
need to be known. Figure 3-33 normalizes the total dose rate to the side
of the cask and allows one to transform dose rates to any location between

the cask and 6 ft from the edge of the transport vehicle.
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TABLE 3-12
NEUTRON DOSE RATES 6 FT

FROM EDGE OF TRANSPORT VEHICLE

MREM/HR
Neutron Gamma D Ti
Shield Shield | Burnup ecay 1ime
(in.) (in.) |(MWD/MTHM) 1 yr 2 yr 5 vyr 10 yr
PWR
0 0 20,000 1.71 1.29 1.09 0.96
33,000 18.90 16.10 13.90 11.70
40,000 46.40 41.60 36.40 30.30
3 0 20,000 0.20 0.15 0.13 0.11
33,000 2.20 1.88 1.62 1.36
40,000 5.40 L. 84 L, 24 3.52
6 0 20,000 0.0l 0.01 0.01 0.01
33,000 0.14 0.12 0.10 0.09
40,000 0.35 0.31 0.28 0.23
BWR
0 34,000 34.60 29.90 26.00 21.70
34,000 3.99 3.45 3.00 2.50
34,000 0.26 0.22 0.20 0.16
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Fig. 3-31. Gamma dose rate vs. burnup for various decay times,
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3.5.1.1.3 Total Dose Rates. Total dose rates (neutron + gamma) 6 ft from

the edge of the transport vehicle are plotted against burnup for various
decay times and shielding thicknesses in Figs. 3-34 through 3-39. From
these figures parametric curves of constant shield combinations can be
determined once a maximum dose rate has been set. These curves are
shown in Figs. 3-40 through 3-43 for maximum dose rates of IO{/S, and 2
mrem/hr, respectively. Table 3-13 shows the same data as the figure for
a 10 mrem/hr dose rate criteria but in tabular form. One can see that
the maximum burnup permissible wifh the as-built cask (no additional
neutron or gamma shielding) for a decay time of 5 yr is 30,000 MWD/MTHM.
If 3 in. of neutron shielding are added, the minimum decay time is
reduced to 2 yr, and so on. From Table 3-13 and Fig. 3-40, one has all
the information necessary for PWR fuel to determine the maximum or mini-
mum value of burnup, decay time, or sHield thickness.

The ratio of neutton to gamma dose rates as a function of burnup

is shown in Figs. 3-44 and 3-45 for .various shield thicknesses and decay

times.

3.5.1.2 PWR Top Results

01d Design. This concept involved removing the inner linner and ioWering

the inner closure 1. 25Ainohes (see section 3.4.2.2). Dose rates, con-

sidering primary radiations only (no secondary neutrons) were calculated

for the outer surface of the inner closure and the adJOInlng cask body ‘ .
surfaces. For the results see Table 3-17. Most cases of burnup and

decay result ln dose rates that exceed the 50 mrem/hr criteria, fortunately

this concept is no longer being consndered

NewlDesign. This concept uses new inner and outer closures as shown on
Figure 3-21. Dose rates were calculated for the outer surface of the
inner closure and the adjoining cask body surfaces. For the results see
Table 3-18a. Again, most cases of burnub and decay result in dose rates

that exceed the 50 mrem/hr criteria. The .addition of gamma and/or neutron

shielding as part of the canister support basket can reduce these dose

rates to satisfy the 50 mrem/hr criteria.

Total dose rates for the same cases ot burnup and decay were calculated
for the outer surface of the outer closure. These results are shown in

Table 3-18b.
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Fig. 3-34. Total dose rate vs burnup for several PWR decay

no additional gamma shield, no

neutron shield
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Fig. 3-35. Total dose rate vs burnup for several PWR decay
times, no additional gamma shield, 3 in.
neutron shield
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Fig. 3-41. Burnup vs decay time to yield 10 MREM/HR 6 ft from
personnel barrier for various neutron and gamma
shield thicknesses
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. TABLE 3-13
UNIFORM 10 MREM/HR 6 FT FROM EDGE OF TRANSPORT VEHICLE

Additional Additional .
Permissible Burnup
Neutron Gamma Decay (MWD /MTHM)
Shield Shield Time
(in.) (in.) (yr) PWR BWR
0 0 1 11
2 21
5 30 19
10 32 25
3 0 1 18.5 18.5
2 30 34
5 44.5 43
6 0 1 29 34.5
2 43.5 48
5 >50 >50
0 1 1 18 5
2 25.5 14
S 32 22.5
10 33.5~ 28
3 1 1 27.5 31.5
2 38.5 41.5
' 5 - ' 49 >50
6 1 1 44 »50
2 >50 >50
0 2 1 27.5 16
2 31 21
5 34 26.5
10 35 31
3 2 1 41 44.5
2 47.5 >50
5 >50 >50
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TABLE 3-17

TOTAL DOSE RATE AT SURFACE OF INNER4

CLOSURE - OLD DESIGN

mrem/hr
) Decay Time
Burnup '
(MWD/MTHM) 1 yr 2 yr 5 yr 10 yr
., . 20,000 230 119 33.6 14.5
33,000 528 308 128 74
40,000 819 510 252 161
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TABLE 3-18a :
TOTAL DOSE RATE AT:SURFACE OF I[INNER
CLOSURE = NEW DESIGN
mrem/hr

Decay Time
Burnup .
(MWN/MTHM) 1 yr 2 yr > ¥yr 10 yr
20,000 |  54.9 27.6 8.1 | 4.4
33,000 163 102 56.5 41.5
40,000 296 206 136 104

TABLE 3-18b
TOTAL DOSE RATE AT SURFACE OF OUTER
CLOSURE - NEW DESIGN

mrem/hr
Decay Ll'ime
~ ‘Burnup . .

(MWD/MTHM) 1 yr 2 yr 5 yr 10 yr
20,000 1.0 0.8 0.7 0.6
33,000 11.8 10 8.7 7.3
40,000 29 26 23 19
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3.5.1.3 PWR Bottom Results
Dose rate results from the bottom were calculated assuming that

the bottom of the inner container remained within the cask. These
results are shown in Table 3-14 for a dose point location 6 ft from
the rear of the transport vehicle (154 in. from the bottom of the cask).
An extra 3 inches of gamma shield will be required for the bottom
to insure that the surface dose rate does not exceed 200 mrem/hr for
the worst case of 40,000 MWD/MTHM burnup fuel with 1 yr. decay. With
this additional 3 inches of gamma shielding on the bottom, the new dose
rates located 6 ft from the rear of the transport vehicle are shown in

Table 3-16. Dose rates without this additional shielding are shown on.

Table 3-15.

3.5.2. BWR
Neutron and gamma dose rate results for the BWR case are limited,

since only one value of burnup was considered, (34,000 MWD/MTHM). Because
of the large extrapolations necessary, these results are to be taken with

only general trends in mind. No conclusions should be drawn because the

errors involved may be large.

3.5.2.1 Side

3.5.2.1.1 Neutrons
Neutron dose rates were calculated to a distance of 6 ft from the

- edge of the transpoft vehicle. The results are plotted in Fig. 3-27
against the fuel assembly decay time for the case of no additional gamma
shield. Neutron dose rates for other gamma shield thicknesses were

calculated using the method described in Section 3.2.2.

3.5.2.1.2 Gammas

' Gamma dose rates 6 ft from the edge of the transport vehicle are

plotted against decay time in Fig. 3-32 for a burnup of 34,000 MWD/MTHM.

3.5.2.1, 3 Total Dosc Rutecs: The method for determining parametric

| relationships between all of the variables considered in this report

does nét hold when there is only one burnup considered, as in the BWR
case. Therefore, an assumption has been made and applied which may have
large errogs involved but nonetheless gives an insight into the allowabte
burnups and decay times requyired. It has been assumed that when plotting

the total dose rate versus burnup for constant decay time the resulting
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TABLE 3-14 (a)
TOTAL DOSE RATE - m rem/hr - 6 FT FROM END OF TRUCK ‘2

Burnup :
(MWD /MTHM) "1 yr 2 yr 5 yr 10 yr
20,000 1.11 0.5 0.18 0.11
33,000 3.86 2.55 1.59 1.24
40,000 7.51 5.54 3,98 1,17
(a)

Includes factors 1.1 for gamma and 1.4 for
neutrons.
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TABLE 3-15

TOTAL DOSE RATE AT BOTTOM OF CASK(a)MREM/HR
Burnup
(MWD /MTHM) 1 yr 2 yr 5 yr 10 yr
20,000 93.8 | h42.2 | 15.2 9.3
33,000 326.2 215.5 134. 4 104.8
40,000 634.6 | 468.1 | 336.3 | 267.9
(a) 84.5 X dose rate 6 Ft. from truck (Table 3-14)
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TABLE 3-16

DOSE RATES 6 FT FROM REAR OF TRUCK DUEAEO 3 IN. OF ADDED
GAMMA SHIELD ON BOTTOM

m rem/hr
(MWD/MTHM)
Burnup 1 yr 2 yr ‘5 yr 10 yr
20,000 U.13 0.08 0.06 N.05
33,000 1.03 0.84 10.70 0.58
40,000 2.43 2.12 1.82 1.51

*
154 inches from bottom of cask
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curve for BWR data has the same slope as for PWR data. With this in
mind, the BWR parametric results are presented in Table 3-13 and figs.
3-40 and 3-41 for the case of 10 mrem/hr at 6 ft from the edge of the

transport vehicle.

3.5.2.2 BWR Top and Bottom
The dose rates due to BWR furl with a burnup of 34,000 MWD/MTHM
will be about 70% of those due to PWR fuel with 33,000 MWD/MTHM burnup.

3.5.3 PWR/BWR Comparison
For the same burnup, the BWR fuel assembly is characterized by a

volumetric neutron source 60% higher than that of the PWR fuel, primarﬁly
as a result of the lower U-235 enrichment in BWR fuel and the consequent
higher neutron absorption rate in U-238 (eventually leading to curium).
Although the BWR gamma source is 30% lower than the PWR source, the
neutron difference has the most impact on the relative suitability of
the FSV-1 cask to carry LWR fuel, particularly if no neutron shielding
is added. Thus, the summary Table 3-13 shows that with no neutron
.shielding and a decay time of 2 yr., the cask can carry PWR fuel with
aAburnup of 2],000 MWD/MTHM. Three more years decay time is needed to
carry the BWR fuel with the same burnup. With a thick neutron
shield, the positions of the PWR and BWR reverse with the cask being
able to carry slightly higher BWR burnups. .

One other obvious aspect should be pointed out in a PWR/BWR comparison.
If the BWR dose rates are too high, one (instead of three) assemblies

could be transported, whereas there is no such ''out'' for PWR fuel.
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Finally, it should be emphasized that the results for BWR fuel
reported herein are based on only one ORIGEN case, namely for 34,000
MWD/MTHM burnup, and that some of the large extrapolations from this
one case lead to larger uncertainties in BWR results than in PWR results.
The limiting BWR burnups.for no additional shielding are particularly

crude numbers.

3.5.4 Comparison with Earlier Results

The earlier work mentioned in the Introduction (Ref. 3-8) can be
compared'against the present results.' Gamma dose rates are compared in
Fig. 3-4b. The rather wide dlvergence is apparently due to a differencc
in source terms between Ref. 3-8 and the SANDIA-ORIGEN output, as shown
in Table 3-19. ' .

GA experience has been that photon emission at energies greater than
2.2 MeV is completely negligible. This conclusion is borne out by a
recent study performed by SAl for EPR! (Ref. 3-19). At 1 yr decay the
LWR fission product spectrum is given as 3.9 x io'“ MeV/fission-group
for 1.8-2.2 MeV photons and only 4.4 x 10_13 MeV/fission-group for the
>2.6 MeV group. ‘

Since for the worst cases the ORIGEN-generated 2.75-MeV source group
contributes 60% of the total gamma dose rate, a large positive error in
this group greatly penalizes the predicted performance of the césk. Future
studies should be directed at improving the accuracy of the SANDIA-ORIGEN
gamma spectrum and achieving consistency with that published by other authors.

Table 3-20 provides a comparlson between neutron results from Ref. 3-8
and the present study. In spite of the fact that the SANDIA-OR{GEN cal-
culations utillzed an apparently high value of the (a,n) conversion, the
present neutron results show higher permissible burnup than the Ref. 3-8
results. The reason for this reverse comparison can be sought in the
original source terms used in each study, as shown in Table 3-21.

However, this table also shows the differenées in the wrong direction.
It is tentatively concluded, therefore, that the neutron attenuation and

dose estimates in Ref. 3-8 were on the conservative side.
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Fig. 3-46.
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Gamma dose rate 6 ft from FSV fuel shipping
cask loaded with 1 PWR fuel assembly 33,000

MWD/MTHM burnup
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TABLE 3-19

PWR GAMMA SOURCE STRENGTH COMPARISON

(MeV/cc-sec)

Gamma

| yr Decay

Energy 5 yr Decay 10 yr Decay

(MeV) Ref. 3-8 | SANDIA Ref. 3-8 SANDIA Ref. 3-8 SANDIA
1.8-2.2 1.02+9 7.0+8 3.21+7 2.1+7 4.71+5 2.96+5
2.5-3.0 Nil 3.6+8 Nil 6.78+6 Nil 7.58+4
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TABLE 3-20
NEUTRON SOURCE TERM COMPARISON PWR FUEL -

Decay neutrons/sec-g U
Burnup Time Present
(MWD /MTHM) (yr) Ref. 3-8 Study(2)
20,000 1 65 66
' 40 50
10 25 37
33,000 1. 600 730
500 - 625
10 . 350 440
40,000 1 1500 1800
1300 1600
10 900 1170

(a)

Includes secondary neutrons.

105



TABLE 3-21

FSV CASK NEUTRON RESULTS COMPARISON
(BURNUP IN MWD/MTHM TO MEET STATED CONDITIONS)

ONE PWR ELEMENT

10 mrem/hr at‘g ft,
No Neutron Shielding
or
2 mrem/hr at 6 ft with
2-in, Neutron Shielding

10 mrem/hr at 6 ft with
2-in. Neutron Shielding
or
2 mrem/hr at 6 ft with
4=-in, Neutron Shielding

Decay (yr) Decay (yr)
1 2 10 1 2 10
Ref. 3-8 22,500 24,500 26,500 32,000 33,500 36,000
Present study | 29,000 | 30,000 | 32,000 | 43,000 | 44,000 | 48,000
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3.5.5 Uncertainties

Uncertainties in an-analysis such as this can be significant and can
be both of the systematic and random types. Eventual dose rate measurements
of the FSV-1 cask containing LWR fuel may closely agree with predictions only
because of compensating errors. This study would be incomplete without at

least a qualitative assessment of the sources and magnitudes of errors.:

3.5.5.1 Source Terms - gamma. The assumption that Agll10Om emits a 2.75 MeV

photon 100% of the time caused an overestimation of gamma dose rates. It is
possible that numerous other gamma source term .errors exist, either in gamma
decay spectra, half livés,'branching ratibs, fission yields, or the actual
burnup calculation. It is estimated that the gamma source terms at 1 year
decay are uncertain by ¥ 50% (after correcting for Ag 110m), and at 10 years

. +
decay are-uncertain by - 75%.

3.5.5.2 Source Terms - neutron. The (a, n) neutron intensity can be uncertain

by a factor of 2, since published data in literature digplays that much variation.
The spontaneous fission rates are chh better known.
The inventories of neutron-producing actinides are also uncertain, es-
pecia]iy with the one-group burnup calculation used in the SANDIA-ORIGEN code.
The net uncertainty in neutron source is believed to be such that the

real source could be a factor of 2 higher or a factor of 4 lower.

3.5.5.3 Nuclear Data - cross sections The cross sections used in DTFX and

PATH are adequate for shield engineering, but probably cannot produce better
than ¥ 50% accuracy through a thick shield. Use of the adjusted Mo cross

sections in lieu of Zr cross sections could result in an uncertainty of ¥ 25%.

3.5.5.4 thleaerata - spectra. The accuracy of the neutron spectrum is not

believed to have any major impact on the attenuation or dose rate calculations.
. .

3.5.5.5 Nuclear Data - buildup factors. Buildup fa@tors.based on older dose

. . + -
conversion factors are known to be inaccurate (about - 50%, depending on
material, number of mfp's, and gamma energy). Furthermore, buildup factors

for complex multi-media configurations which contain short circuit paths are
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known to be erroneous. At the side of the FSV-1 cask, with its simple
geometry, buildup is assumed to be accurate within a factor of 1.5; at

the ends of the cask a factor of 2 should be allowed for.

