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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 k̂ ^̂  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 reguirements, 
eg. fuel assembly burnup measurement, that the Nuclear Regulatory 
Commission (NRG) 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 is 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 anv 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 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 B̂ ° used for
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the cermet makes it effectively 'black' to thermal neutrons 
(increased density will not appreciably reduce k̂ ^̂  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 limitation 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/0 
enrichment), a minimum water gap of 1.3 inches would be required 
for a kĝ  ̂ 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 21-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 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 k̂ ^̂  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 the k̂ ^̂
uncertainty, and the KENO bias provides A plot of the values
in Table 1 are shown in Figure 4 and show a k̂ ^̂  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 2 0 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 
kĝ  ̂ of about 0.94, even without burnup credit. The benefit of 
designing to a more realistic burnup distribution is then a 24% 
gain in 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 NRG 
implementing a policy that will either allow administrative 
controls on the selective loading of casks, require measurement of 
burnup or k̂ ^̂ , or a combination of the two. The DOE has a program 
ongoing to develop an acceptable measurement technique, which the 
NRG 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 NRG 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 NRG, 
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% less 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 localized 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, Maximum
GWD/mtu ____________

0 1.05
4 1.02
8 0.99

12 0.96
16 0.94
18 0.93
20 0.92
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FIGUllE I
BR-100 PWl FUEL CELL CROSS-SECTIOH
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FIGURE 2

BR-100 PWR BASKET CROSS-SECTION
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12 FMel Cells Array 
diameter = 4.472 x pitch

14 Fuel Cells Array 
diameter = 5.154 x pitch

16 Fuel Cells Array 
diameter = 5.385 x pitch

21 Fuel Cells Array 
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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Figure Prellelnary BR-100 Analyses 
Burnup Credit vs Cask K-aax 
(*1.5 w/0/ 17x17/ PWR Fuel/ ftire Water)
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Figure 5. Prellelnary BR-100 Analyses
Burnup Credit vs Gap TM dcness/Cell P itch
Fork * 0.95 (*1.5 w/0/ 17x17 PWR Fuel/ Pure Water) 

max

o3
a
EL.
8

20

18

16 BR-100 Baseline

12

10

8
6

2

0
1.20.6 0.8 10.2

Water Gap Thidcness/ inches

9 .7  9 .9  10.1 10 .3  10 .5
Fuel Cell P itch/ inches

10.7

16 51-1175846-02



FIGURE 6

Fuel Axial Location vs Burnup
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EFFECT CN CAPACTIY OF REHXIDG THE 2-«ETBR DOSE RATE TD 2 MVHR

1. SUMMARY

Ihis report is a presentation of a stucJy perfonned by the B&W Fuel 
Catpany to satisfy the requirement in Section 4.10.1(2) of the 
coitract Statement-of-Work,i.e., "Reduction of the allowable 2- 
meter dose rate fron 10 mrenv/hr to 2 mrenv/hr". The current 
Federal limit (10CFR71) for 2-meters is 10 mr/hr. Sipplementcil 
changes to the cask vhich did not require eilterations to the body 
were one option coisidered; the other option was to allow the body 
to be optimized for the payload. For both options, the hook 
wei^t limit wcis kept at 100-tons and the fuel source tern 
oonsidered to be bounding within the contractual limits. Option 
1, vhich required only a basket chcinge and an annular 2d.uminum 
insert, resulted in a capacity of 12 FWR or 32 BWR fuel 
assemblies. Option 2, which required thidkening the lead gainna 
shield cind the ocrtcrete neutron shield, edlowed a capaci'ty of 14 
FWR or 40 BWR assemblies.

DISCUSSION

Ihe initied approach to this stufy vas to define the approximate 
thickness of shielding required to reduce tbe dose rate down to 
the desired level. Ihe baseline BR-100 designs, shown in Figures 
1 and 2, have a cask body that has 4.5 Inches of lead for a gainna 
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 contractuzd guidelines by parametric 
evzduations based on 0RIGEN2 code results. The initial estimates 
provided by ANISN runs on a 21 fuel assembly loading were that a 
5.5/6.5 inch-thickness ccmbination (lead/ocncrete, 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 ccmbination would yield 2.3 mr/hr
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(1.0 neutron and 1.3 ganroa).

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

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

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

3. FK3P0SED DESIQB

3 .1  SUPPLEME^nAL CHANGE 0NL5f (OPnCN 1)

Ihe baseline BR-100 has 4.5 inches of lead and 4.5 inches of 
concrete; ccnparison to the scoping ANISN runs indicated an 
additioned 2 inches of oonczete and 0.75 inches of lead mi^it be 
required. Ihe initizQ approach was to take the inner cavity 
diameter of the ER-100, 58.5 inches, and fit a ganna shield within 
it. A new basket would then be designed to fit within the 
internal shield. Reducing the cuter diameter of the fuel array 
edso would reduce the total source, so it was decided that 
sqpplementary neutrcxi shielding would not be added for the first 
iteration. Ihe additioned shielding required reducing payload 
both for mass conservation to meet the 100-tcn hook limit and for 
spatied 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 deleted uranium would have provided equivalent 
shielding, but the lead or DU shields would not have increased the
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pay lead and would have cxnplicated the basket arrangement. Uie 
ciluminum was chosen because of its sirplicity, wei^t and heat 
transfer properties. Borated eduminum was not used because the 
neutrons penetrating the cask body are fast, not thernal, and 
boron without hydrogen in that location would have little 
shielding effectiveness.

Figures 3 and 4 show the proposed •'add-on" designs. Ihe BWR 
ocnfiguraticn uses a simileu: internal shield, but with a 5.5 inch 
thickness (later evciluatians have indicated that both designs 
could use a 5.5 inch shield). Supplemented shielding cn the 
bottcin and top is provided by a 1.5-inch thick stainless steel 
plate added to the inside of the inpact limiters. Capacity of the 
design is 12 IVIR or 32 BWR assemblies.

3.2 REDESIGNED CASK BODY (OPnON 2)

The cask body was redesigned to take advantage of both the 
reduction in total source and the excellent gannev'neutron 
shielding properties of the borated concrete. We initially 
assumed a lead thickness of 5 inches and a ocncrete thickness of 7 
inches and used the steel shell thickness of the betseline design,
1 inch inner and 1.75 inch outer. Using the 100-ton hock limit as 
the bounding requirement, the largest cavity ID that could 
aoocnnodate a payload was then determined. That diameter, 52.75 
inches, was set by the 40 BWR configuration and could also 
acccmnodate a 14 basket. Additdonzd Welding is prosdded in 
the ends ky adding 1.0 inches of lead in the shield plug and the 
botton. Figures 5 and 6 show the revised BR-100 cask design for 
the 2 mr/hr limit.
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4. RESUIJS

The beiseline BR-100 with the add-on aluminum inner shield and the 
heavier irpac± limiters was discretely anzdyzed using ANISN for 
side dose rates. Ihe resulting side dose rate was 1.8 mr/hr (1.0 
neutron and 0.8 gaitiiB). Ihe additicxvd end shielding required to 
obtain an end dose rate of 2 mr/hr was derived hy scaling the 
results of previous baseline QAD and ANISN runs that had 
established equivalent shielding worths. Ihe hook weic^t of the 
limiting WR configuration was determined to be approximately 
199,500 pounds, including water normedly drained before lifting. 
Ihe gross vehicle wei^t of this package on the railcar was 
estimated to be 259,000 pounds.

Ihe redesigned ER-100 was simileirly anedyzed. Ihe side dose rate 
was 1.7 mr/hr (0.7 neutron emd 1.0 ganna) vhile the end dose rate 
was sczded to be 2 nr/hr. Ihe hook weight of this design was 
calculated to be 200,000 pounds in the limiting BWR configuration. 
Ihe corresponding gross vehicle wei^t vas about 261,000 pounds.

5. oowcujsiac

Adzptation of the baseline BR-100 design to add-on hardware vas 
surprisingly easy and should not be an expensive alternative. Ihe 
hardware chosen could probably be licensed with reasonable care in 
a relatively short period of time. The reduction in payload frcn 
21 FWR assemblies to 12 assemblies or 52 BKR assemblies to 32 is 
substantial, but may be offset by the priority of other 
progrannatic issues. Use of an existing cask adaptation could 
prove attractive for certain applications or ^>ecial cases. Ihe 
BR-100 seems to offer an easy way to achieve that flexibility.

Ihe revised BR-100 did not differ greatly from the baseline in 
construction, but the a^roximately 6-inch reducticxj in cavity 
diameter did reduce the capacity frcro 21 IWR assemblies to 14
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(33%) cmd 52 BWR assesrhlies to 40 (23%). Ihe cost of the cask 
should not be significantly different and totad life cycle cost 
vrould probably rise only about 20% or less due to decreased 
turnaround tiroes. The relative inportanoe of these factors is a 
progranmatic issue to be detennined by DC®. Hie BR-100 offers 
design flexibility to easily accommodate changes in prograro 
priority.
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T R A D E “ O F F  S T U D Y :  2 mrem/h limit d o s e  rate at 2 m

B A S E L I N E  CASK BODY 

21 P W R  C O N F I G U R A T I O N

B R - 1 0 0  C A S K  BODY

58.5* ID 
r  S 3  
4.5* Lead  
4 .5* C o n c r e te  
1.75* 3 8  

82* OD

21 P W R  B A S K E T
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T R A D E - O F F  S T U D Y :  2 mrem/h limit dose rate at 2 m

BASELINE CA SK  BODY 

5 2  BWR C O N F I G U R A T I O N
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T R A D E " O F F  S T U D Y :  2 mrem/h limit d o s e  rate at 2 m

MAX. CA PA C ITY  W / 0  MOD IFICA TION  O F  C A S K  B O D Y

12 P W R  C O N F I G U R A T I O N

12 PWR BASKETB R -1 0 0  CASK BODY
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1* S S
4. .5 ’ Lead  
4 . 5 ’ C o n c r e t e  
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T R A D E - O F F  S T U D Y  : 2 mrem/h limit d o s e  rate at 2 m

MAX, CAPACITY W / 0  MODIFICATION O F  C A S K  B O D Y  

3 2  BW R C O N F I G U R A T IO N

B R - 1 0 0  CASK BODY

3 2  B W R  B A S K E T
r  S S  
4 . 5 ’ Lead Al I N S E R T
4.5 '  Concrete  
1.75’ S S

8 2 '  OD
5.5 '  thick.

51-1175829-01 FIGURE 4



: 2 mrem/h limit d o s e  rate at 2 m

MAX^ CA P A C I TY  W /  MO DIF ICA TIO N O F  C A S K  B O D Y  

14 F W R  C O N F I G U R A T I O N

r  S 3  
5 “ L e a d  
7" C o n c r e t e  
1.75" S 3  -

CASK B O D Y

5 2 . 7 5 "  ID 
8 2 . 2 5 "  0 0

14 F W R  B A S K E T

51-1175829-01 FIGURE 5



T R A D E -O F F  STUDY : 2 mrem/h limit dose rate at 2 m

MAX, CA PA CITY W /  M ODIF IC ATI ON OF CASK B O D Y  

4 0  B W R  C O N F I G U R A T I O N

52.75" ID 
82.25" OD

r S3
5" L e a d  ^  

7" C o n c r e t e  

1.75" S3 -

4 0  BW R B A S K E TCASK BO D Y

51-1175829-01 FIGURE 6
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EETBCT GN CAEACEiy AND GOST GF ISMGFCREINS 
5-YEAR OOCaJBD RIEL VS ID-YEAR CXXJEH) FUEL

1. SUMMARY
Ciis report presents the results of a study performed by the B&W Fuel 
Ocnpany (EWPC) to investigate the capacity and cc3st inpacts of 
transporting 5-year cooled fuel in the BE?-100, a cask originally 
designed to tran^»rt 10-year cooled fuel. Using the same bumup and 
enrichment criteria as in the ocntzact Statenent-of-4<tork (35 Gwĉ /mtu 
(RiR)/30 Gwd/®tu (BWR) and 3.0-4.5%, respectively), three cpticns were 
evaluated. The first cpticn involved leaving the beisket designs 
vnchanged— either H4R or ENR— and determining vhat payload revisions 
were required. The second option looloed at what basiket changes could be 
made to optimize the BR-100 for 5-year cooled fuel. The third option 
evaluated if a conhination of 5- and 10-year cooled fuel could poxtvide 
an efficient way of tran^rting spent fuel.

Shielding requirements were always the limiting factor in determining if 
a particular ccnbination of fuel would be acceptable.' Thermal analysis 
was also performed on most ccnbinations to confirm adequacy in that 
area. Structural and criticality analyses were not performed due to the 
lack of effect that cooling time has on those anedyses. The hook wei^rt 
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 fuel 
assemblies, but three cpticns were revieved to accomodate W R  fuel.

51-1176034-00
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Option 1 was fairly strai^t-forward and involved, r^lacing edl of the 
fuel in the baseline basket outer row with aluminum shielding inserts. 
This reduced the BRrlOO capacity to 9 FWR fuel assenblies.

In Option 2, an al\mdnum annular insert 2.25 inches thick was 
hypothetically placed just inside the cask inner wcill, reducing the 
cavity diameter to 54 inches. A basket was successfully designed for 
that cavity vhich contained 16 FWR assenblies and met shielding, 
thermal, and wei^t criteria.

Far Cption 3, it was determined that the basket outer row could be 
filled with 10-year cooled fuel (12 assenblies) the inner particn filled 
with 5-year cooled fuel (9 assenblies), and still meet anedyticeQ 
limits.

Overall, there was no reduction in ce^city or increase in life-cycle- 
cost (103) for the ER-100 cask to carry 5-year cooled BWR fuel instead 
of 10-year fuel. Ihere were three cpticns feasible for FWR 5-year 
cooled fuel; Options 2 and 3 appear to be the most attraK^ive, with 
Cpticn 2 having an estimated 20% hiĉ her ICC than if handling 10-year 
fuel and Cpticn 3 having possibly no increase in ICC than if shipping 
10-year fuel. Option 1 has an estimated 55% increase in ICC for 
transporting FWR 5-year fuel rather than 10-year fuel.

51-1176034-00 3



2 . TWrRODUCnON

Ihe purpose of this document is to satisfy the requiresnent in Section 
4.10.1.3 of the contract Stateroent-of-Work to "... conduct trade-off and 
inpact eveduations of the following design considerations on cask 
payload capacities and costs: .. .Tran^xxrtation of fuel aged 5 years 
after discharge vs design basis (10 year old) fuel." EMFC has designed 
a cask, the ER-100, viiich efficiently transports 10-year cooled fuel, 
either FWR or BUR in separate baskets, and has a baseline LOC as 
determined xising an internally developed code. BNFC's goed in 
performing the investigations described herein was to optimise the 
payload and LOC of the BR-100 for 5-year fuel without requiring any 
rework or redesign of the cask boc^ and then to ccnpare those values to 
the p>ayloa4/L0C for 10-year fuel.

Section 3 of this r^x>rt describes the baseline BE^lOO ceusk and 
documents its performance in transporting design basis spent fuel. It 
also documents the 5- and 10-year fuel parameter assunptions 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 Ccrtclusion and recounts the results of the 
investigation.

51-1176034-00
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RA.qFT.TNE AS.qnMPnONS

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— frcni inside out— 1 inch of stainless steel, 4.5 inches of lead,
4.5 inches of borated concrete, and 1.75 inches of stzdnless steel.
Unique baskets for either PWR or BWR fuel have a oapacity of 21 or 52 
assemblies, respectively. The baskets are made of eduminum cells and 
sL^^orts viiich efficiently transfer heat frcn the fuel to the cask ini>er 
wall. Ihe hook wei^t of the BR-100, inclvxling interstitial water and 
the handling equipment, is 100 tons in ei^ier or BWR configuration.

The design basis payload for the ER-100 is fuel that is 10-year cooled 
and has a bum;^> of 35 OwcVtatu (B9R) or 30 GwtVmtu (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 hi^>er source term and decay heat rate than the hi^ier 
enrichment. BWFC has also taken into account the axial profile of fuel 
burmp. As shown in Figure 4, FWR spent fuel has a substantial axial 
^)an vhere the bumrp level is up to 13% greats than the assembly 
average (the analagous value for BWR fuel is 20%). The decay heat rates 
for those bumps were calculated using CRIGac 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 ncminal values \ised for seme geometric 
and materiad properties, an additicnad 1.10 conservatism factor was used 
for shielding calculations in determining source strength at the 
limiting bumup levels.

51-1176034-00
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4. DISCUSSICH
Previcxis cxanservative analyses to st?3part the Prelindrary Design 
Baseline have shewn that the rWR oonfiguraticn of the BR-100 did ncrt 
have a large margin in shielding, while taqperature margins and BNR 
shielding margins were fairly large. Based cn those results, BNFC made 
a discrete ANISN shielding analysis and a thermal evaluation of a more 
conservative case (366 watts/assenbly instead of 348 for 5-year fuel) to 
see if a full load of 5-year oooled BNR fuel (30 3.0 w/o) could
be aoocmnodated within the standard basket oonfiguraticn. Both in terms 
of dose rate (9.4 mr/hr) and temperatures, the loading was aco^Ttable.

Ihe PWR investigation was directed toward three options. Ihe first 
option was sinply to replace the fuel in the beuskeft outer row with 
aluminum inserts (1-inch wall thickness square tubes) which would 
provide the correct amount of shielding. Ihe total reduction in the 
mass of the fuel transported and its conoentration in the center of the 
basket also contributed to a reduction in the dose rate to an aooeptable 
level. Ihe toted heat load from this oonfiguraticn was jixiged to be so 
low (8.1 kN) as not to require a discrete analysis to assure adequate 
thermal performanoe. Ihe dose rate for this array was also not 
discretely calculated, but was ocqpared to a model with a larger source 
and eguivilent 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. Ihe r^laoement of 12 fuel assemblies with alimdnum inserts 
reduces the payload, and hence the hook wei^it, by at least 10,000 
pounds. Option 1 consequently has an aooeptable performanoe, but only

51-1176034-00



carries 9 fuel assemblies per load.

The secxsnd option for review was to investigate what basket changes 
could be made to optimize the 5-year fuel payload. A 16-assenbly basket 
of 10-inoh square BR-100 IWR fuel cells has an outer diameter of 53.85 
inches. Dividing the annular ge^ between this basket and the cask inner 
diameter (58.5 inches) and leaving some roon for insertion, an aluminum 
annulus 2.25 inches thick was modeled for ANISN analysis (Figure 5).
Ihe resultant dose rate was 10.4 mr/hr (2.5 neutrorvT7.9 ganna).
Because of the conservative modeling and input techniques, and the use 
of eduminum instead of a heavier metal for the annular insert, it was 
jvdged that this configuration was 2Kx?eptable fzan a shielding 
perspective. A discrete thermal analysis was not nxn cn this arrz^; the 
tct2d heat load of 14.45 was less than a previously-run suooessful 
17.58 case (21 assemblies), thus it was evaluated to be adequate 
thermally. Again, the reduction in total fuel payload meant a reduction 
in hook wei^it frcm the 100-ton limit. Option 2 was evaluated to have a 
achievable capacity of 16 FWR assenblies.

Option 3 was pursued to determine if an efficient way of transporting a 
ccnhination of 5-year and 10-year oooled FWR fuel could be found. Ihe 
basket, outer row was hypotheticedly filled with twelve 10-yeeur oooled 
fuel assenfclies to provide shielding to the hotter 5-year oooled fuel in 
the inner nine locations (Figure 6). The resultant array was simileur to 
a previous thermal analysis run that had sli^tly hotter fuel in the 
inner locations (956 kW vs 903 kW for 5-year oooled fuel usij^ assembly

51-1176034-00
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average burm^ ) , so the acx:eptable results frcm that run were used to 
j\T5tify the thermal adequacy of Option 3. Results frcn previous ANISN 
runs with similar oonfiguraticns have shown that cooler fuel in the 
outer rc«y shields the hotter inner assemblies and that external dose 
rates are little, if any, different frcn a full load of the cooler fuel.
Based cn those results, BNFC anticipates a 2-n dose rate less than 10 
mr/hr for the Option 3 configuration. Because the Option 3 payload is 
identicsd to the baseline, the hook wei^t should not be different and 
would be acc^Ttable. Option 3, with its full ccnpliment of 21 
assenblies, is an efficient edtemative for shipping 5-year and 10-year 
cooled fuel.

Ihe results frcn evaluation of all IWR 2md BNR options considered are 
shown in Table 3.

5. I^(a<AUyiJFE-CYa£-OOST
Ihe ability to fully load 5-year cooled BNR fuel into the ER-100 is a 
significant feature \diich provides DOC with a flexibility that could be 
extremely helpful in transporting fUel frcm reactors recently 
decoonissioned. Althouc^ the ranv LOC runbers do not reflect any 
iaprovement, the value to the system is increased at no additional 
charge.

Ihe RJR optu.ons have differing ICC inpacts, but edso do not <yiantify the 
flexibility values that would benefit DC®. Option 1, vhich derated the 
baseline basket and used aluminum inserts to provide shielding, has a

51-1176034-00 8
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ijxarease of over 50% in LOC becavtse of the drcp in capacity frcm 21 to 9 
assemblies. The proportion of trips that vould xise this option to cany 
fuel as apposed to the baseline 10-year aassunption is a direct factor 
to the 54% that BKFC cannot assign a vzdue to. An additional increeise 
of less than 1% vould accrue because of additional developnent costs 
(about $300K) to license the use of inserts as an option. The 
fabrication cost (about $50K per cask) vrculd edso add to L£X:.

FWR option 2 has an e^proKimate 20% increase in LOC due to its capacity 
derating from 21 to 16 assenblies; that vould zQso have to be factored 
by the proportion of \]se of the annulzu: insert. An increase of about 1% 
in LOC would apply because of additional development/licensing costs 
(about $.75-l.GH if drcp testing is required). Fabrication cost %Kxild 
be about $150K per basket in production.

FWR option 3 has no significsuit increase in LCC, 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 manner fran utilities. Althcu^ it requires scne 
administrative overcheck during loading and could increase turnaround 
time at the reactor, the NRC should be consulted to see if this is an 
acceptable method of shipment.

51-1176034-00
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OONCIUSICW5
BWFC investigated the cs^city of the BR-100 to carry 5-year oooled fuel 
in the baseline basket and in a redesigned basket. Ihe use of "shadcv- 
shielding** vas also checked. Ihe results were that a full load of 5- 
year cxx>led BNR fuel could be aoocmodated in the baseline basket.
Several options are available for FWR fuel, ranging frcm carrying only 9 
assemblies in the baseline basket to carrying only 16 assemblies in a 
redesigned basket; another 2d.temative is mixing a full 21-assembly load 
of 5-year and 10-year cooled fuel in a particular array to allow self
shielding to provide maxinum benefits.

Ihis report provides DOE and ES&G with data which indicates that the BR- 
100 cask can provide significant flexibility in managing the efficient 
transportation of ccinnercial ^sent fuel.

51-1176034-00 10
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TabAs
Key BR-100 Performance Values

Design
Limit

PWR BWR
. 10-Yr 
Baseline Option 1 Option 2 Option 3

10-Yr
Baseline

5-Yr
Case

Capacity (F.A.) — 21 9 5-yr 16 5-yr 12 10-yr 
9 5-yr 52 52

Dose Rate 
@2M (mr/hr) 
(neutron/gamma)

10 9.6
(S.8/5.8) <10 10.4

(2.577.9) <10 5.0
(2.672.4)

9.4
(1.877.6)

Hook Weight (tons) 100 99.7 95 99.5 100 100 100
Maximum Outer 
Surface Temp (®F) — 195 Not

Run
Not
Run 214** 184 220**

Maximum Concrete 
Temp (®F) 250* 210 Not

Run
Not
Run 233** 198 242**

Maximum Alumi
num Temp (®F) 350 274 Not

Run
Not
Run 327** 239 309**

Maximum Rod Clad 
Temp (®F) 680 364 Not

Run
Not
Run 456** 285 372**

Total Heatload 
(KW) 18 12.1 8.1 14.4 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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CAVITIES FOR 21 PWR OR 
52 BWR FUEL ASSEMBLIES

FUEL ASSEMBLIES

SHIELD PLUG

CLOSURE LID

BABCOCK & A 1.COX BR-100 
100 TON RAIiTBARGE CASK

STAINLESS STEEL INNER SHELL

REMOVABLE FUEL BASKET GAMMA SHIELD (LEAD)

PLUGS
(ALTERNATE TRUNNION LOCATION)

IMPACT LIMITER

REMOVABLE TRUNNIONS

STAINLESS STEEL OUTER SHELL

NEUTRON/THERMAL SHIELD
(BORATED CONCRETE WITH INTEGRAL COPPER FINS'I

REMOVABLE SKID SUITABLE FOR
RAIL OR BARGE SHIPMENT
(PERSONNEL BARRIER NOT SHOWN FOR CLARITY)

OEPAKTMCNT OF ENEHC 
CONTRACT NO DE AC0786IDI7/'

■ PATENTEO BY 
nO BA TELSA APRM



FIGURE 2

i

-O F F  STUDY: 5  y e a r s  c o o l e d  fuel

B A S E L I N E  CASK BODY 

21 P W R  C O N F I G U R A T I O N

B R - 1 0 0  C A S K  BODY

5 8 . 5 '  ID 
r  S S 21 P W R  B A S K E T
4.5 '  Lead  
4 . 5 ’ C o n c r e te  
1.75' S S  

8 2 '  OD
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FIGURE 3

T R A D E -O F F  STUDY: 5  y e a r s  c o o l e d  f u e l

B A S E L I N E  C A S K  BODY 

5 2  BWR C O N F I G U R A T I O N

B R - 1 0 0  C A S K  BODY

5 8 .5  • ID 
r  S S  
4 . 5 ’ Lead  
4 .5 '  C o n c r e te  
1.75’ S S

8 2 ’ OD

5 2  B W R  B A S K E T
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FIGURE ^

Fuel Axial Location vs Burnup
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T R A D E -O F F  STUDY: 5  y e a r s  c o o l e d  fue l

MAX. CAPACITY W / 0  M O D IF IC A TIO N  O F  C A S K  B O D Y  

16 P W R  C O N F I G U R A T I O N

16 P W R  B A S K E TB R - 1 0 0  C A S K  BODY
58.5‘ ID!• SS Al I N S E R T
i S' Lead
4 5* C o nc r e t e  
1.75* SS  

32- OD

2 25* thick.
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M b U K c  b

-O F F  STUDY: 5 years cooled fuel 

B A S E L I N E  CASK BODY

21 P W R  C O N F I G U R A T I O N  /  12 P W R .  10 y e a r s  c o o l e d

9 P W R .  5  y e a r s  c o o l e d

B R - 1 0 0  CASK  BODY

5 8 .5 '  ID 
r  S S  
4-.5' Lead  
4 ,5 '  C on cre te  
1.75’ S S  

8 2 ’ OD

21 P W R  B A S K E T
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OHE EFFTCT CN GM>ftCnY AND C3CeT OF TRANSPCKTING OKSOIJIftTED KEL, NCK-FCJEL
EEARINS OGHPCMENIS, FAU£D FUEL, CR NCN-SIANDARD FOEL

1. SOMMARY
This r ^ r t  presents the results of a stucty performed hy the B&W Fuel 
Ocnpany (BWPC) to investigate capacity and life-cycle-cost (LOG) inpacts 
cn the BR-100 100-ton ^sent fuel shipping cask of transporting payloads 
other than standard fuel. Payloads reviewed included consolidated fuel 
at ratios ranging ip to 2:1, non-fuel bearing ccrponents (NFBC), failed 
fuel, and non-standard fuel as defined in the contract Statement-of- 
Work. Package constraints were investigated in hook weic^t, shielding, 
structural, and thermal areas. Only baseline BR-100 FWR basket 
configuratiOTS were examined, but the results are judged to be directly 
extrapolatable to BMR fuel.

Ihe limiting parameter for BR-100 tran^rtation of consolidated fuel 
was found to be hock wei^it. When the wei^tt criteria was satisfied, 
thermal and shielding criteria were also met. If only 2:1 consolidation 
fuel canisters (each with two bciseline fuel zissenblies worth of rods at 
35 Gw^/mtu bumjp, 3 w/o enrichment, 10-year cooled) are ^pped in the 
EWR basket, only 11 canisters can be aoootmodated due to weic^ 
limitations. If the consolidation ratio is 1.2:1, 17 canisters can be 
accoranodated with aco^jtable performance. A consolidation ratio of 
1.8:1 yields an acceptable payload of 12 canisters.

A full ocnpliment of 21 NFBC canisters (each with ten assenhlies worth 
of hardware) has no wei^t or thermal problems, but has a marginally 
unacceptable 2-meter dose rate. The wei^t and thermal margins vrould 
allow a ganina blanket to be attached to the outside of the cask, thereby 
reducing the dose rate to acc^^table limits for a full load. Another 
solution would be the shipment of intact fuel or canisters of 
consolidated fuel in the basket outer row edong with the shipment of 
NFBC canisters in the inner rows.

The shipment of failed fuel can be handled several ways. Fuel with only
51-1176105-00 2
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minor defects should be able to be shipped nornally. Routine shipments 
of large quantities of fciiled fuel may require a double-contaimnent 
inner cavity vjhich 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 oontadner as Cogetna 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-lmg fuel \ised only at the South Texas Project, can be 
tran^rted by the BR-100, most at full rated cspacity.

2. unKJCocncw
The purpose of this document is to satis^ the requirement in Sections
4.10.1.5 and 4.10.1.6 of the contract Statement-of-Work to "..conduct 
trade-off and impact evaluations of the following design considerations 
on ceusk payload cepacities and costs: .. .Tran^x>rtation of consolidated 
fuel assuming consolidation ratios ranging from 1.2:1 to 2.0:1, and 
.. .The effects of nonstandard and failed fuel and nonfuel-hearing 
materials..." The B&W Fuel Ooopai^ (BWPC) has designed a 100-tcn qpent 
fuel shipping cask, the BR-100, v^oh efficiently transports standard 
fuel in either of two basket configurations, for either IWR or BWR fuel.
BWFC's goal in performing the investigations detailed in this report Wcis 
to determine the capacity and effect on LGC 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 
perfonence in tran^orting 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 looks at their effect on cepacity.
Section 5 deteils non-fuel beeiring oonponents (NFBC) and how they can 
be optimized with re^ject to capacity. Section 6 examines fedled fuel 
and the various optioTS avadlable to transport it. Section 7 examines 
non-standard fuel parameters and their relationship to BR-100 Cc^city.
Section 8 is the conclusion and reviews both the capacity and cost 
effects of the proposed alternatives.

51-1176105-00 3
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3. ER-100 EESIQT EESCSnPTICW
Hie baseline BR-100 cask is shown in Figures 1, 2, and 3. It hcis a 
cavity 58.5-inches in diameter and 181-inches long and has side walls 
make of— frcm 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 and BWR fuel have a capacity of 21 
or 52 assenblies, respectively. The baskets are made of aduminum cells, 
sifports (formers), and end plates which efficiently transfer heat frtxn 
the fuel to the cask inner wall. The FWR basket has 21 individued fuel 
cells (Figure 4) which each have a payload cavity of 8.75-inches square 
by 181-inches long.

The hook wei^t of the BR-100, including interstitial water (removed 
before lifting the cask out of the pool) and the handling equipment, is 
at or just under 100-tons in either IWR or BWR configuration, using the 
heaviest fuel available. The design basis payload for the BR-100 is 10- 
year cooled fuel that has a b u m p  of 35 (FWR) or 30 Gwĉ /̂ ntu
(BWR) and an enrichment of 3.0-4.5 w/o.

Standard fuel is defined in the contract Stateroent-of-Work, ^pendix C 
"Cask Interface Guidelines," Section l.A, and is shown in Table 1 with 
severzd key parameters. The heaviest fuel is iised for mayimmn hook 
wei^it and stnxtural calculations, the most reactive fuel is used for 
criticality cedculations, and the hi^iest source term is used for 
shielding analysis. The BR-100 can carry ary 21 of the standard FWR 
assemblies or any 52 of the standard EWR assemblies.

4. oa«or.TTwrED toel 
BWPC designs and fabricates IWR fuel and has participated in several 
projects to design consolidation systems for FWR and BWR fuel. BWPC has 
recently fabricated its own fuel consolidation equipment. Fuel Master*^, 
and is marketing consolidation services to utilit:ies. Seme of the 
criteria for fuel ccnsolidation canisters include insertability back 
into the scone storage cell the fuel came out of, ccnpatibility with 
existing reactor fuel handling systems, and structured viability under
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TABLE 1
STANDARD SPENT FUEL DBSOOPTIOR

Transverse Maximum Maximum
Dimension **• Length ** Weight •
(Inch) (Inch) (pound)

FWR SPENT FUEL
Westlnghouse Electric 17 X 17 8.445 162.0 1510.
Nestlnghouse Electric 15 X 15 8.445 161.5 1500.
Westlnghouse 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.
Coidsustlon Engineering 14 X 14 8.130 158.5 1295.
Exx<m Nuclear 17 X 17 8.435 161.5 1375.
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 8 x 8 5.530 178.0 610.
General Electric 7 x 7 5.530 178.0 610.
Exxon Nuclear 8 x 8 5.260 178.0 600.
Exxon Nuclear 7 x 7 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 bumi^ and 
a 400 F temperature of the guide tubes.

*** The transverse dimension Includes the fabrication tolerances.
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postulated acjcident conditions. These canisters do not have to provide 
any containment, and take advantage of that by having openings in their 
WEdls to reduce wei^rt and allow cooling water cross-flows. The 
standard materied. of construction for canisters is ê qiected to be 
stainless steel. A typical canister is shewn in Figure 5.

BWFC's experience and that of others, including DOE, is that a 2.0:1 
fuel consoliciation ratio is achievable. This means that edl the fuel 
rods fron two fuel assemblies are removed and placed in a canister 
meeting the criteria described abcTve. Indeed, to be marketable as an 
efficient fuel storage caption, a 2.0:1 consolidation ratio is required.
BWPC did lock at other raticjs for this report— 1.2:1 and 1.8:1— but they 
are not oonsicJered realistic scynarios for further investigation. Table 
2 gives pertinent <3ata for canisters cxsrrespcnding to the three ratios 
of interest. Burmp was assumed to be 35 GwcVnttu and enrichment 3.0 w/o 
to obtain ocnservative ciecay heat and scxxroe term values.

■nawrg 2
GGN9COIATQ} FUEL CANXSITO DA3A-IW 

Ratio 1.2:1 1.8:1 2.0:1
Size (inches) 8.5 scjuare 8.5 square 8.5 scjuare
No. of fuel rods 250 370 416
Wei^it (pounds) 1900 2700 3050
Decay Heat (Watts) 689 1033 1148

When canisters of the three t^pes shown in Table 2 are loaded into the 
baseline BR-100, the resulting hocsk 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 Icacied without exceeding the 100-tcn hcxik limit.
Lifter fuel than used in the analysis is probable and would result in 
lifter canisters and a larger carrying capacity, but wculd vary frcm 
reactor to reactor. A discaate ANISN run proved that the maximum 2- 
meter dose rate of having a full lead of 21 canisters— 42 fuel 
assenbly's worth of rocis— was an acceptable 9.7 mr/hr (3.9 neutron, 5.8 
gamna). The themal performance of placing tp to twelve 2.0:1 canisters

51-1176105-00 ^
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in the basket outer row or the specified nuniber of 1.2:1 or 1.8:1 
canisters in any locaticai was evciluated against other P/THEFMAL 
ceilculations and judged to be quite acceptable.

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

5. NCW-FUEL BEARIW3 OCMPCMERT CANISTBRS
BWPC has, in cxnjuncticai with its work in fuel consolidation techniques, 
investigated methods of cmpacting the non-fuel bearing cxmponents 
(NFBC) of fuel assenhlies into reasonable storage gecnetries. NFBC, 
typicadly stadnless steel end fittings, Inoonel ^acer grids and 
holddown springs, and zircaloy guide tubes and instrument tubes (some 
spacar grids also use zircaloy), are left erfter fuel rods are removed in 
a consolidation canpaign, or, in the case of reacrtor control devicas, 
after they are discharged from use. Ihese cxnpcnents can have a 
significant ganna source term associated with then, primarily because of 
activation of cxbalt within the steel and Inconel items. BWFC has found 
that a 10:1 ratio for fuel assembly NFBC can be obtained using their 
Fuel Master system, vhich segregates and stacdcs the end fittings 
(actuedly using one set for the canister itself) and then chops and 
crushes the cages. A 10:1 ratio means that all non-fuel rod hardware 
from 10 assemblies can be placad into one canister. Reachĉ r control 
devicas such as control rods or burnable poison rods cxaitaln no 
fissionable materials and can be similarly consolidated into a canister 
%dth a nuch larger ratio.

Ihe resultant canister would wei^ about 1000-1200 pounds and wculd have 
a negligible decay heat generation. An ANISN run was made to Icxdc at 
the dose rate for a full 21-canister load. The hardware was assumed to 
have been irradiated for 5 cycles (equivalent to about 60 Gw3/intu), to 
have its mayimiTti allowable cxbedt cxaitent, and to have been cc»led for 
ten yeeus. The canister was eissumed to have a stainless steel wall

51-1176105-00 ^
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.125“inches thick. The side dose rate at 2-meters frxxn the perscsTnel 
barrier was calculated to be 13.5 mr/hr, sli^tly over the allowable 10 
mr/hr. More re2distic assunptions could reduce the predicted dose rate 
to aoo^jtable levels, but a siiple flexible ganna shield attached to the 
outside wall of the cask would also provide anple shielding to achieve 
acceptable valvies (only about .25-inches of steel, or equivcilent, would 
be needed). The removable ganna shield is feasible because of the lower 
payload wei^t with NFBC as ccnpared to intact fuel (about 10,000 pounds 
less) and the lack of heat generation with the NFBC.

Another 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 vherefcy the inner nine basket locations 
were loaded with NFBC canisters and 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 nr/hr (5.8 ganma, 3.1 neutron), quite 
acceptable and well within the hook wei^t criteria. A similar scenario 
vas investigated for consolidated fuel (2.0:1) canisters with a 
resultant 9.5 mr/hr dose rate (5.8 gamna, 3.7 neutron). Wei^t 
constraints prevent the 12-fuel cani.ster (2.G:1)/9^JFBC canister from 
being feasible (overwei^t by about 12,000 pounds), but a combination of 
9 NFBC canisters in the inner cells and 8 fuel canisters (Figure 7) 
would work from edl a^»cts.

Most reeictor control devices that have been discheurged (typically 
control rod assemblies or burrable poison rod assemblies for FWRs or 
channels for BWRs) are currently being stored within discharged fuel 
assemblies in a ̂ «nt fuel pool. The BR-100 offers a unique way of 
shipping these components, vhich are normally HIW, to the repository or 
Federal disposal facility. The fuel cells have been sized in length, 
width, and wei^t-ceurrying Cĉ pability to carry the fuel and the control 
devices. Because of hook wei^t limitations, in rare cases this may 
require a reduction in total aissemblies transported (no more than one 
less for FWR or seven less for BWR), but usuadly will be compatible with
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no reduction in opacity.

Large NFBC such as reactor corpcnents, Defense Hi^ Level VJaste 
Canisters, or other forms of hi^ level waste can be easily accormcdated 
by the BR-100 with a different basket design. Ihe ER-100 heis a 
st2dnless steel cavity surface and a cavity 58.5-inches in diameter by 
181 inches long (without basket). If dry-loaded, it can cany over
50,000 pounds and still be within the 100-tcn hook limit. It edso can 
dissipate vp to 18 kW in heat and meet edl design tettperature criteria.
By removing the shield plug, vhich may not be neoesseuy for shielding 
20-year cooled fuel, even the fuel oontedners being oonc^Jtuedized for 
disposal at Yuoca Mountedn, 26-inches in diameter by 186.5-inches long, 
can be aoocnmodated three at a time for possible tran^x>rt from a 
Monitored Retrievable Storage P^cility to the r^xasitory.

6. FATTFn w i kL
The term "failed fuel" can be used to cover a wide spectrum of fuel 
conditions. Over the recent past, cocnnercial nuclear fuel in the U.S. 
has had an average integrity rate of about 99.95%— t̂hat 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 
envircnnent. Ihese defects are usually either pinhole leaks that 
sometimes "heal" themselves with corrosion products or sli^tly larger 
defects that can be visuadly ̂ xTtted with in̂ iecrtion. For the 
appraxiaately one assembly in 10-25 that nay cont2dn one or two rods 
with such a defect, separate processing is not necessary. Ihose 
assemblies have sat in spent fuel pools long enough for any unocmbined 
fission products to have been leached out by the action of pool coolant 
water within the fedled rods. Ihe BR-100 ca^, as do all ceusks in the 
Frcm-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 
atmo^here be sairpled to check for the presaice of fission gas produces.
Should such products be present, the BR-100 has a vent/purge system 
vhich allows the cavity atmosphere to be routed into a filter bank that
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wculd remove the radioactive constituents for safe di^xsal.

Ihere hatve been rare instances vAiere fuel fedlures may be severe enou^ 
to require s^arate canisterization (baffle jetting, for instance). Ihe 
use of canisters to isolate such fuel is ocmnon in France, vhere Oogeraa 
uses a bolted canister with a valve at each end to provide contidnment. 
Ihe canister is shewn in Figure 8 and, because of its ti^t clearance to 
the sides of the fuel, fits into a standard storage cell. A simileir 
adaptaticjn could be used for the ER-100, with no reduction in capacity 
except for fuel over 177-inches in length.

Shipnent of large quantities of fuel assea±)lies that have multiple rod 
failures could result in a need for a double-oontainroent inner cavity. 
Ihe ER-100 uses a double-lid closure system that routinely only depends 
cn the bolted top closure for containment. The inner ̂ e l d  plug does 
not currently provide a cont£dnment seed, but could be easily ad2̂ >ted to 
provide one with no reduction in cê >acity.

Non-standard fuel is defined in the contract Statement-of-Work and is 
shown in Thble 3 along with some parameters. The BR-100 has been 
designed such that it can acconinodate every fuel listed, with the 
single exception of the Extra-Long Westin^Kuse 17X17 assemblies used 
only at the South Texas Project. Some BNR fuels with large transverse 
dimensions may require transport within the basket (double stacked, 
or 42 per shipmoit), but the large majority can be shipped at full 
payloeid in their appropriately titled beisket configuration.

51-1176105-00 10
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TABLE 3
NON-STANDARD SPENT FUEL DESC31IPTI0N

Transverse 
Distension '

Maxlsua 
Length *

Maxiaum 
Weight *

(inch) (inch) (pound
PWR SPENT FUEL
Westlnghouse Electric 16 X 16 7.775 161.5 1335.
Westin^ouse Electric 13 X 13 no data in literature
Babcock & Wilcox 14 X 14 8.435 139.0 1280.
Combustion Engineering 14 X 14 XL no data in literature
Combustion Engineering 15 X 15 8.25 149.0 1385.
Gulf United Nuclear 17 X 17 no data in literature
Westlnghouse Electric 17 X 17 XL 8.55 201.0 NA

BHR SPENT FUEL
General Electric 11 X 11 6.55 83. NA
General Electric 9 X 9 6.55 83. NA
General Electric 6 X 6 4.05 136.5 HA
Exxon Nuclear 11 X 11 6.525 85. 465.
Exxon Nuclear 10 X 10 5.625 103.5 385.
Exxon Nuclear 9 X 9 6.55 178.0 585.
Exxon Nuclear 6 X 6 4.285 135.5 335.
Allis Chalmer 10 X 10 no data in literature
Nuclear Fuel Services 9 X 9 no data in literature
United Nuclear 6 X 6 no data in literature
Westlnghouse Electric 8 X 8 5.55 177.5 615.

Determined as for Standard Spent Fuel
11



8. OCWdDSION
The BR-100 is well adapted to transport any of the payloads investigated 
and presented in this report. Althou^ optimized to carry standard 
intact fuel, the BR-100 has the flexibility to carry attractive 
quantities of consolidated fuel, fedled fuel, or NFBC cardsters. 
CXitstanding BR-100 attributes inclt»de the ability to provide double 
contednment with its closure system, the ability to transport reactor 
control devices within intact fuel, and the ability to tran^xart a full 
payload of practicedly every type of fuel— standard or non-standard.

The life-cycle-cost effects of this flexibility are difficult to 
accurately quantify because of the VDxertzdnty of the fundamental 
assunptions. The BR-100 provides an efficient method to tran^jort any 
payload investigated in this stucfy. 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 IOC.

The BR-100 is a viable option to providing optimized IOC with a cask 
that provides a wide range of payload capiabilities.
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FIGURE 2
BR-100 CASK 
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FIGURE 3

TRADE-OFF STUDY : e f f e c t  o f  n o n - s t a n d a r d  p a y l o a d  

o n  B R - 1 0 0  c a p a c i t y

BAS ELIN E CASK BODY

P W R  C O N F I G U R A T I O N  

21 F U E L  A S S E M B L I E S

B W R  C O N F I G U R A T I O N  

5 2  F U E L  A S S E M B L I E S
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FIGURE 4

: e f f e c t  o f  n o n - s t a n d a r d  p a y l o a d  

o n  B R - 1 0 0  c a p a c i t y

P W R  C E L L  C R O S S - S E G T I O N

10.000'
8.760*
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|U

In
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B&W CONSOLIDATED FUEL CANISTER
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FIGURE..

e f f e c t  o f  n o n - s t a n d a r d  p a y l o a d  

o n  B R - 1 0 0  c a p a c i t y

T R A N S P O R T A T IO N  O F  9  N F B O  0 A N I 8 T E R S  (NF BO )  

WITH 12 INTAOT P W R  F U E L  A S S E M B L I E S  (IFA)

B R - 1 0 0  OASK BODY
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r  SS  
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FIGURE 7

: e f f e c t  o f  n o n - s t a n d a r d  p a y l o a d  

o n  B R - 1 0 0  c a p a c i t y

TR A N SP O R T A T IO N  O F  9  N F B C  C A N I S T E R S  (N F B C )  

WITH 8  C O N S OL I DA T E D  F U E L  C A N I S T E R S  (OF)

B R - 1 0 0  CASK BODY

58.5" ID 
r  SS  
4.6 '  Lead  
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1.75* S S  

82" OD
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Figure 8
Typica l  Cogema Fai led-Fuel  Can is te r  f o r  PWR Fuel

9.45"x9.45

Bolted Lid with  
Vent/Purge Valves (2)

" n

8.6"x8 .6

C an is te r  Body

180
174

8.85"x8.85

Dewatering 
Drain Valve
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AÎ /ANIAGES OF GCNCK-05E C3\SR5 VS CEUECSaED-USE (2SRS

1 .  SUMMARY

The B&W Fuel Ocnpany (BWFC) investigated the life-cycle-cxast 
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 FWR or BWR fuel. Ihe base 
design was the BR-100 cask already designed to carry both types of 
fuel (21 FWR or 52 BWR assemblies in separate baskets). Design 
criteria included standard 10CFP71 requirements, a 100-ton hock 
load, and fuel prcperties as given in the contract Statement-of-Work 
(18-35 Gwd/mtu, 3-4.5 W/O enriched, 10-year cooled IWR; 15-30 
Gwa/rotu, 3-4.5 w/o enriched, 10-year cooled BWR).
Ihe shorter length of a cask designed for FWR fuel was not able to 
ccnpensate in weic^ for the increase in diameter required to 
increase payload capacity. Ihe longer BWR cask could have less 
shielding and carry 56 BWR assemblies, an increase of four 
assenblies. Ihe relatively small life-oycle-oost (LOC) benefit from 
the increased BWR capacity was more than offset for dedicated-use 
BR-lOOs by additional development and fabrication costs. The 
conmon-use BR-lOO cask was found to be the most LOC-effective 
option.

lyrosBCTsi?
Ihis Trade-Off Study was performed to quantify the LOC of developing 
two dedicated-use BR-lOO-^pe spent fuel shipping casks, one for FWR 
fuel (with the exception of Ocmbustion Qxpneering (CE) 16 X 16 and 
Westinc^ouse South Texas Project (SIP)) and the other far BWR and CE 
16 X 16 fuel. Those dedicated-use ICC were then compared to the 
baseline ccmmon-use BR-100 LOC and the differences discussed. A 
conclusion was reached as to the efficiency of using either 
dedicated-use or conmon-use rzdl casks to minimize LOC.

3. CASK EESCRIPriCtC
3.1 ER-100 OCrtCK-USE CASK

The baseline commcn-use ER-100 cask is shown in Figures 1, 2, 3,and 4. 
It has been sized to accept a payload of either 21 FWR fu^ 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 
mic^lane using the most conservative fuel has been preliminarily 
calculated to be 9.6 or 5.0 mr/hr (for FWR or BWR, respectively) at 2
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meters from the Personnel Barrier (Federal limit is 10 mr/hr). The 
baseline BR-100 has a FV2R crane hock wei^t of 199,500 pounds as shown 
in Table 1 and a BWR crane hook wei^t of 200,000 pounds as shown in 
Table 2.

Table 1
FHR Ccane Hcxik Wei^xt (Pounds)

cask Body.......................... 139,000
Shield Plug........................  5,200
Basket Assenbly.....................  9,000
Fuel (without Control Conponents).....  32,300
Stand-offs.........................  500
water (before dewatering)............  10,000
Dewatering Tool.....................  1,000
Handling Equipment..................  2,500
TCriM............................... 199,500

Table 2
BHR Crane Book Wei^it (Pounds)

Cask Body...........................139,000
Shield Plug........................  5,200
Basket Assenbly.....................  10,000
Fuel (without Channels)..............  33,500
Stand-offs.........................  300
Water (before dewatering)............  8,500
Dewatering Tool.................   1,000
Handling Equipnent..................  2,500
TOTAL.............................. 200,000

3.2 ER-IOOP EEDICAIED-aSE CASK
A ca.«dc was then investigated that cxxild be designed similar to the 
BR-100, but dedicated to serving only B4R fuel with irradiated 
lengths \:qp to 167 inches. It was designated the BR-IOOP. The next 
largest basket diameter that could acocninodate an increased nunber 
of IWR fuel cell locations (beyond the 21 in the BR-100) is 63.25 
inches for a 24-cell array. Using the same cask bod^ thicknesses as 
the BR-100 for shielding czdculations yielded a dose rate for the 
24-cell cask of 9.9 mr/hr at 2 meters frcn the Personnel Barrier.
The BR-IOOP 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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wei^t of the BR-IOOP with a 2 4-FWR capacity was calculated to be
210,000 pounds. That wei^t is significantly crver the 200,000 pound 
limit and no shielding reduction for that design oould be expected based 
an the small dose rate margin predicted. The ccnclusicn was that the 
BR-IOOP would have to stay at the 21-FWR capacity, with the resulting 
shorter length and smaller wei^t allowing flexibility for consolidated 
fuel or control oonponents.

3.3 BR-IOOB nEDICAIECKJSE CASK
The BWR version of the ER-100 was then developed. Althou^ the 
length was kq^t the same 2is the BR-100 (to aooomoodate IWR d! 16 X 
16 fuel in a ^)ecied basket), the shielding thiokness was reduced by 
0.6 inches (edl from the ganna shield) and the basket diameter 
increased to 61.5 inches (a 56-oell array). The dose rate for this 
configuration, shown in Figure 5, is 9.8 mr/hr. The hook weic^ is 
calculated to be sli^tly over 200,000 pounds, but is close encu^ 
such that the limit can be reached by minor design tweeddng.

4. Lm:-cyci£-<x)grs
BWFC has an internal code, generated several years ago, to determine 
the life-cycle-oosts (ICC) of various casks and cask features. This 
code was used to determine the sensitivity of LOG to ranges of input 
peurameters that oould be associated with changes in design or 
operational philosophy. Factors that wculd vary in the BR-100 
oonmon-use/dedicated-use ocnparison are shown in T^le 3.

Table 3
ICC FhCrOBS FOR CASK CCHFARISCN

B^-IOOP IOC Differenoe
FWR Cz^city 21 21 0 0% **
BWR Capacity 52 0 56 -5% *♦
IWR Hook Wt 199.5K # 192K # N/A 0%
BWR Hook wt 200K # N/A 202K # 0%
Fab Cost $1500K $1800K $1800K +3%
Dev/Cett Cost $8000K $6000K* $6000K* +4%
♦These costs are valid only if taken together, i.e., $12M total
cost.
**The liOC percentages for FWR and BWR must be averaged together(60% FWR, 40% 
BWR) to get the correct LOC difference for capacity.
The correct overtdl value is -2%.
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OONCUJSIONS
Ihe factors in Section 4 have a cunulative effect of increasing 
LCC by 5% %d.th a change to dedicated-use casks. This indicates 
that benefits are not present for BR-iOO 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 wei^t and caj^ility to carry additioral Tpayload 
such as control ocnponents. Such programnatic issues should be 
considered by DOE in its final evaliaation.
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BR-100 CROSS-SECTION

-O F F  STUDY: common use vs dedicated cask

B ASELI NE CASK BODY 

21 P W R  CO N FIG U R A T IO N

B R - 1 0 0  CASK BODY

5 8 .5 '  ID 
r  S S  
4 , 5 ’ Lead 
4,5" Concrete  
r?5" SS  

82" CD

21 P W R  B A S K E T
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f i l jU K t  J

BR-100 CROSS-SECTION

: common use vs dedicated cask

BA SELINE CASK BODY 

5 2  BWR C O N F I G U R A T IO N

B R - 1 0 0  CASK BODY

5 8 .5  • ID 
r  S S  
4..5' Lead 
4,5" C oncrete  
1.75" SS

62'  CD

5 2  B W R  B A S K E T
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FIGURE 4

BR-100 Cask -- Longitudinal Section

251.5
Overall
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rxbUiu. :>
PROPOSED BR-IOOB SPENT FUEL SHIPPING CASK

TR ADE-O FF STUDY: common use vs dedicated cask

BW R DEDICATED CASK 

5 6  BW R  C O N F IG U R A T IO N

r SS —
3.9" L e a d  ^  

4.5" C o n c r e t e  

1.75" SS
5 6  BW R  B A S K E TCASK BODY

61.75" ID 

8 4 . 0 5 "  OD
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EFFECT OF DIFFERElfr BDENUP lEVElS CN CaEftCTIY

1.0 SUMMARY

Biis r ^ r t  presents the results of a study performed by the B&W Fuel 
Ocnpany (BWPC) to investigate the ce^city for transporting 10-year- 
oooled, hi(^ burmp fuel (up to 60 Gwd/nrtu - R ®  and vp to 50 Gwd/ntu- 
EWR) in the BR-100 Cask.

The BR-100 cask is designed to transport most efficiently 10-year 
cooled, 35 GwVtatu - FWR and 30 - BWR fuel. The options
examined for hi^ier burnips were (1) downloading the nucber of fuel 
assemblies in the baseline basket, (2) changing the basket design, and 
(3) selectively loading fuel with different b u m p  histories and 
enrichments. Changes to the cask boc ,̂ increases in envircnmented dose 
rates, or lowering of thermal amrginis were not options investigated.

BWR fuel assemblies examined had bumps of 35, 40, 45, 50 OwVmtu, with 
3.0, 3.5, 4.0, and 4.5 w/o enrichments, respectively. The studies sh/M 

that thermal and Welding criteria are maintained for a full oxmplement 
of 52 assenblies for fuel with those burmps except for the 50 Gwd/mtu 
fuel. In that case, thermal limits in the cmcrete region are exiceeded 
unless the cask is downloaded to forty-ei^t 50-Gwd/mtu fuel assearblies, 
or unless it is loaded with forty-four 50 Gwa/ratu fuel assemblies and
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eiĉ t 30 Gwd/nttu design basis fuel asseittolies.
FWR fuel asseniblies examined had bumi^K of 40, 45, 50, 55, 60 0«K3/nitu
with 3.5, 4.0, 4.5, 4.5, and 4.5 w/o enrichments respectively. For 
these cases, shielding criteria are lijniting for all ixanaps except the 
40 Gwd/mtu fuel. Selective cask loading with nine 45, 50, 55, or 60
Gw3/mtu fuel assemblies surrounded by twelve 35 Gwd/mtu fuel assemblies
provides acceptable shielding and thermal results. Alternatively, the 
cask may be downloaded and an aluminum basket shield provided to accept 
nineteen 45 Gwd/mtu, sixteen 50 and 55 GwcVintu, and fourteen 60 GwVntu 
fuel assemblies.

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

Loaded cask wei^ts for the hi^ burmp fuel are equal to or less than 
wei^its with baseline fuel loadings.

Hie BR-100 cask has the payload flexibility to be attractive for the 
efficient shipment of hi^ burmp fliel.
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2.0 iNnmjcnoN

The purpose of this docajment is to satisfy the requirement in Section 
4.10.4 of the CJontract Statement-Of-Woric to "...conduct trade-off and 
iicpact evziluations of the follcxmig design consideraticns on cask 
payload capacities and costs: Buzmp analysis." EWPC has designed a 
cask, the ER-100 vhich efficiently transports 10-year cooled fuel, 
either or BWR in separate baskets. BWPC's goal in performing the 
investigatioTS described herein was to optimize the payload of the BR- 
100 cask for extended bumrp levels of both IWR and BWR fuel withcwt 
requiring rework or redesign of the cask body.

Section 3 of this report describes the baseline BR-100 ca;^ and 
documents its performance in transporting design basis spent fuel. 
Section 4 describes caQ.culational results, detzdls the design options 
investigated, and gives particulars on their pjerformance. Section 5 is 
a conclusion and recounts the results of the investigation.
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3.0 BASEUNE ASSUMPHCNS

The baselijTe 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— fron 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 EWR or BWR fuel have a edacity of 21 or 52 
assemblies, respectively. The baskets eune made of aluminum neiis and 
st̂ jports vhich efficiently transfer heat from the fuel to the cask inner 
vail. The hook vai^t of the BR-100, including interstitial water and 
the handling equiFment, is 100 tons in either IWR or BWR ocnfiguraticn.

The design basis payload for the BR-100 is fuel that is 10-year cooled 
and has a b u m p  of 35 GwcVTntu (HiR) or 30 GvxVnitu (BWR) and an 
enrichment of 3.0-4.5%. Sensitivity studies performed by BWPC have 
shown that, at the burmp levels selected, the lower enrichment has a 
significantly hi^ier source tern and decay heat rate than the higher 
enrichment. BWPC has also taken into account the axial profile of fuel 
bump. FWR ^sent fuel has a substantial axial span vhere ^)e b u m p  
level is ip to 13% greater than the assembly average (the analogous 
vsdue for BWR fuel is 20%). The decay heat rates for those bunups were 
calculated using 0RIGE1I2 and are shown in Tables 1 and 2 for lO-yezu: 
cooled fuel. Because of the preliminary nature of the cask design and 
the ncminal values used for some geometric and material properties, an 
additional 1.10 conservatism factor was used for shielding calculaticais 
in determining source strength at the limiting b u m p  levels.
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BURNUP
(Gwd/mtu)

35
35

Table 1
FUEL EARAME3XKS - 465 I^ASSEMBLY

ENRICHMEWT
 tafo)__

3.0
4.5

0C»LIN3 TIME

10
10

I®CAy HEAT 
(Watt Assy)

574
533

BURNUP
(Gwd/mtu)

30
30

l^hle 2
BNR FUEL PKRAMEOKS - 176.8 ¥g/ISSBtESL2£

FMRICHMENT 
 fw/p).

3.0
4.5

OOOUNG TIME
 Gteais)___

10
10

EE3CAY HEAT 
(Watt Assy)

178
169
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riounc ^

T R A D E -O F F  STUDY: 10 years cooled fuel

BASELINE CASK BODY 
21 PWR CONFIGURATION

\

BR-100 CASK BODY

58.5* ID 
1* SS 
4.6* Lead 
A.5* Concrete 
1.75* SS  

62* 0 0

21 PWR BASKET
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TRADE-OFF STUDY: 10 years cooled fuel

BASELINE CASK BODY 
52  BWR CONFIGURATION

BR-100 CASK BODY

58.5 • ID 
r  SS 
4.5* Lead
a .5* Concrete 
1.75' SS

82* 00

52 BWR BASKET
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4.0 DISCUSSION
■Mole 3 summarizes the fuel types, bumups, and enrichments ocxisidered 
in this investigation. Ihe stu^ involved assessments of environmental 
radiation, thermal loading, and total wei^ts.

4.1 Radiation Analysis
Fran the radiation shielding aspect, the hi^ier fuel bumup 
effect (which produces greater source terms) is partially negated by 
the hitler enrichments (vhich result in lower source terms). 
Hcwever, the overall effect is an increase in environmental dose 
rates requiring, in seme cases, either a dovoiloading of the cask or 
mixed loading of the fuel in order to medntadn the dose rate limits 
^ecified by 10CFR71. ANISN runs based on CRIGEN2 source terms were 
made for the discrete gecnetries described in Section 3 for 2dLl fuel 
t^pes specified in Table 3.

T^le 3
ER-100 HIGH-HJRNUP CAPACTITES

nJEL THE BURNUP
(Q«Kj/intu)

ENRICHMENT
(W/o)

CBCAY HEAT
AVERAGE
(watts/assv)

QUANTT 
CASK 
F u e l  Aj

35 3.0 574 21
40 3.5 661 21
45 4.0 748 19

v m 50 4.5 837 16
55 4.5 956 16

T m 60 4.5 1088 14
BNR 30 3.0 178 52
BNR 35 3.0 215 52
BNR 40 3.5 248 52
BNR 45 4.0 282 52
BNR 50 4.5 316 48
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IcJble 4 shews the 2-meter dose rates that result fron a full EMR 
loading (52 EA's) in the baseline cask. Nc«e of the 2-meter dose 
rates exceed the design dose rate of 10 mren\/hr* Consequently, the 
baseline cask has adequate shielding for all BWR fuel with the 
^»cified buzm:^ and enrichments.

Ihe results of the FWR analyses with a full loading (21 EA's) of 
hi^ bumup fuel are shewn in Table 5. The four hi^iest bumups 
exceed the design dose rate radiation levels and require cask 
dcwnloading or mixed loading. Ihe downloading analysis was dene in 
conjunction with inclusion of aluminum inserts on the outer 
circumference of the fuel basket. The ocnbination of downloading 
and aluminum shielding reduced the 2-meter dose rates to the design 
limit of 10 mrenv/hr for all cases.

Table 4
BWR 2-Neter Dose Rates With 52

BOFMUP ENRICHMENT DOSE RATE AODITICNAL SHIELDINS
(Gwd/mtu) fw/o)__ (mrean/hr) _________________
30 3.0 5.0 No
35 3.0 5.9 NO
^0 3.5 7.1 No
45 4.0 8.2 No
50 4.5 9.5 No
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Tzitile 5 

2-Meter Dose Rates With 21
BCIFNUP
fGwi/nrtuI

ENRICSMENT
('W/o)

DOSE RATE 
m̂rem/hr)

MIXED FUEL AND/CR 
DCWNLOADING REO'D

35 3.0 8.9 No
40 3.5 10.2 No
45 4.0 11.5 Yes
50 4.5 12.9 Yes
55 4.5 17.5 Yes
60 4.5 23.4 Yes

Table 6 shows the aoc^rtable quantity of hi^ b u m p  assenblies and 
the oon esponding crane hook v^ig^ts. Figure 4 shows the 19 fWR 
basket arrangement. Figure 5 shcMS the 16 IWR basket arrangement, 
and Figure 6 shows the 14 IWR bcisket arrangement for doimloading the 
ERrlOO bciseline cask.

As an alternative to dcwnloading the baseline cask, radiaticn 
analyses were performed for selectively loaded fuel arrangements 
where lii^ b u m p  fuel assenblies are placed in the center portion 
of the basket and are surrounded by lower b u m p  fuel. Ihe results 
of this study showed that the outer fuel effectively shields the 
radiation effects of the surrounded hi^ier b u m p  fuel.
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T^ble 6
mR  HIGH BOiaCIP FOEL DOWHOAIXD CASK QQANHIIE5 TO 

FEDOCE 2^B?ITR DOSE RME TO 10 vrea^

CKANE HOOK
BUFNUP
rOiJd/nttu)

NUMBER 
OF FA'S

INIENNAL A1 SHIELD 
THICKNESS finches)

DOSE RATE 
fmrem/hr)

KAD
ftxxmds)

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 oonbinations of high and IcMer b u m p  fuel
are possible with the exterior dose rates being mainly a functicn
of the outer-most fuel in the basket. Table 7 illustrates
ocDbinations of fuel b u m ^  that can be 
baseline cask without downloading.

shipped in the BR-100

T&ible 7

examples o f gRTHfyrrv Rry tom to  fOEL QCWnTTTES ADCEPIABIZ
IN ER-100 CASK

FUEL TJfPE BUFNUP
fOddAntu)

NO. FA IN 
BASKET cmraR

BUFNUP
f(Ad/mtu)

NO. FA CN
HadJHEPY

45 9 FIDS 35 12
50 9 PUS 35 12
55 9 PUS 35 12
60 9 PUS 35 12

BWR^ 50 44 PUS 30 8

♦Location of fuel not crucial in BWR case
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cask tcp and bottan dose rates are primarily due to C3o-60 gaitita 
rays. Ihe calculations for the O0-6O source strengths were based on 
the assunpticn that an ejgxasure equivalent to 60 Gw3/mtu had been 
experienced by the end-fitting hardware. Iherefore, inclusion of 
hic^ burmp) fuel in the ca^ center has been bounded for the dose 
rates at the cask ends. Dose rates at these locations were below 
the design limit of 10 mreaav^*

4.2 Theinal Analysis

The goal of the thermal design of the ER-100 is to naintain the 
cask, basket, and fuel cladding tenperatures within safe limits. 
The seife thermal design of the BR-100 is achieved by restricting the 
cask loading to conditions that follow the following project thermal 
guidelines:

1) The aaxiirum tenperatinre in the concrete neutrcrv/thermal 
shield will remain below 250°F (121^), based on 
conservatively chosen material limitations.

2) The maximum tenperature in the alimdnum basket will remain 
below 350°F (177^), based on allowable ASME material struc
tural properties.

3) The maximum fuel cladding teatperature will remedn below 
680°F (360°C), to meet NRC requirements with margin.
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These limits were used to establish various loading limits at the 
turrojps listed in Table 3 for both the EWR and FWR ccnfiguraticns.

The wei^t percents, or enrichments, were reduced at lower burners 
to levels consistent with those bumi^js and to provide a larger 
thermal load than provided by hi^ wei^t percents. T^le 3 
contains the thermal loads per assembly that are associated with 
each burmp condition, for both EWRs and IWRs. The peak burmps 
were obtained by multiplying the assembly average vcd.ue by the axiad 
peaking factor, 1.20 for BWR and 1.13 for FWR. These peak bumi^s 
were iised to generate the thermcil loads for the trade-off study 
thermal anedyses. All of the thermal loads used in Table 3 are 
based on 10-year cooled fuel.

The temperature distributions through the cask, frcn the cask 
exterior surface to the cask inside radi\]s, and across the cask 
inside radius-to-basket ge^ for the various BWR and FWR b u m ^  
conditions are shown in Figures 7 and 8 respectively. These two 
figures indicate that the largest tenperature gradients in the ceisk 
occur in the cansrete only part of the neutraythemal shield. 
These figures also demonstrate the effectiveness of the copper fins 
embedded in the concrete, part of the neutrorv/thermal shield, for 
transferring heat. The tenperature distributions in Figures 7 and 8 
are based on the thermed loads that produce peak ccncxete 
terrperatures, peak aluminum basket temperatures, and peak cladding 
tenperatures that are within the thermal limits. The BWR 50
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QnxVrotxi, FWR 55 Gw3/mtu, euld IVr 60 (5«K3/”rtu full load cxaiditions 
exceeded the 250°F (121^) limit on the concrete tenperature aind 
were eveduated using a mixture of lower bumcp and the hi^ b u m p  
fuel (see paragraphs that follow).

