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The Effect of Burnup Credit on Cask Capacity

1.0 SUMMARY

This study investigated the effect that burnup credit has on the
capacity of the BR-100 spent fuel shipping cask. It was done to
satisfy Section 4.10.1 of the Cask Contract Statement of Work (SOW)
that states: "The contractor shall conduct trade-off and impact
evaluations of the following design considerations on cask payload
capacities and costs: ..." For criticality analyses this involved
evaluation of the "allowance of fuel burnup credit for criticality
evaluations." Starting from the traditional "no-burnup credit"
assumption, different levels of burnup credit were analyzed and
their benefits documented. The reasonableness of the burnup
assumptions and the complications of verifying the assumptions in
a certification submittal were also assessed. Burnup credit was
found to be worth about 0.006 in k, per Gigawatt days/metric ton
uranium (Gwd/mtu) for the BR-100 configuration. The use of a
Pressurized Water Reactor (PWR) assembly average burnup of 18
Gwd/mtu was judged to be reasonable and defendable, if fuel end
effects were considered which reduced the analytical credit taken
to no more than 16 Gwd/mtu. Use of such credit resulted in a 24%
increase in the cask capacity for PWR fuel assemblies. As for
costs, burnup credit will have little impact on the material or
fabrication cost of the cask. However, due to the reduced number
of shipments resulting from the increased capacity, the life cycle
costs will decrease about 15%. For these reasons, the 18 Gwd/mtu
assembly burnup credit was incorporated into the baseline design of
the BR-100 cask for PWR fuel with enrichments greater than 3.2
weight percent (w/0). No judgments were made on any requirements,
eg. fuel assembly burnup measurement, that the Nuclear Regulatory

Commission (NRC) might impose on shippers of the fuel.
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2. INTRODUCTION

The purpose of this document is to provide information on burnup
credit as applied to the preliminary design of the BR-100 shipping
cask. There 1is a brief description of the preliminary basket
design and the features used to maintain a critically safe system.
Following the basket description is a discussion of various
criticality analyses used to evaluate burnup credit. The results
from these analyses are then reviewed in the perspective of fuel
burnups expected to be shipped to either the final repository or a
Monitored Retrievable Storage (MRS) facility. The hurdles to
employing burnup credit in the certification of any cask are then
outlined and reviewed. The last section gives conclusions reached
as to burnup credit for the BR-100 cask, based on our analyses and
experience.

All information in this study refers to the cask configured to
transport PWR fuel. Boiling Water Reactor (BWR) fuel satisfies the
criticality requirements so that burnup credit is not needed. All
calculations generated in the preparation of this report were based
upon the preliminary design which will be optimized during the
final design. The results and observations given are to help in
evaluation of the feasibility of burnup credit use on spent fuel
shipping casks and should not be construed as final and definitive
data for the BR-100 cask or any other cask.

3. BASELINE BR-100 BASKET DESCRIPTION

Figure 1 shows the individual extruded aluminum fuel cell that is
the basic building block of the BR-100 PWR basket. Twenty-one such
fuel cells make up the central, fuel-bearing region of the basket

assembly, as shown in Figure 2. Each PWR fuel cell has an square
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cavity 8.75 inches on a side. This cavity has been sized to easily
accommodate loading and unloading of PWR fuel assemblies.
Reactivity control is obtained primarily by a combination of poison
plates and a water gap between adjacent fuel cells.

The poison plate is an Al/B,C cermet material with a B'" areal
density of 50 mg/cm®. A protective aluminum cover and hard
anodizing bring the cermet plate thickness to about 0.100 inch.
The plates are 3.625 inches wide and are placed end-to-end to cover
the length of the fuel cell in two strips per side.

A nominal water gap of 0.55 inches separates the poison plates of
adjacent fuel cells. The water gaps form flux traps that are a
necessary part of the criticality control of the basket. The flux
traps provide the neutron thermalization required to make the
cermet plates an effective absorber

The synergistic effect of the cermet plates and water gap extends
into the formers (cast aluminum cell lateral supports that are
assembled with the cells and top/bottom plates to make the basket).
As seen in Figure 2, the formers have dished out regions adjacent
to the external faces of the fuel cells. Those regions were
included to reduce neutron backscattering and add to the total
reactivity control of the basket.

4. CRITICALITY ANALYSES

Prior to the adoption of the baseline basket design, a series of
scoping calculations was performed to examine different absorber
materials, moderators, and geometries. A detailed description of
these calculations with specific results is contained in Reference
1 and is not repeated here. Those studies showed that, for a
tradeoff between absorber thickness and water gap width, generally
a larger gap provided the better method of reactivity control. For
the BR-100 cask design, the 50 mg/cm®? areal density of B'® used for

4 51-1175846-02



the cermet makes it effectively 'black' to thermal neutrons
(increased B'" density will not appreciably reduce ks further),
while the thinness of the material allows the maximum water gap for
a given cell pitch.

Because the BR-100 has both a weight 1limitation of 100 tons
(loaded) and shielding criteria that effectively limits the cavity
diameter available for the basket, it was an early objective to
determine the minimum pitch without burnup credit. Analyses were
performed which showed that, for the most reactive fuel
(Westinghouse 17 X 17 Optimized Fuel Assembly (OFA), 4.5 w/O
enrichment), a minimum water gap of 1.3 inches would be required
for a k,, less than 0.95 (including bias and uncertainty). The
resulting minimum cell pitch of about 10.8 inches was a consequence
of the water gap being added to previous fuel handling, structural
and thermal requirements.

The basket structure used on the BR-100 requires that cell walls
line up in a regular fashion, without offset, as shown in Figure 2.
This configuration has good structural and thermal characteristics,
but limits the arrays that can be considered for a given cavity
diameter. For instance, Figure 3 shows the regular arrays possible
for various diameters. The BR-100 evolved into a maximum cavity
diameter of 58.5 inches, thus limiting the payload (without burnup
credit and with most reactive fuel at 4.5 w/0) to either a 16-array
regular basket, a 2l-array regular basket with a hollow spacer in
four symmetric cell locations, or a difficult-to-fabricate 19-array
irregular basket made of welded plates.

Other options were investigated which could have resulted in a
smaller cell pitch (compatible with a 21 or 24-assembly regular
array) without burnup credit. They included reducing the maximum
enrichment to 3.2 w/0, using control rods on high-enrichment fuel,
using a cell material of borated aluminum, and using an outer cell

coating with a high neutron absorber content. For various reasons,
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they were all judged to be less acceptable than the benefit to be
gained from taking limited credit for fuel burnup.

The k , benefit available from burnup credit was then investigated.
The NULIF? code was executed in a depletion mode to generate
reactivity values at various burnup points for an infinite array of
PWR fuel rods. Depletion steps were obtained for 0, 4, 8, 12, 16,
18, and 20 Gwd/mtu. These values were used to obtain the
reactivity differences between fresh fuel and the above burnups.
Application of these values to the k  derived from the KENO case
for the BR-100 baseline design (21 PWR assemblies) provided the
values listed in Table 1. The summation of the KENO ks the k
uncertainty, and the KENO bias provides k_,. A plot of the values
in Table 1 are shown in Figure 4 and show a Kk, benefit of
approximately .006 per Gwd/mtu burnup. The same NULIF data was
used to relate burnup reactivity credit with the equivalent
reactivity of water gaps obtained from KENO fuel cell array models.
This relation is illustrated in Figure 5 by the plot of burnup
versus gap thickness. The gap thickness corresponding to the BR-
100 base design is indicated; however, the data points do not refer
to specific basket configurations.

Based on B&W's experience designing and analyzing nuclear fuel over
the last thirty-five years, it was decided to use a minimum margin
of 12.5% between the burnup claimed for an assembly average and the
burnup credit used for criticality calculations. This margin is
primarily due to fuel rod end effects which will be explained
further in Section 5. This effectively means that an average
assembly burnup of at least 18 Gwd/mtu would be required for a
credit of 16 Gwd/mtu to be taken.

5. BURNUP CREDIT REASONABLENESS AND EFFECTS

One of the first questions that must be answered about burnup

credit is "For the credit claimed, how much of the projected fuel
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inventory cannot be shipped?" A recent report’ estimates that
about 6% of the PWR fuel to be shipped to the repository will have
burnups less than 20 Gwd/mtu. Of that 6%, almost none(if any at
all) will have the high enrichment (over 3.2 w/0) that requires
burnup credit for criticality control. Even fuel with this
unrealistic combination of high enrichment and low burnup could,
however, be transported in the standard BR-100 basket by using a
spacer in four symmetric inner cells along the diagonal. This
would reduce cask capacity to 17 assemblies and result in a maximum
k¢ of about 0.94, even without burnup credit. The benefit of
designing to a more realistic burnup distribution is then a 24%
gain 1in cask capacity with no reduction in flexibility or
significant extra equipment needed.

If the benefits of burnup credit are so obvious, then why should
the designer stop at 18 Gwd/mtu? The answer to that question has
contractual, operational, and analytical factors. Contractually,
the Statement of Work between Babcock & Wilcox and the Department
of Energy (DOE) requires that the BR-100 accept PWR fuel with a
minimum burnup of 18 Gwd/mtu. B&W has interpreted the minimum
burnup requirement to mean that the baseline cask should accept
that fuel without change in the basket setup or geometry. If the
cask were designed to a 24 Gwd/mtu assembly average burnup credit,
a hardware change and capacity derating would be required to
accommodate the baseline 18 Gwd/mtu fuel.

Operationally, the use of burnup credit depends on the NRC
implementing a policy that will either allow administrative
controls on the selective loading of casks, require measurement of
burnup or k., or a combination of the two. The DOE has a program
ongoing to develop an acceptable measurement technique, which the
NRC has indicated will be necessary before burnup credit is
allowed. The use of any measurement technique may involve
uncertainty assumptions that could further either reduce the credit

allowed or increase the minimum burnup to be measured for credit.
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The deliberate progress of these activities indicates that, at
least until the measurement technique and is associated accuracy
are approved, the credit sought should be the minimum burnup

required to meet cask capacity goals.

Analytically, the use of burnup credit presents some formidable
challenges. While the concept has been certified for spent fuel
pool storage racks in recent years and has been infrequently
accepted for spent fuel storage casks, its use in these areas are
predicated on inherent excess reactivity margins such as borated
water for the spent fuel pools and a lower accident probability for
the storage casks. For transportation casks, those inherent
margins are reduced, thus making criticality safety more dependent

upon the assumptions and methods used for the analysis.

currently the KENO‘ code, either in versions IV or Va, is accepted
by the NRC for criticality analyses of fresh fuel configurations.
This is based primarily upon the excellent agreement between actual
measurements and KENO predictions for critical experiments which
have been conducted almost exclusively with fresh fuel. Such
benchmark experiments are not available for irradiated fuel at
different burnup levels, thereby raising questions about the
accuracy of KENO predictions on spent fuel criticality. BWFC plans
to resolve this issue through further discussions with the NRC,

although some critical experiments may be necessary.

The effect of axial burnup distribution in a fuel assembly on a
criticality calculation is also an important issue. Generally,
burnup is quoted as an assembly average value. However, for one-
cycle fuel the central portions of the assembly may have burnups
about 20% higher than the average, while burnups at the ends may
taper off to 20 to 40% 1less than the average. (Two typical
assembly axial burnup profiles® are shown in Figure 6). The actual
effect may vary due to operational, core position, or geometric

reasons. Because of uncertainty as to the impact of these end
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effects on 1localized criticality analyses, BWFC used only 16
Gwd/mtu instead of the 18 Gwd/mtu allowed by the DOE. Although
this was done to bound the fuel assembly end effects, that value
was based upon engineering judgement rather than a comprehensive
study. For the final design phase of the BR-100 project, end
effects will be quantified by means of KENO axial studies. This
quantification will require identifying a bounding axial burnup
shape for the burnup credit desired.