3.5.5.6 Nuclear Data - dose conversion factors. Since corrections were

made in the anafysis for the latest ANS Standard 6.1.1 dose conversion

factors, these data are not thought to be a major source of error.

3.5.5.7 Geometry. Treating the cask as infinitely lohg instead of a
finite length leads to an overestimate of the side neutron dose rates,
perhaps by 25%. .

The neutron correction factors applied to. the ends of the cask were
derived from Rockwell (to correct from an infinite slab éeometry to a disé
source). Again, it is doubtful that the correction has better than ¥ 50y
accuracy. ‘ |

The effects of homogenizing the assembly, converting from a square
to circular cross section, and simplifying the endlhafdware are all
believed to be negligibie. ) \

e
. 3.5.5.8 Compositions. Uncertainties in the compositions of the materials
used in these analyses arise from the lack of obtainable fnformation.' For
example, the detailéd comﬁositionsAof the fuel assembly, stainless steel
and neutron shielding are not exactly known. Substitutions have been
made such as assuming that stainless steel and cast iron are 100% iron.
The uncertainty involved in this is negligible for gamma calculations,
but an error of & 20% is possible for neutron calculations.

Uncertainties in the densities of the materials are due to composition
generalizations used in the calculations. These generalizations are inlco-
duced with methods such as homogenizing the fuel assemblies while ignoring
- their steel support structure. Such generalizations should produce con-

servative results.

3.5.5.9 Calculational Method. Uncertainties in the method of calculation

are inherent in the computer codes used In this analysis. The uncertainties
in DTFX arise from infinite geometry consideration along with quadrature
(Sl6’ 58) considerations. Errors inherent to PATH include the material,

single layer buildup factors (factor of 2 on the dose rate) and the breakup
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of the source into a finite number pf points (about * 0% - depending

on the geometry).

7

3.5.5.10 Overall Uncertainty. -Combining all of the above sysfematic and

random uncertainties into a single uncertainty factor can be approximated

by first separafing the uncertainties into the two categories:

Random Uncertainties - : ~Systemétic Uncertanties
gamma source terms Agl110m

neutron source terms (e, n) conversion

cross sections - general . geometry

cross section - Mo
buildup factors
compogition

calculational methods

The random plus uncertainty for the neutron.dose rate is:

"(100%)2 + (50%)2 + (252)2 + (202)2 + (10%)2 = +117%
1

Thus, the neutron dose rate could be a factor of approximately 2.2 higher
or lower due to random uncertainties. The neutron dose rate could be a
factor of approximately 2.7 lower due to systematic uncertainties, and,
the combined uncertainty for the neutron dose rate is approximately a
factor of 1.0 higher and 3.5 lower. '

The random plus uncertainty for the gamma dose rate is:

Y (50%)2 + (50%)2 + (50%)% + (102)% = + 87%

Thus, the gamma dose rate due to réndom uncertainties is approximately

a factor of 1.87 higher or lower. The gamma dose rate correction factor for

.systematic undertainties is a factor of 1.25 lower (for Ag 110m).
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Thus the combined uncertainty for the gamma dose rate is approximately a

factor of 1.5 higher and 2.3 lower.

Taking the case where 25% of the total dose rate is neutrons and 75% is
gammas, the overall approximate uncertainty factors for the dose rate are: -
1.4 higher and 2.5 lbwer,‘i.e., if the calculatéd dose rate- 6 feet from
the vehicle is 10 mrem/hr , the actual dose rate could be as high as 14

mrem/hr or as low as 4 mrem/hr.
3.6 DISCUSSION

The FSV-1 fuel shipping cask has been shown to be adequate without
additional shielding to carry one PWR spent fuel element which has ex-
perienced 21,000 MWD/MTHM burnup and 2 yr. decay. The external dose
rate 6 ft. from the edge of the transport vehicle will be 10 mrem/hr.
or less. This dose rate is comprised of 8 mrem/hr. gamma radiation and'

2 mrem/hr. neutrons.
The uncertainties in this study are on the conservative side. If:
1. The SANDIA-ORIGEN (a, n) conversion is reduced by a factor of
2, the neutron dose rate will be reduced by 15%.
2. The SANDIA-ORIGEN 2.75-MeV gamma group. zeroed out, the gamma
dose rate will be reduced by 25%.
Or the maximum permissible burnup can be allowed to rise to &25,000 MWD/MTHM
for a dose rate constraint of 10 mrem/hr.

‘ Because of a higher neutron source strength, BWR fuel elements'afe more
difficult to accommodate in the FSV-1 cask without additional shielding. Five
years decay is needed to carry three 19,000 MWD/MTHM BWR fuel elements and meet
the 10 mrem/hr. constraint. However, the 2.75-MeV gamma correction is somewhat
larger for BWR fuel, so the FSV-1 cask might potentially handle 25,000-MWD/MTHM
BWR fuel with 5=yr. decay. .

Addition of shielding to the FSV-1 cask greatly enhances the options for
carrying LWR spent fuel. The addition of:

1. 6-in. of neutron shielding and | in. of gamma shielding, or

2. 3-in. of neutron shielding and 2 in. of gamma shielding.
permits carrying the highest burnup LWR fuel after only one year decay.

It is concluded that from a shielding standpoint the FSV-1 cask has

considerably versitility for the transport of LWR spent fuel.
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L.0 WEIGHT STUDY

4.1 SYSTEM WEIGHT "EVALUATION FOR THE FSV-1 CASK, MODIFIED TO TRANSPORT
LWR FUEL

The FSV-1 Cask,Unit- number 1 and 2 with its transport semi-trailer

and tractor was designed to operate as a legal system throughout the United
States, i.e.; at a Gross Vehicle Weight (GVW) of 73,280 pounds or less.

The weight distribution is.such that the limit of 32,000 pounds for a
tandem axle group is not exceeded. These two units are presently owned

and operated by Public Service Company of Colorado.

When FSV-1 Cask Unit number 3, presently owned and operated by

General Atomic Company was fabricated, the extendable trailers used with
Units | and 2 were not available. In order to satisfy the unique require-
ments of the Fort St. Vrain Nuclear Plant, using a fixed length trailer,

it was necessary to mount the cask well to the rear of the trailer. This
shift in location, increased the load on the rear axle group to approximately
42,000 pounds and therefore a 3 axle trailer was specified and obtained.
This configuration was designed to operate as a legal weight system in
those states necessary to transport spent fuel from the Fort St. Vrain
reactor in Colorado to the storage facility in Idaho. Individual states
have different weight limits for 3 axle groups and thus overweight permits
would be required to operate this system in some states.

Four different system weights for the model FSV-1 cask as modified

for the transport of canisterized Light Water Reactor (LWR) spent fuel
assemblies were developed as part of this evaluation. The system weight

is the total weight of the shipping package, the contents, the tiedowns,
the semi~trailer and the tractor, i.e., the GYW. The weight of the various
components of the FSV-1 CAsk which must be modified for the transport of
LWR fuel assemblies are shown iﬁ Table 4.1-1. The four cases considered
are:

Case 1. no additional shielding - one PWR fuel assembly

Case 2. no additional shielding - three BWR fuel assemblies
Case 3. added neutron shielding - one PWR fuel assembly
Case 4. added neutron shlelding - three BWR fuel assemblles.

The system weight for Case 1 is nearly the same as the operating system
weight for the FSV-1 cask configured for the transport of HTGR fuel
elements, and thus could operate as a legal weight shipment in some

states and overweight in others, as presently mounted on the 3 axle trailer.
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Since the expected GVW of 72,920 pounds is just slightly below the
73,280 pound GVW that is legal in all states, it appears likely that
with the cask located in the optimum position on a new tandem axle
trailer, the actual GVW would be less than 73,280 pounds and the
tandem axle loading less than 32,000 pounds.

With the addition of the neutron shielding and the additional
weight of three BWR fuel assemblies and their canister it will not be
possible to operate at a system weight of 73,280 pounds or less. Forty
states now have GVW limits of 80,000 pounds or more, however, there are
some other limitations that suggest that the practical limit for a tandem
axle semi-trailer with a three axle tractor is about 78,000 pounds.

About half of the states limit the load on a tandem axle group to 34,000
pounds and a practl-cal 1Imit for the steerlng axle of the tractor Is about
10,000, thus for the 5 axle tractor and semf-trailer combination under
consideration, 78,000 pounds is a practical limit. In states that use
"bridge formulas'' the distance between the steering axle and the rear
axle of the trailer is used to limit the allowable GVW. As an example

in the state of California, a 5 axle tractof and semi-trailer combi-
nation must measure #8 feet to allow operations at 78,000 pounds.

The maximum flexibility for shipping LWR canisterized fuel assemblies
can be achieved by mounting the modified FSV-1 Cask in the optimum location
on a new tandem axle trailer. With this configuration and a light weight
tractor, the shipping system should operate at 73,280 pounds or less for
Case 1 and at 78,000 pounds or less for Cases 2,3,and 4, with the axle

loadings within the allowable limits in all states.
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GL1

WEIGHT EVALUATION FOR THE MODEL FSV-1 CASK
MODIF!ED TO SHIP LWR FUEL

WITHOUT ANY ADDITIONAL SHIELDING WITH 3" BORO-SILTCONE NEUTRON SHIELDING
ONE PWR THREE BWR ONE PWR THREE BWR
FUEL ASSEMBLY | FUEL ASSEMBLY FUEL ASSEMBLY  FUEL ASSEMBLY
CASK BODY 40,712 40,712 40,712 40,712
*OUTER CLOSURE : 1,035 ‘ , 1,035 1,035 . 1,035
%INNER CLOSURE 1,368 1,368 1,368 1,368
#IMPACT LIMITER 1,058 1,058 1,058 : 1,058
FUEL CANISTER-PWR 498 ' - 4 498 -
FUEL CANISTER-BWR - 1,310 : - . 1,310
FUEL ASSEMBLY-ONE PWR - 1,500 ‘ - 1,500 : -
FUEL ASSEMBLY-THREE BWR - 2,250 - 2,250
#SPACER-PWR CANISTER 659 659
*SPACER-BWR CANISTER - 520 - 520
*NEUTRON SHIELDING 3.530 3,530
SUBTOTAL 146,830 48,253 | 50,360 51,783
FRONT TIE DOWN _ 370 370 370 . 370
REAR TIE DOWN 1,120 1,120 | 1,120 1,120
£PERSONNEL BARRIER 600 600 600 ' 600
#TRAILER - 10,000 ' " 10,000 10,000 10,000
TRACTOR 14,000 ' . 14,000 14,000 14,000
TOTAL GVW 72,920 74,343 76,450 77,873

* MODIFIED COMPONENTS ' i Table 4.1-1



4.2 IMPACT OF OVERWEIGHT TRUCK SHIPMENTS
The 1979 summary of State Size and Weight Limits preparéd by the

Truck Trailer Manufacturers Association was used as a basis for evalua-
ting the impact of operating the General Atomic Company, model FSV-1l

cask system at a Gross Vehicle Weight (GVW) in excess of 73,280 pounds.
At the present time only 10 states énd the District of Columbia limit
GVW's to 73,280 pounds (73,000 pounds for Connecticut). (See Table 4.2-1.)
Due to the location of these states, they effectively block all vehicles
from operating in excess of 73,280 pounds, across the middle of the U.S. and
restrict operations on the East Coast.(See Fig.4.2-1.) Permits to operate
vehicles in excess of 73,280 pounds are available In each of these 10
states and the District of Columbia, however, the limitations for the
overweight operations vary from state to state. Some states restrict
vehicles operating with overweight permits to travel during dayiight'
hours only. Some states require several days to process an application
for a permit to operate an overweight vehicle..

Operating overweight vehicles with permits as required by the various
states will require more attention to the planning and scheduling of
shipments, however, General Atomic Company was involved with Philadelphia
Electric Company and Tri-State Motor Transit Company during the shipment
of spent fuel from Peach Bottom 1 located near Delta; Pennsylvania to
the storage facility near ldaho Falls, ldaho. About 90 shipments were
made using the model PB-1 Cask System operating at a GVW of over 100,000
pounds with only minor scheduling problems.

The GVW limits for the various states invélve some rather complex
regulations which are continually changing, are sometimes restricted
to certain highway§ and may pe restricted during certain scasons.

Table 4.2-1 should be used for a reference only and the individual

states contacted for all specific shipping operations.
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WASHINGTON

GROSS VEHICLE WEIGHT LIMITS

L. SUPERIOR

MONTANA NORTH DAKOTA MINNESOTA
OREGON e
SOUTH DAKOTA
IDAHO
WYOMING
'NEBRASKA
NEVADA
UTAH
COLORADO
KANSAS
CALIFORNIA —
 S9E SOUTH
OKLAHOMA CAROLINA
ARIZONA
NEW MEXICO
GEORGIA
A\_ABAMA
TEXAS
LOUISIANA

[[] sTATES WITH GVW LIMIT OF 80,000 LB. OR MORE.
(79,800 LB. FOR VIRGINIA AND NORTH CAROLINA)

STATES WITH GVW LIMIT OF 73,280 LB.
(73,000 LB. FOR CONN.)

FLORIDA

Figure 4,2-1
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STATE

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware

District of Columbia

Florida
Georgia
Hawai i

" ldaho
IMlinois
Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland ‘
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York

North Carolina-

North Dakota
Ohio

Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota

STATE WEIGHT LIMITS®

 TANDEM AXLE

STATE

40,000
34,000
34,000
32,000
34,000
36,000
36,000
40,000
37,000
40,000
36,000
34,000
34,000
32,000
32,000
32,000
34,000
35,700
34,000
38,000
40,000
36,000
34,000
34,000
32,000
32,000
32,000
34,000
34,000
36,000
34,000
34,320
36,000
36,000
34,000
34,000
34,000
34,000
36,000
36,000
36,000
34,000

a. on designated highways
b. during designated seasons
c. with long term permit

S

H | GHWAY

a

[ TR T)

t

,b

"INTERSTATE
HIGHWAYS

36,000

NO INTERSTATE

34,000
32,000
34,000
36,000
36,000
34,000
37,000
40,000
36,000
34,000
34,000
32,000
32,000
32,000
34,000
34,000
34,000
34,000
40,000
36,000
34,000
34,000
32,000
32,000
32,000
32,000
34,000
36,000
34,000
34,320
36,000
36,000
34,000
34,000
34,000
34,000
36,000
36,000
32,000
34,000

Table 4.2-1
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GROSS VEHICLE WEIGHT

STATE

© HIGHWAYS

92,400
109,000
80,000
73,280°
80,000
85,000
73,000
80,000
73,280
80,000
80,000
88,880
105,500
73,280
73,280
73,280
85,500
82,000°
88,000
80,000
73,280
80,000
80,000
80,0002
73,280°
73,280°
105,500°
95,000
129,000°
80,000
80,000
86,400
80,000
79,800a
105,500
80,000
90,000
80,000
73,280
80,000
80,600
95,000

NTERSTATE

HIGHWAYS

NO

80,000
INTERSTATE
80,000
73,280
80,000
80,000
73,000
80,000
73,280
80,000
80,000
80,800
80,000
73,280
73,280
73,280
80,000
80,000
83,400
80,000
73,280
80,000
80,000
80,000
73,280
105,500

95,000°
80,000
80,000
80,000
86,400
80,000
79,800
80,000
80,000
80,000
80,000
73,280
80,000
80,000
80,000



TANDEM AXLE ' GROSS VEHICLE WEIGHT

4 4 STATE INTERSTATE STATE INTERSTATE

STATE H1GHWAYS H1GHWAYS HIGHWAYS HIGHWAYS
Tennessee 32,000 32,000 73,280 73,280
Texas 34,000 34,000 80,000 80,000
Utah 34,000 . 34,000 _ 80,000 80,000 .
Vermont 37,800 , 36,000 80,000 80,000
Virginia 34,000 34,000 79,800 79,800
Washington 34,000 34,000 80,000 80,000
" West Virginia 34,000 34,000 80,000° 80,000
Wisconsin 34,000 - 34,000 80,000 80,000
Wyoming 36,000 36,000 101,000 80,000

a:. on designated highways
during designated seasons
c. with long term permit

o

STATE SIZE LIMITS
The most restrictive limits for a 5 axle,'tractor and semi-trailer combination
are:
Height - 13 feet, 6 inches
Width - 96 inches

Length - 55 feet

*
Reference: 1979 Chart published by Truck Trailer Manufacturers Assocliation:

Table 4.2-1 cont'd.
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4.3 DISCUSSION
The major impact of operating with overweight permits, will be
some loss of flexibility of scheduling. When compared to the impact
of satisfying the requirement of the U.S. Nuclear Regulatory Commission
in regard to a safeguarded shipment of radioactive materials i.e.: approved
route, contacts with law enforcement agencies, scheduled reporting, con-

tingency plans, and etc., the impact of operating with overweight permits

will be minimal. .