Ihe BWR tenperature 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, 
ccncrete-to-oopper fin interface, and the copper fin-to-lead (gamna 
shield) interface tenperatures. Figure 10 provrides that same 
information for the FWR loadings. Ihese tenperatures r^>resent the 
maximum tenperatures in the most limiting region of the cask. None 
of the thermal limits are exceeded for any of the EWR and FWR 
ccnditions (see lable 8).
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Table 8
EHR AND FWR HHli>I£AD ISO^IAIQRE SGM5AFY 

-Taiperatures in the ER-100 for BNR fo^, F (C)-
*Loc, inch (m) 30/3.0 w/o 35/3.0 w/o 40/3.5 w/o 45/4.0 W/o
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)

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)

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)

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)

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)

Peak Basket 239.0(115.0) 263.8(128.8) 286.7(141.5) 308.9(153.8)
Peak Clad 285.4(140.8) 316.8(158.2) 344.9(173.8) 371.9(188.8)

-Ttnperatures in the ER-100 for IWR fuel, F (Q-
*Loc, inch (m) 35/3.0 w/o 40/3.5 W/O 45/4.0 w/o 50/4.5 W/o
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)

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)

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)

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)

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)

Peak Basket 274.3(134.6) 293.2(145.1) 312.2(155.7) 338.6(170.3)
Peak dad 364.2(184.6) 390.7(199.3) 416.8(213.8) 452.6(233.7)
Notes;
1. 30/3.0 w/o denotes 30 Gwd/mtu 3.0 w/o fuel.
2. The EWR base case is 30/3.0 w/o. Ihe FWR base case is 35/3.0 w/o.
3. Vedues in parentheses, (), are metric. The metric imits cn tenperature 

are degress Oelsius. The metric xmits on location are meters.
* Loc denotes the radial location in the cask, frcoi 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 CD, 39.25 is the 
concxete CX>, and 41.00 is the OD.
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There were several full-load conditions under vhich the concrete 
temperature limit of 250°F (121*̂ ) weis exceeded, althou^ the 
basket and fuel cladding thermal limits were not exceeded. These 
ccnditions were the EHR 50 GwVnitu, 55 GwiVintU/ and R4R 60

full-load burmps. For these high burmp conditions seme 
of the lew burmp baseline fuel was added in the exterior cells of 
the basket, to reduce the thermEd load on the cask. The use of low 
burmp 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 tenperature 
conditions. Figure 11 shows the tenperature profiles across the 
CEisk and the cask inside radius-to-^»sket outside radius gsp for 
the mixed load EHR and both FWR arrangements. The peak basket and 
fuel cladding tenperatures tar the mixed load ccnditions are 
suDinarized in Table 9. The peak basket tenperatures occur near the 
center of the cask. The peak cladding tenperature occurred in the 
center assembly. None of the thermal limits are exceeded for these 
mixed load EWR and FWR ccnditions.
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9
BWR AND H«R MIXED IDAD THOBtKIlSE DESlKIBCrnCNS 

- T E B p e r a tu r e s  in t i i e  ER-100, F (Q -

*Loc, inch (m) BWR 
50/4.5 w/o, 
30/3.0 W/O

55/4.5 W/O, 
35/3.0 W/O

60/4.5 W/o, 
35/3.0 w/o

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)

223.9(106.6)
228.3(109.1)
237.7(114.3)
247.1(119.5)
253.6(123.1)
256.9(124.9)
272.4(133.6)

213.9(101.1)
217.8(103.2)
225.2(107.3)
233.5(111.9)
239.3(115.2)
242.3(116.8)
256.1(124.5)

220.5(104.7)
224.7(107.1)
232.8(111.6)
241.8(116.6)
248.1(120.1)
251.3(121.8)
265.6(129.8)

Peak Basket 319.9(159.9) 327.0(163.9) 345.5(174.2)
Peak dad 388.3(197.9) 455.7(235.4) 486.5(252.5)

Wotes;
1. 30/3.0 w/o denotes 30 Gwd/mtu 3.0 w/o fuel.
2. values in peunentheses, (}, eu?e metric. The metric units on tenperature 

are degrees Oelsius. The metric units on location are meters.
* Loc denotes the radied location in the cask, farm the cask center.

29.20 is the basket CD, 29.25 is the inner shell ID, 30.25 is the lead 
ID, 34.75 is the concrete ID, 38.85 is the co|per fin (X), 39.25 is the 
ocncrete OD, and 41.00 is the OD.
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d TRADE-OFF STUDY: higher burnup levels

MAX. CAPACITY W /O  MODIFICATION OF CASK BODY 

19 PWR CONFIGURATION for 46  GWD /  4 .0  % FUEL

BR-100 CASK BODY
58.5* ID 

r  S3 
4.5* Lead 
4 5* Concrete 
1.75* SS 

82* OD

19 PWR BASKET

Ai i n s e r t  
875* thick.
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F ic u m  5

TRADE-OFF STUDY: higher burnup  levels

MAX. CAPACITY W /O MODIFICATION OF CASK BODY 

16 PWR CONFIGURATION for 5 0  GWd /  4.5 %
and 55  GWd /  4.5 % FUEL

BR-100 CASK BODY
58.5* ID 

r  S3
16 PWR BASKET

4.5* Lead 
4.5* Concrete 
1.75* SS 

82* CD

AI INSERT 
2.25* thick.
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FIGURE 6

TRADE-OFF STUDY: higher bu rnup  levels

MAX. CAPACITY W / 0  MODIFICATION OF CASK BODY 

14 PWR CONFIGURATION for 6 0  GWd /  4.6  *  FUEL

BR-100 CASK BODY
58 .5 ' ID 

1’ SS 
4.5* Lead 
4.5' Concrete 
1.75* S3 

82* CD

14 PWR BASKET

A! INSERT 
3.375* thIcK.
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Figure i ~ BWR cask temperature cfistrftxition
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Figure s - PWR cask temperature distribution
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Figure 9 -  BWR cask Interface temperatures
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Figure lo- PWR cask interface temperatures
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Figure - Mixed load BWR ai>d PWR cask temperature distrfeutions
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5.0 OCNOJUSICN
Radiation, thernal, and wei^t studies v̂ ere ocnpleted to determine 
the acceptable conditions for tran^xarting various bumups and 
enrichments of both and EMR spent fuel assesrnblies in the 
baseline and redesigned basket of the ER-100 cask. Ihe results are 
that a full loading (52 EA's) of BWR fuel assemblies of all 
considered bumtps and enrichments with 10-year cooling can be 
transported in the BR-100 cask with no modifications with the 
exception of 50 Gw:V4.5 w/o fuel. Thermal limitations in the 
concrete region dictate either a sli^it downloading or selective 
fuel loading for this case. Crane hook wei^t reaiains at or below 
200,000 pounds for all cases.

IWR fuel eissembly loadings in the BR-100 cask are shielding limited 
for the four hi^iest bumps considered. For these fuel assemblies 
it is acceptable to load the basket centrally with nine high b u m p  
assemblies surrounded on the periphery by twelve design basis fuel 
assemblies. This produces a full complement of 21 fuel assemblies, 
maintains dose rates under the 2-neter limit of 10 nrenv/hr, and 
meets thermal loading criteria. Downloading of the ca^ in 
conjvnction with supplemental aduminum shielding in the outer 
basket will allow shipment of reduced nunbers of the hi^ b u m p  
fuel assemblies. Again, dose rates and themal margins will meet 
design criteria. Cask hook wei^t is eguzd to or less than the 
baseline IWR cask loading wei^t with 21 full assemblies in all 
CS1S6S*
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This report shews that the BR-100 cask has the capability to 
acccnsnodate a vd.de range of hi^ hctmjp BWR and fuel vdth minor 
fuel loading management or with fuel basket redesign only. It also 
provides assurance that other spent fuel scenarios which may evolve 
frcn futxire needs can be aoocnmodated.
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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

1.0 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. Increases 

in environmental dose rates beyond Federal limits, 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
5 51-1177245-02



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 2 020.
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Table 1
SuiniTiarv 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*

35/5/3%
45/5/4%
55/5/4%
35/10/3%
45/10/4%
55/10/4%

45/15/4%
55/15/4%

(16)
(14)
(12)
21
(18)
(14)

21
(16)

Cask 2

18 
(14)*** 
(12)***
18
18
16**

18
18

Cask 3

16
16
12* *

16
16
16

16
16

BWR Fuel 
(burnup/age/enrichment) Cask 1

30/5/3%
40/5/3%
50/5/4%

30/10/3%
40/10/3%
50/10/4%

40/15/3%
50/15/4%

52
(37)
(30)

52
52
(45)**

52
52

Cask 2

45 
(37)*** 
(30)***
45
45
45

45
45

Cask 3 
40
37**
30**
40
40
40

40
40

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

** Download capacity due to thermal restrictions, 
change is necessary.

No basket

*** 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 GWd/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 0RIGEN2 and are shown in Tables 2 and 3 for 10-year
10 51-1177245-02



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 Ka/ASSEMBLY

BURNUP ENRICHMENT COOLING TIME DECAY HEAT
(Gwd/mtu) fw/o) (Years) (Watt/Assv)

35 3.0 10 574
35 4.5 10 533

Table 3
BASELINE BWR FUEL PARAMETERS - 176.8 Ka/ASSEMBLY

BURNUP ENRICHMENT COOLING TIME DECAY HEAT
(Gvd/mtu) fw/o) (Years) (Watt/Assv)

30 3.0 10 178

30 4.5 10 169
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FIGURE 2

B A S E L I N E  CASK BODY 

21 P W R  CONFIGURATION

BR-100 CASK BODY

58.5’ 10 
1- SS 
4.5* Lead 
4.5* Concrete 
1.75* SS 

82* 0 0

21 PWR BASKET
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FIGURE 3

B A S E L I N E  CA SK BODY 

5 2  B W R  C O N F IG U R A T IO N

BR-100 CASK BODY

68.6 • ID 
T SS 
4.6’ Lead 
4 5* C oncrete 
1.75* SS

02* 00

52 BWR BASKET
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4.0 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.

4.1 Radiation Analysis

4.1.1 Downloading Studies

The baseline cask described in Section 3 was analyzed 

with ANISN using source terms from 0RIGEN2 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 the three most active ones may be shipped 

without downloading.
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Only one of the new study PWR fuel types can be shipped 
at full capacity in the standard baseline basket. All 
other fuel types require downloading in conjunction with 
supplemental internal aluminum shielding. Table 5 shows 

the permissible quantity per cask, the shielding 

required, and the corresponding dose rate prediction.
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Table 4

Downloaded BR-100 Cask Capacities for BWR Fuel

Fuel Design*
30/5/3%
40/5/3%
40/10/3%
40/15/3%
50/5/4%
50/10/4%
50/15/4%

Quantity
fFA's)

52
40***
52
52
4 0* * *
45
52

Internal 
A1 Shield 

Thickness fin.)

None
2 .875
None
None
2.875
1.125
None

Maximum 
2-Meter 

Dose Rate 
fmrem/hr)

9,
8 ^

9.
<9,
10.5**
9.7
9.0

* (GWd/mtU burnup/years cooling/weight percent U enrichment)

** More discrete analysis expected to reduce dose rate below 10
mrem/hr

*** Max shielding capacity, but thermally limited to 37 (40/5/3%) 
and 30 (50/5/4%)
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Table 5

Dovnloaded BR-100 Cask Capacities for PWR Fuel

Fuel Design*

35/5/3%
45/5/4%
45/10/4%
45/15/4%
55/5/4%
55/10/4%
55/15/4%

Quantity
(FA'S)

16
14
18
21
12
14
16

Internal 
A1 Shield 

Thickness fin.)

2.25
3.375 
0.875 
None
6.75
3.375
2.25

Maximum 
2-Meter 

Dose Rate 
fmrem/hr)

10.4**
9.1

10.2**
7.9
5,
9,
9,

(GWd/mtU burnup/years cooling/weight percent U enrichment)

** More discrete analysis expected to reduce dose rate below 10 
mrem/hr
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4.1.2 Cask Redesign Shielding Studies

The trade-off studies for the new study fuel scenarios 

were limited to evaluations of three cask designs: the 
base BR-100 and two iterations with heavier walls 
(greater intrinsic shielding). The three cask/basket 
designs are depicted in Figure 6.

The casks were designed for common-use application (PWR 
and BWR payloads in separate baskets). For this reason, 
the design approach was the same as for the baseline cask 

design: first determine the optimum PWR payload, and
then determine the maximum BWR payload allowed by the PWR 
optimization. Weight and shielding calculations show 

that, with optimal usage, the maximum PWR payload 

capacities are: 21 for 45/15 and 35/10 design basis
fuel, 18 for 55/15, 45/10, 55/10 and 35/5 fuel, and 16 

for 45/5 and 55/5 fuel.

The purpose of the new cask designs was to make these 

maximum payloads possible. Three cask designs were 

selected based on the PWR optimization. The BWR baskets 

were selected based on the resultant internal diameter of 

the cask.

Cask 1 is the BR-100 baseline design described in Section
21 51-1177245-02



3. Casks 2 and 3 have a design similar to the baseline 
with the same material compositions, but with different 
thicknesses of gamma and neutron shielding. The new cask 
diameters and shielding thicknesses are shown on Figure 

6 and in Table 6.

Each cask design was analyzed with ANISN for the new 
design base fuel to determine the quantity and type of 
fuel suited for the cask. Gamma and neutron source terms 
used in the ANISN runs were obtained from 0RIGEN2 
calculations. Tables 7, 8 and 9 show the results of the 
analyses for the three casks. Dose rates indicated as 

"less than" (<) were inferred by comparison rather than 
being calculated (for example, 30/10/3% fuel has 
radioactively decayed more than 30/5/3% fuel, therefore, 
the dose rate of the former must be less than the 
latter).

Conservative models and power distribution factors were 

used in all calculations. Hence, the dose rates should 
be on the conservative side in all cases.
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Table 6 

Redesigned Cask Parameters

Capacity Cask
PWR/BWR 
rPA's)

I.D.
(in)

Cask 1 21/52 58.5
Cask 2 18/45 56.75
Cask 3 16/40 54.0

Radial CL 
Thickness 
Lead/Cone
 Cin)__

4.5/4.5

5.0/6.25

Radial Shield Cask
Top & Bot. Plug Bottom
Lead/Conc. Thickness ThicknessOn),

5.0/4.0 

5.25/5.0 
6.0/5.25

Lead (in) Lead fin̂

3.5

3.5 
4.0

3.0
3.0 
3.5
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Table 7

Cask 1 (BR-lOO^

Maximum
Decay Heat 2-Meter

Fuel Fuel Average Dose Rate Quantity/Cask
Type Desian* rwatts/Assv) (mrem/hr^ fFuel Assv'sl
BWR 30/5/3% 279 9.4 52

30/10/3% 178 <9.4 52
40/10/3% 256 9.2 52
40/15/3% 219 <9.2 52
50/15/4% 278 9.0 52

PWR 35/10/3% 574 9.6 21
45/15/4% 637 7.9 21

*(GWd/mtU/years cooling/weight percent U enrichment)
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Table 8

Cask 2 (18 PWR/45 BWR Capacity^

Maximum
Fuel Fuel

Decay Heat 
Average

2-Meter 
Dose Rate Quantity 

fFuel AsTvoe Desian* fWatts/Assv) fmrem/hr)
BWR 40/5/3% 399 8.2 45

50/5/4% 497 10.1 45
50/10/4% 326 <10.1 45

PWR 35/5/3% 903 8.9 18
45/10/4% 748 5.4 18
55/10/4% 991 10.2 16**
55/15/4% 837 7.5 18

ic 
* * (GWd/mtU/years cooling/weight percent U enrichment) 

Thermally limited. Dose rate corresponds to 18 FA loading.
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Table 9

Cask 3 fl6 PWR/40 BWR Capacity^

Fuel
Type Fuel

Desian*

Decay Heat 
Average 

fWatts/Assy)

Maximum 
2-Meter 

Dose Rate Quantity/Cask 
fmrem/hr) (Fuel Assy's)

PWR 45/5/4%
55/5/4%

1147
1507

5.7
9.5

16
12**

* * (GWd/mtU/years cooling/weight percent U enrichment) 
Thermally limited. Dose rate corresponds to 16 FA loading.
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FIGURE i

PWR DOWN-RATED CONFIQURATIONS
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FIGURE 6
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4.2 Thermal Analysis

The goal of the thermal design of the BR-100 shipping cask is 
to maintain the cask wall components, the basket, and the 
spent fuel cladding temperatures within acceptable limits. 

These acceptable limits are attained by restricting the cask 
loading to conditions that do not exceed the following thermal 
guidelines:

1) The maximum temperature in the Robatel borated concrete- 
copper layer will remain below 250°F (121°C), based on 
project-chosen material limitations.

2) The maximum temperature in the aluminum basket will

remain below 350°F (177°C) , based on desired ASME

structural properties.

3) The maximum spent fuel cladding temperature will remain 
below 680°F (360°C), to provide significant margin

against cladding failure.

These limits were used to establish various loading limits for 

several different PWR basket designs. The different basket 

designs evaluated for this trade-off study are shown in Figure 

4 (page 24):

1) 21 PWR basket design (Baseline cask),
2) 18 PWR basket design (Cask 2) and
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3) 16 PWR basket design (Cask 3).

The radial locations of the various cask wall components for 
the different basket designs are shown in Table 10. The 
various fuel conditions to be evaluated for each basket design 
are shown in Table 11. These represent limiting thermal 
conditions as compared to BWR design base fuel. Therefore, it 

was not necessary to run discrete thermal analyses for the BWR 

fuel. Table 12 contains the thermal loads per assembly that 

are associated with each basket configuration's fuel
conditions. The peak burnups were obtained by multiplying the 
assembly average value by the PWR axial peaking factor of 
1.13. The peaking factor was obtained from a FLAME computer 
run and is documented in B&W Calculational File No. 32- 

1172659. The peak burnups were used to generate the peak 
thermal loads at the cask axial midplane for these trade-off 
studies.

The temperature distributions at the various cask wall

component interfaces and former outer surface are shown as a 

function of the peak assembly linear heat rate in the 
following figures:

1) 21 PWR (Baseline cask) - Figures 7 and 8,
2) 18 PWR (Cask 2) - Figures 9 and 10, and
3) 16 PWR (Cask 3) - Figures 11 and 12.
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These figures assume that a full load of the various 
assemblies is inserted into the various BR-100 basket designs. 
The figures indicate the following:

1) The maximum concrete temperature of 250°F is reached at 
a peak linear heat rate of 86 w/ft for the Baseline cask, 
103 w/ft for Cask 2, and 115 w/ft for Cask 3.

2) The total thermal loads for the Baseline cask, Cask 2, 
and Cask 3 were 18.2 kw, 18.5 kw, and 18.3 kw. These 
limits are based on the concrete temperature limit of 
250°F. For the Baseline cask and Cask 3 the concrete 

temperature represents the most limiting thermal design 
condition.

The temperature distributions through the cask wall, from the 

cask exterior surface to the cask inner radius, and across the 

cask inner radius-to-former outer radius gap are shown in 

Figures 13 (Baseline cask), 14 (Cask 2), and 15 (Cask 3). 

These temperature distributions are also shown in Table 13.

The full load 55 GWd/mtU/10 year-cooled/4.0 wt % (55/10/4.0%) 

condition in Cask 2 and full load 55/5/4.0% condition in Cask 

3 are not shown in figures 3 through 10 since the full load 
conditions exceeded one of the thermal design limits. These 

two fuel loading conditions were evaluated using a partial
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loading pattern. The full load of 18 PWR 55/10/4.0% fuel 
assemblies in Cask 2 exceeded the aluminum basket temperature 
limit of 350°F. The loading pattern for the sixteen 55/10/4.0% 
fuel assemblies in Cask 2 is shown in Figure 16. This loading 

pattern represents a cask thermal load of 15.9 kw. The full 

load of sixteen PWR 55/5/4.0% fuel assemblies in Cask 3 

exceeded the concrete temperature limit of 250°F. Two 
different loading patterns, as shown in Figure 17, were 
evaluated for inserting twelve 55/10/4.0% assemblies in the 
Cask 3. Both of these loading patterns represent total cask 

thermal loads of 18.1 kw. The temperature distributions 

through the cask wall, from the external surface to the former 

outer radius, are contained in Table 14. The temperature 

distribution for the Cask 3 partial load condition is used for 
both of the twelve 55/5/4.0% loading patterns, shown in Figure 
17.

Table 15 contains the peak aluminum basket and peak cladding 
temperatures for the various Baseline cask, Cask 2, and Cask 

3 loading conditions. The peak cladding temperatures, 

predicted using the Wooten-Epstein relationship, for all of 

the loading conditions were well below the cladding thermal 
design limit of 680°F. Baseline cask and Cask 2 peak basket 

and fuel cladding temperatures are shown as a function of the 

peak linear heat rate in Figures 18 and 19. Figure 19 shows 

that the eighteen 55/10/4.0% condition, peak linear heat rate
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of 99.IQ w/ft exceeds the project's aluminum basket 
temperature limit. The limit on the 18 PWR basket due to the 
aluminum basket restricts the total cask load to approximately
17.3 kw. Some additional fuel could be placed in the two 
center locations of the 18 PWR basket, but the basket must not 

exceed the thermal load characteristics of the 45/10/4.0% 
fuel.

No discrete thermal analyses were performed for the BWR Design 
Base Fuel. BWR thermally acceptable loadings for the cask 
were derived by dividing the limiting BWR cask heat load by 
the assembly decay heat at average burnup. The limiting BWR 

cask heat load is 14.6 KW as shown in Table 3-1, Section II-3, 
of the PDR. The assembly decay heat at average burnup is 
shown on Table 16 of this report.

The full payload of BWR fuel assemblies is within the limiting 

cask heat load for all the BWR design base fuels except for 

the 40/5/3%, 50/5/4%, and the 50/10/4% fuel. For these fuels, 
cask downloading is required to meet the thermal limits. The 

50/10/4% fuel limitation of 45 FA in the baseline cask 

coincides with a shielding limitation for the same number of 

loaded assemblies.
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Table 10
Radial Locations for Various Basket Designs

Description Location, inch (m)
of Interface Baseline cask Cask 2 Cask 3

Basket maximum
capacity 21 PWR 18 PWR 16 PWR

Cask outer surface 41.00(1.041) 41.375(1.051) 41.00(1.041)
Inner radius of outer 
stainless steel shell 39.25(0.997) 39.625(1.006) 39.25(0.997)

Inner radius of concrete 
only 38.85(0.987) 39.225(0.996) 38.85(0.987)
Inner radius of concrete- 
copper fin region 34.75(0.883) 34.125(0.867) 33.00(0.838)
Inner radius of lead 
gamma shield 30.25(0.768) 29.375(0.746) 28.00(0.711)

Inner radius of the cask 
wall 29.25(0.743) 28.375(0.721) 27.00(0.686)

Outer radius of the 
former 29.20(0.742) 28.325(0.719) 26.95(0.685)
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Table 11
Fuel Loading Conditions Evaluated

Cooling
Cask Desian

Assembly Avg. 
Burnuo ^GWd/mtU^

Time
fvears)

Enrichment
wt%

Baseline(21 PWR) 35 10 3 . 0
45 15 4.0

Cask 2(18 PWR) 35 5 3 . 0
45 10 4.0
55 10 4.0
55 15 4.0

Cask 3(16 PWR) 45 5 4.0
55 5 4.0
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Table 12
Thermal Loads for Various Basket Designs and Fuel Conditions

Cask Desian 

Baseline(21 PWR)

Cask 2(18 PWR) 

Cask 3(16 PWR)

Average Burnup 
Conditions per 

Assembly
35/10/3%
45/15/4%
35/5/3%
45/10/4%
55/10/4%
55/15/4%
45/5/4%
55/5/4%

Decay Heat at 
Average Burnup,
(Watts/Assemb1v)

574.3
637.0

902 . 6 
748.2 
990. 9 
837.5
1147.6
1507.1

Cask Design

Baseline

Cask 2

Cask 3

Peak Burnup 
Conditions per 

Assembly

39.55/10/3%
50.85/15/4%

39.55/5/3% 
50.85/10/4% 
62.15/10/4% 
62.15/15/4%

50.85/5/4% 
62.15/5/4%

Decay Heat at 
Peak Burnup, 
(Watts/Assembly^

681.7
749.1

1065.8 
884.0

1197.4 
1008.1

1350.4
1802.8

Assembly Peak 
Linear Heat Rate 

(Watts/ft^____

56.81 
62.43

88.82 
73.67 
99.78 
84.01

112.53 
150.23
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Table 13
Baseline. Cask 2. and Cask 3 Full Load Temperature Summary

*Loc, 
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)

- Baseline Cask(21 PWR) —  
35/10/3% 45/15/4%

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)

201.4(94.1)
204.7(96.0)
211.7(99.9)
218.1(103.4)
223.0(106.1)
225.5(107.5)
237.5(114.2)

*Loc, 
inch (m)

41.375(1.051)
39.625(1.006)
39.225(0.996)
34.125(0.867)
29.375(0.746)
28.375(0.721)
28.325(0.719)

--------- Cask 2(18 PWR)

45/10/4% 55/15/4%
201.6(94.2)
204.9(96.1)
212.0 (100.0)
217.0(102.7)
222.5(105.9)
225.2(107.3)
237.6(114.2)

211.5(99.7) 
215.3(101.8) 
223.3(106.3) 
229.1(109.5) 
235.4(113.0) 
238.4(114.7) 
252.4(122.4)

35/5/3%

216.0(102.2) 
220.0(104.4) 
228.5(109.1) 
234.5(112.5) 
241.2(116.2) 
244.4(118.0) 
259.1(126.2)

*Loc, 
inch (m)

41.00(1.041)
39.25(0.997)
38.85(0.987)
33.00(0.838)
28.00(0.711)
27.00(0.686)
26.95(0.685)

- Cask 3(16 PWR)

45/5/4%

227.0(108.3) 
231.5(110.8) 
241.1(116.2) 
246.9(119.4) 
254.9(123.8) 
258.6(125.9) 
275.8(135.5)

*See Table 11 for definition of locations.
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Table 14
Cask 2 and 3 Partial Load Temperature Summarv

*Loc 
inch (m)

41.375(1.051)
39.625(1*006)
39.225(0.996)
34.125(0.867)
29.375(0.746)
28.375(0.721)
28.325(0.719)

- Cask 2(18 PWR) -
Load of sixteen 55/10/4% assemblies

215.9(102.2)
219.9(104.4)
228.3(109.1)
234.4(112.4)
241.1^16.2)
244.3(117.9)
259.0(126.1)

*Loc, 
inch (m)

41.00(1.041)
39.25(0.997)
38.85(0.987)
33.00(0.838)
28.00(0.711)
27.00(0.686)
26.95(0.685)

- Cask 3(16 PWR) -

Load of twelve 55/5/4% assemblies
227.1(108.4)
231.6(110.9)
241.2(116.2)
247.0(119.5)
255.1(123.9)
258.8(126.0)
276.0(135.6)

*See Table 11 for definition of locations.
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Table 15
Peak Basket and Spent Fuel Cladding Temperatures

Cask Desian

Baseline(21 PWR) 

Cask 2(18 PWR)

Cask 3(16 PWR)

Peak Temperature, F(C) 
Fuel Condition Basket Cladding

35/10/3%
45/15/4%
45/10/4%
55/15/4%
35/5/5%
45/5/4%

Full load conditions

274.3(134.6)
288.4 U42 .5)

300.1(148.9) 
323.5(161.9) 
334.3(167.9)

364.2(184.6)
384.0^95.6)

407.8(208.8)
440.3(226.8)
455.0(235.0)

344.1(173.4) 487.7(253.2)

Cask 2 

Cask 3

16 of 55/10/4%
Mixed load conditions

12 55/5/4%(Patt 1) 
12 55/5/4%(Patt 2)

318.2(159.0) 452.1(233.4)

328.0(164.4) 
333.8(167.7)

509.2(265.1)
514.1(267.8)
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Table 16
Thermal Loads for Various BWR Design Base Fuel

Cask Design 

Baseline (52 BWR)

Cask 2 (45 BWR)

Average Burnup 
Conditions per 

Assembly

30/5/3%
30/10/3%
40/10/3%
40/15/3%
50/15/4%
40/5/3%
50/5/4%
50/10/4%

Decay Heat at 
Average Burnup 
(Watts/Assembly^

278.62
177.67
256.17
219.04
278.44
398.66
496.96
326.35
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Figure 8 - 2 1  PWR Cask Wall Temperature Distribution
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Figure 9 - 1 8  PWR Cask Wall Temperature Distribution
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Figure 10 - 18 PWR Cask Wall Temperature Distribution
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Figure 1 1 — 16 PWR Cask Wall Temperature Distributions
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Figure 12 - 16 PWR Cask Wall Temperature Distributions
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Figure 13 - 21 PWR Cask Temperature Distributions
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FiRure 14 - 18 PWR Cask Temperature Distributions
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Figure 15 - 16 PWR Cask Temperature Distributions
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Figure 16 - 18 PWR Partial Loading for 55/10/4Z
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Figure 17 - 16 PWR Partial Loadina for 55/5/41
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Figure 18 - 21 PWR Peak Basket and Cladding Temperature
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Figure 19 - 18 PWR Peak Basket and Cladding Temperature
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5.0 CONCLUSION

Radiation, thermal, and weight studies were completed to 
determine the acceptable conditions for transporting various 
burnups, ages, and enrichments of both PWR and BWR spent fuel 
assemblies in the baseline BR-100 cask and two similar 
variations of that cask. The results, shown in Table 1, show 
that the baseline BR-100 cask with redesigned basket and 
internal aluminum shielding is capable of transporting the 
entire spectrum of design base fuel specified by the new SOW 
with diminishment of payload in some cases.

An optional method of retaining full payload capacity of the 
baseline cask is to selectively load high burnup fuel 
centrally in the basket with low burnup fuel placed 
peripherally. This action will maintain dose rates under the 
2-meter limit of 10 mrem/hr and will meet thermal criteria.

The two redesigned casks (cask 2, 18 PWR/45 BWR capacity and 
cask 3, 16 PWR/40 BWR capacity) are capable of transporting 
fuel which would require downloading in the baseline cask. 
They are capable of transporting all the design base PWR and 
BWR fuels in the optimum quantities shown on Table 1 without 
reliance on the basket modifications or additional shielding 
required in the baseline cask. Dose rates and thermal margins 
meet design criteria.
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Cask hook weights meet the design criteria for the three cask 
designs with all loading conditions and fuel types specified.

This report shows that the baseline BR-100 cask has the 
capability to accommodate a wide range of high burnup BWR and 
PWR fuel with minor fuel loading management or with fuel 
basket redesign only. It also shows that a three cask 
combination (including the baseline cask) is necessary to 
transport all the design base fuel scenarios in optimum 
payload quantities.
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Research Engineer involved in the development of UO2 
fuel for nuclear power reactors. He performed 
thermal resinter studies on procduction fuels for 
correlation with in-reactor behavior in order to 
derive models to describe the fuels densification 
effect. In additi.on, he directed programs of 
fabricati.on development for dimensioTeilly stable 
fuel and U0 -̂<3d203 fuel. Other past duties and 
experience include the characterization and 
fabrication of reactive powdered materieils, fuels 
plant manufacturing sî port, and nondestructive 
post-irradiation examination of nucleeu: fuel 
components at the reactor sites.



BWNP 20669 (2 /8 5 )
Continuation Sheet

Babcock & W ilcox
a M cO rrm ott company HUUEKT H. EAVIS, JR.

Prior to joining B&W Dr. Davis was a Research 
Metcillijrgical Engineer at the Aerospace Research 
Laboratories, Wri^t-Patterson AFB, Ohio vhere he 
specialized for four years in the area of hi^ 
tcnperature reactions, particularly oxidation, hot 
corrosion, and related mechanisins. During this time 
he coauthored more than 20 publications ard received 
the Air Force Systems (2crmand Award for Technical 
Achievement in both 1971 and 1972.
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HERBERT FEINROTH 
B4W CONSULTANT

EDUCATION

PROFESSIONAL 
EXPERIENCE
1982-PRESENT

1976-1982

Bachelor of Science, Chemical Engineering, University 
of Pennsylvania, 1957
Bettis School of Reactor Engineering, 1960

GAMMA ENGINEERING CORPORATION, PRINCIPAL
In his present position, Mr. Feinroth provides 
consultation services to the nuclear industry in the 
design, development,- manufacture, construction, 
operation and maintenance of nuclear power plants for 
ship propulsion and electric power generation. He 
specializes in ensuring incorporation of reliability 
and human factors engineering into mechanical systems 
and in development of management and QA systems to 
effectively control and direct projects.
UNITED STATES DEPARTMENT OF ENERGY, OFFICE OF NUCLEAR 
ENERGY, DIVISION DIRECTOR
In this position, Mr. Feinroth served as technical 
advisor to DOE management regarding the causes and 
implications of the TMI accident. He assisted the 
staff of the Kemeny Commission investigating the 
accident and assisted the Carter Administration in 
developing follow-up actions to the Kemeny 
recommendations. He initiated a new DOE program to 
learn from the accident by conducting on-site 
examinations, established a cooperative program among 
DOE, EPRI, NRC, and GPU to conduct this program at 
TMI, negotiated an agreement with the Institute of 
Nuclear Power Operations to conduct joint programs 
with DOE, and implemented joint programs with the 
Commonwealth of Pennsylvania to allow independent 
radiation monitoring by the citizens near Three Mile 
Island.
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HERBERT FEINROTH 
B&W CONSULTANT

1976-1976

1974-1975

1957-1973

ENERGY RESEARCH DEVELOPMENT ADMINISTRATION, OFFICE OF 
NUCLEAR ENERGY, ASSISTANT DIRECTOR
In this assignment, Mr. Feinroth directed and managed 
ERDA's sodium breeder development programs in the 
fields of nuclear fuel, reactor physics, materials, 
chemistry, core design, and fuel fabrication. His 
major task was to shift the focus of LMFBR technology 
toward direct engineering support of design, 
construction, and operation of breeder reactor plants 
such as FFTF and the Clinch River Breeder Reactor.
FEDERAL ENERGY ADMINISTRATION, DIRECTOR OF POWER 
PLANTS DIVISION, ASSOCIATE DIRECTOR OFFICE OF NUCLEAR 
AFFAIRS
In this capacity, Mr. Feinroth served as a technical 
advisor on the Price Anderson and uranium enrichment 
legislation being sponsored by the FEA and initiated 
actions on fuel reprocessing, waste, disposal, and 
uranium production aimed at removing constraints to 
the further expansion of nuclear power. He sponsored 
new programs to assist in improving the availability, 
of existing coal and nuclear power plants.
UNITED STATES ATOMIC ENERGY COMMISSION
During this period, Mr. Feinroth assisted in the 
startup and first refueling of the Shippingport Atomic 
Power Station, and subsequently served as senior staff 
assistant to Admiral Rickover for core manufacture and 
production of pressure vessels and steam generators.
He was directly responsible for the procurement, 
manufacture, and quality control of production cores 
for surface ships and submarines, and for trouble
shooting the manufacturing problems that were delaying 
delivery for major components to Naval Ships. He was 
project manager for the development of the core design 
for the USS Nimitz class aircraft carriers, and led a 
special heavy pressure vessel forging task force to 
advance the state of the art for producing high 
strength steel forgings for reactor plant 
applications. He also served as project manager for 
development of a new, ceramic wafer type fuel and core 
design for the second core of the Shippingport Atomic 
Power Station. In 1972, Mr. Feinroth joined the AEC's 
Division of Reactor Development as Chief of the 
Facilities Branch. There he managed programs to
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HERBERT FEINROTH 
B&W CONSULTANT

TECHNICAL
PUBLICATIONS

develop and test components for the LMFBR program, 
including test facilities for sodium pumps and steam 
generators.

Mr. Feinroth is the author and contributor of numerous 
papers and books on nuclear science, engineering, and 
energy development.
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DAVID FRANKLIN FRECH 
Senior Engineer, Duke Power Company

EDUCATION:

WORK EXPERIENCE: 

8/69 - Present

6/61 - 8/69

4/56 - 6/61

6/49 - 6/55

FESSIONAL 
OLVEMENT:

U.S. Military Academy: B.S. Military
Engineering, 1949
MIT; M.S. Nuclear Engineering, 1968

Duke Power Company. Nuclear Engineer/Senior 
Engineer

Helps manage shipment and receipt of new and 
spent fuel to and from three nuclear stations 
(seven reactors), including interface with 
shipping casks. Responsible for evaluation of 
storage rack designs and subsequent 
installation and use at station spent fuel 
pools. Responsibilities for design and 
installation of independent spent fuel storage 
installation (ISFSI) at Oconee. Represents 
Duke Power on joint utility Transportation 
Working Group.

MIT. Shift Supervisor/Superintendent

Responsible for operation, maintenance, and 
refueling of MIT Research Reactor. Evaluated 
experiments and irradiations for suitability.

Union Carbide Nuclear Co.. Development 
Engineer

Exercised responsibility on eight-hour shift 
for testing, startup, operation, and refueling 
of homogeneous reactor test.

U.S. Armv. 1st Lieutenant

Constructed roads and airfields.

Registered Professional Engineer - NC 6947 
Member, ANS
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DR. W. J. HARRIS 
B&W CONSULTANT

Dr. Harris raised in South Bend, Indiana.
He graduated from Purdue University in 1940 with the 
degrees of Bachelor of Science in Chemical Engineering 
and Master of Science, major in metallurgy. In 
October, 1940, he entered the Massachusetts Institute 
of Technology as a candidate for the degree of Doctor 
of Science.
From June, 1941 to December, 1945, he served as head 
of the Aircraft Armor Branch of the Bureau of 
Aeronautics, Navy Department. He reentered M.I.T. in 
February, 194 6, and graduated with the degree of 
Doctor of Science in June, 1948.
He began work as head of the Ferrous Alloys branch of 
the Metallurgy Division of the Naval Research 
Laboratory in December, 1947.
In January, 1951, he was named Executive Secretary, 
Metallurgical Advisory Board of the National Academy 
of Sciences - National Research Council. He left the 
Board in 1954, but in May, 1957, he rejoined the 
Metallurgical Advisory Board as Executive Director.
In January, 1960, he became Assistant Secretary, 
Division of Engineering, of the National Academy of 
Sciences ■> National Research Council.
He joined Battelle Memorial Institute as Assistant to 
the Director in January, 1954. He left Battelle in 
1957, but in January, 1962, he rejoined Battelle as 
Assistant Director, Columbus Laboratories, of Battelle 
Memorial Institute and Head of the Washington Office 
of Battelle.
In January, 1970, he was named Vice President,
Research and Test Department, Association of American 
Railroads. In that post he established a program that 
contributed to improvements in a wide variety of 
railroad components and operations including rail, 
track, wheels, railroad castings, car and locomotive 
design, train handling and operations, car 
distribution, terminal operations and methods of 
analysis.
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In July, 1985, Dr. Harris was named Snead Professor of 
Transportation Engineering in the Civil Engineering 
Department of Texas A&M University in College Station, 
Texas. In April, 1987, he was named Associate 
Director of the Texas Transportation Institute and 
continued to hold the Snead Chair.
In 1985, he established W. J. Harris, Inc., a 
consulting company, and continues as its President.
He consults primarily in the areas of product 
development, testing and analysis of mechanical 
structures, and application of human factors to system 
operation and maintenance.
Dr. Harris is a Fellow of the Metallurgical Society, 
the American Society of Metals, and the American 
Society of Mechanical Engineers. He has served as 
President of the Metallurgical Society of AIME, as 
President of Engineers Joint Council, and as Chairman 
of the National Materials Advisory Board. He has been 
an officer or the chairman of senior committees of 
several professional societies and organizations 
including the American Institute of Mining, 
Metallurgical, and Petroleum Engineers, the National 
Materials Advisory Board, the American Ordnance 
Association, the National Security Industrial 
Association, and the Transportation Research Board.
In 1969, he served as Secretary and Staff Director of 
a Presidential Task Force on Highway Safety.
He has had extensive international experience, serving 
on committees of the International Institute of 
Welding and the Advisory Group for Aeronautical 
Research and Development. He is now serving as 
Chairman and President of the International Heavy Haul 
Association, an association of counties with major 
rail bulk commodity operations. He is also serving as 
Chairman of the Committee on International Trade and 
Transportation of the Transportation Research Board, 
National Research Council. He has organized 
cooperative studies or symposia with England, Germany, 
France, the USSR, Canada, Mexico, and the People's 
Republic of China.
He received the AIME Mathewson award for outstanding
research in 1950. In 1976, he was named Railroad Man
of the Year by Modern Railroads. He was elected to
the National Academy of Engineering in 1977. He 
received the Distinguished Alumnus Award from Purdue
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in 1965 and an Honorary Doctorate of Engineering from 
Purdue in 1978. In 1978, he was awarded the 
Distinguished Service Award by the Transportation 
Research Board of the National Academy of Sciences.
In 1986, he was named Research Man of the Year by the 
Transportation Research Forum. He is listed in Who's 
Who in America and other compendia of leaders in 
science and engineering.
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BASSAN AH BASSAN

EDUcancN

EXFERIEUCE 
1984 - Present

1982 - 1384

1980 - 1982

1976 - 1980

1968 - 1976

B. Sc. Electronic Engineering, (2airo Ifriiversity (1957). 
Diplctna, Reactor Control & Instrumentation, Moscow University 
(1958).
M.S., Nuclear Engineering, University of Illinois (1961).
Ph. D., Nuclear Engineering, University of Illinois (1968).
BaboocJc & Wilcox Ocnipany (B&W), lynchburg, Virginia
Ifemauer. Enaineerina Section. Nuclear Power Division.
Major re^»nsibilities of Fuel Engineering Section are: 
design and developnent of ccnpetitive fuel products; 
development of technology required for reload analyses; 
activities to enhance the cost posture of fuel related 
hardware and services.
Manager. Management Analysis & Servioes. Utility Power
Generation Division. Position ent2dled management of 16-20 
engineers engaged in contract woric related to Incore Fuel 
Management and Fuel Cycle Design, on-line oonputers, core 
power distrUoution measuresnent, and reload licensing 
coordination. In addition, contract and internally funded 
tasks were cxnducted for advanced fuel management scheme and 
improved fuel cycle designs.
Manager. Reactor *Itechnolcgv. NUclear Power Generation 
Division. Responsible for management of 12-16 advanced 
degree engineers engaged in contract and internally funded 
development tasks. Functicais included models and methods 
development related to fuel management, reactor physics, 
radiation transport, and thermal hydraulics.
!fenager. Reactor Pfivsics and nartiation Transtxnrt. 
Generation Division. Directed the v o tk of six advanced 
degree physicists and engineers in research and development 
activities in the area of physics and radiati(Xi transport.
Principal Engineer. Technical 5?taff. Ptiwer Geieration 
Division. Work involved development and inplementation of 
the multidimensional conputer codes (PDQ07 & PDQ05) for the



BWNP 20669 (2 /8 5 )
Continuation Sheet

Babcock & W ilcox
a M cDerm ott company

HASSAN AH HASSAN

1954 - 1967

1961 - 1963

1957 - 1960

HJBLICATICNS

•FESSICNAL 
CMS^^■ tTUATK

core physics calculations and their associated processing and 
linking ccnputer codes. Technical Manager in <*arge of FUPAC 
(lEM system) inplementation at VP, TVA, and GEU. Development 
of calculational models, methods, and techniques for core 
pcwer distributions and fuel cycle analysis. Reactor core 
stability and xenon oscillations. Verification of the 
multidimensional codes capability using operating data from 
B&W reactors on line.

•RPfiftarch Assistant. University of 
niinois. work involved the design of 
ccrplete system for D2O moderated natursLl 
uranium subcritical assembly. Wrote a seLfety 
analysis report for the operation of the 
subcritical as cotpled to a TRIGA reactor and 
was approved by the AEG division of Licensing. 
Developed a new detection system for the study 
of turbulent flow. Worked with the Fast Burst 
Reactor at conducting research on
neutron thermalization throu^ graphite.
(Xjtained ABC Reactor Operator's License.
Senior Buineer. ABC of Eavpt. In charge of 
reactor control and instrumentation groips. 
The work included the testing of reactor 
control systems. Initial loading and
operation of low-power and high-power 
eaqjeriments. Training of new engineers and 
technicians. Writing specificatiwis for pcwer 
reactors as a menber of a special presidential 
ocmmittee.
Encineer. ABC of Bovpt. Participated in the 
manufacture and assembly of metallic reactor 
parts and the construction of the test 
reactor.
Principal author of twenty five (25) technical 
and topical reports in sipport of fuel reload 
analyses and reactor core design. Published 
eiî t technical papers related to reactor 
physics model and methods developnient.

American Nuclear Society. Member of the Fuel 
Cycle and Waste Management Program <3cramittee; 
member of the Nationcd Program Ocmmittee;
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member of the Quality etnd Standeird (Ocmmittee.
Member, Fhi Kappa Fhi, Sigma Xi 
Elected to American Men of Science
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EDUCATICW

EXPERIENCE

1988 - Present

1987 - 1988

BacSielor of Science Me(*anical Bigineering, 1975 Virginia 
Polytechnic Institute snd State University.
Master of Science Mechani(3d Engineering, 1976 Virginia 
Polytechnic Institute and State University.
Ph.D., 1979 Virginia Polytechnic Institute and State 
University.

BABCrxZK & m u n x nuctrar tower divisicw

Senior PrincioEil Engineer - Soace Pcv̂ er and Prcculsion 
Department

Activities include the QA review of thermal-hydraulic 
carputer codes, calculations of gas flew throu^ porous 
media, rocket thrust calculatioTS, and fuel particle 
modeling for gas reactors. Activities outside the 
department were assisting in preparation of work 
proposals, a natural convection stucfy of a multi-tube 
nuclear ctssentoly, consulting on design aspects of the new 
production reactor, and marketing activities.

UOFCm - SAVANNAH RIVER PIANT/IABORATORy

Technical Supervisor - Process Svstens Group - Reactor 
Technolcxrv Department
Svpervised a grxxp cxmposed of seven to ei^t engineers. 
The group was responsible fen: review of changes to 
cnritical reactor equipment, review of emergency operating 
procedures, ASME code interpretations, coolant piping 
integrity, calculations for cSesign beisis accidente, 
reac±or seismic policy, and trcubleshcxDting of daily 
problems for three ĉ erating nuclear rectors. The grocp 
provided technical stpport for new projects in two- zind
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1985 - 1987

1979 - 1984

three-dimensicjnal heat transfer studies of reactor 
assemblies and transient analysis of reactor assembly 
hydraulics.
Technical Supervisor - Reactor Core Engineering Group- 
Reactor Technology Department

Si5)ervised a grcup ccnposed of four to seven engineers. 
Ihe groi?) was responsible for core neutronics and 
thermal-hydraulic emalyses. Personal technical 
activities included uncertainty analysis of full scale 
emergency cooling system flew experiments, transient 
fluid einalysis of a major saifety system, and heat 
transfer studies of nuclear reactor ccnpcnents.

Research Enoirteer
Duties included evaluation of energy conservation 
projects, thermal and hydraulic considerations in nuclear 
reactor design, development of nuclear assembly operating 
limits, providing input to a nuclear reactor 
environmental impact statement, eind technical 
s»:?3port/troubleshocting problems viiile assigned to L 
Reactor. Also, two- and three-dimensioncil heat transfer 
studies of reactor components using general purpose 
finite element (ABAQUS) and finite difference (HEATING6) 
cxxiputer codes were cxxipleted.
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A. D. MCKIM

EDUCATION

EXPERIENCE

1985 - Present

1984 - 1985

1982 - 1984

Bachelor of Science Business Administration, 1975 
Southern Indiana University.

Associate of Science Mechanical Engineering, 1973 
University of Evansville.

Associate of Science Tool Engineering Technology, 1967 
ITT - Indianapolis, Indiana.

BABCOCK & WILCOX COMPANY

Unit Manager - Materials and Structural Analysis 
Lynchburg. Virginia

Managed engineering unit responsible for stress , seismic, 
flow-induced vibration, fracture mechanics, and materials 
analysis associated with major NSS components and 
systems. Successfully managed the development of B&W 
Owners Group Comprehensive Life Extension Plan. 
Developed detailed logic of economic evaluation, 
technical, and licensing aspects of life extension.

Unit Manager - Structural Analysis Unit - Lvnchburg. 
Vtrgihi#
Managed engineering unit responsible for stress, seismic, 
flow-induced vibration, and fracture mechanics analysis. 
Successfully managed B&W Owners Group leak-before-break 
analysis program. Program covered loads, stresses, 
fracture mechanics, and leak rate analysis.

Unit Manager - Component Structural Unit - Lvnchburg. 
Virginia

Managed engineering unit responsible for stress analysis 
of major components in nuclear steapi system - reactor 
vessel, internals, steam generators, core flooding tanks, 
pressurizers, piping, control rod housings, reactor 
coolant pumps, and service support structures. 
Successfully managed reactor vessel internals bolts 
replacement program (Boltz 11 project) and STEEM project 
- failed internal steam generator auxiliary feedwater 
header, to support operating plants field fixes and 
licensing support.
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1979 - 1982

1967 - 1979

Supervisor - Coinponent Structural Unit - Lvnchburg. 
Virginia

Technical supervisor for stress analysis of steam 
generators, piping, and reactor vessels. Successfully 
supported operating plant field fixes - make-up nozzle 
and auxiliary feedwater nozzle thermal sleeve failures. 
This included both stress analysis of fixes and licensing 
support for restart.

Engineer - Mt. Vernon. Indiana

Progression of engineering positions to Senior Engineer. 
Performed design and stress analysis of reactor vessels 
and primary piping. Analysis performed to criteria of 
ASME Section III USAS B31.7, and USAS B31.1. Analysis 
technique ranged from hand calculations to 3-D finite 
element analyses.
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MICHEL ROBATEL
CEO, ROBATEL, SA

PRESIDENT, ROBATEL INC.

EDUCATION:

PROFESSIONAL
EXPERIENCE:

1979-Present

1963-Present

1960-1983

1956-1963

1953-1956

B.S. - Engineering, Ecole Centrale Des Arts 
& Manufactures, France, 1950

M.S. - Chemical Engineering, University of 
Kansas, 1951

Robatel Inc., President
Robatel Inc is a wholly-owned subsidiary 
of Robatel SA and markets the parent 
company's technology in the U.S. Nuclear 
fuel reprocessing equipment for SRP and 
West Valley are among their products.

Robatel SA, Chief Executive Officer, Chairman of 
the Board

Robatel SA is a French company which 
specializes in the design and fabrication 
of chemical processing equipment, hot cell 
equipment, and storage/shipping casks for 
LLW, HLW, and spent fuel.

Transnucleaire, Co-Founder, Member of the 
Board

Robatel & Mulatier, General Manager

Robatel & Mulatier, Research & Development 
Engineer
In this position, Mr. Robatel worked on the 
development of solid/liquid extraction 
processes for the nuclear fuel cycle, 
including the development of the PUREX 
process for plutonium separation from spent 
nuclear fuel. He was responsible for 
starting the nuclear activities of the 
company.
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TECHNICAL PAPERS 
& PUBLICATIONS:

PROFESSIONAL
AFFLIATIONS:

Mr. Robatel has written several papers on 
technical, economic and social topics.

Mr. Robatel is a member of the American 
Nuclear Society, the Societe Francaise 
d'Energie Nucleaire, the Groupement 
Intersyndical de I'Energie Nucleaire, and 
the Alpha Chi Sigma Chemical Engineering 
Honorary Fraternity.
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1. 0 SUMMARY

The purpose of this document is to present, in summary form, the 
engineering test plan that the B&W Fuel Company (BWFC) will use in 
support of the BR-100 cask design development program. DOE 
approval of this document is required before the start of the 
engineering tests. This plan addresses only the testing proposed 
for the cask itself and the impact limiters. Testing of other 
system components such as the handling hoist, rail car, and de
watering system will be addressed in other documents.

Engineering testing is used to characterize material performance 
and to benchmark analytical codes and methods. Engineering testing 
will also be used to demonstrate component performance. BWFC plans 
to perform most of the engineering testing at its manufacturing 
plant in Lynchburg, Virginia or at its parent company's, Babcock 
and Wilcox, facilities in Alliance, Ohio and Lynchburg, Virginia. 
Where judged beneficial to the program, testing will be 
subcontracted to independent test labs. All testing will be 
performed in accordance with the controls imposed by the cask 
project QA plan.

Section 2.0 discusses the scope of the overall BR-100 cask testing 
program. Section 3.0 presents a general discussion of the 
methodology used to define and control testing, the selection of 
a testing facility, and procedures for reporting the test results.
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An overview and schedule for the proposed test program are 
presented in Section 4.0. Additional details of the planned 
testing are provided in the appendices.
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2.0 SCOPE OF TESTING

Three categories of testing will be utilized in the development and 
evaluation of the BR-100 cask design over the life of the program.

1. Engineering: to determine or confirm material proper
ties or design performance and to benchmark analytical 
inputs using material specimens and component mock-ups. 
The engineering testing has been subdivided into two 
basic types: 1) material testing, and 2) component
evaluations.

2. Verification: to demonstrate compliance with 10CFR71
performance requirements for accident conditions using 
scale or full size models of the final design 
conf iguration.

3. Acceptance: to demonstrate functional and operational
aspects of the design or contractual requirements using 
full-scale prototypes.

This document describes the general methodology that will be used 
in planning and controlling testing activities and summarizes the 
tests that will be performed as part of the engineering testing 
task. Separate test plans will be developed for the verification 
and acceptance testing.

Revision 03
51-1173352-03



A number of test facility options are available. BWFC plans to 
conduct engineering tests at B&W's Alliance Research Center (ARC), 
the Lynchburg Research Center (LRC), or the Commercial Nuclear Fuel 
Plant (CNF?). Alternatively, BWFC may elect to subcontract the 
testing to an independent or government laboratory.
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3.0 TESTING DEFINITION AND CONTROL

This section presents an overview of the way the testing will be 
defined, performed, controlled, and reported. Because testing may 
be performed at any of several test facilities, the following 
discussion also addresses the site-specific differences in the 
approaches used in conducting the testing.

In general, the philosophy used in coordinating the design and 
testing functions of an engineering project is that testing 
supports the design effort. The design organization is respon
sible for the adeguacy of the design. For safety related testing, 
designer generates an Engineering Requirements Document (ERD) 
describing the information required from the test to support the 
design. In response, a test technical plan, detailed test 
procedures, and a test QA plan are developed defining the testing 
and data requirements necessary to satisfy the needs described in 
the ERD. After each test is completed, a final test report will 
be issued describing the test and containing the test data. The 
test report will be submitted in accordance with Section 4.4.7 of 
the cask contract statement of work.

For non-safety scoping tests, the designer generates the 
requirements for the tests to be performed, the parameters to be 
controlled, and the measurements to be taken both during and after
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the tests. This information is transmitted by procurement 
authorization to guide the work, but verbal communications may 
adjust or modify the work as it proceeds. A final report is 
generated to document the work that was actually performed and to 
report the test results.

3.1 Test Definition
This section addresses the process used to define and control 
testing.

Testing at ARC. LRC. and Independent Contractors
The responsible design engineer will specify to the testing 
organization the test requirements in an Engineering Requirements 
Document (ERD). The ERD, which is approved by the Project Engineer 
and Project Manager, defines the test purpose; appropriate 
requirements to ensure conformance with applicable codes and design 
specifications; appropriate quality assurance requirements; 
additional requirements on instrument accuracy, acceptance 
criteria, environmental test conditions, test specimen condition, 
special test equipment and/or calibration requirements; and 
provisions for acquisition, collection, retention, and reporting 
data. The ERD will be submitted to DOE for information purposes. 
The testing organization produces a detailed test technical plan 
based on the ERD for approval by the BWFC Project Manager. Any 
proposed test or hardware modifications must be approved by the
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Project Engineer. The test results, along with all testing 
procedural deviations, will be documented in the final test report 
by the testing organization.

Testing at CNF?
Testing at CNF? is performed in much the same manner as in other 
testing facilities. The principle difference is that the BWFC 
design organization or other qualified testing organization (e.g. 
LRC) , retains full control of the testing and is responsible for 
conducting the test and reporting the results. The testing is 
conducted under the direct guidance of the responsible engineer 
with trained technicians from CNFP performing the actual test 
operations, making measurements, and recording the data. All test 
results will be incorporated into a written report by the design 
engineer.

3.2 Quality Assurance
BWFC is responsible for the overall Quality Assurance Program 
(QAP)\ The objective of the Spent Fuel High Level Waste Services 
(SFHLWS) Quality Plan^ is to ensure the safe, reliable performance 
of its products and services. The QAP establishes the 
prerequisites for achieving and maintaining quality by requiring 
specialized equipment and skills, employing appropriate 
administrative and process controls, training personnel who will 
perform activities that affect data quality, and verifying the
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quality aspects of the procedures that will be used in the testing. 
The SFHLWS Quality Assurance Program  ̂will be implemented by the 
BR-100 Quality Assurance Plan  ̂ for the work performed on this 
project.

Quality Classification
The SFHLWS QA Plan categorizes items or services as either safety 
or non-safety related. A QA list defining the cask components and 
activities as safety or non-safety related is contained in the BR-
100 Quality Assurance List document.^ The classifications are as 
follows:

1. S a f e t y  R e l a t e d  (DOE Q u a l i t y  L e v e l s  1 a n d  2 ) :

Items or services that have a significant potential 
impact on public and/or occupational radiological health 
and safety per 10CFR20.

2. N o n - S a f e t y  R e l a t e d  (DOE Q u a l i t y  L e v e l  3 ) :

Items or services that have minor or no potential impact 
on public and/or occupational radiological health and 
safety. These items and services will be controlled per 
good management, engineering, or laboratory practices.
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3.3 Testing Facilities
This section presents a summary of the testing capabilities of AÎ C, 
LRC, and CNFP facilities.

Testing Capabilities of ARC
Alliance Research Center, located in Alliance, Ohio, is a multi
disciplinary facility which employs state-of-the-art measurement, 
diagnostic, and analysis equipment designed specifically for 
nuclear technology. ARC'S Material Engineering Laboratory provides 
support services in metallurgy, severe-environment corrosion, 
aqueous corrosion, materials processing, joining processes and 
materials development, analytical and physical metallurgy, 
nondestructive methods and diagnostic systems, metallurgical 
analysis of nuclear materials, and failure analysis. ARC'S 
Mechanical Engineering Laboratory provides services in heat 
transfer and fluid mechanics systems analyses with advanced 
numerical applications and fundamental model development. In 
structural mechanics evaluations, the areas of expertise include 
analytical mechanics, experimental mechanics, flow-induced 
vibration analysis, and applied measurement technologies.

The ARC Metallurgy Lab has an array of state-of-the-art equipment 
that performs standard material tests at temperatures ranging from 
-320°F to 2200°F. Tests include creep, stress-rupture and relaxa
tion properties in addition to the standard tension tests.
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Hardness tests can be conducted for standard hardness ranges as 
well as for superficial and micro-hardness ranges. Charpy V-notch 
impact tests are also routinely performed as part of the thick- 
wall vessel program. The lab has the capability of performing 
fully automated, computer-controlled testing for around-the-clock 
operation. This capability permits the applied load, stroke or 
strain and the resulting changes to the test parameters to be 
monitored and recorded automatically.

The ARC Structural Mechanics Lab will be used for much of the 
component structural testing. With its extensive handling and test 
equipment, the lab is capable of handling test samples weighing 
from a few ounces to as much as 15 tons. Temperature environments 
can range from sub-freezing to 1000°F. This lab is routinely used 
for shock and vibration research and has extensive expertise in 
impact testing, especially in the area of impact data acquisition, 
data reduction, and interpretation. They also have experience with 
various types of impact load/deflection instrumentation, a key 
element in obtaining quality data from impact tests.

ARC'S Electrochemical Lab can perform a wide variety of tests 
including general corrosion rate, pitting, and stress corrosion 
cracking tests. Lab capabilities include highly sophisticated, 
fully automatic constant potential tests, galvanic corrosion 
measurements, and impedance measurements. A special autoclave
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facility is equipped to perform constant strain or extension rate 
tests that can quickly screen materials susceptible to stress 
corrosion or other problems.

Testing Capabilities of LRC
The Lynchburg Research Center has many of the same general 
capabilities as ARC but with a traditional emphasis on testing 
associated with nuclear fuels, irradiated materials, and the 
development of ceramic materials. It is a multi-disciplinary 
facility engaged in a wide variety of research activities covering 
the range of nuclear development work, as well as studies in areas 
such as process control, metallographic analysis, ceramics, 
nondestructive testing, chemistry, waste systems, and decontamina
tion. LRC maintains a trained technical staff to perform sophis
ticated material property testing with a well-equipped metallurgi
cal laboratory. The center's facilities include hot cells that 
have been used to perform a wide range of investigations and 
inspections related to radioactive fuel, fuel components, and 
related hardware. Associated with the hot cells is a cask handling 
area. Cask maintenance tasks are routinely performed at LRC. This 
experience is useful in evaluating cask operational features.

Specific LRC facilities of interest for the cask development 
program include the hot cells and cask handling area with their 
robotic handling equipment, material testing labs, and the ceramic
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research and testing laboratory. Previous experience, gained in 
performing experiments in the hot cells with robotic equipment and 
with handling, operation, and maintenance of spent fuel shipping 
casks, will be useful in evaluation of cask design options. More 
directly related to the engineering testing program is the use of 
the material testing labs to investigate material behavior 
including determination of structural properties at room tempera
ture as well as at elevated temperatures. The ceramic research 
unit will be used for the testing and evaluation of the concrete 
used as a thermal/neutron shield material.

Testing Capabilities of CNFP
CNFP, primarily a manufacturing facility, maintains a staff of 
technicians highly trained in the areas of inspection and quality 
control. They routinely perform testing activities associated with 
manufacturing. The cask designer is able to take advantage of 
CNFP's expertise in these areas to perform some of the engineering 
testing, especially the testing related to the demonstration of 
component mechanical performance. This type of testing is very 
similar to typical incoming inspection testing that is a routine 
part of the CNFP manufacturing effort.

In general, only component functional testing will be performed at 
CNFP. During testing, technical support will be provided by BWFC, 
with CNFP-trained technicians from the inspection department
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operating the test equipment and recording instrument readings. 
The cask design organization is responsible for both the ERD and 
the test procedure (including data sheets) and will remain fully 
involved in all aspects of the testing at CNFP.

3 . 4  D a t a  C o n t r o l  a n d  R e p o r t i n g

To ensure the validity of the test results, the testing perfor
mance, data acquisition and retention, and disposition of ap
plicable test reports will conform to both the test technical plan 
and QA plan. The QA plan will include requirements for technical 
review of all data by the cognizant test engineer and a QA review 
of the final report. All test instrumentation will be calibrated 
in accordance with written procedures. Calibration will involve 
the use of standards traceable to the National Institute of 
Standards and Technology (NIST).

For Testing at ARC. LRC. and Independent Contractors 

Based on BWFC's Engineering Requirements Document, a test technical 
plan along with specific test procedures will be prepared by the 
research or testing facility prior to the start of testing. 
Documents affecting the quality or validity of the test data or 
results, such as test equipment drawings, inspection checklists, 
technical procedures, and the final reports, will be reviewed for 
accuracy and conformance to test requirements. All instrumenta
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tion will be calibrated and certified in accordance with 
procedures. During testing, a log or laboratory notebook will be 
maintained for the purpose of documenting pertinent activity and 
data entries. All significant entries, such as records of test 
parameters or test data, will be signed and dated on the date of 
occurrence by the testing engineer'or his representative. The data 
collected will be retained by the testing facility for a minimum 
of four (4) years and eventually transferred to a long-term data 
retention center for at least forty (40) years, depending upon the 
nature of the data. All test equipment descriptions, testing 
procedures, data acquisition, calculations performed during the 
test or on the final data, and final test conclusions will be 
documented in the test report. If any non-conformances occur, they 
will be reported using the standard Contract Variance Report (CVAR) 
system. The CVAR's will be reviewed and approved by the Project 
Engineer and quality assurance representative with the final 
disposition being properly documented. Any corrective action that 
needs to be taken will be documented and monitored to verify 
implementation. All final test reports will be reviewed and 
approved by a QA Representative for conformance to test procedures 
and the test technical plan.

For Testing at CNFP
Specifications for data collection and retention control for CNFP 
are similar to those for the other testing facilities. All data
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and test results will be recorded on data sheets. These data 
sheets will be signed and dated by the technicians performing the 
tests and will be reviewed by CNFP's QA organization for confor
mance to test procedures and the test technical plan. Copies of 
all data taken during the test are entered into the record center 
at CNFP and then transmitted to the B&W engineering record center 
at NPD. The responsible engineer will observe all testing 
performed at CNFP and incorporate the test results into the final 
report.
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4.0 PROPOSED ENGINEERING TESTING PLAN

This section presents an outline of the engineering testing planned 
for the BR-100 cask project. For each test, the test purpose is 
presented along with a brief discussion of the scope of the testing 
and type of data or results to be reported. The engineering tests 
are divided into two types; Material Testing and Component 
Evaluations. More detailed descriptions of the tests will be 
provided in Engineering Requirements Documents.

As the cask design evolves, the need for the deletion of a test or 
additional testing may be identified, in which case this document 
will be updated and the revisions sent to the DOE for review and 
approval.

4 . 1  M a t e r i a l  T e s t s

4 . 1 . 1  C o n c r e t e  C o m p r e s s iv e  a n d  B e n d in g  S t r e n g t h s

Purpose - Determine the compressive and bending strengths 
of the concrete mixture used in the Thermal/Neutron Shield. 
The results will be used as input for structural analyses. 
This testing will be QA Safety Related.

Testing - Perform compressive loading and bending tests on 
concrete samples cast into airtight containers simulating
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the air-tightness of the actual concrete/steel cask 
configuration. The concrete shall be tested in the as- 
cured, dried, and aged conditions. Also, determine relative 
changes in concrete integrity due to thermal cycling (-40°F 
to 200°F) using relative dynamic modulus of elasticity 
measurements.

4 . 1 . 2  C o n c r e t e  N e u t r o n  S h i e l d i n g  E f f e c t i v e n e s s

Purpose - Determine the range of total water and boron 
content and homogeneity in the concrete mixture so that the 
neutron shielding effectiveness can be calculated. This 
testing will be QA Safety Related.

Testing - Several samples of concrete will be poured and 
cured in air-tight vessels. Some of these vessels will be 
vented and the samples heated to drive off essentially all 
of the free water (the dried state) . Samples will also be 
subjected to thermal cycling. Samples of concrete from each 
of these conditioning treatments will be sectioned and 
analyzed for water and boron content as a function of 
location within the samples. These data will provide the 
basis for evaluating the shielding effectiveness under 
operational conditions.
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4.1.3 Concrete Thermal Properties
Purpose - Measure the thermal conductivity and thermal 
expansion as a function of temperature for as-cured 
concrete, dried concrete (essentially all of the free water 
driven off), and fired concrete (essentially all of the 
chemically-bound water driven off). Also, measure the 
specific heat of transformation (heat required to 
essentially eliminate the chemically-bound water) for 
typical concrete samples for use as input data in analytical 
models. This testing will be QA Safety Related.

Testing - The thermal conductivity test specimens will be 
disc-shaped and designed to hold a constant temperature 
difference across the specimen of about 50°F. The thermal 
expansion measurements will utilize quartz rods attached to 
the top of the concrete specimens and a NIST standard. 
These quartz rods will extend out through the furnace to 
allow cold measurement of the relative expansion of the 
standard material and the concrete specimen. Both thermal 
conductivity and thermal expansion will be measured over the 
expected operating temperature range of the concrete.