6. CONCLUSIONS

The studies performed by BWFC indicate that limited use of burnup
credit has sufficient benefits to justify the certification risk
taken. The amount of burnup credit taken should reflect fuel
inventory realities and provide a real life-cycle-cost savings of
about 15%. Contractual and operational issues may complicate the
use of burnup credit for any cask designer or user. The hurdles to
certifying a cask with burnup credit are not insignificant. It
will require substantial analytical effort and perhaps some
experimental data on criticality of spent fuel arrays.
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TABLE 1. Burnup Credit Reactivity Effect

Burnup,

GWD/mtu

12
16
18
20

Maximum keff

11

1.05
1.02
0.99
0.96
0.94
0.93
0.92
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FIGURE 1

BR-100 PWR FUEL CELL CROSS-SECTION

Lo
6d TYP\E;*i

45°%X.08 TYP

A n——

[T

10.000s . 008

9.750 NOM.
8.700 MIN TYP

—n——

jo— 5. 000 TYP

63 Trp

12.374 MIN,

.50
TYP

12

o 8.5C2.030 7Y

.750s.C1S

51-1175846-02



FIGURE 2

BR-100 PWR BASKET CROSS-SECTION
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12 Fuel Cells Array 14 Fuel Cells Array

diameter = 4.472 x pitch diameter = 5.154 x pitch

16 Fuel Cells Array 21 Fuel Cells Array

diameter = 5.385 x pitch diameter = 5.831 x pitch
FIGURE 3
Diameter function of the pitch

for 12, 14, 16, 21 and 24 Fuel
Cells Arrays

24 Fuel Cells Array
diameter = 6.325 x pitch
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Burnup, GWD/mtu

Figure 4, Preliminary BR
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Figure S. Prelim{nary BR-100 Analyses
Burnup Credit vs Gap Thickness/Cell Pitch
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‘ EFFECT ON CAPACTTY OF REDUCING THE 2-METER DOSE RATE TO 2 MR/HR

l. SUMMARY

This report is a presentation of a study performed by the B&W Fuel
Campany to satisfy the requirement in Section 4.10.1(2) of the
contract Statement-of-Work,i.e., "Reduction of the allowable 2-
meter dose rate fram 10 mrem/hr to 2 mrem/hr'. The current
Federal limit (10CFR71) for 2-meters is 10 mr/hr. Supplemental
changes to the cask which did not require alterations to the body
were ane option considered; the other option was to allow the body
to be optimized for the payload. For both options, the hocok
weight limit was kept at 100-tons and the fuel source term
considered to be bounding within the contractual limits. Option
1, which required only a basket change and an annular alumirmm
insert, resulted in a capacity of 12 PWR or 32 BWR fuel
assemblies. Option 2, which required thickening the lead gamma

. shield and the concrete neutron shield, allowed a capacity of 14
PWR or 40 BWR assemblies.

2. DISCUSSION

The initial approach to this study was to define the approximate
thickness of shielding required to reduce the dose rate down to
the desired level. The baseline BR-100 designs, shown in Figures
1 ard 2, have a cask body that has 4.5 inches of lead for a gamma
shield and 4.5 inches of concrete for a neutron shield. The
source used for this study was the 3 w/o, 35 GWd/mtu, fuel found
to be bounding within the contractual guidelines by parametric
evaluations based on ORIGEN2 code results. The initial estimates
provided by ANISN runs on a 21 fuel assembly loading were that a
5.5/6.5 inch-thickness cambination (lead/concrete, respectively)
‘ would yield a dose rate of 1.5 mr/hr (0.9 neutron and 0.6 gamma)
and a 5.0/6.5 inch-thickness cambination would yield 2.3 mr/hr

2 51-1175829-01



3.1

(1.0 neutron and 1.3 gamma).

Because the number of fuel assemblies was reduced, the total heat
loading for the cask was also reduced. Thermal concerns were thus
minimized and not an active part of the design iteration process.

The basket structure used on the BR-100 baseline design,
individual cell extrusions assembled into a unit structure, was
assumed to be contirmed for any iteration. Because the mass
loading was reduced with the lower payload, the structural margins
would be greater for any of the study designs. No further
discrete structural analysis was performed on the proposed
designs.

The lack of change in the cell pitch within the basket structure from
the baseline design also made further criticality analyses unnecessary.

PROPOSED DESIGNS
SUPPLEMENTAL CHANGE ONLY (OPTION 1)

The baseline BR-100 has 4.5 inches of lead and 4.5 inches of
concrete; camparison to the scoping ANISN runs indicated an
additional 2 inches of cancrete ard 0.75 inches of lead might be
required. The initial approach was to take the immer cavity
diameter of the BR-100, 58.5 inches, and fit a gamma shield within
it. A new basket would then be designed to fit within the
intermal shield. Reducing the outer diameter of the fuel array
also would reduce the total source, so it was decided that
supplementary neutron shielding would not be added for the first
iteration. The additional shielding required reducing payload
both for mass conservation to meet the 100-ton hook limit and for
spatial requirements. An internal shield with a thickness of
either 6 inches of aluminum, 2.5 inches of steel, 1.5 inches of
lead, or 1 inch of depleted uranium would have provided equivalent
shielding, but the lead or DU shields would not have increased the
3 51-1175829-01



. payload and would have camplicated the basket arrangement. The
aluminum was chosen because of its simplicity, weight and heat

transfer properties. Borated alumimm was not used because the
neutrons penetrating the cask body are fast, not thermal, and
boron withaut hydrogen in that location would have little
shielding effectiveness.

Figures 3 amd 4 show the proposed "add-on" designs. The BWR
configuration uses a similar internal shield, but with a 5.5 inch
thickness (later evaluations have indicated that both designs
could use a 5.5 inch shield). Supplemental shielding on the
bottam and top is provided by a 1.5-inch thick stainless steel
plate added to the inside of the impact limiters. Capacity of the
design is 12 PWR or 32 BWR assemblies.

3.2 REDESIGNED CASK BODY (OPTION 2)

. The cask body was redesigned to take advantage of both the
reduction in total source and the excellent gamma/neutron
shielding properties of the borated concrete. We initially
assumed a lead thickness of 5 inches and a concrete thickness of 7
inches and used the steel shell thickness of the baseline design,
1 inch inner and 1.75 inch auter. Using the 100-ton hook limit as
the bourding requirement, the largest cavity ID that could
accamodate a payload was then determined. That diameter, 52.75
inches, was set by the 40 BWR configuration and could also
accamodate a 14 PWR basket. Additional shielding is provided in
the ends by adding 1.0 inches of lead in the shield plug and the
bottam. Figures 5 and 6 show the revised BR-100 cask design for
the 2 mr/hr limit.

4 51-1175829-01
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The baseline BR-100 with the add-on aluminum inner shield and the
heavier impact limiters was discretely analyzed using ANISN for
side dose rates. The resulting side dose rate was 1.8 mr/hr (1.0
neutron and 0.8 gamma). The additional end shielding required to
obtain an end dose rate of 2 mr/hr was derived by scaling the
results of previous baseline QAD and ANISN runs that had
established equivalent shielding worths. The hook weight of the
limiting PWR configuration was determined to be approximately
199,500 paurds, including water normally drained before lifting.
The gross vehicle weight of this package on the railcar was
estimated to be 259,000 pounds.

The redesigned BR-100 was similarly analyzed. The side dose rate
was 1.7 mr/hr (0.7 neutron and 1.0 gamma) while the end dose rate
was scaled to be 2 mr/hr. The hook weight of this design was
‘ calculated to be 200,000 pounds in the limiting BWR configuration.
The corresponding gross vehicle weight was about 261,000 pourds.

5. CONCIUSIONS

Adaptation of the baseline BR-100 design to add-on hardware was
surprisingly easy and should not be an expensive altermative. The
hardware chosen could probably be licensed with reasonable care in
a relatively short period of time. The reduction in payload fram
21 PWR assemblies to 12 assemblies or 52 BWR assemblies to 32 is
substantial, but may be offset by the priority of other
programmatic issues. Use of an existing cask adaptation could
prove attractive for certain applications or special cases. The
BR-100 seems to offer an easy way to achieve that flexibility.

canstruction, but the approximately 6-inch reduction in cavity
diameter did reduce the capacity from 21 PWR assemblies to 14
5 51-1175829-01
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(33%) and 52 BWR assemblies to 40 (23%). The cost of the cask
should not be significantly different and total life cycle cost
would probably rise only about 20% or less due to decreased
turnaround times. The relative importance of these factors is a
programmatic issue to be determined by DOE. The BR-100 offers
design flexibility to easily accammodate changes in program

priority.

51-1175829-01



. TRADE-OFF STUDY: 2 mrem/h limit dose rate at 2 m

BASELINE CASK BODY
21 PWR CONFIGURATION

BR-100 CASK BODY
581'-5'5150 21 PWR BASKET

4.5" Lead
45" Concrete
1.75" SS

. 82° OD

51-1175829-01 FIGURE 1



J TRADE-QOFF STUDY: 2 mrem/nh limit dose rate at 2 m

BASELINE CASK BODY
52 BWR CONFIGURATION

BR-100 CASK BODY

58.5 ° ID 52 BWR BASKET
1" SS
4.5" Lead

4.5" Concrete
1.75" SS

82" OD

FIGURE 2
51-1175829-01



. TRADE-OFF STUDY: 2 mrem/h limit dose rate at 2 m

MAX. CAPACITY W/0O MODIFICATION OF CASK BODY
12 PWR CONFIGURATION

BR-100 CASK BODY 12 PWR BASKET

58.5" iD

1 SS Al INSERT
4.5 Lead . e
4.5° Concrete 6% thick.
1.75" SS

82" OD

51-1175829-01 FIGURE 3



‘ TRADE-OFF STUDY: 2 mrem/n limit dose rate at 2 m

MAX. CAPACITY W/O MODIFICATION OF CASK BODY
32 BWR CONFIGURATION

BR-100 CASK BODY

58.5 " ID
1" SS
4.5" Lead Al INSERT
4.5 Concrete
1.75° SS 5.5" thick.

g2° OD

32 BWR BASKET

51-1175829-01 FIGURE 4



. TRADE-OFF STUDY: 2 mrem/h limit dose rate at 2 m

MAX. CAPACITY W/ MODIFICATION OF CASK BOLY
14 PWR CONFIGURATION

T SS \
5" Lead \

7" Concrete
1.75" SS

CASK BODY

52.75" 1D
82.25" OD

14 PWR BASKET

®

51-1175829-01 FIGURE S5



‘ TRADE-OFF STUDY: 2 mrem/h limit dose rate at 2 m

MAX. CAPACITY W/ MODIFICATION OF CASK BODY
40 BW= CONFIGURATION

1" SS

5" Lead

7" Concrete
175" SS

CASK BODY 40 BWR BASKET
52.75" 1D

q 82.25" OD

51-1175829-01 FIGURE 6
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EFFECT (N CAPACITY AND COST OF TRANRSFORTING

5-YEAR COOLED FUEL VS 10~-YEAR CQOOIED FUEL

SUMMARY
This report presents the results of a study performed by the B&W Fuel

Company (BWFC) to investigate the capacity and cost impacts of
transporting S5-year cooled fuel in the BR-100, a cask originally
designed to transport 10-year cooled fuel. Using the same burmp ard
enrichment criteria as in the contract Statement-of-Work (35 Gwd/mtu
(FWR) /30 Gwd/mtu (BWR) and 3.0-4.5%, respectively), three options were
evaluated. The first option involved leaving the basket designs
unchanged—either PAR or BiR—and determining what payload revisions
were required. The second option looked at what basket changes could be
made to optimize the BR-100 for S5-year cooled fuel. The third option
evaluated if a cambination of 5~ and 10-year cooled fuel could provide

an efficient way of transporting spent fuel.

Shielding requirements were always the limiting factor in determining if
a particular cambination of fuel would be acceptable.” Thermal analysis
was also performed on most cambinations to confirm adequacy in that

area. Structural and criticality analyses were not performed due to the
lack of effect that cooling time has an those analyses. The hock weight
of each configuration was checked for adherence to the 100-ton limit. No
changes were required for the BR-100 to carry a full load of 52 BWR fuel
assemblies, but three options were reviewed to accammodate PWR fuel.