The FSV-1 Cask as modified for the transport of LWR fuels can be
operatedas: a. legalweight system (73,280 pound GVW) for shipments of PWR
fuel assemblies that do not require the addition of neutron shielding.
The qualifying PWR fuel assemblies can be selected by burnup and decay
time. Note that due to the greater weight of theighree BWR fuel elements
with that canister and spacer, the system weight will be greater than
73,280 GVW. The added capability of the modified FSV-1 cask with neutron
shielding to carry a wider spectrum of LWR irradiated fuel assemblies
should justify the loss of schedule flexibility required to operate with
overweight permits. The Boro-Silicone neutron shielding will be designed
such that the segments can be removed end should be removed to allow ’

legal weight operations when possible.
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5. THERMAL STUDY

A TAC2D two-dimensional (radia]-axial) thermal model of the upper one-
half of the cask was developed to calculate interior temperatures. The
model is illustrated in Figure 5-1 and it is similar to the TAC2D model
used in the design report (GADR-55, Addenduml) for the FSV-1 fuel shipping
cask. Property values were also taken from the reference report,’excep;
for the Boro-Siliconefa)yominal gaps as given in Figure 5-1 were used
between internal componentégb)Conduction and radiation heat transfer occur
across the gaps. Natural convection and radiation wéere modeled for the
cavities between the cask inner barrel and the fuel canister. The fuel
canister was assumed to be supported by four circular plates each 1 inch
thick. The fuel region of the TAC2D model is not a true simulation of
a LWR fuel bundle. Thus, only the TAC2D temperatures up to and including
the fuel canister are valid. The plywood impact limiter was not included
in the TAC2D model in order to save hodal points. Instead, the cask
surface which is covered by the impact limiter was assumed to be adiabatic
in the TAC2D model. The center plane was also assumed adiabatic. Figures
5-2 and 5-3 give the TAC2D steady state temperatures for the interior of
the two cask configurations.

Flgure 5-4 is a plot of the afterheat in kilowatts for PWR and BWR
fuel assemblies vs. the decay time in years for various fuel burnup. The
curves are for a single fuel assembly, therefore it is necessary to multiply
the values obtained for BWR fuels by 3 since the BWR canister contains 3
fuel assemblies.

The allowable fuel heat load is sensitive to the exterior cask tempera-
ture. An increase &n the exterior temperature of 10°F (from 180°F to 190°F)
allows the fuel heat load to increase approximately h0%. At these exterior
temperatures the fuel heat load is only about 15-25% of the total surface
heat transfer. Since the solar heat load remains fixed with exterior
temperature, increasing the exterior témperature by a small amount enables
the fuel heat load to be increased significantly. As the exterior tempera-
ture increases above 200°F the fuel heat load becomes more comparable to the

solar heat load. Small increases in the exterior temperature no longer
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produce as dramatic increases in the allowable fuel heat load. Since
the temperature difference between an interior point and a surface point
_is proportional to the fuel heat load, this temperature difference and
the cask interior temperatures are also sensitive to slight changes in

the cask exterior temperature.

(a) Boro-Silicone is a product of Reactor Experiments, Inc. (see

Appendix D for material properties).

(b) The same model was used for the modified FSV-1 cask with the neutron
shield except that a .060 gap and the 3 inch neutron shield was

added external to the cask outer barrel.
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FISSTON PRICUCTS

Table

GAMMA PHOTOM SOURCE SPECTRUM

A-1 Fission Product Gamma Source Strengths
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Table A-1 Fission Produzt Gamma Source Strengths cont'd.
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JOTAL_ENERGY. RATE - MEV/SEC EMEAN=MEV BAS]IS= ONE FUEL ASSEMBLY TOTAL_ BURNUP(MMD) 6+21555€+03
EMEAN___ _INPUT INETIAL 1.0 Y 2.0 Y 3.0 Y 4.0 Y 3.0_Y 6.0 Y 7.0 Y 8.0 Y 9.0 ¥ 10.0 Y
«30 0. 3.372E+16 1545 5’12 4367E+11 2.479E+11 1.795E+11 1. 3718E+11 1. 066E*11 B+26G£+10 6.414E+10 4.976E+10 3.860E+10
263 0. 2.0G29€+ +1< 83E+ 3 $. + 108c JTISE+14 D .009E+14 4,496E+14 §4,025E+19% .
1.10 0. - 1.518E+17 1. e:‘e+1« 1.275€+14 1.042E~14 8.813E+13 1.6326+13 6.7255*13 5.99EE+13 5.396E¢13 4.885E+13 4,882E¢13
155 0, 2,145F+¢17 8,0SSE+12 5,300E+13 3,5872+13 2,475F«13 1.7296+13 1218E+13 B.622E+12 6123E¢12 4,357€+12 3.104E+412
1.99 0. 1.395€+417 3.858E¢13 1,606E+13 6,702E+12 2,807iE+12 1.180E+12 4.985E+11 2.117E+11 9.048E+10 3.,893E+10 1.€B8E+10
2.38 0. Te306E16 2,109F«1Z 1.059E+12 S,334E21]) 2,6B6E¢11 1,352E+11 6.B09F¢10 3,425€+10 1,726E+10 8,692E+09 4.277E+09 "
2.75 0. 3.16BE41€ 2.663E413 S.B0CE+12 3,619E412 14340E+12 4,988E¢11 1,872E¢11 To133E+10 2.802E+10 1,171E+10 5,515E409 "
. 3.25_0. 1.431E+16 17776404 4.494E-05 1.136E-12 2.8736~22 1,2656-31 1.837E-39 4.695£-48 1+175E-56_2,970E-65 7.510€-74 =
3.70 GC. 1.067E+1€ C. G 0. 0. . 0. a. " 0. 0. c. -
4,22 0. 8.0B1F+15 0. 0. - 0. 0, Ce 0. Q. 0. 0. 0,
4,70 0. 1.120€£+15 Q. 0. [1 Oe Qe Qe (119 Qe Oe Oe
5.25 0. 1.710FE+15 0. a. 0. 0. 0 0, a. a, a. 0.
TOTAL 0. B8.E31E+417 2.0FSE+15 1.5S7E+15 1,492E+15 1.1S7F+15 S.264E414 7.635E+¢14 6.465E+19 5.6126+14 4,979E+14 4.501F+14
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Table A-2 Neutron Source Strength

TTACTINIDES™ - PR -CYCLIC OPERATION- 20, COBRADZATHN ~ 777" ~"AVERAGE FOWER(HHW) ™~ T1.54956E+01
NUCLIDE LISTING 157 SPENT FUEL- OECAY UP TO 1L YRS . AVERAGE FLUX(N/CM*®2-SEC) 3.0BS511E#13
ALPHA N NEUTRON RAYTFE - NEUT/SEC BASIS = ONE FUEL ASSEMBLY TOTAL BURNUP (MWD) 9.14240E¢03
NUCL IDE INPUT INITIAL 1o ¥ 2.0 Y 3.0 Y 4ol Y 5.0 Y 6.4 ¥ 7.0V 6.0V Q.0 Y 1.0 Y T T
_.BI2t1 _ 9. _4:655E~i4 1.,192E-03 1.356M€=-J3 2.543E~U3 3,230E~03 3.94BE-03 4.670E-03 5.404€-03 6.150E~03 6.96TE-03 7.675E-03
81212 0. 1.3056-0Z 3.1G4E-32 65.1:5F~02 7.056E~02 ~.8036-02 1.030€-01 1.156E-01 1.260E-01 1.346E-01 1.411E-01 1.463E~01
81213 0. 1.066€E-09 5.872E=-1¢ 7.476E6-10 3.901E-10 1.196E-03 1.406E-J9 1.61EE-09 1.334E-39 2.053E-09 2.275E-09 2.5C1E-09
P0210 0. 6e87IE~08 2.722E~07 60953E~C7 1.423E~C6 2.562F~06 bo179E~0€E 6+366E-06 I.204E~06 1.27TE-05 1. 714E-95 2.240€-05 "~
PO211 0. 2.216E~-JE 5.673E-ub b, 557€-46 1.211E~)5 1.542E-05 1.680E-05 2.223E~05 2.573E-05 2.92BE-05 3.268E-05 3.654E-(S
Po212 0. 1.362E+00 3.334E+J0 5.413E+03 7.389E+00 9.191E+05 1.075E+C] 1.207E+01 1.315E¢C1 1. L03€+01 (. 4736401 10627061 B
P0213 0. J.499E-u5 5.350E~-G5 7.171E-05 9.521E-35 1.090E-04 1.261E=-t 1.475E-04 1,67 1E-04 1.871E-0& 2.073E-04 2.279€E-04
PO214 0. 2.332E-05 S5.140E~05 9.C39E-05 1.424E-(4 2.05,E-04 2,A12E~04 3.686E-0k W.681E-04 5.796E-D4 7.632E-04 6.386E-06
P0O215 9. 7.165E-04 1.834E-03 2. ,€6E~03 3.914%E-13 +.986E~53 6.L77E-u3 7.198E-03 6.316€-C3 9.466E-03 1.063E-02 1.131E-02
P0216 0. B.2E83E-C1 2.027E+0u 3.291E+00 4.499E¢0J) 5.563E+00 6.536E¢00 7.336E+¢00 7.997E+00 3.5326+00 8.956E+0J) 9.285€¢C0
P0218 0. 1.935€-05 2.227€~-0G5 3.93€E~05 €.162E-.5 c.906E-05 1.217E-C4 1.535€~04 2.026E—-04 2.508E-04 3.043E-04 3.631E-04
AT217 0. 5 4S0E-05 2.945E-05 3.94AE-05 4.966E-15 €.001E-05 7.051E-05 8.118E~-05 9.,200E~C5 1.030€E-064 1.16TE~04 1.254E-04
RN219 8. 5.373E-04 1.37€E-03 2.140E~C3 2.936F-03 3.739€~-03 4.558E~13 5.391€~-03 6.238F-¢3 7.099E-03 7.973E-03 8.860E-03
RN220 0. 6.2TUE~UL 1.535E+00 2.4%91E+G5 3.405E+0U 4.23CE+GC 4. O4TE+90G 5.553E400 6.054E+00 6. 45BE+00 6.779E+G0 7.028E¢00° ~
RN222 0. 7.034E~536 1.513E-C5 2.674E-05 4.137€~35 6.051E~05 ¢.263E-L5 1.054E-04 1.376E-04 1.704E-14 2.068E-34 2.467E-04
FR221 0. 3.526E-05 1.9C6E~(5 2¢554E=05 3.213E~05 3.862E-05 b4e562E~(5 5.252€-05 5.952E~05 6.663E-05 7.3cuf~05 d.116€E-05" -
RA223 0. 3.G75€E-Qt 7.873E-04 $,229E~-03 1,680GE-C3 2,44GF~03 2, €09E-03 3.066E-03 3.570€E-03 4.G63€E-03 4+563E-03 5.071E-G3 .
RA224 0. 4e3CBE-)1 1.054E400 1.712E4C0 2.340E+00 2.9C7E+00 3.309E+.0 3.816E%00 4o 15CE+00 4. G37E¥DL 4. ESBECGO 4. B829€¢00
RA226 0. 4e2CTE~06 9.L51E~06 1,593E~05 2.504E-05 3.6156~05 4o JUH6E-C05 6.483E-05 3,233E-05 1.019E-04 1.237E-04 1.475€-04
AC225 0. 2.631E~1U5 1.422E-05 1.5i6E~05 2.357E-05 2.896E~05 3.404E-55 3.918E-05 4.441E-05 6. 971E-05 5.509E-05 6.055€-05
AC227 0. 3.6826-13 2.145E-12 3.347€-12 4.575€-12 5.826€-12 7.101E-12 6.399E-12 9,718E~12 1.1U6E-11 1.242E-11 1.380€-11
TH227 0. 3.099F-04 7.500E-04 1.171E~-0G3 1.601E-03 2.035E-C3 2.4B5E-L3 2.939E-U3 3.401E-03 3.871E-03 &4.34LTE-03 &.831E-¢3 "~ ~ ~
TH228 0. 3.661F-01 8.981E~01 1. 457E+J0 1.990F+uu 2.472E400 2.B91E+G0 3.244E¢00 3.536E¢00 3.772E+00 3.959E400 L.105E+00
TH229 9. S5e846E~06 b.941E-06 1.19°E-05 1.5G8E~05 1.822F-05 2.14JE~05 2.464E-05 2.793E-05 3.126E-05 3.4ESE-0G S.808€E-C5—
__TH230 0. B.711E-03 1.3536-02 1.236€E~82 2.319E-C2 2.804E-02 3.29UE-C2 3.777E-02 4e26LE-02 4L.TS3E-02 5.263E-02 5.733€-02
TH232 0. 3.593E-09 6.736E~09 G2 378E-09 1«302€-05 1.616E-08 1.931€-08 2.265E-0682.559€-U8 2. 874E-8 3.188E-08 3.502E-08
PA231 0. 8.483E-03 3.962E~U3 9.417E-03 G.672E-03 1.033F-02 1.C078E~-C2 1.124E-02 1.169€~02 1.2156-02 1.260€E-02 1.306E-02
uz3z 0. 1.596€E+00 2.259E+0C 2.766E¢00 3.,154E+UC 3.4 LCE*0] 3. 671E+G0 I.OIEEF00 I.956E#+00 Lo OLIEFH0 T.U99E+400 &J135€400  ~~ 7~
u233 0. 20722602 2.766E~02 2.¢11E-C2 2.856E-02 2.901E-02 2.946E~(2 2.920E-02 3.035€-02 3.080E-02 3.125E~-02 3.170E-02
u23y G.307E+02 5.9G3E+(2 5.955E+¢02 5.963E+02 5.980E402 5.992E+02 6.C004E+(2 6.016E+02 6.U26E+02 6.060E#D2 6. D52E%02 6.063€E402™ 7 7~
_uz23s 3.361E¢01 1.503E¢51 1.503E+01 1.553E¢01 1.5C¢3E¢01 1.503E¢01 1.593E+401 1.503E¢01 1.503E+01 1.503E¢01 1.5C3E¢C1 1.503E+01
0236 0. 9.693E+(1 9.693E+01 9. 654E+01 J.6GUE+TL G.69CEF U1 F.EICETT1 9.695E¢ 01 9. 696€+ 01 9.696E+0 1 9. ESEE4LL 3. 637E4OL ——— "
u238 1.066E¢02 1.I70E+02 1.076E+02 1.076E+32 1.070E+32 1.07CE+02 1. 070E+02 1.070E+02 1.076E+02 1.070E¢02 1.070E+02 1.370E02
NP237 0. G.624EVGL 9. 765E¥UL 9.771E¥01 9.775E¢01 S.731E+01 9.783E+C1 9.796€E¢01T 3.006EF01 9.316E+0 1 9. 827€+01 9.839€+01 "~ "~
PU236 0. 1.063E+(2 B.3536+¢01 €£.554FE+01 5,139F+01 L,O029E+ {1 3.159€E¢(1 2.477E+01 1.942E+U1 1.523E¢01 1.194E+i1 9.364LE*00
PU236 9. Te115E+05 7<334EH(G5 7« 326E+G5 7.270C+05 7.2256#006 T.170E+05 F.L1LE405 7.059E%0S 7. 0056705 6.951E¢06 € 897Ew05 ™
PU239 0. 2.167E+CS 2.131E+05 2.101E+05 2.151E+05 2.181FE+05 2. 131E+G5 2.181E405 2.181E¢05 2.181E¢05 2.181E¢05 2.181E%05
pUZ 40 [ 2.266EV05 2.260E105 2.2066E+U5 2.266E+U5 C.266E+55 2.266E+U5 2.266E+05 2.266E475 2.265E¢05 2426564057 2. 265E+65
PU24L 0. 2.793E-Gd 2.664E~00 2.5406-03 2.423E-00 2.31uE-00 2.203E-08 2.1.1€-U8 2.004E-C8 1.911E-08 1.822E-08 1.738E-0C
pU262 0. 2.065Et02 2.065E+402 2.JEDE4+02 2.0665E+:2 2 065E+02 2.065E+02 2.065E¢02 2.065E+02 2. G65E+02 2. 0656 +¢02 2. 065E¢G2 "~
AM241 0. 3.769E4Ck 1.408E+J5 1.B0UEXDS 2. 467E4GS5 3.09tE+05 3. 698E+35 4.2€Y9E+05 4.813E+L5 5.330E+405 5.822E+05 6.290€+05
AM2L3 0. 2.1G6E*03 2.193E+U03 2.1G3E+03 2.19EE¢03 2.19cE+GC3 2.190E+13 2.19TE+03 2.137€+#03 2. TQ7E€+ 03 2 IG7E¥CI 2.L97E#03 —
CM242 8. B uIYE+06 1.EL1E¢06 3,352E#05 I 416E+GL 2.034E¢54 6,023E+4C3 3.953E403 3.334E¢G3 3.191E¢03 3.150E403 3.130€+03
CM263 0. 6.053E4+02 5.923E¢02 5.7C6F# 02 5.672E+72 S.551E+02 5, 432E402 5.315E#02 S5.2C1E+ 02 5. 0G0EV02 4. 9BLE#02 4. B7THEY¥D2™
_ CM2uh . C. 2.030€+35 1,554E+405 1.881E405 1.610E405 1.742€+05 1. 677E+05 1.614E+405 1.553E405 1.495€+05 1.439E4G5 1. 385E+05
CM245 0. 1.269E¢C1 1.26JE¢01 1.265E+01 1.269FE¢01 1.26CE+01 1.26JE+01 1.269E+01 1.269E+01 1.269E+01 {.268E+01 1.268E+01 "~~~
CM24b 0. 1.514E+00 1.511E+00 1.511E+00 1.510E¢00 1.51CE+00 1.510E+(d 1.510€E400 1.509E+00 1.503E+30 1.509€+00 1.509€+00
CM24L7 s. 2.TU2E-06 2oTU2E~G6 247TL2E—06 2.TL2E-6 2.7 42E-G6 2.TUPE~06 2.742€-06 2.742€-T6 2. TLZE-D® 2. PL2E=(6 2.742E=C6— ~
_CM248 D. 6.6C6E-U4 6.66H6E-04 6.656E-04 6.6B86E—04 6.,6BTE-04 6.6B7E-U4 6.687E~0 6.6B7E-Ukh 65.687E-04 6.EBTE-04 6.637TE-0Ol
CF249 0. 1.203E-05 5.013E-05 6, 714E~05 T.462E~u5 7e767E-05 7.G24E~(S 7.376E-05 7.990E-05 7+9¢8E=G577.978E-05 7.965E-05 "~
CF25¢0 0. 3.666E-04 3.L56E-G4 3.306E~04 3.135E-G4 2.973E-04 2.820E~Glk 2.674E-C4 2.536E-04 2.405E-04 2.281E-C4 2.163E-04
CF251 t. 3.77T9E-07 3-7T2E-07 0.7E6E=07 8 75GE=07 S 752607 B 745E-C7 B T3ISE-U7 B.732E=07 8.725E=07 B.718E<Q07 8.T12€E-07 ~~
CF252 J. 1.060E-03 8.156E~0% 6. 277E~Cl 4. 630E-UL 3.717E-04 2.86CE~LY4 2.201E-04 1.694E-04 1.303E-04 1.003E-04 7.719E-C5
CF254 0. 4oBEOE-U7 7+399E-LG 1.125€-10 1.B857E-12 2.647E~13 2. 047E-13=3 . 191t-13-2.0b7E~-13 3. G4TE=T 3 2.974E=13 2.299E~13———
ES253 0. 3.679E-06 1.401E-10 7.317€-16 3.959E-21 1.9£1E-26 9.9CUE-32 4. 9~5E 37 2.470E-42 1.234E-47 6.164E-53 3.079E-58
__.JOTAL 1.073E¢03 9.834E+U6 3.3GUE+06 1.936E+06 1.638E+36 1.675E+U6 1.TIJE*CE 1.752E¢406 1.79GE+C6 1.835E406 1.873E+06 1. 909E+06
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Table A-2 Neutron Source Strength