4.1.4 Concrete Volumetric Changes
Purpose - Determine the volumetric changes (if any) that 
occur during curing of the concrete or due to freezing for
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use in analytical calculations. This testing will be QA 
Safety Related.

Testing - Measure the change in external voluine of samples 
of as-cured concrete as the concrete temperature changes 
(-40°F to 200°F) .

4 . 1 . 5  B a l s a  a n d  Redwood C o m p r e s s iv e  S t r e n g t h

Purpose - Determine the compressive strength of the balsa 
wood and redwood (including variation of moisture content, 
grain orientation and density) and their energy absorption 
characteristics during dynamic loadings. This testing will 
be QA Safety Related.

Testing - Perform comprehensive load versus deflection tests 
on a series of balsa wood and redwood samples (confined) to 
determine the structural properties (force vs deflection) 
of various wood types and the effects of adhesives at 
various temperatures.

4 . 1 . 6  K e v l a r  T e n s io n  B e h a v i o r

Purpose - Determine the tension behavior of the Kevlar 
composite to be used in impact limiters for use in 
analytical calculations. This testing will be QA Safety 
Related.
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Testing - Perform a series of tension tests on
representative samples of the Kevlar composite. The samples 
shall be large enough for adequate load redistribution. The 
tests shall investigate the effects of test temperature, 
strain rate and water absorption.

4 . 1 . 7  A n o d iz e d  A lu m in u m  W e a r  P r o p e r t i e s

Purpose - Determine wear resistance as a function of load 
and time of the anodized aluminum fuel basket material for
use in assessment of durability. This testing will be QA
Safety Related.

Testing - Perform contact wear and scratch testing on
representative samples of the anodized aluminum to be used 
for the fuel basket. Determine contact wear rate for 
anticipated fuel assembly materials and determine the load 
required for scratch-through using anticipated fuel assembly 
materials.

4 . 1 . 8  C o r r o s i o n  B e h a v i o r

Purpose - Determine the corrosion resistance of anodized 
aluminum under alternating pool water and elevated 
temperature inert gas environments. Use information for
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determination of any detrimental effects. This testing will 
be QA Safety Related.

Testing - Perform corrosion tests on samples of the aluminum 
fuel basket material, bare, scratched-anodized and 
unscratched-anodized, using alternating simulated spent fuel 
pool water and elevated temperature inert gas environments. 
The tests will be conducted over a sufficient period of time 
to allow determination of corrosion behavior.

4 . 1 . 9  E m i s s i v i t y  M e a s u r e m e n ts

Purpose - Determine the thermal emissivity/absorptivity 
characteristics of the hard anodized aluminum and the outer 
shell paint. Use information to help perform cask thermal 
analyses. This testing will be QA Safety Related.

Testing - Measure the emissivity/absorptivity of both the 
hard anodized aluminum and the painted stainless steel outer 
shell in both the solar and infrared radiation bands.

4 . 2  C om ponent E v a l u a t i o n s

4 . 2 . 1  S h i e l d  C o n d u c t i v i t y  T e s t s

Purpose - Measure the effective thermal conductivity of the 
Thermal/Neutron Shield and provide thermal boundary
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conditions for the inner shell for use in analytical 
calculations. This testing will be QA Safety Related.

Testing - Perform heat transfer tests on a cross-section 
model with actual wall thickness dimensions to measure heat 
flow through the vessel wall under normal operating 
conditions.

4 . 2 . 2  S h i e l d  E f f e c t i v e n e s s  ( F i r e  T e s t )

Purpose - Investigate the effectiveness of the thermal 
shield under Regulatory Fire Conditions, and the thermal 
behavior after return to steady-state conditions. This 
testing will be QA Safety Related.

Testing - Subject the same model or a similar one to that 
described in paragraph 4.2.1 to simulated, external fire 
conditions (consistent with 10CFR71.73) to determine the 
effect of the regulatory fire accident environment on 
component performance and thermal conductivity.

4 . 2 . 3  S h i e l d  T h e r m a l  C y c l e  T e s t

Purpose - Determine the effect of a large number of thermal 
cycles (representative of the loading/unloading cycles 
and/or environmental conditions) on the integrity of the 
Thermal Shield. This testing will be QA Safety Related.
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Testing - A model, not necessarily representative of the 
section but with real thicknesses, will be thermally cycled. 
Detailed inspections will be performed to document any 
adverse effects,

4 . 2 . 4  S h i e l d  C o n f i g u r a t i o n  I m p a c t  T e s t

Purpose - Determine the effect of the borated concrete on 
the mechanical behavior of the stainless steel outer shell 
during drop impact testing. This testing will be QA Safety 
Related.

Testing - A series of impact tests will be conducted on 
stainless steel/concrete/lead/stainless steel samples. The 
test samples will be disassembled and inspected after each 
test, details.

4 . 2 . 5  Im p a c t  L i m i t e r  B e h a v i o r  T e s t s

Purpose - Obtain data concerning the ability of the Impact 
Limiter to absorb the energy of an impact within allowable 
g limits. Use the information for analytical input and for 
benchmarking analytical results. Level I and II testing 
will be scoping in nature and, therefore, will be QA Non- 
Safety Related. Level III testing which will generate data 
for qualifying the impact limiter or benchmarking codes will

Revision 03
26 51-1173352-03



be QA Safety Related.

Testing - Level I: Perform a series .of drop tests on scale 
models of impact limiters; also determine the 
load/deflection curves for 90° (side), 45° (oblique) and 0° 
(end) drop orientations by conducting a series of static 
load-deflection tests. Perform detailed inspections and 
document damage. Use the test results to identify the best 
impact limiter design. Level II: Conduct additional dynamic 
and static tests on the best design to refine the impact 
limiter for additional design parameters (such as fire and 
puncture). Level III: Perform static and dynamic tests on 
final design to qualify impact limiter and benchmark codes.

4 . 2 . 6  I m p a c t  L i m i t e r  P u n c t u r e  B e h a v i o r  T e s t s

Purpose - Determine the ability of the Impact Limiter, with 
its Kevlar composite skin, to resist puncture. This testing 
will be QA Safety Related.

Testing - Perform a series of puncture tests representative 
of the regulatory conditions, but using several different 
penetrators, by dropping a large section of Impact Limiter 
(or scale model) onto a penetrator. Measurements will be 
made of input energy and detailed examinations will be 
conducted to determine the extent of damage.
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4.2.7 Seal Tightness Tests
Purpose - Demonstrate the tightness of the closure seals 
under operating and accident temperature conditions. This 
testing will be QA Safety Related.

Testing - Demonstrate the tightness of the closure seals 
under operating temperatures. Test mechanical and thermal 
cycle mockup to demonstrate that the seal remains tight 
after mechanical and high/low temperature cycles.

4.2.8 Fuel Cell Structural Behavior Tests
Purpose - Obtain data to allow structural analyses to be 
performed on the fuel cell components and to benchmark fuel 
cell structural performance codes. This testing will be QA 
Safety Related.

Testing - Tension and compression tests will be performed 
on specimens sectioned from actual fuel cells. Tests will 
be conducted as a function of temperature and strain rates. 
Sections of fuel cells will be tested under simulated drop 
test conditions.
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4.2.9 Boron Carbide/Al\minum Neutron Absorber Evaluation
Purpose - Evaluation to assess the integrity and performance 
capabilities of a boron carbide/Aluminum Cermet neutron 
absorber material that is to be attached to the aluminum 
fuel cell. Scoping tests will be QA Non-Safety Related. 
Tests which generate data for use in qualifying the material 
as a neutron absorber will be QA Safety Related.

Testing - The mechanical integrity of a B4C/Aluminum Cermet 
material will be assessed after exposure to two potentially 
degrading environments: thermal cycling and vibration. The
mechanical integrity shall be evaluated using bend tests and 
tension tests to simulate the spent fuel assembly loading 
and consequential deformation of the fuel cell walls and 
cermet loading during hypothetical cask drop accidents. The 
bend tests will be conducted in air at nominal as well as 
rapid loading rate at an elevated temperature. Detailed 
examination of the cermet after thermal cycling, vibration 
testing and bend testing will be conducted to characterize 
the mechanical integrity of the cermet and its ability to 
remain intact under the hypothetical accident deformations. 
Neutron attenuation and corrosion testing is also planned.
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ROBERT S. ENZINMA

EDUCATION

EXPERIENCE

Masters of Engineering Degree in Nuclear Engineering 
from Rensselaer Polytechnic Institute Specializing in 
Reliability Engineering (1979).
Bachelor of Science Degree in Nuclear Engineering from 
Rensselaer Polytechnical Institute (1978).

BABCOCK & WILCOX COMPANY (B&W), Lynchburg, Virginia
Application of human factors quantification to 
Probabilistic Risk Assessment (PRA) of mechanical 
systems.
PRA of a B&W-designed nuclear power plant to investigate 
pressurized thermal shock. This study identified 
potential pressurized thermal shock transients and 
assessed the frequency and severity of the_ sequences. 
Lead engineer for event tree construction and 
quantification and common cause failure analysis.
Lead engineer for the extension of test intervals for 
the B&W Reactor Trip System. The project obtained 
licensing approval for the relaxation of technical 
specification surveillance requirements. Benefits 
include increased reliability and safety and reduced 
manhour expenditure and spurious trips. The effects of 
surveillance testing on system reliability/availability 
were determined with a Reliability Block Diagram (RBD) 
model that included factors such as common mode failure, 
human error, and wearout (age failure).
Lead engineer for an Advanced Light Water Reactor PRA. 
The PRA investigated the core melt frequency of the 
advanced reactor design and evaluated the impact of 
passive safety systems. The PRA is integrated with the 
design process to enhance reliability and availability.
IDCOR (Industry Degraded Core Rulemaking). Activities 
related to the IDCORE Technical Advisory Group included 
review of the MAP code and a preparation of test cases 
for the B&W reference plant.
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PROFESSIONAL

Directed root cause analysis of generator hydrogen seals 
and reliability centered maintenance analysis of boiler 
feed pumps for two large oil-fired power plants.
Lead engineer for FMECA analysis of the B&W Integrated 
Control System. The project involved common mode 
failure analysis of power supplies and sensor taps and 
coordination of input from engineers performing 
simulation on B&W's Advanced Controls Research facility.
Coordinator of reliability analysis for breeder reactor 
steam, feedwater and condensate systems of DOE 
conceptual design study LMFBR (Liquid Metal Fast Breeder 
Reactor).
Milhdbk-217D mean-time-between-failures and RBD analyses 
of various instrumentation systems. These included an 
acoustic Loose Parts Monitoring System for the DOE an 
digital Safety Parameter Display Systems.
Fault Tree analyses with Milhdbk-217D stress 
calculations for a Bailey Controls Co. ”Network-90" 
digital control system.
Reliability analyses of Engineered Safety Features 
Actuation Systems and Emergency Feedwater Initiation and 
Control Systems (EFIC).
Reliability and availability analyses of Auxiliary 
Feedwater Systems. Studies involved detailed fault tree 
analysis, human reliability analysis, GO models, common 
mode failure analysis, recommendation and evaluation of 
design improvement alternatives, and cost/benefit 
evaluation.
Development and maintenance of Reliability computer 
codes for Fault Tree and RBD analyses. Responsible 
engineer for FTAP, PACRAT, and GO computer codes. 
Participated in development of IRIS interactive graphics 
reliability workstation including RBD code interface, 
validation testing, and conversion to IBM-AT.

B&W representative to the Atomic Industrial Forum Sub
committee on Probabilistic Risk Assessment and working 
group on Probabilistic Methodology of the Tech. Spec. 
Subcommittee. The objective of these subcommittees is 
to review and attempt to influence NRC policy and 
regulations related to probabilistic safety goals.
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PUBLICATIONS

degraded core rulemaking, and technical specification 
relaxation. These committees have stibsequently been 
reorganized under NUMARC.
DOD Secret Clearance.
DOE L Clearance applied for.

’’Probabilistic Analysis for the Babcock & Wilcox 
Advanced Light Water Reactor”, 1988 ANS Topical Meeting, 
Seattle, Washington. Co-authored with S.H. Levinson.
"A RAM Evaluation Tool: combining abridged-PRA with
Root-Cause Analysis,” 1987 INTER-RAM conference, 
Toronto, Canada, May 1987. Co-authored with S.H. 
Levinson.
’’Optimization of Reactor Trip System Test Intervals”, 
1984 INTER-RAM Reliability Conference for the Electric 
Power Industry, Las Vegas, Nevada, April 1984. 
Reprinted in Nuclear Engineering International. 
September 1985.
’’Pressurized Thermal Shock: An Evaluation for B&W-
designed NSS Plants”, 1984 ANS Annual Meeting, New 
Orleans, Louisiana, June 1984. Co-authored with D.R. 
Westcott and S.H. Levinson.
’’Computer Automated Fault Tree Construction and Analysis 
System,” ANS Conference on PRA, Port Chester, NY, 
September 1981. Co-authored with J.E. Lynch.
’’Emergency Feedwater System Reliability Improvement 
Program,” 1982 Engineering Conference on Reliability for 
the Electric Power Industry, Hershey, PA, June 1982. 
Co-authored with J.E. Lynch.
"Auxiliary Feedwater Reliability Analysis for Plants 
with B&W Designed NSSs,” 1980 ANS Annual Meeting, Las 
Vegas, Nevada, June 1980. Co-authored with W.W. Weaver.
"Application of System-2000 Data Base Management System 
to a Nuclear Reactor System Reliability Data BAse," 
Rensselaer Polytechnic Institute, Troy, New York, August 
1979.



BWNP 20669 (2 /8 5 )

Babcock & W ilcox
a McDermott company Resume

JOHK F. HENDERSON

EDUCATION

EXPERIENCE 
1984 - Present

1980 - 1984

1969 - 1980

B.S. - Ceramic Engineering, Alfreti University, 1968 
- Ceramic Manufacturing Technology, The Center 
for Professional Advancement, E. Brunswick, NY 
(2.4 CEU's)

BABCOCK & WILCOX, Lynchburg Research Center,
Lynchburg, VA, Senior Research Engineer, Nuclear 
Materials Section
He is responsible for the day-to-day operations of the 
LRC hot cells and cask handling facilities, where 
testing and handling of radioactive materials and 
components are done. His duties include scheduling, 
job assignments, and arranging for maintenance and 
repair of facilities and equipment. He also acts as 
liaison between the Post-Irradiation Examination Group 
and the Health Physics, Safety and Licensing functions 
at the Center and engages in additional activities 
including product review, cost estimating, proposal 
preparation and marketing.
BABCOCK & WILCOX, Lynchburg Research Center,
Lynchburg, VA, Senior Research Engineer, Ceramic 
Section
As a member of the Ceramics Section's Refractory 
Technology group, his responsibilities included 
refractories selection and evaluation, furnace design 
and graphite electrode evaluation for the industrial 
furnaces at FPGD and TPG. The group also supplied 
technical assistance in product development and 
evaluation for the Insulating Products Division.
NATIONAL STEEL CORPORATION RESEARCH AND DEVELOPMENT 
Metallurgy Division
He was involved with the supervision of the refractory 
testing laboratory, trouble-shooting in-plant problems 
related to refractory service, quality control
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PROPOSED EFFORT

adherence by refractory suppliers to standards and 
specifications, new product evaluations, in-plant 
studies to evaluate performance of refractories under 
service conditions, and researching new methods of 
improving refractory life in steelmaking applications.

DOE-L, 12/16/80

Engineer (Sr.- Res. Engr., R&D)

Coordination/supervision of rebuild of main hot cell 
through maximization of remote handling and 
minimization of worker exposure.

Ability to effectively coordinate/supervise the multi
discipline areas of support necessary for the proper 
operation of the Hot Cell Facility in conducting 
nuclear fuel and reactor component examinations. 
Applies human factors engineering to products and 
processes proposed for use in cask handling and 
maintenance or irradiated material handling and 
examination.
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DAVID S. HERNANDEZ

EDUCATION
1984

1977
1977

1971

EXPERIENCE
1985 - Present

9/77 - 9/85

B.S. Engineering Technology, Lamar University, Beaximont, 
Texas
Diploma - Devry Institute of Technology
Electronics Technology Bell & Howell Correspondence 
Course
U.S. Navy Nuclear Power School

POWERSAFETY INTERNATIONAL, Lynchburg, Virginia
Director, Curriculum Development, responsible for 
managing the development of courseware that involved 
both classroom and hands-on training. Applied human 
factors engineering to products ranging from tooling to 
controls and instrumentation and to the development of 
maintenance and operational procedures.
GULF STATES UTILITIES COMPANY, Beaumont, Texas
Director, Operator Development (3/82 - 9/85)
Responsible for developing operating procedures for six 
power stations with each station having one to five 
operating units. Responsibilities included training of 
power plant and power dispatching personnel, and 
budgeting for and supervising staff of fifteen.
Supervisor, Skills Training (11/79 to 3/82)
Planned, developed, administered, coordinated and 
supervised the in-depth technical skills training effort 
for company employees. Was responsible for overseeing 
budget expenditures, and supervising a seven member 
training staff. Involved in personnel, training, and 
industrial relations.
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8/69 - 8/77

Coordinator, Skills Training (10/78 to 11/79)
Was responsible for planning, developing, administering, 
and coordinating the technical skills training of 
employees in power generating and power distributing 
operations. Duties included overseeing budget
expenditures and supervising six member training staff.
Training Representative (9/77 to 10/78)
Responsibilities included developing, instructing, and 
coordinating technical training programs for fossil and 
nuclear power plant operations including video tape 
productions and the use of audio/visual aids.
UNITED STATES NAVY
Staff Instructor, Nuclear Power Training Unit, Idaho 
Falls, I.D. Served in Submarine Nuclear Power Field. 
Honorable Discharge.
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STANLEY H. LEVINSON

EDUCATION:

EXPERIENCE

Master of Administration - Industrial Management, Lynchburg 
College, Lynchburg, Virginia, May 1988

PhD - Nuclear Engineering, Rensselaer Polytechnic 
Institute,Troy, New York, 1982

ME - Nuclear Engineering, Rensselaer Polytechnic Institute, 
Troy, New York, 1979

BS - Nuclear Engineering, Rensselaer Polytechnic 
Institute,Troy, New York, 1978

Dissertation - "Methods and Criteria for Evaluation of 
Nuclear Reactor Fire Protection Alternatives and 
Modifications". Developed an interactive graphics analysis 
package to evaluate the effectiveness of fire protection 
systems in nuclear power plants. Developed models for 
ignition, detection, suppression, and propagation to be used 
in the framework of a Monte Carlo simulation.

BABCOCK & WILCOX COMPANY (B&W), Lynchburg. Virginia

Generic Probabilistic Risk Assessment for Pressurized Theraal 
Shock: This study identified potential pressurized thermal
shock transients and assessed the frequency and severity of 
the sequences. Responsibilities included construction of 
event trees, quantification of event tree header 
probabilities, especially events related to human actions, 
quantification of event tree sequences.

Reliability and availability analyses for various nuclear 
power plant fluid and electrical systems, including Auxiliary 
Feedwater System using generic data, and considering operator 
actions and common mode failure, and digital control system 
and Safety Parameter Display System (SPDS) using MILHDBK-217D 
stress calculations coupled with fault tree or reliability 
block diagram modeling.

Extension of Test Intervals for the B&W Reactor Trip System: 
The project seeks the relaxation of technical specification 
surveillance requirements to increase reliability and safety 
and reduce manhour expenditures and spurious trips. The 
effects of surveillance testing on system reliability/
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PROFESSIONAL
AFFILIATIONS

availability were determined with an RBD model that included 
factors such as common mode failure, human error, and 
wearout.

Probabilistic Risk Assessment for an Advanced Light Water 
(ALWR): The FRA investigated the core melt frequency for the
ALWR conceptual reactor design, and evaluated the impact of 
the safety systems. The PRA was integrated with the reactor 
design process to enhance both safety and reliability.

IDCOR (Industry, Degraded Core Rulemaking) Individual Plant 
Evaluation: Worked with Duke Power Company to evaluate and
implement the IPE to the Oconee 3 plant. The IPE is intended 
to be a "cookbook" core melt/plant evaluation PRA 
methodology. Attended AIF-sponsored workshop on the IPE.

Development of Engineering Workstation: Conceptual,
planning, and implementation activities directed toward the 
development of the Integrated Reliability Interactive System 
(IRIS). IRIS consists of pre- and post-processors to 
analytical codes that quantify fault trees, event trees and 
reliability block diagrams. Also conceptual, planning and 
implementation activities directed toward development of 
generic software to be used by IRIS and other workstations. 
Other responsibilities include program testing, coordination 
and documentation, and participation in the marketing effort.

Consultant to Brookhaven National Laboratory: Presented
methodology for evaluating fire protection systems in nuclear 
power plants for possible inclusion in work being performed 
for the NRC.

Development of interactive menu-driven software to provide an 
user interface for the initiation, control, and calibration 
of a real-time Data Acquisition System for the N-Reactor 
(Hanford, Washington). Software development including 
writing of requirements specification and design description 
in accordance with a Verification and Validation Program. 
Other responsibilities included software testing, interfacing 
with QA, and preparation of user's and programmer's 
documentation.

National Society of Professional Engineers 
Society for Risk Analysis 
American Nuclear Society
B&W representative on McDermott AI/Expert Systems Committee 
Intern Engineer (New York State)
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SECURITY
CLEARANCE

PUBLICATIONS

DOE-Secret Security Clearance. 
DOD-L Security Clearance.

"Feedwater Heater Life Cycle Auvisor: An Expert System
Application at a Nuclear Power Plant," Author, presented at 
the EPRI-sponsored Expert System Applications for the 
Electric Power Industry Conference, Orlando, Florida, June 5- 
8, 1989.

"Probabilistic Analysis for the Babcock & Wilcox Advanced 
Light Water Reactor", Co-author, presented at American 
Nuclear Society International Topical Meeting on Safety of 
Next Generation Power Reactors, Seattle, Washington, May 1-5, 
1988.

"A RAM Evaluation Tool: Combining Abridged - PRA with Root-
Cause Analysis," Co-author, to be presented at the 14th 
INTER-RAM Annual Conference on Reliability of Electric Power 
Industry, Toronto Canada, May 1987.

"Use of an Engineering Workstation in RAM Analysis," Author 
presented at the 12th Inter-RAM Annual Conference on 
Reliability for Electric Power Industry, Baltimore, MD, April 
1985. Reprinted, in part, in Nuclear Engineering 
International, September 1985.

"Pressurized Thermal Shock: An Evaluation for Plants with B&W 
NSS," Co-author, presented at the ANS 1984 Annual Meeting,
New Orleans, LA, June 1984.

"Integrated Reliability Interactive System," Author, 
presented at the 11th INTER-RAM Annual Conference on 
Reliability for Electric Power Industry, Las Vegas, Nevada, 
April 1984.

"Methodology to Evaluate the Effectiveness of Fire 
Protection Systems in Nuclear Power Plants," Author, Nuclear 
Engineering and Design, Volume 76, No. 2, November 1983.

"Comparison of the Monte Carlo and Systems Method for 
Uncertainty Analysis," Co-author, presented at ANS/ENS 
International Meeting on PRA, Port Chester, NY, September 
1981.

"Neutron Spectra Measurement Upon a Spherical Assembly of 
Thoria," Co-author, Nuclear Cross Sections for Technology, 
Proceedings of the International Conference on Nuclear Cross 
Sections for Technology, University of Tennessee, Knoxville, 
October 22-26, 1979.
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JOHN T. MAYER

EDUCATION

EXPERIENCE 
1979 - Present

1973 - 1979

1962 - 1973

B.S. - Physics, St. Thomas Coliege, 1962 
M.S. - Physics, Case Institute of Technology, 1966 
M.E.A. - Engineering Administration, George Washington 

University, 1980

BABCOCK & WILCOX, Nuclear Materials Section, R&D 
Division, Lynchburg Research Center, Lynchburg, VA
Supervisor of the Post Irradiation Examination (PIE) 
group. Responsible for directing PIE operations at 
reactor sites as well as in the hot cell facility of the 
Lynchburg Research Center. Responsibility also includes 
operation and maintenance of HLW and spent fuel shipping 
casks and operation and maintenance of several 
peripheral laboratories and shop areas. The PIE group 
currently includes four engineers and five technicians. 
Projects are typically carried through from the proposal 
preparation stage to the final report.
BABCOCK & WILCOX, Principal Engineer, Fuel Engineering 
Section, Nuclear Power Division, Lynchburg, VA
Project leader for all fuel-related PIE programs with 
the R&D Division. These included poolside and hot cell 
examination programs, design of tooling to support PIE 
activities, and assessment of fuel performance based on 
operating reactor data.
NASA LEWIS RESEARCH CENTER, Cleveland, OH
Nuclear Engineer - worked on several projects associated 
with space nuclear power and propulsion systems. These 
included experimental studies on radiation effects to 
materials and components, design of irradiation 
experiments and high-temperature test cells, and 
analytic studies on fuel behavior.
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DOE-L, 2/18/83

Engineer (Group Supervisor, R&D)

Coordination/supervision of efforts related to large DOE 
nuclear fuel research contracts.

Reviews project goals, hardware, and procedures to 
insure human factors planning has been incorporated to 
reduce radiation exposure, reduce safety risks, and 
maximize efficiency.
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DALLAS T. SCOTT

EXPERIENCE 

BABCOCK & WILCOX

7/87 to PRESENT

2/83 to 7/87

Sacramento Municipal Utility District (SMUD) 
DEDICATED TEAM assignment. Control Room console 
modifications team member responsible for all 
console labels, equipment data sheets and Master 
Equipment List (MEL) revisions. SMUD Safety 
Parameter Display System (SPDS) Engineering 
Requirements design engineer.

Florida Power Corporation (FPC) DEDICATED TEAM 
assignment. Responsible for FPC SPDS NRC audit. 
FPC SPDS engineering requirements design engineer.

Pacific Gas & Electric (PG&E) SPDS engineering 
requirments design engineer.

Transient Assessment Program Transient 
Investigation team assignment. Respon-sible for 
the preparation of a draft report identifying the 
root cause and plant response to an upset or 
reactor trip situation.

Sacramento Municipal Utility District (SMUD) STAFF 
AUGMENTATION assignment. Human Factors team leader 
responsible for update of control room design 
review analysis. I&C Supervisor's assistant 
responsible for staff baseload assign-ments and 
tracking. Assistant Principal Investigator SMUD 
control room design review responsible for 
overseeing pro-gram plan and activities of design 
review team. Interfaced with NRC on questions 
dealing with SPDS, CRDR, R.G. 1.97, and NUREG- 
0737. Secretary Emergency Response Steering 
Committee, member CRDR group, R.G. 1.97 group. 
Computer Display group. Emergency Faci-lities 
group. Drafted SMUD response to NRC on Supplement 
1 to NUREG-0737.
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8/82 to 1/83

7/80 to 8/82

ARGONNE
NATIONAL
LABRATORY

7/78 to 7/80
Operator

U.S. NAVY

6/69 to 7/78

DALLAS SCOTT 
(Continued)

Consumers Power Company STAFF
AUGMENTATION assignment. Technical Support Group 
member. Drafted admini-strative procedures for 
Midland site.

Plant Performance Engineering, Transient 
assessment Program team member. Traveled to sites 
( Davis-Besse, Crystal River, Oconee, Rancho Seco 
)to analyze reactor transients for correct response 
and prepare draft of utility reports. Compiled 
semi-annual summary reports/ analysis of operating 
history.

Safety Parameter Display System Design. Drafted 
the functional specifications for Rancho Seco, 
Midland I and Midland II. Assisted in the 
functional specification for Diablo Canyon 
(Pacific Gas and Electric, a Westinghouse 
NSS).

NRC Guidance Evaluations. Prepared evaluations of 
NUREG-0696 and R.5. 1.97 for Tennessee Valley 
Authority, Florida Power Corporation, Supply 
System, Public Service Electric and Gas (New 
Jersey, a Westinghouse NSS).

Experimental Breeder Reactor II-Reactor

Qualifications:

Engineering Watch Supervisor,A1W 
Staff Instructor, AlW Leading Training 
Instructor, AlW
Shutdown Reactor Operator, USS Long Beach 
(CGN 9)
Electrical Operator, USS Long Beach 
(CGN 9)
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DALLAS T. SCOTT 
(Continued)

American River College (24 credits)
Central Virginia Community College 

(45 credits)
Technical Writing Courses, B & W
Statistical Analysis, University of Kentucky

Associate Member, Human Factors Society
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ROBERT L. STARKEY 
PRINCIPAL ENGINEER

EDUCATION

1965

1978

WORK
EXPERIENCE 

1980 - Present

B.S., Naval Science, United States Naval Academy

M.S., Industrial Engineering-Ergonomics (Human Factors), 
North Carolina State University

Candidate (inabsentia) Ph.D. , Industrial Engineering-Ergonomics 
(Human Factors), North Carolina State University

MAJOR SERVICE SCHOOLS

1967 - Naval Nuclear Propulsion Officer's Course - Mare Island

1968 - S-5-W Reactor Prototype Qualification, NPTU, Idaho Falls 

1968 - Submarine School Officer's Course - New London

1971 - Poseidon Strategic Missile Weapons Officer's Course

Babcock & Wilcox Company. Utility Power Generation Division. 
Lynchburg. Virginia

Principal Engineer - Plant Engineering Services Ergonomist/Human 
Factors Engineer

Control Room Design Review (1981 - Present)

Rancho Seco (Sacramento Municipal Utility District (SMUD) (1984 
-1985)

Senior Human Factors Engineer on Rancho Seco Control Room Design 
Review Team. Conducted interviews; task analysis of operator 
actions and required controls and instrumentation to implement 
Emergency Operating Procedures. Assessed human engineering 
suitability of controls and displays; participated invalidation 
of EOPs at simulator and static mockup; conducted component- 
level human engineering surveys of control room equipment. 
Evaluated Human Engineering Observations identified from human 
factors and operational significance viewpoint, recommended 
solutions.
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ROBERT L. STARKEY 
PRINCIPAL ENGINEER 

(Continued)

WNF-1 (Washington Public Power Supply System) - 1981-1982

Principal investigator, participated in all, lead in five of 
the nine phases of this Preliminary Control Room Design 
Assessment. Eighteen month program which included static 
survey, mock-up construction, structured interviews, task 
analysis - walk-through/talk-throughs of operating procedures, 
and preparation of a detailed equipment summary. Principal 
author of final report submitted to NRC. Developed layout of 
several panels added or revised as a result of this program.

Midland 1 & 2 (Consumers Power Company) - 1982

Technical Consultant - assisted utility and its human factors 
consultants while conducting walk-through/talk through-task 
analysis of procedures at plant control room mock-up.

Pilot Studies (UPGD) - 1982-1983

Proved methodologies for conducting systems analysis/task 
analysis. Developed hardware needs and associated human factors 
criteria for controls and displays to implement B&W's Abnormal 
Transient Operating Guidelines (ATOG) based procedures and a 
task analysis methodology based upon power plant annunciator 
reviews.

Safety Parameter Disolav Svstems - 1982

Diablo Canyon 1 & 2 (Pacific Gas & Electric Company) Provided 
human factors analysis report on display formats.

Svstems Design - 1982-1986

Rancho Seco (Sacr£unento Municipal Utility District) - 
1984-1986

Provided human factors input in selection of control room panel- 
mounted equipment to implement Emergency Feedwater Initiation 
& Control (EFIC) system. Developed panel layout.

Crystal River 3 (Florida Power Company) - 1982

Provided human factors input into selection and layout of 
control room panel-mounted equipment to implement Emergency 
Feedwater Initiation and Control (EFIC) system. Provided 
layouts, conducted task analysis, and trained operators on 
system.
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ROBERT L. STARKEY 
PRINCIPAL ENGINEER 

(Continued)

5-1980

1965-1975

Panel Engineering - 1980 - Present

Rancho Seco (Sacramento Kunicipal Utility District) - 1986

Participated on engineering team implementing panel 
modifications developed during Control Room Design Review.

WNP-1 (Washington Public Power Supply System) - 1980 - Present

Assisted in design, manufacture, and shipping of control room 
panels. Drafted and performed functional system checkout of 
control room panels and panel mounted equipment.

Procedures Preparation - 1980 - Present

Technical Consultant for B&W Abnormal Transient Operating 
Guidelines (ATOG) program. Topics included technical 
feasibility of procedures from human factors 
engineering/hardware considerations and usability of product 
from readability, clarity, user-friendly format aspects.

North Carolina State University. Raleigh. N.C.

Graduate student in Ergonomics/Human Factors Engineering Program 
through Industrial Engineering and Psychology Departments. 
Taught course in Ergonomics to IE senior undergraduates. 
Consulted with an electronics firm developing a selection 
program for industrial inspectors. Served on internship with 
Human Factors/Air Crews Systems Division at Naval Air 
Development Center, Warminster, PA developing helicopter night 
vision systems.

United States Naw-Line Officer. Submarine Force

Various operational staffs and on diesel, nuclear fast attack 
and FBM (POSEIDON) submarines. Department head tours as supply 
officer, weapons officer, and various engineering division 
officer billets. One tour with shipyard activity staff. 
Qualified in submarines, nuclear power Engineering



C3̂ K/HCrr rTTI. SEALING JNTERFACE

1. SUMMARY

This cJocument presents reocmnendations for the seeLLing interface
between the BR-100 cask and a hot cell facility for loading and 
unloading operations. This is re^xnse to the requiresnents in the 
Statement of Work (SCW), Appendix C, Section 18.B.

" Casks should have a surface Cc^able of being seeded to a hot cell 
enclosure for loading/unloading operations. A study shall be
performed and a reconmendation made by the Contractor on the
location and operaticxi of this surface during the preliminary
design phase.”

DISCUSSION

Each cask contractor is required to make a reccninendation for the cask- 
to-hot cell interface and incorporate provisicxis in the cask design to 
accommodate a interface seed.

The recommended method for effectively seeding the BR-100 cask to the 
hot cell is the use of an expandable seal that mates with the upper 
flange region of the cask. Attached to the hot cell interface, the 
seed would expand in the radied direction to close the clearance gap 
between the hot cell and cask. A seeding arrangement of this type, 
such as an inflatable 0-ring, can aoccranodate relatively large 
alignment tolerances between the cask and the hot cell interface. This 
coifiguration also permits access to the aitire t^per surface of the 
cask from inside the hot cell.

To acccmodate this type of seed, the BR-100 has incorporated a 
machined diameter on the cask upper flange as shewn in Figure 1. This 
provides a smooth sealing surface for the seal.

Revision 01
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I£IADING/UNI£>ADING OPERATIONAL SEQUENCE

The follcv/ing is the proposed cperatlCTial sequence for cask unloading 
in a dry hot cell facility. The hot cell would be located above the 
cask receiving and handling area. After the cask is positioned under 
the hot cell, an extension device could be lowered or the cask lifted 
to the required elevation to align the cask's sealing surface with the 
expanding seal. Chce the seal between the hot cell and cask has been 
verified, the closure lid and shield plug can be removed and unloading 
cperaticxi started. Cask loading operations would follow a simileur 
sequence in reverse order.

1. Off-load cask and skid from the railcar and process through 
in-ccndng in̂ jection. Key interface dimensions of the cask 
(with inpact limiters attached) are shewn in Figure 2.

2. Remove inpact limiters.

3. l̂ right and remove cask from the skid and place the cask on 
the tran^orter in a upri^t orientation. Figure 3.

4. Vent and oool cask interior.

5. Loosen closure bolts. Selected bolts are disengaged from the 
cask flange.

6. Position cask in a vertical orientation directly belcw hot 
cell interface.

7. Align cask vertic2Llly with interface seal.

8. Expand ring seed c>gainst cask outer diameter in cask î îer 
flange region. Figure 4.

Revision 01
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9. Verify seal.

10. Disengage all closure bolts fron the cask flange.

11. Remove closure lid and shield plug.

12. Unload fuel.
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FIGURE 1
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FIGURE 2
BR-100 Cask Package
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FIGURE 3

BR-100 Cask Longitudinal Section
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In te rface

Revision 01
51-1176045-01



FIGURE 4

BR-100 Cask — Unloading Configuration
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T h is  d o c u m e n t h a s  b e e n  p r e p a r e d  i n  re s p o n s e  t o  q u e s t io n s  a n d  
com m ents  p o s e d  b y  t h e  T e c h n ic a l  R e v ie w  G ro u p  (TR G ) d u r in g  i t s  
r e v ie w  o f  t h e  B R -1 0 0  P r e l i m i n a r y  D e s ig n  h e ld  N o v e m b er 1 4 ,  1 9 8 9 .
T h e  TRG c o m m e n ts /q u e s t  io n s  a n d  t h e  c o r r e s p o n d in g  BWFC r e s p o n s e s  a r e  
k e y e d  t o  t h e  i n d i v i d u a l  TRG m em bers a s  l i s t e d  b e lo w  w i t h  h i s / h e r  
a r e a  o f  e x p e r t i s e  an d  p a r e n t  o r g a n i z a t i o n :

A -  V e r b a l  Com m ents fro m  TRG M e e t in g
B -  R ic h a r d  B a e h r ,  Q u a l i t y  A s s u r a n c e ,  S a n d ia  N a t i o n a l  L a b o r a t o r i e s  
C -  L a r r y  B la c k b u r n ,  M a t e r i a l s  a n d  F a b r i c a b i l i t y ,  W e s t in g h o u s e  

H a n fo r d  Com pany
D -  Tom B u r r ,  S t r u c t u r a l ,  Id a h o  N a t i o n a l  E n g in e e r in g  L a b o r a t o r y  
E -  J .  E . R a t le d g e ,  T r a n s p o r t a t io n  S y s te m  I n t e r f a c e s ,  O ak  R id g e  

N a t i o n a l  L a b o r a t o r y ;  L a r r y  D a n e s e , C a s k  H a n d l in g ,  S A IC , O ak  
R id g e ,  TN ( f o r  ORNL)

F -  J o h n  F r i l e y ,  T h e r m a l,  B a t t e l l e  P a c i f i c  N o r th w e s t  L a b o r a t o r y  
G -  M . M. M a d s e n , NRC C e r t i f i c a t i o n ,  S a n d ia  N a t i o n a l  L a b o r a t o r i e s  
H -  J o e  P a c e , S h i e l d i n g ,  O ak R id g e  N a t i o n a l  L a b o r a t o r y  
I  -  B r y c e  R ic h ,  S a fe ty /A L A R A , Id a h o  N a t i o n a l  E n g in e e r in g  

L a b o r a t o r y
J  -  C . A . R o g e r s ,  C r i t i c a l i t y ,  W e s t in g h o u s e  H a n fo r d  Com pany

S e c t io n s  B th r o u g h  J  r e f l e c t  com m ents  f r o m  t h e  TRG t h a t  w e re  
s u b m it t e d  b e f o r e  t h e  D e s ig n  R e v ie w  m e e t in g .  S e c t io n  A c o n t a in s  
com m ents an d  q u e s t io n s  t h a t  a r o s e  d u r in g  t h e  m e e t in g .

I n  t h e  f o l l o w i n g  s e c t io n s ,  t h e  q u e s t io n /c o m m e n ts  a n d  t h e i r  
c o r r e s p o n d in g  r e s p o n s e s  a r e  l i s t e d  i n  o r d e r .  Some q u e s t io n s  o r  
com m ents  h a v e  b e e n  p a r a p h r a s e d  t o  im p ro v e  r e a d a b i l i t y .
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A . l  A r e  t h e r m a l  o r  r a d i a t i o n  e f f e c t s  m o s t l i m i t i n g  i n  t h e  d e s ig n ?

R e s p o n s e  -  T h e  m o s t l i m i t i n g  e f f e c t  on t h e  B R -1 0 0  d e s ig n ,  f o r  
b a s e l i n e  f u e l ,  i s  r a d i a t i o n .  T h e  s h i e l d i n g  r e q u i r e d  t o  g e t  
t h e  d o s e  r a t e  b e lo w  F e d e r a l  r e q u ir e m e n ts  f o r  t h e  maximum  
s o u r c e  s t r e n g t h  i s  t h e  l i m i t i n g  f e a t u r e  i n  d e t e r m in in g  t h e  B R - 
1 0 0  's  c a p a c i t y .  T h e rm a l e f f e c t s  c a n  b e  b o u n d in g  f o r  c e r t a i n  
b u r n u p /a g e  c o m b in a t io n s  t h a t  a r e  b e y o n d  b a s e l i n e  r e q u i r e m e n t s ,  
b u t  u s u a l l y  d o s e  r a t e  i s  t h e  d o m in a n t  f a c t o r .

A . 2 I s  t h e  s t r e s s  c r e a t e d  fro m  le a d  s h r in k a g e  a c c o u n te d  f o r ?

R e s p o n s e  -  T h e  s h r in k a g e  o f  l e a d  a f t e r  i t  i s  p o u r e d  i n t o  t h e  
a n n u lu s  b e tw e e n  t h e  in n e r  s h e l l  a n d  an  a r t i f i c i a l  o u t e r  s h e l l  
w i l l  r e s u l t  i n  a  r e l a t i v e l y  s m a l l  c o m p re s s iv e  r e s i d u a l  s t r e s s  
i n  t h e  in n e r  s h e l l .  T h e  B R -1 0 0  f a b r i c a t i o n  t e c h n iq u e  w i l l  
a l l o w  no  g ap  b e tw e e n  t h e  in n e r  s h e l l  a n d  t h e  l e a d ,  w h i l e  t h e  
l a t e r  c o n c r e t e  p o u r  w i l l  l e a v e  no  g a p s  b e tw e e n  t h e  le a d  and  
t h e  c o n c r e t e  o r  t h e  c o n c r e t e  a n d  o u t e r  s h e l l .

A . 3 I s  t h e  e x t e r i o r  c a s k  c o a t in g  a  c o m m e rc ia l g r a d e  p a i n t ?

R e s p o n s e  -  T h e  c u r r e n t l y  a n t i c i p a t e d  e x t e r i o r  c a s k  c o a t in g  i s  
a c o m m e r c ia l ly  a v a i l a b l e  p a i n t .  W h ite  A m e rc o a t 9 0 ,  a v a i l a b l e  
f r o m  A m e ro n , h a s  b e e n  s e l e c t e d  b e c a u s e  o f  i t s  t h e r m a l  
e m i s s i v i t y  c h a r a c t e r i s t i c s ,  h a r d n e s s ,  d u r a b i l i t y ,  and  
w id e s p r e a d  u s e  i n  n u c le a r  a p p l i c a t i o n s .

A . 4 W h a t i s  t h e  f i r e  a c c id e n t  p e r fo r m a n c e  o f  K e v la r ?

R e s p o n s e  -  K e v la r  w i l l  b u rn  w hen  e x p o s e d  t o  a  h ig h  en o u g h  
t e m p e r a t u r e  i n  t h e  p r e s e n c e  o f  a n  a b u n d a n t s u p p ly  o f  o x y g e n .  
T h e  B R -1 0 0  im p a c t  l i m i t e r  d e s ig n  w i l l  p r e c lu d e  t h i s  by  
p r o v i d in g  a n o n -c o m b u s t ib le  b a r r i e r  t o  o x y g e n , e x t e r i o r  t o  t h e  
K e v l a r .

A . 5 A r e  t h e  a lu m in u m  m a t e r i a l s  p r o p e r t i e s  t a k e n  f r o m  C la s s  I I I  o r  
C la s s  I  o f  t h e  ASME B&PV Code? W h at a b o u t  f a t i g u e  e f f e c t s ?

R e s p o n s e  -  T h e  a lu m in u m  6 0 6 1  a l l o w a b l e  s t r e s s  l e v e l s  p r o v id e d  
f o r  B R -1 0 0  b a s k e t  d e s ig n  a r e  t a k e n  fro m  ASME C ode t a b l e s  
d e s ig n a t e d  f o r  C la s s  3 c o m p o n e n ts . F a t ig u e  e f f e c t s  w i l l  be  
e v a lu a t e d  d u r in g  f i n a l  d e s ig n .

A . 6 How w i l l  y o u  e n s u r e  t h a t  t h e r e  i s  no g a l l i n g  o f  t h e  h e a d  
c lo s u r e  b o l t s ?

R e s p o n s e  -  To  e n s u r e  t h e r e  a r e  n o  g a l l i n g  p r o b le m s  a s s o c ia t e d  
w i t h  t h e  l i d  c lo s u r e  b o l t s ,  a  l u b r i c a n t  w i l l  b e  u s e d .  The  
l u b r i c a n t  w i l l  b e  i d e n t i f i e d  d u r in g  f i n a l  d e s ig n ;  a  lo w -  
f r i c t i o n ,  p o ly m e r ic  c o a t in g  i s  c u r r e n t l y  b e in g  i n v e s t i g a t e d .
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A . 7 Why a r e  y o u  u s in g  ASME S e c t io n  I I I  i n  some p la c e s  a n d  S e c t io n  
V I I I ,  U G -2 8  i n  o th e r s ?  W h a t i s  t h e  r a t i o n a l e  f o r  p i c k i n g  and  
c h o o s in g  d i f f e r e n t  s e c t io n s ?

R e s p o n s e  -  T h e  B R -1 0 0  c a s k  i s  n o t  a n  ASME C ode c o m p o n e n t. T h e  
ASME s e c t io n s  a r e  u s e d  a s  a  d e s ig n  g u id e .  O r i g i n a l l y  i t  was  
p la n n e d  t h a t  ASME S e c t io n  I I I  w o u ld  b e  u s e d  f o r  t h e  c a s k  in n e r  
s h e l l  a n d  ASME S e c t io n  V I I I  f o r  t h e  c a s k  o u t e r  s h e l l  a n a ly s e s ,  
b u t  we h a v e  now d e c id e d  t o  u s e  S e c t io n  I I I  f o r  b o t h .  T h e  
b u c k l in g  r e q u i r e m e n t s  i n  S e c t io n  I I I  ( S u b s e c t io n  N B - 3 1 3 3 .3 )  
an d  S e c t io n  V I I I  (S u b s e c t io n  U G -2 8 ) a r e  e s s e n t i a l l y  t h e  sam e, 
so t o  p r e v e n t  a n y  c o n f u s io n ,  t h e  r e f e r e n c e  t o  S e c t io n  V I I I  
w i l l  b e  r e p la c e d  w i t h  S e c t io n  I I I .

A . 8 W h at i s  t h e  l o c a t i o n  o f  t h e  p r im a r y  l o c a l  s t r e s s e s ?

R e s p o n s e  -  P r im a r y  l o c a l  m em brane s t r e s s e s  a r e  d e f i n e d  as  
s t r e s s e s  c a u s e d  b y  m e c h a n ic a l  lo a d s  a t  d i s c o n t i n u i t i e s .  F o r  
t h e  c a s k  s h e l l ,  t h e  l o c a l  m em brane s t r e s s e s  a r e  in d u c e d  a t  t h e  
i n t e r s e c t i o n  o f  t h e  c y l i n d e r  a n d  b o t to m  p l a t e ,  a ro u n d  t h e  
t r u n n i o n s ,  an d  a t  r i n g  f l a n g e  l o c a t i o n s .  T h o s e  s t r e s s e s  w i l l  
b e  c a l c u l a t e d  i n  t h e  f i n a l  d e s ig n  b y  f i n i t e  e le m e n t  a n a ly s e s .

A . 9 W h at i s  t h e  l o c a t i o n  o f  t h e  f l a n g e  w e ld s ?

R e s p o n s e  -  T h e  r i n g  f l a n g e  w i l l  b e  w e ld e d  t o  t h e  c a s k  a t  t h e  
c y l i n d r i c a l  i n t e r s e c t i o n  w i t h  a  f u l l  p e n e t r a t i o n  w e ld .  T h e  
w e ld  l o c a t i o n s  w i l l  b e  i d e n t i f i e d  on  t h e  d r a w in g s  i n  t h e  f i n a l  
d e s ig n .

A . 10 W h at a b o u t  w e ld in g  t h e  d i s s i m i l a r  m a t e r i a l s  (3 0 4 L  t o  X M -1 9 )?

R e s p o n s e  -  We d o  n o t  a n t i c i p a t e  a n y  d i f f i c u l t y  w e ld in g  3 0 4 L  
s t a i n l e s s  s t e e l  t o  X M -1 9  ( t r a d e  nam e N i t r o n i c  5 0 )  s t a i n l e s s  
s t e e l .  B o th  m e t a ls  a r e  a u s t e n i t i c  a n d  h a v e  v e r y  s i m i l a r  
p r o p e r t i e s .  E 3 0 8 L  f i l l e r  m e t a l  w i l l  b e  u s e d  f o r  t h e  w e ld in g .

A . 11 How w i l l  y o u  a s s e s s  t h e  e f f e c t s  o f  a  ” p i n  d r o p  a c c id e n t " ?

R e s p o n s e  -  T h e  c a s k  s h e l l  an d  c lo s u r e  l i d  h a v e  b e e n  e v a lu a t e d  
f o r  t h e  " p in  d r o p  a c c i d e n t . "  T h e  s e a l  c h e c k  p o r t s  a n d  d r a i n  
s y s te m  v a l v e  p o r t s  on  t h e  c lo s u r e  l i d  a r e  p r o t e c t e d  b y  t h e  
c o v e r  p l a t e s .  T h e  c o v e r  p l a t e s  w i l l  b e  s i z e d  i n  t h e  f i n a l  
d e s ig n  f o r  p r o t e c t i o n  d u r in g  a  h y p o t h e t i c a l  " p in  d ro p  
a c c i d e n t . "

A . 12 W h at i s  t h e  t o r q u e  v a lu e  o f  t h e  c lo s u r e  l i d  b o l t s ?  I s n ' t  t h i s  
q u i t e  h ig h ?  I  recom m end u s in g  a  lo w e r  t o r q u e  v a lu e  w hen  
u n lo a d e d ?

R e s p o n s e  -  T h e  t o r q u e  v a lu e  f o r  c lo s u r e  l i d  b o l t s  i s  8 0 ,0 0 0  
i n - l b  ( o r  6 6 6 7  f t - l b ) . O u r e x p e r ie n c e  show s t h a t  t h i s  b o l t
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t o r q u e  c a n  b e  a c h ie v e d  w i t h  c o m in e r c ia l ly  a v a i l a b l e  e q u ip m e n t .  
T h is  v a lu e  a ls o  i s  b a s e d  on  v e r y  c o n s e r v a t iv e  a n a l y t i c a l  
t e c h n iq u e s .  I n  t h e  f i n a l  d e s ig n ,  w e w i l l  re m o v e  e x c e s s  
c o n s e r v a t is m  a n d  p r o b a b ly  lo w e r  t h e  t o r q u e .  We a g r e e  w i t h  t h e  
re c o m m e n d a tio n  o f  u s in g  a  lo w e r  t o r q u e  v a l u e  f o r  s h ip m e n t  o f  
t h e  u n lo a d e d  c a s k .

A . 13 W h a t lo a d s  w e re  u s e d  ( f o r  2S^, f o r  e x a m p le )?

R e s p o n s e  -  T h e  2Sm s t r e s s  a l l o w a b l e  l i m i t  a p p l i e s  t o  c lo s u r e  
b o l t  p r im a r y  m em brane s t r e s s  u n d e r  n o r m a l c o n d i t io n s  o f  
t r a n s p o r t .  T h e  lo a d in g  c o n d i t i o n s  f o r  n o rm a l c o n d i t i o n  o f  
t r a n s p o r t  a r e  d e f in e d  i n  S e c t io n  2 . 6 .

A . 14 T h e  n e x t  q u e s t io n  a d d r e s s e d  som e o f  Tom B u r r 's  w r i t t e n  
c o m m en ts . T h e s e  w e re  d is c u s s e d  w i t h  o v e r h e a d  s l i d e s .  T h e i r  
r e s o l u t i o n  w i l l  b e  a d d r e s s e d  i n  t h e  W r i t t e n  C om m ents.

R e s p o n s e  -  T h is  i s  a  s t a t e m e n t  a n d  no  r e s p o n s e  i s  r e q u i r e d .

A . 15 How w i l l  y o u  h a n d le  m a t e r i a l  p r o p e r t i e s  g e n e r a t e d  b y  t e s t i n g  
v s .  t h o s e  t a b u l a t e d  i n  t h e  l i t e r a t u r e  ( s p e c i f i c a l l y  a d d r e s s e d  
t o  a n n e a le d  6 0 6 1  a lu m in u m )?

R e s p o n s e  -  T h e  m a t e r i a l  p r o p e r t i e s  f o r  t h e  s t r e s s  a n a l y s i s  o f  
a lu m in u m  6 0 6 1  w i l l  b e  o b t a in e d  f r o m  t h e  ASME C o d e . S in c e  t h e  
f u e l  c e l l  w i l l  b e  c o ld - w o r k e d  a n d  a n o d iz e d ,  we w i l l  
i n v e s t i g a t e  t h a t  t h e  m in im um  s t r e n g t h s  r e p o r t e d  i n  ASME c o d e s  
a r e  s t i l l  a p p l i c a b l e  f o r  o u r  d e s ig n .

A . 16 A re  t h e  e f f e c t s  o f  t h e  p a r t i a l  a tm o s p h e r e  o f  h e l iu m  g a s  
i n c lu d e d  i n  t h e  t h e r m a l  a n a ly s is ?

R e s p o n s e  -  PDR R e f e r e n c e  3 .8  s e r v e s  a s  t h e  b a s is  f o r  t h e  
h e l i iu n  t h e r m a l  c o n d u c t i v i t y  a n d  t h e r m a l  d i f f u s i v i t y  v a lu e s  
u s e d  i n  o u r  a n a ly s e s .  T h is  r e f e r e n c e  s t a t e s  t h a t  t h e s e  
p r o p e r t i e s  a r e  n o t  a  s t r o n g  f u n c t i o n  o f  p r e s s u r e .  T h u s , t h e  
p a r t i a l  a tm o s p h e re  h a s  o n ly  a  s m a l l  im p a c t  on  t h e s e  
p r o p e r t i e s .

A . 17 W h at i s  t h e  b a s k e t  g a p  s iz e ?

R e s p o n s e  -  T h e  b a s k e t  g a p  s i z e  u s e d  i n  t h e  t h e r m a l  e v a l u a t i o n  
i s  0 .0 5 0  in c h .  T h is  r e p r e s e n t s  t h e  m axim um  e x p e c te d  d i a m e t r a l  
g a p  u n d e r  n o rm a l c o n d i t i o n s .

A . 18 W h a t i s  t h e  u n c e r t a i n t y  o f  " b e lo w  l i m i t "  t e m p e r a tu r e s ?

R e s p o n s e  -  T h e  u n c e r t a i n t y  o n  t h e  " b e lo w  l i m i t "  t e m p e r a t u r e s  
c a n n o t  b e  e a s i l y  q u a n t i f i e d ,  a l t h o u g h  t h e  v a lu e s  a r e  
c o n s e r v a t iv e  d u e  t o  t h e  i n p u t s .  Among t h e  c o n s e r v a t iv e  in p u t s
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a r e  t h e  u s e  o f  t h e  m axim um  e x p e c te d  d i a m e t r a l  g a p  a s  a  r a d i a l  
g a p , n e g l e c t i n g  t h e r m a l  r a d i a t i o n  an d  n a t u r a l  c o n v e c t io n  
w i t h i n  t h e  c e l l s  a n d  w a t e r  g a p s  i n  t h e  b a s k e t ,  u s e  o f  
c o n s e r v a t iv e  t h e r m a l  lo a d s  b a s e d  on  t h e  c r i t i c a l i t y  
c a l c u l a t i o n s ,  u s e  o f  u n i f o r m  h e a t  f l u x e s  o n  t h e  c e l l  i n n e r  
s u r f a c e s ,  a n d  u s in g  a n  a i r - b a s e d  c o r r e l a t i o n  t o  p r e d i c t  t h e  
p e a k  c la d d in g  t e m p e r a t u r e s  i n  t h e  B R -1 0 0  h e l i u m - f i l l e d  
e n v ir o n m e n t .

A . 19 W h a t i s  t h e  f u n c t i o n  o f  t h e  I n c o n e l  s id e s  on  t h e  t e s t  s e c t io n ?

R e s p o n s e  -  T h e  In c o n e l  s id e s  s e r v e  a s  s te a m  c o n t a in m e n t  an d  
t e s t  s e c t i o n  s t r u c t u r a l  m em bers  t h a t  h e l p  h o ld  t h e  t e s t  
s e c t i o n  t o g e t h e r .  T h e  s id e s  a r e  t h i n  a n d  c o n s t r u c t e d  o f  
I n c o n e l ,  w h ic h  h a s  a  r e l a t i v e l y  lo w  t h e r m a l  c o n d u c t i v i t y ,  t o  
m a in t a i n  t h e  o n e - d im e n s io n a l  h e a t  f l o w  t h r o u g h  t h e  t e s t  
s e c t i o n  an d  p r e v e n t  t h e r m a l  s h u n t in g  a ro u n d  t h e  t e s t  s e c t i o n .

A . 20  W i l l  t h e  h e a t e r s  b e  l e f t  o n  d u r in g  t h e  f i r e  t e s t ?

R e s p o n s e  -  T h e  t e s t  s e c t i o n  h e a t e r s  w i l l  b e  a d ju s t e d  d u r in g  
t h e  f i r e  t e s t  s o  t h a t  t h e  c o m b in e d  e f f e c t  o f  t h e  h e a t  le a k a g e  
th r o u g h  t h e  t e s t  s e c t i o n  i n s u l a t i o n  a n d  t h e  e n e r g y  g e n e r a t e d  
b y  t h e  t e s t  s e c t i o n  h e a t e r s  s im u la t e  t h e  s p e n t  f u e l  h e a t  
g e n e r a t i o n  w i t h i n  t h e  c a s k .

A . 21  How h a v e  y o u  m o d e le d  t h e  c o n v e c t io n  c o e f f i c i e n t  a s  a  f u n c t i o n  
o f  r a d i a l  p o s i t i o n  a r o u n d  t h e  c a s k ?

R e s p o n s e  -  T h e  c o n v e c t io n  c o e f f i c i e n t  on  t h e  e x t e r i o r  s u r f a c e  
o f  t h e  c a s k  h a s  b e e n  assu m ed  t o  b e  c o n s t a n t .  D u r in g  n o rm a l  
o p e r a t io n  t h e r e  i s  e x p e c t e d  t o  b e  l i t t l e  c i r c u m f e r e n t i a l  
v a r i a t i o n  o f  t h e  c o n d i t i o n s  a ro u n d  t h e  c a s k ,  d u e  t o  b o th  
c o n v e c t io n  a n d  t h e r m a l  r a d i a t i o n .  T h is  i s  n o t  t h e  c a s e  f o r  t h e  
h y p o t h e t i c a l  f i r e  a c c i d e n t .  T h is  v a r i a t i o n  w i l l  b e  e x a m in e d  i n  
t h e  f i n a l  d e s ig n .

A . 22 H a v e  y o u  a n a ly z e d  a  b a s k e t  m o d e l w i t h o u t  w a t e r  e l l i p s o i d s ?

R e s p o n s e  -  An e x p l i c i t  a n a l y s i s  u s in g  t h e  m o d e l d e v e lo p e d  f o r  
t h e  p r e l i m i n a r y  d e s ig n  h a s  n o t  b e e n  e x e c u te d  w i t h o u t  t h e  w a t e r  
e l l i p s o i d s .  H o w e v e r , d u r i n g  t h e  i t e r a t i o n s  t o  a r r i v e  a t  t h e  
p r e l i m i n a r y  d e s ig n ,  a n a ly s e s  w e re  m ade b o th  w i t h  a n  a lu m in u m  
fo r m e r  w i t h  w a t e r  g a p s  a d j a c e n t  t o  t h e  f u e l  r e g io n  a n d  w i t h  a 
s o l i d  a lu m in u m  f o r m e r .  T h e  u s e  o f  t h e  e l l i p s o i d a l  r e g io n s  
c a u s e d  a  r e d u c t io n  i n  t h e  k^^  ̂ o f  t h e  c a s k .  P h y s i c a l l y  t h e s e  
r e g io n s  p r o v id e  t h e r m a l i z a t i o n  f o r  n e u t r o n s  s c a t t e r e d  f r o m  t h e  
r e g io n s  e x t e r n a l  t o  t h e  b a s k e t ,  i . e .  t h e  a lu m in u m  f o r m e r ,  t h e  
s t a i n l e s s  s t e e l  s h e l l ,  a n d  t h e  le a d  s h i e l d .  Such
t h e r m a l i z a t i o n  e n h a n c e s  t h e  p r o b a b i l i t y  o f  a b s o r p t i o n  i n  t h e  
o u t e r  c e r m e t  p l a t e s .  T h is  r e d u c e s  t h e  n e u t r o n s  b a c k - s c a t t e r e d  
i n t o  t h e  f u e l  r e g io n  w h ic h  c a u s e s  t h e  r e d u c t io n  i n  k^^  ̂ D u r in g
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t h e  e a r l y  p h a s e  o f  t h e  f i n a l  d e s ig n ,  t h e  e f f e c t  o f  t h e s e  g ap s  
w i l l  b e  e x p l i c i t l y  a s s e s s e d  i f  t h e y  r e m a in  a  p a r t  o f  t h e  
d e s ig n .

A . 23 10C FR 71 s t a t e s  t h a t  t h e  d o s e  r a t e  c a l c u l a t i o n  b e  t a k e n  2 
m e te r s  fro m  t h e  v e h i c l e  e d g e .

R e s p o n s e  -  D ose  r a t e  c a l c u l a t i o n s  f o r  t h e  l i m i t i n g  d e s ig n  
c a s e s  w e re  p e r fo r m e d  f o r  p o i n t s  a t  tw o  m e te r s  fro m  t h e  
p e r s o n n e l  b a r r i e r .  T h is  d is t a n c e  i s  s l i g h t l y  l e s s  th a n  t h e  
tw o  m e te r s  f ro m  t h e  v e r t i c a l  p la n e s  p r o j e c t e d  fro m  t h e  o u t e r  
e d g e s  o f  t h e  c o n v e y a n c e  s p e c i f i e d  i n  1 0 C F R 7 1 . T h is  a s s u m p tio n  
p ro d u c e s  a s l i g h t  c o n s e r v a t is m  i n  t h e  c a l c u l a t e d  d o s e  r a t e s .

A . 24 S h i e l d i n g  i n  t h e  a r e a  n e a r  t h e  c lo s u r e  l i d  n e e d s  t o  be r e 
e x a m in e d . T h e  s h i e l d i n g  a n a l y s is  s h o u ld  b e  d o n e  on t h e  
p u n c t u r e  m o d e ls .

R e s p o n s e  -  T h e  a r e a  n e a r  t h e  c lo s u r e  h e a d  w i l l  b e  e x a m in e d  i n  
d e t a i l  i n  t h e  f i n a l  d e s ig n  s ta g e  w i t h  d i s c r e t e  g e o m e try  m o d e ls  
i n  b o th  DOT 4 .3  a n d  QAD. A ny a r e a  fo u n d  t o  e x h i b i t  d o s e  r a t e s  
b e y o n d  t h e  d e s ig n  l i m i t  w i l l  b e  m o d i f ie d  t o  b r i n g  t h e  d o s e  
r a t e s  w i t h i n  r e q u i r e d  l i m i t s .

C o n s id e r a t io n  w i l l  b e  g iv e n  t o  p e r f o r m in g  C o -6 0  gamma f l u x  
a t t e n u a t i o n  m e a s u re m e n ts  u s in g  t h e  p u n c t u r e  m o d e ls .

A . 25  W ith  r e s p e c t  t o  t h e  ID  a n a l y s i s ,  how w e re  t h e  c o p p e r  f i n s  
m o d e le d ?  I s  s t r e a m in g  a  c o n c e rn ?

R e s p o n s e  -  I n  t h e  ID  a n a l y s i s  t h e  c o p p e r  f i n s  w e re  h o m o g e n iz e d  
w i t h i n  t h e  c o n c r e t e  r e g i o n .  I n  r e a l i t y  t h e  c o p p e r  f i n s  o c c u p y  
s e p a r a t e  la y e r e d  r e g io n s  w i t h i n  t h e  c o n c r e t e .  T h is  p o s e s  no  
p ro b le m  f o r  gamma r a d i a t i o n  s in c e  t h e  c o p p e r  a t t e n u a t e s  gammas 
b e t t e r  t h a n  t h e  c o n c r e t e .  T h e  q u e s t io n  t h e n  i s  w h e th e r  o r  n o t  
n e u t r o n s  f i n d  a  s t r e a m in g  p a t h  th r o u g h  t h e  f i n s .  N e u tr o n s  do  
n o t  h a v e  a s  h ig h  a  p r o b a b i l i t y  o f  a s c a t t e r i n g  c o l l i s i o n  i n  
c o p p e r  a s  i n  c o n c r e t e  d u e  t o  t h e  h y d ro g e n  i n  t h e  l a t t e r ,  b u t  
i t  i s  u n l i k e l y  t h a t  n e u t r o n s  w i l l  f i n d  a n  u n c o l l i d e d  p a t h  
a lo n g  t h e  e n t i r e  l e n g t h  o f  a  f i n .  M o re  l i k e l y ,  c o l l i s i o n s  
w i l l  o c c u r  i n  t h e  c o p p e r  an d  t h e  n e u t r o n s  w i l l  b e  d i v e r t e d  
i n t o  t h e  s u r r o u n d in g  c o n c r e t e .  H o w e v e r , s in c e  t h e r e  i s  a 
p o s s i b i l i t y  o f  a n  e n h a n c e m e n t o f  n e u t r o n  d o s e  r a t e s  d u e  t o  t h e  
c o p p e r  f i n s ,  DOT 4 .3  w i l l  b e  u s e d  t o  m o d e l a  s e c t io n  o f  
c o n c r e t e  an d  f i n s  i n  t h e  f i n a l  d e s ig n  t o  d e t e r m in e  t h e  
m a g n itu d e  o f  t h e  e f f e c t ,  i f  a n y .

A . 26  w i l l  ALARA a n a ly s e s  b e  p e r fo r m e d  w i t h o u t  t h e  c lo s u r e  l i d ?

R e s p o n s e  -  ALARA a n a ly s e s  w i l l  b e  p e r fo r m e d  w i t h o u t  t h e  
c lo s u r e  l i d  w hen f i n a l  h a n d l in g  p r o c e d u r e s  a r e  f o r m a l i z e d .
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A . 27 W h a t i s  t h e  e x t e n t  o f  s t r e a m in g  e f f e c t s  i n  t h e  r e g io n  o f  t h e  
c lo s u r e  l i d  w h e re  t h e r e  i s  no  l e a d ,  o n ly  s t e e l ?

R e s p o n s e  -  B o th  t h e  t o p  a n d  b o t to m  h e a d s  o f  t h e  c a s k  c o n t a in  
l e a d  ( 3 . 5 "  t o p ,  3 . 0 "  b o t t o m ) .  T h e  le a d  i n  t h e  b o t to m  h e a d  i s  
c o n t in u o u s  w i t h  t h e  c a s k  s i d e w a l l s .  T h e  l e a d  i n  t h e  t o p  h e a d  
l a c k s  o n ly  a  s m a l l  l ig a m e n t  o f  m e e t in g  t h e  c a s k  s i d e w a l l  l e a d .  
T h is  s t e e l  l ig a m e n t  i s  on  t h e  c y l i n d r i c a l  c o r n e r  o f  t h e  c a s k  
w h e re  t h e  g r e a t e r  s l a n t  p e n e t r a t i o n  o f  s t e e l  i s  w o r th  a s  much 
gamma s h i e l d i n g  a s  t h e  s t r a i g h t - t h r o u g h  p e n e t r a t i o n  o f  l e a d .  
F i n a l  d e s ig n  a n a ly s e s  w i l l  v e r i f y  t h a t  t h i s  i s  t h e  c a s e  o r  
s h i e l d  m o d i f i c a t i o n s  w i l l  b e  m ad e .