‘ Optiaon 1 was fairly straight-forward and involved, replacing all of the
fuel in the baseline basket outer row with alumimm shielding inserts.
This reduced the BR-100 capacity to 9 PWR fuel assemblies.

In Option 2, an alumimm anmular insert 2.25 inches thick was
hypothetically placed just inside the cask immer wall, reducing the
cavity diameter to 54 inches. A basket was successfully designed for
that cavity which contained 16 FWR assemblies and met shielding,

thermal, ard weight criteria.

For Qption 3, it was determined that the basket cuter row could be
filled with 10-year cooled fuel (12 assemblies) the imner portion filled

‘ with S-year cooled fuel (9 assemblies), and still meet analytical
limits.

Overall, there was no reduction in capacity or increase in life—cycle-
cost (LCC) for the BR-100 cask to carry 5~year cooled BAR fuel instead
of 10-year fuel. There were three options feasible for PWR 5-year
cooled fuel; Options 2 and 3 appear to be the most attractive, with
Option 2 having an estimated 20% higher 1LCC than if handling 10-year
fuel and Option 3 having possibly no increase in LCC than if shipping
10-year fuel. wtimlhasﬁnestimtedssti:measeinlmfox'

transporting PWR S5-year fuel rather than 10-year fuel.
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. 2. INTRODUCTION
The purpose of this document is to satisfy the requirement in Section
4.10.1.3 of the contfact Statement-of-Work to "... conduct trade—-off and
impact evaluations of the following design considerations on cask
payload capacities amd costs: ...Transportation of fuel aged 5 years
after discharge vs design basis (10 year old) fuel." BWFC has designed
a cask, the BrR-100, which efficiently transports 10-year cooled fuel,
either PWR or BWR in separate baskets, and has a baseline ICC as
determined using an intermally developed code. BWFC’s goal in
performing the investigations described herein was to optimize the
payload and 1OC of the BR-100 for 5-year fuel without requiring any
rework or redesign of the cask body and then to campare those values to

the payload/ICC for 10-year fuel.

Section 3 of this report describes the baseline BR-100 cask and
documents its performance in transporting design basis spent fuel. It
also documents the 5- and 10-year fuel parameter assumptions that will
be used for assessing performance adequacy. Section 4 details the
design options investigated and gives particulars on their performance.
Section 5 examines the rationale and LOC for each option presented.
Section 6 is the Conclusion and recounts the results of the
investigation.

51-1176034-00 4




‘ 3. BASELINE ASSUMPTIONS
The baseline BR-100 cask is shown in Figures 1, 2, and 3. It has a
cavity 58.5 inches in diameter and 181 inches long and has side walls
made of—fram inside out—1 inch of stainless steel, 4.5 inches of lead,
4.5 inches of borated concrete, and 1.75 inches of stainless steel.
Unique baskets for either PWR or BWR fuel have a capacity of 21 or 52
assemblies, respectively. The baskets are made of alumirmm cells and
supports which efficiently transfer heat fram the fuel to the cask inner
wall. The hook weight of the BR-100, including interstitial water and
the handling equipment, is 100 tons in either PWR or BWR configuration.

The design basis payload for the BR-100 is fuel that is 10-year cooled
and has a burmp of 35 Gwd/mtu (FWR) or 30 Gwd/mtu (BWR) and an

‘ enricment of 3.0-4.5%. Sensitivity studies performed by BWFC have
shown that, at the burmup levels selected, the lower enriciment has a
significantly higher source term and decay heat rate than the higher
enrichment. BWFC has also taken into account the axial profile of fuel
burmup. As shown in Figure 4, PWR spent fuel has a substantial axial
span where the brmup level is up to 13% greater than the assembly
average (the analagous value far BWR fuel is 20%). The decay heat rates
for those burmups were calculated using ORIGEN2 and are shown in Tables
1 and 2 for 5-year and 10-year cooled fuel. Because of the preliminary
nature of the cask design and the naminal values used for same gecmetric
ard material properties, an additional 1.10 mﬁm factor was used
for shielding calculations in determining source strength at the

‘ limiting burmp levels.
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DISCUSSION

Previous conservative analyses to support the Preliminary Design
Baseline have shown that the PWR configuration of the BR-100 did not
have a large margin in shielding, while temperature margins and BWR
shielding margins were fairly large. Based on those results, BWAFC made
adiscreteANISNshieldirganalysisaxﬂaﬂxernalevaluatimofam
conservative case (366 watts/assembly instead of 348 for 5-year fuel) to
see if a full load of 5-year cooled BWR fuel (30 Gwd/mtu, 3.0 w/o0) could
be accammodated within the standard basket configuration. Both in terms
of dose rate (9.4 mr/hr) and temperatures, the loading was acceptable.

The PR investigation was directed toward three options. The first
option was simply to replace the fuel in the basket outer row with
alumimm inserts (1-inch wall thickness sguare tubes) which would
provide the correct amount of shielding. The total reduction in the
mass of the fuel transported and its concentration in the center of the
basket also contrilbuted to a reduction in the dose rate to an acceptable
level. The total heat load from this configuration was judged to be so
low (8.1 XW) as not to require a discrete analysis to assure adequate
thermal performance. The dose rate for this array was also not
discretely calculated, but was campared to a model with a larger source
ard equivilent shielding that produced a dose rate of 10.4 mr/hr. It
was concluded that the dose rate for Option 1 would be less than 10
mr/hr. The replacement of 12 fuel assemblies with alumirum inserts
reduces the payload, and hence the hook weight, by at least 10,000
pounds. Option 1 consequently has an acceptable performance, but only
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carries 9 fuel assemblies per load.

The secord option for PWR review was to investigate what basket changes
could be made to optimize the 5-year fuel payload. A l6-assembly basket
of 10-inch square BR-100 PWR fuel cells has an outer diameter of 53.85
inches. Dividing the anmular gap between this basket and the cask imner
diameter (58.5 inches) and leaving same roam for insertion, an alumirnm
anmulus 2.25 inches thick was modeled for ANISN analysis (Figure 5).
The resultant dose rate was 10.4 mr/hr (2.5 neutrony/7.9 gamma).
Because of the conservative modeling and input techniques, and the use
of alumimm instead of a heavier metal for the armular insert, it was
judged that this configuration was acceptable fram a shielding
perspective. A discrete thermal analysis was not run on this array; the
total heat load of 14.45 KW was less than a previously-run successful
17.58 XW case (21 assemblies), thus it was evaluated to be adequate
thermally. Again, the reduction in total fuel payload meant a reduction
in hook weight fram the 100-ton limit. Option 2 was evaluated to have a
achievable capacity of 16 PWR assemblies.

Option 3 was pursued to determine if an efficient way of transporting a
cambination of 5-year and 10-year cooled FWR fuel could be found. The
basket outer row was hypothetically filled with twelve 10-year cooled
fuel assemblies to provide shielding to the hotter S-year cooled fuel in
the inner nine locations (Figure 6). The resultant array was similar to
a previous thermal analysis run that had slightly hotter fuel in the
inner locations (956 kW vs 903 kW for 5-year cooled fuel using assembly




average burnups), so the acceptable results from that run were used to

. justify the thermal adequacy of Option 3. Results from previous ANISN
runs with similar configurations have shown that cooler fuel in the
outer rcw shields the hotter imner assemblies and that extermal dose
rates are little, if any, different from a full load of the cooler fuel.
Based on those results, BWFC anticipates a 2-m dose rate less than 10
mr/hr for the Option 3 configuration. Because the Option 3 payload is
identical to the baseline, the hook weight should not be different and
would be acceptable. Option 3, with its full campliment of 21
assemblies, is an efficient alternative for shipping S-year and 10-year
cooled fuel.

The results fram evaluation of all FWR and BWR options considered are

‘ shown in Table 3.

5. RATIONALE/LIFE-CYCIE-COST
The ability to fully load 5-year cooled BWR fuel into the BR-100 is a

significant feature which provides DOE with a flexibility that could be
extremely helpful in transparting fuel frum reactaors recently
decomissioned. Although the raw IOC mmbers do not reflect any
improvement, the value to the system is increased at no additional

charge.

The PR options have differing LOC impacts, but also do not quantify the
flexibility values that would benefit DOE. Option 1, which derated the
‘ baseline basket and used aluminum inserts to provide shielding, has a

51-1176034-00 8




increase of over 50% in LCC because of the drop in capacity from 21 to 9
' assemblies. The proportion of trips that would use this option to carry
fuel as opposed to the baseline 10-year aassumption is a direct factor
to the 54% that BWFC cannot assign a value to. An additional increase
of less than 1% would accrue because of additional development costs
(abouat $300K) to license the use of inserts as an option. The
fabrication cost (about $50K per cask) would also add to LCC.

PWR option 2 has an approximate 20% increase in ICC due to its capacity

derating fram 21 to 16 assemblies; that would also have to be factored:

by the proportion of use of the ammular insert. An increase of about 1%

in ILOC would apply because of additional development/licensing costs

(about $.75-1.0M if drop testing is required). Fabrication cost would
‘ be about $150K per basket in production.

PR option 3 has no significant increase in 1CC, due to the retention of
a full load of fuel. Should this method be successfully pursued, it
would give DOE a significant amount of flexibility in accepting fuel in
an efficient mamner from utilities. Although it requires
administrative overcheck during loading and could increase turnaround
time at the reactar, the NRC should be consulted to see if this is an
acceptable method of shipment.
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CONCIDSIONS

. BWFC investigated the capacity of the BR-100 to carry 5-year cooled fuel
in the baseline basket and in a redesigned basket. The use of "shadow-
shielding" was also checked. The results were that a full load of 5-
year cooled BWR fuel could be accamodated in the baseline basket.
Several options are available for PWR fuel, ranging from carrying only 9
assemblies in the baseline basket to carrying only 16 assemblies in a
redesigned basket; another alternmative is mixing a full 21-assembly load
of 5-year ard 10-year cooled fuel in a particular array to allow self-
shielding to provide maximum benefits.

This report provides DOE and BG&G with data which indicates that the BER-
100 cask can provide significant flexibility in managing the efficient
‘ transportatich of camnercial spent fuel.
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Table 1
PAR FUEL PARAMETERS - 465 Kq/ASSEMBLY

BURNUP ENRTCHMENT COOLING TIME DECAY HEAT

{Gwd/mtu) —(w/o) (Years) (Watt Assy)
35 3.0 5 903
35 3.0 10 574
35 4.5 5 812
35 4.5 10 533

35x1.13 = 40 3.0 5 1066
40 3.0 10 682
40 4.5 5 958
40 4.5 10 630

Table 2

BWR FUEL PARAMETERS - 176.8 Kg/ASSEMELY

BURNUP ENRICHMENT COOLING TIME DECAY HEAT
{Gd/mt) —(w/o) (Years) {Watt Assy)
30 3.0 5 279
30 3.0 10 178
30 4.5 5 256
30 4.5 10 169
30x1.2 = 36 3.0 5 348

36 3.0 10 223
36 4.5 5 315
36 4.5 10 208

51-1176034~00 11
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Tabf® 3
Key BR-100 Performance Values

PWR BWR
Design | 10-Yr 10-Yr 5-Yr
Limit | Baseline | Option 1 | Option 2 | Option 3 | Baseline| Case
Capacity (F.A.) - 21 | 95yr | 165yr |10 0 52 | 52
Dose Rate
9.6 10.4 5.0 94
@2M (mr/hr) 10 <10 <10 )
(neutron/gamma) (3.8/5.8) (2.5/7.9) -~ 1(2.6/2.4)|(1.8/7.6)
Hook Weight (tons) | . 100 99.7 95 99.5 100 100 100
Maximum Outer _ Not Not .o .n
Surface Temp (°F) 195 Run Run 214 184 220
Maxnm;:m Concrete 250° 210 Not Not 23300 198 24204
Temp (°F) Run Run
Maximum Alumi- | 350 | 594 Not Not | 3p7ee | 239 | 309%°
num Temp (°F) Run Run
Ma:umn:m Rod Clad 680 364 Not Not 456** 285 372%*
Temp (°F) Run Run
Total Heatload
(kW) 18 12.1 8.1 144 15.0 9.3 14.5