ACTINIDES

NUCLIDE LISTING

PNR-CYCLIC OPFRATION=22,060uMWO/MTHH
15T SPENT FUEL DECAY UFP TO 18 YRS

cent'd.

AVERAGE FOHER(MWY 7
AVERAGE FLUX(N/CM®*2-SEC) 3.03511E+13

T i.54956E%01

SPONTANEOUS FISSION NEUT RATE-KWEUT/SEC BASIS = OHE FUEL ASSEMBLY TOTaL BURNUP(MWD) 9.1424L0E 403

NUCLIOE INITIAL 1.0 ¥ 2.0 ¥ 3.0 ¢ 4oG Y S.C ¥ 6.0 Y T.C ¥ 8.0 ¥ 3.0 ¥ 10.0°Y

pU236 0, 25156400 1,973E+90 -o551E4¢00 1.F16E400 $.535F-01 7.4L76E-i1 5.362E-01 &.596FE-01 3.604E-01 2.826E-0(1 2.216E-01

PU233 0. 4e940E+U4 5.632E4jL 5.0 6E+Qs E.USNE+UL S.OL7E+O4 4. GTOE4CH & ILOEA0L &§.902E¢0h 4 B864E+04 L.B826E+DL & 7BIE40L

PU24Y 0. 6129E405 6,12 JE+)5 6. 123E+05 Eo120F#05 H.22EE#05 64 128E405 6.127E405 6.127E#05 6.127E#05 6.126E#05 6.126E405

PU2W2 ' 8.159E+U4 B8.153E4+J06 G159 E+0L B.-59E+C4 3.159F+ub 8.159€E+% B.159FE+0% B.159E+(4 B.159E404 B.159E¢04 8. 159E¢04

PU2Lk 0. 7eB24E~10 3.,6456~39 6. 535FE-09 G.371F-09 Le223E-08 1.510E-CE 1.796E-08 2.082E-08 2.369E-08 2.€55E-0L8 2.941£-09

CM242 0. 1.723E¢07 3.680E+)6 Te250E+05 1.715E+05 +o132E¢04 1.386E+04 B.U43E4CG3 6.7B8LE#03 6.495E¢03 6.41V0E+03 6.370E+03

CHM2Llb 0. 1.1656407 1.161E+07 1.093€E407 1.85TE¢07 1,917E¢G7 9, 7BIE+(6 9,421E¢06 9.067E+06 B.726E+06 B8.399E¢(6 B8.083E¢06

CH246 0. 2.36TE+D)4 2.367E¢0N 2.3€E7E+ Ul 2.362E804 2.566E+34 2.366E+(6 2.365E+Uk 2.365E+04 2.364E¢0lL 2.36LE+Y 2.36LE* (4

CH248 0. 2.892E+01 2.892E+01 2,832E¢31 2,8326401 2.892E401 2,692E+01 2.392E+01 2.392E+01 2.892E+01 2.692E+01 2.892E¢01

CH250 2. 1.702E~05 1.702E~05 L.7G2E~05 1."02E-05 1.FU2E~05 1.7G2E~CS 1.7C2E~05 1.7026-05 1.702E-05 1.702E-05 1.702E-05

CF252 0. 1.416E+402 1.099E¢02 5.3.5E¢01 6.453F¢01 %.366E¢01 3.821E+71 2.941FE+C1 2.263E+01 1.741E¢01 1.340E801 1.031E¢01

CF254 0. 2.646E~02 4o 28E=Jk 5e126F~J6 1eGLl1E-U7 1o+4iE-03 1.114E~-06~1.737E-00-1.343E-G8 2.094E-086 1.619E-08 1. 252€-08
TOTAL 9. 2.991E+U7 1.566E¢07 1,253E+07 1.l51FE+07 1.09CE¢07 1.G57€+.7 1.02GE+07 9.841E¥06 9.500E¢06 9.171E+(6 B.855€+406
TOTAL 1.073E+G3 3.9%0E+G7 1. LU7E+Q7 1.320E+07 1.266E407 1.22%E+(7 1.195E+07 1.164E0G7 1.133E+07 1.104E007 1.076E407

1.316E+07
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Table A-2 Neutron Source Strength cont'd,

ACTINIDES _  _ PWR-CYCLIC OPERAYTICN-33,000MWD/MIHM "AVERAGE POWER(MN) 1.7022G0E+C1
. NUCLICE LISTING ’ 157 SPINT FUEL DECAY UP 1O 10 YRS AVERAGE FLUX(N/CHa#2-SEC)? 2.€QASTEE+1T
ALFHA N NEUTRON RATE ~ NEUT/SEC BASIS = ONE FUEL ASSEMBLY TOTAL BURNUP (MWD) 1.506S4E+04
. NUCLIDE _ INPUT INITIAL 1.0 ¥ 2.0 ¥ 3.0 Y 4.0 Y Sed ¥ 6e0 Y 7.0 Y 8.0 Y 9.0 Y 10.0 Y
81211 0. 1.350E~03 2+786E-02 QeCISE-03 5.232c-C3 E+425E-03 T4599ct-03 BeT54E-03 9.890€-03 L.101E-02 1.211E-02 1.320E-02
BI1212 0. 4.5€0E-02 1.L71E-01 147€5E-01 2.451E£-01 3.(B4E-01 3.643E-01 44119E-01 4.517E-01 4.840E-C1 €.0SSE-C1 S.2C1E-01
»BIZ17 0. TG 3GEFE <09 1.E55E<09 1.856E-99 2.064E-09 2.27BE-09 2.500E-09 24728E-09 2.963E-09 3.205E-09 Y.4c3E-09 3.708E-09
. PC216 0. 2.641E-07 2105-07 1.204E-06 2.042E-06 2.205E-0€ 4.755E-06 6.751E-C6 9.252E-06 1.221E-C5 1.559E-C5 2.02SE-05
CPCE2E1 0.7 6.615E-06 1.-‘ T<0% 1.9136-05 3.891F-05 ¥,059E-05 3.618E-05 9.16TE~05 B#.709E-05 5;242?7Er?.723!?11‘171E?ttvS‘*“*—‘*‘
. PC212 0. 47616400 1.118E+401 16843E+G1 2.559E+01 24220E+401 3.803E+01 4.501E¢01 94716E+01 5.054E+01 S.323E+01 5,514E+(1 .
--PCZII 0. B.G60E-04 1+5CBE-04 1691604 1.881c-08 2«CT6E-04 2.27BE-04 2.386E-C4 2oTO0E-08 2.G20E-04 J.I14€E-Th J.3T5E-04
PC214 0. §.549E-05 7+143E-0F5 14058E-04 14486C-04 2.(01E-04 2.603E-04 3.292E-04 4.070E-04 4.937E-04 S.8SSE-04 €.944E-04
pPC21s 0. T 5 iv0F-08 T TEBEC Y € IEE =T B.(5IE~0F GUBY0E-0F 1.170E-02 1e387E-C2 1e522E-02 1.695E-02 1.864E-02 2.072E-C%
PC216 0. 2.895E+00 6.80GE+00 1,1215+01 1.5556¢01 1.558E+4061 2.312E+01 2.615E+01 2.867E+01 3.0T3E+01 2.2276€+401 3.3€5E+01
PC218 0. T TTTTTTY.96CE-05 3.CC1E-0F 4. 5TEE-05 6.824E~(5 B.E61E-0% 1.126€-04 1.429E-04 1.761E-04 2.,13TE-04 Z.551E-04 3. 00CE=04
A12117 0. 4,712E-04 8.201E-0% 943106-05 1+035E6~C4 14143E-04 1.254E-04 1.368E-04 1.486E-04 1.6076-04 1.722E-C4 1.E€CE-04
RhN219 0. To€0SE-03 3.Z16E-C3 Q4640E-03 6.C40E-03 T-Q1TE-03 B.7T2E-03 1.011E-02 1.182E-02 1,271E-02 1.358E-02 1.524E-02
RK220 0.  2.191E+00 50147E+00 8.482E+00 1.178E+01 1.482E+01 1.750F+01 1.980E+01 2.170E+61 2.326E+01 2.450E+01 2.547E+(1
RN22Z 7 0. T 1 33RES05 241C0E-08 TIITIE 05 H.ITIE-0S €.€856-05 T.654E-G5 F6B0E-C5 1.197E-04 17352E-04 1.722E-C4 2,04z2E~-04" "~~~
FR221 0. 34049E~04 54371E-05 €e024E-05 60698E~CS 74295E-05 B8.113E-05 8.853E~C5 9.616E-05 1.040E-04 1.121E-04 1.202E-04
RA223 0. ) G.1BEE-08 1+841c~C023 ZeCECE-03 3+807E-02 4¢285E-023 5.021E-03 S5.7B3E~03 6.535E-03 T.279E-02F 8. CUIE-03 8.72CE-03 -
RA224 0. 1.506E+00 3.527E+C0 S.828£+¢00 8.094E+00 1.018E+01 1.203E+01 1.360E¢01 1.491E+01 1.598E+01 1.6E2E+01 1.75CE+01
RA226 0. B.001E-06 1.256E-0% 1.861E-05 2.615E-05 -.-zos 05 3.578E-0% 5.790E-05 T.IGBE-0F B8.684E-05 1.07JE-04 1.2ZIE-0%
AC225 0. 24275E-04 4.C07E-0S 4e494E~05 4.997E-05 SeS1TE~05 640S53E-05 6.605E-05 7.174E-05 T7.759E-05 8.3€6GE~05 8.57E6E-0C
AC227 0. 2.7576-127 8 C13E-12 7.230E-12 9.311E-12 1 1S6ETIY T 36 TE= 1T 15 73E=T1 T 7T9E=1T 1.980E=TT "2 T78E- 1123312 E-11" T
TEZ21 0. 9,082E-04 1e753E~02 2.5206-G63 3.293E-02 4.(44E~03 4.783E-03 5.510E~03 62256-03 6.930E-03 7.6Z9E-02 B,20€E-C2
TFZ28 770.77777  T1.279E+00 3'. (125400 GaGE0C+00 6.886E+00 €€6TE+00 1,023 01 TL.I56E+01 T.268BE«01 I.399E+0T1 1.4 7TESTT 1. ¥€FE+0T —
TH229 0. 2.224E-05 €20E-05 2e8265-05 3e¢143E-C5 34469E~05 3.806E-05 3e154E-05 4511E-05 4.879E-0% S.25EE-05 S.€4€E-05S
THZ30 0. 8.787E-0 .z
THz3z2 0. 7.122E-09 1.121E~0€ 1.523E-08 1.928E-(8 2.346E-08 2.7S4E-08 3. 163E 08 3. 5715 08 3. 9eoc 08 4.3E9E-08 4. 7=7£ 08
pa23il 0e T ALETTES-D2 1LT0TE-02 T T31E-02 1.759SE=02 T V79602 1.8036-02 {.82TE-TG2 {.851E-02 1.875E-02 1.8SSE-02 [.92zE-02"
L3z oO. Se0Z7€+00 T.€28E+C0 Se€26E+00 1.117€E+01 14233E+401 14321501 1.387E+01 14435E+01 1.469E+401 1.4S2E+01 1.S0€E+01
233777 0. T A BB 02 2. 15BE -0 2.882E~02 2 984 TE-02 3L UR2E-02 YL I13BE-02 J.2I1E-(2 I.326E-02 I.A21E-U2 ¥ S516E-C0e Y eTIES~Q2T T
U234  9307E+062 4.15€E£402 4.202E+02 44248E+02 442956402 44341E+02 4o386E+402 4e431E+C2 4e876E+02 3.521E+02 4.565E+02 4.605E+02
U33¢ 3.SAIE+CL T-907E+00 T<SOTE+00 T+GGBE+00 7.508E+00 1.508E+00 1.908c+00 7.908E+00 7.90BE+00 7.508E500 7.905E+0U 7.SUSE~-U0
L1236 0. 1.260E+02 1.260E+02 14260E+402 10260E402 14250E402 1e260E+402 1.260E+402 1.260E+02 1.260E+02 1.2€0E+402 1.260E+02
TUEZ38 T IJ0B6EF 0T 1,058 E Y TLGEREV I T I USBER U2 TS0 HET 02 1L 058E+ 07 T 0S8ESU2 TL.058E+02 T-USBE+02 T, 05BE-02 T USBE-0Z 1. 0SEEO2
NF237 0. 2,00SE+02 2.CE3E+0Z 2406847402 2.064E402 2.066E+402 2.067TE+0Z 2.069E+02 2.071E+02 2.073E402 Z.GI1EE+0Z 2.071EE+02
PLZ3I€E 0. G IS0 +02 3 e TTE+ 0z 2.9¢CE+02 2.0V IE+02 TSTTEF02 12238402 G.693E+ 01 T.60TE+0T S.I60EUT Q.6 T3E+0T JITGEAESTY
. PL238 . 0. 2.612E406 2.7S4E+0€ 2.7€0E+06 2.7456+06 247256406 2,704E406 24683E+06 246626406 2.642E406 Ze621E406 2.E01E+0€
PU239 T 0. P e 322E+05 2.36BE+0S 2.368E+05 2. + . 0% 2. + P’ 3 - * < JGBES e 05 2. v
. PU240 0. T.48EE+05 3.4S0E¢05S 3.4525405 3.493E+405 2.4956+405 3.496E+405 3.49TE+05 3.498E+0F 2,500E+05 2.5C1E405 3.S0ZE+05
CEGEAT TS T T B UBSE 08 S TEIE SO0 S 5ISE=08 5.2608-08 S CIBE=0B 4. T83C-0F 8.561E-08 4.350E-08 G.148E=08 T.9S6E-08 3 71ZE<08~ "~
-~ PL24Z 0. BeSTEE+02 84S76E+0Z 84576E+402 B.STEE+02 BoSTEE+D2 B.STHE+02 8.5T6E+02 8.5T6E+02 8.576E+02 E.57€E+02 8.51€E02
CPOARE T ST T T T ST E S Y S A SE ST T S LB IE S 2 1A TESIT T TEST1T 2308 =TT 25 748E =TT 3 TB9F =YY ¥.630E=TT 4 U7U0E=TT A SITE=IT
AMZ41 0. 7.435E+04 22316+ 0% 3.842E+05 5.281E+405 €o€51E405 749596405 9.194E+05 1.037E+06 1.150E406 1.257E+0€ 1.2SEE+0€
AP T 0. T.BTIE+03 T.€TAE+U4 T.ETUE+04 T.ETAET0G T ETHE+0G L.674E+08 T.6T4E+08 T.671FE+UL T.673E+04 V6 TIERCH 1€ E 0
cM242 0. 4,878E+07 1.040E+07 2.203E+06 4.750E+05 1.082E+05 3.055E+09 1.409E+04 1.057E+04 9.791E+403 S.5S2E+03 SeS1EE+03
. CFZ42 O. TS 2T4EY03 5, 1616402 S, 0506403 4.942E% (Y G BIEETO I A TIREV T GLEINETTS L5 32EF U3 4G HGESCI 4L 3 ISEVIITAT2WEE0I T 1T
- CMZ44 . 3e051E406 2e5ITE+CE 2.827E+06 2.721E+406 ZoE18E406 24520E40€ 2e425E+C6 2.324E406 2.24T7E+06 Zo1€ZE+06 2.081E+06
EN248 00 T TRV TRER 0 T LYTRER O R ITEES G2 29T AEW 02 2SS TIEF02 2 9TIER 02 ZLOTSEV 02 2 9 TIER02 29 T2ER 02 2L T2ER02 2T9TZER02 T
CM246 Do 7.127€+01 7.126E+01 7.125€+01 7. 124E+01 741226491 T74122E+01 7.121E+01 7.120E+01 7.119E+401 7.118E+4C1 7.117E+G1
. CFZ41 T 0. 2e331E-04 2e221E-04 C.371E-Cq4 2.33IE-04 Z.YSTIE-04 2.37T1E-T4 2.33TE-U8 2.3ITE-T& Z2.33IE-08 2.37IE-T04 Z. X IE-u! —
CvZ4B8 D, 1.106E-01 1.166E=-01 1<106E-01 1.1065-01 14106E-01 1.105E-01 14106E-C1 1+106E-01 1.136E-01 1.106E-01 1.10€6E-01
CF249 3. 7TTTTTZII09ES0F I0I23ES02 10822002 20092602 2L 148E =02 T2 I8IE-07 2+204E-02 2.209E~02 2.208E-02 2 206E-02 2 202E=027
CFzs0  d. 1¢429E-01 1.369E~-01 1.258E-01 14231FE-C1 14167E~01 1,107€-01 1.050E~01 9+959E-02 9.444E-02 E.9STE-02 £.4S%E-02
« CF251 0. TTUTTAISIGES08 4LSTSERLA 4532204 40528E=C4 A.525E-04 4.521E-U4 3.5IBE-U4 4.5T4E-08 4 5TTE-US 4. STUTES 04 4 SONE~04 T
CFz52 0. 1.069E+00 8.223 1 6.3286-01 4 B706-D1 3.747E-01 2.884E-01 2.219€-01 1.708E-01 1.314E-01 1.011E-01 7.78ZE-02
TF254 0. 2. = 5= SoBTBE-01 8.951E-09 1.Y61E-T0 2.247E-12 3.202E-13 2.847BE-T -, BEUE-13-C.JFFE-T3-2 JUTE-TT
. ES252 Do 8. soas 03 3 Fe1E- 07 2.0926-12 1.060E-17 T04E-22 24650E-28 1e324E-23 6+613E-39 3.303E-44 1.650E-45 B.242E-5¢
TOTAL 1.D73E+C3 SoS513E+07 1.6G4E+07 BaISOE+36 TeO0TSE+DE €EoT127TE+06 GoBLIEV06 6o652E+06 6+655E+06 6.6I8E+0E E.GEUL*0E GLEECESTE
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Table A-2 HNeutron Source Strength cont'd.