A . 28 W h a t t h e  e f f e c t s  o f  t h e  s t a n d o f f s  ( t o  h a n d le  s h o r t e r  f u e l )  v s .  
C E ' s  lo n g  f u e l  ro d s ?

R e s p o n s e  -  S t a n d o f f s  w e re  c o n s id e r e d  i n  t h e  s h i e l d i n g  
a n a ly s e s .  T h e y  h a v e  l i t t l e  e f f e c t  on  t h e  d e s ig n  d o s e  r a t e s .  
T h e  m a in  e f f e c t  i s  on t h e  l o c a t i o n  o f  t h e  h i g h e s t  d o s e  r a t e  
f ro m  t h e  a x i a l  p o s i t i o n i n g  o f  t h e  lo w e r  e n d  f i t t i n g s .  T h is  
h a s  b e e n  a c c o u n te d  f o r  b y  t h e  l e n g t h  o f  t h e  a d d i t i o n a l  l e a d  i n  
t h e  lo w e r  c a s k  r e g io n .

A . 29 T h e  n e x t  q u e s t io n  a d d r e s s e d  som e o f  J o e  P a c e ' s  w r i t t e n  
co m m en ts . T h e i r  r e s o l u t i o n  w i l l  b e  a d d r e s s e d  i n  t h e  W r i t t e n  
Com m ents a p p e n d ix .

R e s p o n s e  -  C o v e re d  i n  r e s p o n s e  t o  M r .  P a c e ' s  com m ents  (s e e  
r e s p o n s e s  i n  " H " ) .

A . 30 W h a t Q u a l i t y  F a c t o r  i s  u s e d ?

R e s p o n s e  -  N o m in a l q u a l i t y  f a c t o r s  o f  10  f o r  f a s t  n e u t r o n s  and  
3 f o r  t h e r m a l  n e u t r o n s  w e re  u s e d  i n  a l l  B R -1 0 0  s h i e l d i n g  
c a l c u l a t i o n s .

A . 31 I  s u g g e s t  t h a t  y o u  q u a n t i f y  t h e  m a r g in s  o f  s a f e t y  ( f o r  th o s e  
v a lu e s  c lo s e  t o  1 0 ) .

R e s p o n s e  -  A l l  m o d e l l in g  a n d  a s s u m p t io n s  u s e d  i n  t h e  
c a l c u l a t i o n  o f  t h e  B R -1 0 0  d o s e  r a t e s  w e r e  c o n s i s t e n t l y  t a k e n  
on  t h e  c o n s e r v a t iv e  s i d e ,  i n c l u d i n g  t h e  u s e  o f  t h e  h ig h e s t  
s o u r c e  s t r e n g t h  f u e l  w i t h i n  t h e  c o n t r a c t  s t a t e m e n t - o f - w o r k .  
I n  m any in s t a n c e s  t h e s e  c o n s e r v a t is m s  co m p o u n d . When c o m p u te r  
c o d e  u n c e r t a i n t y  i s  c o u p le d  w i t h  t h e  c o n s e r v a t is m s ,  i t  i s  n o t  
p o s s i b l e  t o  p r e d i c t  w i t h  a d e g r e e  o f  a c c u r a c y  t h e  n u m e r ic a l  
v a lu e  o f  t h e  d e v i a t i o n  f ro m  a b s o lu t e  t h a t  s h o u ld  b e  a s s ig n e d  
t o  t h e  r e s u l t s  d e r iv e d .  I t  i s  b e l i e v e d  t h a t  t h e  d o s e  r a t e  
v a lu e s  r e p o r t e d  a r e  n e a r e r  t h e  m axim um  t h a n  t h e  a v e r a g e  
v a l u e s .  I f  a n  u n c e r t a i n t y  w e r e  a s s ig n e d  t o  i n d i v i d u a l  d o s e  
r a t e s  b a s e d  on e n g in e e r in g  ju d g e m e n t ,  i t  w o u ld  b e  + 15% , -  35%.
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T o  c o m p a re  t h e  PDR d o s e  r a t e s  t o  th o s e  fro m  m o re  n o r m a l s o u r c e  
s t r e n g t h s ,  t h e  m ld p la n e  v a lu e  f o r  3 . 5  w t  % U - 2 3 5  f u e l  i s  7 .2  
m r / h r  ( 5 . 1  gamma, 2 . 1  n e u t r o n )  i n s t e a d  o f  t h e  9 . 6  show n f o r
3 . 0  w t  % U -2 3 5  f u e l .

A . 32 I s  t h e  m a r g in  o f  u n c e r t a i n t y  know n?

R e s p o n s e  -  S ee  re s p o n s e  t o  A . 3 1 .

A . 3 3 V lh a t t h e  a r e  m axim um  v s .  a v e r a g e  v a lu e s  w i t h  ±  2 ?

R e s p o n s e  -  S ee  re s p o n s e  t o  A . 3 1 .

A . 34 W h a t a r e  t h e  w e a r  c h a r a c t e r i s t i c s  ( w i t h  r e s p e c t  t o  a b r a s io n )  
o f  K e v la r ?

R e s p o n s e  -  K e v la r  h a s  g o o d  a b r a s i v e  w e a r  c h a r a c t e r i s t i c s .  T h e  
a c t u a l  w e a r  c h a r a c t e r i s t i c s  o f  t h e  im p a c t  l i m i t e r  w i t h  t h e  
c a s k  s y s te m  w i l l  b e  i n v e s t i g a t e d  w hen t h e  f i n a l  im p a c t  l i m i t e r  
d e s ig n  i s  c o m p le te d .

A . 35  I  s u g g e s t  t h a t  y o u  g e t  r i d  o f  t h e  2 a t t a c h m e n t s  o n  t h e  t o p  an d  
b o t to m . T h e y  a r e  d i f f i c u l t  t o  g e t  t o .

R e s p o n s e  -  T h e  im p a c t  l i m i t e r  m u s t b e  d e s ig n e d  t o  a cc o m m o d a te  
h ig h  s la p d o w n  a t t a c h m e n t  f o r c e s .  T o  re m o v e  f o u r  a t t a c h m e n t s  
( tw o  t o p  an d  b o t to m )  w o u ld  s i g n i f i c a n t l y  d e g r a d e  t h e  im p a c t  
l i m i t e r ' s  a b i l i t y  t o  r e m a in  o n  t h e  c a s k  d u r i n g  a  s la p d o w n  
d r o p .  H o w e v e r , p r o v i s i o n s  w i l l  b e  m ade i n  t h e  a t t a c h m e n t  
f i n a l  d e s ig n  t o  e n s u r e  t h e  e a s i e s t  i n s t a l l a t i o n  a c h i e v a b l e .

A . 36 H a v e  y o u  lo o k e d  a t  t h e  t im e  p h a s in g  o f  t h e  c r u s h  p r e s s u r e  on  
t h e  c lo s u r e  l i d  f o r  t h e  " e n d - o n - d r o p "  a c c i d e n t  s c e n a r io ?  T h e  
i n e r t i a l  e f f e c t s  m ay b e  s i g n i f i c a n t l y  a l t e r e d  b y  t h e  d y n a m ic  
t im e  h i s t o r y .

R e s p o n s e  -  T h e  d y n a m ic  e f f e c t  o f  t h e  im p a c t  l i m i t e r  on  t h e  
c lo s u r e  l i d  w i l l  b e  i n v e s t i g a t e d  a f t e r  t h e  im p a c t  l i m i t e r  
d e s ig n  i s  f i n a l i z e d .

A . 37 W h a t i s  t h e  c o a t in g  a n d  c o l o r  o f  t h e  K e v la r  o v e r c o a t in g ?  D oes  
t h i s  p r o t e c t  t h e  K e v la r  f r o m  a b r a s io n  a n d  UV d e g r a d a t i o n .  
W h a t i s  e x p e c te d  l i f e t i m e ?

R e s p o n s e  -  T h e  K e v la r  o v e r c o a t in g  w i l l  b e  d e t e r m in e d  d u r in g  
t h e  im p a c t  l i m i t e r  f i n a l  d e s ig n  p h a s e .  A b r a s io n  a n d  UV 
p r o t e c t i o n  w i l l  b e  im p le m e n te d  i n  t h e  d e s ig n  o f  t h e  im p a c t  
l i m i t e r  o v e r c o a t in g .  T h e  K e v la r  c o m p o s ite  i s  e x p e c t e d  t o  
e x c e e d  t h e  2 5 - y e a r  d e s ig n  l i f e t i m e  o f  t h e  c a s k .

A . 38 A r e  t h e r e  f a b r i c a t i o n  d i f f i c u l t i e s  w i t h  t h e  v a r i o u s  a n g u la r  
p l y  o r i e n t a t i o n s  y o u  a r e  p r o p o s in g ?  W h a t t e s t i n g  i s  p la n n e d ?
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R e s p o n s e  -  No u n u s u a l  f a b r i c a t i o n  d i f f i c u l t i e s  h a v e  b e e n  
e n c o u n te r e d  w i t h  p l y  o r i e n t a t i o n s .  T h e  im p a c t  l i m i t e r  t e s t i n g  
p ro g ra m  i s  d e t a i l e d  i n  S e c t io n  2 . 1 0 . 2 ,  p a g e  I I - 2 - 6 8 .

A .  39 How d o  y o u  p la n  t o  c o m p e n s a te  f o r  t h e  NRC m a n d a te d  75% c r e d i t  
o f  i n  t h e  c e r m e t  n e u t r o n  a b s o r b e r ?

R e s p o n s e  -  We a n t i c i p a t e  t h a t  t h e  NRC w i l l  n o t  a l l o w  u s  t o  
t a k e  f u l l  c r e d i t  f o r  t h e  l o a d in g  i n  t h e  A lu m in u m /B ^ C
n e u t r o n  a b s o r b e r  p l a t e .  T h e r e f o r e ,  d e s ig n  r e f in e m e n t s
r e l a t i n g  t o  e n r ic h e d  B^C, p l a t e  t h i c k n e s s ,  a t t a c h m e n t  
m e c h a n is m , p l a t e  l o c a t i o n ,  o r  a  c o m b in a t io n  o f  t h e s e  w i l l  b e  
u s e d  t o  acco m m o d ate  b ’ ° l o a d in g  r e q u i r e m e n t s .

A . 40  T h e  t e s t  r a t e  o f  1 /4  o f  t h e  e x p e c t e d  s t r a i n  r a t e  seem s n o n 
c o n s e r v a t iv e  .

R e s p o n s e  -  T h e  c e r m e t  p l a t e  t e s t  r a t e  o f  1 /4  o f  t h e  e x p e c te d  
s t r a i n  r a t e  i s  n o t  n e c e s s a r i l y  n o n c o n s e r v a t iv e .  T y p i c a l l y ,  
s t r a i n i n g  c a p a c i t y  o f  a  m a t e r i a l  in c r e a s e s  w i t h  i n c r e a s i n g  
s t r a i n  r a t e  ( o v e r  a  s p e c i f i c  s t r a i n  r a t e  r a n g e ,  d e p e n d in g  on  
t h e  m a t e r i a l ) .

A . 41  D a ta  d e r i v e d  fro m  m a t e r i a l s  p r o p e r t i e s  t e s t i n g  n e e d s  t o  h a v e  
s t a t i s t i c a l l y  v a l i d  n u m b e rs  o f  t e s t s  t o  b e  v a l i d  f o r  d e s ig n  
p u r p o s e s ,  e s p e c i a l l y  w i t h  l e s s - t h a n - d u c t i l e  m a t e r i a l s .  You  
a ls o  n e e d  t o  lo o k  a t  t h e  c o m b in a t io n  o f  t e m p e r a t u r e  a n d  r a t e  
d e p e n d e n c e  e f f e c t s  on  t h e  m a t e r i a l  p r o p e r t i e s .

R e s p o n s e  -  B&W a g r e e s  w i t h  t h i s  com m ent r e l a t i v e  t o  t e s t i n g  o f  
t h e  c e r m e t  p l a t e .  T h e  fo c u s  o n  s t a t i s t i c a l l y  s i g n i f i c a n t  
n u m b ers  o f  t e s t s  w i l l  b e  im p o r t a n t  o n c e  a l l  m a n u f a c t u r in g  
p a r a m e te r s  an d  p r o c e d u r e s  h a v e  b e e n  e s t a b l i s h e d .

A . 42 How i s  im p a c t  l i m i t e r  s a f e t y  i n  a n  a c c i d e n t  e n s u r e d  w i t h  
r e s p e c t  t o  s k id  a t t a c h m e n t  o p t io n s ?

R e s p o n s e  -  S e v e r a l  a c c i d e n t  s c e n a r io s  a r e  b e in g  r e v ie w e d  t o  
d e t e r m in e  t h e  t i e - d o w n  s t r a t e g y  t h a t  w i l l  a s s u r e  t h e  im p a c t  
l i m i t e r  s t a y s  on t h e  c a s k  f o r  a l l  c o n d i t i o n s .  T h is  w i l l  b e  
a n a ly z e d  i n  t h e  f i n a l  d e s ig n .

A . 43 H ave  y o u  lo o k e d  a t  " d e p r e s s e d  c e n t e r "  r a i l c a r s  i n  o r d e r  t o  
r e d u c e  t h e  CG h e ig h t ?

R e s p o n s e  -  We a r e  p r e s e n t l y  l o o k in g  a t  a  f l a t  b e d  r a i l c a r  w i t h  
o p t io n s  f o r  a  " d e p r e s s e d  c e n t e r "  a n d  a  " S c h n a b le "  r a i l c a r .  
T h e  " S c h n a b le "  r a i l c a r  in c o r p o r a t e s  t h e  c a s k  s k i d  a s  p a r t  o f  
t h e  r a i l c a r  c e n t e r  s e c t i o n ;  t h e  a d v a n ta g e  w o u ld  b e  w e ig h t  
r e d u c t io n .
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A . 44 I  s u g g e s t  t h a t  y o u  e l i m i n a t e  t h e  v o i d  b e h in d  t h e  t r u n n i o n .

R e s p o n s e  -  A s i l i c o n e  s e a l  w i l l  b e  u s e d  on  t h e  t r u n n i o n  a n d  on  
b o l t  h e a d s  t o  p r e v e n t  i n t e r s t i t i a l  w a t e r  a c c u m u la t io n .

A . 45  How w i l l  y o u  a c h ie v e  (a n d  v e r i f y )  t h e  l a r g e  t o r q u e s  o n  t h e  
v a r io u s  b o l t s ?

R e s p o n s e  -  H y d r a u l i c  w re n c h  s y s te m s  a r e  c o m m e r c ia l ly  a v a i l a b l e  
w h ic h  t o r q u e  up  t o  7 5 , 0 0 0  f t - l b s .  A s y s te m  w i t h  a  t o r q u e  
r a n g e  o f  5 7 0  t o  5 6 7 5  f t - l b s  w e ig h s  32 l b s .  A s i m i l a r  s y s te m  
w i t h  a r a n g e  o f  1 8 4 5  t o  1 8 , 4 5 0  f t - l b s  w e ig h s  64 l b s .  T h e s e  
c o m m e r c ia l ly  a v a i l a b l e  s y s te m s  t o r q u e  t o  p r e s e t  v a l u e s .  
T o rq u e s  c a n  b e  v e r i f i e d  w i t h  a n  u l t r a s o n i c  b o l t  m e a s u re m e n t  
( e l o n g a t i o n )  s y s te m  w h ic h  w o rk s  i n  c o n ju n c t io n  w i t h  t h e  
h y d r a u l i c  w re n c h .

A . 46  6 , 0 0 0  f t / l b f  o f  t o r q u e  seem  e x c e s s iv e  f o r  t h e  c lo s u r e  l i d  
b o l t s .

R e s p o n s e  -  T h is  s u b je c t  i s  c o v e r e d  i n  r e s p o n s e  A . 1 2 .  T h e  
com m ent i s  n o te d  a n d  w i l l  b e  i n v e s t i g a t e d  i n  t h e  f i n a l  d e s ig n .

A . 47  I s  t h e  l i f t i n g  e q u ip m e n t  s h ip p e d  o n  t h e  r a i l c a r  w i t h  t h e  c a s k ?

R e s p o n s e  -  I t  i s  in t e n d e d  t o  s h ip  t h e  l i f t i n g  e q u ip m e n t  on  t h e  
r a i l c a r  w i t h  t h e  c a s k .  T h is  w i l l  b e  d e p e n d e n t  o n  t h e  e x i s t i n g  
w e ig h t  r e s t r i c t i o n s  o f  t h e  GVW a n d  w i l l  b e  d e t e r m in e d  i n  t h e  
f i n a l  d e s ig n .

A . 48  Has t h e r e  b e e n  a n y  a t t e m p t  t o  f e e d  F a i l u r e  M odes a n d  E f f e c t s  
A n a ly s is  (FMEA) b a c k  i n t o  t h e  d e s ig n ?

R e s p o n se  -  B&W p e r fo r m e d  a  FMEA d u r in g  t h e  P r e l i m i n a r y  
A n a ly s is  a n d  i t  i s  a t t a c h e d  t o  t h e  PDR a s  A p p e n d ix  6 .  T h e  
FMEA w i l l  b e  u s e d  e a r l y  i n  t h e  F i n a l  D e s ig n  p h a s e  a n d  a  m o re  
r ig o r o u s  FMEA w i l l  b e  p e r fo r m e d  n e a r  t h e  e n d  o f  t h a t  p h a s e  f o r  
t h e  c a s k  a n d  i t s  a s s o c ia t e d  t o o l i n g .

A . 4 9 W hat c o n s id e r a t io n s  h a v e  b e e n  t a k e n  w i t h  r e s p e c t  t o  p e r s o n n e l  
p l a t f o r m  e a s e  o f  a c c e s s ?

R e s p o n se  -  T h e  p e r s o n n e l  p l a t f o r m  i s  n o t  a  p a r t  o f  t h e  s c o p e  
o f  w o r k .  T h e r e f o r e ,  no  c o n s i d e r a t i o n  h a s  b e e n  g i v e n  t o  t h i s  
e q u ip m e n t .

A . 50  T h is  com m ent r e f e r r e d  B&W t o  t h e  w r i t t e n  com m ents  on c a s k  
o p e r a t io n s  a l r e a d y  s u b m i t t e d .  T h e s e  com m ents  w i l l  b e  
a d d r e s s e d  i n  t h e  W r i t t e n  C om m ents.

R e s p o n s e  -  T h e s e  com m ents a r e  a d d r e s s e d  i n  r e s p o n s e s  t o  E l  t o  
E 5 7 .
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A .  51  How a r e  t h e  c o n ta in m e n t  s e a l i n g  a s p e c t s  m e a s u re d ?  L e a k  
t i g h t n e s s  v s .  s o u r c e  te rm ?

R e s p o n s e  -  T h e  B R -1 0 0  h a s  c h e c k  p o r t s  t o  t e s t  t h e  
l e a k t i g h t n e s s  o f  t h e  s e a l s  on  t h e  c lo s u r e  l i d .  T h e r e  a r e  no  
p e n e t r a t io n s  i n t o  t h e  c a v i t y  o t h e r  t h a n  t h r o u g h  t h e  l i d ,  so  
a l l  l e a k - c h e c k  o p e r a t io n s  a r e  a c c e s s e d  f r o m  t h e  t o p  o f  t h e  
c a s k .  We a n t i c i p a t e  u s in g  a  h e l iu m  l e a k  c h e c k  o r  a  p r e s s u r e  
d ro p  m e th o d  b e f o r e  e a c h  s h ip m e n t  t o  e n s u r e  t h e  p e r fo r m a n c e  o f  
t h e  s e a l s .  We p la n  t o  u s e  t h e  s o u r c e  t e r m  m e th o d  t o  d e t e r m in e  
l e a k t i g h t n e s s  a c c e p t a b i l i t y .

A . 52 A s u g g e s t io n  t o  h a v e  t h e  A 2 ' s  a n n u a l  i n s p e c t i o n  c r i t e r i a  be  
10  * t o  10 '^  s t d  c c / s e c ,  w h i l e  i n  n o rm a l u s e  ( s h ip p in g )  10 '^  s t d  
c c /s e c  w o u ld  s u f f i c e .

R e s p o n s e  -  T h a t  com m ent i s  c o n s i s t e n t  w i t h  t h e  s t r a t e g y  
o u t l i n e d  i n  t h e  r e s p o n s e  f o r  A . 51  a n d  w i l l  b e  im p le m e n te d .

B . l  T h e  B R -1 0 0  P r e l i m i n a r y  D e s ig n  R e p o r t  r e f e r e n c e s  a p p r o x im a t e ly  
22 c o m p u te r  c o d e s . W h a t i s  t h e  s o f t w a r e  q u a l i t y  a s s u r a n c e  
p la n ?

R e s p o n s e  -  T h e  B&W F u e l  Com pany h a s  v e r y  s t r i n g e n t  
r e q u ir e m e n t s  f o r  c e r t i f i c a t i o n  o f  s o f t w a r e  u s e d  f o r  l i c e n s i n g  
a n a ly s e s ;  th o s e  r e q u i r e m e n t s  a r e  l i s t e d  i n  QA p r o c e d u r e s  
p r o v id e d  f o r  M r .  B a e h r 's  r e v ie w  d u r in g  t h e  TRG m e e t in g .  T h o s e  
r e q u ir e m e n t s  w e re  n o t  im p o s e d  f o r  t h e  a n a ly s e s  p e r fo r m e d  on  
t h e  p r e l i m i n a r y  d e s ig n ,  a l t h o u g h  o t h e r  QA p r o c e d u r e s  w e re  
f o l l o w e d .  M r .  B a e h r  i n d i c a t e d ,  a f t e r  r e v i e w  o f  t h e  d o c u m e n ts  
s u p p l ie d  t o  h im , t h a t  t h e  s o f t w a r e  QA p r o c e d u r e s  t o  b e  u s e d  
i n  t h e  f i n a l  d e s ig n  p h a s e  w e r e  s a t i s f a c t o r y .

C . l  P r o v id e  m o re  s p e c i f i c  i n f o r m a t i o n  on  w h a t  p r o p e r t y  d a t a  f o r  
w h ic h  a l l o y s  i s  o b t a in e d  fro m  t h e  ASME B o i l e r  a n d  P r e s s u r e  
V e s s e l  C ode o r  f ro m  t h e  A e ro s p a c e  S t r u c t u r a l  M e t a l s  H a n d b o o k , 
o r  f ro m  some o t h e r  s o u r c e  ( p .  I I - 2 - 2 2  a n d  T a b le  3 - 2 ) .

R e s p o n s e  -  T h e  s p e c i f i c  r e f e r e n c e s  t o  t h e  d a t a  s o u r c e s  f o r  
m e c h a n ic a l  a n d  p h y s i c a l  p r o p e r t i e s  o f  e a c h  c a s k  m a t e r i a l  c a n  
b e  fo u n d  i n  t h e  B R -1 0 0  m a t e r i a l s  h a n d b o o k  r e f e r e n c e d  i n  t h e  
t e x t ,  BWFC D o cu m en t 5 1 - 1 1 7 4 1 8 1 .  D a ta  s o u r c e s  f o r  T a b le  3 - 2
a r e  now in c lu d e d  a s  p a r t  o f  t h e  t a b l e .

C .2  P r o v id e  a  c o n s i s t e n t  r e f e r e n c e  f o r  t h e  s p e n t  f u e l  t e m p e r a t u r e  
l i m i t .  On p .  I X - 2 - 6 1 ,  m e n t io n  i s  m ade o f  ” w o rk  p e r f o r m e d  b y  
P a c i f i c  N o r th w e s t  L a b o r a t o r y . . .  ” w i t h o u t  a n y  f o r m a l  r e f e r e n c e ,  
w h i le  on  p .  I I - 3 - 4  a f o r m a l  r e f e r e n c e  i s  m ade t o  R e f .  3 . 5 ,  b u t
t h a t  r e f e r e n c e  i s  n o t  g e n e r a l l y  a v a i l a b l e  i n  t e c h n i c a l
l i t e r a t u r e .
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R e s p o n s e  -  T h e  t e x t  h a s  b e e n  m o d i f ie d  t o  r e f e r e n c e  t h e  s p e n t  
f u e l  t e m p e r a t u r e  l i m i t .

T h e  r e f e r e n c e  u s e d  i n  C h a p te r  3 . 0  f o r  t h e  s p e n t  f u e l  
t e m p e r a t u r e  l i m i t  h a s  b e e n  c h a n g e d  t o  R e f .  3 . 1 3 .  C h a p te r  2 .0  
w i l l  u s e  t h i s  sam e r e f e r e n c e .

C .3  C o r r e c t  t h e  s t a t e m e n t  t h a t  6 0 6 1  a lu m in u m  a l l o y  c a n  b e  u p g ra d e d  
t o  a  C la s s  1 m a t e r i a l  ( p .  I I - 2 - 7 ) . O n ly  t h e  ASME B o i l e r  an d  
P r e s s u r e  V e s s e l  C ode C o m m itte e  c a n  a p p r o v e  m a t e r i a l s  f o r  C la s s  
1 c o n s t r u c t i o n .  T h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  d e s ig n  
m e th o d o lo g y  b e tw e e n  C la s s  1 a n d  C la s s  3 c o n s t r u c t i o n  w h ic h  a r e  
m o re  im p o r t a n t  t h a n  c o n s i d e r a t i o n  o f  n o n d e s t r u c t i v e  
e x a m in a t io n  o f  m a t e r i a l s .  D e s ig n  m e th o d o lo g y  o f  S e c t io n  V I I I ,  
D i v i s i o n  2 ,  i s  c o m p a r a b le  t o  t h a t  o f  S e c t io n  I I I ,  C la s s  1 ,  and  
a l l o w a b l e  s t r e s s  i n t e n s i t y  ( S J  v a lu e s  f o r  6 0 6 1 - T 6  a lu m in u m  
a l l o y  a r e  g iv e n  i n  S e c t io n  V I I I ,  D i v i s i o n  2 w h ic h  a r e  h ig h e r  
t h a n  t h e  a l l o w a b l e  s t r e s s  (S )  v a lu e s  o f  S e c t i o n  I I I ,  C la s s  3 .  
H o w e v e r , S e c t io n  V I I I ,  D i v i s i o n  2 d o e s  n o t  y e t  c o n t a i n  d e s ig n  
f a t i g u e  c u r v e s  f o r  a lu m in u m  a l l o y s .  T h e  n a t u r e  o f  t h e  d e s ig n  
m e th o d o lo g y  o f  S e c t io n  V I I I ,  D i v i s i o n  2 i s  s u c h  t h a t  i t  i s  
i m p o r t a n t  t o  c o n d u c t  a l l  t h e  a n a ly s e s  s p e c i f i e d ,  i n c lu d i n g  
f a t i g u e .

R e s p o n s e  -  T h e  B R -1 0 0  c a s k  i s  n o t  a n  ASME C o d e  c o m p o n e n t. T h e  
ASME C ode i s  u s e d  a s  a  d e s ig n  g u id e  s in c e  i t  i s  a n  a c c e p t a b le  
c o d e  f o r  n u c l e a r  p o w e r  p l a n t  c o m p o n e n ts . A lu m in u m  a l l o y  6 0 6 1  
i s  a n  A S M E -a p p ro v e d  c o m p o n e n t m a t e r i a l .  ASME S e c t io n  I I I  
c u r r e n t l y  d e f i n e s  i t  a s  a  C la s s  3 c o m p o n e n t m a t e r i a l .  T h e r e  
a r e  some d i f f e r e n c e s  i n  d e s ig n  m e th o d o lo g y  b e tw e e n  C la s s  1 an d  
C la s s  3 c o n s t r u c t i o n ;  am ong th o s e  d i f f e r e n c e s  a r e  in s p e c t i o n  
r e q u i r e m e n t s  a n d  c o n s i d e r a t i o n  o f  f a t i g u e .  B&W w i l l  m e e t t h e  
r e q u i r e m e n t s  o f  ASME C o d e  C la s s  1 c o m p o n e n t m a t e r i a l s  
( i n c l u d i n g  f a b r i c a t i o n ,  e x a m in a t io n ,  a n d  t e s t i n g ) ,  a n d  w i l l  
d e s ig n  a lu m in u m  6 0 6 1  s t r u c t u r a l  c o m p o n e n ts  f o l l o w i n g  C la s s  1 
g u i d e l i n e s .  S in c e  t h e  c a s k  i s  n o t  a n  ASME C o d e  c o m p o n e n t, t h e  
ASME C ode C o m m it t e e 's  a p p r o v a l  (ASME S e c t i o n  I I I ,  A r t i c l e  I V -  
1 0 0 0 )  i s  n o t  r e q u i r e d .

We h a v e  i d e n t i f i e d  t o  t h e  NRC T r a n s p o r t a t io n  B ra n c h  ( J u l y  1 8 ,  
1 9 8 9  m e e t in g )  t h a t  we i n t e n d  t o  u p g r a d e  a  n o r m a l l y  C la s s  3 
m a t e r i a l  t o  C la s s  1 c r i t e r i a  f o r  u s e  i n  f u e l  c e l l s .  T h e  NRC 
d i d  n o t  v o i c e  a n y  s p e c i a l  c o n c e r n  f o r  u s in g  t h e  a l l o y  6 0 6 1  f o r  
t h i s  a p p l i c a t i o n .

C .4  E x p l a i n  w hy t h e  s t r e s s  l i m i t s  f o r  t h r e a d e d  s t r u c t u r a l  
f a s t e n e r s  f r o m  N G -3 2 3 0  s h o u ld  b e  a p p l i c a b l e  t o  c lo s u r e  l i d  
b o l t s  ( T a b le  2 - 1 3 ,  p .  I I - 2 - 4 5 ) . A c c o r d in g  t o  t h e  r e q u i r e m e n t s  
o f  N G -3 2 3 1 ,  A l l o y  7 1 8  w o u ld  n o t  b e  a n  a c c e p t a b l e  b o l t i n g  
m a t e r i a l .

R e s p o n s e  -  T h e  c lo s u r e  l i d  b o l t s  a r e  d e s ig n e d  a n d  a n a ly z e d  p e r
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ASME S e c t io n  I I I ,  S u b s e c t io n  NB, r e q u i r e m e n t s .  T h e  
r e q u i r e m e n t s  o f  s u b s e c t io n  NB a r e  f o r  p r e s s u r e  v e s s e l  
c o m p o n e n ts . C lo s u r e  b o l t s  n o t  o n ly  e x p e r ie n c e  p r e s s u r e  
l o a d in g s ,  b u t  a l s o  lo a d in g  d u e  t o  im p a c t  e v e n t s .  I n  some 
a r e a s ,  t h e  r e q u i r e m e n t s  o f  s u b s e c t io n  N G -3 2  31  a r e  m o re  
s t r i n g e n t .  B&W t r i e d  t o  m e e t b o t h  r e q u i r e m e n t s .  S in c e  t h i s  
w as c o n f u s in g  t o  som e r e a d e r s ,  a l l  r e f e r e n c e s  t o  s u b s e c t io n  NG 
w e r e  re m o v e d  f r o m  t h e  t e x t .

C .5  C o r r e c t  t h e  S e c t io n  o f  t h e  ASME B o i l e r  a n d  P r e s s u r e  V e s s e l  
C ode t o  b e  I I I  r a t h e r  t h a n  V I I I  o n  p .  I I - 2 - 5 6 .

R e s p o n s e  -  T h e  t e x t  h a s  b e e n  c o r r e c t e d  t o  r e f e r  t o  ASME 
S e c t io n  I I I  i n  S e c t io n  2 . 7 ,  p a r a g r a p h  3 .

C .6  P r o v id e  a  r e f e r e n c e  t o  t h e  f r a c t u r e  to u g h n e s s  o f  6 0 6 1  a lu m in u m  
a l l o y  ( p .  I I - 2 - 8 ) . E x p la in  w h e th e r  a d d i t i o n a l  f r a c t u r e
to u g h n e s s  t e s t i n g  a n d  f a t i g u e  c r a c k  g r o w th  t e s t i n g  i s  r e q u i r e d  
t o  s u p p o r t  a f r a c t u r e  m e c h a n ic s  a n a l y s i s .

R e s p o n s e  -  F r a c t u r e  to u g h n e s s  d a t a  f o r  a lu m in u m  6 0 6 1  a r e  
o b t a in e d  fro m  t h e  S t r u c t u r a l  A l l o y s  H a n d b o o k , V o lu m e  3 ,  1 9 8 8  
e d i t i o n ,  p ro d u c e d  a n d  p u b l is h e d  b y  B a t t e l l e ' s  C o liim b u s  
D i v i s i o n ,  C o lu m b u s , O h io .  T h is  h a n d b o o k  p r o v id e s  f r a c t u r e  
to u g h n e s s  d a t a  f o r  6 0 6 1 -T 6 5 1  a lu m in u m  fr o m  - 3 0 0 ® F  t o  70®F b u t  
n o n e  f r o m  t h e  77®F t o  300®F r a n g e .  We a r e  e v a l u a t i n g  w h e th e r  
o r  n o t  f r a c t u r e  to u g h n e s s  t e s t i n g  w i l l  b e  r e q u i r e d  t o  o b t a i n  
t h e  f r a c t u r e  to u g h n e s s  d a t a  i n  t h e  7 7 “F t o  300®F r a n g e .  No 
t e s t i n g  i s  p la n n e d  f o r  t h e  f a t i g u e  c r a c k  g r o w t h .

C.l E x p l a i n  t h e  r e a s o n s  f o r  e x p e r im e n t a l  d e t e r m in a t i o n  o f  
m e c h a n ic a l  p r o p e r t i e s  o f  6 0 6 1  a lx im in u m  a l l o y  ( p .  I I - 2 - 2 2 )  i n  
p r e f e r e n c e  t o  t h e  u s e  o f  p r o p e r t i e s  l i s t e d  i n  e x i s t i n g  c o d e s  
a n d  h a n d b o o k s .

R e s p o n s e  -  T h e  e x p e r im e n t a l  d e t e r m in a t i o n  o f  t e n s io n  an d  
c o m p r e s s io n  m e c h a n ic a l  p r o p e r t i e s  o f  6 0 6 1  a lu m in u m  a l l o y  i s  
e x p e c t e d  t o  show  l a r g e  m a r g in s  a n d  m ay n o t  b e  p e r f o r m e d .  
G e n e r a t io n  o f  t h e s e  p r o p e r t i e s  u s in g  s p e c im e n s  c u t  fro m  a c t u a l  
f u e l  c e l l s ,  f a b r i c a t e d  f ro m  e x t r u d e d  t u b e s ,  m a c h in e d  an d  
a n o d iz e d  i n  a n  i d e n t i c a l  m a n n e r t o  t h a t  p la n n e d  f o r  p r o d u c t io n  
f u e l  c e l l s ,  w i l l  a l l o w  u s  t o  e s t a b l i s h  q u a n t i t a t i v e  m a r g in s  o f  
s a f e t y  on  t h e  s t r u c t u r a l  b e h a v io r  o f  t h e  f u e l  c e l l  d u r in g  
h y p o t h e t i c a l  d r o p  a c c i d e n t s .

C .8  P r o v id e  a d d i t i o n a l  i n f o r m a t i o n  t o  c l a r i f y  how t h e r m a l  s h i e l d s  
f o r  im p a c t  l i m i t e r s  a r e  t o  f u n c t i o n  ( p .  I I - 2 - 6 4 ) .

R e s p o n s e  -  T h e  PDR w i l l  b e  m o d i f i e d  t o  i n c lu d e  t h e  f o l l o w i n g :

I n  c o n c e p t  A , t h e  o u t e r  s u r f a c e  o f  t h e  im p a c t  l i m i t e r  i s  
c o v e r e d  w i t h  a  t h e r m a l  s h i e l d .  T h e  s h i e l d  m a t e r i a l  w i l l  b e
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d e s ig n e d  t o  w i t h s t a n d  t h e  h y p o t h e t i c a l  t h e r m a l  a c c id e n t  
c o n d i t i o n .  T h e  s h i e l d  w i l l  p r e v e n t  im p a c t  l i m i t e r  wood  
i g n i t i o n  b y  p r o v i d in g  a n  o x y g e n  b a r r i e r  b e tw e e n  t h e  wood and  
t h e  a tm o s p h e r e .  T h e  im p a c t  l i m i t e r  w ood c o r e  w i l l  a c t  as  a 
t h e r m a l  i n s u l a t o r  t o  p r e v e n t  t h e  l i d  s e a ls  f r o m  e x c e e d in g  
t h e i r  m axim um  o p e r a t in g  t e m p e r a t u r e .

C o n c e p t B i s  s i m i l a r  t o  A , b u t  t h e  t h e r m a l  s h i e l d  i s  lo c a t e d  
i n s i d e  t h e  im p a c t  l i m i t e r  i n s t e a d  o f  on t h e  o u t e r  s u r f a c e .  I n  
C o n c e p t B , t h e  wood o u t s id e  o f  t h e  t h e r m a l  s h i e l d  i s  a l lo w e d  
t o  b u r n .  T h e  w ood b e tw e e n  t h e  s h i e l d  a n d  c lo s u r e  l i d  i s  
p r o t e c t e d  f ro m  i g n i t i o n  b y  t h e  s h i e l d .  T h e  i n s i d e  wood w i l l  be  
s i z e d  i n  t h ic k n e s s  t o  e n s u r e  s e a l  t h e r m a l  p r o t e c t i o n .  The  
a d v a n ta g e  o f  c o n c e p t  B o v e r  A i s  w e ig h t  s a v in g s  d u e  t o  le s s  
s h i e l d  m a t e r i a l .

C .9  P r o v id e  a d d i t i o n a l  i n f o r m a t i o n  on s t r u c t u r a l  i n t e g r i t y  
o b j e c t i v e s  f o r  a lu m in u m  c la d  B ^ C /A l c e r m e t  a n d  how o r i g i n a l  
f a b r i c a t i o n  s u p p o r ts  th o s e  o b j e c t i v e s .  E x p la in  w h e th e r  
v i b r a t i o n  a n d  w e a r  h a v e  b e e n  c o n s id e r e d  a s  p o t e n t i a l  dam age  
modes f o r  c la d d i n g .

R e s p o n s e  -  T h e  s t r u c t u r a l  i n t e g r i t y  r e q u i r e m e n t s  o f  t h e  B^C 
c e r m e t  p l a t e s  a r e  t h a t  t h e y  r e m a in  i n  p l a c e  f o r  b o th  n o rm a l  
an d  h y p o t h e t i c a l  a c c id e n t  c o n d i t i o n s .  I f  t h e r e  i s  a n y  
p e rm a n e n t d e f o r m a t io n ,  th o s e  d is p la c e m e n t s  w i l l  b e  p r o v id e d  t o  
p h y s ic s  c a l c u l a t i o n s  t o  e n s u r e  t h a t  a  s u b c r i t i c a l  a r r a y  o f  t h e  
s p e n t  f u e l  i s  m a in t a in e d .  I n  te r m s  o f  a l l o w a b l e  s t r e s s ,  we 
w i l l  m a in t a i n  a  l i m i t  o f  y i e l d  s t r e n g t h  ( S y )  f o r  n o rm a l  
c o n d i t i o n  a n d  l i m i t  o f  u l t i m a t e  s t r e n g t h  (S u ) f o r  h y p o t h e t i c a l  
a c c id e n t  c o n d i t i o n s .

V i b r a t i o n  a n d  w e a r  t e s t s  a r e  i n  p r o g r e s s  f o r  t h e  B,C c e rm e t  
p l a t e s  f o r  e v a l u a t i o n  o f  p o t e n t i a l  dam age f o r  t h e  l i f e  o f  B R - 
1 00  c a s k .

F o r  c e r m e t  p l a t e  d e v e lo p m e n ta l  p u rp o s e s  o n l y ,  a g o a l  was  
e s t a b l i s h e d  f o r  t h e  f l e x u r a l  d e f l e c t i o n  c a p a c i t y  o f  t h e  p l a t e  
as  m e a s u re d  i n  a  t h r e e  p o i n t  b e n d in g  t e s t .  T h e  g o a l  i s  t w ic e  
t h e  m axim um  f u e l  c e l l  w a l l  d e f l e c t i o n  a n t i c i p a t e d  d u r in g  a 30  
f t .  h y p o t h e t i c a l  d ro p  a c c i d e n t ,  w i t h o u t  c o n s id e r in g  p o t e n t i a l  
a d d i t i o n a l  s t r u c t u r a l  s u p p o r t  b y  t h e  c e r m e t  p l a t e  i t s e l f .  T h e  
B^C c o m p o s i t io n ,  e n r ic h m e n t ,  a n d  p l a t e  t h ic k n e s s  a r e  t h e  
p r im a r y  f a b r i c a t i o n  v a r i a b l e s  a v a i l a b l e  t o  h e lp  m e e t t h i s  
g o a l .  H o w e v e r , o t h e r  a t ta c h m e n t  a n d  l o c a t i o n  d e s ig n  o p t io n s  
a r e  a v a i l a b l e  t o  a s s i s t  i n  d e v e lo p in g  a  s u c c e s s f u l  d e s ig n .  
V i b r a t i o n  a n d  t h e r m a l  c y c l e  e f f e c t s ,  a s  w e l l  a s  w e a r ,  w i l l  be  
e v a lu a t e d  a s  a n  i n t e g r a l  p a r t  o f  c e r m e t  p l a t e  q u a l i f i c a t i o n .  
H o w e v e r , i t  i s  a n t i c i p a t e d  t h a t  t h e s e  w i l l  n o t  b e  s i g n i f i c a n t .  
A l l  t e s t i n g  p e r fo r m e d  on t h e  c e r m e t  p l a t e  m a t e r i a l  t o  q u a l i f y  
i t s  m e c h a n ic a l ,  a n d /o r  c h e m ic a l  i n t e r a c t i o n  p e r fo r m a n c e  w i l l  
be in c lu d e d  i n  t h e  E n g in e e r in g  T e s t  P la n .
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C . I O  P r o v id e  f u r t h e r  e x p l a n a t i o n  o f  F i g u r e  2 - 2 1 ;  i t s  m e a n in g  i s  n o t  
c l e a r .

R e s p o n s e  -  T h e  s u b j e c t  F ig u r e  h a s  b e e n  c l a r i f i e d  i n  t h e  
P r e l i m i n a r y  D e s ig n  R e p o r t  ( P D R ) .

D . l  G e n e r a l  -  I n  o r d e r  t o  e v a l u a t e  t h i s  d o c u m e n t p r o p e r l y ,  a 
r e q u ir e m e n t s  d o c u m e n t i s  n e e d e d . S e c t io n  I I I  a n d  S e c t io n  
V I I I ,  D i v i s i o n  2 o f  t h e  ASME B o i l e r  a n d  P r e s s u r e  V e s s e l  C ode  
r e q u i r e  a  D e s ig n  S p e c i f i c a t i o n  w h o se  c o n t e n t s  a r e  g iv e n  i n  
N C A - 3 2 5 0 .  A d o c u m e n t o r  s e c t i o n  i n  t h e  D e s ig n  P a c k a g e  
a n a lo g o u s  t o  t h e  D e s ig n  S p e c i f i c a t i o n  i s  s u g g e s te d .  I s  B&W 
r e q u i r e d  t o  m e e t a l l  o f  t h e  r e q u i r e m e n t s  o f  t h e  r e f e r e n c e d  
g o v e rn m e n t a n d  i n d u s t r y  s ta n d a r d s ?  I f  n o t ,  t h e  e x c e p t io n s  
s h o u ld  b e  s t a t e d  a n d  j u s t i f i e d  a s  t o  w hy t h e s e  e x c e p t io n s  w i l l  
n o t  c o m p ro m is e  t h e  s a f e t y  o f  t h e  c a s k .

R e s p o n s e  -  T h e  B R -1 0 0  c a s k  i s  n o t  a  s ta m p e d  ASME C ode  
c o m p o n e n t. T h e  ASME C ode i s  u s e d  a s  a  d e s ig n  g u id e  t o  m e e t  
NRC r e q u i r e m e n t s .  I t  i s  o u r  i n t e n t  t o  s a t i s f y  t h e  ASME C ode  
r e q u ir e m e n t s  f o r  m a t e r i a l s ,  f a b r i c a t i o n ,  e x a m in a t io n ,  an d  
t e s t i n g .  E ve n  th o u g h  t h e s e  r e q u i r e m e n t s  a r e  n o t  p r e s e n t e d  i n  
t h e  p r e l i m i n a r y  d e s ig n  r e p o r t ,  B&W h a s  a n  in - h o u s e  d o c u m e n t  
( • 'B R -1 0 0  C a s k  S y s te m  R e q u ir e m e n t  D o c u m e n t ,"  d o c u m e n t # 1 5 -  
1 1 7 5 5 2 8 )  w h ic h  s p e c i f i e s  t h e  m a t e r i a l  a n d  f a b r i c a t i o n  
r e q u i r e m e n t s .  T h e  e x a m in a t io n  a n d  t e s t i n g  r e q u i r e m e n t s  w i l l  
a ls o  b e  i n c o r p o r a t e d  i n  t h i s  d o c u m e n t d u r in g  f i n a l  d e s ig n .

D .2  I n t r o d u c t i o n  -  P r o v id e  a d i s c u s s io n  on  t h e  d e s ig n  t e m p e r a t u r e s  
f o r  t h e  c a s k  c o m p o n e n ts . D e s c r ib e  how t h e  d e s ig n  t e m p e r a t u r e s  
w i l l  b e  d e t e r m in e d .

R e s p o n s e  -  D e s ig n  t e m p e r a t u r e s  f o r  c a s k  c o m p o n e n ts  w e re  
d e te r m in e d  u s in g  t h e  h o t t e s t  f u e l  w i t h i n  t h e  f u e l  c o n t a in e d  i n  
t h e  c o n t r a c t  S ta te m e n t  o f  W o rk  a n d  t h e  m e th o d s  d e s c r ib e d  i n  
S e c t io n  I I - 3 .  A c l a r i f y i n g  s t a t e m e n t  w i l l  b e  a d d e d  t o  t h e  
PDR. D e s ig n  t e m p e r a t u r e  i n f o r m a t i o n  h a s  b e e n  a d d e d  t o  S e c t io n  
3 o f  t h e  PDR.

D .3  P ag e  I I - 1 - 2 .  P a c k a g in g .  T a b le  1 - 1  -  T h e  c a s k  m a t e r i a l s ,  w h e re
a p p r o p r i a t e ,  s h o u ld  b e  c a l l e d  o u t  w i t h  t h e i r  ASME 
s p e c i f i c a t i o n  n u m b er a n d  t e m p e r .

R e s p o n s e  -  T a b le  1 - 1  h a s  b e e n  m o d i f i e d  t o  in c lu d e  ASME an d  
ASTM s p e c i f i c a t i o n s  f o r  c a s k  m a t e r i a l s  a s  a p p l i c a b l e .

D .4  P ag e  I I - 1 - 4  F u e l  S u p p o r t  S t r u c t u r e  -  T h e  a lu m in u m  m a t e r i a l s
a r e  a c c e p t a b le  m a t e r i a l s  f o r  S e c t io n  I I I ,  C la s s  3 c o m p o n e n ts  
o n l y .  I t  i s  n o t  a p p r o p r i a t e  t o  p e r f o r m  a  S u b s e c t io n  NB 
a n a l y s is  on  a  c o m p o n e n t m ade f r o m  a  S u b s e c t io n  ND m a t e r i a l .  
A ls o ,  s e e  Com m ents N o . 10  a n d  2 1 .
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R e s p o n s e  -  R e f e r  t o  r e s p o n s e  C . 3 .

D . 5  P a g e  2 - 2 .  N o te  2 a n d  P a r a g r a p h  2 . 1 . 1 . 1  -  T h e  t h i r d  p a r a g r a p h  
u n d e r  2 . 1 . 1 . 1  s t a t e s  t h a t  t h e  c a s k  i s  a b le  t o  s u r v i v e  a  3 0 -  
f o o t  d r o p  an d  a 4 0 - i n c h  d r o p  o n to  a  p u n c h . T a b le  2 - 2
i n d i c a t e s  t h a t  t h e  r e s u l t s  a r e  n o t  y e t  kn o w n  f o r  t h e  in n e r  
c a s k .

R e s p o n s e  -  T h e  r e s u l t s  f o r  t h e  p u n c t u r e  a n a l y s i s  f o r  t h e  in n e r  
c a s k  a r e  now in c lu d e d  i n  t h e  S e c t io n s  2 . 6  a n d  2 . 7 .

D . 6  P ag e  I I - 2 - 1 .  S t r u c t u r a l  E v a l u a t i o n .  T a b le s  2 - 1  a n d  2 - 2  -  L i s t  
t h e  d e s ig n  t e m p e r a t u r e s  t h a t  d e t e r m in e  t h e  a l l o w a b l e  p r im a r y  
s t r e s s  i n t e n s i t y  v a l u e s .  S t a t e  t h e  lo a d s  t h a t  c o n t r i b u t e d  t o  
t h e  a c t u a l  s t r e s s e s .  M a r g in s  c a n  b e  r e p o r t e d  a  n u m b er o f  
w a y s ; t h i s  r e v ie w e r  p r e f e r s  a  s im p le  r a t i o  o f  A l lo w a b le  S t r e s s  
+ C a l c u l a t e d  S t r e s s  w h e re  a  r a t i o  o f  1 . 0  m eans  y o u  a r e  a t  t h e  
l i m i t .

R e s p o n s e  -  T a b le s  2 - 1  a n d  2 - 2  a r e  e x e c u t i v e  sum m ary t a b l e s .  
T h e  d e t a i l s  o f  t e m p e r a t u r e s  a n d  l o a d in g  c o n d i t i o n s  h a v e  b e e n  
a d d e d  t o  T a b le s  2 - 6  t h r o u g h  2 - 1 4 .  A f o o t n o t e  i s  a d d e d  t o  
T a b le s  2 - 1  a n d  2 - 2  r e f e r r i n g  t o  T a b le s  2 - 6  t h r o u g h  2 - 1 4 .

D . 7  P ag e  I I - 2 - 1 .  S t r u c t u r a l  E v a l u a t i o n  -  T h e  1 s t  p a r a g r a p h  
i n d i c a t e s  t h a t  n o r m a l a n d  h y p o t h e t i c a l  e v e n t s  w i l l  b e  
e v a l u a t e d .  T h e  r e a d e r  d o e s  n o t  know  w h a t  t h e s e  a r e  w i t h o u t  
s e a r c h in g .  T h e r e  s h o u ld  b e  a  l i s t  o r  t a b l e  o f  t h e s e  e v e n ts  
w i t h  a b r i e f  d e s c r i p t i o n ,  c o n c u r r e n t  p r e s s u r e  a n d  t e m p e r a t u r e  
lo a d s ,  a n d  s e r v i c e  l i m i t s  ( L e v e l  A , B , C , o r  D ) . S ee  Comment 
N o . 18 a l s o .

R e s p o n s e  -  Sum m ary d e s c r i p t i o n s  o f  n o r m a l a n d  h y p o t h e t i c a l  
a c c i d e n t  c o n d i t io n s  a r e  now in c lu d e d  i n  s e c t i o n s  2 .6  a n d  2 . 7 ,  
r e s p e c t i v e l y .  T h e  s t r e s s  l i m i t s  f o r  t h e  n o r m a l c o n d i t i o n  o f  
t r a n s p o r t  r e l a t e s  t o  L e v e l  A s e r v i c e  l i m i t s  o f  t h e  ASME C ode  
a n d  t h e  h y p o t h e t i c a l  a c c i d e n t  c o n d i t i o n  r e l a t e s  t o  L e v e l  D 
s e r v i c e  l i m i t s  o f  t h e  ASME C o d e .

D .B  P ag e  I I - 2 - 2 .  T a b le  2 - 2  -  S t a t e  w h ic h  o f  t h e  t h r e e  b u c k l in g  
c r i t e r i a  g iv e n  i n  T a b le  2 - 3  w e re  u s e d  i n  t h e  T a b le  2 - 2  
" c o m p r e s s iv e  b u c k l in g "  e v a l u a t i o n .  A ls o ,  i t  i s  n o t  c l e a r  why  
t h e  i n n e r  s h e l l  w as n o t  e v a lu a t e d  f o r  p u n c t u r e  w hen  t h e  o u t e r  
s h e l l  w a s .  N o te  2 s a y s  i t  w i l l  b e  e v a l u a t e d  a f t e r  t e s t  
r e s u l t s  c a n  b e  i n c o r p o r a t e d ,  w h ic h  i s  n o t  c o n s i s t e n t  w i t h  t h e  
p r o c e d u r e  im p l ie d  b y  t h e  1 s t  p a r a g r a p h  o f  2 . 0 .  T h e  l a s t  
p a r a g r a p h  b e g in n in g  on  P a g e  I X - 2 - 3  g iv e s  a n  a p p a r e n t  r e a s o n .  
T h is  n e e d s  t o  b e  c l a r i f i e d .
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R e s p o n s e  -  T h e  PDR h a s  b e e n  r e v i s e d  t o  i d e n t i f y  u s e  o f  
i n d i v i d u a l  b u c k l in g  c r i t e r i a .  T h e  p u n c t u r e  s t r e s s e s  f o r  t h e  
in n e r  s h e l l  a r e  now i n c lu d e d  i n  t h e  r e p o r t .

D . 9 P ag e  I I - 2 - 6 .  D e s ig n  C r i t e r i a  -  P a r a g r a p h  2 . 1 . 2  p r o v id e s  d e s ig n  
c r i t e r i a .  I t  s h o u ld  a l s o  b e  s t a t e d  w h ic h  c r i t e r i a  w i l l  be  
u s e d  f o r  m a t e r i a l s ,  f a b r i c a t i o n ,  e x a m in a t io n ,  a n d  t e s t i n g .

R e s p o n s e  -  C r i t e r i a  f o r  m a t e r i a l s ,  f a b r i c a t i o n ,  e x a m in a t io n ,  
a n d  t e s t i n g  w i l l  b e  in c o r p o r a t e d  i n  t h e  f i n a l  d e s ig n .  The  
c r i t e r i a  f o r  c o n c r e t e  a n d  im p a c t  l i m i t e r s  w i l l  b e  d e v e lo p e d  as  
a p a r t  o f  t h e  f i n a l  d e s ig n .

D . I O  P ag e  I I - 2 - 7 .  N o n c o n ta in m e n t  S t r u c t u r e  -  T h is  r e v i e w e r  know s o f  
no S e c t io n  I I I  r u l e s  t h a t  a l l o w  t h e  u s e  o f  C la s s  1 a l lo w a b le  
s t r e s s  i n t e n s i t i e s  f o r  a  C la s s  3 m a t e r i a l  s im p ly  b e c a u s e  
i n s p e c t i o n  r e g u i r e m e n t s  h a v e  b e e n  u p g r a d e d .  U se  o f  S u b s e c t io n  
NB c o n s t r u c t io n  r u l e s  f o r  a lu m in u m  r e q u i r e s  f u r t h e r  
j u s t i f i c a t i o n .

T h e  l a s t  tw o  s e n t e n c e s  o f  t h i s  p a r a g r a p h  ( 2 . 1 . 2 . 2 )  a r e  
c o n f u s in g .  I t  m u s t b e  assu m ed  t h a t  y o u  h a v e  n o t  o r  e x p e c t  n o t  
t o  m e e t t h e  S e c t io n  I I I  l i m i t s  f o r  n o n c o n ta in m e n t  s t r u c t u r e s .  
I f  t h i s  a s s u m p t io n  i s  c o r r e c t ,  t h e n  t h e  " h i g h e r  a l lo w a b le s "  
s h o u ld  b e  d is c u s s e d  a n d  j u s t i f i e d .

R e s p o n s e  -  F o r  C la s s  3 v e r s u s  C la s s  1 c o m p o n e n t m a t e r i a l s  f o r  
a lu m in u m  6 0 6 1 ,  r e f e r  t o  re s p o n s e  C . 3 .

I t  i s  common p r a c t i c e  t o  u s e  C la s s  2 a n d  C la s s  3 c o m p o n e n t 
a l lo w a b le s  f o r  n o n c o n ta in m e n t  s t r u c t u r e s .  I f  we u s e  o t h e r  
a l lo w a b le s  i n  t h e  f i n a l  d e s ig n ,  i t  w i l l  b e  j u s t i f i e d  a n d  NRC 
a p p r o v a l  t o  u s e  th e m  w i l l  b e  o b t a in e d .

D . l l  P a g e  I I - 2 - 8 .  Im p a c t  L i m i t e r  -  I t  s h o u ld  b e  s t a t e d  how t h e  
im p a c t  l o a d ,  r e a c t i o n  f o r c e s ,  a n d  i n e r t i a  lo a d  f r o m  t h e  t e s t s  
w i l l  b e  m e a s u re d . T h e  b a s is  f o r  t h e  f a c t o r  o f  s a f e t y  o f  2 .0  
on u l t i m a t e  s t r e n g t h  s h o u ld  b e  g i v e n .  I t  a p p e a r s  t o  b e  m ore  
t h a n  a d e q u a te  c o m p a re d  t o  t h e  S e c t io n  I I I  a l l o w a b l e  o f  0 .7  
f o r  L e v e l  D e v e n t s .

R e s p o n s e  -  D y n a m ic  t e s t  m e a s u re m e n ts  w i l l  i n c lu d e  c a s k  "g "  
lo a d in g s  o n l y .  S in c e  " g "  lo a d  l i m i t s  a r e  t h e  d y n a m ic  d e s ig n  
c r i t e r i a  f o r  t h e  c a s k  a n d  b a s k e t ,  a c c e l e r a t i o n s  w i l l  be  
m e a s u re d  t o  a s s u r e  t h e  im p a c t  l i m i t e r  d o e s  n o t  a l l o w  t h e  c a s k  
t o  e x c e e d  th o s e  l i m i t s .

A s a f e t y  f a c t o r  o f  0 . 7  S^ w i l l  b e  u s e d  v s .  t h e  2 . 0  c u r r e n t l y  
u s e d  on u l t i m a t e  s t r e n g t h .

D . 1 2  P ag e  I I - 2 - 8 .  O t h e r  S t r u c t u r e  F a i l u r e  M odes  -  L i n e a r  e l a s t i c  
f r a c t u r e  m e c h a n ic s  i s  n o t  m e a n t f o r  b r i t t l e  f a i l u r e
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p r e d i c t i o n .  fro m  a  f r a c t u r e  to u g h n e s s  t e s t ,  p r im a r y  l o a d ,
a n d  m axim um  p o s s ib le  f l a w  s i z e  a r e  u s e d  t o  d e t e r m in e  
s u s c e p t i b i l i t y  t o  b r i t t l e  f r a c t u r e .  L i n e a r  e l a s t i c  f r a c t u r e  
m e c h a n ic s  c a n  b e  u s e d  i n  a  d u c t i l e  m a t e r i a l  t o  d e t e r m in e  i f  a  
f l a w  w i l l  g ro w  u n d e r  c y c l i c  l o a d in g  t o  a  c r i t i c a l  c r a c k  s i z e .  
T h is  com m ent a ls o  a p p l i e s  t o  P a r a g r a p h  2 . 6 . 2  on Pg I I - 2 - 3 9 .

R e s p o n s e  -  T h e r e  a r e  n o  NRC a p p r o v e d  c r i t e r i a  f o r  b r i t t l e  
f r a c t u r e  p r e d i c t i o n s .  R e f e r e n c e  2 . 1 1  p r o v id e s  t h e  p ro p o s e d  
b r i t t l e  f r a c t u r e  a c c e p ta n c e  c r i t e r i a .  O u r  a n a l y s i s  i s  b a s e d  
o n  t h e  p ro p o s e d  c r i t e r i a ,  a n d  i t  s p e c i f i e s  l i n e a r  e l a s t i c  
f r a c t u r e  m e c h a n ic s  a n a l y s i s  u s in g  f r a c t u r e  to u g h n e s s  
p r o p e r t i e s .  T h e  r e s u l t s  o f  t h e  f r a c t u r e  m e c h a n ic s  a n a l y s i s  
a r e  p r o v id e d  i n  S e c t io n  2 . 7 . 3 .

D . 1 3  P a g e  I I - 2 - 2 9 .  T r u n n io n  -  T h e  t r u n n i o n  i s  t r e a t e d  a s  a 
c a n t i l e v e r  b eam , b u t  i t  i s  a l s o  a  s h o r t  beam  w i t h  g r e a t  d e p t h .  
T h a t  i s ,  i t  i s  a  beam w i t h  a  s m a l l  l e n g t h  t o  t h ic k n e s s  r a t i o .  
R o a rk  ( 6 t h  E d . P ag e  2 0 1 )  i n d i c a t e s  t h a t  b e n d in g  s t r e s s e s  an d  
s h e a r  s t r e s s e s  n e e d  t o  b e  a m p l i f i e d  w h en  t h e  l e n g t h / d e p t h  
r a t i o  i s  l e s s  t h a n  3 . 0 .  T h is  s h o u ld  b e  i n v e s t i g a t e d .

R e s p o n s e  -  A l th o u g h  t h e  t r u n n i o n  i s  a  s h o r t  beam  o f  r e l a t i v e l y  
g r e a t  d e p t h ,  i t  a ls o  i s  o f  r e l a t i v e l y  g r e a t  t h i c k n e s s .  
S u b s e q u e n t c o m p a r a t iv e  a n a l y s i s  h a s  b e e n  p e r fo r m e d  on  t h e  
t r u n n i o n  a s  a  v e r y  s h o r t  c a n t i l e v e r  beam  u s in g  t h e  r e f e r e n c e d  
R o a rk  e q u a t io n .  T h e  r e s u l t s  show  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  
p r e v i o u s l y  d e te r m in e d  t r u n n i o n  s t r e s s e s  (2% d i f f e r e n c e  i n  
m a r g in  o f  s a f e t y ) .

D . 1 4  P a g e  I I - 2 - 3 0 .  R e in fo r c e m e n t  R in a  -  M a le  a n d  f e m a le  t h r e a d  
s h e a r  s t r e s s e s  a r e  d i f f e r e n t  f o r  t h e  sam e a x i a l  lo a d  ( s e e  A N S I 
B l . l ) .  E x p la in  w h a t i s  m e a n t b y  ” c l a s s i c  a n a l y t i c a l  
t e c h n i q u e s . ” I t  i s  n o t  c l e a r  w hy t h e r e  i s  r e f e r e n c e  t o  
S u b s e c t io n  N F . T h e  r e in f o r c e m e n t  r i n g  w e ld  i s  w i t h i n  t h e  
j u r i s d i c t i o n  o f  S u b s e c t io n  NB f o r  t h e  v e s s e l .

R e s p o n s e  -  F e m a le  t h r e a d  s h e a r  s t r e s s e s  a r e  l e s s  t h a n  f o r  m a le  
t h r e a d s  f o r  t h e  same a x i a l  lo a d  (d u e  t o  g r e a t e r  s h e a r  s t r e s s  
a r e a  i n  t h e  f e m a le  t h r e a d ) . T h e  f i n a l  a n a l y s i s  w i l l  c o n s id e r  
u n iq u e  m a le  a n d  fe m a le  t h r e a d  s t r e s s e s .  T h e  PDR w i l l  r e f l e c t  
t h a t  t h e  c l a s s i c  a n a l y t i c a l  t e c h n iq u e s  f o r  l i n e a r  e l a s t i c  
a n a l y s i s  u s e d  t h e  s im p le  f l e x u r e  f o r m u la  ( M C / I ) . T h e  
r e in f o r c e m e n t  r i n g  w e ld  w i l l  b e  r e d e f i n e d  u n d e r  t h e  
j u r i s d i c t i o n  o f  s u b s e c t io n  NB.

D . 1 5  P a g e  1 1 - 2 - 3 0 .  O u te r  S h e l l  -  E x p l a i n  a n d  j u s t i f y  t h e  
a s s u m p t io n s  u s e d  t o  a d a p t  t h e  B i j l a a r d  m e th o d  t o  t h e  
r e in f o r c e m e n t  r i n g  s h e l l  i n t e r s e c t i o n .  I t  w o u ld  seem  t h a t  i t  
w o u ld  b e  m o re  a p p r o p r i a t e  t o  u s e  t h e  f i n i t e  e le m e n t  m o d e l 
m e n t io n e d  i n  2 . 4 . 4  (T ie d o w n  D e v ic e s )  t o  d e t e r m in e  s t r e s s e s  i n  
t h e  r e in f o r c e m e n t  r i n g  a n d  w e ld .
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R e s p o n s e  -  T h e  B i j l a r d  m e th o d  i s  u s e d  t o  d e t e r m in e  t h e  
s t r e s s e s  a t  t h e  i n t e r s e c t i o n  o f  tw o  c y l i n d e r s .  T h e  
r e in f o r c e m e n t  r i n g  w e ld  i s  l o c a t e d  a t  t h e  i n t e r s e c t i o n  o f  t h e  
c a s k  b o d y  an d  t h e  r i n g .

As a n  a l t e r n a t e  s t r e s s  a n a l y s i s  m e th o d , t h e  c a s k  b o d y  a n d  
r e in f o r c e m e n t  r i n g  w e re  m o d e l le d  a s  i n t e r s e c t i n g  c y l i n d e r s  
w i t h  t h e  w e ld  a t  t h e  i n t e r s e c t i o n .  T h e  w e ld  w i l l  b e  a n a ly z e d  
u s in g  t h e  f i n i t e  e le m e n t  m e th o d  i n  t h e  f i n a l  d e s ig n  p h a s e .

D . 1 6  P ag e  I I - 2 - 3 0 .  T ie d o w n  D e v ic e s .  4 t h  P a r a  -  E x p la in  w hy t h e  c a p  
s c re w s  on  t h e  o p p o s i t e  t r u n n i o n  a r e  n o t  i n  t e n s i o n .

R e s p o n s e  -  T h e  t r a n s v e r s e  f o r c e  w as c o n s id e r e d  r e a c t e d  b y  o n e  
s id e  o n l y .  T h e  t i e  down b r a c k e t  o n  t h e  o p p o s i t e  s id e  w as n o t  
c o n s id e r e d  t o  b e  t o l e r a n c e d  t o  a l l o w  t r a n s v e r s e  lo a d  c a r r y i n g  
c a p a b i l i t i e s  on  b o th  s id e s .  T h is  i s  a  c o n s e r v a t iv e  a p p r o a c h  
d u e  t o  t r a n s v e r s e  lo a d s  n o t  b e in g  r e a c t e d  b y  t i e  down d e v ic e s  
on b o th  s id e s  o f  t h e  c a s k .  H o w e v e r , t h e  f i n a l  d e s ig n  w i l l  b e  
d e v e lo p e d  t o  a l l o w  e q u a l  d i s t r i b u t i o n  o f  t r a n s v e r s e  lo a d s  on  
b o th  s id e s  o f  t h e  c a s k .  T h e  f i n a l  d e s ig n  w i l l  t h e n  r e d u c e  
t r u n n i o n  a t t a c h m e n t  s t r e s s  l e v e l s  b e lo w  p r e l i m i n a r y  d e s ig n  
s t r e s s  l e v e l s .