* Steady-state, not applicable for transient events

*+ Conservative decay heat value used; discrete run would have lower results
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FIGURE 2

. TRADE-OFF STUDY: 5 years cooled fuel

BASELINE CASK BODY
21 PWR CONFIGURATION
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BR-100 CASK BODY

58.5" ID
1 88 21 PWR BASKET

4.5" Lead
4.5" Concrete
1.75° SS

q 82' OD
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FIGURE 3

‘ - TRADE-OFF STUDY: 5 years cooled fuel

BASELINE CASK BODY
52 BWR CONFIGURATION
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FIGURE 4
Fuel Axial Location vs Burnup
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TRADE-OFF STUDY: 5 years cooled fuel

‘ MAX. CAPACITY W/O MODIFICATION OF CASK BODY
16 PWR CONFIGURATION
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TRADE-OFF STUDY: 5 years cooled fuel

BASELINE CASK BODY
21 PWR CONFIGURATION / 12 PWR, 10 years cooled

9 PWR, 5 years cooled
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THE EFFECT ON CAPACITY AND COST OF TRANSPORTING CONSOLIDATED FUEL, NON-FUEL
|‘II. BEARING (OCMPONENTS, FAILED FUEL, OR NON-STANDARD FUEL
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SUMMARY

This report rresents the results of a study performed by the B&W Fuel
Campany (BWFC) to investigate capacity and life—cycle-cost (LCC) impacts
an the BR-100 100-ton spent fuel shipping cask of transporting payloads
other than standard fuel. Payloads reviewed included consolidated fuel
at ratios ranging up to 2:1, non-fuel bearing camponents (NFBC), failed
fuel, and non-standard fuel as defined in the contract Statement-of-
Work. Package constraints were investigated in hook weight, shielding,
structural, and thermal areas. Only baseline BR-100 PWR basket
configurations were examined, but the results are judged to be directly
extrapolatable to BWR fuel.

The limiting parameter for BR-100 transportation of consolidated fuel
was found to be hook weight. When the weight criteria was satisfied,
thermal and shielding criteria were also met. If only 2:1 consolidation
fuel canisters (each with two baseline fuel assemblies worth of rods at
35 Gwd/mtu burmup, 3 w/o0 enrichment, 10-year cocled) are shipped in the
PWR basket, anly 11 canisters can be accammodated due to weight
limitations. If the consolidation ratio is 1.2:1, 17 canisters can be
accamodated with acceptable performance. A consolidation ratio of
1.8:1 yields an acceptable payload of 12 canisters.

A full campliment of 21 NFBC canisters (each with ten assemblies worth
of hardware) has no weight or thermal problems, but has a marginally
unacceptable 2-meter dose rate. The weight and thermal margins would
allow a gamma blanket to be attached to the outside of the cask, thereby
reducing the dose rate to acceptable limits for a full load. Ancther
solution would be the shipment of intact fuel or canisters of
consolidated fuel in the basket outer row along with the shipment of
NFBC canisters in the inner rows.

The shipment of failed fuel can be handled several ways. Fuel with only
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minor defects should be able to be shipped normally. Routine shipments
of large quantities of failed fuel may require a double-contairment
inner cavity which the BR-100 can easily transition to with its existing
two-piece closure system. The third method is to canisterize serious
"leakers" in a bolted container as Cogema does in France. With either
of those options the BR-100 still carries a full payload of fuel.

All non—-standard fuel defined by the contract Statement-of-Work except
for the extra-lang fuel used only at the South Texas Project, can be
transported by the BR-100, most at full rated capacity.

JINTRODUCTTON

The purpose of this document is to satisfy the requirement in Sections
4.10.1.5 ard 4.10.1.6 of the contract Statement-of-Work to "..canduct
trade-off and impact evaluations of the following design consideratians
on cask payload capacities and costs: ...Transportation of consolidated
fuel assuming consolidation ratios ranging from 1.2:1 to 2.0:1, amd
...The effects of nonstandard and failed fuel and nonfuel-bearing
materials..." The B&W Fuel Campany (BWFC) has designed a 100-ton spent
fuel shipping cask, the BR-100, which efficiently transports standard
fuel in either of two basket configurations, for either PWR or BWR fuel.
BWFC’s goal in performing the investigations detailed in this report was
to determine the capacity and effect on LCC for the BR-100 that payloads
other than standard fuel would have.

Section 3 of this report describes the baseline BR-100 and documents its
performance in transporting standard design basis fuel. Section 4
defines the performance parameters of consolidated fuel at ratios of
1.2:1, 1.8:1, and 2.0:1 and then loocks at their effect an capacity.
Section 5 details non-fuel bearing camponents (NFBC) and how they can
be optimized with respect to capacity. Section 6 examines failed fuel
and the various options available to transport it. Section 7 examines
non-standard fuel parameters and their relationship to BR-100 capacity.
Section 8 is the conclusion ard reviews both the capacity and cost
effects of the proposed altermatives.
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BR-100 DESTGN DESCRTPTION

The baseline BR-100 cask is shown in Figures 1, 2, and 3. It has a
cavity 58.5-inches in diameter and 181-inches long and has side walls
make of—fram inside out——1-inch of 304L stainless steel, 4.5-inches of
lead, 4.5-inches of borated concrete, and 1.75-inches of 304L stainless
steel. Unique baskets for either PWR and BWR fuel have a capacity of 21
or 52 assemblies, respectively. The baskets are made of alumirum cells,
supports (formers), and end plates which efficiently transfer heat fram
the fuel to the cask inner wall. The PWR basket has 21 individual fuel
cells (Figure 4) which each have a payload cavity of 8.75-inches square
by 181-inches lang.

The hook weight of the BR-100, including interstitial water (removed
before lifting the cask out of the pool) and the hardling equipment, is
at ar just under 100-tons in either PWR or BWR configuration, using the
heaviest fuel available. The design basis payload for the BR-100 is 10-

year cooled fuel that has a burmup of 35 Gwi/mtu (PWR) or 30 Gwd/mtu
(BAR) and an enrichment of 3.0-4.5 w/o.

Standard fuel is defined in the contract Statement-of-Work, Appendix C
"Cask Interface Guidelines," Section 1.A, and is shown in Table 1 with
several key parameters. The heaviest fuel is used for maximm hook
weight and structural calculations, the most reactive fuel is used for
criticality calculations, and the highest source term is used for
shielding analysis. The BR-100 can carry any 21 of the standard PWR
assemblies or any 52 of the standard BWR assemblies.

OONSOLIDATED FUEL

BAFC designs and fabricates PWR fuel and has participated in several
projects to design consolidation systems for PWR and BWR fuel. BWFC has
recently fabricated its own fuel consolidation equipment, Fuel Master™,
and is marketing consolidation services to utilities. Same of the
criteria for fuel consolidation canisters include insertability back
into the same storage cell the fuel came out of, compatibility with
existing reactor fuel handling systems, and structural viability under




TABLE 1
STANDARD SPENT FUEL DESCRIPTION

Transverse Maximum Maximum

Dimension *** Length ** Weight °

(inch) (inch) (pound)
PWR SPENT FUEL
Westinghouse Electric 17 x 17 8.445 162.0 1510.
Westinghouse Electric 15 x 15 8.445 161.5 1500.
Westinghouse Electric 14 x 14 8.040 161.5 1330.
Babcock & Wilcox 17 x 17 8.546 167.5 1535,
Babcock & Wilcox 15 x 15 8.546 167.5 1540.
Combustion Engineering 16 x 16 8.240 180.0 1465.
Combustion Engineering 14 x 14 8.130 158.5 1295.
Exxon Nuclear 17 x 17 8.435 161.5 137S.
Exxon Nuclear 15 x 15 8.435 163.5 1460.
Exxon Nuclear 14 x 14 8.120 163.5 1320.
BWR SPENT FUEL
General Electric 8x8 5.530 178.0 610.
General Electric 7x7 5.530 178.0 610.
Bxxon Nuclear 8x8 5.260 178.0 600Q.
Exxon Nuclear 7x7 5.260 173.0 630.

. The maximum weight considers a maximum variation of 2% above the
nominal value.

**  The maximum length considers a maximum 40,000 MWD/MTU burnup and
a 400 F temperature of the guide tubes.

**+ The transverse dimension includes the fabrication tolerances.



postulated accident conditions. These canisters do not have to provide
any contairment, and take advantage of that by having openings in their
walls to reduce weight and allow cooling water cross-flows. The
standard material of construction for canisters is expected to be
stainless steel. A typical canister is shown in Figure S.

BWFC’s experience and that of others, including DOE, is that a 2.0:1
fuel consolidation ratio is achievable. This means that all the fuel
rods from two fuel assemblies are removed and placed in a canister
meeting the criteria described above. Indeed, to be marketable as an
efficient fuel storage option, a 2.0:1 consolidation ratio is required.
BWFC did lock at other ratios for this report—1.2:1 and 1.8:1—but they
are not considered realistic scenarios for further investigation. Table
2 gives pertinent data for canisters corresponding to the three ratios
of interest. Bump was assumed to be 35 Gwd/mtu and enricment 3.0 w/o
to obtain conservative decay heat and source term values.

TARLE 2
OONSOLIDATED FUEL CANISTER DATA-PWR
Ratio 1.2:1 1.8:1 2.0:1
Size (inches) 8.5 square 8.5 square 8.5 square
No. of fuel ruds 250 370 416
Weight (pounds) 1900 2700 " 3050
Decay Heat (Watts) 689 1033 1148

When canisters of the three types shown in Table 2 are loaded into the
baseline BR-100, the resulting hock weights are such that no more than
11 of the 2.0:1 canisters, 12 of the 1.8:1 canisters, or 17 of the 1.2:1
canisters can be loaded without exceeding the 100-ton hook limit.
Lighter fuel than used in the analysis is probable and would result in
lighter canisters and a larger carrying capacity, but would vary from
reactor to reactor. A discrete ANISN run proved that the maximm 2-
meter dose rate of having a full load of 21 canisters—42 fuel
assembly’s worth of rods—was an acceptable 9.7 mr/hr (3.9 neutron, 5.8
gamma). The thermal performance of placing up to twelve 2.0:1 canisters
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in the basket outer row or the specified mumber of 1.2:1 or 1.8:1
canisters in any location was evaluated against other P/THERMAL
calculations and judged to be quite acceptable.

Redesign of the BR-100 baskets to optimize capacity of consolidated fuel
canisters would increase capacity by up to three of the 2.0:1 canisters,
but may not be cost effective if only a few utilities chocse
consolidation as a storage option.

NON-FUEL, BFARTNG CUMPONENT CANLSTERS

BWFC has, in conjunction with its work in fuel consolidation techniques,
investigated methods of campacting the non—fuel bearing campanents
(NFBC) of fuel assemblies into reasonable storage geametries. NFBC,
typically stainless steel end fittings, Inconel spacer grids and
holddown springs, and zircaloy guide tubes and instrument tubes (scme
spacer grids also use zircaloy), are left after fuel rods are removed in
a consolidation campaign, or, in the case of reactor control devices,
after they are discharged fram use. These campanents can have a
significant gamma source term associated with them, primarily because of
activation of cabalt within the steel and Inconel items. BWFC has fourd
that a 10:1 ratio for fuel assembly NFBC can be abtained using their
Fuel Master system, which segregates and stacks the end fittings
(actually using ane set for the canister itself) and then chops amd
crushes the cages. A 10:1 ratio means that all non-fuel rod hardware
fram 10 assemblies can be placed into ane canister. Reactor control
devices such as control rods or burnable poison rods contain no
fissionable materials and can be similarly consolidated into a canister
with a mach larger ratio.