ACTINIDES PWR-CYCLIC OPERATICN-33,000MWO/MTHHM AVERAGE POWER(MU) 1.70220E+¢C1
NUCLICE LISTING o TTTTSTUSFENT FUEL OECAY U2 10 10 YRS AVERAGE FLUX(N/CM#s2-SEC) 3.EQ4JT€E+13
SFPCNTANEQUS FISSICh NEUT RATE-NEUT/SEC 2ASIS = ONE FUEL ASSEM3ILY TOTAL BURNUP (MWL) 1.S0€54E+04
< NUCLIDE INPUT INITIAL 1.9 Y 2.0 ¥ 3.3 Y 4.0 Y 5.0 Y 6.0 Y 7.0 ¥ 8.0 Y S.0 Y 160 Y
- PL235 0. 9.820E400 7.740C+00 EJESE+00 87596900 3,731E+00 2.926E+00 D.294E+00 1.799E+00 1.410E+00 1.106E+00 BLETIE-01
PLZ3B _ 0. 1e814E+405 1.S12E+405 1eF1EE 05 1906E005 1,892E405 1.877TE+05 1.863E+05 1.348E+035 1.834E+405 1.820E+05 1.8CEE+0S
PU240 " 0. GeQI4E+05 F+428E+0% GoH42ESLS F.R46EFCS G2450E+05 9G54E+05 9.A5TE+05 G<361E+05 G.464E+05 C.A€EIE+05 . 41LE+05
PLZ4Z O, 2.309E+405 3.289E+0°5 3,269E+¢05 3.3895005 2,789E+40% 3.389E+40F5 3.389E¢CS5 3.389E¢03 3,389E+405 2.38GE+0S 3.28SE+0%
- FLZ44 0. 1e130E-07 S<8ES5E~07 1eCEGE-06 1.538E-C6 Z+CO0TE-0E 2.4B1E-06 2.955E-06 J.828E~05 3.J00E-0€ A+3716E-06 4.B5TE-UC
Cr242 0. 9,927E+07 2.117E+07. 4.994Z+06 9.6E6E®05 2,201E+05S 64216E+04 2.86TE+04 2.151E+0% 1.992E+04 1.952E+04 1.92€E+04
cr¥244 0. 1-781E+08 1. 715E+0€ 1.E-OC+08 1.5CBE+08 1.,529E+08 1.471E+08 1.416E+GE 1.363E+03 1.3126+08 1.2€26+08 1.21CE+08
CF24€ 0o  hel1TE+D06 14116E+0€ 1.316E+06 14116E+06 1,116E+06 14116E+06 1.116E+06 1.1156+05 1.115E406 141156406 14115E406
-~ CrZ48 0. 3o T3E+03 4., 7183E+0Y 4, 784E+03 4. 704E¢03 4, 78B4E+03 A,7B5C+03 3.7BSCE+03 Q.785E+03 4.785E+403 A,78SE+03 4, TESE+0Y
cr2s0 0e  9.604E~03 F.ELTE-0 S.EQ7E-03 F.6CEE-02 So€IEE-02 9.605E-03 9.605E-03 9.6056-03 9.604E-03 S.604E-03 9.€02E-02
CFzs52 g. 1.4Z8E+05 1.0S9E+0€ 044S4E+08 6.505E+09 EoC06E+08 3.BS2E+0Q 2.965L+08% 2.081C+00 1.7S6E+08 1.3°TE+04 1.04CES0S
CF254 0. 1.380E+402 2,1C2E+0C 2ec00E-02 44873604 7.410E-06 1.223E-07 1.743E-08 1.348E-08-2.101E~G8~1.625E-08-1.,25€E-08
T0TAL O, 2+B01E408 1.9S4E+08 1.T226+08 L+625E+08 1.SSTE+08 1.498E+08 1.442E+(B 1.389E+08 1.328E+08 1.268E+08 1.241E+08
TOTAL 1.073E+C3 3.353E+08 241Z23E¢08 1.8105+08 1.€95E+08 1o€25E6+0E 1.565E408 1.509E+C8 1.456E+408 1.404E+08 1.35SE+08 1.30£E+08
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Table A-2- Neutron Searce Strength cont'd.

ACTINIDES - _ PWR=CYCLIC OPERAYICN-404000MWD/MTHY AVERAGE POWER(MW) Z2.0E240E+C]

. NUCLIDE LISTING 1T SPENT FUEL DECAY UP TO 10 YRS AVERAGE FLUX(N/CH«*2-SEC) 4.S910BE+13

. ALFHA N NEUTRON RATE = NEUT/SEC _ BASIS = ONE FUEL ASSEMBLY TOTAL BURNUP(MUO) 1.82611€+04
. NLCLICE __INPUT INITIAL 1.0 Y 2.0 Y 3.0 Y 4.0 ¥ 5.0 Y 6.0 Y 7.0 Y 8.0 Y 5.0 ¥ 10.0 Y
. BI211 0. 1.884E-03 2+87BE-02 4-103c-03 5.3026-03 E+475E-03 7+623E-03 B.7T4BE-C3 9<BAJE-03 1.093E-02 1.155E-02 1.302E-02
81212 0. _ Ee129E-02 1.516E-01 2.594£-01 3.6905-01 4.716E-01 5.631€-01 6.,419E-0G1 7.079E-C1 7.621E~01 €.CESE-01 8.2SEE-01
CBIZLY 0. T T T Y 6S0E-08 2.393F-06 J.€75F-05 2.7656-00 Z.G68E-09 3.172E-09 3.389E-09 3.6140-09 3.BA7E-U9 2.CGC0E-09 d,343E-09
. PC210 0.  2.43BE-07 5.636E-07 1.06435£-06 1.725-C6 2.€83E-06 3.940E-06 5.556E-06 7.582E-06 1.007E-0S 1.306E-05 1.6€0E-05

pC211 0. T.0656-06 1.3706-08 1.953E-05 2.824E<05 Y. 083E-05 3.629E-05 3.165E-05 4.689E-05 5.203E-05 S.7U0GE-05 6.15SE-0%
« P€212 0. 6.410E+00 1.583FE+01 2.708C¢01 3.8526+401 4.924E+01 5.880€+01 6.702E+01 7.392E+01 7.956E+401 £441CE+01 @.7€€E+01
«POG21F 0. To503E-63 2.1B0C-08 2+346E-08 2.5206-04 Z.701€-08 2.B90E~04 3.0B8E-04 3.0935E-04 3.508E-04 J.T7ZJE-04 3.95SE-D4

. PC214 0. 1.9500-05 64C170~0% BeT27E-0S 1.214E-04 1.€26E-04 2.110E-04 2.669E-04 3.303E-04 4.(014E-04 4.8C4E-04 S.€72E-04

CPC21S 0 0. T 20289603 §.430E-03 E.316E-03 BL161E~03 C CEEE-0T 1.1T3€E-02 1.348TE-C2 I1.516E-0¢ = 84S0z 2. 00%E=-072

PC216 0.  3.8STE+G0 9.EZ3E+0C 1.E4TEP0l 24342E¢C)1 2.994E+401 3.575E+01 4.,075E+01 4.494E+01 4, 838E001 S.114E+01 S5.220E+01

PC218 0. 7T T1.T2TESGS 2-€C4E-0S I TIIEC08 5552605 T C36E-05 J.134E-05 1.155E-04 1830604 1.73TE<G4 2<CI1CE-04 2.4SCE-04 s
- A¥1217 0. B.27€E-04 1.,2C0E-04 142926~04 1.387€-04 1.487E-04 1.591E-04 1,700E-04 1.813E-04 1.930E-C4 z.CSZE-C8 2.17EE-04

.RN215 O T.713E-03 3.323c-03 G.737TE-03 Go120E-03 T+475E-03 B.B00E-0F 1.0106-02 1.137C-02 1.262E-02 1.364E-02 T.503E-02

RA220 0. 2.950E+00 T7.284E+00 1.247E-01 1.773E+01 2.266E+01 2,7C6E+01 3.085E+01 3.402E+01 3.662E+01 2.871E401 4.025E+01
~RN22Z 0. TUTJITIES05 1.I€9E-0% 2.5€6E~05 3.566E~05 4.180F -0 6. 206E-05 T.849E-C5 9.T14E-05 T 181E=04 T.41JE- 04 1 E€EE=04 —~
- FR221 0. S¢355E-04 T.7€7E-0% B84257E-05 8.975E=05 9+621E-05 1.029E-04 1.100E-04 1.173E-04 1.249E-04 1.327E-04 1.4CSE-04
« RA221 0. GoB0GE-04 1.902E-07F Cel1IE~03 3.503E-03 4.27T8FE-03 5. 037E-03 5.780E-03 6.508E-03 7.220E-03 "7.91SE-03 "8, €04E-T3

. RA224 0. 2.027TE+00 SeGO0SE+00 BeSEQE+00 1.218€¢01 1eSSTE+01 1.859E+01 2.119E+C1 2.337E+01 2.516E+01 Z.6SSE+01 2.77ZzE+01

RR22€ ~ C. T 01SE-06 1-CSBE-0¢ 1.5356-05 2.1%4E-(5 Z2+.8596-0% 3.712FE-05 4.6956-05 5.B10E-05 T.061E-05 F.449E-U5 9.977E-0%
~ AC22% 0. 30995E-04 S5.7S4E-0% €+224E~05 6+695E-05 1e177E-05 7.680E~05 8.203E~-05 84749E-05 9.316E~05 S.9GIE-0S 1.0S1€-04

AC22T B T T TZUY28FTI2 S ciT9E T2 1L 3B1E- 12 95 I6E-12 I T TEAE SN T T I TIESIT [T 3E=TT TS TTIESYT TL.965E=TT 2o sSE=IT 20341611~

TH227 0. Gu6TE~04 1.E12E-02 2.583E-03 3.3276-03 44C76E-02 4.798E-03 5.506E-03 6+200E-03 6.879E-03 71.544E-C2 Bo1S€E-02
A~ TE228 7 70077 T 12TE+00 4. 2e3E50C 72290+ 00 1 036E+ CL 1o 324E+0T To5BTE+UT T.802E+U0T T.987E+0T 25 T39ES0T Z+2€1E+0T 23 ITEE+0T
-~ THZ29 0. 3.380E-05 3.644E-05 3.921E-05 2¢211E~05 4.514E-05 4.830E=-05 5.160E-05 5.502E~05 5.858E-05 €.228E-05 6+61GE-05
- YF23§ 0. €. B28E-03 9.5 5BF-0T T2 CE=02 I.520F-C2 TL.PITE-UZ 2L IUBE-02 2.4TIE=-02 Z2.7T9E=02 3.U3SE~-02 T<35JE-C2 I ETEE=-U2Z

THF232 D 7e85BE-09 1.,216E~08 1e646E-08 2.076E~08 2.507E~08 2.937E-08 3.367E-08 3.797TE-08 4.22BE-C8 4.6S8E-08 S5.0ESE-08

PAZ31 0. T 1 6B81E=02 T1LTE4E=02 1S T2IET02 L TIGE=02 1L 1S2E=02 1. 768E=02 TL.78%E-U2 T.BU0E=02 1. BI6E-02 T B8 I3E~-C2 17 84SE=02"

232 G. €.908E400 1+122E+C1 1.471E+01 1.731€+C1 1.S30E+01 2.080E+¢01 2.192E+C1 2.2756+01 2.324E+C1 Z.37€E+01 2,402E+01
T332 7 05 ~ TTTTT2Y3SYE S 02 2 44E 02 20595602 2. T IES02 2. 83BEF02 2 9S9ES U7 3L0BTE=02 3. 202E=02 3 I 24E=02 T A46E- 02 I TERES 2T