D . 1 7  P a g e s  I I - 2 - 3 8  & I I - 2 - 3 9 .  T a b le s  2 - 7  a n d  2 - 8  -  T h e r e  a r e  tw o  
b o tto m  p l a t e s  ( f o r g i n g s ) ,  o n e  f o r  t h e  in n e r  s h e l l  a n d  o n e  f o r  
t h e  o u t e r  s h e l l .  W h ic h  o n e  i s  r e p r e s e n t e d  i n  T a b le  2 - 8 ?  
W h ic h  b o t to m  p l a t e  i s  b e in g  d is c u s s e d  i n  t h e  b o t to m  p o r t i o n  o f  
T a b le  2 - 7 ?  Why a r e n ' t  t h e  s t r e s s e s  c a l c u l a t e d  f o r  b o t h  p l a t e s  
an d  t h e  in n e r  s h e l l  g iv e n  i n  T a b le  2 - 8 ?  D i f f e r e n t i a t e  b e tw e e n  
g e n e r a l  m em brane an d  b e n d in g  s t r e s s  i n t e n s i t i e s .  S t a t e  w hen  
an d  how l o c a l  p r im a r y  m em brane s t r e s s  i n t e n s i t i e s  w i l l  b e  
c a l c u l a t e d .  M a r g in s  may b e  m uch l e s s  f o r  P,̂  s t r e s s e s  t h a n  P^ 
s t r e s s e s .

R e s p o n s e s  -  T h e  b o tto m  p l a t e  r e f e r e n c e d  i n  T a b le s  2 - 7  a n d  2 - 8  
i s  t h e  o u t e r  b o t to m  p l a t e .  T h e  i n n e r  b o tto m  p l a t e  a n d  p r im a r y  
l o c a l i z e d  s t r e s s e s  a n d  m a r g in s  w i l l  b e  c a l c u l a t e d  i n  t h e  f i n a l  
d e s ig n .

D . 1 8  S e c t io n  2 . 6 .  G e n e r a l  Comment -  A f t e r  e x a m in in g  T a b le  2 o f  R e g .  
G u id e  7 . 8  ( a t t a c h e d ) ,  i t  w as d i f f i c u l t  t o  s o r t  t h r o u g h  S e c t io n  
2 . 6  a n d  f e e l  c e r t a i n  t h a t  a l l  o f  t h e  N o rm a l C o n d i t io n s  show n  
on T a b le  2 w e re  a d d r e s s e d  o r  w o u ld  b e  a d d r e s s e d .  I t  w o u ld  b e  
h e l p f u l  t o  r e v ie w e r s  t o  h a v e  a  s i m i l a r  t a b l e  i n  t h e  D e s ig n  
P a c k a g e  w i t h ,  i n s t e a d  o f  x ' s ,  a c t u a l  v a lu e s  o f  t e m p e r a t u r e ,  
i n s o l a t i o n ,  d e c a y  h e a t ,  p r e s s u r e ,  w e ig h t s  a n d  a s s o c i a t e d  
p a r a g r a p h s ,  an d  s t r e s s  t a b l e  n u m b e rs .

I n  a d d i t i o n ,  i t  w o u ld  b e  h e l p f u l  i f  t h e  s t r e s s  sum m ary t a b l e s  
( 2 - 8  t o  2 - 1 3 )  w e re  m o re  s p e c i f i c  a s  f o l l o w s :
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( 1 )  T y p e  o f  S t r e s s  I n t e n s i t y  (P^, P̂ ,̂ o r  C o m b in a t io n )  .

( 2 )  T e m p e r a tu r e  u s e d  t o  d e t e r m in e  o r  a l l o w a b l e  s t r e s s  
i n t e n s i t y .

( 3 )  A l lo w a b le  d is p la c e m e n t  ( T a b le  2 - 9 ) .

R e s p o n s e  -  I n  t h e  s t r u c t u r a l  a n a l y s i s ,  t h e  w o r s t  c o m b in a t io n  
o f  p r e s s u r e  a n d  t e m p e r a t u r e  i s  u s e d  t o  e n v e lo p e  t h e  m a j o r i t y  
o f  lo a d  c o m b in a t io n s  d e f i n e d  i n  T a b le  2 o f  R e g u la t o r y  G u id e  
7 . 8 .  A t a b l e  o f  r e s u l t s  p a r a l l e l  t o  t h e  R e g u la t o r y  G u id e  7 .8  
t a b l e  w i l l  b e  p r o v id e d  i n  t h e  f i n a l  d e s ig n .

T a b le s  2 - 8  th r o u g h  2 - 1 3  h a v e  b e e n  r e v i s e d  t o  i n c lu d e  
t e m p e r a t u r e ,  a l l o w a b l e  s t r e s s  i n t e n s i t i e s ,  an d  t y p e  o f  s t r e s s  
i n t e n s i t i e s .

T a b le  2 - 9  p r o v id e s  t h e  f u e l  c e l l  d is p la c e m e n t s .  R a t h e r  t h a n  
c a l c u l a t e  a l l o w a b l e  d is p la c e m e n t s ,  t h e  n o r m a l a n d  h y p o t h e t i c a l  
a c c i d e n t  c o n d i t i o n  d is p la c e m e n t s  a r e  p r o v id e d  t o  p h y s ic s  
a n a l y s i s  t o  v e r i f y  t h e  s u b c r i t i c a l i t y  o f  t h e  s p e n t  f u e l  a r r a y .

D . 1 9  G e n e r a l  -  I n d i c a t e  p r e s s u r e s  a s  p s i g  o r  p s i a  r a t h e r  t h a n  p s i .

R e s p o n s e  -  T e x t  h a s  b e e n  r e v i s e d  t o  i d e n t i f y  p r e s s u r e  i n  p s ia  
o r  p s ig  w h e re  a p p l i c a b l e .

D . 2 0  P ag e  I I - 2 - 4 6 .  T a b le  2 - 1 4  -  I t  i s  n o t  a p p a r e n t  w h a t  " B a s e d  on  
ASME C ode S e c t io n  I I I "  m eans w i t h  r e s p e c t  t o  a  m a r g in  o f  393%,  
an d  w hy S e c t io n  V I I I  w as u s e d  i n s t e a d  o f  S e c t io n  I I I  t o  
e v a l u a t e  t h e  e x t e r n a l  p r e s s u r e  l o a d .  T h e  p r o c e d u r e  o f  U G -2 8  
i s  a ls o  in c lu d e d  i n  S e c t io n  I I I .

W h a t i s  t h e  b a s is  f o r  t h e  a l l o w a b l e  b e a r in g  s t r e s s  ( 3 7 8 , 0 0 0  
p s i ) ?  T a b le  2 - 3  i n d i c a t e s  an  a l l o w a b l e  s t r e s s  o f  S^.

R e s p o n s e  -  T h e  e x t e r n a l  p r e s s u r e  b u c k l in g  c r i t e r i a  a r e  
e s s e n t i a l l y  t h e  same am ong ASME S e c t io n  I I I ,  S u b s e c t io n  N B - 
3 1 3 3 . 3 ,  a n d  ASME S e c t io n  V I I I ,  U G -2 8 .  To  p r e v e n t  a n y  
c o n f u s io n ,  t h e  r e f e r e n c e  t o  ASME S e c t io n  V I I I ,  U G -2 8 , w i l l  b e  
r e p la c e d  b y  ASME S e c t io n  I I I .

A l lo w a b le  b e a r in g  s t r e s s  f o r  t h e  c lo s u r e  b o l t s  i s  2 . 7 S y  p e r  
ASME S e c t io n  I I I ,  N G - 3 2 3 1 . 1 ( c ) . A s s t a t e d  i n  r e s p o n s e  C . 4 ,  
t h e  r e f e r e n c e  t o  s u b s e c t io n  NG i s  d e l e t e d  fro m  t h e  t e x t  t o  
p r e v e n t  c o n f u s io n .

D . 2 1  P ag e  I I - 2 - 5 6 .  3 r d  P a r a g r a p h  -  A d e t a i l e d  d o c u m e n t j u s t i f y i n g  
t h e  u s e  o f  a lu m in u m  i n  S e c t io n  I I I ,  C la s s  1 c o n s t r u c t io n  
s h o u ld  b e  d e v e lo p e d .  I t  s h o u ld  d e m o n s t r a t e  c l e a r l y  w h a t  
" d e t a i l e d  i n s p e c t i o n  an d  t e s t i n g "  w i l l  b e  d o n e  a n d  w hy t h e s e  
a r e  t h e  o n ly  t h i n g s  t h a t  n e e d  t o  b e  d o n e  t o  q u a l i f y  a lu m in u m
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f o r  C la s s  1 c o n s t r u c t io n .  T h e  d o c u m e n t s h o u ld  a d d r e s s  b o th  
t h e  c a s t  an d  e x t r u d e d  a lu m in u m  a n d  i n d i c a t e  t h e  s o u r c e  o f  t h e  
s t r e n g t h  d a t a  u s e d  t o  d e r i v e  a n d  t h e  b a s is  f o r  t h e
d e r i v a t i o n  o f

R e s p o n s e  -  I n  t h e  f i n a l  d e s ig n ,  a  j u s t i f i c a t i o n  d o c u m e n t w i l l  
b e  g e n e r a t e d  f o r  u s e  o f  a lu m in u m  6 0 6 1  a s  a n  a p p l i c a t i o n  o f  
C la s s  1 c o m p o n e n t m a t e r i a l .  T h is  d o c u m e n t w i l l  a l s o  a d d r e s s  
t h e  b a s is  f o r  d e r i v a t i o n  o f  Sm.

D . 2 2  P ag e  I I - 2 - 5 6 .  T a b le  2 - 1 4  -  T h e  re c o m m e n d a tio n s  o f  Comment N o . 
18 a ls o  a p p ly  h e r e .

R e s p o n s e  -  A f o o t n o t e  i s  a d d e d  t o  T a b le  2 - 1 4  t o  i d e n t i f y  
p r im a r y  m em brane an d  ( p r im a r y  m em brane + b e n d in g )  s t r e s s e s .

D . 2 3  P ag e  I I - 2 - 8 .  T r u n n io n  -  T h e  s e c o n d  p a r a g r a p h  i n d i c a t e s  t h a t  
t h e  r e q u ir e m e n t s  o f  NUREG 0 6 1 2  w i l l  b e  u s e d .  I n  t h e  DOE 
" P a c k a g in g  R e v ie w  G u id e  f o r  R e v ie w in g  S a f e t y  A n a l y s i s  R e p o r ts  
f o r  P a c k a g in g ,"  t h e  s t a n d a r d  f o r  e v a l u a t i n g  l i f t i n g  d e v ic e s  i s  
A N S I N 1 4 . 6 ,  " A m e r ic a n  N a t i o n a l  S ta n d a r d  f o r  S p e c i a l  L i f t i n g  
D e v ic e s  f o r  S h ip p in g  C o n t a in e r s  W e ig h in g  1 0 , 0 0 0  l b  o r  M o re  f o r  
N u c le a r  M a t e r i a l s . "  T h is  s t a n d a r d  i s  re c o m m e n d e d .

A ls o ,  t h e  DOE P a c k a g in g  R e v ie w  G u id e  reco m m en d s  t h e  u s e  o f  
A N S I S ta n d a r d  N 1 4 . 2 ,  " T ie d o w n  f o r  R a i l  T r a n s p o r t  o f  
R a d io a c t i v e  M a t e r i a l s  f o r  T ie d o w n  D e v ic e s ."  B&W s h o u ld  r e v ie w  
t h i s  d o c u m e n t f o r  a p p l i c a b i l i t y  t o  t h e  B R -1 0 0  d e s ig n .

R e s p o n s e  -  A N S I N 1 4 . 6  im p o s e s  t h e  same d e s ig n  c r i t e r i a  a n d  " g "  
lo a d in g  f a c t o r s  a s  NUREG 0 6 1 2  a n d  1 0 C F R 7 1 . H o w e v e r ,  t h e  f i n a l  
d e s ig n  s t r e s s  a n a l y s is  w i l l  i n c lu d e  A N S I N 1 4 . 6  a s  a  d e s ig n  
s t a n d a r d  i n  a d d i t i o n  t o  NUREG 0 6 1 2  a n d  1 0 C F R 7 1 . T h e  d r a f t  o f  
A N S I N 1 4 . 2  w as w ith d r a w n  f r o m  c o n s i d e r a t i o n  i n  O c t o b e r  1 9 8 9 .

D . 2 4  P ag e  I I - 2 - 4 0 .  P a r a g r a p h s  2 . 6 . 4  a n d  2 . 6 . 5  -  D o n ' t  f o r g e t  t o  
c o n s id e r  t h e  e f f e c t s  o f  v i b r a t i o n  on  t h e  v e s s e l  c o n t e n t s .  
A ls o  c o n s id e r  t h e  e f f e c t s  o f  t h e  w a t e r  s p r a y  o n  t h e r m a l  s t r e s s  
f ro m  q u e n c h in g  a n d  w a t e r  f r e e z i n g  i n  j o i n t s .

R e s p o n s e  -  V i b r a t i o n  e f f e c t s  d u e  t o  n o rm a l t r a n s p o r t a t i o n  w i l l  
b e  e v a lu a t e d  a s  w e l l  a s  e f f e c t s  o f  w a t e r  f r e e z i n g .  D ue t o  t h e  
m a s s iv e n e s s  o f  t h e  c a s k  a n d  s lo w  t h e r m a l  r e s p o n s e ,  t h e  w a t e r  
s p r a y  c o n d i t i o n  h a s  b e e n  e l i m i n a t e d  i n  R e g u la t o r y  G u id e  7 . 8 ,  
h o w e v e r ,  i t  w i l l  a ls o  b e  e v a l u a t e d  i n  t h e  f i n a l  d e s ig n .

D . 2 5  P ag e  I I - 2 - 7 4 .  C o m p u te r C o d es  -  S u f f i c i e n t  i n f o r m a t i o n  s h o u ld  
b e  p r o v id e d  t o  d e m o n s t r a te  t h a t  t h e  in - h o u s e  c o m p u te r  c o d e s  
u s e d  i n  t h e  d e s ig n  a n a l y s i s  h a v e  b e e n  b e n c h m a rk e d , v e r i f i e d ,  
an d  v a l i d a t e d  w h e re ,

b e n c h m a rk e d  =  r e s u l t s  c o m p a re d  t o  e s t a b l i s h e d  c o d e s
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v e r i f i e d  =  r e s u l t s  c o m p a re d  t o  c lo s e d  fo rm  s o l u t i o n
e s t a b l i s h e d  t e s t  p r o b le m s ,  an d  

v a l i d a t e d  =  r e s u l t s  c o m p a re d  t o  t e s t  r e s u l t s .

R e s p o n s e  -  A l l  c o d e s  u s e d  i n  t h e  f i n a l  d e s ig n  t o  g e n e r a t e  d a t a  
t o  b e  u s e d  f o r  l i c e n s i n g  w i l l  b e  c e r t i f i e d  f o r  v e r i f i c a t i o n  
an d  v a l i d a t i o n .  P r o p e r  i n f o r m a t i o n  w i l l  b e  in c lu d e d  i n  t h e  
F i n a l  D e s ig n  R e p o r t  an d  t h e  SARP.

E . l  O p e r a t i o n a l  f e a t u r e s  o f  t h e  c a s k  s y s te m  a r e  n o t  f u l l y  
p r e s e n t e d .

R e s p o n s e  -  I t  i s  t r u e  t h a t  t h e  m a j o r i t y  o f  t h e  w o rk  p e r fo r m e d  
b y  B&W d u r in g  t h e  P r e l i m i n a r y  D e s ig n  w as r e l a t e d  t o  t h e  d e s ig n  
a n d  a n a l y s i s  o f  t h e  B R -1 0 0 , r a t h e r  t h a n  t o  t h e  d e t a i l e d  
o p e r a t i o n a l  a s p e c t s .  O u r c o n c e p t io n  o f  t h e  P r e l i m i n a r y  D e s ig n  
i s  t o  p r o v id e  e v id e n c e  t h a t  t h e  B R -1 0 0  i s  a  c o s t - e f f i c i e n t  
c a s k  w h ic h  h a s  a  h ig h  p r o b a b i l i t y  o f  b e in g  l i c e n s e d .  T h a t  d o e s  
n o t  m ean t h a t  we u n d e r e s t im a t e d  t h e  o p e r a t i o n a l  a s p e c t s .  On 
t h e  c o n t r a r y ,  B&W t o o k  i n t o  c o n s i d e r a t i o n  i n  t h e  p r o p o s a l  
p h a s e , o p e r a t i o n a l  a s p e c t s ,  ALARA, m a i n t a i n a b i l i t y  and  
r e l i a b i l i t y .  We a g r e e  t h a t  t h e s e  a s p e c t s  h a v e  n o t  b e e n  c o v e r e d  
i n  d e t a i l  i n  t h e  P r e l i m i n a r y  D e s ig n  P a c k a g e  ( P D P ) , m a in ly  f o r  
tw o  r e a s o n s :  1 ) t h e  f o r m a t  o f  t h e  R e g u la t o r y  g u id e  7 . 9  d o e s  
n o t  p r o v id e  a n  a d e q u a te  s u p p o r t  f o r  t h i s  p u r p o s e ,  a n d  2 ) we 
c o n s id e r e d  t h a t  m o s t o p e r a t i o n a l  f e a t u r e s  n e e d  t h e  s u p p o r t  o f  
d e t a i l e d  d r a w in g s  w h ic h  w i l l  b e  g e n e r a t e d  d u r in g  t h e  F i n a l  
D e s ig n  p h a s e .

E .2  C lo s u r e  L i d ,  S h i e l d  P lu g ,  an d  P e n e t r a t i o n s

T h e r e  w as  n o t  e n o u g h  d e t a i l  t o  a l l o w  a  th o r o u g h  r e v i e w  o f  (1 )  
a l ig n m e n t  o f  d r a i n  p ip e s ,  s h i e l d  p l u g ,  a n d  c lo s u r e  l i d ,  (2 )  
s e a l i n g  o f  d r a i n  p ip e s ,  (3 )  t h e  u s e  o f  a  f i x t u r e  p l a t e  f o r  
d e w a t e r in g ,  ( 4 )  s e a l i n g  t h e  s h i e l d  p lu g  t o  t h e  c a s k ,  ( 5 )  d o s e  
r a t e  f o r  w o r k e r s  on  t h e  c lo s u r e  l i d / s h i e l d  p l u g .  W o u ld  
r o u t i n g  t h e  d r a i n  l i n e s  u p  t h e  s id e  o f  t h e  c a s k  b e  b e n e f i c i a l ?

R e s p o n s e  -  A l ig n m e n t  o f  t h e  d r a i n  p i p e s ,  s h i e l d  p lu g  an d  
c lo s u r e  l i d  w i l l  b e  d o n e  b y  c l a s s i c a l  a n d  p r o v e n  m e th o d s , s u c h  
a s  k e y s  a n d  g u id e  p i n s .  T h is  w i l l  b e  p a r t  o f  t h e  f i n a l  d e s ig n .

T h e  m e th o d  o f  s e a l i n g  b e tw e e n  d r a i n  l i n e s  i n  t h e  s h i e l d  p lu g  
an d  c lo s u r e  l i d  w i l l  a ls o  b e  d e t a i l e d  i n  t h e  f i n a l  d e s ig n .  
H o w e v e r , f o r  a  b e t t e r  u n d e r s t a n d in g  o f  t h i s  u n iq u e  f e a t u r e ,  
s k e tc h e s  a r e  a d d e d  i n  PDR s e c t i o n  I I - 7 . 4 .

T h e  f i x t u r e  p l a t e  i s  a l i g n e d  w i t h  t h e  s h i e l d  p lu g  a n d  t h e  
p r o t e c t i v e  r i n g ,  w h i l e  t h e  p r o t e c t i v e  r i n g  i s  a l i g n e d  w i t h  t h e  
c a s k  b o d y . T h is  i s  d e s c r ib e d  i n  s e c t i o n  I I - 7 . 4  o f  t h e  PDR.
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T h e r e  i s  no  s e a l i n g  o f  t h e  s h i e l d  p lu g  t o  t h e  c a s k  c a v i t y .  A 
p a r a g r a p h  h a s  b e e n  a d d e d  t o  t h e  PDR s e c t i o n  I I - 7 . 4  t o  d e s c r ib e  
t h e  o p e r a t io n s .

F ig u r e  7 . 1  h a s  b e e n  r e v i s e d  t o  show  t h e  ’’ S ” s h a p e d  
p e n e t r a t io n s  th r o u g h  t h e  s h i e l d  p l u g .

We c o n s id e r e d  e a r l y  i n  t h e  p r o p o s a l  p h a s e  t h e  p o s s i b i l i t y  o f  
b r i n g i n g  t h e  v e n t  a n d  d r a i n  l i n e s  t o  t h e  s id e s  o f  t h e  c a s k .  We 
a b a n d o n e d  t h i s  d e s ig n  f o r  t h e  c u r r e n t  o n e  f o r  t h e  f o l l o w i n g  
r e a s o n s :

o s id e  p e n e t r a t io n s  a r e  l e s s  p r o t e c t e d  t h a n  e n d
p e n e t r a t i o n s ,

o p ip e s  w e ld e d  t o  t h e  i n n e r  a n d  o u t e r  s h e l l s ,  p a s s in g
th r o u g h  t h e  gamma a n d  n e u t r o n  s h i e l d i n g ,  a r e  a  
" w e a k "  p o i n t .  T h e y  a r e  d i f f i c u l t  t o  a n a l y z e ,  
e s p e c i a l l y  t h e  s t r e s s e s  g e n e r a t e d  b y  t h e r m a l  
e x p a n s io n  a n d  r e g u l a t o r y  t e s t s .  On t h e  o t h e r  h a n d ,  
p e n e t r a t io n s  th r o u g h  t h e  l i d  a r e  v e r y  s a f e .  T h e r e  
i s  n o  p e n e t r a t i o n  t h r o u g h  t h e  c a s k  c a v i t y  w a l l  
i t s e l f .

o s h i e l d i n g  a n a l y s i s  p r o j e c t s  a  lo w e r  d o s e  r a t e  a t
t h e  s u r f a c e  o f  t h e  l i d  t h a n  a t  t h e  u p p e r  s id e  
c o r n e r .  T h e r e  i s  no  b e n e f i t  f ro m  a n  ALARA p o i n t  o f  
v ie w  t o  m ove t h e  p e n e t r a t i o n s  t o  t h e  s id e  o f  t h e  
c a s k .

E .3  B a s k e t  D e s ig n

T h e  b a s k e t - t o - f u e l  g r a p p le  i n t e r f a c e  s h o u ld  b e  t h o r o u g h ly  
c h e c k e d . T h e  b o t to m  o f  t h e  c a s k  c a v i t y  s h o u ld  b e  d e s ig n e d  t o  
a s s i s t  d e c o n t a m in a t io n  d u r in g  d r a i n i n g  o p e r a t io n s .  B a s k e t  
l i f t  p o i n t s  s h o u ld  b e  b a la n c e d  f o r  c a r e f u l  i n s e r t i o n .

R e s p o n s e  -  A c o m p le te  r e v ie w  o f  t h e  g r a p p le  m e c h a n is m  w i l l  b e  
p e r fo r m e d  b e f o r e  t h e  f i n a l  d e s ig n  t o  d e t e r m in e  t h e  p r o p e r  
l e n g t h  o f  t h e  b a s k e t .

T h e  b o t to m  p l a t e  (dw g # 1 1 9 2 2 1 3 )  p r o v id e s  a  n o m in a l  g a p
v a r y in g  f r o m  3 / 4 ” t o  1 ” (dw g /  1 1 9 2 0 0 2 ) .  T h is  g a p  e n s u r e s  
s a t i s f a c t o r y  d r a i n i n g  a n d  f l u s h i n g  c a p a b i l i t i e s .

To  l i f t  t h e  b a s k e t ,  we u s e  f o u r  o f  t h e  e i g h t  t i e  r o d s .  T h is  
w i l l  a v o id  b in d in g  d u r in g  t h e  i n s t a l l a t i o n ,  a n d  w i l l  a l l o w  t h e  
b a s k e t  t o  h a n g  t r u e .
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E .4  Y o ke  D e s ig n

T h e  c a s k  y o k e  s h o u ld  b e  d e s ig n e d  t o  p e r m i t  e a s y  o p e r a t io n ,  
i n c lu d i n g  a t t a c h m e n t  t o  t h e  c r a n e ,  a l ig n m e n t  t o  t h e  c a s k ,  and  
d e c o n t a m in a t io n .

R e s p o n s e  -  T h e  c a s k  y o k e ( s )  w i l l  b e  d e v e lo p e d  t o  acco m m o d ate  
a t t a c h m e n t  t o  t h e  c r a n e  h o o k . A s u p p o r t  s t r u c t u r e  w h ic h  h o ld s  
t h e  c a s k  y o k e  i n  v e r t i c a l  p o s i t i o n  f o r  c r a n e  h o o k  a t ta c h m e n t  
w i l l  b e  d e v e lo p e d  i n  t h e  f i n a l  d e s ig n .  T h e  s u p p o r t  s t r u c t u r e  
may b e  tw o  c o m p o n e n ts , o n e  c o m p o n e n t a s  a  p e r m a n e n t  p a r t  o f  
t h e  y o k e  t o  a l l o w  a  v e r t i c a l  p o s i t i o n  a n d  t h e  s e c o n d  c o m p o n e n t  
a s  a  t ie d o w n  f i x t u r e  o n  t h e  r a i l c a r  f o r  s h i p p in g .  T h e  y o k e  
arm  l i f t i n g  p l a t e s  w i l l  b e  d e v e lo p e d  f o r  a l i g n i n g  w i t h  t h e  
t r u n n io n s  i n  t h e  f i n a l  d e s ig n .  A l i f t i n g  p l a t e  w i t h  t a p e r e d  
l e a d - i n  g ro o v e s  w i l l  b e  c o n s id e r e d .

A n o n - r e d u n d a n t  l i f t  s y s te m  h a s  b e e n  d e s ig n e d  i n  a c c o rd a n c e  
w i t h  NUREG 0 6 1 2 .  B&W w i l l  c o n s id e r  a  r e d u n d a n t  l i f t  s y s te m  i f  
m o re  e x p la n a t i o n  i s  g iv e n  a s  t o  w hy a r e d u n d a n t  s y s te m  i s  
n e e d e d .

T h e  y o k e  w i l l  b e  d e s ig n e d  w i t h  d e c o n t a m in a t io n  as  a 
c o n s i d e r a t i o n .

E .5  Im p a c t  L i m i t e r s

T h e  im p a c t  l i m i t e r s  s h o u ld  b e  a t t a c h e d  t o  t h e  s id e  o f  t h e  
c a s k ,  i f  p o s s i b l e .

R e s p o n s e  -  T h e  im p a c t  l i m i t e r  w i l l  a t t a c h  t o  t h e  s id e  o f  t h e  
c a s k  b o d y . A q u ic k  i n s t a l l a t i o n  a n d  r e l e a s e  m e c h a n is m  w i l l  be  
d e s ig n e d  t o  r e d u c e  o p e r a t o r  r a d i a t i o n  e x p o s u r e .

Im p a c t  l i m i t e r  l i f t i n g  m e c h a n is m s  w i l l  b e  d e s ig n e d  w i t h  l i f t  
p o i n t s  i n  l i n e  w i t h  t h e  c e n t e r  o f  g r a v i t y .

E .6  P e r s o n n e l  B a r r i e r

C o n s id e r  e x t e n d in g  t h e  p e r s o n n e l  b a r r i e r  t o  c o v e r  t h e  im p a c t  
l i m i t e r s .  Can t h e  p e r s o n n e l  b a r r i e r  b e  r e m o v a b le  w i t h o u t  a 
c r a n e  a n d  s t a y  o n  t h e  r a i l c a r ?

R e s p o n s e  -  C o n s id e r a t io n  w i l l  b e  g iv e n  t o  e x t e n d in g  t h e  
p e r s o n n e l  b a r r i e r  t o  c o v e r  t h e  im p a c t  l i m i t e r .  P e rh a p s  t h e  
p e r s o n n e l  b a r r i e r  c a n  o f f e r  p a r t i a l  UV a n d  w e a t h e r  p r o t e c t i o n  
f o r  t h e  im p a c t  l i m i t e r s .  F u r t h e r  c o n s i d e r a t i o n  w i l l  i n c lu d e  
a  m u l t i - s e g m e n t  p e r s o n n e l  b a r r i e r  w h ic h  o p e r a t e s  on  a  t r o l l e y  
s y s te m  (m aybe t h e  sam e s y s te m  a s  t h e  im p a c t  l i m i t e r  t r o l l e y s )  
o r  a  " c l a m - s h e l l "  t y p e  a r r a n g e m e n t .
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E .7  W h a t a r e  t h e  i n - s e r v i c e  t e s t s  t h a t  a r e  a n t i c i p a t e d  on t h e  
K e v la r /w o o d  im p a c t  l i m i t e r s ?

R e s p o n s e  -  W h i le  K e v la r  i s  u n iq u e  i n  t h i s  a p p l i c a t i o n ,  i t s  u s e  
i s  w id e s p r e a d .  T h e r e f o r e ,  K e v la r  c o m p o s ite  m a in t e n a n c e / r e p a i r  
e x p e r t i s e  i s  n o t  uncom m on. I n - s e r v i c e  i n s p e c t i o n  r e q u i r e m e n t s  
w i l l  b e  d e f in e d  d u r in g  t h e  F i n a l  D e s ig n  p h a s e .

E .8  Why a r e  l e f t - h a n d  t h r e a d s  u s e d  on  t h e  c lo s u r e  b o l t s ?  Why i s  
u s e  o f  a  s p e c i a l  t o r q u i n g  t o o l  a  p o s i t i v e  c o n t r o l ?  H ave  
t o r q u e  l i m i t s  o r  l u b r i c a n t s  b e e n  c o n s id e r e d  f o r  t h e s e  b o l t s ?  
I s  a l o c k i n g  m e ch a n is m  b e n e f i c i a l ?

R e s p o n s e  -  T h e  u s e  o f  l e f t - h a n d  t h r e a d s  i s  p ro p o s e d  t o  p r o v id e  
a h i g h e r  l e v e l  o f  in s u r a n c e  f o r  t h e  p o s i t i v e  c l o s u r e .  T h e  
o p e r a t in g  p r o c e d u r e s  w i l l  m ake c l e a r  t o  t h e  o p e r a t o r  t h e  
d e t a i l s  o f  b o l t i n g  a n d  u n b o l t i n g  o p e r a t io n s ,  a n d  a  s p e c i a l  
t o o l  w i l l  b e  u s e d . We d o  n o t  e x p e c t  s p e c i f i c  p ro b le m s  b e c a u s e  
o f  t h i s  c h a r a c t e r i s t i c  o f  o u r  d e s ig n .

C o n t r o l  o f  t h e  s p e c i a l  t o o l  m eans t h a t  i t  w i l l  b e  a v a i l a b l e  
o n ly  t o  t h e  c a s k  o p e r a t o r  a n d  o n ly  d u r in g  b o l t i n g / u n b o l t i n g  
o p e r a t io n s ,  p e r  o p e r a t in g  p r o c e d u r e s .  A ls o ,  a l l  t h e  s p e c i a l  
t o o l s  a v a i l a b l e  w i l l  b e  i n d i v i d u a l l y  i d e n t i f i e d  a n d  t h e i r  
l o c a t i o n s  w i l l  b e  t r a c k e d .

T h e  s p e c i a l  t o o l  w i l l  b e  t e s t e d  d u r in g  f i n a l  d e s ig n  a n d  i t s  
to r q u e  " c o n t r o l "  w i l l  b e  c h a r a c t e r i z e d  th r o u g h  t h i s  t e s t i n g .  
T h e  n e c e s s a r y  m a r g in  b e tw e e n  b o l t  t o r q u e  s p e c i f i c a t i o n  an d  
t o o l  t o r q u e  c a p a b i l i t y  c o r r e s p o n d in g  t o  e v e n t u a l  d e - t o r q u e  
v a lu e s  h ig h e r  t h a n  t h e  i n i t i a l  t o r q u e  w i l l  b e  c o n s id e r e d .

We do n o t  e x p e c t  a  n e e d  f o r  a n y  b o l t  l o c k i n g  d e v i c e ,  w h ic h  i s  
n o t  r e c p a ire d  f o r  1 0 C F R 7 1 . H o w e v e r , i f  f i n a l  d e s ig n  
e v a l u a t i o n s  show  i t  n e c e s s a r y ,  a  l o c k i n g  m e c h a n is m  w i l l  be  
d e s ig n e d  f o r  l o c k in g  t h e  c lo s u r e  b o l t  i n  p l a c e  d u r in g  
t r a n s p o r t a t i o n .

E .9  H as  a th o r o u g h  a n a l y s is  o f  t h e  t r u n n i o n s  b e e n  p e r fo r m e d ?  A re  
t h e  h o l lo w  t r u n n io n s  o r  t h e  t r u n n i o n  b la n k s  a  c o n t a m in a t io n  
r i s k ?  S h o u ld  t h e  t r u n n i o n  b o l t s  b e  lo c k e d  i n  p la c e ?

R e s p o n s e  -  T h e  t r u n n i o n  a n a l y s i s  d e t a i l s  a r e  g iv e n  i n  a  
B a b c o c k  & W i lc o x  c a l c u l a t i o n  d o c u m e n t. T h e  s i z e  o f  t h e
d o c u m e n t (8 8  p a g e s )  p r e c lu d e s  i n c l u d i n g  i t  i n  t h e  PDP. 
V i b r a t i o n  an d  f a t i g u e  w i l l  b e  c o n s id e r e d  i n  t h e  f i n a l  d e s ig n  
a n a l y s i s .  T h e  v o id  b e h in d  t h e  t r u n n i o n  i s  p r o v id e d  t o  r e d u c e  
t h e  o v e r a l l  w e ig h t .

T h e  t r u n n i o n  (a n d  t r u n n i o n  b la n k s )  w i l l  b e  s e a le d  a t  
i n s t a l l a t i o n  w i t h  a  s i l i c o n  s e a l a n t  t o  p r e v e n t  i n t e r s t i t i a l  
w a t e r  e n t r a p m e n t  i n  t h e  t r u n n i o n  a t t a c h m e n t .

27 51-1177263-02



A t r u n n io n  b o l t  lo c k i n g  d e v ic e  (p e r h a p s  lo c k  w i r e s )  w i l l  b e  
in c o r p o r a t e d  i n  t h e  f i n a l  d e s ig n .

E . IO  Why w as o n ly  t h e  c a s k  m id - p la n e  t h e r m a l  a n a l y s i s  p r e s e n te d ?  
Was a p a r t i a l  a tm o s p h e re  o f  h e l iu m  f a c t o r e d  i n t o  t h e  a n a ly s is ?  
How d o e s  t h e  w h i t e  p a i n t  e a s e  t h e  d e c o n t a m in a t io n  p r o c e s s ?  I s  
t h e  w h i t e  p a i n t  t o  b e  a  s p e c i f i c a l l y  d e s ig n a t e d  ite m ?  C l a r i f y  
t h e  u s e  o f  T a b le  3 . 1 .  C l a r i f y  t h e  n e e d  f o r  a  p e r s o n n e l  
b a r r i e r .  C l a r i f y  t h e  u s e  a n d  o p e r a t io n  o f  t h e  f u s i b l e  p lu g s  
i n  t h e  o u t e r  s h e l l .  Was t h e  d e n s e  p o p u l a t i o n  o f  c o p p e r  f i n s  
i n  t h e  c o n c r e t e  t a k e n  i n t o  a c c o u n t  f o r  s h i e l d i n g ?

R e s p o n s e  -  T h e  r e s p o n s e s  t o  t h i s  q u e s t io n  a r e  a s  f o l l o w s :
a ) . T h e  t e m p e r a t u r e  p r e d i c t i o n s  p r e s e n t e d  w e re  o b t a in e d  f o r  

t h e  c a s k  a x i a l  m id p o in t  l o c a t i o n  w h e re  t h e  t e m p e r a t u r e s  
a r e  m axim um . T h e  c a s k  t h e r m a l  a n a l y s i s  w as p e r fo r m e d  
p r i m a r i l y  t o  d e t e r m in e  i f  m a t e r i a l  ( c o n c r e t e ,  a lu m in u m  
b a s k e t ,  o r  f u e l  c l a d d in g )  t e m p e r a t u r e  l i m i t s  w e re  
e x c e e d e d . T h e  p r e d i c t e d  m axim um  t e m p e r a t u r e s  p r o v id e d  
t h i s  i n f o r m a t i o n ;  a  d e t a i l e d  t h r e e - d i m e n s i o n a l  
u n d e r s t a n d in g  o f  t h e  c a s k  t e m p e r a t u r e s  w as n o t  n e c e s s a r y .  
V a lv e  a n d  s e a l  t e m p e r a t u r e  p r e d i c t i o n s  w i l l  b e  p r e s e n t e d  
i n  t h e  f i n a l  d e s ig n  r e p o r t .

b ) . I t  i s  n o t  n e c e s s a r y  t o  c o n s id e r  t h e  p a r t i a l  a tm o s p h e r ic  
c o n d i t i o n s  o f  h e l iu m  f o r  t h e  t h e r m a l  e v a l u a t i o n .  
R e fe r e n c e  3 . 8 ,  p a g e  5 4 3 ,  s t a t e s  t h a t  t h e r m a l  c o n d u c t i v i t y  
an d  t h e r m a l  d i f f u s i v i t y  o f  h e l iu m  a r e  n o t  s t r o n g  
f u n c t i o n s  o f  p r e s s u r e .  T h u s , t h e  v a lu e s  a t  a tm o s p h e r ic  
p r e s s u r e  c a n  b e  u s e d .

c ) . E v id e n c e  d e m o n s t r a t in g  t h e  e a s e  o f  d e c o n t a m in a t io n  f o r  
t h e  w h i t e  e x t e r i o r  p a i n t  w i l l  b e  p r e s e n t e d  i n  t h e  f i n a l  
d e s ig n .

d ) . T h e  w h i t e  e x t e r i o r  p a i n t  t h a t  w i l l  b e  u s e d  on  t h e  B R -1 0 0  
w i l l  b e  s p e c i f i e d  i n  t h e  f i n a l  d e s ig n  r e p o r t .

e ) . T h e  p la c e m e n t  o f  T a b le  3 - 1  h a s  b e e n  c h a n g e d  an d  S e c t io n
3 . 1  h a s  b e e n  m o d i f ie d  t o  m o re  c l e a r l y  d e f i n e  t h e  t e r m  
" b a s e l i n e . "

f ) .  T h e  m axim um  p r e d i c t e d  c a s k  s u r f a c e  t e m p e r a t u r e s  f o r  t h e  
b a s e l i n e  BWR an d  PWR s p e n t  f u e l  lo a d s  a r e  1 8 4 . 2 “F an d  
1 9 4 . 9®F, r e s p e c t i v e l y .  B o th  o f  t h e s e  p r e d i c t e d  
t e m p e r a t u r e s  e x c e e d  t h e  maximxim 1 8 0 “F a l lo w e d  b y  
1 0 C F R 7 1 .7 1  f o r  d i r e c t  e x p o s u r e  t o  p e r s o n n e l .  T h e r e f o r e ,  
a  p e r s o n n e l  b a r r i e r  w as n e e d e d  t o  p r e v e n t  b u r n s  o n  p e o p le  
a c c i d e n t a l l y  c o n t a c t in g  t h e  c a s k .  T h e  p e r s o n n e l  b a r r i e r  
t e m p e r a t u r e  p r e d i c t i o n s  w i l l  b e  p r e s e n t e d  i n  t h e  f i n a l  
d e s ig n  r e p o r t .

g ) . T h e  i n s p e c t i o n ,  t e s t i n g ,  a n d  p e r fo r m a n c e  o f  t h e  f u s i b l e  
p lu g s  w i l l  b e  a d d r e s s e d  i n  t h e  f i n a l  d e s ig n .

h ) . T h e  p o t e n t i a l  f o r  n e u t r o n  s t r e a m in g  a n d  t h e  m o d e l in g  o f  
t h e  c o n c r e t e - c o p p e r  f i n  r e g io n  f o r  t h e  c r i t i c a l i t y  
c a l c u l a t i o n s  i s  d is c u s s e d  i n  t h e  r e s p o n s e  t o  q u e s t io n
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A . 2 5 .  A l th o u g h  t h e r e  i s  a " d e n s e ” p o p u l a t i o n  o f  f i n s ,  t h e  
f i n s  a r e  r e l a t i v e l y  t h i n  ( 0 . 0 8  i n c h ,  0 .2 0  c m ).  T h is  
c h a r a c t e r i s t i c  h e lp s  r e d u c e  t h e  c h a n c e  o f  n e u t r o n  
s t r e a m in g .  W i t h  r e s p e c t  t o  t h e  t h e r m a l  c a l c u l a t i o n s ,  t h e  
p o p u l a t i o n  o f  t h e  c o p p e r  f i n s  m u s t b e  d e n s e  t o  a c h ie v e  
d e s i r a b l e  h e a t  t r a n s f e r  t h r o u g h  t h e  r e g i o n .  T h e  c o n c r e t e -  
o n l y  s e c t i o n  h a s  b e e n  m o d e le d , a s  c a n  be s e e n  i n  t h e  
t e m p e r a t u r e  p r o f i l e s  i n  F ig u r e s  3 - 2  an d  3 - 3 .  T h is  
c o n c r e t e - o n l y  s e c t i o n  h a s  t h e  l a r g e s t  t e m p e r a t u r e  d r o p  i n  
t h e  c a s k  w a l l .

E . l l  W h a t le a k a g e  c r i t e r i a  w i l l  b e  u s e d  t o  d e m o n s t r a t e  c o m p lia n c e  
w i t h  10C F R 71?  W h a t i s  t h e  c u r i e  c o n t e n t  a n d  g a s  i n v e n t o r y  
t h a t  t h e  c a s k  i s  assu m ed  t o  c o n t a i n  f o r  d e s ig n  p u rp o s e s ?  H a v e  
a c c e p t a b le  l e a k  r a t e s  b e e n  c a l c u l a t e d ?  I s  F ig u r e  4 - 1  
c o r r e c t l y  p ic t u r e d ?

R e s p o n s e  -  T h e  s e a l  c r i t e r i a  i s  d is c u s s e d  i n  t h e  r e s p o n s e  t o  
com m ent A . 5 1 / 5 2 .

T h e  m axim um  c u r i e  c o n t e n t  o f  t h e  B R -1 0 0  i s  e s t im a t e d  t o  b e  
a p p r o x im a t e ly  4 x  1 0 *  w hen u s in g  t h e  l a r g e s t  a m o u n t o f  f u e l  i n  
i t s  h i g h e s t  s o u r c e  s t r e n g t h  s t a t e  (2 1  PWR a s s e m b lie s  x  4 6 5  Kg 
U X  4 1 2  C i /K g  U ( f o r  3 w /o ,  35  G W d /m tU , 10  y e a r  d e c a y  f u e l ) ) .  
T h e  t o t a l  i n v e n t o r y  o f  g a s  i n  t h e  2 1  PWR f u e l  a s s e m b lie s  i s  
e s t im a t e d  t o  b e  a p p r o x im a t e ly  6 0 0 0  c u b ic  in c h e s  a t  a n  i n i t i a l  
t e m p e r a t u r e  o f  a b o u t  4 0 0  d e g r e e s  F a n d  a n  i n i t i a l  p r e s s u r e  o f  
a b o u t  1 6 0 0  p s i a ;  e l e m e n t a l  c o n s t i t u e n t s  p e r  c a s k  w o u ld  b e  
a b o u t  1 7 5  g -m o le s  o f  h e l iu m ,  57  g -m o le s  o f  x e n o n , 10  g -m o le s  
o f  k r y p t o n ,  5 g -m o le s  o f  n i t r o g e n ,  a n d  1 g -m o le  o f  o x y g e n ,  
u s in g  t y p i c a l  e n d - o f - l i f e  f u e l  c o m p o s i t io n s .

E s t im a t e d  l e a k  r a t e s  w e re  ju d g e d  t o  b e  n o t  e s s e n t i a l  f o r  a 
p r e l i m i n a r y  d e s ig n  r e p o r t .  T h e y  w i l l  b e  in c lu d e d  i n  t h e  f i n a l  
d e s ig n  r e p o r t .

F ig u r e  4 - 1  i s  a  s c h e m a t ic  m e a n t t o  i l l u s t r a t e  c o n ta in m e n t  
c o m p o n e n ts , n o t  t r u e  p h y s i c a l  c o n f i g u r a t i o n  o r  s c a le d  s i z e s .  
F ig u r e  4 - 1  i s  c o n s id e r e d  a c c e p t a b le  f o r  t h e  u s e  in t e n d e d .

E .1 2  How m uch d o  t h e  c lo s u r e  b o l t s  w e ig h  a n d  i s  t h e  i n d i c a t e d  
t o r q u e  v a lu e  c o r r e c t ?  I s  a  l o c k i n g  m e c h a n is m  b e in g  
c o n s id e r e d ?

R e s p o n s e  -  T h e  d e s ig n  g o a l  f o r  t h e  b o l t  i s  a  w e ig h t  o f  10  l b s ,  
b u t  t h e  w e ig h t  o f  t h e  b o l t  c u r r e n t l y  i n  u s e  i s  a p p r o x im a t e ly  
1 2 .5  l b s .  T h e  t o r q u e  v a lu e  w as c a l c u l a t e d  w i t h  s t a n d a r d  
e q u a t io n s  an d  le a d s  t o  a c c e p t a b le  s t r e s s  l e v e l s  on  t h e  b o l t ;  
h o w e v e r  t h e  a s s u m p t io n s  l e a d i n g  t o  t h i s  t o r q u e  v a lu e  w i l l  b e  
e v a l u a t e d  d u r in g  f i n a l  d e s ig n  t o  t r a c k  p o t e n t i a l  o v e r 
c o n s e r v a t is m .  T h e  s p e c i a l  t o o l  i s  d e s ig n e d  a n d  w i l l  b e  t e s t e d  
t o  t h e  c o r r e s p o n d in g  l e v e l  o f  t o r q u e .
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I f  deem ed n e c e s s a r y ,  a  l o c k i n g  m e c h a n is m  w i l l  b e  d e s ig n e d  f o r  
l o c k i n g  t h e  c lo s u r e  b o l t s  i n  p la c e  d u r in g  t r a n s p o r t a t i o n  (s e e  
r e s p o n s e  t o  q u e s t io n  E 8 ) .

E .1 3  I s  t h e  u s e  o f  a  1 0 -^  l e a k  r a t e  a c c e p t a b le  f o r  t e s t i n g  t h e  
c a s k ?  W h a t i s  t h e  b a s i s  f o r  d e t e r m in in g  t h e  MNOP? W h at 
q u a n t i t y  o f  r e s i d u a l  w a t e r  i s  assum ed  i n  t h e  c a s k  c a v i t y ?  I s  
vacuum  d r y in g  t o  b e  u s e d ?

R e s p o n s e  -  T h e  p r e l i m i n a r y  d e s ig n  a n a l y s i s  i s  b a s e d  o n  a MNOP 
(M axim um  N o rm a l O p e r a t in g  P r e s s u r e  a s  d e f i n e d  i n  1 0 C F R 7 1 .4 )  o f  
1 0 0  p s i  (w h ic h  i s  t h e  m axim um  a l lo w e d  b y  NRC f o r  B (U ) c a s k ) .

T h e  10'^ l e a k  r a t e  w i l l  b e  j u s t i f i e d  d u r in g  f i n a l  d e s ig n  b a s e d  
o n  ORIGEN r u n s  w h ic h  a r e  n o t  y e t  a v a i l a b l e .

T h is  v a lu e  i s  c o n s e r v a t i v e ;  o u r  c a l c u l a t i o n s  show  maximum  
p r e s s u r e s  lo w e r  t h a n  8 0  p s i  i n  t h e  h y p o t h e t i c a l  c a s e  o f  a l l  
r o d s  r u p t u r i n g .  D u r in g  f i n a l  d e s ig n ,  t h e  1 0 0  p s i  w i l l  be  
r e p la c e d  b y  t h e  a c t u a l  v a l u e  c a l c u l a t e d  f o r  t h e  MNOP.

O u r i n t e r p r e t a t i o n  o f  NRC r e q u ir e m e n t s  i s  t h a t  a l l  r o d s  m u s t 
b e  c o n s id e r e d  r u p t u r e d  f o r  n o rm a l c o n d i t i o n s  e v a l u a t i o n .  Some 
S A R P 's  h a v e  b e e n  s u b m i t t e d  t o  NRC w i t h  t h e  a s s u m p t io n  o f  a  
m axim um  o f  1% o f  r o d s  r u p t u r e d  u n d e r  n o r m a l c o n d i t i o n s .  We 
i n t e n d  t o  c l a r i f y  t h i s  p o i n t  d u r in g  o u r  n e x t  m e e t in g  w i t h  t h e  
NRC.

T h e  c a s k  c a v i t y  w i l l  b e  a s  d r y  as  r e a s o n a b ly  a c h i e v a b l e ,  o u r  
i n t e n t  b e in g  t o  s h ip  t h e  f u e l  u n d e r  i n e r t  g a s  a tm o s p h e r e  w i t h  
a n  i n t e r n a l  p r e s s u r e  o f  a b o u t  10  p s i .

P e r  1 0 C F R 7 1 .8 5 ( b ) , t h e  c o n ta in m e n t  s y s te m  i s  r e q u i r e d  t o  be  
t e s t e d  ” a t  a n  i n t e r n a l  p r e s s u r e  a t  l e a s t  50% h i g h e r  t h a n  t h e  
M NOP". D u r in g  f i n a l  d e s ig n  t h i s  h y d r o - t e s t  w i l l  b e  e v a lu a t e d  
s e p a r a t e l y  f o r  a n  i n t e r n a l  p r e s s u r e  50% h i g h e r  t h a n  t h e  MNOP 
a n d  t h e  i n t e r n a l  p r e s s u r e  d u r in g  n o r m a l c o n d i t i o n s  ( e x p e c t e d  
t o  b e  n o  m o re  t h a n  8 0  p s i a )  w i l l  b e  t a k e n  a s  t h e  MNOP. F o r  
p r e l i m i n a r y  a n a l y s i s ,  t h e  p r e s s u r e  u s e d  w as 1 5 0  p s i  f o r  a l l  
n o r m a l c o n d i t i o n s  ( p r e s s u r e  50% h i g h e r  t h a n  t h e  1 0 0  p s i  
assu m ed  v a lu e  o f  t h e  MNOP) w h ic h  a d d e d  some c o n s e r v a t is m  i n  
t h e  e v a l u a t i o n s .

E .1 4  S h o u ld  t h e  F i s s i o n  G as P r o d u c t s  s t a t e m e n t s  i n  S e c t io n  4 . 3 . 1  be  
a ls o  i n  S e c t io n  4 . 2 ?  D o e s  t h e  r e g u l a t o r y  f i r e  a c c i d e n t  r a i s e  
t h e  i n t e r n a l  p r e s s u r e  o f  t h e  c a s k ?

R e s p o n s e  -  T h is  s e c t i o n  w i l l  b e  c o m p le te d  d u r in g  f i n a l  d e s ig n .

T h is  s e c t i o n  i s  o r g a n iz e d  a s  r e q u i r e d  i n  R e g u la t o r y  G u id e  7 . 9 ,  
b u t  we a g r e e  t h a t  som e p a r a g r a p h s  s h o u ld  b e  p r e s e n t e d  i n  a
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d i f f e r e n t  o r d e r  t o  im p ro v e  t h e  c o m p re h e n s io n  o f  t h e  t e x t .  We 
w i l l  im p ro v e  t h e  p r e s e n t a t i o n  i n  t h e  SARP.

T h e  i n t e r n a l  p r e s s u r e  c o n s id e r e d  i n  t h e  c a s k  c a v i t y  w i l l  b e  a s  
d is c u s s e d  i n  E13 f o r  n o rm a l c o n d i t i o n s  e v a l u a t i o n .  B e c a u s e  o f  
t h e  r e g u l a t o r y  f i r e  c o n d i t i o n s ,  t h e  t e m p e r a t u r e  in c r e a s e  i n  
t h e  c a s k  c a v i t y  w i l l  p r o d u c e  a  l i m i t e d  in c r e a s e  o f  t h e  
i n t e r n a l  p r e s s u r e  w i t h  c o n s e q u e n c e s  t h a t  w i l l  b e  e v a lu a t e d  
d u r in g  f i n a l  d e s ig n .

E .1 5  I s  a  m o re  d e t a i l e d  d o s e  r a t e  a n a l y s i s  p la n n e d ?  C an t h e  c a s k  
b e t a i l o r e d  t o  p r o v id e  m o re  s h i e l d i n g  t o  w o r k e r s ?  H a v e  b o th  
PWR an d  BWR h a rd w a re  b e e n  c o n s id e r e d  f o r  gamma s o u rc e s ?

R e s p o n s e  -  A c o m p le te  r a d i a t i o n  m a p p in g  o f  t h e  t o p  h e a d  r e g io n  
o f  t h e  c a s k  w i t h  a n d  w i t h o u t  t h e  c lo s u r e  l i d  i n  p la c e  i s  
p la n n e d  f o r  t h e  f i n a l  d e s ig n  p h a s e  o f  t h e  p r o j e c t .  T h is  
m a p p in g  i s  n e e d e d  t o  a s s e s s  a n y  r a d i a t i o n  s t r e a m in g  e f f e c t s  
th r o u g h  t h e  f i t - u p  b e tw e e n  t h e  s h i e l d  p l u g ,  c lo s u r e  l i d ,  a n d  
c a s k  b o d y  an d  f o r  ALARA c o n s i d e r a t i o n s  d u r in g  l i d  h a n d l in g  
o p e r a t io n s .

One m eans o f  r e d u c in g  t h e  d o s e  r a t e  t o  w o r k e r s  n e a r  t h e  u p p e r  
c a s k  i s  t o  " e x t e n d ” t h e  p r e s e n t  d e s ig n  s l i g h t l y ,  a s  s u g g e s te d ,  
b y  in c r e a s i n g  t h e  le a d  i n  t h e  u p p e r  c a s k  c y l i n d e r .  S in c e  t h i s  
e n co m p a s s e s  w e ig h t ,  s t r u c t u r a l ,  a n d  r a d i a t i o n  a s s e s s m e n ts , i t  
w i l l  b e  a d d r e s s e d  i n  t h e  f i n a l  d e s ig n  p h a s e  w hen o p e r a t in g  an d  
h a n d l in g  d e t a i l s  a r e  f i r m e d .

P r e l i m i n a r y  D e s ig n  a s s e s s m e n ts  f o r  t h e  B R -1 0 0  i n d i c a t e d  t h a t  
t h e  PWR h a r d w a r e  w o u ld  b e  t h e  d e s ig n  l i m i t i n g  NFBC s o u r c e  f o r  
a n a ly s e s .  H e n c e , th o s e  w e re  t h e  a c t i v a t i o n  s o u r c e s  u s e d  i n  
t h e  a n a ly s e s .  I t  i s  in t e n d e d  t h a t  b o t h  t h e  BWR a n d  PWR 
a c t i v a t i o n  s o u r c e s  b e  r e - a n a l y z e d  i n  t h e  f i n a l  d e s ig n  p h a s e .

E .1 6  How a r e  u t i l i t i e s  g o in g  t o  a s s u r e  t h a t  t h e  f u e l  t o  b e  s h ip p e d  
h a s  m o re  th a n  t h e  m in im um  b u rn u p ?

R e s p o n s e  -  N u c le a r  u t i l i t i e s  h a v e  h a d  a d m i n i s t r a t i v e  c o n t r o l s  
on f u e l  lo a d in g  i n  r e a c t o r  c o r e s  s in c e  t h e  i n c e p t i o n  o f  p o w e r  
r e a c t o r s .  A p a r t  o f  t h e s e  c o n t r o l s  in c lu d e  c o r e  f o l l o w  
c a l c u l a t i o n s  on t h e  b u rn u p  o f  e a c h  a s s e m b ly  i n  t h e  u t i l i t y ' s  
i n v e n t o r y .  T h e s e  c a l c u l a t i o n s  a r e  v e r i f i e d  a t  t h e  b e g in n in g  
o f  e a c h  f u e l  c y c le  on a  c o r e - w id e  b a s is  b y  c o r e  p h y s ic s  t e s t s  
r e l a t i n g  c r i t i c a l i t y  w i t h  e i t h e r  s o l u b le  b o r o n  c o n c e n t r a t i o n  
a n d /o r  r o d  w i t h d r a w a l .  T h e s e  t e s t s  v e r i f y  t h e  c a l c u l a t i o n a l  
m e th o d s  u s e d  f o r  b u rn u p  e s t im a t e s  a n d  t h e  a d m i n i s t r a t i v e  
c o n t r o l s  on f u e l  l o a d in g .  I n  a d d i t i o n  t o  t h e  a b o v e  lo a d in g  
p r o c e d u r e s ,  m any u t i l i t i e s  h a v e  i n s t a l l e d  c lo s e - p a c k e d  r a c k s  
i n  t h e i r  s p e n t  f u e l  s t o r a g e  p o o ls  t h a t  r e q u i r e  b u rn u p  c r e d i t  
lo a d in g  p a t t e r n s  f o r  h ig h e r  e n r ic h m e n t  f u e l s .  T h u s  
a d m i n i s t r a t i v e  c o n t r o l s  a r e  i n  p l a c e  a t  m any s i t e s .  W h i le  a n
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a d d i t i o n a l  l a y e r  o f  c h e c k in g  w o u ld  b e  p r u d e n t ,  a d m i n i s t r a t i v e  
c o n t r o l s  h a v e  b e e n  d e m o n s t r a te d  t o  b e  a n  a c c e p t a b le  m e th o d  t o  
e n s u r e  t h e  p r o p e r  f u e l  a s s e m b ly  b u r n u p . An a l t e r n a t e  m e th o d  
w o u ld  b e  u s e  o f  a  " b u r n u p ” m e te r  p r i o r  t o  i n s e r t i o n  i n  t h e  
c a s k .  T h e  f i n a l  d e c is io n  a s  t o  w h ic h  m e th o d  w i l l  b e  u s e d  
r e s i d e s  w i t h  t h e  NRC, w h ic h  h a s  n o t  m ade a  f i n a l  d e c i s i o n .

E .1 7  D o es  u n d e r w a t e r  lo a d in g  o f  t h e  c a s k  r e q u i r e  b o r a t e d  w a t e r ?

R e s p o n s e  -  L o a d in g  i n  a  b o r a t e d  p o o l  i s  n o t  r e q u i r e d  b y  t h e  
a n a l y s i s .  T h e  s t a t e m e n t  m e r e ly  r e f l e c t s  t h e  c o n d i t i o n s  i n  
s p e n t  f u e l  s t o r a g e  p o o ls  a t  r e a c t o r  s i t e s .  F o r  c l a r i t y ,  t h e  
s t a t e m e n t  h a s  b e e n  c h a n g e d  t o  ” . . .  u n d e r w a t e r  lo a d in g  i n  
s t o r a g e  p o o l s . . . ”

E .1 8  I s  a p a r t i c u l a r  lo a d in g  s e q u e n c e  r e q u i r e d  f o r  c r i t i c a l i t y  
c o n t r o l  o f  c o n s o l i d a t i o n  c a n i s t e r s ?  W h a t i s  t h e  e f f e c t  on  
c r i t i c a l i t y  p o t e n t i a l  i f  t h e  c a s k  i s  s h ip p e d  w i t h  l e s s  t h a n  a  
f u l l  l o a d  o f  f u e l ?

R e s p o n s e  -  B a s e d  up o n  t h e  h o o k  w e ig h t  c o n s t r a i n t s ,  o n ly  10  t o  
15 c o n s o l id a t e d  f u e l  c a n i s t e r s  c a n  b e  lo a d e d  i n t o  t h e  c a s k .  
F o r  a  f r e s h  f u e l  a s s u m p tio n  f o r  e n r ic h m e n ts  g r e a t e r  t h a n  3 .2  
w e ig h t  p e r c e n t  U - 2 3 5 ,  a s p e c i f i c  l o a d in g  p a t t e r n  i s  e x p e c t e d .  
T h is  p a t t e r n  i s  e x p e c te d  t o  b e  a  c h e c k e r b o a r d  c o n f i g u r a t i o n ,  
i . e .  f u e l  a s s e m b lie s  o n ly  t o u c h in g  a lo n g  a d i a g o n a l .  I t  i s  
f u r t h e r  e x p e c te d  t h a t  s p a c e r s  w i l l  b e  p o s i t i o n e d  t o  d e f i n e  t h e  
a l l o w a b l e  f u e l  l o c a t i o n s .  O nce t h i s  c o n f i g u r a t i o n  i s  d e f i n e d ,  
l o a d in g  c a n  p r o c e e d  i n  a n y  s e q u e n c e  w i t h o u t  im p a c t in g  
c r i t i c a l i t y .  T h e  c a s k  w i l l  b e  l e s s  r e a c t i v e  w i t h  f e w e r  t h a n  
t h e  a l l o w a b l e  n um ber o f  e i t h e r  c o n s o l id a t e d  o r  i n t a c t  f u e l  
a s s e m b l ie s .  H o w e v e r , t h e  w o r t h  o f  t h e  m is s in g  a s s e m b lie s  i s  
d e p e n d e n t  on t h e  l o c a t i o n  fro m  w h ic h  i t  w as re m o v e d , w i t h  t h e  
c e n t r a l  l o c a t i o n s  b e in g  g e n e r a l l y  m o re  r e a c t i v e  t h a n  th o s e  on  
t h e  p e r i p h e r y .

E .1 9  C h a p t e r  7 .  O p e r a t in g  P r o c e d u r e s

Why i s  S u b p a r t  G o f  10C FR 71 r e f e r r e d  t o  u n d e r  O p e r a t in g  
P r o c e d u r e s ?  C l a r i f y  t h e  u s e  o f  s l i g h t l y  d i f f e r e n t  p r o c e d u r e s .

R e s p o n s e  -  1 0 C F R 7 1 .8 7  " R o u t in e  D e t e r m in a t i o n ” i s  p a r t  o f
S u b p a r t  G " O p e r a t in g  a n d  C o n t r o l  P r o c e d u r e s ” . T h a t  i s  t h e  
r e a s o n  w hy we r e f e r  t o  s u b p a r t  G .

T h e  s t a t e m e n t  " P r o c e d u r e s  w i l l  b e  s l i g h t l y  d i f f e r e n t . . . ” i s  
n o t  r e a l l y  r e l e v a n t  t o  t h e  p u rp o s e  o f  t h i s  s e c t i o n ,  t h e r e f o r e  
we h a v e  re m o v e d  i t  f ro m  t h e  PDR.

E . 2 0  S e c t io n  7 . 1 . 2 . 1  M o v in g  t h e  C a s k  t o  t h e  P r e p a r a t i o n  A r e a

I s  t h e r e  s p a c e  on t h e  r a i l c a r  t o  s t o r e  t h e  b a r r i e r  o r  b o l t s
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f r o m  t h e  b a r r i e r  a n d  im p a c t  l i m i t e r s ?  Can t h e  r a i l c a r  be  
m oved w i t h  t h e  im p a c t  l i m i t e r s  s u p p o r te d  b y  t h e  t r a y  o r  s h o u ld  
t h e y  re m o v e d  f i r s t ?

R e s p o n s e  -  S te p  a .  A t  t h i s  s t a g e  o f  t h e  d e s ig n ,  t h e r e  i s  no  
s p a c e  on t h e  r a i l c a r  t o  s t o r e  t h e  p e r s o n n e l  b a r r i e r .  
C o n s id e r a t io n  w i l l  b e  g iv e n  d u r in g  f i n a l  d e s ig n  t o  p r o v id e  
s p a c e ,  a t  l e a s t  f o r  t h e  b o l t s  o f  t h e  im p a c t  l i m i t e r s  ( I / L )  and  
p e r s o n n e l  b a r r i e r .

S te p  c .  T h e  I / L  a r e  s t o r e d  on  t h e  r a i l c a r .  C o n s i d e r a t i o n  w i l l  
b e  g iv e n  d u r in g  f i n a l  d e s ig n  t o  s e c u r e  th e m  t o  t h e  t r o l l e y ,  so  
t h a t  i t  i s  p o s s i b l e  t o  m ove t h e  c a r .

E . 2 1  S e c t io n  7 . 1 . 2 . 2  C a s k  P r e p a r a t i o n  B e f o r e  Im m e r s io n

Can t h e  c a v i t y  b e tw e e n  t h e  s h i e l d  p lu g  a n d  c lo s u r e  l i d  c o n t a in  
r a d i o a c t i v e  g a s e s ?  I s  t h e  f i x t u r e  p l a t e  d e s c r ib e d  i n  t h e  PDR? 
C an t h e r e  b e  a  a i r b o r n e  c o n t a m in a t io n  r i s k  i f  t h e  c a s k  i s  
f i l l e d  w i t h  w a t e r  b e f o r e  i n s e r t i o n  i n t o  t h e  s p e n t  f u e l  p o o l  
f o r  lo a d in g ?

R e s p o n s e  -  S te p  c .  We c a n n o t  assum e t h a t  t h e r e  i s  no  
r a d i o a c t i v e  g a s  ( o r  o t h e r  p o t e n t i a l  a i r b o r n e  c o n t a m in a t io n )  i n  
t h e  c a s k  c a v i t y  b e c a u s e  i t  d e p e n d s  on  t h e  e x t e n t  t o  w h ic h  t h e  
c a s k  i s  c le a n e d  a n d  d e c o n ta m in a te d  a f t e r  u n lo a d in g  a t  t h e  
r e p o s i t o r y  a n d /o r  MRS. T h e r e f o r e  we in c lu d e d  t h i s  s t e p  i n  t h e  
p r o c e d u r e  b e f o r e  o p e n in g  t h e  l i d .  A d e s c r i p t i o n  o f  t h e  f i x t u r e  
p l a t e ,  a s  w e l l  a s  t h e  i n s t a l l a t i o n  o f  t h e  d r a i n  p i p e s ,  i s  
p r o v id e d  i n  t h e  PDR s e c t i o n  7 . 4 .

S te p  h .  I n  t h e  assu m ed  c o n f i g u r a t i o n  t h e  c a s k  i s  e m p ty  an d  
t h e r e f o r e  t h e r e  i s  n o  s i g n i f i c a n t  r a d i a t i o n  f i e l d .  
N e v e r t h e le s s ,  i t  i s  e a s y  t o  f i l j l  t h e  c a v i t y  w i t h  w a t e r  d u r in g  
s t e p  e . , b e f o r e  re m o v in g  t h e  f i x t u r e  p l a t e  a n d  t h e  s h i e l d  
p l u g .  We c a n  a l s o ,  f o r  a d d i t i o n a l  s a f e t y ,  c o n n e c t  t h e  v e n t  t o  
t h e  a i r  e f f l u e n t  s y s te m  o f  t h e  p l a n t .

E . 2 2  S e c t io n  7 . 1 . 3  Im m e rs io n  a n d  L o a d in g  o f  t h e  C a s k

Can t h e  c a s k  b o t to m  b e  p r o t e c t e d  d u r in g  t h e  l o a d in g  s e q u e n c e ?  
A r e  a n y  t o o l s  n e e d e d  t o  a s s i s t  f u e l  i n s e r t i o n  i n t o  t h e  b a s k e t?

R e s p o n s e  -  S te p  c .  I n  f i n a l  d e s ig n  we w i l l  c o n s id e r  a  d e s ig n  
f e a t u r e  s u c h  a s  h a v in g  a  p r o t e c t i v e  p l a t e  f i t t e d  w i t h  a  g a s k e t  
p la c e d  on t h e  b o t to m  o f  t h e  c a s k  b e f o r e  im m e r s io n .  T h i s  p l a t e  
w i l l  p r o t e c t  t h e  b o t to m  f ro m  a n y  m a t e r i a l  on  t h e  f l o o r  o f  t h e  
p o o l .

W e t t in g  o f  t h e  c a s k  on  i t s  w ay  i n  t h e  p o o l  w i l l  b e  a d d r e s s e d  
i n  t h e  f i n a l  p r o c e d u r e .
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I n s e r t i o n  o f  f u e l  i s  f a c i l i t a t e d  b y  t h e  f u n n e le d  s h a p e  o f  t h e  
u p p e r  g r i d  o f  t h e  b a s k e t .  C o n s id e r a t io n  w i l l  b e  g iv e n  d u r in g  
f i n a l  d e s ig n  t o  t h e  n e e d  f o r  a  s p e c i f i c  t o o l .