The resultant canister would weigh about 1000-1200 pounds and would have
a negligible decay heat generation. An ANISN run was made to lock at
the dose rate for a full 21-canister load. The hardware was assumed to
have been irradiated for 5 cycles (eguivalent to about 60 Gwi/mtu), to
have its maximm allowable cobalt content, and to have been cooled for
ten years. The canister was assumed to have a stainless steel wall




.125-inches thick. The side dose rate at 2-meters from the persomnel

‘ barrier was calculated to be 13.5 mr/hr, slightly over the allowable 10
mr/hr. More realistic assumptions could reduce the predicted dose rate
to acceptable levels, but a simple flexible gamma shield attached to the
outside wall of the cask would also provide ample shielding to achieve
acceptable values (only about .25-inches of steel, or equivalent, would
be needed). The removable gamma shield is feasible because of the lower
payload weight with NFBC as campared to intact fuel (about 10,000 pourds
less) and the lack of heat generation with the NFBC.

Ancther method to ship the NFBC canisters would be to mix them with
either intact fuel assemblies or consolidated fuel canisters, using the
fuel to provide shadow shielding. To investigate their use with intact
fuel, a scenario was devised whereby the inner nine basket locations
were loaded with NFBC canisters ard the outer twelve were loaded with
intact design basis fuel (Figure 6). The predicted 2-meter dose rate
from that ANISN case was 8.9 mr/hr (5.8 gamma, 3.1 neutron), quite
acceptable and well within the hook weight criteria. A similar scenario

‘ was investigated for consolidated fuel (2.0:1) canisters with a
resultant 9.5 mr/hr dose rate (5.8 gamma, 3.7 neutron). Weight
constraints prevent the 12-fuel canister (2.0:1)/9-NFBC canister fram
being feasible (overweight by about 12,000 pounds), but a cambination of
9 NFBC canisters in the inner cells and 8 fuel canisters (Figure 7)
would work from all aspects.

Most reactor control devices that have been discharged (typically
control rod assemblies or burnable poison rod assemblies for PWRs or
chamnels for BWRs) are currently being stored within discharged fuel
assemblies in a spent fuel pool. The BR-100 offers a unique way of
shipping these components, which are normally HIW, to the repository or
Federal disposal facility. The fuel cells have been sized in length,
width, and weight-carrying capability to carry the fuel amd the control
devices. Because of hook weight limitations, in rare cases this may
require a reduction in total assemblies transported (no more than ane
. less for PMR or seven less for BWR), but usually will be campatible with

51-1176105-00 8
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large NFBC such as reactor camponents, Defense High level Waste
Canisters, or other forms of high level waste can be easily accammodated
by the BR-100 with a different basket design. The BR-100 has a
stainless steel cavity surface and a cavity 58.5-inches in diameter by
181 inches long (without basket). If dry-loaded, it can carry over
50,000 pournds and still be within the 100-ton hook limit. It also can
dissipate up to 18 kW in heat and meet all design temperature criteria.
By removing the shield plug, which may not be necessary for shielding
20-year cooled fuel, even the fuel containers being conceptualized for
disposal at Yucca Mountain, 26-inches in diameter by 186.5-inches long,
can be accamodated three at a time for possible transport fram a
Monitored Retrievable Storage Facility to the repository.

FAILED FUEL

The term "failed fuel" can be used to cover a wide spectrum of fuel
conditions. Over the recent past, commercial muclear fuel in the U.S.
has had an average integrity rate of about 99.95%t—that is, less than
five fuel rods in 10,000 used will develop a cladding defect that will
allow a small amount of its fission products to migrate to the
erviroment. These defects are usually either pinhole leaks that
sametimes "heal®™ themselves with corrosion products or slightly larger
defects that can be visually spotted with inspection. For the
approximately one assembly in 10-25 that may contain one ar two rods
with such a defect, separate processing is not necessary. Those
assemblies have sat in spent fuel pools long enough for any uncambined
fission products to have been leached out by the action of pool coolant
water within the failed rods. The BR-100 cask, as do all casks in the
Fram-Reactor Cask Program, ships its fuel dry, which avoids the
possibility of water leaching out further fission products. Operating
procedures require that, before the lid is opened, the cask cavity
atmosphere be sampled to check for the presence of fission gas products.
Should such products be present, the BR-100 has a vent/purge system
which allows the cavity atmosphere to be routed into a filter bank that
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would remove the radiocactive constituents for safe disposal.

There have been rare instances where fuel failures may be severe encugh
to require separate canisterization (baffle jetting, for instance). The
use of canisters to isolate such fuel is camnon in France, where Cogema
uses a bolted canister with a valve at each end to provide contairment.
The canister is shown in Figure 8 and, because of its tight clearance to
the sides of the fuel, fits into a standard storage cell. A similar
adaptation could be used for the BR-100, with no reduction in capacity
except for fuel over 177-inches in length.

Shipment of large quantities of fuel assemblies that have multiple rod
failures could result in a need for a double~containment inner cavity.
The BR-100 uses a double-1lid closure system that routinely only depends
on the bolted top closure for contaimment. The imner shield plug does
not currently provide a contaimment seal, but could be easily adapted to
provide one with no reduction in capacity.

NON-STANDARD FUFT,
Non-standard fuel is defined in the contract Statement-of-Work ard is

shown in Table 3 along with same key parameters. The BR-100 has been
designed such that it can accammcdate every fuel listed, with the
single exception of the Extra-Long Westinghouse 17X17 assemblies used
only at the South Texas Project. Same BWR fuels with large transverse
dimensions may require transport within the PWR basket (double stacked,
or 42 per shipment), but the large majority can be shipped at full
payload in their appropriately titled basket configuration.




PWR SPENT FPUEL
Westinghouse Electric
Westinghouse Electric
Babcock & Wilcox
Combustion Engineering
Combustion Engineering
Gulf United Nuclear

Westinghouse Electric

BWR SPENT FUEL
General Electric
General Electric
General Electric
Exxon Nuclear

Exxon Nuclear

Exxon Nuclear

Exxon Nuclear

Allis Chalmer
Nuclear Fuel Services

United Nuclear

Westinghouse Electric

16

13

14

17

17

11

11

10

TABLE 3
NON-STANDARD SPENT FUEL DESCRIPTION

x 14
x 14 XL

x 15

x 17 XL

x 11

x 10‘

X 6

x8

Transverse Maximum

Dimension * Length *

(inch) (inch)
7.775 161.5

no data in literature
8.435 139.0

no data in literature

8.25 149.0
no data in literature

8.55 201.0
6.55 83.

6.55 83.

4.05 136.5
6.525 85.

5.625 103.5
6.55 178.0
4.285 135.5

no data in literature
no data in literature
no data in literature

5.55 177.5

. Determined as for Standard Spent Fuel

11

Maximum
Weight *
(pound)

1335.

1280.

1385.

5

465.

38S.

585.

33S.

615.
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CONCIDIDSTON

The BR-100 is well adapted to transport any of the payloads investigated
ard presented in this report. Although optimized to carry standard
intact fuel, the BR-100 has the flexibility to carry attractive
quantities of consolidated fuel, failed fuel, or NFBC canisters.
outstanding BR-100 attributes include the ability to provide double
contairment with its closure system, the ability to transport reactor
control devices within intact fuel, and the ability to transport a full
payload of practically every type of fuel—standard or non-standard.

The life~cycle—cost effects of this flexibility are difficult to
accurately quantify because of the uncertainty of the fundamental
assumptions. The BR-100 provides an efficient method to transport any
payload investigated in this study. The use of the BR-100 in the
applications reviewed above will eliminate the necessity of developing
other cask designs. The production of more casks of a single design
will also reduce the unit cost, further reducing ICC.

The BR-100 is a viable option to providing optimized LOC with a cask
that provides a wide range of payload capabilities.
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FIGURE 2

BR-100 CASK
LONGITUDINAL SECTION
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FIGURE 3

‘ TRADE-OFF STUDY: effect of non-standard payload
on BR-100 capacity

BASELINE CASK BODY

PWR CONFIGURATION
21 FUEL ASSEMBLIES

BWR CONFIGURATION
52 FUEL ASSEMBLIES
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FIGURE 4

‘ TRADE-OFF STUDY: effect of non-standard payload
on BR-100 capacity

PWR CELL CROSS-SECTION
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FIGURE 6

58.6" 1D
1" SS
4.5" Lead

1.75° 8S
82" OD

4.5" Concrete

BR-100 CASK BODY

TRADE-OFF STUDY:

effect of non-standard payload
on BR-100 capacity

IFA
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TRANSPORTATION OF 9 NFBC CANISTERS (NFBQ)
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FIGURE 7
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BR-100 CASK BODY

TRADE-OFF STUDY:

effect of non-standard payload
on BR-100 capacity
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Figure 8
Typical Cogema Failed-Fuel Canister for PWR Fuel
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‘ ADVANTAGES OF COMMON-USE CASKS VS DEDICATED-USE CASKS

1. SUMMARY

The B&W Fuel Coampany (BWFC) investigated the life-cycle-cost
differences between a cask designed to serve both Pressurized Water
Reactor (PWR) and Boiling Water Reactor (BWR) fuel and two casks,
each designed to serve primarily either PWR or BWR fuel. The base
design was the ER-100 cask already designed to carry both types of
fuel (21 PWR or 52 BWR assemblies in separate baskets). Design
criteria included standard 10CFR71 requirements, a 100-ton hook
load, and fuel properties as given in the contract Statement-of-Work
(18-35 Gwd/mtu, 3-4.5 w/0 enriched, 10-year cooled PWR; 15-30
Gwd/mtu, 3-4.5 w/0 enriched, 10-year cooled BWR).

The shorter length of a cask designed for PAR fuel was not able to
campensate in weight for the increasé in diameter required to
increase payload capacity. The longer BWR cask could have less
shielding and carry 56 BWR assemblies, an increase of four
assemblies. The relatively small life-cycle—cost (1CC) benefit from
the increased BWR capacity was more than offset for dedicated-use
BR-100s by additional development and fabrication costs. The
camon-use BR-100 cask was fourd to be the most ICC-effective

®
2. INIRODUCTION

This Trade-Off Study was performed to quantify the LOC of developing
two dedicated-use ER-100-type spent fuel shipping casks, one for FWR
fuel (with the exception of Cambustion Engineering (CE) 16 X 16 and
Westinghouse South Texas Project (STP)) and the other for BWR and CE
16 X 16 fuel. Those dedicated-use ICC were then compared to the
baseline cammon-use BR-100 ICC and the differences discussed. A
caclusion was reached as to the efficiency of using either
dedicated-use or cammon-use rail casks to minimize LCC.