L234  9.30
.TU238303%

TE+G2 2.340E+02 3.412{002 Je48SE«02

35576402 2,€30E+402 3.702E+02 3.,773E+02 3.844E+02 3.914c+02 J.,983E+402 4,052E«02

GIE+ (1 5. 3210+00 9.12 BLTICIE+ 00

5.321c+00 S.X21c+70 . + . + . - . + TeJcct*

~ev-cck ¢

. TOTAL 1.073E403 8.512E+07 2.842E+4¢07 1.620C+07 1.250€407 1.2

Z36 0. 1o3276002 LoT276+02 1.327E+02 1.3275+02 1.327E+02 103276402 1.327E+02 14327E+02 1.327E+02 1.328E+02 143286402
LTC238  1:086E¥CZ IL051EV02 TS O0STE+0Z T2 0SIEFUZ T2 05TEF 02 T.USTESDZ ToUSTESUZ TL.USTESUZ ToUSTESU2 TLUSTESU2 Te0TIEF02 T 05TE¥02
- NP237 0. 2.562€402 2,644E+02 2.644E+02 2.646E+(2 2.64TE+02 2.649E+402 2.651E+02 2.653E402 2.656E402 2.659E+02 2.6€2E+02
CPUZ36 T e TTTTTIUOTOET02 S G ECEER 0T 4. TIIEF V2 IV ISTEFOZ 2. €64E 0T 2. UBIETUT TL63BEFUZ T.2BUEF02 TLUUTER0Z TLBSSE0T 6L ISIEROT T
. PUz38 0. 4.120E+06 4.224E+0€ Q.242E+06 4.21TE+406 4.285E+406 4.253E+06 4.220E+06 4.18TE+06 4.155E406 44122406 4.05CE+06
‘.3?0?3?”"ﬁt““‘“““??331{735“27392E7U5“273v2E¢U5-27372E7U5—273§2ETUS—2T3v2t7Us'2T3vzt7U5—z:392E7v5—27392€7n5—77352t7v5—1513221v5“—"“———’-
- PL24) 0. «8I3E+05 3.B38E+0S 3.842E¢05 3.B47E+05 2.851E+05 3.8556405 3.859E+C5 3.863E+05 3.867E405 2.87CE+05 3.874E+05
LPL240T 0T T YT TR € TS ESE 0T BSOS U8 635 TE 0B E - TSEE 85— TTRE TR S SUBE =B 5 -757E-UE 5+ UUIEUE TiTITES IR ¥ == SE=0n
. PL242 0. 133564063 1.225€¢C3 1.33SE+03 1.335E+C3 142356402 1.33564C3 1.3356¢03 1.335E403 1.335E+03 13256463 1,225€03
SPUZEN O, T T ATTESI2 S eETES IT T C25E =TI ISUITEST0 T 33TE=T0 Te645E=T0 T+9SYE=TU 22 73ETU 2+587E=T0 2 SUTEST0 T2 TSE=T0
. AFZ41 0. 7.6B4E404 2.€B86E+05 44311E+05 6.248E+C5 7.902E+05 9.476E+05 1.097E+06 1.240E+06 1.276E+06 1.50SE40€ 1.6Z7E+06
. RFEET 0. L v T : “IVGEFUS T, TUGESUT 3. 3UBESUT 3.3USESUF 3.3USEFUT 3.305E%0F T-3UAE+ 04 3. 309E50%
. CM242 0. To219E+07 1.538E+07 3.263E406 6.987E+05 1.562E+05 4.136E+64 1.703E+04 1.184E+04 1.071E+04 1.043E+04 1.GI2E+G4
S CHZ T T T T TIZIEFOI 9L IZIES 0 ESS25E €03 8T THESTITELTATES VI TBITENET0OT B TBSEFUI BLUUTEVOI TTBIBEFUI T TTET0E403 T IS0CE403 T
- CP244 0. £o06SE+06 ToT7€3E+0€ 7.471E+06 To191E+06 E.921E+406 6.661E¢06 6.910E+06 6.169E+06 S.93BE+0E S.T15€+06 5.5CCE+0E
L2450 T TS 2T ZER 02 9L ZITER 0 TSV 2TIE W02 (95 21 0EF 02T 9T 209E% 02 9L ZUBEFUZ YL ZUBEF 02 Y2 UTEFUZ 5L Z0BES0Z ST 0SEV02 YT 204E 4027 T
- CH24€ 0. 3.005E+02 I.GCIE+0Z 3.004E+02 3.004E+02 3.004E+02 3.003E+0Z 3.003E+C2 3.002E+02 3.002E+02 2.061E+02 2.CCIE+02
~ C¥241 O. To286E-03 T.286E-TT TeCUEE-TI Te23€E-TF TL24EE-02 To236E-T7 1.24b6E-U3 T.2Z36EL-U3 T.2586E -0 TW2UEL-UT T .2¥EE-TUT
- Crzag 0. 7.880E-01 7.8826-01 7.882E-01 7.884E-01 7.E85E-01 7.886E-01 7.886E-C1 7.887E-01 7.887E-01 7.8876-01 7.8E7E-01
SBK249 0% 77T TTITEI2ETIL CWVETSES 1L 200818127 97202E-1F 4L 109E I3 TeB3SETII BTI92EST4 3S656ET14 To633E-TA T 256 TSI 28€E-1S T T T T
- CFZ85 0. 1.623E-02 14148E-G1 1.587E-91 1.780E-01 1.869E-01 1.900E-01 1.914E=-01 1.918E-01 1.917E-01 1.915E-01 1.912E-01
WCF2507T 00T T T ISA0IET 00 T IIBES (0 TR 269EF 00T 1L 204EF 00 1314 2E 500 TS UBSEFOU ToU27EF L0 9+ TIBE=CT 9+ 235E=CT Es TEBET01I Bv3CEE=01——— = —
- CF251 0. 4.882E-03 4.878BE-03 4.874E-03 4.870E-03 4.867E-03 4.863E-03 4.859E-03 4.855E-03 4.852E-03-4.848E~03 4.844E-03
- CF252 0. TOXTE UL 1T I7BE+UT S.OCAE+UU 6.97SE+UT S+ J68E+#00 F.TIITESTU J.T7IEFU0 Z446E+00 T.8B2E¥00 T1.9445EF00 1. TISEFOO
. CF254 0. 64221E-02 9.4725-04 1.4426-05 2.196E-07 2.244E-09 5,1206-11 5.464E-13-1.707E-13 2.6626-17 2. (SEE-TI-3.205E-TT
¢« ES253 | 0a  ____14554E-01 7.020E-C€ 2.931E-11 1.992E-16 S.SE7E-22 4.9B0E-27 2.488E-32 1.243E-37 6.2076-42 1.101E-48 1.54SE-53

B2E+07 1.257E+07 1.241E+07 1.228E+07 1.2156+407 1.2026+07 1.1SCE«Q7
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ACTINIDES

Table A-2 Neutron Source Strength cont'd.

—

FWR-CYCLIC OPZRATICN-204000¥

KO/MTEM

AVERAGE POWER(MMW)

2.,0€340€+01

+ NUCLICE LISTING

.

+ SPONTANEQUS FISSION NEUT RATE-NEUT/SEC HASIS = ONE FJEL ASSEMBLY TOTAL BURNUP (MWD) 1.82611E+C4
- NLCLIEE INPUT INITIAL 1.0 ¥ 2.0 Y 3.0 Y 4.0 Y 5.0 Y 6.0 ¥ 7.0 Y 8.0 Y 9.0 ¥ 1.0 Y
. PL236 0. 1.659E+401 1.208-+01 L.025E+01 Ba039E+CJ €.303L+00 3+943E+00 3.875E+00 5.039E+00 2.383E+00 1.8€BE+00 1.4€CSE+DD
PU238 0. 2.8605405 3.0102+05 3.3:5E+405 2.997F2405 2.5750405 2.953E+05 2.930E+C05 2.90TE+05 2.885E+405 2.B€2E+405 2.84CE+05
FL240 0. 1-03€E+C6 1<UBEACE 1.036C+0€ 1.040E+26 1.,0490E+06 1.043E+06 1,044E+C6 1,085c+06 1.046E+06 1,04TE+(6 1.04EE+CE
PL242 0. L 5.275E405 545755405 542755405 54275E+15 Se2752405 5.275E+405 5.275E+05 52756405 G4275E+0S £4275E40€ S.21¢E+05
- PU244 0. 8.039E-07 4+L71BE~06 7e554E-06 16033E-D5 1.,431:-05 1.T76BE-05 2+106E-05 Z2448E-05 2.7B1E-00 3.119E-0%5 3.4°7E-05
Crzaz Oe 1,469E+08 3.120-¢07 6e64IE+G6 1.422E+066 2,1782+0% B8.416E+04 3.465E+404 2.409E+04 2.179E€404 Z.1226+404 2.103E+04
Crzaa 3. 4.70BE+08 Qe 12-¢08 A.3EOE+08B 4.10FC+D08 4.080+08 3.889E+08 3.,7A2C+ (8 3.602E+08 3.467E+0B J3JGE+L8 J.2ITE«08
Cr246 Q.  4.708E+06 4+7CAZ+06 4.7L7+06 4.T06E+06 4.706+406 4.TOSE+06 4.TO4E+05 4, T04E+06 4.TO3E+0€ 4.T02E+06 4.701E+06
Crzas 0. T3.408E+00 3JAC9EF0Q 3.430C+04 IAT0E08 I RIOEC04 F.411E+08 3.411€+0% S5.011E+04 3.411c+08 J.411E+04 T ATIE+TY
€¥250 0.  14210€-01 14211E-01 14211E-01 1.211E-01 1.211E-01 1.210€-01 1,210E-00 1,210€-01 1.210E-01 1.210E-01 1.21CE-01
CF25:2 0. 2.085E+06 15747 ¢0€ 1.2115+06 Go215E+05 71 HTLE¢05 SeS1B8E40S 8,24 7TE+(E- 3.26BE+05 2.519E+405 1.925E+(5 1 4€5E+0S
CF254 0. 33876403 SeASTE+01 7.8526-01 1.196E-02 1.820E-04 2.78TE-06 2.986E-03-9.294FE-09 1.449E-08 1.120E-08-1747E-08
TOTAL 0.  Ee26AE+08 4.5Z7E+0E 4.507C+08 4.2385+08 4.117E+08 3.961E+08 3.813E+08 3.6T1E+08 3.5356+408 2.4(4E+08 3.275E+08
VOTAL 1,073E+C3 741156408 5.211E+08 4.€59E+08 4.423E+¢08 4.245E+08 4,087E+08 3.937E+08 3.794E+04 3.657E+08

1<T SPENT FUEL CECAY UP 10 1

0 YRS

AVERAGE FLUX(N/CM«#2-SEC) 4.597108E+13

21.52SE+08 3.25€E+08
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Table A-2 Neutron Source Strength cont'd,

AACYINROES . GE_STD _BWR -4 CYCLE=-2. 66.._HLC__ELLG&.._____'___.AV_EBAGL__EQHEBLHH) S.65050f 00

* NUCLIDE “ISTING 18T SFENT FUEL DECAY UP TO0 1C YRS AVERAGE FLUX(N/CM#*2-SEC) 3.42695E+13

* _ALPHA N NFUTROM RAIF - NEUT/ZSFC  AASTS= ONE FUFL ASSEMALY JOYAL BURNUP(MWDY £a21555E+03

¢ _NUC) IDE INPUT INITIAL laf Y 2.0 Y .0 Y 4.0 Y Sal_ Y bafi ¥ 1.0 X 8.0 Y 9.0 Y 10.0 Y

‘81211 g. 16153€-03 1.942E-C3 2.€24E-C3 3.308E~03 3.965E-03 4,607E~03 5.234E-03 5.845E~03 6.4943E-03 T.026E-03 7.596E-03

* RI212 0. Se2A7F=02 14011F~01 1,558F=01 2,098F =01 2.596F=01 2,025f~-01_ 3.4100-01 3.722F~Q1 3.9155:111_94;18&'.:‘01__1;116E:n.l.,__.”__.-*_.
' BI213 0. 8.759E-09 E4SE~-CS 1.631E-09 1.720€E-09 1.814E-09 1.913€-09 2.016E-09 2.123E£-09 2.235€-09 2.352E-09 2.473E-~09

cPo2ic_ Q. 2.992€-07 S.1245=-07 9.578F~C7 1.465F=06 2,126F=06 2.990F=-06 4.054F-06 5.354F-06 6.913E-06_B.T758E-06_1.093E=-05_
* PO211 Ge 5e491E-06 S.251E-G€E 142S4E-05 1e57SE~05 1.888E£-05 Z.193E-05 2.492E-05 2.783E-05 3.067E-05 3.345€-05 3.€17E-05

" p0212 (o Sa899F G0 1.056Fe01 1.626F+01 2.191F+01 2.711F+01 .169F+01 3.560F+01 3.886F+01 4.151F+01 4,363F«01 4,528F+0) =
" P0O213 Ce 7.981E-G4 1.408E-C4 1.486E-04 1.5€7E-04 1.65S3E-04 1.743E~04 1.83I7E-04 1.925€-04 2.037€-04 2.143E-04 2.253E-04

"P02)8 (e 34825F=C9 §,81SF-0CS €.C66F-05 R.683F-09 1.117F=-04 1.403F-04 1.731F-04 2.097F-09 2.504E-04 2.951F~-04_J3.490E-04 —
" P0O215 a. 1.775E-03 2.991E-03 4.059E~03 5.091E-03 64104E~03 7.092E€-03 8.056E-03 8.998£-03 9.917E-03 1.082E-02 1+169E-02

"P0216. .. _Le .o . 30348FE¢C0 F£.41SF+0C 9,889F+C0 1,332F«01 1.248F¢0) 1.927F+01 2.16S5F+01 2.3636¢01 2.524E+01.2.633€+01 2.233E+01_ . ___
" P0218 G. 1.482E-05 2.084C0-CS 2.842E-05 3.758E~05 44827E-05 €.081E-05 T4493E-05 9.077E-05 1.084E-04 1.277E£-04 1.489E-04

“_AY211 Oa 4.394F-09 1.251F=-0F% B.179F-05 R4629F=05 9.101F-05 S.594F~05 1.011F-08 1.0R5F-04 1.,121F-04 1,180F-048 1.240E-04

" RN219 0. 1.332E6-03 2.243E~02 3.040E-03 3.818E-03 4.578E-03 S,319E-03 6.042E-03 6.748E-03 7.438E-03 B8.111E-03 8.769E-03

" _RN220 0. 2.531E+00_4.859F+00 7.486F+00 1.008F+01 1.248F+01 1.459F+0) 1.629E+01 1.789F+01 1.911F«0]1 2.008F+01 2.0849F+01

“ RN222 0. 1,007E-05 16416E-05 1.4S31E-05 2.553E-05 3.286E-05 4,121£-05 S.091E-05 6.167E-05 T.362E-05 B8.678E-05 1.012E-04

~» FR221 Ce 2843E-04 Se019E-CS £02926-05 S5.583F-05 S5.889E-03 €.2080-05 6.543€-05 6.89326-05 7.250E-05 7.633E-05 8.02EE£-05

" RA223 c. Te621€-04 1.284E~C2 14740E-C3 2.185E-C3 2.620E-03 2.044E-03 3.458E-03 3.862E-03 4.257E-03 4.642E-03 S.C19E-03

“ RA2289 Qa4 0 1aT739EC0 J.TIBEL0 9.1926+00 6,92T7FE+00 8.572F+00 1.002F+01 1.326F+01 1,.229F 01 1.313F«0) 1.380F01 1,932FE+01
6.024E-06 Bo4T0E~-06 14155E~-05 1+527E-05 1.966E-05 2.471E-05 3.045E-05 3.689E~05 4.403E-05 S5S.190E-05 6.051E-05
3.948E-06S 84.160E-05 44393E-05 §.622E-05 4.881E-05 S54141E=05 5.4126-05 5.694E~-05 5.987E£=-09 __

“ RA226 0.
“_AC225 Q.