E . 2 3  S e c t io n  7 . 1 . 4  C a s k  D r a i n in g  a n d  R e m o v a l f r o m  P o o l

A r e  a l l  t o o l s  a n t i c i p a t e d  f o r  u s e  d e s c r ib e d  i n  t h e  PDR? Can  
v e r i f i c a t i o n  o c c u r  a t  S te p  7 . 1 . 3 . e ?  W h e re  i s  t h e  s h i e l d  
p l u g / f i x t u r e  p l a t e  i n t e r f a c e  d e s c r ib e d ?  T h e  p lu g  l i f t i n g  t o o l  
i s  n o t  d e s c r ib e d .  How d o e s  t h e  p l u g / f i x t u r e  p l a t e  s e a l  t h e  
c a s k  c a v i t y ?  How d o e s  t h e  m a in  d r a i n  p r e s s u r e  r e l i e f  v a l v e  
o p e r a t e ;  i s  i t  c o n n e c te d  t o  a f i l t e r  s y s te m ?  C l a r i f y  
" p r e s s u r i z a t i o n  f i t t i n g . "  I s  t h e  y o k e - t o - t r u n n i o n  o p e r a t i o n a l  
i n t e r f a c e  d e f in e d ?  H a v e  " w ip in g  dow n" o p e r a t io n s  on t h e  
p r e s s u r e  a n d  d r a i n  l i n e s  b e e n  c o n s id e r e d ?  I s  t h e  s h i e l d  p lu g  
lo c k e d  i n  p la c e  d u r in g  c a s k  l i f t  o u t  o f  t h e  p o o l?  C l a r i f y  
S te p  j?

R e s p o n s e  -  We d id  n o t  in t e n d  t o  p r o v id e  a  d e t a i l e d  d e s c r i p t i o n  
o f  t h e  a u x i l i a r y  e q u ip m e n t  i n  t h e  P D P . T h is  e q u ip m e n t  i s  
c o m m e r c ia l ly  a v a i l a b l e  a n d  d o e s  n o t  n e e d  a n y  s p e c i f i c  d e s ig n  
e f f o r t .

S te p  a .  We a g r e e  t h a t  t h i s  s t e p  c a n  b e  p e r fo m n e d  d u r in g  t h e  
lo a d in g  o p e r a t io n  i t s e l f  ( 7 . 1 . 3  e . ) ,  a s  lo n g  a s  i t  i s  p o s s i b l e  
t o  a s c e r t a i n  t h e  l o c a t i o n  o f  t h e  f u e l  e le m e n ts  w i t h i n  t h e  
b a s k e t .

S te p  b .  D e s c r i p t i o n  i s  g iv e n  i n  t h e  PDR s e c t i o n  7 . 4 .

S te p  c .  T h is  t o o l  i s  n o t  y e t  d e s ig n e d .

S te p  d .  S e a ls  a r e  p r o v id e d  b e tw e e n  t h e  p r o t e c t i v e  r i n g  a n d  t h e  
c a s k  b o d y  a n d  b e tw e e n  t h e  f i x t u r e  p l a t e  a n d  t h e  p r o t e c t i v e  
r i n g .  T h e  f i x t u r e  p l a t e  i s  lo c k e d  t o  t h e  p r o t e c t i v e  r i n g  
d u r in g  o p e r a t io n s .  F u r t h e r  d e s c r i p t i o n  i s  g iv e n  i n  s e c t i o n  7 .4  
o f  t h e  PDR.

S te p  e .  T h e  p r e s s u r e  r e l i e f  v a l v e  i s  a  c o m m e r c ia l ly  a v a i l a b l e  
c o m p o n e n t w h ic h  w i l l  b e  d e f in e d  d u r in g  f i n a l  d e s ig n .  I f  i t  i s  
n o t  v i a b l e  t o  v e n t  u n d e r  w a t e r ,  we w i l l  r e q u i r e  a c o n n e c t io n  
t o  t h e  l i q u i d  e f f l u e n t  s y s te m .

S te p  f .  T h is  s t e p  i s  c o n f u s in g .  We m e a n t t o  re m o v e  t h e  
p r e s s u r i z e d  a i r  i n l e t .  B e c a u s e  a l l  o p e r a t io n s  a r e  m o n ito r e d  
f ro m  a c e n t r a l  command b o a r d ,  t h i s  o p e r a t io n  i s  n o t  r e l e v a n t  
t o  t h e  c a s k  o p e r a t io n  i t s e l f .  C o n s e q u e n t ly  i t  w as re m o v e d  fro m  
t h e  p r o c e d u r e .

S te p  g .  A l e a d - i n  d e v ic e  w i l l  b e  a d d e d  t o  t h e  l i f t i n g  y o k e  
arm s t o  f a c i l i t a t e  t h e  a l ig n m e n t  w i t h  t h e  t r u n n i o n s .  T h e  
c lo s i n g  s y s te m  w i l l  b e  d e f i n e d  d u r in g  t h e  f i n a l  d e s ig n .
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s t e p  i .  W ip in g  o f  t h e  p r e s s u r e  a n d  d r a i n  l i n e s  h a s  b e e n  
in c lu d e d .  T h e  s h i e l d  p lu g  i s  s e c u r e d  d u r in g  a l l  h a n d l in g  
o p e r a t io n s  s in c e  t h e  f i x t u r e  p l a t e  i s  lo c k e d  t o  t h e  p r o t e c t i v e  
r i n g  (s e e  s e c t i o n  7 .4  o f  t h e  P D R ).

S te p  j .  T h is  s t e p  h a s  b e e n  in t e r c h a n g e d  w i t h  s t e p  k .

E . 2 4  S e c t io n  7 . 1 . 5  P r e p a r a t i o n  f o r  S h ip m e n t

H as  d o s e  r a t e  b e e n  f a c t o r e d  i r i t o  t h e  p o r t  d e s ig n ?  A re  t h e  
o p e r a t i o n a l  p r o c e d u r e s  c o m p le te ?  How i s  t h e  c a v i t y  s e a le d ?  
How i s  t h e  c lo s u r e  l i d  h a n d le d ;  a r e  t h e  s e a l s  r e p la c e d  f o r  
e a c h  s h ip m e n t?  C l a r i f y  b o l t  i n s t a l l a t i o n .  C l a r i f y  i n  S te p  1 
how t h e  c a s k  c a v i t y  i s  b a c k f i l l e d  w i t h  a  p a r t i a l  a tm o s p h e re  o f  
h e l iu m .  How i s  d e w a t e r in g  a n d  vacu u m  d r y in g  p e r fo r m e d ?  W h ere  
a r e  t h e  c a s k  h o ld d o w n  b r a c k e t s  d e s c r ib e d ;  i s  t h e r e  a  g e n e r a l  
" C o n t r o l  C h e c k "  o n  t h e  e n t i r e  p r o c e s s ?

R e s p o n s e  -  As i n d i c a t e d  d u r in g  t h e  p r e s e n t a t i o n  t o  t h e  TRG, 
t h e  s k e t c h  s h o w in g  t h e  d r a i n  a n d  v e n t  l i n e s  t h r o u g h  t h e  s h i e l d  
p lu g  i s  c o n f u s in g .  F o r  c l a r i t y  t h e s e  l i n e s  a r e  show n  
" s t r a i g h t "  a l t h o u g h  t h e y  a r e  "S "  s h a p e d . T h e r e  i s  n o  d i r e c t  
r a d i a t i o n  s t r e a m in g  f o r  t h e  o p e r a t o r s  a t  t h e  p o r t s  l e v e l .  
H o w e v e r , t o  e n h a n c e  ALARA r e q u i r e m e n t s ,  we w i l l  s u g g e s t  d u r in g  
f i n a l  d e s ig n  t h e  u s e  o f  a d d i t i o n a l  p o r t a b l e  s h i e l d i n g  t o  
p r o t e c t  p e r s o n n e l  d u r in g  t h e s e  o p e r a t io n s .

S te p s  a ,  b ,  f .  As s t a t e d  i n  t h e  i n t r o d u c t i o n  o f  s e c t i o n  7 ,  we 
i n t e n d  t o  g i v e  o n ly  t h e  h i g h l i g h t s  o f  t h e  o p e r a t in g  
p r o c e d u r e s .  We w i l l  a d d r e s s  t h e s e  c o n c e r n s  d u r in g  f i n a l  
d e s ig n .

S te p  d .  S e a ls  a r e  p r o v id e d  b e tw e e n  t h e  p r o t e c t i v e  r i n g  an d  t h e  
c a s k  b o d y , a n d  b e tw e e n  t h e  p r o t e c t i v e  r i n g  a n d  t h e  f i x t u r e  
p l a t e  ( s e e  s e c t i o n  7 . 4  o f  t h e  P D R ).

S te p  j .  T h e  h a n d l in g  o f  t h e  l i d  w i l l  b e  d e f i n e d  d u r in g  f i n a l  
d e s ig n .  A t  t h e  m om ent we in t e n d  t o  r e p la c e  t h e  g a s k e t s  b e f o r e  
e a c h  s h ip m e n t .  B a s e d  o n  t h e  t e s t s  on  t h e  g a s k e t  m a t e r i a l s ,  
t h i s  c o u ld  b e  c h a n g e d  d u r in g  f i n a l  d e s ig n .

S te p  k .  T h e  i n s t a l l a t i o n  o f  b o l t s  a c c o r d in g  t o  a n  i n s t a l l a t i o n  
d ia g r a m  m eans o n ly  t h a t  t h e r e  i s  a  s e q u e n c e  t o  f o l l o w  t o  
e n s u r e  t h e  p r o p e r  c lo s u r e  o f  s u c h  a  l i d .  B o l t s  a r e  
i n t e r c h a n g e a b le .  Due t o  t h e  p r o t e c t i v e  r i n g ,  t h e r e  i s  no  w a t e r  
an d  no  c o n t a m in a t io n  i n  t h e  b o l t  h o l e s .  T h e  f i n a l  t o r q u i n g  
p a t t e r n  i s  n o t  y e t  a v a i l a b l e .  I t  w i l l  l i k e l y  b e  n e c e s s a r y  t o  
u s e  a  p n e u m a t ic  o r  h y d r a u l i c  t o r q u i n g  t o o l  f o r  s u c h  b o l t s .

S te p  1 .  A t  t h i s  s t a g e ,  t h e  l i d  i s  i n  p l a c e  ( s t e p  j )  so  t h a t  
t h e  2 "  l i n e  i s  no  lo n g e r  c o n n e c te d .  T h e  c a v i t y  i s  f i l l e d  w i t h
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h e l iu m  t o  a tm o s p h e r ic  p r e s s u r e  ( s t e p  f . ) *  To  p r e s s u r i z e  t h e  
c a v i t y  t o  0 .5  -  0 .7  a tm , i t  i s  n e c e s s a r y  t o  u s e  a  vacuxim  pum p, 
th r o u g h  t h e  v e n t  p o r t  o f  t h e  l i d .

S te p s  m, n .  T h e  a r r a n g e m e n t  o f  t h e  c o v e r  p l a t e  i s  g iv e n  on dwg  
# 1 1 9 2 0 1 1  i n  s e c t i o n  " P r e l i m i n a r y  D e s ig n  B a s e l in e  D r a w in g s "  o f  
t h e  PDR. M e th o d  o f  t e s t i n g  w i l l  b e  t h e  " p r e s s u r e  r i s e "  t e s t  
m e th o d . T h e r e  i s  no  g a s k e t  b e tw e e n  t h e  s h i e l d  p lu g  a n d  t h e  
c a s k  b o d y . T h e r e f o r e ,  no  w a t e r  i s  r e t a i n e d  i n  t h i s  a r e a .  T h e  
vacuum  i s  a c h ie v e d  a t  t h e  l e v e l  o f  t h e  c lo s u r e  l i d .

S te p s  u ,  V .  W i l l  b e  d e f i n e d  d u r in g  f i n a l  d e s ig n .

E . 2 5  S e c t io n  7 . 2 . 2 . 1  R o t a t i n g  t h e  C a s k  t o  t h e  V e r t i c a l  P o s i t i o n  i n  
t h e  P r e p a r a t i o n  A r e a

R e s p o n s e  -  C l a r i f y  t h e  H o ld d o w n  U - b o l t  f u n c t i o n .

S te p  d .  T e x t  h a s  b e e n  c o r r e c t e d .  T h e  U - b o l t s  c a p t u r e  t h e  c a s k  
b o d y , n o t  t h e  t r u n n i o n s .

E . 2 6  S e c t io n  7 . 2 . 2 . 2  S a m p lin g  an d  C o o l in g  Down

C l a r i f y  how t h e  s a m p lin g  i s  p e r f o r m e d .

R e s p o n s e  -  S te p  b .  An e f f i c i e n t  a n d  e a s y  m e th o d  o f  s a m p lin g  i s  
t o  c o n n e c t  a  b o t t l e  i n  w h ic h  a  h ig h  vacu u m  h a s  b e e n  m ade t o  
t h e  v e n t  p o r t .  I n  t h a t  c a s e  we d o  n o t  n e e d  t o  p r e s s u r i z e  t h e  
c a s k  c a v i t y ,  d i l u t i n g  r a d i o a c t i v e  g a s  i f  a n y  i s  p r e s e n t .

S te p  d .  S a m p lin g  i s  d o n e  th r o u g h  t h e  v e n t  p o r t  p r o v id e d  on  t h e  
c a s k  l i d .  I f  c i r c u l a t i o n  i s  r e q u i r e d ,  t h i s  i s  d o n e  th r o u g h  t h e  
1 / 2 "  d r a i n  l i n e .  B o th  l i n e s  a r e  f i t t e d  w i t h  q u ic k  d is c o n n e c t s .

E . 2 7  S e c t io n  7 . 2 . 3  U n lo a d in g

C l a r i f y  h a n d l in g  a n d  t h e  n e e d  f o r  d e c o n t a m in a t io n  a t  t h e  
F e d e r a l  f a c i l i t y .

R e s p o n s e  -  S te p s  d ,  f .  A t  p r e s e n t  t h e r e  i s  no  d e f i n i t i o n  o f  
t h e  r e c e i v i n g / u n l o a d i n g  f a c i l i t i e s .  We assum e t h a t  t h e  
r e c e i v i n g  h o t  c e l l  i s  e q u ip p e d  w i t h  t h e  n e c e s s a r y  h a n d l in g  
c r a n e  t o  r e m o t e ly  re m o v e  t h e  l i d  an d  s h i e l d  p l u g .  
D e c o n ta m in a t io n  o f  t h e  l i d  ( i n t e r n a l  s u r f a c e )  m ay b e  n e c e s s a r y  
d u e  t o  some c o n t a m in a t io n  o c c u r r in g  d u r i n g  t r a n s p o r t a t i o n  ( f o r  
i n s t a n c e ,  fro m  c r u d  p a r t i c l e s ) .

E . 2 8  S e c t io n  7 . 3 . 2  D e c o n t a m in a t io n ,  D r a i n i n g ,  a n d  D r y in g

C l a r i f y  d e c o n t a m in a t io n  a t  t h e  F e d e r a l  f a c i l i t y .  How d e t a i l e d  
i s  t h e  " s u r v e y "  o f  t h e  c a v i t y ?  W h a t i s  t h e  t o r q u e  v a l u e  on  
t h e  l i d  f o r  s h ip m e n t  o f  a n  u n lo a d e d  c a s k ?
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R e s p o n s e  -  I n  t h i s  s e c t i o n  we assum e t h a t  a f t e r  d r y  u n lo a d in g  
o f  t h e  c a s k ,  a  d e c o n t a m i n a t i o n / c le a n i n g  o f  t h e  c a v i t y  i s  
p e r f o r m e d .  T h e r e f o r e  t h e r e  w i l l  b e  w a t e r  a n d /o r  
d e c o n t a m in a t io n  s o l u t i o n s  i n  t h e  c a v i t y ,  w h ic h  h a s  t o  be  
d r a in e d  a n d  d r i e d  b e f o r e  s h ip m e n t .  T h is  i s  t h e  r e a s o n  f o r  
s te p s  d  t o  1 .  H e re  a g a in  we h a v e  g iv e n  o n ly  h i g h l i g h t s  o f  t h e  
d e t a i l e d  p r o c e d u r e  we i n t e n d  t o  d e v e lo p  d u r in g  t h e  f i n a l  
d e s ig n  p h a s e . We m ade some a s s iu n p t io n s  f o r  t h e  u n lo a d in g  o f  
t h e  c a s k  i n  a  " d r y ” f a c i l i t y .  D e t a i l e d  p r o c e d u r e  w i l l  b e  b a s e d  
on  t h e  in f o r m a t io n  a v a i l a b l e  a t  t h a t  t i m e .

S te p  a .  T h e  ’’ s u r v e y "  o f  t h e  c a v i t y  i s  s u p p o s e d  t o  b e  a  re m o te  
v i s u a l  in s p e c t io n  t o  c h e c k  i f  t h e r e  i s  a n y  c r u d  i n  t h e  b a s k e t  
w h ic h  m ay h a v e  t o  b e  re m o v e d  b e f o r e  t h e  n e x t  s h ip m e n t .  
R a d i a t io n  m o n i t o r in g  c a n  a ls o  b e  p e r f o r m e d .

S te p  b .  T h e r e  i s  no  s p e c i f i c  c r i t e r i o n  i n  t h e  p r e l i m i n a r y  
d e s ig n ,  a n d  we d o  n o t  in t e n d  t o  h a v e  o n e  d u r i n g  t h e  f i n a l  
d e s ig n ,  r e g a r d in g  t h e  d e c o n t a m in a t io n  l e v e l  o f  t h e  c a v i t y .

S te p  r .  T h is  i s  a  p o s s i b i l i t y  we s h a l l  c o n s id e r  d u r i n g  f i n a l  
d e s ig n .

C h a p te r  8 A c c e p ta n c e  T e s t s  a n d  M a in te n a n c e  P ro g ra m  

E . 2 9  S e c t io n  8 . 1 . 4 . 3  M is c e l la n e o u s

C l a r i f y  t h e  m e a n in g  o f  m is c e l la n e o u s  t e s t s .

R e s p o n s e  -  B&W h a s  b e e n  r e q u i r e d  t o  f o l l o w  t h e  f o r m a t  o f  
R e g u la t o r y  G u id e  7 . 9  i n  w r i t i n g  t h e  P D P . T h a t  i s  t h e  o n ly  
r e a s o n  w hy th e s e  im p o r t a n t  " o p e r a t i o n a l  t e s t s "  a r e  w i t h i n  
s e c t i o n  8 . 1 . 4 . 3  " M is c e l l a n e o u s " .  T h is  s e c t i o n  i s  in t e n d e d  t o  
c o v e r  o n ly  t h e  " r e g u l a t o r y  a c c e p ta n c e "  t e s t s ,  o r  t h e  
c o n t r a c t u a l  " o p e r a t i o n a l "  t e s t s .  I t  d o e s  n o t  c o v e r  t h e  QA 
in s p e c t io n s  an d  c o n t r o l s  w h ic h  a r e  n o r m a l ly  p a r t  o f  a  
F a b r i c a t i o n  and  I n s p e c t i o n  P ro g ra m . T h e r e  i s  n o  i n t e n t i o n  t o  
s e p a r a t e  t h e s e  t e s t s ,  " fo r m  a n d  f i t "  o r  " o p e r a t i o n a l "  f ro m  t h e  
o t h e r  a c c e p ta n c e  t e s t s .  W e ig h t  m e a s u re m e n t i s  i n c lu d e d  i n  t h i s  
s e c t i o n .

E . 3 0  S e c t io n  8 . 1 . 5  S h i e l d i n g  I n t e g r i t y  T e s t s

H a v e  t h e  f a b r i c a t i o n  t e c h n iq u e s  f o r  l e a d  p o u r  o n  t h e  B R -1 0 0  
b e e n  d e m o n s tra te d ?

R e s p o n s e  -  T e c h n iq u e s  e x i s t  t o  a v o id  o u t - o f - r o u n d  c o n d i t i o n s  
d u r in g  t h e  le a d  p o u r in g .  R o b a t e l  h a s  b e e n  d e s ig n in g  an d  
m a n u f a c t u r in g  le a d  s h i e l d e d  c a s k s  f o r  m o re  t h a n  35  y e a r s  and  
t h e  f a b r i c a t i o n  p r o c e d u r e  w i l l  im p le m e n t  s u c h  t e c h n iq u e s .  
T h e r e  i s  no  n e ed  t o  p r o v id e  a  r a d i a l  s p a c e  f o r  l e a d  e x p a n s io n .
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L o n g i t u d i n a l  s p a c e  n e e d s  w i l l  b e  e v a l u a t e d  d u r i n g  f i n a l  
d e s ig n .

E . 3 1  S e c t io n  8 .2  M a in te n a n c e  P ro g ra m

I s  t h e  m a in te n a n c e  o f  t h e  B R -1 0 0  t i e d  t o  c a le n d a r  y e a r  o r  
s h ip m e n ts ?

R e s p o n s e  -  M ix in g  c a le n d a r  a c t i v i t i e s  a n d  n u m b e r o f  s h ip m e n t  
a c t i v i t i e s  may c r e a t e  som e m o re  w o rk  t o  t r a c k  t h e  m a in t e n a n c e  
o p e r a t io n s .  On t h e  o t h e r  h a n d , i t  m ay r e d u c e  t h e  c o s t  o f  
m a in t e n a n c e .  T h e  f i n a l  d e c i s i o n  s h o u ld  b e  l e f t  t o  t h o s e  i n  
c h a r g e  o f  t h e  c a s k  f l e e t  m a in te n a n c e .

E . 3 2  S e c t io n  8 . 2 . 1  C ask  S t r u c t u r a l  a n d  P r e s s u r e  T e s t s

Why i s  t h e  MNOP s e t  a t  1 5 0  p s i?  Why n o t  p r e s s u r e  t e s t  t h e  
c a s k  c a v i t y  on a  y e a r l y  b a s is ?  I s  i t  c h e a p e r  t o  t e s t  t h e  u s e d  
t r u n n io n  b o l t s  o r  r e p la c e  th e m  r o u t i n e l y ?

R e s p o n s e  -  T h e  t e s t  p r e s s u r e  h a s  b e e n  d e t e r m in e d  t o  b e  150% o f
t h e  maximum n o rm a l o p e r a t in g  p r e s s u r e  a s  r e q u i r e d  i n  10 CFR
7 1 . 8 5  (b )  . T h e  m axim um  n o r m a l o p e r a t in g  p r e s s u r e  i s  d e f i n e d  a s  
" t h e  m axim um  g a u g e  p r e s s u r e  t h a t  w o u ld  d e v e lo p  i n  t h e  
c o n ta in m e n t  s y s te m  i n  a  p e r io d  o f  o n e  y e a r  u n d e r  t h e  h e a t  t e s t  
s p e c i f i e d  i n  10 CFR 7 1 . 7 1  ( c )  ( 1 ) ,  i n  t h e  a b s e n c e  o f  v e n t i n g ,  
e x t e r n a l  c o o l in g  b y  a n  a n c i l l a r y  s y s te m , o r  o p e r a t i o n a l  
c o n t r o l s  d u r in g  t r a n s p o r t " .  We b e l i e v e  t h a t  5 y e a r s  w o u ld  b e  
a c c e p t a b le  f o r  s u c h  a  m a in te n a n c e  t e s t ,  b u t  a  o n e - y e a r  p e r io d  
w o u ld  n o t  in c r e a s e  t h e  l i f e  c y c l e  c o s t  s i g n i f i c a n t l y .

T h e  U l t r a s o n i c  T e s t in g  (U T ) o f  t h e  t r u n n i o n  b o l t s  i s  s u p p o s e d  
t o  c h e c k  t h e  s o u n d n e s s  o f  b o l t s  a f t e r  t h e  s t r u c t u r a l  t e s t  o f  
t h e  t r u n n i o n s .  We w i l l  c o n s id e r ,  d u r i n g  f i n a l  d e s ig n ,  t h e  
p o s s i b i l i t y  o f  r e p l a c i n g  b o l t s  w i t h o u t  p e r f o r m in g  U T .

E . 3 3  S e c t io n  8 . 2 . 2  L e a k  T e s t s

C l a r i f y  t h e  u s e  o f  a  p r e s s u r e  r i s e  m e th o d  o f  t e s t i n g  f u s i b l e  
p lu g  i n t e g r i t y .

R e s p o n s e  -  T h e  " p r e s s u r e  r i s e "  t e s t  m e th o d  i s  a p p l i c a b l e  t o  
t h e  f u s i b l e  p lu g s .  I t  r e q u i r e s  t h e  u s e  o f  a  "v a c u u m  b e l l "  t o  
c o v e r  t h e  p lu g  a n d  m ake a  v ac u u m . A l t e r n a t e  m e th o d s , s u c h  a s  
h e lix im  l e a k  d e t e c t i o n ,  w i l l  be^ e v a lu a t e d  a n d  p o r t s  a d d e d  i f  
r e q u i r e d .

E . 3 4  S e c t io n  8 . 2 . 3 . 3  F u e l  B a s k e t  A s s e m b ly

W i l l  p r o c e d u r e s  f o r  i n s p e c t i o n  o f  t h e  b a s k e t  t a k e  p o t e n t i a l  
c o n t a m in a t io n  i n t o  a c c o u n t?
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R e s p o n s e  -  T h is  w i l l  b e  in c lu d e d  i n  t h e  d e t a i l e d  p r o c e d u r e s  
d u r in g  f i n a l  d e s ig n .

E .3  5 S e c t io n  8 . 2 . 7  D is c u s s io n

A r e q u i r e m e n t  t o  h a v e  t h e  p a i n t e d  o u t e r  s u r f a c e  f r e e  o f  p i t s  
an d  s c r a t c h e s  w i l l  b e  d i f f i c u l t  t o  im p le m e n t .

R e s p o n s e  -  T e s t in g  a n d  a n a l y s i s  d u r i n g  f i n a l  d e s ig n  w i l l  
q u a n t i f y  a  m o re  r e a s o n a b le  a c c e p ta n c e  c r i t e r i a .

E . 3 6  T h e  d r a w in g  n e e d s  m o re  d e t a i l s  f o r  e v a l u a t i o n .  Can t h e  2 - i n c h  
d r a i n  l i n e  b e  c a p p e d  b e f o r e  t h e  c lo s u r e  l i d  i s  i n s t a l l e d ?  
D oes t h e  d e w a t e r in g  t o o l  a t t a c h  t o  t h e  p lu g ?

R e s p o n s e  -  T h e  s h i e l d  p lu g  i s  e q u ip p e d  w i t h  t h r e e  t i e - d o w n  
lu g s  f o r  h a n d l in g .  I t  i s  a ls o  e q u ip p e d  w i t h  t h r e a d e d  h o le s  
f o r  a t t a c h m e n t  t o  t h e  f i x t u r e  p l a t e  d u r i n g  o p e r a t io n ;  i n  t h i s  
c a s e ,  t h e  f i x t u r e  p l a t e  b e in g  e q u ip p e d  w i t h  l i f t i n g  d e v ic e s ,  
s h i e l d  p lu g  a n d  f i x t u r e  p l a t e  w i l l  b e  h a n d le d  t o g e t h e r .  T h e r e  
a r e  t h r e e  p e n e t r a t io n s  i n  t h e  s h i e l d  p l u g ,  c o r r e s p o n d in g  t o  
t h e  2 in c h  d r a i n  l i n e ,  a n d  t h e  1 / 2  in c h  a n d  3 /8  in c h  d r y i n g ,  
i n e r t i n g ,  v e n t in g  an d  s a m p lin g  l i n e s ;  t h e y  w i l l  b e  r e p r e s e n t e d  
i n  t h e  f i n a l  d e s ig n  d r a w in g s .  A k e y  w i l l  b e  u s e d  t o  l o c a t e  
t h e  s h i e l d  p lu g  r e l a t i v e  t o  t h e  c a s k  r i n g  f l a n g e  a n d  t o  t h e  
b a s k e t  f o r  d r a i n  l i n e s  c o n n e c t io n s .  A l l  t h e s e  d e t a i l s  w i l l  b e  
p r o v id e d  on  t h e  f i n a l  d e s ig n  d r a w in g s .

I t  c o u ld  b e  a  go o d  id e a  t o  c a p  t h e  2 in c h  d r a i n  l i n e  r i g h t  
a f t e r  r e m o v a l  o f  t h e  f i x t u r e  p l a t e  a n d  we w i l l  p u r s u e  t h i s  
id e a  d u r in g  f i n a l  d e s ig n .

A l l  t h e  c o n n e c t io n s  f o r  d e w a t e r in g  w i l l  b e  i n s t a l l e d  on t h e  
f i x t u r e  p l a t e  w h ic h  i s  p a r t  o f  t h e  a n c i l l a r y  e q u ip m e n t .  T h e  
d e t a i l s  o f  t h e  f i x t u r e  p l a t e  w i l l  b e  p r o v id e d  d u r in g  f i n a l  
d e s ig n .

E . 3 7  How i s  t h e  L i d  h a n d le d  a n d  a l i g n e d  t o  t h e  c a s k ?

R e s p o n s e  -  T h e  l i d  i s  e q u ip p e d  w i t h  t h r e e  t i e - d o w n  lu g s  f o r  
h a n d l in g .  Two g u id e  p in s  (d o w e ls )  w i l l  b e  u s e d  t o  l o c a t e  t h e  
l i d  r e l a t i v e  t o  t h e  c a s k  r i n g  f l a n g e  a n d  t o  t h e  s h i e l d  p l u g .  
T h e s e  d e t a i l s  w i l l  be  p r o v id e d  on  t h e  f i n a l  d e s ig n  d r a w in g s .

E . 3 8  I s  t h e  0 - r i n g  g ro o v e  c u t - b a c k  t o  h e l p  r e t a i n  t h e  s e a l?  I s  t h e  
v e n t / d r a i n  c o v e r  p l a t e  d e s ig n e d  t o  p r o t e c t  t h e  f i t t i n g s  i n  a 
r e g u l a t o r y  p i n  d ro p  a c c id e n t ?  A r e  t h e  e x i s t i n g  d r a i n  l i n e s  
a d e q u a te  t o  c i r c u l a t e  w a t e r ,  i f  r e q u i r e d ?  A r e  d e t a i l s  o f  t h e  
q u ic k - d is c o n n e c t s  a v a i l a b l e ?  A r e  t h e  c o n n e c t io n s  c l e a r l y  
m a rk e d  a n d  in c o m p a t ib le  t o  p r e v e n t  i n c o r r e c t  i n s t a l l a t i o n ?  
How d o e s  t h e  t e s t  p o r t  w o rk ?
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R e s p o n s e  -  T h e  r e p r e s e n t a t i o n  o f  t h e  s e a l  g r o o v e s  on t h e  
c u r r e n t  b a s e l i n e  d r a w in g  i s  s t y l i z e d .  I n  t h e  g r o o v e  d e s ig n  
t h e r e  w i l l  b e  a  c u t - b a c k  on e a c h  s id e  t o  h a v e  t h e  g r o o v e  
r e t a i n  t h e  s e a l  u n d e r  a n y  c o n d i t i o n .

T h e  p e n e t r a t i o n  c o v e r  p l a t e  b e h a v io r  d u r i n g  a c c i d e n t  
c o n d i t i o n s  was n o t  a d d r e s s e d  d u r in g  p r e l i m i n a r y  d e s ig n .  T h is  
a n a l y s i s  o f  t h e  p i n  d r o p  a c c i d e n t  w i l l  b e  a d d r e s s e d  w i t h  NRC 
d u r in g  f i n a l  d e s ig n .

T h e  B R -1 0 0  c a s k  i s  n o t  c u r r e n t l y  d e s ig n e d  t o  p e r m i t  t r u e  
c i r c u l a t i o n  o f  w a t e r .  T h e  d r a i n  l i n e s  ( 2 - i n c h  an d  1 / 2 - i n c h  
l i n e s )  c a n  b e  u s e  e i t h e r  t o  f i l l  t h e  c a s k  o r  t o  e m p ty  i t .  I f  
f i n a l  d e s ig n  e v a l u a t i o n s  show  t h a t  c i r c u l a t i o n  o f  w a t e r  c a n  
im p ro v e  t h e  B R -1 0 0  c a s k  o p e r a b i l i t y ,  we w i l l  m o re  l i k e l y  ad d  
a n o t h e r  2 - i n c h  p e n e t r a t i o n  i n  t h e  s h i e l d  p l u g .

T h e  d e t a i l s  o f  t h e  q u ic k - d is c o n n e c t s  w i l l  b e  p r o v id e d  d u r in g  
f i n a l  d e s ig n  a n d  we w i l l  c o n s id e r  t h e i r  s e l e c t i o n  f ro m  an  
e a s y - o p e r a t io n  p o i n t  o f  v ie w .  T h e  m a le  c o u p le r  i s  i n s t a l l e d  
i n  t h e  l i d .

T h e  d i f f e r e n t  l i n e s  w i l l  b e  c l e a r l y  i d e n t i f i e d ;  h o w e v e r ,  w ro n g  
c o n n e c t io n s  w i l l  b e  im p o s s ib le  b e c a u s e  o f  t h e  d i f f e r e n c e  o f  
s i z e  o f  t h e  m a le  a n d  f e m a le  c o u p le r s .

O p e r a t io n  o f  t h e  t e s t  p o r t  w i l l  b e  d e t a i l e d  d u r in g  f i n a l  
d e s ig n .

E . 3 9  How i s  t h e  b a s k e t  h a n d le d ?  How a r e  t h e  d r a i n  l i n e s  a t t a c h e d ?  
I s  t h e  b a s k e t  k e y e d  i n  p la c e ?  How d o e s  t h e  d r a i n  s y s te m  w o rk ?  
Do t h e  b a s k e t  c e l l s  " c o m m u n ic a te ? "  I s  t h e  b a s k e t  c o m p a t ib le  
w i t h  a l l  i n t e r f a c i n g  s i t e  f u e l  g r a p p le s ?

R e s p o n s e  -  T h e  b a s k e t  w i l l  b e  h a n d le d  i n  o n e  p i e c e  th r o u g h  
f i t t i n g s  a d a p te d  a t  t h e  e x t r e m i t y  o f  t h r e e  o r  f o u r  o f  t h e  
l o n g i t u d i n a l  t i e - r o d s .

T h e  d r a i n  p ip e s  a r e  in c o r p o r a t e d  i n  t h e  b a s k e t  f o r m e r s  an d  
a t t a c h e d  t o  t h e  b a s k e t  u p p e r  g r i d .  D r a i n in g  o f  t h e  c a s k  i f  
t h e  b a s k e t  i s  n o t  i n s t a l l e d  i s  n o t  c o n s id e r e d  a s  a  n o rm a l  
o p e r a t in g  c o n d i t i o n .  T h is  c o n d i t i o n  w i l l  b e  c o n s id e r e d  d u r in g  
f i n a l  d e s ig n .

T h e  b a s k e t  i s  k e y e d  t o  t h e  f l a n g e  o f  t h e  c a s k  t o  e n s u r e  p r o p e r  
p o s i t i o n i n g  o f  t h e  d r a i n i n g  l i n e s  a n d  a v o id  p o t e n t i a l  r o t a t i o n  
d u r in g  o p e r a t io n s  a n d  t r a n s p o r t a t i o n .

T h e  b o tto m  o f  t h e  b a s k e t  i s  s u p p o r te d  b y  " s u p p o r t  p o s t s "  a b o v e  
t h e  c a s k  b o t to m . T h e  d i s t a n c e  b e tw e e n  b o t to m  o f  t h e  b a s k e t  
a n d  b o t to m  o f  t h e  c a s k  i s  0 . 7 5  in c h  a t  t h e  l e v e l  o f  t h e  c a s k  
c e n t e r l i n e  a n d  1 in c h  a t  t h e  p e r ip h e r y  o f  t h e  c a s k  c a v i t y
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(w h e re  t h e  d r a i n  l i n e s  a r e  a t t a c h e d ) , w h ic h  c r e a t e s  a  s l i g h t  
s lo p e  a l l o w i n g  f o r  e a s i e r  an d  m o re  c o m p le te  d e w a t e r in g .

T h e  b a s k e t  f u e l  c e l l s  h a v e  no " c o m m u n ic a t io n ” a l l o w i n g  f o r  
t r a n s f e r  o f  w a t e r  f r o m  o n e  t o  a n o t h e r .  H o w e v e r , d e w a t e r in g  
an d  f i l l i n g  o f  t h e  c a s k  a r e  e f f e c t e d  w i t h  t h e  c a s k  i n  v e r t i c a l  
p o s i t i o n  th r o u g h  t h e  d r a i n  l i n e s  a n d  b y  t h e  b o t to m  o f  t h e  c a s k  
c a v i t y  (u n d e r  t h e  b a s k e t  b o tto m  p l a t e ) . H o le s  i n  t h e  b a s k e t  
b o tto m  p l a t e  a t  t h e  l e v e l  o f  e a c h  f u e l  c e l l  a l l o w  f o r  u n i fo r m  
f i l l i n g  o r  d r a i n i n g  o f  t h e  f u e l  c e l l s  a n d  o f  t h e  c a s k  c a v i t y .

S ee  re s p o n s e  t o  q u e s t io n  E . 3 .

E . 4 0  H as t h e  NRC h a d  com m ents  on t h e  u n iq u e  c o n s t r u c t i o n  o f  t h e  
i n n e r  s h e l l - t o - o u t e r  s h e l l  t r a n s i t i o n ?  I s  t h e  a n n u lu s  a ro u n d  
t h e  s h i e l d  p lu g  t o  b e  d e w a te r e d ?  I s  a c o n t a m in a t io n  b a r r i e r  
b e tw e e n  t h e  f r o n t  im p a c t  l i m i t e r  a n d  t h e  c a s k / l i d  b e n e f i c i a l ?  
I s  t h e r e  a m e th o d  t o  re m o v e  w a t e r  f ro m  t h e  l i d  b o l t  h o le s ?  I s  
t h e  p o t e n t i a l  f o r  w a t e r  t o  g e t  b e h in d  t h e  t r u n n i o n s  o r  b la n k s  
a c o n t a m in a t io n  r i s k ?  W i l l  t h e  c a s k  l i p  p r o t e c t  t h e  l i d  
d u r in g  a  r e g u l a t o r y  s id e  p i n  d r o p  c o n d i t io n ?

R e s p o n s e  -  T h e  d e s ig n  o f  t h e  i n n e r  s h e l l ,  w e ld e d  t o  t h e  u p p e r  
f l a n g e  o f  t h e  c a s k  b u t  in d e p e n d e n t  o f  t h e  c a s k  b o t to m  f o r g i n g ,  
h a s  tw o  p r i n c i p a l  a d v a n ta g e s :  1 /  t h e  s e c o n d a r y  s t r e s s e s
c r e a t i n g  l o n g i t u d i n a l  c o m p re s s io n  i n  t h e  i n n e r  s h e l l  and  d u e  
t o  d i f f e r e n t i a l  t h e r m a l  e x p a n s io n  b e tw e e n  i n n e r  a n d  o u t e r  
s h e l l  o f  t h e  c a s k  a r e  r e d u c e d ,  a n d  2 /  t h e  l e n g t h  o f  t h e  c a s k  
i s  r e d u c e d  b y  t h e  u s e  o f  l e a d  gamma s h i e l d i n g  e n c lo s e d  b e tw e e n  
t h e  in n e r  s h e l l  a n d  t h e  o u t e r  s h e l l  b o t to m  f o r g i n g s .  NRC w i l l  
r e v ie w  t h e  s t r e s s  a n a l y s i s  f o r  e v a l u a t i o n  o f  t h i s  d e s ig n .

T h e r e  a r e  c o m m u n ic a t io n  g r o o v e s  b e tw e e n  t h e  a n n u lu s  a ro u n d  t h e  
s h i e l d  p lu g  a n d  t h e  i n s i d e  o f  t h e  c a s k  c a v i t y  t o  a l lo w  f o r  
d e w a t e r in g  o f  t h i s  a n n u lu s .  T h e  d e t a i l s  a r e  n o t  c u r r e n t l y  
r e p r e s e n t e d  on t h e  d r a w in g s  b u t  w i l l  b e  in c lu d e d  o n  t h e  f i n a l  
d e s ig n  d r a w in g s .

T h e  p r o t e c t i v e  r i n g  s e a l s  p r e v e n t  t h e  c lo s u r e  b o l t  c i r c l e  fro m  
c o n t a c t  w i t h  c o n ta m in a te d  w a t e r ,  a n d  t h e r e  i s  t h e r e f o r e  no  
n e e d  f o r  a c o n t a m in a t io n  b a r r i e r  b e tw e e n  t o p  o f  t h e  c a s k  an d  
t o p  im p a c t  l i m i t e r .

B e c a u s e  d u r in g  n o rm a l o p e r a t io n s  p o o l  w a t e r  i s  p r e v e n t e d  fro m  
e n t e r i n g  t h e  b o l t  h o l e s ,  n o  m e th o d  w as n e e d e d  f o r  d r a i n i n g  an d  
d e c o n t a m in a t io n  o f  t h e s e  h o le s .  I f ,  a f t e r  th o r o u g h  e v a l u a t i o n  
o f  t h e  o p e r a t in g  p r o c e d u r e s ,  we c o n s id e r  t h a t  a  b o l t  h o le  
c o n t a m in a t io n  i n c i d e n t  i s  l i k e l y  t o  h a p p e n , we w i l l  d e s ig n  
d r a i n  l i n e s  p r o v i d in g  f o r  c o m m u n ic a t io n  b e tw e e n  t h e  b o l t  h o le s  
an d  t h e  o u t s id e  o f  t h e  c a s k  u p p e r  f l a n g e .  T h e  in c o n v e n ie n c e  
o f  s u c h  a  f e a t u r e  w i l l  b e  a n  in c r e a s e  o f  t h e  d e c o n t a m in a t io n
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p r o b le m :  c o n t a m in a t io n  o f  t h e  b o l t  h o le s  a n d  o f  t h e  c a s k
s e a l i n g  s u r f a c e s .

S i l i c o n e  s e a l i n g  i s  p r o v id e d  a t  t h e  p e r i p h e r y  o f  t h e  t r u n n io n  
an d  a t  t h e  l e v e l  o f  e a c h  t r u n n i o n  b o l t .  T h e  o b j e c t  o f  t h i s  
s e a l i n g  i s  t o  p r e v e n t  p o o l  w a t e r  f r o m  e n t e r i n g  a n y w h e re  i n  t h e  
t r u n n i o n .  T h e  sam e t y p e  o f  s e a l i n g  i s  p r o v id e d  a t  t h e  l e v e l  
o f  e a c h  p e n e t r a t i o n  i n  t h e  c a s k  b o d y , t o  p r e v e n t  p o o l  w a t e r  o f  
fro m  e n t e r i n g  a n d  t o  l i m i t  t h e  d e c o n t a m in a t io n  o p e r a t io n  t o  
t h e  o u t s i d e  s u r f a c e s  o n l y .

T h e  f u n c t i o n  o f  t h e  l i p  i s  n o t  o n ly  t o  p r o t e c t  t h e  l i d  d u r in g  
t h e  s id e  p i n  d r o p  a c c id e n t  b u t  a ls o  d u r i n g  a  c o r n e r  d r o p .  We 
a g r e e  t h a t  t h e  0 . 5 - i n c h  t h ic k n e s s  i s  l i k e l y  i n s u f f i c i e n t .  We 
e x p e c t  m o re  e la b o r a t e  s t r u c t u r a l  a n a l y s i s  t o  a l l o w  u s  d u r in g  
f i n a l  d e s ig n  t o  r e d u c e  t h e  c lo s u r e  b o l t  c i r c l e  d ia m e t e r ,  a 
r e d u c t io n  o f  a t  l e a s t  3 in c h e s  b e in g  p o s s i b l e .  I n  t h i s  
c o n d i t i o n ,  t h e  l i p  w i l l  b e  2 in c h e s  t h i c k ,  w h ic h  s h o u ld  be  
s u f f i c i e n t  t o  p r o t e c t  t h e  l i d .

E . 4 1  A r e  t h e  im p a c t  l i m i t e r  a t ta c h m e n t s  d e f in e d ?  D oes t h e  im p a c t  
l i m i t e r  h a v e  a n y  c o n t r i b u t i o n  t o  t h e  r e g u l a t o r y  f i r e  
c o n d i t io n ?

R e s p o n s e  -  T h e  a t ta c h m e n t s  f o r  t h e  im p a c t  l i m i t e r  w i l l  be  
d e v e lo p e d  d u r in g  t h e  f i n a l  d e s ig n  p h a s e .  T h e  l i m i t e r  w i l l  be  
d e s ig n e d  t o  m ake no c o n t r i b u t i o n  t o  t h e  f i r e  a c c id e n t  
c o n d i t i o n .

E . 4 2  C o u ld  t h e  p e r s o n n e l  b a r r i e r  e x t e n d  b e y o n d  t h e  im p a c t  l i m i t e r s ?  
Can t h e  b a r r i e r  b e  re m o v a b le  w i t h o u t  u s in g  a  c r a n e ?  Can t h e  
b a r r i e r  dam age t h e  l i m i t e r s  d u r in g  i n s t a l l a t i o n ?  I s  t h e  
r a i l c a r  t o  b e  d e s ig n e d  t o  i n d u s t r y  s a f e t y  s ta n d a r d s ?

R e s p o n s e  -  S ee  re s p o n s e  t o  q u e s t io n  E . 4 7 .

E . 4 3  C l a r i f y  t h e  s t a t e m e n t  r e g a r d in g  a c c e s s  t o  tw o  c r a n e  h o o k s .

R e s p o n s e  -  T h e  s t a t e m e n t  h a s  b e e n  c l a r i f i e d  i n  t h e  PDR.

E . 4 4  S h o u ld  t h e  c o s t  o f  t h e  l i f t  f i x t u r e s  a n d  t r a n s p o r t e r  be  
in c lu d e d ?

R e s p o n s e  -  T h e  c o s t  o f  t h e  l i f t  f i x t u r e s  a n d  t r a n s p o r t  v e h i c l e  
c a n n o t  b e  e s t im a t e d  a c c u r a t e l y  e n o u g h  a t  t h a t  s t a g e  o f  t h e  
d e s ig n .  I t  i s  o u r  i n t e n t  t o  i n c lu d e  t h e s e  c o s t s  i n  t h e  c a s k  
s y s te m  c o s t  d u r in g  f i n a l  d e s ig n .

E . 4 5  I s  t h e r e  a  s h i e l d i n g  c o n c e r n  b e c a u s e  o f  t h e  l i b e r a l  u s e  o f  
c o p p e r  f i n s ?

R e s p o n s e  -  T h is  c o n c e rn  i s  a d d r e s s e d  i n  A . 2 5 .
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E . 4  6 W i l l  t h e r e  b e  an  e v a l u a t i o n  o f  a c c e p t a b le  c o a t in g  lo s s  d u e  t o  
r o u t i n e  h a n d l in g ?  C an w a t e r  g e t  b e tw e e n  t h e  c o a t in g  an d  t h e  
c a s k  o u t e r  s h e l l ?

R e s p o n s e  -  I n f o r m a t i o n  on  t h e  a m o u n t o f  c o a t in g  t h a t  c a n  be  
re m o v e d  b e f o r e  s t r i p p i n g  a n d  r e p l a c i n g  a r e  n e c e s s a r y  w i l l  b e  
e v a lu a t e d  i n  t h e  f i n a l  d e s ig n  p h a s e .

P e r i o d i c  m a in te n a n c e  e x a m in a t io n s  o f  t h e  c a s k  o u t e r  c o a t in g  
a r e  p la n n e d  t o  a s s u r e  c o a t in g  i n t e g r i t y  i s  n o t  s i g n i f i c a n t l y  
c o m p ro m is e d  an d  t h a t  w a t e r  e n t r a p m e n t  i s  t h e r e b y  p r e c lu d e d .  
S ee  S e c t io n  8 . 2 . 7  M is c e l la n e o u s  o f  t h e  PDR.

E . 4 7  W i l l  i n d u s t r y  an d  F e d e r a l  s a f e t y  s ta n d a r d s  b e  u s e d  on t h e  
r a i l c a r  d e s ig n ?  W i l l  a n y  h a n d l in g  e q u ip m e n t  b e  s h ip p e d  on t h e  
r a i l c a r  w i t h  t h e  c a s k ?  W i l l  t h e  p e r s o n n e l  b a r r i e r  p r o t e c t  t h e  
c a s k  f r o m  w e a th e r  a n d  i n c i d e n t a l  dam age? A r e  t h e  im p a c t  
l i m i t e r  t r a y s  d e s c r ib e d  i n  d e t a i l ?

R e s p o n s e  -  T h e  n e c e s s a r y  s a f e t y  a p p l ia n c e s  a s  p e r  AAR a n d  FRA 
w i l l  b e  show n on t h e  f i n a l  r a i l c a r  d e s ig n .

S ee  re s p o n s e  t o  Q A . 47

T h e  c a s k  i s  o p en  t o  t h e  e n v ir o n m e n t  t o  p r o v id e  n a t u r a l  a i r  
c i r c u l a t i o n  f o r  h e a t  t r a n s f e r .  T h e  f i n a l  d e s ig n  w i l l  
d e t e r m in e  t h e  t y p e  o f  b a r r i e r  t o  b e  u s e d .  T h e  b a r r i e r  w i l l  
r e m a in  o n  t h e  r a i l c a r .

T h e  t r a y s  o r  f i x t u r e s  t h a t  a l i g n  a n d  t r a n s l a t e  t h e  im p a c t  
l i m i t e r s  w i l l  b e  c o m p le te d  d u r i n g  f i n a l  d e s ig n .

E . 4 8  C l a r i f y  t h e  d i f f e r e n c e  b e tw e e n  t h e  t i e - d o w n  a r r a n g e m e n ts  i n  
F ig u r e s  1 a n d  2 .  A r e  t h e  l o n g i t u d i n a l  f o r c e s  r e a c t e d  b y  o n ly  
t h e  r e a r  t ie - d o w n s ?  How i s  t h e  s k i d  t o  b e  m oved w i t h  t h e  c a s k  
on i t ?

R e s p o n s e  -  T e x t  a n d  f i g u r e s  w i l l  b e  m o d i f ie d  t o  i n c o r p o r a t e  
c o m m en ts . T h e  l o n g i t u d i n a l  f o r c e s  a r e  r e a c t e d  b y  t h e  r e a r  t i e  
downs o n l y .  T h e  f i n a l  s k i d  d e s ig n  w i l l  b e  o p t im iz e d  t o  a l l o w  
a m ore  e v e n  d i s t r i b u t i o n  o f  l o n g i t u d i n a l  f o r c e s  (b e tw e e n  
s a d d le  a n d  r e a r  t i e  d o w n s ) .

E . 4 9  C l a r i f y  t h e  d e s ig n  o f  t h e  y o k e  a s  show n i n  t h e  f i g u r e .  
C l a r i f y  i f  y o k e  i s  p a r t  o f  a  n o n - r e d u n d a n t  l i f t  s y s te m . How 
i s  t h e  y o k e  h a n d le d  i n t o  p o s i t i o n ?  P n e u m a tic  m o to r s  w o u ld  b e  
a p r e f e r a b l e  c h o ic e  t o  c o n t r o l  t h e  y o k e ,  a l t h o u g h  o p e r a t io n  
a f t e r  m o to r  f a i l u r e  s h o u ld  a ls o  b e  a d d r e s s e d .  How i s  t h e  
s y s te m  d e c o n ta m in a te d  a f t e r  u s e ?  S h o u ld  t h e  U - b o l t s  b e  show n  
i n  F ig u r e  9 - 2 ?
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R e s p o n s e  -  T h e  n a r r a t i v e  w i l l  b e  m o d i f i e d  t o  a d d r e s s  t h e  
f i g u r e .

T h e  c a s k  y o k e  h a s  b e e n  d e s ig n e d  t o  n o n - r e d u n d a n t  l i f t  s y s te m  
r e q u i r e m e n t s .  I f  a  r e d u n d a n t  c a p a b i l i t y  i s  i d e n t i f i e d  a s  a 
r e q u i r e m e n t ,  B a b c o c k  & W i lc o x  w i l l  d e v e lo p  a  r e d u n d a n t  y o k e  
a n d  m o d ify  w e ig h t  a l lo w a n c e  a p p r o p r i a t e l y .

A m eans o f  s t a n d in g  t h e  y o k e  i n  a  v e r t i c a l  p o s i t i o n  i s  
a d d r e s s e d  i n  com m ent E . 4 .

A p n e u m a t ic  m o to r  w i l l  b e  u s e d  f o r  y o k e  o p e r a t io n ;  y o k e  
o p e r a t io n  a f t e r  m o to r  f a i l u r e  a n d  y o k e  d e c o n t a m in a t io n  w i l l  be  
a d d r e s s e d  i n  t h e  f i n a l  d e s ig n .

F ig u r e  9 - 2  h a s  b e e n  r e v i s e d .

E . 5 0  T h e  d e s ig n  s h o u ld  m in im iz e  o p p o r t u n i t y  f o r  dam age d u r in g  
re m o v a l o r  i n s t a l l a t i o n .  T h e  b a r r i e r  s h o u ld  c o v e r  t h e  
l i m i t e r s  a n d  n o t  r e q u i r e  u s e  o f  a  c r a n e .  C an t h e  b a r r i e r  
p r e v e n t  w a t e r  s p r a y  f r o m  c o n t a c t in g  t h e  c a s k ?  A r e  d e s ig n  
d e t a i l s  a v a i l a b l e ?  I s  a  c l a m - s h e l l  d e s ig n  f e a s i b l e ?

R e s p o n s e  -  P r o p e r  c o n s i d e r a t i o n  t o  p e r s o n n e l  b a r r i e r  
h a n d l in g / i m p a c t  l i m i t e r  dam age w i l l  b e  g i v e n  i n  t h e  f i n a l  
d e s ig n  s t a g e .  A " c l a m - s h e l l "  o r  t r o l l e y  f o r  p e r s o n n e l  b a r r i e r  
h a n d l in g  w i l l  e l i m i n a t e  p o t e n t i a l  f o r  im p a c t  l i m i t e r  d am ag e .

E x t e n d in g  t h e  p e r s o n n e l  b a r r i e r  f o r  im p a c t  l i m i t e r  
e n v i r o n m e n t a l  p r o t e c t i o n  w i l l  b e  c o n s id e r e d  a t  f i n a l  d e s ig n .  
H o w e v e r , we a n t i c i p a t e  t h e  im p a c t  l i m i t e r  d e s ig n  t o  p r o v id e  
f o r  p r o t e c t i o n  a g a i n s t  e n v i r o n m e n t a l  e le m e n t s .  T h e  p e r s o n n e l  
b a r r i e r  i s  d e s ig n e d  a s  n o n - s o l i d  t o  a l l o w  c o n v e c t iv e  h e a t  
t r a n s f e r  f r o m  t h e  c a s k .  A " n o - c r a n e "  b a r r i e r  w i l l  b e  
c o n s id e r e d  i n  f i n a l  d e s ig n .

W a te r  s p r a y  r e q u ir e m e n t s  w i l l  b e  c o n s id e r e d  d u r in g  f i n a l  
d e s ig n .

T h e  d e t a i l s  o f  p e r s o n n e l  b a r r i e r  h a n d l in g  ( h a n d le s ,  l i f t  lu g  
a c c e s s  a n d  n u m b er o f  b o l t s )  w i l l  b e  d e v e lo p e d  i n  t h e  f i n a l  
d e s ig n .

E . 5 1  Can a i r  b e  u s e d  f o r  d e w a t e r in g  o r  i n e r t i n g ?  I s  t h e  d e s ig n  o f  
t h e  o p e r a t i o n a l  c o n t r o l  p a n e l  t o o  f a r  a lo n g  t o  c o n s id e r  
f e a t u r e s  w h ic h  m ig h t  b e n e f i t  s i t e  p e r s o n n e l  a n d  c a s k  
tu r n a r o u n d ?

R e s p o n s e  -  A i r  c a n  be u s e d  f o r  d e w a t e r in g  p u r p o s e s .  T h e  c a s k  
i s  l a t e r  i n e r t e d  w i t h  h e l iu m  d u e  t o  t h e  h ig h  t h e r m a l  
c o n d u c t i v i t y  a n d  i n e r t i n g  p r o p e r t i e s  o f  h e l iu m .
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T h e  d r a i n i n g ,  d r y i n g ,  i n e r t i n g ,  a n d  t e s t i n g  e q u ip m e n t  s y s te m  
w i l l  b e  r e v i s i t e d  d u r in g  f i n a l  d e s ig n .  B a b c o c k  & W i lc o x  w i l l  
i n v o lv e  u t i l i t y  r e p r e s e n t a t i v e s  i n  d e t e r m in i n g  t h e  b e s t  
m e th o d s  t o  u s e  e x i s t i n g  p l a n t  s e r v i c e s  w h i l e  m in im iz in g  t h e  
r e q u ir e m e n t s  f o r  s p e c i a l  t o o l s .

E . 5 2  W h a t r e s e a r c h  s u p p o r ts  t h e  u s e  o f  p a i n t  t o  m in im iz e  " w e e p in g .” 
I s  t h e  s p e c i f i c  p a i n t  t o  b e  u s e d  a l r e a d y  i d e n t i f i e d ?

R e s p o n s e  -  A S a n d ia  N a t i o n a l  L a b o r a t o r i e s  r e p o r t  o n  i n - s e r v i c e  
c a s k  w e e p in g  e x p e r ie n c e  h a s  b e e n  r e f e r e n c e d .  T h e  p a i n t  
s e l e c t e d  f o r  t h e  e x t e r i o r  s u r f a c e  o f  t h e  c a s k  i s  a 
c o m m e r c ia l ly  a v a i l a b l e  i t e m .  (S e e  r e s p o n s e  t o  q u e s t io n  A . 3)

E . 5 3  C o u ld  a f i g u r e  b e  a d d e d  t o  show  t h e  s y s te m  a s  c o n f ig u r e d  f o r  
a n  in t e r m o d a l  l i f t ?

R e s p o n s e  -  An a d d i t i o n a l  f i g u r e .  F ig u r e  9 - 6 ,  h a s  b e e n  a d d e d .

E . 5 4  A r e  f u r t h e r  f e a t u r e s  r e q u i r e d  t o  m ake t h e  c lo s u r e  b o l t s  o r  l i d  
" t a m p e r - i n d i c a t i n g " ?

R e s p o n s e  -  O p e r a t io n  o f  c lo s u r e  l i d  b o l t  i s  d e s c r ib e d  i n  
S e c t io n  2 . 4 . 2 .

E . 5 5  A r e  o t h e r  NRC a p p r o v a ls  r e q u i r e d  t o  p e r m i t  t h e  u s e  o f  t h e  B R - 
1 0 0  a s  a " l a g "  s t o r a g e  c a s k ?

R e s p o n s e  -  I t  i s  n o t  in t e n d e d  t h a t  t h e  B R -1 0 0  t r a n s p o r t a t i o n  
c a s k  b e  u s e d  a s  a  p e r m a n e n t  s t o r a g e  c a s k  a t  t h e  F e d e r a l  
p r o c e s s in g  f a c i l i t y ,  a l t h o u g h  i t s  u s e  i n  t h a t  r o l e  i s  
f e a s i b l e .  I n s t e a d ,  t h i s  s t a t e m e n t  a d d r e s s e s  t h e  t im e  w a i t i n g  
f o r  t h e  f a c i l i t y ' s  o p e r a t i o n a l  s c h e d u le  t o  p e r m i t  u n lo a d in g .  
T h is  mode o f  o p e r a t io n  i s  w i t h i n  t h e  s c o p e  o f  t h e  d e s ig n  
r e q u ir e m e n t s  f o r  t h e  B R -1 0 0  c a s k .  T h e  DOE c o u ld  e l e c t  t o  
i n c r e a s e  t h e  m is s io n  o f  t h e  B R -1 0 0  t o  in c lu d e  u s e  a s  a  lo n g 
t e r m  s t o r a g e  c a s k .  I n  t h a t  c a s e ,  BWFC a g r e e s  t h a t  t h e r e  may 
b e  a d d i t i o n a l  r e g u l a t o r y  a n d  l i c e n s i n g  is s u e s  t o  b e  a d d r e s s e d .

E . 5 6  C om m ent:

a )  I s  t h e  u n d e r w a t e r  d e w a t e r in g  s t e p  o n ly  in c o r p o r a t e d  t o  
a i d  i n  m e e t in g  c r a n e  h o o k  w e ig h t  r e s t r i c t i o n s ?

b ) W h at i s  t h e  b a s is  f o r  s t a t i n g  t h a t  t h e  B R -1 0 0  w i l l  
b e  c o m p a t ib le  w i t h  F e d e r a l  f a c i l i t i e s ?

c )  M in im iz in g  t h e  t im e  t h a t  t h e  lo a d e d  c a s k  i s  i n  t h e  
p o o ls id e  w o rk  a r e a ,  a s  o p p o s e d  t o  i n  t h e  p o o l  o r  on  
t h e  r a i l c a r ,  s h o u ld  r e s u l t  i n  lo w e r  w o r k e r  
e x p o s u r e s .
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R e s p o n s e ;

a )  T h e  1 0 0 - t o n  l i m i t  i s  a  c o n t r a c t u a l  r e q u i r e m e n t  t h a t  
i s  b a s e d  on a  h y p o t h e t i c a l  1 0 0 - t o n  c r a n e  l i m i t  a t  
t h e  d i f f e r e n t  r e a c t o r  s i t e s .  T h e  B R -1 0 0  i s  
d e s ig n e d  s u c h  t h a t  u n d e r w a t e r  d e w a t e r in g  i s  e a s i e r  
a n d  q u ic k e r  t h a n  u s in g  c o n v e n t io n a l  t e c h n iq u e s ,  
a lt h o u g h  i t  a ls o  r e d u c e s  t h e  w e ig h t  t o  b e  l i f t e d  
o u t  o f  t h e  p o o l .

b ) T h e  r e p o s i t o r y / c a s k  i n t e r f a c e s  a t  t h e  F r e n c h  
r e p r o c e s s in g  f a c i l i t y  (L a  H a g u e ) w e re  s t u d ie d  i n  
d e t e r m in in g  t h a t  t h e  B R -1 0 0  h a s  t h e  f l e x i b i l i t y  t o  
acco m m o d ate  p o t e n t i a l  r e p o s i t o r y  o r  MRS 
r e q u i r e m e n t s .

c )  T h a t  o b s e r v a t io n  i s  t h e  b a s i s  f o r  o u r  o p e r a t i o n a l  
s t r a t e g y  an d  w i l l  b e  p u r s u e d  th r o u g h  f i n a l  d e s ig n .

E . 5 7  H as  t h e  c a s k /h o t  c e l l  i n t e r f a c e  b e e n  o p t im iz e d  t o  r e d u c e  a n y  
w o r k e r  d o s e  r a t e  a t  t h e  F e d e r a l  f a c i l i t y ?

R e s p o n s e  -  T h e  F ig u r e  s h o w in g  t h e  C a s k /H o t  C e l l  S e a l in g  
I n t e r f a c e  was m e a n t t o  o n ly  i l l u s t r a t e  t h e  c o n c e p t  e n v is io n e d  
f o r  t h e  i n t e r f a c e  b e tw e e n  t h e  c a s k  a n d  h o t  c e l l .  S p e c i f i c  
d e t a i l s  r e l a t i n g  t o  m e c h a n ic a l  a n d  s h i e l d i n g  d e s ig n  o f  t h e  
i n t e r f a c e  a r e  n o t  w i t h i n  t h e  s c o p e  o f  t h e  c a s k  d e v e lo p m e n t  
p r o j e c t .  BWFC e x p e c t s  t o  w o rk  w i t h  t h e  DOE t o  e n s u r e  
c o m p a t i b i l i t y  b e tw e e n  t h e  B R -1 0 0  c a s k  a n d  t h e  h o t  c e l l  
i n t e r f a c e  as  t h e  h o t  c e l l  d e s ig n  i s  f i n a l i z e d .

F . l  10C FR 71 s t a t e s  t h a t  t h e  h y p o t h e t i c a l  a c c i d e n t  c o n d i t i o n s  a r e  
t o  b e  a p p l i e d  i n  t h e  f o l l o w i n g  s e q u e n c e :  f r e e  d r o p ,  p u n c t u r e ,  
t h e r m a l ,  im m e rs io n . T h e  PDR s t a t e s  t h a t  w a l l  s e c t i o n  t e s t i n g  
w i l l  b e  e m p lo y e d  t o  a d d r e s s  t h e  h y p o t h e t i c a l  th e ir m a l is s u e  
( F i g .  3 - 1 1 ) .  I f  t h i s  i s  t h e  c a s e ,  t h e n  i t  s h o u ld  b e  v e r i f i e d  
t h a t  d r o p  t e s t i n g  an d  p u n c t u r e  t e s t i n g  o f  t h e  c a s k  w i l l  n o t  
s i g n i f i c a n t l y  i n f l u e n c e  t h e  th e z rm a l r e s i s t a n c e  th r o u g h  t h e  
c a s k  w a l l .  P u n c tu r e  a n d  im p a c t  m ig h t  c r e a t e  c r u s h in g  o f  t h e  
c o n c r e t e  s h i e l d ,  g a p s  b e tw e e n  t h e  w a l l  l a y e r s ,  o r  p o s s i b l e  
f r a c t u r e  o f  t h e  s o ld e r  j o i n t  b e tw e e n  t h e  c o p p e r  f i n s  a n d  t h e  
l e a d  gamma s h i e l d .

I n  S e c t io n  3 . 5 ,  i t  i s  m e n t io n e d  t h a t  t h e  t e s t  s p e c im e n  ( w i t h  
a l l  s id e s  i n s u la t e d  e x c e p t  t h e  o u t s i d e )  w i l l  b e  e x p o s e d  t o  a 
p r e h e a t e d  f u r n a c e .  I t  s h o u ld  b e  v e r i f i e d  t h a t  t h e  f o l l o w i n g  
i t e m s  d o n ' t  i n v a l i d a t e  t h e  t e s t :

a .  I n  an  a c t u a l  f i r e ,  t h e  c a s k  w a l l  w i l l  b e  a t  n o rm a l  
o p e r a t in g  t e m p e r a t u r e s  b e f o r e  t h e  f i r e  s t a r t s  a n d  th u s  
t h e  t e s t  m ig h t  b e  t o o  n o n - c o n s e r v a t i v e .
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b .  N e g l e c t i n g  t h e  f u e l  t h e r m a l  l o a d in g  on t h e  w a l l  i s  a ls o  
n o n - c o n s e r v a t i v e .