3. GCASK DESCRIPTIOND
3.1 ER-100 COMMON-USE CASK

The baseline cammon-use BR-100 cask is shown in Figqures 1, 2, 3,ard 4.
It has been sized to accept a payload of either 21 PWR fuel assemblies
or 52 BWR fuel assemblies, each in unique basket structures that have
about the same diameter, 58.3 inches, and length. The dose rate at
midplane using the most conservative fuel has been preliminarily
calculated to be 9.6 or 5.0 mr/hr (for PWR or BWR, respectively) at 2

’ 2 51~1175905-00



meters fram the Personnel Barrier (Federal limit is 10 mr/hr). The
baseline BR-100 has a PWR crane hook weight of 199,500 pournds as shown
in Table 1 and a BWR crane hook weight of 200,000 pounds as shown in

Table 2.
Table 1
PWR Crane Hook Weight (Pounds)
Cask Body...ceeesseosnace saesesescsasans 139,000
Shield PlUJ...ccccecacassssscscscssasses 5,200
Basket ASSemblY...cccoceececceccccccncns 9,000
Fuel (without Control Oarpcrm'rts).. eess 32,300
Stand-offS....cccceennccces esessessancns 500
Water (before dewatenng) ............... 10,000
Dewatermg 'Ipol .................... eesss 1,000
Handling Equipment....ccocecocccccoccne . 2,500
TOTAL..cceeoss cecscsesssscsess cecesscans 199,500

st m.o.-o-o-o0-000-o‘ooooo.oo.l-.oong'm

Shield PlUg.ccececcecsccessssscsssscanns 5,200
Basket Assembly....cccc0.. cessssssssscee 10,000
Fuel (without ChamnelsS)...ccceevecssceaas 33,500
Stand-0ffS..ccctrrecerscrcncsssscssscne . 300
Water (before dewatem';g) 8,500
Dewatering Tool....eeceee. cecseessscsess 1,000
Handling Equipment.....cccc... cescsasess 2,500

mooo00..0.0ooc.0...0....o.luo'.o'-olzw,m

3.2 BR-100P DEDICATED-USE CASK

A cask was then investigated that could be designed similar to the
BR-100, but dedicated to serving only PWR fuel with irradiated
lengths up to 167 inches. It was designated the ER-100P. The next
largest basket diameter that could accammodate an increased mamber
of PWR fuel cell locations (beyond the 21 in the BR-100) is 63.25
inches for a 24-cell array. Using the same cask body thicknesses as
the BR-100 for shielding calculations yielded a dose rate for the
24-cell cask of 9.9 mr/hr at 2 meters from the Persomnel Barrier.
The BR-100P was given a length 13 inches shorter than the BR-100,
with the shortening coming out of the middle of the cask. The hook
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weight of the BR-100P with a 24-PWR capacity was calculated to be
210,000 pourds. That weight is significantly over the 200,000 pound
limit and no shielding reduction for that design could be expected based
on the small dose rate margin predicted. The conclusion was that the
BR-100P would have to stay at the 21-PWR capacity, with the resulting
shorter length ard smaller weight allowing flexibility for consolidated
fuel or control camponents.

3.3 BR-100B DEDICATED-USE CASK

The BWR version of the BR-100 was then developed. Although the
length was kept the same as the ER-100 (to accammodate PWR CE 16 X
16 fuel in a special basket), the shielding thickness was reduced by
0.6 inches (all from the gamma shield) and the basket diameter
increased to 61.5 inches (a 56-cell array). The dose rate for this
configuration, shown in Figure 5, is 9.8 mr/hr. The hook weight is
calculated to be slightly over 200,000 pawds, but is close enough
such that the limit can be reached by minor design tweaking.

4. LIFE-CYCLE-COSTS

BWFC has an internal code, generated several years ago, to determine
the life-cycle-costs (ILC) of various casks and cask features. This
code was used to determine the sensitivity of 1CC to-ranges of imput
parameters that could be associated with changes in design or
operational philosophy. Factors that would vary in the ER-100
camon-use/dedicated-use camparison are shown in Table 3.

Table 3

10C FACTORS FOR CASK COMPARLISON

Factor BR=100 BR-100P ER=100B 10C Difference
PWR Capacity 21 21 0 0f #+
BWR Capacity 52 0 56 —5% #%
PWR Hook Wt 199.5K # 192K # N/A oY
BWR Hook Wt 200K # N/A 202K # 0%

Fab Cost $1500K $1800K $1800K +3%
Dev/Cert Cost  $8000K S6000K* S6000K* +43

*These costs are valid only if taken together, i.e., $12M total Dev/Cert
cost.

**The LOC percentages for PWR and BWR must be averaged together(60% PWR, 40%
BAR) to get the correct LcC difference for capacity.
The correct overall value is -2%.
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. 5. CONCIDSIOND

The factors in Section 4 have a cumilative effect of increasing
1CC by 5% with a change to dedicated-use casks. This indicates
that benefits are not present for BR-iO0 type casks to go to a
dedicated-use system. No benefit has been assigned to the
dedicated-use casks, however, for the extra flexibility provided
by the lower weight and capability to carry additional payload
such as control camponents. Such programmatic issues should be
considered by DOE in its final evaluation.

‘ 5 51-1175905-00
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BR-100 CROSS-SECTION

‘.

TRADE-OFF STUDY: common use vs dedicated cask |

BASELINE CASK BODY
21 PWR CONFIGURATION

\

BR-100 CASK BODY

51

AN 21 PWR BASKET
4.5 Lead
45" Concrets
175" SS

82" CD

!
|
|

7 51-1175905-00



FLOUKE 3

BR~100 CROSS-SECTION

TRADE-OFF STUDY: common use vs dedicated cask
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FIGURE &

BR-100 Cask -- Longitudinal Section
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FLIOUKE O

PROPOSED BR-100B SPENT FUEL SHIPPING CASK
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EFFECT OF DIFFERENT BORNUP 1EVELS ON CAPACITY

1.0 SUMMARY

This report presents the results of a study performed by the B&W Fuel
Campanty (BWFC) to investigate the capacity for transporting 10-year-
cooled, high burnup fuel (up to 60 Gwd/mtu - PWR and up to 50 Gwd/mtu-
BWR) in the BR-100 Cask.

The BR-100 cask is designed to transport most efficiently 10-year
cooled, 35 Gwi/mtu - PWR and 30 Gwd/mtu - BWR .fuel. The options
examined for higher burmups were (1) downloading the number of fuel
assemblies in the baseline basket, (2) changing the basket design, and
(3) selectively loading fuel with different burmup histories and
enrichments. Changes to the cask body, increases in envirormental dose

rates, or lowering of thermal margins were not options investigated.

BiR fuel assemblies examined had burmaps of 35, 40, 45, 50 Gwd/mtu, with
3.0, 3.5, 4.0, and 4.5 w/o enricments, respectively. The studies show
that thermal and shielding criteria are maintained for a full camplement
of 52 assemblies for fuel with those burmups except for the 50 Gwd/mtu
fuel. In that case, thermal limits in the concrete region are exceeded
unless the cask is downloaded to forty-eight 50-Gwd/mtu fuel assemblies,
or unless it is loaded with forty-four 50 Gwd/mtu fuel assemblies and

2 51-1176106-00



eight 30 Gwd/mtu design basis fuel assemblies.

PR fuel assemblies examined had burmups of 40, 45, 50, 55, 60 Gwd/mtu
with 3.5, 4.0, 4.5, 4.5, amd 4.5 w/o enrichments respectively. For
these cases, shielding criteria are limiting for all burrups except the
40 Gwd/mtu fuel. Selective cask loading with nine 45, 50, 55, or 60
Gwd/mtu_fuel assemblies surrounded by twelve 35 Gwd/mtu fuel assemblies
provides acceptable shielding and thermal results. Altermatively, the
cask may be downloaded and an alumirmum basket shield provided to accept
nineteen 45 Gwi/mtu, sixteen 50 and 55 Gwd/mtu, and fourteen 60 Gwd/mtu
fuel assemblies.

The option of mixing fuel of different burmups appears to be attractive
since utilization of the cask to its full capacity is achievable.
However, availability of fuel with burmups at or below design basis may
then dictate the need for cask downloading.

Loaded cask weights for the high burrup fuel are equal to or less than
weights with baseline fuel loadings.

The BR-100 cask has the payload flexibility to be attractive for the
efficient shipment of high burmup fuel.

3 51-1176106-00



2.0 INTRODUCTION

The purpose of this document is to satisfy the requirement in Section
4.10.4 of the Contract Statement-Of-Work to "...conduct trade-off amd
impact evaluations of the following design considerations on cask
payload capacities and costs: Burmup analysis." BWFC has designed a
cask, the BR-100 which efficiently transports 10-year cooled fuel,
either PWR or BWR in separate baskets. BWFC’s goal in performing the
investigations described herein was to optimize the payload of the ER-
100 cask for extended burmup levels of both PWR and BWAR fuel without

requiring rework or redesign of the cask body.

Section 3 of this report describes the baseline BR-100 cask amd
doaments its performance in transporting design basis spent fuel.
Section 4 describes calculational results, details the design options
investigated, and gives particulars on their performance. Section 5 is
a conclusion and recounts the results of the investigation.
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3.0 BASELINE ASSUMPTIONS

The baseline BR-100 cask is shown in Figures 1, 2, and 3. It has a
cavity 58.5 inches in diameter and 181 inches long ard has side walls
made of—fram inside out—1 inch of stainless steel, 4.5 inches of lead,
4.45 inches of borated concrete, and 1.75 inches of stainless steel.
Unique baskets for either PWR or BWR fuel have a capacity of 21 or 52
assemblies, respectively. The baskets are made of alumimm cells and
supports which efficiently transfer heat from the fuel to the cask inner
wall. The hook weight of the BR-100, including interstitial water and

the handling equipment, is 100 tons in either PWR or BWR configuration.

The design basis payload for the BER-100 is fuel that is 1l0-year cooled
ardhasabmupofwwm(PWR)arwbmd/m (BWR) and an
enrichment of 3.0-4.5%. Sensitivity studies performed by BWFC have
shown that, at the burmp levels selected, the lower enrichment has a
significantly higher source term and decay heat rate than the higher
enrichment. BWFC has also taken into account the axial profile of fuel
bamup. PR spent fuel has a substantial axial span where the bwrmap
level is up to 13% greater than the assembly average (the analogous
value for BWR fuel is 20%). The decay heat rates for those burmups were
calculated using ORIGEN2 and are shown in Tables 1 and 2 for 10-year
cooled fuel. Because of the preliminary nature of the cask design and
the naminal values used for same geametric and material properties, an
additional 1.10 conservatism factor was used for shielding calculations

indeteminjngsmxcestvengthatﬂ)elimitinghmxp.levels.
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35

35

{Gwd/mta)
30

30

Table 1

PWR FUEL PARAMETERS - 465 Kq/ASSEMBLY

ENRTICHMENT COOLING TIME
—(w/o) —(Years)
3.0 10
4.5 10
Table 2

BAR FUEL PARAMETERS - 176.8 Kq/ASSEMBELY

ENRICHMENT OOOLING TIME
— (w/o) (Years)
- 3.0 10
4.5 10

DECAY HEAT

574

533

DECAY HEAT

178

169
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4.0 DISCUSSION
Table 3 summarizes the fuel types, burmups, and enrichments considered
in this investigation. The study irnvolved assessments of envirormental
radiation, thermal loading, and total weights.

4.1 Radiation Analysis

Fram the radiation shielding aspect, the higher fuel burmip

effect (which produces greater source terms) is partially negated by
the higher enrichments (which result in lower sowrce temrms).
However, the overall effect is an increase in envirommental dose
rates requiring, in same cases, either a downloading of the cask or
mixed loading of the fuel in order to maintain the dose rate limits
specified by 10CFR71. ANISN runs based on ORIGEN2 source terms were
made for the discrete geametries described in Section 3 for all fuel
types specified in Table 3. |

Table 3

ER-100 HIGH-BURNUP CAPACITIES

FUEL TYPE BURNUP ENRICHMENT  DECAY HEAT QUANTTTY/
AVERAGE CASK
{Gwd/mtu) —(w/Q) _  (watts/assy) Puel Assv’s
PR 35 3.0 574 21
PWR 40 3.5 661 21
20 45 4.0 748 19
PR 50 4.5 837 16
PR 55 4.5 956 16
PR 60 4.5 1088 14
BAR 30 3.0 178 52
BAR 35 3.0 215 52
BWR 40 3.5 248 52
BWR 45 4.0 282 52
BWR 50 4.5 316 48

10 51-1176106-00



Table 4 shows the 2-meter dose rates that result from a full BWR
loading (52 FA’s) in the baseline cask. None of the 2-meter dose
rates exceed the design dose rate of 10 mrem/hr. Consequently, the
baseline cask has adequate shielding for all BWR fuel with the
specified burmps and enrichments.

The results of the PWR analyses with a full loading (21 FA’s) of
high burnup fuel are shown in Table 5. The four highest burmps
exceed the design dose rate radiation levels amd require cask
downloading or mixed loading. The downloading analysis was done in
conjunction with inclusion of alumimmm inserts an the outer
circunference of the fuel basket. The cambination of downloading
and alumirum shielding reduced the 2-meter dose rates to the design

limit of 10 mrem/hr for all cases.