2.121€6-04 3.742£-C5

~ AC227 0e

2.223E-12 T.49€E-12 4.738BE-12 Se949E-12 T121E-12 E.28SE-12 9.412E-12 1.051E-11 1.159E-11 1.263E-11 1.2
*IH22T7 . Qe .. Te450€-09 1.223€-03 1.€586-03 2.082F-03 2.496F=-03 2.900F-03 3,294E-03 3.679€~03 4.055E~-03 4.423£-03 4.182E-03

66E-11

“TH228 0. 1.476E+00 2.842E+00 4.377E+00 5.893E+00 7.290E+00 £.522E+00 9.573E+00 1.045E+01 1.116E+01 1.,173E+01 14217E+01
“IH229 _ Q0. 2,230F-(F 2,253F-(5 2,483E-05 2.619E-05 2.763E-05 Z.9136-05 3.0206-05 3.233F£-05_3.408E-05 3.581E-05 3.1656-08 .
" TH230 0. 4¢900E-02 €4390E-C2 74810E-03 9¢310E-03 1.084E-02 1.240E-02 1.399E-02 1.561E-02 1,726E-02 1.894E-02 2,065E-02
» TH232 Qs ... 60178E=09.8,939F-0S 1,110F-C8 1,326E-08 1.592E-08 1.759E-08 1.975E-08_2.1915-08 2,907E-08 _2.623E-08 2,890€-08..__._ _
" pA231 0. 9.661E~03 S47526-03 9.817€-03 9.882E-03 9.947€-03 1.,001E-02 1.008E-02 1.014E~02 1.021€-02 1.027€-02 1.G24E-02
T_u232 0. _ 4.404E+00 €.452£+CC B, 025E+00 9,2296+00 1,014E+01 1,084£+01 1,12356+0% 1,1726+01 1,199€+01 1,217€+01 1.229E+01
" u233 0. 1.096E-0G2 1,1586-02 1,220E-062 1.282E-02 1.345E=02 1.407E-02 1.469E-02 1.531E-02 1.594E-02 1.656E-02 1.718E-02
“_U234 . 4.300E¢02 1,759E+02 1.79€£+02 1,834E+02 12872E+02 129096402 1,946E+02 1,983E+02 2,020F+22 2,056£402 2,092E+02 2,128E+
~T U235  1.080E+01 2.14BE+00 2.148E+C0 2.148E+00 2.14BE+C0 2.148E+00 z.148E+00 2.148E+400 2.148E+00 2,14BE+00 2.148E+00 2.148E+00
©_U236.___3.,164E+0) 6.66TE*01 E.E6EL+0) 6.66BE+0) 6.66BE+01 6,66BE+01 €,669E¢01 6,669E+01 6.669E+01 6,669E+01 6,670E+01 6.670€201
U238 4.36BE+0] 94243E+01 44243E+C] 9¢243E+C1 4.2943E+401 3.243E+01 9.243E+401 4.243E+401 4.243E+01 4.243E+401 4.243E¢01 9.243E+01

- NP237 0. 12331€902 1.35EE4C2 1.35SE+02 1.356E202 13566002 1,357£402 1, 358002 1.359E+02 1.360£+02 1,361€+02 12626402

PU236 0. 3.2B0E+02 2.5B1E+02 2.023E+02 1.587E+02 14244E+02 So755E+01 7.649E+01 5.997E+01 4,702E+01 3.687E+01 2.891E+01
- PU238 0. 2.178BE406 2.250E+06 2424BE+06 2.234E+06 2.21TE¢06 2.200E+06 2.183E+06 2.166E+06 2.149E¢06 2.133E+06 2.116E+06
- PU239 0. 9.45TE+04 9.601E+04 S.6E00E+04 9.600E+04 9.600E+04 S.600E+04 9.599E+404 9.599E+04 9.599E+04 9,599E+04 9.S9BE+04
© PU24G__ 0a 1.4816¢05 1,882E+C5 1,483E+05 1.484E+05 1,485E+¢05 1.486E+05 1,487E+405 1.488E¢05 1,488E+05 1.489E+05 1 .490E+05

" PU281 0. 2.6T5E-CE 24551E-C8 2,433E~08 2.320E~08 2,212£~08 Z.110E-08 2.012E-08 1.919E-08 1.830E-08 1.745E-08 1.€64E-08

“PUZ82 0. 4.309€+02 4.310£+02 4.310€+02 4.310£+02 4.310E+02 4,3106¢02 4.310E+02 4,310E¢02 4,3106+02 4,310E+02 4,310E+02

- PU244  G. 17845612 642SEE-12 1.C9T€E-11 1.558E-11 2.019E~11 Z2.4B0E-11 2.941E-11 3.402E-11 3.8636-11 4.325E-11 4.786E-11
- AM241 0, 4.761E+408 1,17€E+GS 1,84926+05 2,47TE+05 2.081E+05 2.655E405 4.202E405 4.722E+05 S.2186+05 5.688E+405 64136E405
© AM243 0. 9.468E+03 9+4B0E+03 9e479E+03 Fo47BE+03 Fo477E+03 Se41EE+403 F.47SE+03 9.474E+03 9.474E+03 9.4735¢03 9.472E+03
«CM242 0. 2.722E407 5.801E+3€ 14232E+66 2.658E+05 6+125E+04 1.796E+404 8.779E403 6.814E+03 6.375E+03 6.260E+03 6.213E+03
-€M243 0. T,08ZE+CT 3.01E6E+03 2.952E+03 2.888E+03 24826E+03 2.766E+03 2,707E+03 2,649E+¢03 2.592E+03 2.526E+403
- CM244 __ O, 1. STLE+0E 1.897E+C6 1.826E+06 1o7S8E+06 1.€I1E+06 1.628E406 .1.567E+06 1.508E+06 1.451E+06 1.397E+06 1o244E+06 )
~CM245 0. 2.CB0E+02 2.0BGE+C2 2+GB0E+02 2.079E+02 2.079E+02 Z.079E+02 2.079E+02 2.079E+02 2.079E+02 2.078E+02 24078E+02
v CM246 0, 5.783E401 S,782E+01 5.781E+01 S.TB0E+0]1 5,779E+01 ©.778E+01 S.778E+01 S.777E+0) S.776E+01 5,775E+01 S.774E+01
~CM247 0. 2.124E-04 2.124E-C9 24124E-04 2+124E-04 2,124E-04 Z.124E-04 2,124E-04 2.124E-04 2.124E-084 2.124E-04 2.124E-04
~CM248  Ge _ __ 1415TE-01 1.1586-01 1.158E-01 1.158E-01 1.158E-01 1,1586£-01 1.158E-01 1.158E-01 1,158E-01 1.158E-01 1.158£-01
«€F249 0. 3.605E-C3 1.S€E€-02 24109E-02 2.349E-02 2.453E-02 2.497E-02 2.514E-02 2.519E€-02 24518E~02 2.515€-02 2.511E-02
- CF250 0. 1.661E-01 1,583E-01 1,501E-01 1.424E-01 1.350E~01 1,280E-01 1.21%E-01 14152601 1,092E-01 1,036E~01 9.823E-02 .
~CF251 4. 5TSIBF 04 T.t12E (4 5.5096-04 5+505E-08 5.501E-04 S.4376-04 5.4926-00 5.4886-04 5.484E-09, 5.480E~04 5.4756~04
“CF252 Q. 1.459E+00 1.122E+C0 B.63TE-01 6.647E-01 S.115E-01 2,926E-01 3.029€-01 2,331E-01 1.794E~01 1.,380E-01 1.062E-01
~CF254  C. 2.751E-02 4.18€E-0F €.278E-07 9+T11E-09 1.477E-10 Z.427E-12 3,479E-13 2,686E~13 2.077E-13-3.238E=13-2.503F~13
‘ES253 ¢, 1.G78E-C2 4.45CE-G7 2.4B5E-12 1.259E-17 6.301E-23 2.148E-28 1.573E~33 7.855E-39 3.924E-44 1.960E-49 9.791E-55
*" TOTAL S.161E+02 3.168E+07 1402ZE+C7 Se74SE+C6 4T63E+06 4a56E+C6 4,4T0E+06 4.43TE+06 4,41 1E+06 4 .38TE+06 4.,363E+06 4.27SE+06



Table A-2 HNeutron Source Strength cont'd,

_ACYINIDES. . . . .. GE _STID BWR 6-4 CYCLE-Z.£6 _H/IC HIGH AVERAGE POWER( MW) __S5.63050E+00
NUCLIDE LISTING 1T SFENT FUEL CECAY &P TO 1C YRS AVERAGE FLUX(N/CM»a2-SEC) 3.42655E+13
' SI!QhlIAh|IiLlu'S_EISSJ[QILNEJJ]..F_AJ_E_E\E_u_lL.£C__BJF_:I_S___QNE_E_ULI;E_..LS.EH_I!LJ'._.__.________~ _____ JOTAL BURNUPC(MUD) 6€221555E¢03
_m.lm.m-__lﬂﬂu_I___MITlAL 1.0 Y 2.0 Y 3.0 % 4.0 Y 9.0 Y a0 ¥ 1.0 Y 8.0 Y 2.0 Y 100 Y
¢ PU236 a. T+T61E+400 €410€5+0C 9.78BE+00 3.754E+00 2.,S44E+00 2.30850h0 1.810E+0C 1.419€+00 1,113£+00 B8,725E-01 6.841€-01
cPUR3B 0. 00 3aD1274CS 1,56CZF00 1.561E¢05 1,951F+03 1.5290«05 1.528F+0S 1,516F+05 1.504F¢05 1.,492F+05 1.481€¢05 1.469€+05 =
' PU24G 0. 4eC04Z405 44J07E+0S 9e0L0E+D05 49.0L3E+05 3.016L+05 4.018E+05 44021E+05 4.023E+05 4.025E+05 4.028E+05 4.,030E+05
*PU242 Qe 0 1.703F+CS 1,703F+CS 1,703F 05 1.703F+¢05 1.7037+405 1,703F+05 1,703F+0S 1.7035+05 1.703€+05 1.703€+05 1.703€+05
* PU244 0. 1e8T6E=-07 €.5222=(7 161T9E-CE 1e6TSE~00 2.170Z-06 2+6E6E-06 IJ162E-06 3.658BE-06 4.153E-06 4.649E-06 S145E-06
* LM242 Go 90540€+07 1.,1837+07 2.,508F +06 5.4085+13 1,2462+¢05 2,6556+404 17866 +038 13875 +04 1.2976+04 1,274E+09 1.264E+04
v CM248 0. 1.151E+08 1. 108E008 1.0E6E+08 1, 026E003 9.,8752+07 S.504E+07 9.14T7E+0F B.803E+07 B.4T73E+07 B.,154E+07 T.848E+07
" _CM24 : +0& EE+ 1L~ + S4F e < + 26205 9,0350E+035 9.049E+05 9,048E+05 9,046E+05 -
" CM248 (18 5,006E+02 5. OOEEOO’ Se 0[7E*03 S 0075003 5.008E+03 S,008E¢03 5,008E+03 S+008E+03 S<008E+03 S.009E+03 5.009E+03
"LM250 D = 234€-03 = = =03 S.Q33E- = - 32E-03 9.0326-03 9.(31E-03
* CF252 G, 1.949E+¢C€< l.‘OEE*(‘ l. 1‘4E005 8. 830E004 E 8’3E004 «259E+04 0.0415000 3. 114E+04 2. 396E004 1. BQQEOOQ l. 419EOOQ
" TOYAL Q. 1.723€+08 1.244€+08 1.189E+08 1.049E+08 1,C0€F+08 S.87TE+0T 3.316E+07 8,371C«07 B8.640E+07 B8,320£+07 8,014E07
*___T0VAL S,16)F*C2 2,740F8+C8 1,247E+C8 1,1206F+08 1.0966+08 1,0S1F+08 1.012F+08 F,T760€+0T7 9.912E+0F 9.078£+07 B8.757E+07 8,447E+07
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Table A-3 Structural Material Gamma Source Strengths

STRUCTURAL MATERIALS
GAMMA PHOTON SQURCE SFECTRUM

PHR=EYCL
1ST SPEN

IC OPERATION=2C,u CCHMWO/MTHM
T FUEL DECAY UP TO 10 YRS

AVERAGE POMWER (MW)

AVERAGE FLUX(N/CM**2-SEC) 3.09511E+13

TOTAL ENERGY RATE ~ MEV/SEC EMEAN=MEV BLSIS =

ONE FUEL ASSEMBLY

TOTAL BURNUP(MHD)

T8.1424GED3

“1.54966EF0LT 7 T T T

EMEAN INAUT INITIAL 1.0 Y 2. Y 3.0V Yol Y 5.0 Y 6.0 ¥ 7.0 ¥ 8.0 Y 9.0 100 ¥
.30 0. 9.4SGE#12 6.231E409 Lo 15564039 3.139E¢09 2.47EE+33 1.928E409 1.5G1E409 1.170€¢09 9.138E+06 7.153E+08 S.616€+¢08
.63 0. 9, 4436414 2.333E¢13 2.659E412 1.035E412 4.83tE¢ 1l 2.0601€+¢11 1.2281E¢11 7.4b63€410 4. 7SPE+1( 3. 265E+10 2.41i5E+10 ”
1.15 0. 1.053E413 1,338E¢12 1.151E+42 1,CI9E+12 £, BL2E+11 7.750E¢11 6.7I3E¢11 5.955E¢11 5,219E¢11 Le575E¢11 4 0L1DE+1L
1.55 . €.TE0E+12 2.50:E410 7.373E¢06 2.107E+i7 6.06EE+05 2.111E+04 4.235E¢03 3.662E+03 3.560E+03 3.472E+03 3.3688€403 ~ 77
1.99 0. 3.315E416 7.78TE+Q7 1.161E+06 1.747E¢0b 3.413€+402 1.532E+402 1.658F402 1.4226+C2 1.387€+02 1.353€402 1.320E+02
2.3 U. 1.083E+13 1.464E-04 5.0 13E-16 2.392€-27 9.66EE-39 3.G08E-SQ 1.579E-61 6.38LE~73 2.580E-3% 1.043E-95 4o 216=-207
2.75_ 3. 1.157E+13 3. a. 0, Je be 0._ 0e o 8e 8. 0. R
3.25 @, 2.67TE+12 4y, G» Ue fe O 0. 0. 0. 0. 0. o
3.70 G 9.57T4E-03 J. [ Us Le Qe O Oe 02_ _’__0,_“4 __'.____qc__ e .
“.22 0. 2.024E+05 0, 0. 0. 0. 0. 0. 0. 0. 0. 0.
Lte73 . [ 0. 0. 0. Ge 0. 0. 0. 0. 0. e
5.25 0. 5.442E¢12 O, 0. 3. 0. 0. 0. 0. 0. 0. 0.
TOTAL €. 1.333€+15 2.476E+13 3.315E+12 2.047E+12 1.370€+12 1.017€#12 8.090E+11 6.713E+41 5, 70LE+11 4. F11E+11 4.257E¢1y 7
—
wn
w
STRUCTURAL MATERIALS e ____PMR-CYCLIC OPZRATICN-33,00CMND/MTHM AVERAGE POWER(MN) 1.70230E+C1 ~
+ GAMMA PFGTON SCURCE SPECTRUM 1ST SPZNT FUEL OECAY UP 70 10 YRS AVERAGE FLUX(N/CH##2-SEC) 3.EA31€E+13
JCIAL ENERGY RATE - MEV/SEC EMEANSMEV BASIS. = ONE FUEL ASSEMBLY 10TAL BURNUP (MWD) S0654€E+04
EMEAN __ INPUT INITIAL 1.0 Y 2.0 ¥ 3.0 Y 4.0 Y 5.0 Y 6.0 Y 7.0 Y 8.0 Y 9.0 ¥ 1.0 Y
2.737E413 1.176E+10 741116+39 5.523E¢CF 4.293E+05 3.340E+090 2.6016+09 2.028E+09 1.585E+09 1.241E+C9 9, 750E+08
2,160E415 425275412 4.3728¢12 1.641E¢12 77126411 3.871E+11 2.096E+¢11 1,240E+11 B.022E+410 S.607E+10 4.1SEE+10
2.824E+13 3,746E¢12 3,229E+12 2830012 2.481E¢12 2.175E+12 1.906E+12 1+6T1E+10 18656412 12E4E+12 112612
2,411E413 44729E€410 1.3272¢05 3.808E+07 1.100E406 4+251E+04 1.196E+04 1.083E+04 1.059E+404 1.0ZBE+04 1.002E404
1.046E415 2,077€+08 3.097E+06 4.665E+04 1.T42E+03 4.5256+02 4.316E+C2 G.209€+00 4-107E+02 4.006E+02 3.90SE02 T
3.418E+13 4.€79E-04 1.831E-15 7.684E-27 2,090E-38 1.249E-49 5.088E~E1 2,040E-72 8.247E-84 2.333E-95 1.247-106
I.ES3E+13 0. e . . 0. 0. 0. 0. . 0.
____'g 450E+12 0. . Co . 0. ...__p. e [1 38 0. O O O
S 94TE-0270% 0. 0. o, 0. 0. 0. 0. . 0.
1.06SE+06 0. 0. - 0. Qe Do Qe Ce 0. Ce 0.
0. 0. P 7. (i 0. 0. 0. 0. 0. 0. -
1.742E+13 0. 0. Q. Ce e Oe 0. Oe Q. Oe
. TOTAL 0, .32382E215 4.907E+13 7,610E¢12 4,4776+12 3.2565412 2.565E+12 2.118€+12 1.797E+12 1.546E+12 1.341E+12 1.1€8E012




STRLCIURAL MATERTIALS

Table A-3 Structurdl Mater:al Gamma Source Strengths cont'd.