R e s p o n s e  -  T h e  t h e r m a l  f i r e  t e s t  w i l l  b e  u s e d  t o  p r o v id e  
b o u n d a ry  c o n d i t i o n s  f o r  t h e  c a s k  f o r  t h e r m a l  e v a l u a t i o n  o f  t h e  
h y p o t h e t i c a l  a c c i d e n t  a n d  i s  n o t  m e a n t t o  b e  a  v e r i f i c a t i o n  
t e s t .  T h is  t e s t  s p e c im e n  i s  o f  a n  u n -d r o p p e d  an d  u n - p u n c t u r e d  
c r o s s  s e c t i o n .  T h e  q u a r t e r  s c a le  d r o p  t e s t  w i l l  b e  u s e d  t o  
d e m o n s t r a t e  t h a t  t h e r e  i s  o n ly  l o c a l i z e d  dam age t o  t h e  c a s k ,  
w h ic h  h a s  a  m in im a l  e f f e c t  on t h e  t h e r m a l  p e r fo ir m a n c e .  The  
t y p e s  o f  c a s k  dam age s u g g e s te d  i n  t h e  q u e s t io n  ( c r u s h in g  o f  
t h e  c o n c r e t e ,  o p e n in g  o f  g a p s  b e tw e e n  t h e  c a s k  w a l l  
c o m p o n e n ts , o r  f r a c t u r e  o f  t h e  c o p p e r  f i n - t o - l e a d  s h i e l d  
j o i n t )  a l l  s e r v e  t o  in c r e a s e  t h e  t h e r m a l  r e s i s t a n c e  o f  t h e  
c a s k ,  t h u s  d e c r e a s in g  t h e  h e a t  t r a n s f e r r e d  t o  t h e  s p e n t  f u e l  
i n  a f i r e  a c c i d e n t .  T h e  m o s t c o n s e r v a t i v e  a r r a n g e m e n t  f o r  t h e  
f i r e  t e s t i n g  i s  a  c o n f i g u r a t i o n  t h a t  w i l l  t r a n s f e r  t h e  m o s t 
h e a t  t o  t h e  c a s k  s p e n t  f u e l  c o n t e n t s ,  w h ic h  i s  a p r e - d r o p  and  
p r e - p u n c t u r e  c r o s s  s e c t i o n .

F o l lo w in g  a r e  t h e  r e s p o n s e s  t o  t h e  tw o  s p e c i f i c  q u e s t io n s ;
a ) . I n  t h e  f i r e  t e s t ,  t h e  t e s t  s p e c im e n  w i l l  b e  p r e h e a t e d  t o

a  s t e a d y - s t a t e  c o n d i t i o n  t h a t  a p p r o x im a t e ly  p r o d u c e s  a 
2 2 5 °F  m axim um  c o n c r e t e  t e m p e r a t u r e  b e f o r e  t h e  s p e c im e n  i s  
i n s e r t e d  i n t o  t h e  f u r n a c e .  T h e  t e s t  s e c t i o n  p r e h e a t i n g  i s
a c c o m p lis h e d  w i t h  h e a t e r s  t h a t  a r e  p o s i t i o n e d  n e a r  t h e
t e s t  s p e c im e n  i n n e r  w a l l  s u r f a c e .

b ) . T h e  t h e r m a l  l o a d in g  o f  t h e  f u e l  d u r in g  t h e  f i r e  w i l l  be  
s im u la t e d  w i t h  t h e  t e s t  s p e c im e n  h e a t e r s  a n d  e n e r g y  
l e a k i n g  t h r o u g h  t h e  t e s t  s p e c im e n  i n s u l a t i o n .

S e c t io n  3 . 5  h a s  b e e n  r e v i s e d  t o  i n c l u d e  a  d i s c u s s io n  o f  t h e  
p r e -  a n d  p o s t - a c c i d e n t  t e s t  s p e c im e n  c o n d i t i o n s .

F .2  T h e  12 f u s i b l e  p lu g s  i n  t h e  o u t e r  c a s k  w a l l  a r e  t o  a l l o w  t h e  
e s c a p e m e n t o f  s te a m  i n  t h e  e v e n t  o f  a  f i r e .  I t  s h o u ld  be  
c h e c k e d  t o  s e e  i f  t h i s  i s  e n o u g h ; i . e . ,  i f  t h e  c o n c r e t e  i s  
s e c u r e ly  b o n d e d  t o  t h e  s h e l l  t h e n  t h i s  m ig h t  b e  q u e s t i o n a b l e .

R e s p o n s e  -  T h e  n u m b e r a n d  p la c e m e n t  o f  t h e  f u s i b l e  p lu g s  w i l l  
b e  c h e c k e d  d u r i n g  t h e  f i n a l  d e s ig n .

F .3  T h e  c o e f f i c i e n t  o f  t h e r m a l  e x p a n s io n  o f  c o p p e r  i s  a b o u t  50% 
g r e a t e r  t h a n  t h a t  o f  c o n c r e t e .  T h e  i n s i d e  c o p p e r  f i n s  w i l l  
t h e r e f o r e  t r y  t o  e x p a n d  much m o re  t h a n  t h e  c o n c r e t e  s h i e l d  
d u r in g  o p e r a t i o n .  R e p e a te d  u s a g e  o f  t h e  c a s k  m ig h t  c a u s e  
t h e r m a l  s t r e s s  c y c l i n g  o f  t h e  s o ld e r e d  j o i n t s  a n d  p o t e n t i a l  
j o i n t  o p e n in g .  P e r h a p s  R o b a t e l  s h o u ld  b e  c o n t a c t e d  t o  s e e  i f  
t h i s  h a s  e v e r  b e e n  a  p r o b le m  f o r  th e m .

R e s p o n s e  -  R o b a t e l  h a s  p e r fo r m e d  a  n u m b e r o f  t h e r m a l  c y c l i n g  
t e s t s  o n  t h e  c o n c r e t e /c o p p e r  f i n  t h e r m a l  s h i e l d  a n d  h a v e  n o t
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o b s e r v e d  a n y  f a i l u r e  o f  t h e  j o i n t s  b e tw e e n  t h e  c o p p e r  f i n s  an d  
t h e  le a d  gamma s h i e l d .  T h e  t h e r m a l  e f f i c i e n c y  o f  t h e  s y s te m  
i s  n o t  d e g r a d e d ,  h o w e v e r ,  b y  c r a c k s  a t  t h e  f i n / l e a d  j o i n t .

F .4  On p a g e  I I - 3 - 1 3 ,  I  t h i n k  a  t y p o  e x i s t s :  .0 4  in c h e s  s h o u ld  b e
.4  in c h e s .

R e s p o n s e  -  T h e  .0 4  in c h e s  s h o u ld  b e  .4  in c h e s .  S e c t io n  3 . 6 . 1  
h a s  b e e n  r e v i s e d  a c c o r d i n g l y .

F .5  I t  m ig h t  b e  s t a t e d  t h a t  a l l  t e m p e r a t u r e s  i n  r a d i a t i o n  te r m s  
a r e  a b s o lu t e  t e m p e r a t u r e s .

R e s p o n s e  -  T h e  t e m p e r a t u r e s  i n  t h e  te r m s  o f  s e c t i o n  3 . 6 . 1  h a v e  
b e e n  m o d i f i e d  t o  d e n o te  a n  a b s o lu t e  t e m p e r a t u r e  s c a l e  was  
u s e d .

F . 6  I n  T a b le  3 - 2 ,  t h e r m a l  p r o p e r t i e s  o f  t h e  R o b a t e l  b o r a t e d  
c o n c r e t e  a r e  g i v e n .  T h e  t e m p e r a t u r e  v a r i a t i o n  o f  c o n d u c t i v i t y  
an d  d i f f u s i v i t y  seem  s o m ew h at c o n t r a d i c t o r y .  T h is  s h o u ld  be  
c h e c k e d .

R e s p o n s e  -  T h e r e  w e r e  some t y p o g r a p h i c a l  e r r o r s  i n  T a b le  3 - 2 ,  
w h ic h  h a v e  b e e n  c o r r e c t e d .  T h e s e  t y p o g r a p h i c a l  e r r o r s  w e r e  i n  
t h e  b o r a t e d  c o n c r e t e  a n d  l e a d  t h e r m a l  d i f f u s i v i t y .  T h e  
b e h a v io r  o f  t h e  c o n c r e t e  t h e r m a l  p r o p e r t i e s  i s  d u e  t o  t h e  
d e h y d r a t io n  o f  t h e  c o n c r e t e  a t  a  t e m p e r a t u r e  o f  a p p r o x im a t e ly  
284®F (1 4 0 “C) .

F .7  I n  r e v ie w in g  e q u a t io n  3 - 5 ,  I  h a d  t r o u b l e  w i t h  t h e  d e f i n i t i o n  
o f  1 '  a n d  1 ' ' .  T h is  n e e d s  c l a r i f y i n g .  D im e n s io n in g  F i g u r e  3 -  
11  w o u ld  h e l p .  H e r e ' s  w h a t  I  t h i n k  m ig h t  b e  r i g h t :

1 '  —  r a d i a l  w i d t h  o f  t h e  f i n  a t t a c h e d  t o  t h e  le a d
1 ' ' —  a x i a l  d i s t a n c e  b e tw e e n  tw o  n e ig h b o r in g  a t t a c h e d  an d

u n a t t a c h e d  f i n s .

R e s p o n s e  -  T h e  d e f i n i t i o n s  o f  l '  a n d  l "  h a v e  b e e n  a d d e d  t o  
F ig u r e  3 - 1 1  a n d  s e c t i o n  3 . 6 . 1 .  T h e  d e f i n i t i o n s  o f  t h e  tw o  
te r m s  a r e  a s  f o l l o w s :

l '  —  r a d i a l  d i s t a n c e  o v e r  w h ic h  h e a t  t r a n s f e r  o c c u r s
f r o m  t h e  a t t a c h e d  t o  t h e  u n a t t a c h e d  c o p p e r  f i n ,  a n d  

l "  —  c i r c u m f e r e n t i a l  d i s t a n c e  b e tw e e n  t h e  a t t a c h e d  an d
u n a t t a c h e d  c o p p e r  f i n .

F . 8  T h is  com m ent d e a l s  w i t h  e q u a t io n s  3 - 1  a n d  3 - 3 ,  t h e  o n e  
d im e n s io n a l  h e a t  t r a n s f e r  e q u a t io n  b e tw e e n  t h e  c a s k  o u t e r  w a l l  
a n d  t h e  e n v ir o n m e n t  ( e q u a t io n  3 - 2  n e e d s  u n i t s  t o  b e  c l e a r ,  
d i t t o  f o r  e q u a t io n  3 - 7 ) .
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T h is  i s  a  v e r y  im p o r t a n t  e q u a t io n  i n  a r r i v i n g  a t  c o n c r e t e  a n d  
f u e l  c la d d i n g  t e m p e r a t u r e s .  F ro m  T a b le  3 - 4 ,  i t  i s  s e e n  t h a t  
f o r  t h e  5 0 / 4 . 5  wt% c a s e ,  t h e  t e m p e r a t u r e  d r o p  th r o u g h  t h e  w a l l  
o f  t h e  c a s k  i s  o n ly  4 8 °F . T h e  d r o p  fro m  t h e  o u t e r  s u r f a c e  o f  
t h e  c a s k  t o  a m b ie n t  i s  123® . T h e  c o n c r e t e  t e m p e r a t u r e  i s  
g iv e n  a s  246®,  w h ic h  i s  v e r y  c lo s e  t o  t h e  250® c o n c r e t e  l i m i t  
t e m p e r a t u r e .  A n y  s u r f a c e  t e m p e r a t u r e  i n c r e a s e  w i l l  c a u s e  a  
c o r r e s p o n d in g  t e m p e r a t u r e  in c r e a s e  i n  t h e  c o n c r e t e  (a s s u m in g  
c o n s t a n t  p r o p e r t i e s )  an d  s o m ew h a t l e s s  o f  a n  in c r e a s e  i n  t h e  
c la d d i n g  t e m p e r a t u r e .  W h i le  e q u a t io n  3 - 1  m ig h t  b e  t h e  b e s t  
o n e  d im e n s io n a l  a p p r o x im a t io n  a v a i l a b l e ,  i t ' s  v a l i d i t y  a n d  
p r e c i s i o n  s h o u ld  b e  lo o k e d  a t .

I t  w as m e n t io n e d  t h a t  r a d i a t i o n  i s  t h e  d o m in a n t  t e r m  i n  t h i s  
e q u a t i o n .  T h is  t e r m  i s  t h e  c l a s s i c  g r e y  b o d y  t e r m  f o r  
r a d i a t i o n  t o  a n  i n f i n i t e  f a r  f i e l d  b o d y . H e n c e , t h e  
e m i s s i v i t y  o f  t h e  i n f i n i t e  b o d y  d o e s n ' t  m a t t e r ,  o n ly  t h e  
e m i s s i v i t y  o f  t h e  c a s k  o u t e r  s u r f a c e .  I  assum e t h a t  t h e  c a s k  
w a l l  e m i s s i v i t y  u s e d  w as . 9  a s  m e n t io n e d  on  p a g e  I I - 3 - 2 .  I f  
t h i s  v a l u e  i s  r e d u c e d ,  p e r h a p s  b y  g r im e  p ic k e d  u p  d u r in g  
t r a n s p o r t a t i o n ,  t h e n  o u t e r  w a l l  t e m p e r a t u r e  w i l l  i n c r e a s e .  
A d d i t i o n a l l y ,  t h e  r a i l  c a r  d e c k  a n d  t h e  p e r s o n n e l  b a r r i e r  w i l l  
s e r v e  s o m e w h a t a s  a  r a d i a t i o n  s h i e l d  a n d  t e n d  t o  i n c r e a s e  t h e  
t e m p e r a t u r e  o f  t h e  o u t e r  c a s k  w a l l .  T h is  c o n d i t i o n  s h o u ld  b e  
c h e c k e d  e i t h e r  w i t h  h a n d  c a l c u l a t i o n s  o r  p o s s i b l y  w i t h  a  tw o  
d im e n s io n a l  FE m o d e l s i m i l a r  t o  t h e  b a s k e t  m o d e l.

T h e  c o n v e c t io n  c o e f f i c i e n t  t e r m  u s e d  w as  f o r  a  h o r i z o n t a l  
c y l i n d e r  s u s p e n d e d  i n  a i r .  T h e  e f f e c t s  o f  t h e  c a s k  c a r  a n d  
t h e  p e r s o n n e l  b a r r i e r  w i l l  l i k e l y  r e s t r i c t  c o n v e c t iv e  f l o w  a n d  
' h '  w i l l  l i k e l y  t e n d  t o  d e c r e a s e .  T h is  w i l l  r a i s e  t h e  c a s k  

w a l l  t e m p e r a t u r e ,  e s p e c i a l l y  t h e  b o t to m  s i d e .  I ' m  n o t  s u r e  
how m u ch , b u t  some s c o p in g  c a l c u l a t i o n s  s h o u ld  b e  p e r fo r m e d  t o  
s e e  i f  i t ' s  e x c e s s iv e .

R e s p o n s e  -  T h e  5 0 / 4 . 5  wt% c a s e  p r e s e n t e d  i s  a  l i m i t i n g  c a s e  
a n d  w as i n c lu d e d  t o  d e m o n s t r a t e  t h e  l a r g e  t h e r m a l  m a r g in s  t h a t  
e x i s t  w i t h  t h e  B R -1 0 0  d e s ig n .  T h e  s t a t e m e n t  o f  w o rk  o n ly  
r e q u i r e s  t h e  B R -1 0 0  c a s k  t o  t r a n s p o r t  b o u n d in g  f u e l  d e f i n e d  
f o r  t h e  b a s e l i n e  c a s e  (3 5  G W d /m tU /3 .0  w t% /1 0  y e a r - c o o l e d  f u e l  
f o r  t h e  PWR a n d  30  G W d /m tU /3 .0  w t% /lO  y e a r - c o o l e d  f u e l  f o r  t h e  
B W R ). T h e  p r e d i c t e d  m axim um  c o n c r e t e  t e m p e r a t u r e s  f o r  t h e  BWR 
a n d  PWR b a s e l i n e  c a s e s  a r e  1 9 7 . 6®F a n d  2 1 0 . 1®F, r e s p e c t i v e l y .  
T h e s e  t e m p e r a t u r e s  a r e  s i g n i f i c a n t l y  l e s s  t h a n  t h e  250®F  
c o n c r e t e  d e s ig n  l i m i t  t e m p e r a t u r e .

T h e  d e t e r i o r a t i o n  o f  t h e  c a s k  s u r f a c e  t h e r m a l  r a d i a t i o n  
c h a r a c t e r i s t i c s  i s  a  r e c o g n iz e d  c o n c e r n .  T h e  d e t e r i o r a t i o n  o f  
t h e  s u r f a c e  c h a r a c t e r i s t i c s  w o u ld  a f f e c t  t h e  s o l a r  e n e r g y  
a b s o r b e d  a s  w e l l  a s  t h e  e n e r g y  e m i t t e d  t o  t h e  e n v i r o n m e n t .  
T h e s e  e f f e c t s  w i l l  b e  i n v e s t i g a t e d  m o re  f u l l y  d u r in g  t h e  f i n a l  
d e s ig n  p h a s e .  P r e l i m i n a r y  s c o p in g  c a l c u l a t i o n s  i n d i c a t e d  t h a t
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t h e  t h e r m a l  r a d i a t i o n  a n d  n a t u r a l  c o n v e c t io n  e f f e c t s  fro m  t h e  
r a i l  c a r  b e d  a n d  t h e  s c r e e n - t y p e  p e r s o n n e l  b a r r i e r  a r e  s m a l l .  
T h e  c i r c u m f e r e n t i a l  v a r i a t i o n  o f  t h e  c a s k  s u r f a c e  t e m p e r a t u r e  
i s  a ls o  e x p e c t e d  t o  b e  s m a l l  d u r in g  n o r m a l o p e r a t i o n ,  b u t  may  
v a r y  s i g n i f i c a n t l y  d u r in g  t h e  h y p o t h e t i c a l  f i r e  a c c i d e n t .  A l l  
o f  t h e s e  is s u e s  w i l l  b e  a d d r e s s e d  i n  d e t a i l  d u r i n g  t h e  f i n a l  
d e s ig n  p h a s e .

T h e  u n i t s  f o r  t h e  e q u a t io n s  a r e  p r o v id e d  i n  t h e  PDR.

F . 9  I f  a  s m a l l  l e a k  s h o u ld  d e v e lo p  i n  t h e  c l a d d i n g  s u r r o u n d in g  t h e  
b o r a t e d  c o n c r e t e ,  t h e n  i t  seem s t o  me t h a t  w i t h  c o n t in u e d  c a s k  
u s a g e ,  t h e  c o n c r e t e  c o u ld  becom e d e h y d r a t e d  a n d  no  lo n g e r  
f u n c t i o n  i n  t h e  t h e r m a l  d io d e  f a s h io n  a s  r e q u i r e d .  I f  t h i s  i s  
s o ,  a p e r i o d i c  i n s p e c t i o n  t e c h n iq u e  n e e d s  t o  b e  d e v e lo p e d  t o  
c h e c k  f o r  t h i s  c o n d i t i o n .

R e s p o n s e  -  T h e  c o n c r e t e  i s  p o u r e d  i n  a  t i g h t  e n c lo s u r e  d e f in e d  
b y  t h e  u p p e r  f l a n g e ,  t h e  i n n e r  s h e l l ,  t h e  o u t e r  s h e l l ,  a n d  t h e  
f o r g e d  b o t t o m .  T h e  m in im um  t h ic k n e s s  o f  t h i s  e n c lo s u r e  i s  1 " .  
A l l  w e ld s  a r e  x - r a y e d  o r  h e l iu m  l e a k  t e s t e d  d u r in g  
f a b r i c a t i o n .  T h e n  a n  a n n u a l  l e a k  t e s t  i s  p e r f o r m e d  on  e a c h  
f u s i b l e  p lu g  t o  e n s u r e  t h e  t i g h t n e s s  o f  t h i s  e n c lo s u r e .

F . l O  T h e  im p a c t  l i m i t e r  c o v e r in g  t h e  c a s k  l i d  i s  co m p o sed  o f  b a ls a  
a n d  re d w o o d . D u r in g  t h e  h y p o t h e t i c a l  im p a c t  e v e n t ,  t h i s  wood  
c r u s h e s  a n d  d i s s i p a t e s  e n e r g y .  I t  s h o u ld  b e  v e r i f i e d  t h a t  t h e  
im p a c t  lo a d s  g e n e r a t e d  on  t h e  o u t s id e  o f  t h e  c a s k  l i d  b y  t h e  
c r u s h in g  w ood w i l l  n o t  y i e l d  t h e  l i d  o r  f l a n g e .

R e s p o n s e  -  T h e  im p a c t  lo a d  fro m  t h e  im p a c t  l i m i t e r  on  t h e  
c lo s u r e  l i d  w i l l  b e  e v a lu a t e d  i n  t h e  f i n a l  d e s ig n .

G . l  T e x t  n e e d s  t o  s p e c i f y  w h ic h  n o rm a l c o n d i t i o n  s t r e s s  m a r g in s  o f  
s a f e t y  ( h e a t ,  c o l d ,  p r e s s u r e ,  v i b r a t i o n  o r  d r o p )  m a r g in s  o f  
s a f e t y  a r e  t a b u l a t e d  i n  T a b le  2 - 1 .

R e s p o n s e  -  T h e  l o a d in g  c o n d i t i o n s  f o r  g i v e n  m a r g in s  a r e
p r o v id e d  i n  T a b le s  2 - 8  th r o u g h  2 - 1 3 .  T a b le  2 - 1  i s  t h e
e x e c u t i v e  su m m ary t a b l e .  A f o o t n o t e  w i l l  b e  a d d e d  t o  T a b le  2 -
1 r e f e r r i n g  t h e  r e a d e r  t o  T a b le s  2 - 6  t h r o u g h  2 - 1 3  f o r
a d d i t i o n a l  i n f o r m a t i o n .

G .2  T e x t  n e e d s  t o  s p e c i f y  w h ic h  a c c id e n t  c o n d i t i o n  s t r e s s  m a r g in s  
o f  s a f e t y  ( d r o p ,  p r e s s u r e ,  b u c k l in g )  a r e  t a b u l a t e d  i n  T a b le  2 -  
2 .
R e s p o n s e  -  T h e  l o a d in g  c o n d i t i o n s  an d  t e m p e r a t u r e s  f o r  g iv e n  
m a r g in s  a r e  p r o v id e d  i n  T a b le  2 - 1 4 .  T a b le  2 - 2  i s  t h e
e x e c u t iv e  sum m ary  t a b l e .  A f o o t n o t e  w i l l  b e  a d d e d  t o  T a b le  2 -
2 r e f e r r i n g  t h e  r e a d e r  t o  T a b le  2 - 1 4  f o r  a d d i t i o n a l  
i n f o r m a t i o n .
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G .3  I t  i s  s t a t e d  t h a t  X M -1 9  i s  b e in g  c o n s id e r e d  f o r  t h e  c a s k  s h e l l  
b e c a u s e  o f  s m a l l  m a r g in s  f o r  3 0 4 L .  S u g g e s t  a ls o  c o n s id e r in g  
X M -1 9  f o r  t h e  c lo s u r e  l i d  b e c a u s e  o f  a  p r e l i m i n a r y  m a r g in  o f  
s a f e t y  o f  1 .

R e s p o n s e  -  T h e  c lo s u r e  l i d  i s  m ade o f  X M -1 9  s t a i n l e s s  s t e e l  
p l a t e .  I n  t h e  f i n a l  d e s ig n ,  e x c e s s  c o n s e r v a t is m s  w i l l  b e  
r e d u c e d  t o  im p r o v e  t h e  s a f e t y  m a r g in s .

G .4  S u g g e s t  c o n s i d e r a t i o n  o f  i n s e r t s  f o r  c lo s u r e  b o l t s  t o  m in im iz e  
g a l l i n g .

R e s p o n s e  -  We a r e  c o n s id e r in g  H e l i c o i l  t y p e  h a r d e n e d  i n s e r t s  
f o r  t h e  c lo s u r e  l i d  b o l t s  t o  m in im iz e  g a l l i n g  a n d  im p ro v e  
j o i n t  i n t e g r i t y  a s  a  p a r t  o f  t h e  f i n a l  d e s ig n .

G .5  T e x t  n e e d s  t o  e x p l a i n  f u n c t i o n  o f  f u s i b l e  p lu g  i n  F i g u r e  2 - 5 .

R e s p o n s e  -  S e c t io n  2 . 1 . 1 . 1  h a s  b e e n  m o d i f i e d  t o  i n c lu d e  t h e  
d is c u s s io n  on f u s i b l e  p lu g  f u n c t i o n s .

G .6  N e e d  t o  s p e c i f y  l e n g t h  a n d  m a t e r i a l  f o r  im p a c t  l i m i t e r  b o l t s .

R e s p o n s e  -  T h e  im p a c t  l i m i t e r  e x a c t  a t t a c h m e n t  m e th o d  w i l l  b e  
d e f i n e d  i n  t h e  f i n a l  d e s ig n .

G .7  N eed  t o  e x p l a i n  s e a l  p r e - c o n d i t i o n i n g .

R e s p o n s e  -  T h e  s e a l  p r e - c o n d i t i o n i n g  r e f e r s  t o  m e c h a n ic a l  an d  
t h e r m a l  c y c l i n g  o f  s e a l  g a s k e t s  p r i o r  t o  l e a k - t i g h t n e s s  
t e s t i n g .  T h is  w i l l  b e  e x p l a i n e d  i n  t h e  t e x t  o f  S e c t io n  2 . 3 . 4 .  
H o w e v e r , s h o u ld  S a n d ia  N a t i o n a l  L a b o r a t o r i e s  d e m o n s t r a t e  
e i t h e r  t h a t  t h e  e f f e c t  i s  i n s i g n i f i c a n t  f o r  t h e  s i n g l e - c y c l e  
a n t i c i p a t e d  f o r  B R -1 0 0  a p p l i c a t i o n ,  o r  t h a t  t h e  e f f e c t  i s  
q u a n t i f i a b l e ,  t h i s  w o u ld  h e lp  m in im iz e  B&W t e s t i n g  e f f o r t s  on  
t h e  s e a l .

G .8  F ig u r e s  2 - 9  a n d  2 - 1 0  do  n o t  r e l a t e  t o  c e l l  m o d e l in g  a s  t h e  
t e x t  s t a t e s .

R e s p o n s e  -  T h e  f i g u r e  d e s i g n a t i o n  h a s  b e e n  c h a n g e d  t o  F ig u r e s  
2 - 1 4  a n d  2 - 1 5  f o r  f u e l  c e l l  m o d e l l i n g .

G .9  D e s ig n  d r a w in g s  show  c o p p e r  f i n s  a r e  .0 8  in c h  t h i c k .  
F a b r i c a t i o n  o f  a  1 / 4 - s c a l e  m o d e l w o u ld  i n v o l v e  p o u r in g  
c o n c r e t e  a ro u n d  .0 2  in c h  t h i c k  f i n s .  T h e  f i n s  may b e  t o o  t h i n  
t o  m a in t a i n  t h e  d e s ig n  g e o m e t r y .

S c a l i n g  o f  t h e  c o p p e r  f i n  w e ld s  f o r  1 / 4 - s c a l e  t e s t i n g  s h o u ld  
b e  c o n s id e r e d .
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R e s p o n s e  -  T h e  c o n c r e t e  a s - p o u r e d  c o n s is t e n c y  i s  n e a r l y  l i k e  
w a t e r .  C a r e f u l  c o n c r e t e  p o u r in g  d u r in g  q u a r t e r - s c a l e  m o d e l  
f a b r i c a t i o n  w i l l  a s s u r e  m a in te n a n c e  o f  d e s ig n  g e o m e t r y .  
S c a l in g  o f  c o p p e r  f i n  b r a z e m e n ts  w i l l  b e  a t t e m p t e d .

G . I O  R e g io n s  I I  a n d  I I I  a r e  n o t  d e s ig n a t e d  i n  F ig u r e  2 - 2 1 .

R e s p o n s e  -  F ig u r e  21  h a s  b e e n  m o d i f i e d  t o  show  d i s c r e t e  
r e g io n s  I ,  I I ,  I I I .

G . l l  E x p la in  i n t e g e r s  u n d e r  b a ls a  a n d  re d w o o d  c o lu m n s  i n  T a b le  2 -  
1 6 .

R e s p o n s e  -  T a b le  2 - 1 6  h a s  b e e n  r e v i s e d  t o  e x p l a i n  i n t e g e r s .

G . 1 2  T h e  K e v l a r  im p a c t  l i m i t e r  a t t a c h m e n t s  a r e  n o t  v i s i b l e  i n  t e s t  
p h o to s .  D ia g ra m s  s h o w in g  a t t a c h m e n t  a r e  n e e d e d . T h r e e  
m e th o d s  h a v e  b e e n  m e n t io n e d  -  b o l t s ,  K e v la r  a t t a c h m e n t ,  a n d  
K e v la r  e p o x y .

R e s p o n s e  -  F ig u r e  2 1  h a s  b e e n  m o d i f i e d  t o  show  a t t a c h m e n t s .

G . 1 3  E x p la in  t h e  d i f f e r e n c e  b e tw e e n  l i m i t i n g  a n d  b a s e l i n e .

R e s p o n s e  -  T h e  b a s e l i n e  c o n d i t i o n  i n  T a b le  3 - 1  r e f e r s  t o  t h e  
b a s e  c o n d i t i o n s  s p e c i f i e d  b y  DOE i n  t h e  s t a t e m e n t  o f  w o r k .  
L i m i t i n g  r e f e r s  t o  t h e  c o n d i t i o n  t h a t  p r o d u c e s  t h e  m o s t  
r e s t r i c t i v e  o f  t h e  t h r e e  t h e r m a l  d e s ig n  l i m i t s  (250® F  on t h e  
c o n c r e t e ,  3 5 0 °F  on  t h e  a lu m in u m  b a s k e t ,  o r  680®F o n  t h e  s p e n t  
f u e l  c la d d i n g )  . I n  a l l  o f  t h e  a p p l i c a t i o n s  i n  C h a p t e r  3 . 0 ,  t h e  
c o n c r e t e  t e m p e r a t u r e  w as t h e  m o s t l i m i t i n g  o f  t h e  d e s ig n  
l i m i t s .  S e c t io n  3 . 1  h a s  b e e n  m o d i f i e d  t o  c l a r i f y  t h e  
d i f f e r e n c e s  i n  t h e  l i m i t i n g  a n d  b a s e l i n e  c o n d i t i o n s .

G . 1 4  Low t e m p e r a t u r e  (-4 0 ® F  a m b ie n t )  b e h a v io r  o f  w a t e r  i n  t h e  
c o n c r e t e  s h o u ld  b e  d is c u s s e d .

R e s p o n s e  -  T h e  b e h a v io r  o f  t h e  v a r i o u s  c a s k  c o m p o n e n ts ,  
p a r t i c u l a r l y  t h e  c o n c r e t e ,  w i l l  b e  e v a l u a t e d  i n  t h e  f i n a l  
d e s ig n  p h a s e .

G . 1 5  P a g e  I I - 3 - 4  s t a t e s  t h e  R e f e r e n c e  3 . 5  s p e n t  f u e l  c l a d d i n g  l i m i t  
i s  716® F . T h is  s e c t i o n  s t a t e s  t h e  R e f e r e n c e  3 . 5  l i m i t  i s  
680® F.

R e s p o n s e  -  T h e  r e f e r e n c e s  u s e d  f o r  t h e  s p e n t  f u e l  c la d d i n g  
l i m i t  h a v e  b e e n  c l a r i f i e d .  T h e  680®F v a l u e  i s  u s e d  f o r  t h e  
B R -1 0 0 ,  b u t  NRC a l lo w s  u p  t o  716® F.

G . 1 6  C l a r i f y  w h e th e r  t h e  t e s t  s p e c im e n  i s  a  w e d g e -s h a p e d  s p e c im e n .  
I f  t h e  i n n e r  w a l l  i s  i n s u l a t e d  f r o m  h e a t ,  p r o v i d e  e x p l a n a t i o n  
o f  how t h e  h e a t  f ro m  t h e  s p e n t  f u e l  i s  s im u l a t e d .  E x p l a i n  how
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t h e  m o is t u r e  c o n t e n t  o f  t h e  c o n c r e t e  w i l l  b e  c o n t r o l l e d  an d  
w h a t  t y p e  o f  q u a l i t y  a s s u r a n c e  w i l l  b e  r e q u i r e d .

R e s p o n s e  -  T h e  t e s t  s p e c im e n  i s  n o t  a  w e d q e -s h a p e d  d e s ig n ,  
r a t h e r  a r e c t a n g u l a r - s h a p e d  d e s ig n .  T h e  f l a t  s u r f a c e  o f  t h e  
r e c t a n g u l a r  t e s t  s e c t i o n  a n d  a  c o r r e s p o n d in g  s e c t i o n  o f  t h e  
f u l l - s c a l e  c a s k  h a v e  s i l h o u e t t e s  t h a t  d i f f e r  b y  l e s s  t h a n  0 .4  
in c h e s .  T h e  h e a t  f r o m  t h e  s p e n t  f u e l  w i l l  b e  s im u la t e d  b y  
h e a t e r s  t h a t  a r e  p o s i t i o n e d  n e a r  t h e  i n n e r  s u r f a c e  o f  t h e  t e s t  
s p e c im e n .

T h e  m o is t u r e  c o n t e n t  o f  t h e  c o n c r e t e  w i l l  b e  c o n t r o l l e d  b y  
m ix in g  a n d  c u r in g  p r o c e d u r e s  f o l lo w e d  d u r in g  f a b r i c a t i o n .  
S a f e t y  r e l a t e d  Q u a l i t y  A s s u ra n c e  i s  r e q u i r e d  f o r  t h e  
t h e r m a l / n e u t r o n  s h i e l d  t h e r m a l  p e r fo r m a n c e  t e s t i n g .

G .1 7  S t a t e s  " T h e  o b j e c t  o f  t h e  c o n t a in m e n t  a n a l y s i s  i s  t o  
d e m o n s t r a t e  t h a t  t h e  c a s k  i s  l e a k t i g h t  d u r in g  n o r m a l an d  
a c c i d e n t  c o n d i t i o n s ,  p e r  A N S I 1 4 .5  d e f i n i t i o n s .  T h e  t i g h t n e s s  
c r i t e r i a  we in t e n d  t o  u s e  i s  a  maxim um  a l l o w a b l e  le a k a g e  r a t e  
o f  1 0 -^  s t d  c m ^ /s e c ."  A N S I 1 4 .5  d e f i n e s  l e a k t i g h t  a s  a  1 0 -^  
s t d  c m ^ /s e c  le a k a g e  r a t e .  L e a k t ig h t n e s s  i s  m e n t io n e d  i n  
n u m e ro u s  p la c e s  i n  t h i s  c h a p t e r .

R e s p o n s e  -  T h e  t e r m  " l e a k t i g h t "  w as im p r o p e r ly  u s e d  i n  t h e  
s e c t i o n  o n  c o n t a in m e n t .  P e r  A N S I N 1 4 .5 ,  t h e  l e a k t i g h t n e s s  
c r i t e r i a  i s  t o  b e  u s e d  w h en  t h e  le a k a g e  r a t e s  c o r r e s p o n d in g  t o  
t h e  r e g u l a t o r y  r e l e a s e  r a t e s  c r i t e r i a  a r e  t o o  s m a l l  (u n d e r  10" 

t o  b e  d e m o n s t r a t e d  b y  s t a n d a r d  t e s t s .  I n  t h i s  c a s e ,  
l e a k t i g h t n e s s  i s  d e f i n e d  a s  a  le a k a g e  r a t e  n o t  e x c e e d in g  10"^ 
c m ^ /s , a n d  s a t i s f a c t i o n  o f  t h e  l e a k t i g h t n e s s  c r i t e r i a  i s  
c o n s id e r e d  t o  m e e t t h e  r e l e a s e  r a t e s  c r i t e r i a .  F o r  B R -1 0 0  
c o n t a in m e n t  e v a l u a t i o n ,  w e in t e n d  t o  d e m o n s t r a t e  a  maximum  
le a k a g e  r a t e  c r i t e r i a  o f  10 '^  c m ^ /s , t h i s  v a l u e  b e in g  b e lo w  t h e  
m axim um  p e r m is s i b le  le a k a g e  r a t e s  d e t e r m in e d  p e r  A N S I N 1 4 .5  
( 5 . 3 ) .

G .1 8  Recom mend t e s t i n g  o f  t h e  s e a ls  a t  h ig h  t e m p e r a t u r e s  (b o th  
m axim um  n o rm a l a n d  a c c i d e n t  c o n d i t i o n ) . M a n u f a c t u r e r  
t e m p e r a t u r e  s p e c i f i c a t i o n s  o f t e n  a r e  n o t  b a s e d  on  A N S I 1 4 .5  
l e a k a g e  c r i t e r i a .

R e s p o n s e  -  S e a l  t e s t i n g  w i l l  b e  c o n d u c te d  o v e r  a  r a n g e  o f  
t e m p e r a t u r e s  f ro m  - 4 0 ° F  t o  t e m p e r a t u r e s  a n t i c i p a t e d  d u r in g  a  
f i r e  a c c i d e n t .  T h is  i s  e x p la in e d  i n  S e c t io n  2 . 3 . 4  o f  t h e  
t e x t .

G . 1 9  P a r t  1 : AAR s p e c i f i c a t i o n  M - lO O l r e q u i r e s  s p e c i f i c  t e s t i n g  o f  
r a i l c a r  d e s ig n s .  T h e  s p e c i f i e d  t e s t i n g  s h o u ld  b e  d is c u s s e d .

R e s p o n s e  -  P a r t  1 :  R a i l c a r  T e s t in g :
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T h e  a m o u n t o f  t e s t i n g  r e q u i r e d  on  t h e  B R -1 0 0  r a i l c a r  w i l l  be  
d e t e r m in e d  b y  t h e  AAR C a r  C o n s t r u c t io n  C o m m it te e ,  w h ic h  i s  o n e  
o f  e i g h t  s t a n d in g  c o m m it te e s  o f  t h e  M e c h a n ic a l  D i v i s i o n  o f  t h e  
AAR. C e r t i f i c a t i o n  o f  a new  c a r  d e s ig n  b y  t h e  AAR i s  n o t  
r e q u i r e d  u n le s s  t h e  d e s ig n  i s  f o r  a  c a r  o f  a n  " u n t r i e d  t y p e " . 
S in c e  t h e  C a r  C o n s t r u c t io n  C o m m itte e  i s  t h e  ju d g e  o f  w h e th e r  
t h e  c a r  i s  n e w , v a r y i n g  a m o u n ts  o f  a n a l y s i s  a n d  t e s t i n g  m ay b e  
r e q u i r e d .  We w i l l  n o t  know  w h ic h  c a t e g o r y  o u r  d e s ig n  f a l l s  
u n d e r  u n t i l  a p p l i c a t i o n  f o r  c e r t i f i c a t i o n  i s  m ad e.

P a r t  2 :  C om m ents a n d  re c o m m e n d a tio n s  a s s o c ia t e d  w i t h  t h e
a lu m in u m  b a s k e t  d e s ig n  a n d  im p a c t  l i m i t e r  d e s ig n  w e re  
d o c u m e n te d  i n  A t ta c h m e n t  1 .  A d d i t i o n a l  t e s t i n g  i s  reco m m en d ed  
f o r  t h e  t h e r m a l / n e u t r o n  s h i e l d .  T o p ic s  t o  b e  a d d r e s s e d  
i n c lu d e  r e l i a b i l i t y  o f  t h e  f u s i b l e  p lu g  t h a t  a l lo w s  s te a m  t o  
e s c a p e ,  m a in t a i n i n g  t h e  w a t e r  c o n t e n t  d u r i n g  t h e  l i f e  o f  t h e  
c a s k ,  a n d  n o n - d e s t r u c t i v e  e x a m in a t io n  m e th o d s  t h a t  w o u ld  
a s s u r e  t h e  p r o p e r  w a t e r  c o n t e n t  i s  i n i t i a l l y  p o u r e d .

R e s p o n s e  -  P a r t  2 :  T h e r m a l /N e u t r o n  S h i e l d  T e s t in g :

a )  U s e  o f  f u s i b l e  p lu g s  i s  common w i t h  c a s k s  l i c e n s e d  b y  t h e  
NRC a n d  i s  a  p r o v e n  t e c h n i q u e .  A ls o ,  t h e  a c c e p ta n c e  t e s t  
p r o c e d u r e  r e q u i r e s  l e a k  t e s t i n g  o f  e a c h  f u s i b l e  p l u g .

b ) T h e  w e ld s  u s e d  t o  s e a l  t h e  c o n c r e t e  c a v i t y  w i l l  b e  
q u a l i f i e d  w e ld s ,  an d  b o t h  f u s i b l e  p lu g s  a n d  w e ld s  w i l l  b e  
f a b r i c a t e d  u n d e r  a  QA p r o g r a m .

c )  A QA p ro g ra m  an d  p r o c e d u r e s  w i l l  c o n t r o l  t h e  p r o c u r e m e n t

o f  c o n c r e t e  c o n s t i t u e n t s  a n d  c o n c r e t e  m ix in g  t o  a s s u r e  
t h e  p r o p e r  w a t e r  c o n t e n t .

B&W h a s  d e v e lo p e d  a v e r y  c o m p r e h e n s iv e  t e s t i n g  p ro g ra m  a b o u t  
t h e  t h e r m a l / n e u t r o n  s h i e l d  c o n s t i t u e n t s ,  w h ic h  h a s  b e e n  
d is c u s s e d  w i t h  NRC. T h is  t e s t i n g  p ro g ra m  s h o u ld  a l l o w  a  
s u c c e s s f u l  l i c e n s i n g  o f  t h e  B R -1 0 0 .

G . 2 0  P a r t  1 :  T h e  p ro p o s e d  a lu m in u m  a l l o y ,  6 0 6 1 - T 6 5 1 1 ,  i s  in c lu d e d  
i n  ASME, S e c . I l l  a s  a C la s s  3 m a t e r i a l .  NRC R e g u la t o r y  G u id e  
7 . 6  reco m m en d s  u s in g  C la s s  1 m a t e r i a l s  w h e re  p o s s i b l e .  T h e  
p r i n c i p a l  d i f f e r e n c e  b e tw e e n  t h e  tw o  c la s s e s  o f  m a t e r i a l s  i s  
t h e  l e v e l  o f  a c c e p t a b le  s t r e s s e s  t h a t  t h e  ASME c o d e  a l l o w s .  
F o r  C la s s  1 m a t e r i a l s ,  a n  a l l o w a b l e  s t r e s s  u n d e r  a c c i d e n t  
c o n d i t i o n s  i s  3 . 6  t im e s  t h e  d e s ig n  s t r e s s  i n t e n s i t y  ( S m ) . F o r  
C la s s  3 m a t e r i a l s ,  t h e  a l l o w a b l e  s t r e s s  u n d e r  a c c i d e n t  
c o n d i t i o n s  i s  2 . 4  t im e s  t h e  d e s ig n  a l l o w a b l e  s t r e s s  (S )  . 
A lth o u g h  R e g . G u id e  7 .6  l i s t s  t h e  a l l o w a b l e  s t r e s s  u n d e r  
a c c i d e n t  c o n d i t i o n s  a s  3 .6  x  Sm, t h e  l i m i t s  a r e  p r e d i c t e d  on  
t h e  u s e  o f  C la s s  1 m a t e r i a l s .  T h e  u s e  o f  a  C la s s  3 M a t e r i a l  
a n d  t h e  u s e  o f  a  C la s s  1 m a t e r i a l  a l l o w a b l e  s t r e s s  m u l t i p l i e r  
( 3 . 6  Sm) f o r  a  C la s s  3 m a t e r i a l  a r e  n o t  s p e c i f i c a l l y  c o v e r e d  
i n  R e g . G u id e  7 . 6 .
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R e s p o n s e  -  P a r t  1 :  NRC R e g u la t o r y  G u id e  7 . 6  i s  f o r  ” D e s ig n  
C r i t e r i a  f o r  t h e  S t r u c t u r a l  A n a ly s is  o f  S h ip p in g  C a s k  
C o n ta in m e n t  V e s s e l . "  I t  d o e s  n o t  a d d r e s s  n o n c o n ta in m e n t  
s t r u c t u r e s .  T h e  a lu m in u m  f u e l  c e l l s  a r e  n o n c o n ta in m e n t  
s t r u c t u r e s .  F o r  C la s s  1 c o m p o n e n t m a t e r i a l ,  a c c i d e n t  
c o n d i t i o n  a l l o w a b l e  s t r e s s  l i m i t s  a r e  3 . 6 S ^  (S^ i s  d e s ig n
s t r e s s  i n t e n s i t y  a s  d e f i n e d  i n  ASME S e c t io n  I I I ) . A lu m in u m  
6 0 6 1  i s  in c lu d e d  i n  ASME S e c t io n  I I I  a s  a  C la s s  3 c o m p o n e n t  
m a t e r i a l .  O u r i n t e n t  i s  t o  m e e t t h e  r e q u i r e m e n t  o f  C la s s  1 
c o m p o n e n t m a t e r i a l  f o r  a liim in u m  6 0 6 1  s u c h  t h a t  we c a n  u s e  
C la s s  1 c o m p o n e n t s t r e s s  l i m i t s .  T h e  a lu m in u m  6 0 6 1  f u e l  c e l l s  
a r e  n o t  ASME S e c t io n  I I I  C ode c o m p o n e n t, a n d  ASME C ode i s  u s e d  
a s  a g o o d  d e s ig n  p r a c t i c e .  We h a v e  d is c u s s e d  t h i s  s u b j e c t  
w i t h  t h e  NRC, a n d  t h e y  h a v e  n o t  i d e n t i f i e d  a n y  c o n c e r n  f o r  
u s in g  a lu m in u m  f o r  f u e l  b a s k e t  a p p l i c a t i o n .

P a r t  2 :  R e g . G u id e  7 . 6  s p e c i f i c a l l y  e x c lu d e s  t h e  e v a l u a t i o n  o f  
b r i t t l e  m a t e r i a l s .  A lu m in u m  c a n  f a i l  i n  a  b r i t t l e  m a n n e r .  
V a l i d  ASTM E 399  m e a s u re m e n ts  h a v e  b e e n  m ade w h ic h  show  Kj^ =  
2 6 . 5  k s i  i n  § 100® F. T h e  NRC h a s  p r o v id e d  l i m i t e d  g u id a n c e  
f o r  b r i t t l e  f r a c t u r e  a c c e p ta n c e  c r i t e r i a ;  b u t  o n ly  f o r  a 
s e l e c t  c la s s  o f  f e r r i t i c  s t e e l s .

N o t e :  I t  i s  r e c o g n iz e d  t h a t  NRC R e g . G u id e  7 . 6  a p p l i e s
s p e c i f i c a l l y  t o  c o n t a in m e n t  v e s s e l s .  H o w e v e r , s in c e  t h e r e  i s  
no p u b l is h e d  c r i t e r i o n  f o r  b a s k e t  d e s ig n ,  t h e  NRC p h i lo s o p h y  
to w a r d s  s t r u c t u r a l  a n a l y s i s / d e s i g n ,  a s  p r o v id e d  f o r  i n  R e g .  
G u id e  7 . 6 ,  i s  a p p l i e d  t o  b a s k e t  d e s ig n  f o r  t h e s e  c o m m e n ts .

R e s p o n s e  -  P a r t  2 :  E ve n  th o u g h  R e g u la t o r y  G u id e  7 . 6  d o e s  n o t  
s p e c i f y  b r i t t l e  f r a c t u r e  e v a l u a t i o n ,  we h a v e  p e r fo r m e d  t h e  
f r a c t u r e  m e c h a n ic s  e v a l u a t i o n  f o r  a lu m in u m  6 0 6 1 .  T h e  r e s u l t s  
a r e  f a v o r a b l e  a n d  a r e  p r e s e n t e d  i n  S e c t io n  2 . 7 . 3  o f  t h e  
r e p o r t .

G . 2 1  P a r t  1 :  A p r e l i m i n a r y  e q u i v a l e n t  s t a t i c  a n a l y s i s  h a s  b e e n  
p e r fo r m e d  f o r  a  s i n g l e  f u e l  c e l l  w h ic h  r e s u l t e d  i n  a  m axim um  
s t r e s s  o f  a p p r o x im a t e ly  4 0 0  p s i .  P r e l i m i n a r y  e q u i v a l e n t  
s t a t i c  s t r e s s e s  a r e  e s t im a t e d  b y  r e l a t i n g  t h e  4 0 0  p s i  s t r e s s  
a t  a l e v e l  o f  I g  a n d  l i n e a r l y  s c a l i n g  t h e  s t r e s s  u p w a rd  w i t h  
i n c r e a s i n g  g  lo a d s .  R e c o g n iz e  t h a t  t h i s  a n a l y s i s  w as  
p e r fo r m e d  w i t h o u t  im p a c t  l i m i t e r  d a t a .  F o r  e x a m p le ,  i f  i t  i s  
assu m ed  t h a t  t h e  im p a c t  l i m i t e r  d e s ig n  w as t o  l i m i t  t h e  c a s k  
g l o a d in g  t o  20  g ' s ,  t h e  p r e l i m i n a r y  s t r e s s  c a l c u l a t i o n s  w o u ld  
i n d i c a t e  s t r e s s e s  o f  a p p r o x im a t e ly  8 0 0 0  p s i .

B&W i s  w e l l  a w a re  o f  t h e  lo w  ASME d e s ig n  s t r e s s  a l l o w a b l e s  f o r  
t h i s  m a t e r i a l  a t  o p e r a t i o n a l  t e m p e r a t u r e s  (S  =  4 , 4 0 0  p s i  § 
4 0 0 F . ) .  F o r  a c c i d e n t  c o n d i t i o n s ,  t h e  a l l o w a b l e  s t r e s s  
( a c c o r d in g  t o  ASME S e c t io n  I I I ,  S u b s e c t io n  ND) i s  2 . 4  x  S =  
1 0 , 5 6 0  p s i .

55 51-1177263-02



R e s p o n s e  -  P a r t  1 :  F o r  f u e l  c e l l  a n a l y s i s  r e s u l t s ,  r e f e r  t o  
s e c t i o n s  2 . 6 . 6  a n d  2 . 7 . 1 .

P a r t  2 :  B&W's b a s k e t  d e s ig n  u s e s  i n d i v i d u a l  f u e l  c e l l s  t h a t  
a r e  s t a c k e d  w i t h i n  t h e  c a s k .  B&W u s e d  a  t h r e e - d i m e n s i o n a l  
e q u i v a l e n t  s t a t i c  a n a l y s i s  o f  a  s i n g l e  f u e l  c e l l  t o  e s t im a t e  
t h e  b a s k e t  f u e l  c e l l s .  T h e  3 -D  a n a l y s i s  w as u s e d  t o  a c c o u n t  
f o r  t h e  n o n - u n i f o r m  p r e s s u r e  d i s t r i b u t i o n  r e s u l t i n g  fro m  t h e  
f u e l  c e l l  t r a n s m i t t i n g  i t s  lo a d  t o  t h e  b a s k e t .

I t  i s  s u g g e s te d  t h a t  a  n o n - l i n e a r  d y n a m ic  a n a l y s i s  o f  t h e  
e n t i r e  b a s k e t  s h o u ld  b e  p e r fo r m e d  t o  d e f i n e  t h e  a s s u m p tio n s  
u s e d  i n  t h e  3 -D  s i n g l e  f u e l  c e l l  a n a l y s i s .  (A  n o n - l i n e a r  
a n a l y s i s  w i l l  a p p r o p r i a t e l y  a s s e s s  t h e  i n t e r a c t i o n  o f  t h e  
m u l t i p l e  c o n t a c t s  t h a t  r e s u l t  f ro m  t h e  i n d i v i d u a l  f u e l  c e l l s  
c o n t a c t in g  e a c h  o t h e r ) . A p la n e  s t r a i n  a n a l y s i s  r e p r e s e n t i n g  
a  s e c t i o n  o f  t h e  b a s k e t  a n d  f u e l  c a n  b e  u s e d  t o  v e r i f y  t h e  
a s s u m p t io n  i n  t h e  l i n e a r  e l a s t i c  e q u i v a l e n t  s t a t i c  a n a l y s i s .  
Q u e s t io n s  t h a t  a r e  d i f f i c u l t  t o  a n s w e r  u s in g  o n ly  a  s t a t i c ,  
l i n e a r - e l a s t i c  a n a l y s i s  in c lu d e :

How d o e s  t h e  s t r e s s  d i s t r i b u t e  a c r o s s  t h e  f u e l  c e l l  
c o n t a c t s ?
How d o e s  t h e  r e l a t i v e  s t i f f n e s s  o f  t h e  f u e l  c e l l s  a f f e c t  
t h e  s t r e s s  d i s t r i b u t i o n ?
How do  g a p s  b e tw e e n  t h e  b a s k e t  c e l l s  a f f e c t  t h e  s t r e s s  
d i s t r i b u t i o n ?
How a r e  s t r e s s e s  d i s t r i b u t e d  i n  t h e  b a s k e t  a s  a f u n c t i o n  
o f  r o t a t i o n a l  o r i e n t a t i o n  ( e . g .  a n a ly z e  t h e  b a s k e t  
t h r o u g h  a  n u m b e r o f  r o t a t e d  a n g le s ) ?
W h a t i s  t h e  m a r g in  a g a i n s t  d y n a m ic  i n s t a b i l i t y  ( b u c k l in g )  
o f  t h e  f u e l  c e l l s  f o r  d i f f e r e n t  b a s k e t  o r i e n t a t i o n s ?

T h e  e q u i v a l e n t  s t a t i c  a n a l y s is  c a n  b e  u s e d  t o  d e s ig n  an d  
c e r t i f y  t h e  b a s k e t ;  h o w e v e r ,  a  n o n - l i n e a r  t r a n s i e n t  d y n a m ic  
a n a l y s i s  w i l l  p r o v i d e  t h e  b a s is  t h a t  d e f i n e s  t h e  e q u i v a l e n t  
s t a t i c  a n a l y s i s .

R e s p o n s e  -  P a r t  2 :  T h e  f u e l  b a s k e t  a s s e m b ly  w i l l  b e  a n a ly z e d  
i n  t h e  f i n a l  d e s ig n .

P a r t  3 :  I t  i s  s u g g e s te d  t h a t  b u c k l in g  b e  e v a l u a t e d  u s in g  t h e  
ASME N -2 8 4  c o d e  c a s e  a p p r o a c h .

R e s p o n s e  -  P a r t  3 :  B u c k l in g  w i l l  b e  e v a l u a t e d  p e r  ASME Code  
C a s e  N -2 8 4  i n  t h e  f i n a l  d e s ig n .

P a r t  4 :  T h e  i n t e r n a l  f o u r  c o r n e r s  o f  t h e  i n d i v i d u a l  f u e l  c e l l  
a r e  m a c h in e d  t o  a  v e r y  t i g h t  r a d iu s  ( 0 . 0 3 1  i n . ) .  T h is  i s  a 
l o c a t i o n  f o r  a  s t r e s s  r i s e r .  A m o d e l u s in g  a  r e f i n e d  f i n i t e  
e le m e n t  m esh a t  t h e s e  c o r n e r s  w o u ld  c a p t u r e  b o t h  t h e  s t r e s s
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g r a d i e n t  a n d  t h e  maxim um  s t r e s s  v a l u e .  A ls o ,  s in c e  i t  i s  a 
s h a r p  n o t c h ,  a f r a c t u r e  m e c h a n ic s  e v a l u a t i o n  w o u ld  a s s e s s  t h e  
b r i t t l e  f r a c t u r e  p o t e n t i a l .

R e s p o n s e  -  P a r t  4 :  We h a v e  k e p t  t h e  o p t io n  t o  m o d ify  t h e  PWR 
f u e l  c e l l  c o r n e r s  i f  f i n a l  d e s ig n  a n a ly s e s  i d e n t i f y  s t r e s s  
r i s e r s  i n  t h e  c o r n e r s .

G . 2 2  B r i t t l e  F r a c t u r e  -  I t  i s  reco m m en d ed  t h a t  t h e  is s u e  o f  b r i t t l e  
f r a c t u r e  o f  a lu m in u m  b e  e v a lu a t e d  u s in g  a  f r a c t u r e  m e c h a n ic s  
a p p r o a c h .

R e s p o n s e  -  R e s u l t s  o f  f r a c t u r e  m e c h a n ic s  a n a l y s i s  a r e  p r o v id e d  
i n  S e c t io n  2 . 7 . 3 .

G . 2  3 T e s t in g  -  C u r r e n t  t e s t  p la n s  c a l l  f o r  d r o p  t e s t i n g  an  
i n d i v i d u a l  f u e l  c e l l .  I t  i s  reco m m en d ed  t h a t  a  d r o p  t e s t  
i n c lu d e  b u n d le d  f u e l  c e l l s .  T h e  i n t e r a c t i o n  o f  f u e l  c e l l s  a n d  
p a y lo a d  i s  v e r y  d i f f i c u l t  t o  a n a l y z e .  A d r o p  t e s t  o f  b u n d le d  
c e l l s  w o u ld  p r o v i d e  c o n f id e n c e  i n  t h e  a n a l y s i s  a n d  i n  t h e  1 / 4 -  
s c a le  p r o t o t y p e  t e s t .

P r o t o t y p e  t e s t i n g  o f  a  1 / 4 - s c a l e  b a s k e t  m o d e l may b e  d i f f i c u l t  
s in c e  t h e  r e s u l t i n g  s c a le  m o d e l w o u ld  r e q u i r e  e x t r u d in g  t h e  
a lu m in u m  b a s k e t  w a l l s  t o  a t h ic k n e s s  o f  0 . 0 6 2 5  in c h e s .

R e s p o n s e  -  T h e  q u a r t e r - s c a l e  d e s ig n  v e r i f i c a t i o n  t e s t  m o d e l  
w i l l  i n c l u d e  f u e l  b a s k e t  w i t h  b u n d le d  f u e l  c e l l s .

I n t e r a c t i o n s  w i t h  A lc o a  E x t r u s io n /T u b e  D i v i s i o n  h a v e  c o n f i r m e d  
t h a t  q u a r t e r - s c a l e  e x t r u s io n s  c a n  b e  p ro d u c e d  fro m  w h ic h  f u e l  
c e l l s  c a n  b e  m a c h in e d  t o  p r o d u c e  t r u e ,  q u a r t e r - s c a l e  f i n a l  
d im e n s io n s .  We h a v e  b e e n  w o r k in g  w i t h  e x p e r ie n c e d  
m a n u f a c t u r in g  p e r s o n n e l  w i t h i n  B&W t o  e n s u r e  t h e  
m a n u f a c t u r a b i l i t y  o f  a l l  c o m p o n e n ts .

G . 2 4  B&W's  im p a c t  l i m i t e r  d e s ig n  u s e s  b a ls a  w ood a n d  re d w o o d  
c o n f in e d  b y  a  c o m p o s ite  K e v la r  o u t e r  s k i n .  T h e  g e o m e tr y  o f  
t h e  w ood i s  v e r y  s i m i l a r  t o  t h e  g e o m e tr y  u s e d  i n  t h e  TN -B R P  
im p a c t  l i m i t e r ,  a n d  a ls o  u s e d  b y  ROBATEL, F r a n c e .  T h e  u s e  o f  
a  K e v la r - e p o x y  c o m p o s ite  a s  a  c o n f i n i n g  m em brane f o r  im p a c t  
l i m i t e r s  i s  n e w , a n d  B&W in t e n d s  t o  d e s ig n  b y  t e s t i n g  a n d  
a n a l y s i s .  T h e  im p a c t  l i m i t e r  a n a ly s e s  c o n s id e r e d  t o  d a t e  b y  
B&W a r e  v e r y  s i m i l a r  t o  t h e  a n a l y s i s  p e r fo r m e d  b y  T r a n s n u c le a r  
on t h e  T N -B R P  im p a c t  l i m i t e r .

As a  r e c o m m e n d a t io n ,  t h e r e  a r e  s e v e r a l  is s u e s  t h a t  t h e  t e s t  
p ro g ra m  o r  a n a l y s i s  p ro g ra m  s h o u ld  e v a l u a t e :  L a r g e r  s c a l e
t e s t i n g  o r  e v e n  f u l l  s c a le  t e s t i n g  o f  t h e  im p a c t  l i m i t e r  may 
b e  r e q u i r e d  t o  a n s w e r  some o f  t h e s e  c o n c e r n s .
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P a r t  1 : T h e  r e l a t i v e l y  s h o r t  i n s e r t i o n  l e n g t h  f o r  t h e  im p a c t  
l i m i t e r  w i l l  r e q u i r e  l a r g e  a t t a c h m e n t  f o r c e s  f o r  a  s la p d o w n  
d r o p  o r i e n t a t i o n .  T h e  p ro p o s e d  a t t a c h m e n t  w i t h  K e v la r  lo o p s  
i s  a n  u n p r o v e n  m e th o d , a n d  s h o u ld  b e  c a r e f u l l y  e x a m in e d .

R e s p o n s e  -  P a r t  l :  T h e  K e v la r  a t t a c h m e n t  i s  f a b r i c a t e d  o f  
u n i d i r e c t i o n a l  m a t e r i a l  w i t h  t h e  f i b e r s  o r i e n t a t e d  p a r a l l e l  t o  
t h e  lo a d .  T h is  i s  a n  i d e a l  a p p l i c a t i o n  o f  K e v l a r .  T h e  K e v la r  
a t t a c h m e n t  w i l l  b e  w e l l  c h a r a c t e r i z e d  i n  t h e  t e s t i n g  p ro g ra m .

P a r t  2 :  I f  t h e  K e v la r - e p o x y  c o m p o s ite s  a r e  l e s s  s t i f f  th a n  
s t e e l ,  t h e n  l e s s  e n e r g y  w i l l  b e  a b s o r b e d  b y  t h e  o u t e r  s h e l l .  
I n  t h e  s i d e  im p a c t ,  t h e  r e d u c e d  s t i f f n e s s  o f  t h e  K e v la r  c o u ld  
r e s u l t  i n  b o t t o m in g - o u t  o f  t h e  im p a c t  l i m i t e r  l e a d i n g  t o  h ig h  
a c c e l e r a t i o n s  a s  t h e  r e s u l t  o f  t r u n n i o n  im p a c t .

R e s p o n s e  -  P a r t  2 ;  T h e  im p a c t  l i m i t e r  i s  d e s ig n e d  w i t h  t h e  
w ood a s  t h e  s o le  e n e r g y  a b s o r b in g  m a t e r i a l .  B&W c a l c u l a t i o n s  
a n d  t e s t i n g  h a v e  show n f u l l  e n e r g y  a b s o r p t io n  p r i o r  t o  a 
d e f l e c t i o n  w h ic h  w o u ld  a l l o w  t r u n n i o n  im p a c t .

P a r t  3 ;  K e v la r - e p o x y  c o m p o s ite s  a r e  n o t  a s  d u c t i l e  a s  
s t a i n l e s s  s t e e l ,  a n d  t h e  p o s s i b i l i t y  o f  r u p t u r i n g  t h e  im p a c t  
l i m i t e r  c a s in g  a t  a  l o c a l  b u c k le  s h o u ld  b e  e x a m in e d .

R e s p o n s e  -  P a r t  3 :  L o c a l  b u c k l in g  h a s  b e e n  o b s e r v e d  i n  t h e  
im p a c t  l i m i t e r  t e s t  s p e c im e n s . H o w e v e r , l o c a l  b u c k l in g  d o e s  
n o t  d e g r a d e  t h e  p e r fo r m a n c e  o f  t h e  m a t e r i a l .  We w i l l  c o n t in u e  
t o  i n v e s t i g a t e  t h e  m a t e r i a l  b e h a v io r  a n d  c o n s e q u e n c e s  i n  o u r  
t e s t  p r o g r a m .

P a r t  4 :  T h e  p e r fo r m a n c e  o f  t h e  im p a c t  l i m i t e r  i n  t h e  t h e r m a l  
a c c i d e n t  s h o u ld  b e  e x a m in e d . T h e  K e v la r  may n o t  p r o v id e  an  
a d e q u a te  t h e r m a l /o x y g e n  b a r r i e r  t o  p r e v e n t  w ood i g n i t i o n ,  
e s p e c i a l l y  i f  t h e r e  i s  a  l o c a l  r u p t u r e .

R e s p o n s e  -  P a r t  4 :  K e v la r  w i l l  n o t  b e  u s e d  a s  a  t h e r m a l  
s h i e l d .  S p e c ia l  m a t e r i a l s  an d  a l t e r n a t i v e  d e s ig n s  a r e  b e in g  
i n v e s t i g a t e d  t o  p r o v id e  t h e r m a l  p r o t e c t i o n .

P a r t  5 :  K e v la r  i s  s e n s i t i v e  t o  e n v i r o n m e n t a l  a t t a c k .  E x p o s u re  
t o  a c i d s ,  h e a t ,  s u n l i g h t ,  a n d  m o is t u r e  c o u ld  dam age K e v l a r .  
P e r fo r m a n c e  o f  t h e  K e v la r  o v e r  a  lo n g  t e r m  s h o u ld  b e  e x a m in e d .

R e s p o n s e  -  P a r t  5 :  T h e  B R -1 0 0  im p a c t  l i m i t e r  w i l l  b e  d e s ig n e d  
t o  p r e v e n t  m a t e r i a l  d e g r a d a t io n  d u e  t o  e n v i r o n m e n t a l  a t t a c k .  
O u t e r  c o a t in g s  a r e  b e in g  i n v e s t i g a t e d  t o  p r o t e c t  t h e  K e v la r  
f ro m  e n v i r o n m e n t a l  d a m ag e .

P a r t  6 :  C a u t io n  s h o u ld  b e  u s e d  i n  i n t e r p r e t i n g  a n y  s t a t i c
im p a c t  l i m i t e r  t e s t  s in c e  t h e  d y n a m ic  b e h a v io r  c o u ld  b e  
d i f f e r e n t  f ro m  t h e  s t a t i c  t e s t  r e s u l t s .
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R e s p o n se  -  P a r t  6 : T h e  im p a c t  l i m i t e r  t e s t  p ro g ra m  in c lu d e s  
v ig o r o u s  d y n a m ic  a s  w e l l  a s  s t a t i c  t e s t i n g .  C o r r e l a t i o n s  o f  
d y n a m ic  a n d  s t a t i c  r e s u l t s  w i l l  b e  a d d r e s s e d  a s  t h e  t e s t i n g  
p ro g ra m  p r o g r e s s e s .

G . 2 5  D y n a m ic  t e s t s  on  1 / 4 -  a n d  1 / 2 - s c a l e  im p a c t  l i m i t e r s  on  
m ass m o d e ls  a r e  re co m m e n d e d .

R e s p o n s e  -  B&W i s  p la n n in g  t o  p e r fo r m  s e v e r a l  d y n a m ic  t e s t s  on  
1 / 4 - s c a l e  im p a c t  l i m i t e r  m o d e ls .  I n  a d d i t i o n ,  w e a r e  d o in g  
d y n a m ic  t e s t s  on  d i f f e r e n t  s i z e s  o f  m a t e r i a l  s p e c im e n s  t o  
q u a n t i f y  a n y  s c a l i n g  e f f e c t s  on  t h e  K e v la r /w o o d  c o m b in a t io n .

H . l  F o r  b e t t e r  r e a d i n g .  F ig u r e  5 - 4  s h o u ld  b e  p la c e d  c l o s e r  t o  
T a b le  5 - 4 .

R e s p o n s e  -  T a b le s  an d  f i g u r e s  w e re  s e p a r a t e d  d u e  t o  s t a n d a r d  
f o r m a t t i n g  o f  a l l  s e c t io n s  o f  t h e  P D F . I n  t h i s  c a s e ,  t h e  
s e p a r a t io n  o f  F ig u r e  5 - 4  a n d  T a b le  5 - 4  c e r t a i n l y  c a u s e s  t h e  
r e a d e r  a n  in c o n v e n ie n c e .  T h e s e  p a g e s  w i l l  b e  b r o u g h t  
t o g e t h e r .

H .2  P o in t s  3 ,  6 ,  9 ,  an d  12 o f  F ig u r e  3 - 4  a n d  T a b le  5 - 4  a r e  n e a r  
t h e  l i m i t  o f  10  m re m /h . An e s t im a t e  o f  t h e  c a l c u l a t i o n a l  
u n c e r t a i n t y  (d u e  t o  h a n d  c a l c u l a t i o n s ,  o n e - d im e n s io n a l  
a s s u m p t io n s , e t c . )  on  t h e s e  v a lu e s  w o u ld  b e  v e r y  u s e f u l .