Table 4
PR 2-Meter Dose Rates With 52_FA’s

BURNUP ENRICHMENT DOSE RATE ADDITIONAL SHIELDING
—(Gd/ptn) —(w/o) {mrem/hr) — REOUIRED

30
35
40
45
50

58888

1 51-1176106-00



Table 5

PR 2-Meter Dose Rates With 21 FA’s

BURNUP ENRICHMENT DOSE RATE MIXED FUEL AND/CR
_(Gd/mtu) —_(w/o) {mrem/hr) DOWNLOADING REQ'D

35 . . No

40 - . No

45
50
55
60

Yes
Yes
Yes

9

2

.5 Yes
9

5

4

Table 6 shows the acceptable quantity of high burmip assemblies and
the correspording crane hock weights. Fiqure 4 shows the 15 AR
basket arrangement, Figure 5 shows the 16 PWR basket arrangement,
andFiglmsshmstheuHRbasketanarganmtford&wﬂoadingﬂ)e
BR-100 baseline cask.

As an altermative to downloading the baseline cask, radiation
analyses were performed for selectively loaded fuel arrangements
where high burmup fuel assemblies are placed in the center portion
of the basket and are surrounded by lower burmup fuel. The results
of this study showed that the outer fuel effectively shields the
radiation effects of the surrounded higher burrup fuel.

12 51-1176106-00



Table 6

PWR HIGH BORNOP FUEL DOWNIOADED CASK QUANITTIES TO
REDOCE 2-METER DOSE RATE TO 10 mrem/hr

CRANE HOOK
BURNUP NUMBER INTERNAL Al SHIELD DOSE RATE IOAD
(Gud/mty) OF FA’s —  THICKNESS (Inches) (mrem/hr) — (punds)
35 21 None 8.9 200,000
40 21 None 10.2 200,000
45 19 0.875 10.2 200,000
50 16 2.25 7.6 198,000
55 16 2.25 10.3 198,000
60 14 3.375 10.2 197,500
Consequently, various cambinations of high and lower burmup fuel
are possible with the exterior dose rates being mainly a function
of the outer-most fuel in the basket. Table 7 illustrates
cambinations of fuel burmups that can be shipped in the BER-100
baseline cask without downloading.
Table 7
EXAMPIES OF SELECTIVELY IOADED FUEL QUANTITIES ACCEPTABLE
IN BR-100 CASK
FUEL TYPE BURNUP NO. FA IN BURNUP NO. FA ON
{Gwd/mtu) BASKET CENTER {Gxd/mty)  PERIPHERY
PAR 45 9 PLDS 35 12
50 9 - PIUS 35 12
55 9 PLUS 35 12
60 9 PLDS 35 12
BAR* 50 44 PLUS 30 8

*Iocation of fuel not crucial in BWR case

51-1176106-00



4-2

Cask top and bottom dose rates are primarily due to Co~60 gamma
rays. The calculations for the Co-60 source strengths were based on
the assumption that an exposure equivalent to 60 Gwd/mtu had been
experienced by the end-fitting hardware. Therefore, inclusion of
high burmup fuel in the cask center has been bounded for the dose
rates at the cask ends. Dose rates at these locations were below

the design limit of 10 mrem/hr.

Thermal Analysis

The goal of the thermal design of the BR-100 is to maintain the
cask, basket, and fuel cladding temperatures within safe limits.
The safe thermal design of the BR-100 is achieved by restricting the
cask loading to conditions that follow the following project thermal
guidelines:
1) The maximm temperature in the concrete neutron/thermal
shield will remain below 250°F (121°C), based on
conservatively chosen material limitations.

2) The maximm temperature in the alumirmm basket will remain
below 350°F (177°C), based on allowable ASME material struc-
tural properties.

3) The maximm fuel cladding temperature will remain below
680°F (360°C), to meet NRC requirements with margin.

14 51-1176106-00



These limits were used to establish various loading limits at the

burmups listed in Table 3 for both the BWR and PWR configurations.

The weight percents, or enrichments, were reduced at lower burmups
to levels consistent with those burnups and to provide a Jlarger
thermal load than provided by high weight percents. Table 3
contains the thermal loads per assembly that are associated with
each burmup condition, for both BWRs and PWRs. The peak burmups
were cbtained by miltiplying the assembly average value by the axial
peaking factor, 1.20 for BWR and 1.13 for PWR. These peak burmps
were used to generate the thermal loads for the trade—off study
thermal analyses. All of the thermal loads used in Table 3 are
based on 10-year cooled fuel.

The temperature distributions through the cask, fram the cask
exterior surface to the cask inside radius, and across the cask
inside radius-to-basket gap for the various BWAR and FWR burmup
corditions are shown in Figures 7 and 8 respectively. These two
figures indicate that the largest temperature gradients in the cask
occur in the concrete only part of the neutron/thermal shield.
These figures also demonstrate the effectiveness of the copper fins
embedded in the concrete, part of the neutrony/thermal shield, for
transferring heat. The temperature distributions in Figures 7 and 8
are based on the thermal loads that produce peak concrete
temperatures, peak aluminum basket temperatures, and peak cladding
tarpeiammmatarewitmnmemermllindts. The BWR 50
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Gwd/mtu, PWR 55 Gwd/mtu, and Pwr 60 Gwd/mtu full load conditions
exceeded the 250°F (1219C) limit on the concrete temperature and
were evaluated using a mixture of lower burmup and the high burmp
fuel (see paragraphs that follow).

The BWR temperature distributions are shown in Figure 9 as a
function of the assembly peak linear heat rate. Figure 9 shows the
cask surface, stainless steel outer shell-to-concrete interface,
concrete-to—copper fin interface, ard the copper fin-to-lead (gamma
shield) interface temperatures. Figure 10 provides that same
information for the PWR loadings. These temperatures represent the
maximm temperatures in the most limiting region of the cask. None
of the thermal 1limits are exceeded for any of the BAR and PWR
corditions (see Table 8).
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*Ioc, inch (m)

41.00(1.041)
39.25(0.997)
38.85(0.987)
34.75(0.883)
30.25(0.768)
29.25(0.743)
29.20(0.742)

Peak Basket
Peak Clad

*Ioc, inch (m)

41.00(1.041)
39.25(0.997)
38.85(0.987)
34.75(0.883)
30.25(0.768)
29.25(0.743)
29.20(0.742)

Peak Basket
Peak Clad

Notes:;

BAR AND FWR FULL~I0AD TEMPERATURE SUMMARY

30/3.0 w/o

184.2( 84.6)
186.8( 86.0)
192.2( 89.0)
197.6( 92.0)
201.4( 94.1)
203.4( 95.2)
212.7(100.4)

239.0(115.0)

285.4(140.8)

35/3.0 w/o

194.9( 90.5)
197.9( 92.2)
203.7( 95.4)
210.1( 98.9)
214.6(101.4)
216.9(102.7)
227.9(108.8)

274.3(134.6)

364.2(184.6)

Table 8

35/3.0 w/o

197.5( 91.9)
200.7( 93.7)
207.4( 97.4)
214.0(101.1)
218.7(103.7)
221.1(105.1)
231.5(110.8)

263.8(128.8)

316.8(158.2)

40/3.5 vw/o

203.6( 95.3)
207.1( 97.3)
213.6(100.9)
220.8(104.9)
225.9(107.7)
228.5(109.2)
240.8(116.0)

293.2(145.1)

390.7(199.3)

40/3.5 w/0

208.6( 98.1)
212.3(100.2)
220.1(104.5)
227.9(108.8)
233.3(111.8)
236.1(113.4)
249.1(120.6)

286.7(141.5)

344.9(173.8)

~Tamperatures in the BR-100 for FWR fuel, F

45/4.0 w/o

212.2(100.1)
216.0(102.2)
223.3(106.3)
231.4(110.8)
237.1(113.9)
240.0(115.6)
253.6(123.1)

312.2(155.7)

416.8(213.8)

1. 30/3.0 w/o denotes 30 Gwd/mtu 3.0 w/o fuel.

2. The BAR base case is 30/3.0 w/o.

3. Values in parentheses, (), are metric.

are degress Celsius.

“Temperatures in the BR-100 far BAR fuel, F (O)-

45/4.0 w/o

219.7(104.3)
223.8(106.6)
232.8(111.6)
241.7(116.5)
247.9(119.9)
251.1(121.7)
265.8(129.9)

308.9(153.8)

371.9(188.8)

©)-

50/4.5 w/0

223.9(106.6)
228.3(109.1)
236.7(113.7)
246.0(118.9)
252.6(122.6)
255.9(124.4)
271.3(132.9)

338.6(170.3)

452.6(233.7)

The PWR base case is 35/3.0 w/o.
The metric units on temperature
The metric units on location are meters.

* Ioc denotes the radial location in the cask, fram the cask center.

29.20 is the basket OD, 29.25 is the inner shell ID, 30.25 is the lead
ID, 34.75 is the concrete ID, 38.85 is the copper fin OD, 39.25 is the

concrete OD, and 41.00 is the OD.

17
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There were several full-load conditions under which the concrete
temperature 1limit of 250°F (121°C) was exceeded, although the
basket and fuel cladding thermal limits were not exxceeded. These
conditions were the BWR 50 Gwd/mtu, PWR 55 Gwd/mtu, and PWR 60
Gwd/mtu full-load burmups. For these high burmup conditions same
of the low burmup baseline fuel was added in the exterior cells of
the basket, to reduce the thermal load on the cask. The use of low
bumup fuel in the outer cells of the basket was dictated by
shielding constraints. Any loading using lower burmp fuel in any
of the basket cells will produce less limiting temperature
canditions. Figure 11 shows the temperature profiles across the
cask arnd the cask inside radius-to-basket outside radius gap for
the mixed load BWR and both PWR arrangements. The peak basket and
fuel cladding temperatures for the mixed load conditions are |
sumnarized in Table 9. The peak basket temperatures occur near the
center of the cask. The peak cladding temperature occurred in the
center assembly. None of the thermal limits are exceeded for these

mixed load BAR and PWR corditions.
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Table 9

BAR AND PWR MIXED IOAD TEMPERATURE DISTRTBOTIONS

-Temperatures in the BR-100, F (C)-

*loc, inch (m) BWR PR PWR

50/4.5 vi/o, 55/4.5 w/o0, 60/4.5 v/o,

30/3.0 w/0 35/3.0 w/o 35/3.0 w/o
41.00(1.041) 223.9(106.6) 213.9(101.1) 220.5(104.7)
39.25(0.997) 228.3(109.1) 217.8(103.2) 224.7(107.1)
38.85(0.987) 237.7(114.3) 225.2(107.3) 232.8(111.6)
34.75(0.883) 247.1(119.5) 233.5(111.9) 241.8(116.6)
30.25(0.768) 253.6(123.1) 239.3(115.2) 248.1(120.1)
29.25(0.743) 256.9(124.9) 242.3(116.8) 251.3(121.8)
29.20(0.742) 272.4(133.6) 256.1(124.5) 265.6(129.8)
Peak Basket 319.9(159.9) 327.0(163.9) 345.5(174.2)
Peak Clad 388.3(197.9) 455.7(235.4) 486.5(252.5)
Notes:

1. 30/3.0 w/o denotes 30 Gwd/mtu 3.0 w/o fuel.

2. Values in parentheses, (), are metric. The metric units on temperature
are degrees Celsius. The metric units on location are meters.

* Loc denctes the radial location in the cask, form the cask center.
29.20 is the basket OD, 29.25 is the immer shell ID, 30.25 is the lead
ID, 34.75 is the concrete ID, 38.85 is the copper fin OD, 39.25 is the
concrete OD, and 41.00 is the OD.
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@ TRADE-OFF STUDY: nhigner burnup levels

MAX. CAPACITY W/0 MODIFICATION OF CASK BODY
19 PWR CONFIGURATION for 45 GWD / 4.0 % FUEL

BR-100 CASK BODY

58.5° 1D
1* SS
4.5° Lead
4.5 Concrete
1.75" S8

gz2* OD

Al INSERT
875" thick.