PUR-CYCLIC OPERATICN-4CoCO0JMWD/MTHM

AVERAGE POWER(MN)

2«06240E+(1

."6AFMA PHOTON SOLRCE SPECTRUM 1T SPENT FUEL CtCAY UP T0 10 YRS AVERAGT FLUX(N/CM#22-SEC) 4e5310BE+13 -
» TOTAL ENERGY RATE - MEV/SEC EMEAN=MEV BASIS = ONE FUEL £SSEMBL~ T0VAL BURNUP(FWED) 1.82611£+04
EMEAN  INPUT INITIAL 1.0 Y 2.0 Y 3.0 Y 1.0 Y 5.0 Y 6.0 Y 7.0 ¥ 8.0V S.0 Y 16.0 VY
. <30 0o To612E+13 145965 +10 9.526-+09 T.2436+03 5.E30E-09 4.380E+09 3.810E+09 2+659E+09 Z.07TE+09 1.626E409 1.271E+09
. €3 0. 2.841E415 Se9237+ 13 S46937+12 2.136E+412 1.009E+12 S.043E+11 2.733E+11 1.618E+11 1.047E+11 7.319E+10 5.425E+10
TT1.10 0. 3e9T3E+13 64CTE+12 E.583c+12 48596412 Ae259E+12 37336412 3.272€+12 ZB6BE+12 2.514E412 2208412 1.532€+12
. 1.55 0 2,500E+13 SeEETE+1C 1eSS59E+09 445506407 1.213E006 545676404 1.909E+04 1.761E+08 17156404 1.673E+04 1.622E+04
. 1.59 0. 1.385E+15 2+7C2E+0E G<1EAE+05 6e2BAE408 1<E6IE P03 Te336E+02 Te0256+02 EB52E402 6.605E+02 €o52cE+(C €42€E402
“ 2.28 0. 4.524E+413 6428E-04 2e525E~15 Le021E~-25 4.125E-38 14668E-45 6.T41E-€1 Z2.7256-72 2.101E-83 44451E-95 1.755-10¢€
" 2415 0. q4,835E+13 0., Ce 0. Ce 0. 0e [ B U« Ue
“ 3.25 0. 1.118E+13 0. Ce 9. C. 0. 0. Ge d. 0e 0.
T I 7 I R DA -1 1 5 B I I | I . 0. 0. U. T U, 0.
. 4422 D 1.7T4E+CE Ca Geo 9. 0. 0. 0. 0. 9. 0. 0.
BRI T I PO 0. 0. 0. 7 7. ¢ 0. 0. 0. 7. 0. 0% .
. 5425 0o 2.327E+13 0. 0. 0. 0. 0. 0. 0. Je o. 0.
~  TOTAL 0. 4.964E+15 6.G81E¢13 141236413 T.302E+412 So269E+12 44242E+12 3.549E¢12 3,033E+12 2,621E+12 2,278E+12 1.987E+12
—
Ln
=
_SIRUCTURAL MATERIALS GE._SID HMR £-4 CYCLE-2.66 W/C HIGH AVERAGE _POWER(MU) 5.65050E+00
© GAMMA >HOTON SOURCE SPECTRUM 1ST SFENT FUEL DECAY LP TO 1C YRS AVERAGE FLUX(N/CM##2-SEC) 3.42695E+13
* TOTAL ENERGY RATE - MEV/SEC EMEAM=PEV EASIS= ONE FUEL ASSEMELY 107AL BURNUP (MWD) 6421555E+03
«___EMEAN  INPUT INITIAL 1.0 ¥ 2,0 ¥ 3.0 ¥ 440 Y Se0 Y 640 Y 7.0 ¥ 8.0 ¥ 9.0 ¥ 10.0 Y
. 30 0. 8.90SE+12 4.556E+05 3.026E+09 2.351E+09 1.8Z8E+09 1.,4226+09 1.108E+09 B.6495E+08 6.759E+08 5.,298E+08 4.167E+08
. 63 0, 9.857F414 1.591E+13 2,2536+12 9,101F+11 3.155€¢11 7.029E+11 1,043€¢]11 S5,.786E+10 3.490E+10 2,274E+10 1.STEE+10
' 1.10 C. 1.06B8E+12 1,678E+12 S.170E+11 BoO3TE+1l 7,024E+¢11 E.175E+11 S5.412E+11 4,T44E+11 4.158E¢11 3.645€+¢11 3.195F¢11
© 1455 De___ T7e296E+412 1.7195E+05 2,133E+08 5.993E+06 1,758E+05 1.066E+04 S5.813E+03 5.540F+03 5,401E403 5.270E£+03 S.141E+03
. 1.99 0. £e496E+14 S.1BSE+GT 1.3T71E+06 2.0667E+04 5.371E+02 243126402 2.212E+402 2.158E+02 2.105€+02 2.054€+02 2.004E+02
. 2.38 0. 2.128E413 1.558F~04 6.255E-16 2.5496E~27 1.,029E-38 4,159E-50 1,681F-6] 6.795€-73 2.747E£-84 1.110F=-95 4,487-107
“ 2.75 0. 2.268E+13 C, Go - 0. 0. Ce 0. 0. 0. 0. 0.
G 3425 0. 5.259E+412 0. L. 0. 0. 0. 0. 0, 0. 0. 0.
" 3,70 0. 4.998E-02) 0. c. 0. 0. C. 0. 0. 0. . 0. 0.
- 4422 0o 3.700F«05 0, Q. 0, 0, o 0, 0, 0. 0. 0.
" 4.70 0. Je O 0. 0. O Q. (138 O 0. Q. [1 IS
" 5.25 OL 60297{';1 c‘l OQ 00 0. C. 0. 0- 00 01 0!
“ __TOTAL O, 17116215 1,700€+12 3,173E+12 1,716E+12 1,126F+12 B,218F¢1] 6.466FE+1) S,331F+¢11 4,514E+11 3,878E¢11 3,357FE+11
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

ocT 15 197

FCTC:RHO
71-6346

General Atomic Company
ATTN: Mr. William R. Mowry
P. 0. Box 81608

San Diego, CA 92138

Gentlemen:

Enclosed is Cértificate of Compliance No. 6346, Revision No. 3, for the Model
No. FSV-1 shipping container. This certificate supersedes, in its entirety,
Certificate of Compliance No. 6346, Revision 2, dated August 25, 1977.

Changes made to the enclosed certificate are indicated by vertical lines in the
margin. ’

General Atomic Company and Public Service Company of Colorado have been registered
as users of this package under the general license provisions of 10 CFR §71.12(b)
or 49 CFR §173.393a. '

This approval constitutes authority to use this package for shipment of radio-
active material and for the package to be shipped in accordance with the provisions

of 49 CFR §173.393a.

Sincerely,

Charles E. MacDonald, Chief ‘
Transportation Certification Branch
Division of Fuel Cycle and

Material Safety

Enclosure: As stated

cc: w/encl
) Mr. Richard R. Rawl
Department of Transportation

Public Service Company of Colorado
ATTN: Mr. . K. Fuller L
P.0. Box 361

Platteville, CO 80651
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'm NRC-618 U.S. NUCLEAR REGULATORY COMMISSION

“g::’" CERTIFICATE OF COMPLIANCE
10 For Radioactive Materials Packages

1.{a) -Certificate Number 1.(b) Revision No. 1.(c} Package Identification No. 1.(d) Pages No.|1.{e) Total No. Pages

6346 - ' 3 USA/6346/8( )F 1 3

5. PREAMBLE

2.{a}  This certificate is issued to satisfy Sections 173.393a, 173.394, 173.395, and 173.396 of the Department of Transportation Hazardous
o Materials Regulations (49 CFR 170-189 and 14 CFR 103} and Sections 146—19—10a and 146~19-100 of the Department of
Transportation Dangerous Cargoes Regulations (46 CFR 146—149), as amended.

2.lb) The packaging and contents described in item 5 below, meets the safety standards set forth in Subpart C of Title 10, Code of
Federal Regulations, Part 71, "Packaging of Radioactive Materials for Transport and Transportation of Radioactive Material Under
Certain Conditions.” . )

2.lc)  This certificate does not relieve the consignor from compliance with any réguireMent of the regulatluns ul ilie U.3. Departaent of
Transportatiors or other applicable regulatory agencies, inciuding the goverrment of any country through cr in:o which the pzckage
will be transported.

3. This certificate is issued on the basis of a safety analysis report of the package design or application—

3.(a) Prepared by (Name and addrgs): 3.(b} Title and identification of report or application:
General Atomic Company Gulf General Atomic, Inc. application dated
" P. 0. Box 81608 ‘ May 20, 1969, as supplemented.

San Diego, CA 92136 . . | o .
. 7 3.le} Docket No. 71-6346

4. CONDITIONS
This certificate is conditional upon the fulfilling of the requirements of Subpan D of 10 CFR 71, as applicable, and the conditions specified
in item 5 below.

5. Description of Packaging and Authorized Contents, Model Number, Fissile Class, Other Conditions, and References:
(a) Packaging
| (1) Model No.: FSV-1
(2) Description

The cask is cylindrical, 208" long and 28" diameter for muslL uf its length
except for the top flange which is 11-3/8" thick and 31" in-diameter. The
The cask's inner container, for fueled c¢ontents, has a cavity of 16-5/8"
diameter and 18/-5/8" ]ong. The fuel conlenls are hexagonal cross section
elements and are loaded into the cask's inner container, six in one column.
The cask may utilize either of two closure configurations. One closure
system utilizes an outer cover consisting of 3-3/4" stainless steel
together depleted uranium, 2-1/4" thick, and an inner 1id of 2-1/4" thick
stainless steel. The primary seal is provided by two O-rings, one metallic
and the other silicone. The alternate closure system utilizes 4.75"

thick alloy steel and 4.14" of depleted uranium. The alternate closure
system requires the use of an impact limiter at the top during transport.
The alternate closure is sealed by a molded dual concentric silicone elastomer
seal ring with a test port between the seals. A gas samp]e port penetrates
through the 1id into the container. The gas test port is sealed w1th a chec
valve and primary plug with a silicone O0-ring.
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page 2 - Certificate No. 6346 - Revision No. 3 - Docket No. 71-6346

(a) Packaging (continued)

(3)

Drawings

The packaging is constructed in accordance with National Lead Company
Drawings Nos.: 40065D, Rev. 1; 70085F, Rev. 5; 70086F, Rev. 7;
70094F, Rev. 5; 40155D, Rev. 1; 70105F, Rev. 5; 70104F, Rev. 5; and.
70296F, Rev. 2.

The packaging with its alternate closure system utilizes the above
drawings except that closures with impact limiter are constructed as
shown on General Atomic Company Drawings Nos. GADR 55-2-1, Issue A;
GADR 55-2-2, Issue A; and GADR 55-2-3, Issue A. '

(b) Contents

(1) Type and form of material
(i) Irradiated fuel -elements consisting of graphite body,-hexagonal- in
horizontal cross section, approximately 31.2 inches high -and 14.2
inches across the flats. Each fuel element. prior to-irradiation
contains thorium and uranium enriched to a maximum of 93.5 w/o in the
U-235 isotope.
(ii) Solid nonfissile irradiated hardware and neutron source components.
(2) Maximum quantity of material per package
Not to exceed a decay heat generation of.4.1 kw-and: .. ..
(i) Item 5(b)(1)(i) above:
Six fuel elements -each -containing 1.4'kg of enriched uranium and -
11.3 kg of thorium prior to irradiation and weighing 300 1bs;
(ii) Item S5(b)(1)(ii) above:
As needed, appropriate component spacers shall be used in the cask
cavity to limit movement of contents during shipment.
- (¢) Fissile Class 111
Maximum number of packages per shipment One (1)

6. The alternate closure system shall be leak tested prior to (1) first use and
periodically in accordance with Section 1.6.2 and (2) each use in_accordance with
Section I.G.1, to Addendum I, General Atomic Company Safety Analysis Report GADR-55.
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Page 3 - Certificate No. 6346 -~ Revision No. 3 - Docket No. 71-6346

;
‘\

7. The spent fuel container main flange seal(s) and the alternate closure system fuel
container_primary plug silicone O-ring shall be replaced at least every 12 months.

8. The package author1zed by this certificate is hereby approved for use under the
general license provisions of 10 CFR §71. ]2(b)

9. Exp1rat1on date: October 31, 1980.

REFERENCES
Gulf General Atomic, Inc. application dated May 20, 1969.

Supplements dated: December 2, 1969; June 17 and July 27, 1970; August 3, 1971;
June-15, 1977; Auqust 15, 1978; and February 27, April 6, September 6, and
October 12, 1979.

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

I, tht/

Charles E. MacDonald, Chief

Transportation Cert1f1cat1on Branch

Division -of Fuel Cycle and
Material- Safety

1979
Date: eeT 1 5 :
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8 | 7 | 6 5 ¥ 4 3 | 2 GADRSS ADDENDUM I REVD 1

¥

NOTES :
' §- 11 THREAD . CASK AND CONTAINER BCDY CONFIGLEA
15-7 BOLT = 45 LONG x.62 LONG TIONS PER NL DWG 7008GF R=V. 7,
13.50 (24 PLACES) 7O094F Qev. 5, 7029GF Z=v.2, 7T0085F &5
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| 7 6 5 ¥ 4 | 3 Ll 2 GADR 55 ADDENDUM I REV D1

3(.00 DIA. %
2713 DIA:
25.25 DIA- 5
23.00 DIA:
- 20.50 DIA: %
7 SHIPPING PLUG |
0T Y = N \ e :
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W I
o CONTAINER AND
= o cask Assy | @ S
B 2 TOP SECTION e
o o T I 3 o e e A TEQUATE CLOSURE [ZADR 55-2-2

7 ] 6 | 5 ) a I 1 T 2 T <



8 7 | 6 | 5 ¥ 4 | 3 | 2 GADR 55 ADJENDUM I REVD1

TO VACUUM TO GAS. SAMPLING
PUMP AND SYSTENM
GAUGE
316 EXTERNAL 3-20 | . - |
INTEQNAL THREADED |
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BORO-SILICONE SHIELDING

Type 236 borated silicone is fire-resistant and has a high hydrogen content. |t
will withstand temperatures up to 400°F (204°C) on a continuous basis.

Type 236 Boro-Silicone has a hydrogen content equivalent to two-thirds that of
pure water. In addition, it contains.] weight-percent boron for capturing ther-
mal neutrons and reducing capture gamma radiation. Although this is a solid
material, it is quite resilient, thus minimizing any possible damage in the event

. of creation of secondary missiles. It is strong enough for handling and self-
support purposes. The density of the material is 1.6 g/cc. Type 236 Boro-
Silicone is a self-extinguishing material. Itisavailable in a variety of shapes
-and sizes. ‘ :

TECHNICAL DATA

Properties

" Hydrogen: 4.4 x 102 atoms/cc

Boron: 9.0 x 1020 atoms/cc

Weight-Percent Boron: 1.0% A

Macroscopic Thermal Neutron Cross Section, I=0. 68 cm™!

Density: 1.6 g/cc =100 lbs/cu ft ‘

Recommended Temperature Limit: 400°F = 205°C

Machinability: Good '

Hardness: Shore "A" Durometer Scale = 60

Flammability (ASTM Dé35): Self-extinguishing with glowing
combustion. Average time to self-extinguish =0 seconds.
Average extent of burning = 0. 2",

Coefficient of Thermal Conductivity: 5.8 x 10-3 cal-cm/sec cm? ©C
= 1.4 BTU -ft/hr ft2 oF

Heat Copacity (Specific Heat): 0.4 cal/g°C

Cubical Coefficient of Expansion: 5.2 x 104 cc/cc®C
=3 x 104 cu infcu in9F

Linear Coefficient of Expansion: 1.7 x 1074 cm/cm®C
=1 x 1074 in/inCF

Tensile Strength (ASTM D638): 59 psi

Radiation Resistance, gammas: 2 x 10° rads

Radiation Resistance, neutrons: 5 x 1017 n/em

’
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