R e s p o n s e  -  A d d re s s e d  i n  A . 3 1 .

H . 3  T h e  d o s e s  a t  p o i n t s  6 a n d  9 ,  F ig u r e  5 - 4  a n d  5 - 4  a r e  l a r g e  
c o m p are d  t o  p o i n t s  3 a n d  6 .  I  assum e t h i s  i s  d u e  t o  t h e  C o -6 0  
c o n c e n t r a t io n  i n  th o s e  r e g io n s .  T h e r e  a p p e a r s  t o  b e  a  g a p  i n  
t h e  le a d  a n d  c o n c r e t e  s h i e l d i n g  a t  t h e  e d g e  o f  t h e  t o p  s h i e l d  
p lu g  an d  t h e  c y l i n d e r  w a l l .  T h e r e f o r e ,  a  d o s e  m a p p in g  fro m  
p o in t s  3 t o  p o i n t  6 m ig h t  r e v e a l  a  s t r e a m in g  p a t h  n e a r  t h e  t o p  
c o r n e r  w h ic h  h a s  a  d o s e  l a r g e r  th a n  t h e  10  m r e m /h r  l i m i t .

R e s p o n s e  -  C o n c e rn s  a d d r e s s e d  i n  A . 24  a n d  E . 1 5 .

H . 4  P ag e  I I - 3 - 1 1 ,  p a r .  3 ,  l i n e  5 - 1  b e l i e v e  t h e  s p e c t r a  w o u ld
com e fro m  0R IG E N 2 an d  n o t  A N IS N .

R e s p o n s e  -  P a g e  I I - 5 - 1 1 ,  p a r .  3 ,  l i n e  5 h a s  b e e n  c o r r e c t e d .  
C o r r e c t  r e f e r e n c e  n u m b er i s  4 .

H .5  P ag e  I I - 5 - 1 2 ,  p a r .  2 ,  l i n e  3 -  F lu x  p r o f i l e s  u s e d  i n  t h e
a c t i v a t i o n  c a l c u l a t i o n  s h o u ld  b e  g iv e n .

R e s p o n se  -  POP t e x t  on  P a g e  I I - 5 - 1 2 ,  p a r .  2 h a s  b e e n  c h a n g e d  
t o  c l a r i f y  how t h e  f l u x  p r o f i l e s  w e re  u s e d  i n  t h e  h a n d  
c a l c u l a t i o n s .
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H .6  P ag e  I I - 5 - 1 2 ,  p a r .  2 ,  l i n e  8 -  H o m o g e n iz a t io n  f a c t o r  s h o u ld  b e  
g iv e n  an d  how c a l c u l a t e d .

R e s p o n s e  -  T h e  s t a n d a r d  a n d  h o m o g e n iz e d  d e n s i t i e s  f o r  t h e  e n d  
f i t t i n g s  a n d  s p a c e r  g r i d s  a r e  g iv e n  i n  T a b le  5 - 1 0 .  A 
r e f e r e n c e  t o  t h e  t a b l e  an d  a n  e x p l a n a t i o n  o f  " h o m o g e n iz a t io n  
f a c t o r "  h a s  b e e n  a d d e d  t o  t h e  PDF t e x t  on  P a g e  I I - 5 - 1 2 .

H .7  P ag e  I I - 5 - 1 7 ,  p a r .  6 ,  l a s t  s e n t e n c e  -  t h e  s o u r c e - l e n g t h  
c o r r e c t i o n  f a c t o r  s h o u ld  b e  g iv e n  a n d  how c a l c u l a t e d .

R e s p o n s e  -  T h e  PDP t e x t  on  P a g e  I I - 3 - 1 7 ,  p a r .  6 h a s  b e e n  
c h a n g e d  t o  e x p l a i n  t h e  s o u r c e - l e n g t h  c o r r e c t i o n  a p p l i e d .

H .8  P ag e  I I - 5 - 1 7 ,  p a r .  7 -  T h e  QAD g e o m e t r ic  f a c t o r s  s h o u ld  b e  
g iv e n .

R e s p o n s e  -  T h e  QAD g e o m e t r ic  c o r r e c t i o n  f a c t o r s ,  a s  a p p l i e d  t o  
t h e  A N IS N  i n f i n i t e  s l a b ,  a r e  a  f u n c t i o n  o f  a x i a l  p o s i t i o n .  
F o r  t h e  d e s ig n  l i m i t i n g  p o s i t i o n  2 m e te r s  f r o m  t h e  im p a c t  
l i m i t e r ,  t h e  f a c t o r  i s  0 . 0 1 1 5 .  T h e  QAD g e o m e t r ic  f a c t o r s  a r e  
n o t  b e in g  i n c o r p o r a t e d  i n t o  t h e  PDP t e x t  s in c e  t h e y  a lo n e  h a v e  
l i t t l e  m e a n in g  w i t h o u t  t h e  QAD m o d e l,  i t s  d im e n s io n s ,  a n d  t h e  
A N IS N  o u t p u t  v a l u e s .  T h e s e  c a l c u l a t i o n a l  d e t a i l s  a r e  b e y o n d  
w h a t i s  n o r m a l ly  in c lu d e d  i n  a  p r e l i m i n a r y  d e s ig n  r e p o r t .

H .9  P ag e  I I - 5 - 2 3 ,  p a r .  1 ,  l i n e s  5 - 9  -  I  d o  n o t  u n d e r s t a n d  t h e s e  
tw o  s e n t e n c e s .  T h e  w o r d in g  i m p l i e s  t h a t  A N IS N  i s  2 -D  w hen i t  
s t a t e s  t h a t  t h e  p e a k in g  f a c t o r  w as  a p p l i e d  a t  t h e  f u e l  
m id p la n e .  I f  A N IS N  u s e d  a  s o u r c e  t h a t  h a d  a  1 .1 3  p e a k in g  
f a c t o r  a p p l i e d ,  t h e n  i t  w o u ld  n o t  u n d e r e s t im a t e ,  b u t  
o v e r e s t im a t e ,  w h ic h  w o u ld  b e  c o n s e r v a t i v e  a s  i n d i c a t e d .

R e s p o n s e  -  T h e  1 . 1 3  p o w e r p e a k in g  f a c t o r  w as  a p p l i e d  t o  a l l  
s o u r c e  te r m s  i n p u t  t o  A N IS N , b o t h  n e u t r o n  a n d  gamma. T h is  
d o e s  n o t  s im u la t e  a  2 -D  c a l c u l a t i o n ,  i t  o n l y  in c r e a s e s  t h e  
d o s e  r a t e s  t o  t h e  v a lu e  c o r r e s p o n d in g  t o  t h e  h i g h e s t  b u r n u p .  
W o rd in g  on P ag e  I I - 5 - 2 3 ,  p a r .  1 o f  t h e  PDP h a s  b e e n  c h a n g e d  t o  
c l a r i f y  t h e  e f f e c t  o f  d e c r e a s e d  b u rn u p  a t  t h e  e n d s  o f  t h e  f u e l  
a s s e m b lie s .

H . i o  T a b le  5 -1 2  show s t h e  f l u x - t o - d o s e  c o n v e r s io n  f a c t o r s  f o r  t h e  
gammas i n  t h e  QAD c a l c u l a t i o n s .  A t a b l e  o f  t h e  n e u t r o n  a n d  
gamma ( i f  d i f f e r e n t  f ro m  QAD) f a c t o r s  u s e d  i n  A N IS N  w o u ld  b e  
u s e f u l .

R e s p o n s e  -  F l u x - t o - d o s e  c o n v e r s io n  f a c t o r s  u s e d  i n  A N IS N  a r e  
b a s e d  on t h e  A N S I /A N S -6 . 1 . 1  ( 1 9 7 7 )  S t a n d a r d  v a lu e s  a n d  h a v e  
b e e n  in c o r p o r a t e d  i n  t h e  PDP a s  T a b le s  5 - 1 3  a n d  5 - 1 4 .
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1 . 1  N e u t r o n  Q u a l i t y  F a c t o r  -  C u r r e n t  DOE o r d e r s  a n d  NRC 
r e g u l a t i o n s  a l lo w  c o n v e r s io n  o f  d o s e  r a t e s  i n  r a d  t o  re m  u s in g  
QF f a c t o r s  a s  l i s t e d  (P a g e  1 6 )  i n  NRCP r e p o r t  # 3 8  d a t e d  
J a n u a r y  1 9 7 1 .  A new IC R P  r e p o r t  i s  e x p e c te d  w i t h i n  a  y e a r  
w i t h  new  Q F. I s  t h e  c a s k  d e s ig n  now i n c o r p o r a t i n g  t h e  new  
s ta n d a r d s ?

R e s p o n s e  -  BWFC r e c o g n iz e s  t h a t  a  c h a n g e  t o  t h e  n e u t r o n  
q u a l i t y  f a c t o r  f o r  c o n v e r s io n  o f  d o s e  r a t e s  i n  t h e  f u t u r e  
c o u ld  c a u s e  s h i e l d i n g  r e v i s i o n s  r e l a t i v e  t o  10C F R 71  c r i t e r i a .  
H o w e v e r , t h e  NRC h a s  in fo r m e d  BWFC t h a t  t h e  C o m m itte e  
In t e r a g e n c y  R a d i a t io n  R e s e a r c h  & P o l i c y  C o o r d in a t io n  (C IR R P C ) , 
w h ic h  i s  s t u d y in g  t h e  c h a n g e  r e c o m m e n d a t io n , h a s  d e c id e d  
a g a i n s t  m o d i f y in g  t h e  t h e r m a l  a n d  f a s t  n e u t r o n  q u a l i t y  
f a c t o r s .  A r b i t r a r y  i n c l u s i o n  o f  t h e  h i g h e r  q u a l i t y  f a c t o r s  
w o u ld  t r a n s l a t e  i n t o  a  h e a v i e r  c a s k  o r  l e s s  p a y lo a d .  BWFC h a s  
n o t  e l e c t e d  t o  m ake s u c h  a c h a n g e  d u r i n g  t h i s  d e s ig n  p h a s e .

1 .2  ALARA -  T h e  c a s k  h a n d l in g  p r o c e d u r e s  a t  t h i s  p o i n t  a r e  v e r y  
g e n e r a l  a n d  do  n o t  i n d i c a t e  a  f o r m a l  c o n c e r n  f o r  p e r s o n n e l  
d o s e  m i n i m i z a t i o n .  I n  f a c t ,  i t  w o u ld  b e  w e l l  a d v is e d  t o  g i v e  
some d e s ig n  t h o u g h t  t o  a u x i l i a r y  p l a t f o r m s ,  sh ad o w  s h i e l d i n g ,  
e t c . ,  t o  p r o v id e  f o r  e a s e  a n d  s p e e d  o f  h a n d l in g  a n d  k e e p in g  
p e r s o n n e l  e x p o s u r e s  lo w .

R e s p o n s e  -  As s t a t e d  i n  t h e  com m ent i t s e l f ,  p r o c e d u r e s  a r e  
v e r y  g e n e r a l  a t  t h a t  s t a g e  o f  t h e  d e s ig n .  P e r s o n n e l  d o s e  
m i n i m iz a t i o n  was t a k e n  i n t o  a c c o u n t  i n  t h e  d e s ig n  o f  t h e  t w o -  
p ie c e  c lo s u r e  l i d  an d  i n  t h e  u s e  o f  t h e  p r o t e c t i v e  r i n g  a n d  
f i x t u r e  p l a t e ,  f o r  in s t a n c e .  T h e  f i r s t  g o a l  o f  t h e  P r e l i m i n a r y  
D e s ig n  i s  t o  d e f i n e  a  c a s k  w i t h  a  m axim tim  p a y lo a d  w i t h i n  t h e  
l i m i t s  o f  t h e  a p p l i c a b l e  c o n t r a c t u a l  r e g u l a t i o n s .  M o re  
c o n s i d e r a t i o n  w i l l  b e  g iv e n  d u r i n g  f i n a l  d e s ig n  t o  t h e  d o s e  
r a t e  m i n i m iz a t i o n  w i t h  t h e  u s e  o f  p r o p e r  t o o l i n g ,  a d d i t i o n a l  
p o r t a b l e  s h i e l d i n g ,  a n d  l i m i t a t i o n  o f  t h e  a c t i v i t i e s  p e r fo r m e d  
on t h e  c a s k  i t s e l f  ( e s s e n t i a l l y  b o l t i n g  a n d  u n b o l t i n g  o f  t h e  
c lo s u r e  l i d ) .

J . l  T h e  c e r m e t  p l a t e s  a r e  v e r y  i m p o r t a n t  f o r  s a f e t y ,  a n d  t h e i r  
p r e s e n c e  m u s t b e  a s s u r e d .  A s t a t e m e n t  s h o u ld  b e  m ade a s  t o  
t h e  p r o j e c t e d  l i f e t i m e  o f  t h e  C e rm e t  p l a t e s  a n d  t h e  m e th o d s  
u s e d  t o  in s u r e  t h e  p r e s e n c e  o f  t h e s e  p o is o n s  o v e r  t h e  l i f e t i m e  
o f  t h e  p a c k a g e  (PR G , S e c t .  8 . 1 ,  p .  8 - 3 ) .

R e s p o n s e  -  A t  p r e s e n t  no  e x p l i c i t  c a l c u l a t i o n s  h a v e  b e e n  m ade  
o f  t h e  b u r n o u t  o f  t h e  b o ro n  i n  t h e  c e r m e t  p l a t e s .  An e s t im a t e  
o f  t h e  l i f e t i m e  w i l l  b e  m ade d u r i n g  t h e  f i n a l  a n a l y s i s  o f  t h e  
c a s k .  H o w e v e r , t h e  b o ro n  d e n s i t y  i n  t h e  c e r m e t  i s  s i m i l a r  t o  
t h a t  i n  B o r a l  s h ro u d s  u s e d  f o r  c r i t i c a l i t y  c o n t r o l  i n  s p e n t  
f u e l  s t o r a g e  p o o ls .  T h e  f l u x  d e n s i t y  i n  t h e  c a s k  w i l l  a l s o  
a p p r o x im a te  t h a t  i n  t h e  s t o r a g e  p o o l s .  B a s e d  u p o n  t h e  s p e n t  
f u e l  p o o l  e x p e r ie n c e ,  t h e  b o ro n  l i f e t i m e  i n  t h e  c e r m e t  s h o u ld
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g r e a t l y  e x c e e d  t h e  p r o j e c t e d  u s e f u l  l i f e  o f  t h e  c a s k .  T h e  
m e c h a n ic a l  i n t e g r i t y  o f  t h e  p l a t e  i s  d is c u s s e d  i n  t h e  r e s p o n s e  
t o  q u e s t io n  C 9 . T h e  m e th o d  o f  a t t a c h m e n t  o f  t h e  p l a t e  t o  t h e  
f u e l  c e l l  i s  u n d e r  d e v e lo p m e n t .  S t r u c t u r a l  a n a ly s e s  t o  e n s u r e  
r e t e n t i o n  o f  t h e  p l a t e  f o r  o p e r a t io n  a n d  a c c i d e n t  c o n d i t i o n s  
a r e  t o  b e  d o n e  d u r in g  t h e  f i n a l  d e s ig n .

J . 2  F lu x  T r a p  -  I n  t h e  c o m p u te r  m o d e l t h e  f l u x  t r a p  b e tw e e n  c e r m e t  
p l a t e s  i s  f i l l e d  w i t h  a lu m in u m . T h is  i s  c o n s e r v a t i v e  w hen  
c o m p are d  t o  a w a t e r - f i l l e d  g a p .  C h e c k  c a l c u l a t i o n s  show  a  v o id  
g a p  t o  h a v e  a lm o s t  t h e  sam e im p a c t  o n  r e a c t i v i t y  a s  an  
a l u m i n u m - f i l l e d  g a p .

R e s p o n se  -  F o r  t h e  f lo o d e d  c a s e  a n a ly s e s ,  t h e  g a p  b e tw e e n  
c e rm e t  p l a t e s  i s  f i l l e d  w i t h  w a t e r ,  n o t  a lu m in u m . T h e  
f o l l o w i n g  p h r a s e  i n  S e c t io n  6 . 3 . 1 . 1 ,  1 ) r e p la c e m e n t  o f  t h e
s m a l l  w a t e r  g a p s  b e tw e e n  t h e  c e r m e t  p l a t e s  a n d  t h e  e x t r u d e d  
a lu m in u m  c e l l  w i t h  a lu m in u m , a  c o n s e r v a t iv e  a s s u m p t io n ,  . . .  •* 
h a s  b e e n  r e p la c e d  w i t h  1 ) c o m p le te  c o n t a c t  b e tw e e n  t h e  
c e rm e t  p l a t e  an d  t h e  w a l l s  o f  t h e  f u e l  c e l l ,  i . e .  n o  g a p s  
in c lu d e d  f o r  p l a t e  i n s e r t i o n ,  . . . ” T h is  s h o u ld  c l a r i f y  t h e  
m o d e lin g  a s s u m p t io n .  T h e  r e m a in d e r  o f  t h e  com m ent i s  c o r r e c t  
r e g a r d in g  a lu m in u m  r e p l a c i n g  w a t e r  a n d  t h e  v o i d  v e r s u s  
a l u m i n u m - f i l l e d  g a p .

J .3  O p t im a l  M o d e r a t io n  -  T h e  c r i t i c a l i t y  e v a l u a t i o n  c o n s id e r s  t h e  
w o r s t  c a s e  m o d e r a t io n  t o  b e  f u l l  w a t e r  f l o o d i n g  w i t h i n  t h e  
c a s k  a n d  no  w a t e r  o u t s i d e .  C h e c k  c a l c u l a t i o n s  show  a lm o s t  no  
d i f f e r e n c e  i n  k^^  ̂ w hen  t h e  v o lu m e  b e tw e e n  c a s k s  i s  f u l l y  
f lo o d e d  a s  w hen v o i d .  T h is  i n d i c a t e s  r e l a t i v e l y  l i t t l e  
i n t e r a c t i o n  b e tw e e n  c a s k s .

P a r t i a l  f l o o d i n g  o f  t h e  c a s k  i n t e r i o r  w hen  a  c a s k  i s  d r a in e d  
o f  i t s  w a t e r .  T h is  c r e a t e s  a  c o n f i g u r a t i o n  i n  w h ic h  t h e  u p p e r  
l a y e r  o f  a s s e m b lie s  a r e  f r e e  o f  w a t e r ,  w h i l e  t h e  lo w e r  l e v e l s  
a r e  f lo o d e d .  T h is  c o n f i g u r a t i o n  i s  s o m ew h at m o re  c o m p le x  t o  
m o d e l a n d  i s  n o t  c a l c u l a t e d ,  b u t  i t  i s  e x p e c te d  t o  r e s u l t  i n  
a  d e c r e a s e  i n  k^^^. A c h e c k  c a l c u l a t i o n  i s  m ade i n  w h ic h  t h e  
d e n s i t y  o f  w a t e r  i s  u n i f o r m l y  r e d u c e d  t o  0 . 9 0  g /c m ’ , a n d  k^^  ̂
i s  fo u n d  t o  d e c r e a s e .  S in c e  t h e  r o d  l a t t i c e  i n  t h e  a s s e m b lie s  
a r e  u n d e r -m o d e r a t e d ,  k^^  ̂ s h o u ld  c o n t in u e  t o  d e c r e a s e  a s  t h e  
w a t e r  d e n s i t y  i s  d e c r e a s e d .

R e s p o n se  -  T h e  com m ent c o n c e r n in g  " r e l a t i v e l y  l i t t l e  
i n t e r a c t i o n  b e tw e e n  c a s k s ” i s  e x p e c t e d .  D ue t o  t h e  c lo s e  
s p a c in g  o f  t h e  c a s k s  i n  t h e  m o d e l,  a  v o id  b e tw e e n  t h e  c a s k s  i n  
a n  a r r a y  i s  o n ly  s l i g h t l y  l a r g e r  t h a n  a  c a s e  w i t h  an  
i n t e r s p e r s e d  m o d e r a t o r .  R e g a r d in g  a  p a r t i a l l y  f lo o d e d  c a s k  
and  v a p o r  c o n d i t i o n s ,  t h e  r e a c t i v i t y  f o r  t h e  e x t r e m e s  o f  f u l l y  
f lo o d e d  a n d  a i r  f i l l e d  show  t h e  d e c r e a s e  i n  r e a c t i v i t y  a s  t h e  
m o d e r a to r  i s  re m o v e d . An i n t e r m e d i a t e  r e a c t i v i t y  h i g h e r  t h a n  
t h e  f u l l y  f lo o d e d  c a s e  f o r  r e d u c e d  w a t e r  l e v e l  a n d / o r  lo w
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d e n s i t y ( v a p o r )  m o d e r a t io n  a r e  n o t  e x p e c t e d .  T h e  v a p o r  
c o n d i t i o n  w i l l  b e  e x a m in e d  i n  t h e  f i n a l  d e s ig n ,  b u t  t h e  p o is o n  
p l a t e s  a n d  c lo s e - p a c k e d  f i n i t e  a r r a y  g e n e r a l l y  re m o v e s  t h e  
” s e c o n d -p e a k ” p h e n o m e n a .

J .4  T h e  c r i t i c a l i t y  e v a l u a t i o n  s t a t e s  t h a t  t h e  b o u n d in g  PWR 
a s s e m b ly  i s  t h e  W e s tin g h o u s e  17 X 17 a s s e m b ly  w i t h  2 6 4  f u e l  
r o d s  c o n t a i n in g  4 . 5  wt% e n r ic h e d  U O j. T h e  b o u n d in g  BWR 
a s s e m b ly  i s  t h e  ANF 8 x 8  J P - 4 , 5  a s s e m b ly  w i t h  62 f u e l  r o d s  
a ls o  c o n t a i n i n g  4 . 5  wt% e n r ic h e d  U O j. T h e s e  c h o ic e s  a r e  n o t  
e v a lu a t e d  a s  a p a r t  o f  t h i s  r e v i e w .

P o is o n  p l a t e s  a r e  com posed o f  A l/B ^ C  c e r m e t  m a t e r i a l  w i t h  a  b ’ ° 
r e a l  d e n s i t y  o f  50  m g/cm ^. T h e  i s o t o p i c  c o m p o s i t io n  o f  
R o b a t e l  c o n c r e t e  ( 1 . 6 1  g /cm ^) i s  n o t  s p e c i f i e d  i n  t h e  
a n a l y s i s .

KENO I V  i n p u t  an d  o u t p u t  w e re  n o t  a v a i l a b l e  f o r  r e v i e w .  
I n c l u s i o n  o f  a KENO I V  i n p u t  l i s t i n g  i n  t h e  f i n a l  r e p o r t  i s  
re c o m m e n d e d .

A c o m p a r is o n  c a l c u l a t i o n  f o r  o n e  c e l l  ( f u e l  b u n d le  i n  a  h o le  
i n  a  n e u t r o n  p o is o n  b a s k e t )  s h o u ld  b e  p r e s e n t e d  b e tw e e n  a  
h o m o g e n iz e d  f u e l  c e l l  a n d  a  d i s c r e t e l y  m o d e le d  f u e l  c e l l .  
T h is  m o d e l s h o u ld  in c lu d e  t h e  n e u t r o n  p o is o n  b a s k e t  m o d e le d  
d i s c r e t e l y  (PRG , S e c t .  8 . 2 . 3 . 1 ,  p .  8 - 4 ) .  T h is  p r o v id e s  a
c h e c k  o n  t h e  a c c u r a c y  o f  u s in g  h o m o g e n iz e d  c r o s s  s e c t i o n  s e t s .

T a b le  1 show s a  c o m p a r is o n  o f  a to m  d e n s i t i e s  f o r  m a t e r i a l s  
u s e d  i n  t h e  c r i t i c a l i t y  e v a l u a t i o n  a n d  f o r  f r e s h  f u e l  
c a l c u l a t e d  f o r  t h i s  r e v i e w .  A l t h o u g h  c l o s e ,  t h e  a to m
d e n s i t i e s  d o  n o t  show p r e c i s e  a g r e e m e n t .  T h e  d i f f e r e n c e  
b e tw e e n  f r e s h  a n d  16  gW d/m tU  PWR f u e l  i s  n o t  in d e p e n d e n t ly  
v e r i f i e d .
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Table 1

ATOMIC D E N S IT IE S  FOR M ATERIALS

V o lu m e S e c t io n  6 . 0  My V a lu e s Section 6.0
M a t ' l D e n s i t y F r a c t io n H e t  a t /b - c m Homo a t / b - c m Homo a t /b - c m

( F r e s h  F u e l ) (F r e s h  F u e l ) (1 6 g W d /m tU )

PWR F u e l
UOj 1 0 . 3 1 0 . 3 0 4 4
U - 2 3 5 0 . 4 0 8 1 . 0 4 5 8 - 0 3 3 . 1 8 3 4 - 0 4 2 . 0 1 0 6 - 0 4
U - 2 3 8 8 . 6 6 1 2 . 1 9 1 4 - 0 2 6 . 6 7 1 2 - 0 3 6 . 0 5 2 0 - 0 3
0 - 1 6 1 . 2 2 0 4 . 5 9 1 9 - 0 2 1 . 3 9 7 8 - 0 2 s e e  w a t e r
Z i r c - 2 6 . 5 6 0 . 0 9 7 0
Z r 6 . 4 4 8 4 . 2 5 6 8 - 0 2 4 . 1 2 7 8 - 0 3 4 . 1 1 5 1 - 0 3
Sn 0 . 0 9 1 8 4 . 6 5 9 3 - 0 4 4 . 5 1 8 1 - 0 5 4 . 0 3 8 1 - 0 5
Fe 0 . 0 1 3 8 1 . 4 8 5 6 - 0 4 1 . 4 4 0 6 - 0 5 1 . 2 8 7 5 - 0 5
Or 0 . 0 0 6 6 7 . 5 9 8 2 - 0 5 7 . 3 6 8 0 - 0 6 6 . 5 8 5 0 - 0 6
W a te r 1 . 0 0 0 . 5 8 6 3
H v o id = 0 . 0 1 2 3 6 . 6 8 5 4 - 0 2 4 . 0 0 1 9 - 0 2 4 . 1 0 4 5 - 0 2

0 . 5 9 8 6 3 . 3 4 2 7 - 0 2 2 . 0 0 0 9 - 0 2 3 . 3 0 2 9 - 0 2

S e c t io n  6 . 0 My V a lu e s S e c t io n  6 .0
H e t  a t / b - c m Homo a t / b - c m Homo a t / b - c m

F r e s h BWR F u e l ( 0 . 6 4 1 - i n . p i t c h )
UOj 9 . 9 8 0 . 3 2 1 3
U - 2 3 5 0 . 3 9 5 1 .0 1 3 1 - 0 3 3 . 2 5 5 1 - 0 4 3 . 1 5 3 6 - 0 4
U - 2 3 8 8 . 3 9 0 2 . 1 2 2 9 - 0 2 6 . 8 2 0 9 - 0 3 6 . 6 0 8 2 - 0 3
0 - 1 6 1 . 1 8 2 4 . 4 4 8 4 - 0 2 1 . 4 2 9 3 - 0 2 s e e  w a t e r
Z i r c - 2 6 . 5 6 0 . 1 0 8 1
Z r 6 . 4 4 8 4 . 2 5 6 8 - 0 2 4 . 6 0 1 6 - 0 3 5 . 2 4 8 9 - 0 5
Sn 0 . 0 9 1 8 4 . 6 5 9 3 - 0 4 5 . 0 3 6 7 - 0 5 5 . 7 4 5 6 - 0 5
Fe 0 . 0 1 3 8 1 . 4 8 5 6 - 0 4 1 . 6 0 5 9 - 0 5 1 . 8 3 1 8 - 0 5
Or 0 . 0 0 6 6 7 . 5 9 8 2 - 0 5 8 . 2 1 3 6 - 0 6 9 . 3 6 9 2 - 0 6
W a te r 1 . 0 0 0 . 5 7 0 6
H 6 . 6 8 5 4 - 0 2 3 . 8 1 7 3 - 0 2 3 . 6 8 7 6 - 0 2
0 3 . 3 4 2 7 - 0 2 1 . 9 0 8 7 - 0 2 3 . 2 2 8 5 - 0 2

R e s p o n s e  -  T h e  1 7 x 1 7  W e s t in g h o u s e  PWR f u e l  a s s e m b ly  w as  
d e t e r m in e d  t o  r e p r e s e n t  t h e  b o u n d in g  PWR a s s e m b ly .  T h e  ANF 
8 x 8  w as c h o s e n  a s  a  r e p r e s e n t a t i v e  BWR a s s e m b ly  b u t  an  
in d e p e n d e n t  a s s e s s m e n t t o  d e t e r m in e  a  b o u n d in g  BWR a s s e m b ly  
w i l l  b e  d o n e  d u r in g  t h e  f i n a l  a n a l y s i s .  Due t o  t h e  r e l a t i v e l y  
lo w  r e a c t i v i t y  o f  t h e  BWR b a s k e t  c o n f i g u r a t i o n ,  i t  a p p e a r s  
t h a t  i t  i s  n o t  t h e  l i m i t i n g  c o n f i g u r a t i o n  a n d  t h u s  a  b o u n d in g  
BWR a s s e m b ly  d e t e r m in a t i o n  w i l l  h a v e  l i t t l e  im p a c t  on  t h e  c a s k  
r e a c t i v i t y  l i m i t s .

T h e  i s o t o p i c  c o m p o s i t io n  o f  t h e  R o b a t e l  c o n c r e t e  h a s  b e e n  
a d d e d  t o  t h e  m a t e r i a l  l i s t  i s  S e c t io n  6 . 3 . 2 .
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A KENO I V  in p u t  l i s t i n g  w i l l  b e  in c lu d e d  i n  t h e  r e p o r t  f o r  t h e  
f i n a l  d e s ig n  a n a l y s i s .

P a s t  e x p e r ie n c e  h a s  show n t h a t  t h e  h o m o g e n iz a t io n  t e c h n iq u e  
p r o v id e s  s l i g h t l y  c o n s e r v a t iv e  r e s u l t s .  V e r i f i c a t i o n  o f  t h i s  
w i l l  b e  d o n e  d u r in g  t h e  a n a l y s i s  f o r  t h e  f i n a l  d e s ig n .

T h e  d i f f e r e n c e  b e tw e e n  t h e  n u m b e r d e n s i t i e s  f o r  t h e  PWR f u e l  
a s s e m b lie s  i s  d u e  t o  t h e  i n c l u s i o n  o f  t h e  24 g u id e  t u b e s  an d  
1 in s t r u m e n t  t u b e  i n  t h e  h o m o g e n iz a t io n  t e c h n iq u e .  T h is  
r e s u l t s  i n  t h e  f o l l o w i n g  v o lu m e  f r a c t i o n s :  f u e l ,  0 . 2 7 8 1 ;  z i r c ,  
0 . 0 9 6 6 8 ;  m o d e r a t o r ,  0 . 6 1 4 0 .  F o r  t h e  BWR f u e l  a s s e m b lie s  t h e  
d i f f e r e n c e s  a r e  d u e  t o  i n c l u s i o n  o f  t h e  c a p t u r e  r o d  a n d  t h e  
i n e r t  r o d .  T h e  r e s u l t i n g  v o lu m e  f r a c t i o n s  a r e  0 . 3 1 1 3 ,  0 . 1 2 3 3 ,  
a n d  0 . 5 5 1 6  f o r  t h e  f u e l ,  z i r c ,  a n d  m o d e r a to r  r e s p e c t i v e l y .

J . 5  A c a l c u l a t i o n  s h o u ld  b e  p r o v id e d  f o r  a  w o r s t  c a s e ,  s h o w in g  t h e  
o f  t h e  p a c k a g e  m o d e le d  w i t h  u n i r r a d i a t e d  f u e l  (P R G , S e c t .  

8 . 2 . 3 . 2 ,  p .  8 - 5 ) .  S e c t io n  6 . 0  p r o v id e s  a  c a l c u l a t i o n  f o r  an  
a i r - f i l l e d  c a s k  c o n t a i n in g  f r e s h  f u e l .  H o w e v e r , s in c e  t h i s  
c a s k  i s  n o r m a l ly  lo a d e d  a n d  u n lo a d e d  u n d e r w a t e r ,  a  c a l c u l a t i o n  
f o r  a  w a t e r - f i l l e d  c a s k  s h o u ld  a ls o  b e  p r o v id e d ,  o r  an  
e x p l a n a t i o n  m ade a s  t o  how w a t e r  i s  e x c lu d e d .  T h e  p o s s i b i l i t y  
o f  f u e l  i r r a d i a t e d  l e s s  t h a n  e x p e c te d  s h o u ld  b e  c o n s id e r e d .  
I f  f r e s h  f u e l  i s  s h ip p e d ,  i t  m u s t b e  a s s u r e d  t h a t  t h e  c a s k  
w o u ld  n o t  b e  im p r o p e r ly  p la c e d  u n d e r w a t e r  f o r  u n lo a d in g .

No c h e c k  i s  m ade o f  b u rn u p  i s o t o p i c s  o r  o f  t h e  a x i a l  
d i s t r i b u t i o n  o f  b u rn u p .

R e s p o n s e  -  T h e  w o r s t  c a s e  c a l c u l a t i o n  e s s e n t i a l l y  h a s  b e e n  
in c lu d e d  i n  t h e  r e p o r t .  T h e  c a s e  f o r  t h e  f lo o d e d  c a s k  lo a d e d  
w i t h  b u rn e d  PWR f u e l  a s s e m b lie s  a t  4 . 5  w e ig h t  p e r c e n t  U - 2 3 5  
e n r ic h m e n t  e s s e n t i a l l y  r e p r e s e n t s  t h i s  c a s e .  T h e  q u a l i f i e r  i s  
a d d e d  s in c e  t o l e r a n c e  an d  c a l c u l a t e d  a c c i d e n t  d e f o r m a t io n s  
h a v e  n o t  b e e n  f a c t o r e d  i n t o  t h e  p r e l i m i n a r y  d e s ig n  a n a ly s e s .  
T h e  c a s k  lo a d in g  c u r r e n t l y  h a s  t h e  r e s t r a i n t  o f  18  GWD/mTU 
a v e r a g e  b u rn u p  f o r  PWR a s s e m b l ie s .  T h is  w i l l  b e  a s s u r e d  
e i t h e r  b y  a d m i n i s t r a t i v e  c o n t r o l s  a n d /o r  m e a s u re m e n t . D u r in g  
t h e  f i n a l  d e s ig n  a n a l y s i s ,  t h e  im p a c t  o f  m is lo a d in g  a  lo w e r  
b u rn u p  a s s e m b ly  i n t o  t h e  c a s e  w i l l  b e  e x a m in e d . I f  f r e s h  f u e l  
i s  s h ip p e d ,  t h e  c a s k  c a p a c i t y  w i l l  b e  d o w n r a te d  t o  a b o u t  17  
f u e l  a s s e m b l ie s .  I t  i s  e x p e c te d  t h a t  b lo c k s  w i l l  b e  i n s e r t e d  
i n  p r o h i b i t e d  l o c a t i o n s  t o  d e f i n e  t h e  r e q u i r e d  lo a d in g  
p a t t e r n .  T h e  c a l c u l a t i o n  f o r  t h e  c a s e  w i t h  f r e s h  f u e l  i n  a n  
a i r - f i l l e d  c a s k  w as in c lu d e d  t o  i n d i c a t e  t h e  r e a c t i v i t y  m a r g in  
f o r  t h e  n o rm a l s h ip p in g  c o n d i t i o n  o f  t h e  c a s k .  F r e s h  f u e l  was  
i n c lu d e d  t o  p r o v id e  a  m axim um  r e a c t i v i t y ;  b u r n e d  f u e l  h a s  a 
kg^  ̂ a b o u t  2 p e r c e n t  l e s s  t h a n  t h a t  f o r  f r e s h  f u e l .

J . 6  A t  l e a s t  o n e  c o n f i r m in g  c a l c u l a t i o n  s h o u ld  b e  m ade f o r  a  w o r s t  
c a s e  i n  w h ic h  t h e  c o m p o n e n ts  i n  t h e  p a c k a g e  a r e  m o d e le d  a t
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t e m p e r a t u r e s  d e t e r m in e d  fro m  t h e  t h e r m a l  e v a l u a t i o n .  T h e  
r e s u l t s  f r o m  t h i s  m o d e l s h o u ld  b e  lo w e r  t h a n  th o s e  r e s u l t s  
o b t a in e d  f o r  m o d e ls  a t  room  t e m p e r a t u r e .  I f  t h i s  i s  n o t  t h e  
c a s e ,  m o re  c a l c u l a t i o n s  a r e  r e q u i r e d  t o  f i n d  t h e  p e a k  k  ^  f o r  
a l l  p o s s i b l e  t h e r m a l  c o n d i t io n s  (PR G , S e c t .  8 . 2 . 4 ,  p .  8 - 6 ) .

A d m i n i s t r a t i v e  c o n t r o l s  r e q u i r e d  t o  in s u r e  t h a t  c h e c k e r b o a r d  
l o a d in g  i s  d o n e  p r o p e r l y  m u s t b e  a d m in is t e r e d  w i t h  a  h ig h  
l e v e l  o f  r e l i a b i l i t y .

R e s p o n s e  -  T h e  e f f e c t  o f  t h e  m o d e r a t o r  t e m p e r a t u r e  w i l l  b e  
e v a l u a t e d  i n  t h e  f i n a l  d e s ig n .  E x p e r ie n c e  w i t h  s p e n t  f u e l  
s t o r a g e  r a c k s  i n d i c a t e s  a  v e r y  f l a t  c u r v e  o f  r e a c t i v i t y  v e r s u s  
m o d e r a t o r  t e m p e r a t u r e  i n  t h e  r e g io n  f ro m  5 0  t o  150®F. 
G e n e r a l l y  t h e  50® v a l u e  p r o v id e s  t h e  m axim um  r e a c t i v i t y .  T h is  
w i l l  b e  c o n f i r m e d  i n  t h e  f i n a l  d e s ig n  a n a l y s i s .

J . 7  I n  t h e  c o m p u te r  m o d e l f u e l  a s s e m b lie s  a r e  h o m o g e n iz e d , a  
p r o c e s s  w h ic h  i s  n o n - c o n s e r v a t iv e  u n le s s  c o r r e c t i o n  i s  m ade t o  
t h e  c r o s s  s e c t i o n  s e t s .  C o r r e c t i o n  f o r  s e l f - s h i e l d i n g  h a s  
b e e n  m ade u s in g  N ITA W L an d  XSDRNPM, b o th  w e l l - e s t a b l i s h e d  
c r o s s  s e c t i o n  p r o c e s s in g  c o d e s . T h is  m e th o d  s h o u ld  a c c u r a t e l y  
a c c o u n t  f o r  t h e  e f f e c t s  o f  h o m o g e n iz a t io n .  No r e v ie w  i s  m ade  
o f  i n p u t  t o  N ITAW L a n d  XSDRNPM.

R e s p o n s e  -  [N ITA W L/XSD R N PM  c r o s s  s e c t i o n  w e i g h t in g ]  -  a g r e e d .

J . 8  F a b r i c a t i o n  t o l e r a n c e s ,  o f f - c e n t e r  f u e l  a s s e m b ly  p la c e m e n ts ,  
a c c i d e n t  d e f o r m a t io n s ,  an d  a x i a l  d e t a i l s  f o r  t h e  b a s ic  
c o n t e n t s / b a s k e t  a r r a n g e m e n t  a r e  n o t  in c lu d e d  i n  t h e  
c r i t i c a l i t y  e v a l u a t i o n ,  b u t  a r e  t o  b e  c o n s id e r e d  i n  t h e  
f u t u r e .  C h e c k  c a l c u l a t i o n s  i n d i c a t e  t h a t  s h ip m e n t  o f  
p a r t i a l l y  d is a s s e m b le d ,  o r  d a m a g e d , a s s e m b lie s  p o t e n t i a l l y  
m ig h t  i n c r e a s e  t h e  m axim um  a c h ie v a b le

R e s p o n s e  -  As n o t e d ,  t o l e r a n c e  e f f e c t s ,  o f f - c e n t e r  p la c e m e n t ,  
f i n a l  a c c i d e n t  d e f o r m a t io n s ,  a n d  a x i a l  d e t a i l s  f o r  i n t a c t  an d  
c o n s o l id a t e d  f u e l  a s s e m b lie s  w i l l  b e  e x a m in e d  i n  t h e  f i n a l  
d e s ig n  a n a ly s e s .  I t  w as u n d e r s t o o d  t h a t  t h e  n o rm a l  
c o n f i g u r a t i o n  o f  t h e  c a s k  w i l l  a cc o m m o d a te  e i t h e r  i n t a c t  f u e l  
o r  c o n s o l id a t e d  c a n i s t e r s .  P a r t i a l l y  d is a s s e m b le d  a n d /o r  
dam aged  f u e l  i s  a s p e c i a l  c a t e g o r y  t h a t  w i l l  b e  e x a m in e d  i n  
t h e  f u t u r e  a n d  m ay r e t j u i r e  d e r a t i n g  o f  t h e  c a s k  t o  h a n d le  t h e  
p o t e n t i a l  in c r e a s e  i n  k^f^.

J . 9  T h e  f o r m u la  f o r  k^^^ u s e s  t h e  o n e - s t a n d a r d - d e v i a t i o n  
u n c e r t a i n t y  i n  t h e  b i a s .  I f  k̂ ^̂  ̂ i s  t o  b e  a t  t h e  95% 
c o n f id e n c e  l e v e l ,  i t  s h o u ld  b e  b a s e d  on  t h e  95% c o n f id e n c e  
l e v e l  u n c e r t a i n t y  i n  t h e  b ia s  a n d  t h e  95% c o n f id e n c e  l e v e l  i n  
t h e  KENO I V  c o n v e r g e n c e .  T h e  c o r r e c t  v a l u e  o f  k^^^ a p p e a r s  t o  
b e :
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s ig m a  =  0 . 0 0 5 0  (KENO I V  c o n v e r g e n c e  u n c e r t a i n t y )
b ia s  u n c e r t a i n t y  (U ) =  0 . 0 0 7 5  ( s e e  com m ents b e lo w ,  s e c t i o n
6 . 5 . 2 )

=  K i f  + 0.0103 + ((2 X sigma)^ + (2 X U)2)V2 
+ 0.0103 + (0.0100^ + 0.01502)’̂ 2 

= + 0.0283
R e s p o n s e  -  T h e  f o r m u la  p r e s e n t e d  i n  S e c t io n  6 . 4 . 3  w as  
i n c o r r e c t l y  s t a t e d .  As n o te d  i n  t h e  co m m en t, a  f a c t o r  o f  2 
s h o u ld  h a v e  b e e n  a p p l i e d  t o  t h e  K E N O -IV  b ia s  u n c e r t a i n t y  v a lu e  
o f  0 . 0 0 4 9 .  T h is  h a s  b e e n  c o r r e c t e d  i n  s e c t i o n  6 . 4 . 3 .  T h e  k ^  
v a lu e s  i n  T a b le  6 - 5  h a v e  a l s o  b e e n  c o r r e c t e d  u s in g  t h e  r e v i s e d  
f o r m u l a t i o n .

J . I O  B ia s  u n c e r t a i n t i e s  show n i n  T a b le  6 - 7  a r e  b a s e d  s o l e l y  u p o n  
t h e  KENO I V  c o n v e rg e n c e  u n c e r t a i n t y .  T h is  u n c e r t a i n t y  d o e s  
n o t  i n c lu d e  u n c e r t a i n t i e s  d u e  t o  g e o m e t r ic  o r  m a t e r i a l  
r e p r e s e n t a t i o n s  o r  t o  c r o s s  s e c t i o n s .  T h is  u n c e r t a i n t y  s h o u ld  
r e f l e c t  a g re e m e n t b e tw e e n  c a l c u l a t e d  v a lu e s  a n d  e x p e r im e n t a l  
v a l u e s .  T h e  c o r r e c t  u n c e r t a i n t y  i n  t h e  b ia s  i s  t h e  r o o t  m ean  
s q u a r e  v a r i a t i o n  i n  t h e  d i f f e r e n c e  b e tw e e n  t h e  c a l c u l a t e d  a n d
e x p e r im e n t a l  v a lu e s  o f  k e f f  • T a b le  2 b e lo w  show s a  c o m p a r is o n
o f  v a lu e s  fro m  T a b le  6 - 7  a n d  r o o t  m ean s q u a r e  v a l u e s .

T a b le  2

U N C E R T A IN T IE S  IN  B IA S

S p a c in g  Num ber o f T a b le  6 - 7 New V a lu e
i n . E x p e r im e n ts b i a s  + U n c . b i a s  +  U n c .

0 . 0 0 0 2 0 . 0 0 2 5 ±  0 . 0 0 5 1 0 . 0 0 2 5  ±  0 . 0 0 7 5 *
0 . 6 4 4 8 0 . 0 0 1 0 ±  0 . 0 0 4 9 0 . 0 0 1 0  ±  0 . 0 0 7 5
1 . 8 8 6 - 0 . 0 0 4 0 ±  0 . 0 0 5 0 - 0 . 0 0 4 0  ±  0 . 0 0 7 5
1 . 9 3 2 4 - 0 . 0 1 0 5 ±  0 . 0 0 4 7 - 0 . 0 1 0 5  ±  0 . 0 0 6 5
2 . 5 7 6 1 - 0 . 0 1 6 0 ±  0 . 0 0 5 0 - 0 . 0 1 6 0  ±  0 . 0 0 7 5 *

a v e r a g e 21 - 0 . 0 0 3 3 + 0 . 0 0 4 8 - 0 . 0 0 3 3  ±  0 . 0 0 8 7

*  T h e r e  i s  i n s u f f i c i e n t  d a t a  a t  0 . 0 0 0 - i n .  a n d  2 . 5 7 6 - i n .  
s p a c in g s  f o r  g o o d  v a l u e .  V a lu e  o f  0 . 0 0 7 5  i s  b a s e d  on  
u n c e r t a i n t i e s  a t  o t h e r  s p a c in g s .

R e s p o n s e  -  B&W a g r e e s  t h a t  t h e  r o o t  m ean s q u a r e  v a r i a t i o n  
m e th o d  w o u ld  p r o v id e  t h e  b e s t  e s t im a t e  o f  KENO b ia s  
u n c e r t a i n t y .  D u r in g  t h e  f i n a l  d e s ig n  a l l  t h e  b e n c h m a rk  c a s e s  
w i l l  b e  e x e c u te d  on t h e  D a ta  G e n e r a l  m a c h in e  t o  p r o v i d e  a 
s u i t a b l e  d a t a  b a s e  f o r  t h e  m e th o d . C u r r e n t l y  o n ly  t h e  
b e n c h m a rk  c a s e s  t h a t  m o s t c l o s e l y  a p p r o x im a te d  t h e  c a s k  
c o n f i g u r a t i o n  h a v e  b e e n  e x e c u te d  o n  t h e  D a ta  G e n e r a l .  B a s e d  
up o n  t h e s e  c a s e s  t h e  c u r r e n t  m e th o d  seem s a p p r o p r i a t e  a n d  w i l l  
b e  u s e d  i n  t h e  PDR. H o w e v e r , i t  a p p e a r s  t h e  b i a s  u n c e r t a i n t y
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may b e  u n d e r p r e d ic t e d .  T h is  w i l l  b e  c h e c k e d  d u r i n g  t h e  f i n a l  
d e s ig n  a n a ly s e s .
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Preliminary Failure Modes and Effects Analysis 

for the BR-100 Spent Fuel Shipping Cask

1. Introduction

A Failure Modes and Effects Analysis (FMEA) will be used to examine 
reliability and safety considerations of the preliminary design of the BR- 
100 Spent Fuel Shipping Cask. The objective of this analysis is to 
provide a systematic, qualitative review of the design to identify the 
effect of failures on operability and maintainability.

The FMEA method uses inductive reasoning to ensure that the effects of all 
components and their failures modes are examined. An appropriate level of 
detail is chosen, and all "components" at that level are enumerated to 
produce a mutually exclusive and complete rendering of the entire "system" 
under study. For each component, a complete set of failure modes is 
specified, and the effect of each failure mode on the system is 
determined. From this, each failure mode can be judged for criticality, 
based on the likelihood of the failure mode and the serious of its 
consequences.

2. Assumptions

Several assumptions were required to perform this analysis during the 
preliminary design phase. First, it was assumed that all parts of the 
cask have been manufactured and assembled correctly. Second, it was 
assumed, due to material testing, that no material defects exist in 
completed cask. Finally, it wias assumed, due to the routine maintenance 
performed during loading operations, that wear-out of gaskets is not a 
credible failure mode.

These assumptions will limit the possible causes for a failure mode to 
human error and random failure. For example, common mode failure, due to 
a material defects, will not be considered.

3. Analysis

The scope of the analysis is limited to the cask. Since, at this stage of 
the preliminary design, the ancillary equipment is not detailed enough, it 
will not be considered in the FMEA. A list of the ancillary equipment is 
given in Table 1. For similar reasons, the Impact Limiters were not 
included in this FMEA.
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Uhen evaluating the effect of a component's failure mode on the BR-100, 
the basic concern was whether the cask could successfully perform its 
function of transporting fuel rods while maintaining the integrity of the 
cask with no radioactive releases to the environment.

The BR-100 can be broken down into six sub-assembles: Basket, Cask Body, 
Shield Plug, Lid, Impact Limiters, and ancillary equipment. The latter 
two sub-assemblies were not considered in this analysis. The first four 
sub-assemblies were divided into components, as shown in Table 2. These 
components represent the level of detail for which the FMEA was conducted.

Table 2 details the information obtained during the analysis. The table
is divided into eight headings. These are discussed individually below;

Component: the components of the sub-assemblies for which the
failure modes were investigated.

Usage: the mode in which the components are being used or are of 
concern; these are recorded on the table as:

0 - operations, the cask loading, unloading, and 
transportation operations,

R - routine maintenance, performed during the cask loading 
operations,

M - periodic maintenance, done at intervals of one year or
greater when the cask is empty; the Basket is removed 
during this maintenance.

Failure Mode: the failure mode(s) of consideration for each
component.

Likelihood: the qualitative likelihood of occurrence of the failure 
mode; these are recorded on the table as:

€ - extremely low likelihood of occurrence 
L - low likelihood of occurrence 
M - medium likelihood of occurrence 
H - high likelihood of occurrence

These likelihood condition are roughly equivalent to the 
condition categories used in ANSI N18.2-1973 (Nuclear Safety 
Criteria for the Design of Stationary Pressurized Water 
Reactor Plants). Note that ANSI N18.2-1973 has been 
superceded by ANSI/ANS-51.1-1983, and that the condition 
categories have been replaced by plant condition categories. 
Nonetheless, the condition categories help to provide a frame 
of reference for these occurrence likelihoods. Note that
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these condition categories refer specifically to the operation 
of a nuclear power plant.

Condition I (normal operations, H) - expected to occur 
frequently or regularly in the course of power 
operation, refueling, maintenance, or maneuvering of the 
plant.

Condition II (incidents of moderate frequency, M) -
expected to occur during a calendar year for a
particular plant.

Condition III (infrequent incidents, L) - expected to 
occur during the lifetime of a particular plant.

Condition IV (limiting faults, 6) - not expected to
occur, but are postulated because their consequences 
would include the potential for the release of 
significant amounts of radioactive material.

Operational Effect: the effect that the failure mode will have on 
the operability of the cask.

Is Cask Dsable?: the term "usable" is restricted to the regulatory 
sense; in most cases, the cask will be physically usable, but 
not accordingly to the existing regulations. When the cask is 
being subjected to periodic maintenance, and there is no
operational effect, then this question is moot.

Postulated Cause: the most likely reason(s) for the failure mode; 
this can help focus procedures in the appropriate areas to 
reduce cask unavailability.

Comments: appropriate c<imments about any of the entries in the
table.

4. Conclusions

There is only one failure mode whose likelihood of occurrence is medium or 
high: surface scratches on the fuel cell. The impact of this failure mode 
is not yet known. Tests are being conducted; when complete, they will 
have to be carefully examined to determine whether it is necessary to 
develop methods to prevent these surface scratches.

Almost all the failure modes are failures of consequence (i. e., affect 
the operability of the cask), since there is no redundancy designed into
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the cask (except maybe for the trunnion bolts). However, the likelihood 
of occurrence is low or extremely low in all instances. In addition, 
almost all cases where the likelihood is low, the cause can be attributed 
to human error (generally poor maintenance practices). If this is 
understood in advance, maintenance procedures can be written to 
specifically avoid the situations identified by this FMEA. Further, 
judicious stocking and availability of spare parts will ameliorate many of 
the human maintenance errors. The stocking program can also benefit from 
the results of this FMEA. VJhen the final FMEA, based on the final cask 
design, is completed, it (the FMEA) will be used in the development of 
operational procedures and a spare parts list.
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Table 1 Ancillary Equipment (Not Included in FMEA)

Lifting Yoke
Skid
Railcar
Protective Ring 
Fixture Plate 
Dewatering Equipment 
Drying Equipment 
Inerting Equipment 
Personnel Barrier
Contamination Control and Removal Equipment
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BAS<ET;

Table 2 Spent Fuel Shipping Cask BR-100 FMEA Results

Component U s a g e  F a i l u r e  
o ' r ' m  N o d e

L ik e l i 
hood

Operational
Effects

Is  Cask 
Usable?

Postulated
CaiBe

ts

Fuel 
c e l  I

C e r m e t
p l a t e

F o r m e r

B o t  t o m  
p l a t e

S u r f a c e
s c r a t c h e s

M  S t r u c t u r a l  
d e f o r m a t  i o n

F  r a c t u r e

U n k n o w n

P e e l i n g

H  S t r u c t u r a l  
d e f o r m a t  i o n

M  S t r u c t u r a l  
d e f o r m a t i o n

N o n e

Y e s  S I i d i n g  o f  f u e l
e l e m e n t s  i n  a n d  
o u t  o f  c e l l

H u n a n  e r r o r

N o n e  - t h e  
c e r m e t  p l a t e ' s  
f u n c t i o n  i s  t o  
a b s o r b  n e u t r o n s  
t o  p r e v e n t  
c r i  t i c a l i t y

N o n e  - s e e  
c o m m e n t  a b o v e

V i b r a t i o n  d u r i n g  
t r a n s p o r t ;  
t h e r m a l  c y c l i n g

N o n e

N o n e

T h e r m a l  c y c l i n g

H u m a n  e r r o r

H u n a n  e r r o r

T h i s  i s  a n  e x p e c t e d  
o p e r a t i o n a l  o c c u r r e n c e .
T e s t s  a r e  b e i n g  c o n d u c t e d  
t o  d e t e r m i n e  h o w  d e e p  o f  a  
s c r a t c h  w i l l  i m p a c t  t h e  
c e l l ' s  f u n c t i o n a l i t y .

F u e l  c e l l  c o u l d  b e  d a m a g e d  
b y  d r o p p i n g  i t ,  o r  d r o p p i n g  
s o m e t h i n g  o n  i t  d u r i n g  
m a i n t e n a n c e .

N o  h u n a n  e r r o r  i s  p o s s i b l e  
s i n c e  p l a t e s  a r e  n o t  a c c e s s i b l e  
d u r i n g  o p e r a t i o n ,  a n d  a r e  n o t  
h a n d l e d  d u r i n g  m a i n t e n a n c e .
C a n  o n l y  b e  d i s c o v e r e d  
d u r i n g  p e r i o d i c  m a i n t e n a n c e .
T h e  f i n a l  d e s i g n  w i l l  h o l d  t h e  
c e r m e t  p l a t e  i n  p l a c e ,  e v e n  i n  
t h e  e v e n t  o f  f r a c t u r i n g .

T e s t i n g  i s  c u r r e n t l y  u n d e r  
w a y  t o  i n v e s t i g a t e  t h e  e f f e c t s  
o f  t h e r m a l  c y c l i n g .

H u n a n  e r r o r  m i g h t  i n v o l v e  
t h e  d r o p p i n g  o f  a  p i e c e  o f  
h e a v y  e q u i p m e n t  o n  a  f o r m e r .

S a m e  c o n m e n t  a s  F o r m e r .

U p p e r  
g r  i d

S t r u c t u r a l
d e f o r m a t i o n

P r e v e n t  f r e e  Y e s  H u n a n  e r r o r  o r  H u n a n  e r r o r  m i g h t  i n v o l v e  a
p a s s a g e  o f  e q u i p m e n t  d r o p p e d  f u e l  a s s e m b l y ;  e q u i p -
o n e  o r  m o r e  f a i l u r e  m e n t  f a i l u r e  m i g h t  b e  a  c r a n e
f u e l  c e l l s  f a i l u r e .

F i e  r o d  N  N o n e  - N o n e  —  . . . .  T i e  r o d s  a r e  s t a i n l e s s  s t e e l
a n d  h a n d - l o a d e d .

S t e e l  M  N o n e  - N o n e  —  . . . .  S t e e l  t j a n d s  a r e  s t a i n l e s s  s t e e l
b a n d  a n d  h a n d - l o a d e d .

C A S K  B O D Y :  

C a s k C o n c r e t e
d r y - o u t

D e g r a d e  c a s k  Y e s  L e a k i n g  f u s i b l e  T h e s e  p l u g s  a r e  i n s p e c t e d  b c - F o r e  
p e r f o r m a n c e  p l u g  a n d  a f t e r  s h i p m e n t .  T h u s ,  n o

s i g n i f i c a n t  a m o u n t  o f  w a t e r  c a n  
b e  l o s t .
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Table 2 (continued) Spent Fuel Shipping Cask BR-100 FMEA Results

C o m p o n e n t  U s a g e  F a ilu re  L ik e li-  Operational Is  Cask Postulated  
0|RjM Mode hood E ffec ts  Usable? Cause

C o a a e n t s

Se a l
s u r f a c e

O u t e r
s u r f a c e

T  r u n n i o n s

C o p p e r  f i n  c  D e g r a d e  c a s k  
w e l d  f a i l u r e  t h e r m a l

p e r f o r m a n c e

0  R  M  S u r f a c e  
s c r a t c h e s

0  R  H  C h i p p i n g /  
s c r a t c h i n g

N o n e

L o s s  o f  s e a l  
i n t e g r i t y

0  R  M  D i s c o l o r a t i o n  i  D e g r a d e  c a s k
p e r f o r m a n c e

D e g r a d e  c a s k  
p e r f o r m a n c e

N o n e

Y e s

No

H y p o t h e t i c a l  
e v e n t ,  n o  
p o s t u l a t e d  
c a u s e .

H u m a n  e r r o r

Y e s  A g e

Y e s  H u n a n  e r r o r ,  
a g e

C o p p e r  f i n  w e l d s  h a v e  b e e n  
t e s t e d  b y  R o b a t e l .  N o  w e l d  
f a i l u r e s  h a v e  b e e n  o b s e r v e d

M a y  b e  d i f f i c u l t  t o  r e p a i r  
b e c a u s e  c a s k  i s  h e a v y  
( 1 5 0 , 0 0 0  l b )  a n d  u n w i e l d y .

P a i n t  m u s t  r e m a i n  w h i t e  t o  
m a i n t a i n  t h e r m a l  e m i s s i v i t y .  
A  p e r c e n t a g e  o f  p a i n t  w h i c h  
m u s t  r e m a i n  i n t a c t  w i l l  b e  
s p e c i f i e d  d u r i n g  t h e  f i n a l  
d e s i g n .

T  r u n n i o n  
b o l  t

M  D a m a g e  t h r e a d s  (  N o n e  
o n  b o l t  o r  i n  
b o l t  h o l e

H u n a n  e r r o r

F u s i b l e
p l u g

M  B r e a k / s h e a r  £  N o n e  —

L o s s  o f  s e a l  L  W a t e r  l e a k a g e  Y e s

A g e ,  o v e r -  
t o r q u i n g

A g e F u s i b l e  p l u g s  a r e  e a s i l y  
r e p l a c e d .  ( S e e  C a s k  e n t r y . )

SHI ELD PLUG:

P l u g

Seal
Sui  f a c e s

T h r e a d e d
h o l e

0  R

C r a c k ,
f r a c t u r e

S u r f a c e
s c r a t c h e s

0  R  C l o g g e d L - M

R e d u c t i o n  o r  
l o s s  o f  g a m n a  
s h i e l d i n g  
c a p a b i I i  t y .

I m p a i r s  t h e
d r a i n i n g
o p e r a t i o n

C a n  n o t  g e t  
b o l t  i n

N o

Y e s

No

H u n a n  e r r o r

H u n a n  e r r o r

H u n a n  e r r o r

H u n a n  e r r o r  m i g h t  i n v o l v e  
d r o p p i n g  t h e  p l u g ;  n o  
s p a r e s  w i l l  b e  a v a i l a b l e .

S m a l l  s u r f a c e  a r e a  a n d  l e s s  
w e i g h t  ( 7 9 0 0  l b )  t h a n  t h e  
c a s k ,  s o  l e s s  d i f f i c u l t  t o  
r e p a i r  ( b y  h a n d  o r  m a c h i n e )  
t h a n  t h e  c a s k  b o d y .

I m p r o p e r  m a i n t e n a n c e ,  
b u i l d - u p  o f  l u b r i c a t i o n  
g r e a s e .

V e n t / d r a i n
p i p e

C l o g g e d < L I n h  i b  i t  s  
d r a i n i n g  
o p e r a t  i o n

N o H u n a n  e r r o r ,  
c r u d  i n  t h e  
c a s k

I m p r o p e r  m a i n t e n a n c e  
w h i l e  P l u g  i s  o f f .
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Table 2 (continued) Spent Fuel Shipping Cask BR-100 FMEIA Results

C o n p o n e n t U s a g e
OjRlN

F a ilu re
Node

L ik e l i 
hood

Operatiortal
E ffects

Is  Cask 
Usable?

Postulated
Cause

Coaaents

V e n t / d r a i n  
p i p e  g a s k e t

P h y s i c a l  
d e f o r m a t i o n  
( i . e .  c u t )

I n h i b i  t s  
d r a i n i n g  
o p e r a t i o n

No H u n a n  e r r o r E a s i l y  r e p l a c e d .

U P :

L i d

S e a l
s u r f a c e

0  R

L i d  g a s k e t  0  R

C o v e r  p l a t e

D e f o r m a t  i o n

S u r f a c e
s c r a t c h e s

P h y s i c a l  
d e f o r m a t i o n  
( i . e .  c u t )

U n a v a i l a b i l i t y  L

f  C a n  n o t  M o
c l o s e  c a s k

L  L o s s  o f  s e a l  M o
i n t e g r i t y

L o s s  o f  s e a l  M o  
i n t e g r i  t y

L o s s  o f  s e a l  
i n t e g r i  t y

M o

H u n a n  e r r o r :  
d r o p p e d  l i d

H u n a n  e r r o r

H L m a n  e r r o r :  
i n s u f f i c i e n t  
l u b e ,  g a s k e t  
s h e l f  l i f e  
e x c e e d e d

H u n a n  e r r o r

L i d  i s  l a r g e  s t a i n l e s s  
s t e e l  d i s k .

S m a l l  s u r f a c e  a r e a  a n d  l e s s  
w e i g h t  ( 7 6 0 0  l b )  t h a n  t h e  
c a s k ,  s o  l e s s  d i f f i c u l t  t o  
r e p a i r  ( b y  h a n d  o r  m a c h i n e )

E r r o r  c o u l d  o c c u r  d u r i n g  
r o u t i n e  m a i n t e n a n c e .  S p a r e  
g a s k e t s  s h o u l d  b e  a v a i l a b l e .

O n l y  s c e n a r i o  i m a g i n e d  i s  
d r o p p i n g  c o v e r  p l a t e  i n t o  f - e  
s p e n t  f u e l  p o o l .  S m a l l  s i z e  may 
m a k e  i t  d i f f i c u l t  t o  r e c o v e r .

C o v e r  p l a t e  
g a s k e t s

0  R

P h y s i c a l  
d e f o r m a t  i o n

P h y s i c a l  
d e f o r m a t i o n  
( i . e . ,  c u t )

L o s s  o f  s e a l M o

Q u i c k  O R  V a l v e  f a i I s
c o n n e c  t  i o n  o p e n

O R  V a l v e  f a i I s  
c l o s e d

L i d  b o l t  0  R  D a m a g e d  t h r e a d s  £
o n  b o l t  o r  i n  
b o l t  h o l e s

L o s s  o f  s e a l  M o  
i n t e g r i  t y

P r e v e n t s  t h e  M o  
d r y i n g
f u n c t i o n  and 
t h e  a b i  I i t y  t o  
c r e a t e  a  v a c u u a

P r e v e n t s  c o m -  M o  
p l e t e  s a m p l i n g  
o f  t h e  c a s k  
a t m o s p h e r e  b e f o r e  
o p e n i n g

L o s s  o f  s e a l  M o  
i n t e g r i  t y

H u n a n  e r r o r

H t m a n  e r r o r

R a n d o m  f a i l u r e

R a n d o m  f a i l u r e

H u n a n  e r r o r ,  
r a n d o m  f a i l u r e ,  
a g e

W h i l e  c o v e r  p l a t e s  a r e  made o f  
s t a i n l e s s  s t e e l ,  t h e y  may b e  
d a m a g e d  i f  d r o p p e d .

E r r o r  c o u l d  o c c u r  d u r i n g  
r o u t i n e  m a i n t e n a n c e .  S p a r e  
g a s k e t s  s h o u l d  b e  a v a i l a b l e .

S h o u l d  v a l v e  f a i l  o p e n  d u r i n g  
t r a n s p o r t ,  s e a l  i n t e g r i t y  i s  
m a i n t a i n e d  b y  c o v e r  p l a t e  a n d  
c o v e r  p l a t e  g a s k e t .  I f  v a l v e  
f a i l s  d u r i n g  o p e r a t i o n ,  i t  m u s t  
b e  r e p l a c e d .

S h o u l d  v a l v e  f a i l  c l o s e d  d u r i n g  
t r a n s p o r t ,  s p e c i a l  s t e p s  f o r  
s a m p l i n g  t h e  c a s k  p r i o r  t o  
o p e n i n g  w o u l d  b e  r e q u i r e d .  I f  
t h e  v a l v e  f a i l e d  c l o s e d  d u r i n g  
o p e r a t i o n ,  i t  m u s t  b e  r e p l a c e d .  
B o l t  m a y  b e  d r o p p e d  a n d  h a v e  
i t s  t h r e a d s  d a m a g e d .
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Table 2 (continued) Spent Fuel Shipping Cask BR-100 FMEA Results

Coflfxx>c*nt U s d g e  F a i l u r e  
0 | R i N  N o d e

L i k e l i -  O p e r a t i o n a l  
h o o d  E f f e c t s

Is  Cask Postulated  
Usable? Cause

C n — i r . n t s

T h r e a d e d
h o l e

0  R  C l o g g e d L - M  C a n  n o t  g e t  N o  
b o l t  i n

H i j n a n  e r r o r I s p r o p e r  m a i n t e n a n c e  w h i l e  
t h e  L i d  i s  o f f .

C o v e r  p l a t e  0  R  
b o l  t

D a m a g e d  t h r e a d s  i  L o s s  o f  s e a l
o n  b o l t s  o r  i n  i n t e g r i t y
b o l t  h o l e s

N o  H u n a n  e r r o r ,  B o l t  m a y  b e  d r o p p e d  a n d  h a v e
r a n d o m  f a i l u r e ,  i t s  t h r e a d s  d a m a g e d ,  
a g e

T e s t  p o r t  
p l u g

[ C u r r e n t l y  n o t  d e s i g n e d  s u f f i c i e n t l y  t o  i n v e s t i g a t e  f a i l u r e  m o d e s . ]
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