19 PWR BASKET

20
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FIGURE 5

TRADE-OFF STUDY: nhigher burnup levels

MAX. CAPACITY W/O MODIFICATION OF CASK BODY
16 PWR CONFIGURATION for 50 GWd / 4.5 %
and 55 GwWd /7 4.5 % FUEL

BR-100 CASK BOOY

585 1D 16 PWR BASKET
1 S8 |
4.5' Lead
4.5 Concrete Al INSERT
1.75° 8S 2.25' thick.
g82°' OD
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FIGURE 6

TRADE-OFF STUDY: nigher burnup levels

MAX. CAPACITY W/0O MODIFICATION OF CASK BODY
14 PWR CONFIGURATION for 60 GWd / 4.5 % FUEL

BR-100 CASK BODY

58.5° 1D
1* SS
4.5° Lead
4.5" Concrete
1.75° SS

g2" OD

Al INSERT
3.375" thick.

14 PWR BASKET

22
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‘ 5.0 OONCILUSION

Radiation, thermal, and weight studies were campleted to determine
the acceptable conditions for transporting various burmuups amnd
enrichments of both FWR and BWR spent fuel assemblies in the
baseline and redesigned basket of the BR-100 cask. The results are
that a full 1loading (52 FA’s) of BWR fuel assemblies of all
considered burmups and enriciments with 10-year cooling can be
transported in the BR-100 cask with no modifications with the
exception of 50 Gwd/4.5 w/0 fuel. Thermal limitations in the
concrete region dictate either a slight downloading or selective
fuel loading for this case. Crane hook weight remains at or below

200,000 pounds for all cases.

‘ PWR fuel assembly loadings in the BR-100 cask are shielding limited
for the four highest burmips considered. For these fuel assemblies
it is acceptable to load the basket centrally with nine high burmup
assemblies surrounded on the periphery by twelve design basis fuel
assemblies. This produces a full camplement of 21 fuel assemblies,
maintains dose rates under the 2-meter limit of 10 mrem/hr, and
meets thermal 1loading criteria. Downloading of the cask in
conjunction with supplemental alumimum shielding in the outer
basket will allow shipment of reduced mmbers of the high burmup
fuel assemblies. Again, dose rates and thermal margins will meet
design criteria. Cask hook weight is equal to or less than the
baseline PWR cask loading weight with 21 full assemblies in all

‘ cases.
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This report shows that the BR-100 cask has the capability to
accamodate a wide range of high burmup BWR and PWR fuel with minor
fuel loading management or with fuel basket redesign only. It also
provides assurance that other spent fuel scenarios which may evolve
from future needs can be accommodated.
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B&W Fuel Company BR-100 Preliminary Design Report

7.0 THE EFFECT ON CAPACITY OF LOW-BURNUP
FUEL

Section 4.10.4 of the contract Statement of Work requests an evaluation of the
effect on cask capacity of burnups ranging from 5 Gwd/mtU up to the design
baseline (35 Gwd/mtU for PWR fuel, 30 Gwd/mtU for BWR). High enrichments were
to be assumed for these studies.

B&W believes that the trade-off studies presented in chapters one through six of this
section cover all the relevant information on the issue of burnup and enrichment. The
only factor that low burnup would affect is the burnup assumption that B& W uses for
high enrichment fuel. If low burnups did occur on high enrichment fuel, Chapter 1
(The Effect on Capacity of Burnup Credit) addresses its impacts. Specifically, the
payload on PWR fuel would be reduced from 21 assemblies to 17 assemblies. There
would be no effect on BWR fuel.

No discrete report on the effects of low burnup fuel are planned.
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EFFECT OF DIFFERENT BURNUP LEVELS AND AGES ON CASK CAPACITY

SUMMARY

This report presents the results of a study performed by the
B&W Fuel Company (BWFC) to investigate the effect of
transporting high burnup fuel with cooling ages ranging from

5 to 15 years in the BR~100 cask or one very similar.

The baseline BR-100 cask was designed by BWFC to efficiently
transport 10-year cooled, 35 Gwd/mtU - PWR and 30 Gwd/mtU -
BWR fuel. The options examined in this study were (1)
downloading the number of fuel assemblies in the baseline cask
and, (2) changing the basket and cask body design. 1Increases
in environmental dose rates beyond Federal 1limits, or

exceeding design thermal limits were not options investigated.

The downloading studies involved the reduction in payload of
the baseline cask (also called cask 1) with supplemental
annular aluminum shielding inside the cask cavity (see Section
4.1.1). The other two cask designs employ more shielding in
the form of lead and concrete and have a reduced design
capacity to accommodate the more active fuel. This is

discussed in Section 4.1.3.

All capacities were limited by dose rates rather than thermal
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considerations except for two PWR design base fuels (55/5/4%
and 55/10/4%) and three BWR design base fuel (40/5/3%, 50/5/4%

and 50/10/4%).

The design base fuels and the three casks' capacities for both
downloading and redesign are summarized in Table 1. Loaded
cask weights for the higher burnup fuel are equal to or less

than weights with baseline fuel loadings.

The payload flexibility of the baseline BR-100 cask can be
seen from the comparison on Table 1. It has the ability to
transport, or be downloaded to transport, high burnup and
short-aged fuel, in many cases nearly as well as redesigned
casks. Although a rigorous life-cycle-cost analysis was not
made of using only the baseline cask for all fuel versus using
two or three casks specifically designed for different
burnup/age combinations, the baseline BR-100 appears to
provide an efficient shipping cask for all the fuel projected

to be in inventory by the year 2020.
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Table 1

Summary of Pavload Capacity of Three Casks
for all Considered Design Base Fuels

Cask 1: 21 PWR/52 BWR (BR-100)
Cask 2: 18 PWR/45 BWR
Cask 3: 16 PWR/40 BWR

PWR Fuel

(burnup/age/enrichment) Cask 1% Cask 2 Cask 3
35/5/3% (16) 18 16
45/5/4% (14) (14) *** 16
55/5/4% (12) (12) *** 12%%
35/10/3% 21 18 16
45/10/4% (18) 18 16
55/10/4% (14) 16%* 16
45/15/4% 21 18 16
55/15/4% (16) 18 16
BWR Fuel

(burnup/age/enrichment) Cask 1 Cask 2 Cask 3
30/5/3% 52 45 40
40/5/3% (37) (37) *%* 37 %%
50/5/4% (30) (30) *%* 30%%
30/10/3% 52 45 40
40/10/3% 52 45 40
50/10/4% (45) ** 45 40
40/15/3% 52 45 40
50/15/4% 52 45 40

* %

* %%k

Values in parentheses are downloaded quantities where aluminum
annular shields are used inside the cask.

Download capacity due to thermal restrictions. No basket
change is necessary.

Estimated capacity based on similar thermal and shielding
analyses.
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2.0 INTRODUCTION

The purpose of this document is to satisfy the requirement in
Section 4.10.4 of the Contract Statement-of-Work (SOW) as
supplemented by contract modification A005, "Additional Trade-
Off Studies", Nov. 1989, to "...conduct trade-off and impact
evaluations of design considerations on cask payload

capacities and costs".

BWFC has designed a cask, the BR-100, which efficiently
transports 10-year cooled fuel, either PWR (35 GWd/mtU) or BWR
(30 GWAd/mtU) in separate baskets. BWFC's goal in performing
the investigations described herein was two-fold: 1) To
optimize the payload of the baseline BR-100 cask for higher
burnup levels and for different ages of both PWR and BWR fuel
without rework or redesign of the cask body, 2) To perform a
conceptual redesign of the BR-100 cask body (changing only
dimensions not materials) to accommodate the specified higher

burnup levels and different ages.

Section 3 of this report describes the baseline BR-100 cask
and documents its performance in transporting the original SOW
design basis spent fuel (see Tables 1 and 2). Section 4
describes calculational results, details the design options

investigated, and gives particulars on their performance.
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Section 5 is a conclusion and recounts the results of the

. investigation.
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3.0 BASELINE ASSUMPTIONS

The baseline BR-100 cask is shown in Figures 1, 2, and 3. It
has a cavity 58.5 inches in diameter and 181 inches long and
has side walls made of--from inside out--1 inch of stainless
steel, 4.5 inches of lead, 4.5/inches of borated concrete, and
1.75 inches of stainless steel. Unique baskets for either PWR
or BWR fuel have a capacity of 21 or 52 assemblies,
respectively. The baskets are made of aluminum cells and
supports which efficiently transfer heat from the fuel to the
cask inner wall. The hook weight of the BR-100, including
interstitial water and the handling equipment, is

approximately 100 tons in either PWR or BWR configuration.

The baseline design basis payload for the BR-100 is fuel that
is 10-year cooled and has a burnup of 35 GWd/mtU (PWR) or 30
Gwd/mtU (BWR) and an enrichment of 3.0-4.5%. Sensitivity
studies performed by BWFC have shown that, at the burnup
levels selected, the lower enrichment has a significantly
higher source term and decay heat rate than the higher
enrichment. BWFC has also taken into account the axial
profile of fuel burnup. PWR spent fuel has a substantial
axial span where the burnup level is up to 13% greater than
the assembly average (the analogous value for BWR fuel is
20%). The decay heat rates for those burnups were calculated
using ORIGEN2 and are shown in Tables 2 and 3 for 10-year
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cooled fuel. Because of the preliminary nature of the cask
design and the nominal values used for some geometric and
material properties, an additional 1.10 conservatism factor
was used for shielding calculations in determining source

strength at the limiting burnup levels.
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Table 2

BASELINE PWR FUEL PARAMETERS - 465 Kg/ASSEMBLY

BURNUP ENRICHMENT COOLING TIME DECAY HEAT
(Gwd/mtu) (w/o0) (Years) (Watt/Assy)
35 3.0 10 574
35 4.5 10 533
Table 3

BASELINE BWR FUEL PARAMETERS - 176.8 Kq/ASSEMBLY

BURNUP ENRICHMENT COOLING TIME DECAY HEAT
(Gwd /mtu) (w/0) _ (Years) (Watt/Assy)
30 3.0 10 178
30 4.5 10 169
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FIGURE 2

]
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21 PWR CONFIGURATION
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FIGURE 3

BASELINE CASK BODY
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DISCUSSION

This investigation ©provides supplementary information
concerning cask capacities for conceptual redesigns of the BR-
100 cask and for downloading of the baseline cask to meet
overall weight constraints, thermal limits, and environmental
dose rate criteria. The fuel used for this study was
thermally and radiologically more active than fuel used in
previous trade-off studies for the BR-100 cask. This is due
to the higher burnup and/or shorter cooling times for the fuel
specified for this study as opposed to those for the original

contract Statement-of-Work (SOW).

The SOW for this study specifies that cask redesigns are to be
variations of the proposed preliminary design, but should be
conceptual in nature and not extend to materials
substitutions. Also, this study was not to address detailed

fuel support basket design for the down-rating scenarios.

Radiation Analysis

4.1.1 Downloading Studies

The baseline cask described in Section 3 was analyzed
with ANISN using source terms from ORIGEN2 for the new
study fuels shown in Tables 4 and 5. Discrete geometries

16 51-1177245-02



were input for each downloading case and the dose rates
were calculated to satisfy 10CFR71 criteria at two meters
from the personnel barrier. The calculations
incorporated the same conservatisms in modelling and
power distributions as used throughout the BR-100

preliminary design effort.

Downloading of the baseline cask was done in conjunction
with inclusion of aluminum inserts on the outer
circumference of the fuel basket. The combination of
downloading and aluminum shielding reduced the 2-meter

dose rates to within the design limit (10 mrem/hr).

Figure 4 shows the basket configurations for both PWR and
BWR fuel, and Figure 5 shows how these baskets were
modelled in conjunction with the aluminum shields in the

baseline cask.

The quantity of new study BWR fuel assemblies that may be
loaded in the baseline cask, and the concurrent amount of
aluminum shielding required in the basket to maintain
design dose rate limits and cask weight limit are given
in Table 4. All the new study fuel types with the
exception of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>