
Licensing of Spent Fuel Dry Storage 
and Consolidated Rod Storage: 
A Review of Issues and Experiences 
February 1990 

Prepared for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 

PNL-6739 
UC-812 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of 
the United States Government. Neither the United States Government nor 
any agency thereof, nor Battelle Memorial Institute, nor any of their em
ployees, makes ~ny warrmty, expressed or implied, or usurnes my lepl 
liUility or responsibility for the ac:cur~cy, completeness, or usefulness of ~ny 
inforrMtion, ~~tus, product, or process disclosed, or represents th~t its 
use would not Infringe priv~tely owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or 1mply its en
dorsement, recommendation, or favoring by the United States Government 
of any agency thereof, or Battelle Memorial Institute. The views and opinions 
of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

PACIFIC NORTHWEST LABORATORY 
operated by 

BATTELLE MEMORIAL INSTITUTE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 
under Contract DE-ACfX:r76RLO 1830 

Printed in the Umted States of America 

Available to DOE and DOE contractors from the 
Office of Scientific and Technical Information, P.O . Box 62, Oak Ridge, TN 37831; 

prices avaalable from (615) 57&-8401. FTS 62&-8401. 

Available to the public from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Port Royal Rd., Spnngfield, VA 22161. 

NTIS Price Codes, Microfiche A01 

Printed Copy 

Price Code PaseRanse Price Code PaseRanse 

A02 1· 10 A15 326-350 
A03 11- 50 A16 351-375 
A04 51· 75 A17 376-400 
AOS 76-100 A18 401-425 
A06 101-125 A19 426-450 
A07 126-150 A20 451-475 
A08 151-175 A21 476-500 
A09 176-200 AXl 501-525 
A10 201-225 A23 526-550 
A11 226-250 A24 551-575 
A12 251-275 A25 576-600 
A13 276-300 A99 601-Up 
A14 301-325 

' 



• 

• 

• 

3 3679 00056 371 0 

LICENSING OF SPENT FUEL DRY STORAGE 
AND CONSOLIDATED ROD STORAGE: 
A REVIEW OF ISSUES AND EXPERIENCES 

W. J. Bailey 

February 1990 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Washington 99352 

PNL-6739 
UC-812 



• 

• 

• • 

' 

• 

• 



• 

• 

ABSTRACT 

The results of this study, performed by Pacific Northwest Laboratory 

(PNL) and sponsored by the U.S. Department of Energy (DOE), respond to the 
nuclear industry's recommendation that a report be prepared that collects and 
describes the licensing issues (and their resolutions) that confront a new 

applicant requesting approval from the U.S. Nuclear Regulatory Commission 
(NRC) for dry storage of spent fuel or for large-scale storage of consoli
dated spent fuel rods in pools. The issues are identified in comments, 

questions, and requests from the NRC during its review of applicants' sub
mittals. Included in the report are discussions of I) the IS topical reports 
on cask and module designs for dry storage of spent fuel that have been 
submitted to the NRC, 2) the three license applications for dry storage of 
spent fuel at independent spent fuel storage installations (ISFSis) that have 
been submitted to the NRC, and 3) the three applications (one of which was 
later withdrawn) for large-scale storage of consolidated fuel rods in 
existing spent fuel storage pools at reactors that were submitted to the NRC. 

: For each of the applications submitted, examples of some of the issues {and 

• 

suggestions for their resolutions) are described. The issues and their 
resolutions are also covered in detail in an example in each of the three 
subject areas: I) the application for the CASTOR V/2I dry spent fuel storage 
cask, 1) the application for the ISFSI for dry storage of spent fuel at 
Surry, and 3) the application for full-scale wet storage of consolidated 
spent fuel at Millstone-2. 

The conclusions in the report include examples of major issues that 
applicants have encountered. Recommendations for future applicants to follow 
are listed . 
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SUMMARY 

The new applicant is faced with numerous licensing issues when applying 

for approval from the U.S. Nuclear Regulatory Commission (NRC) to place spent 
light-water (LWR) fuel in dry storage casks or modules at independent spent 
fuel storage installations (ISFS!s) or for large-scale storage of consoli
dated spent LWR fuel rods in pools. The issues are identified in comments, 
questions, and requests from the NRC during its review of the applicants' 
submittals. Many of those issues have been addressed in earlier licensing 

reviews by the NRC but are documented in diverse places. The nuclear 
industry recommended that a report be issued that collects and describes 
major licensing issues and their resolutions. In response to that 
recommendation, a study was performed under the Commercial Spent Fuel Manage
ment (CSFM) Program, which is sponsored by the U.S. Department of Energy 
(DOE) and managed by Pacific Northwest Laboratory (PNL), with the objective 
of preparing such a report. 

The results of the study are presented in this report. Discussed in the 
report are the 18 applications that have been submitted to the NRC for 
approval of dry storage casks or modules, the three applications that have 
been submitted for dry storage of spent fuel in at-reactor ISFSis, and the 
three applications (one of which was later withdrawn) for large-scale storage 
of consolidated fuel rods in existing spent fuel storage pools at reactors. 
For each of the applications submitted, examples of some of the issues (and 

suggestions for their resolution) are provided. The issues and their resolu
tions are described in more detail for one example in each of the three sub
ject areas: I) the application for the CASTOR V/21 dry storage cask 
(Project M-37), 2) the application for an !SFSI for dry storage of spent fuel 
at Surry (Docket No. 72-2), and 3) the application for full-scale wet storage 
of consolidated spent fuel at Millstone-2 (Docket No. 50-336). Comments on 
each of the three subject areas are presented below . 
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ISSUES IN APPLICATIONS FOR APPROVAL OF DRY SPENT FUEL STORAGE CASK AND 
MODULE DESIGNS 

In reviewing the applications for approval of dry spent fuel storage 
casks or modules, the NRC has raised a number of issues. Allowance for 
burnup credit remains an open issue. The NRC is concerned that, during the 
typical process of loading and/or unloading spent fuel into a cask or can
ister in the spent fuel storage pool, there is the potential for introducing 
nonborated water, which would result in undermoderation because of reduced 
water density. The NRC has major concern with components (e.g., cask bodies 
and fuel baskets) that are proposed to be made of nonspecification materials. 

Such materials must be adequately characterized if they are to be approved by 
the NRC. Storage of spent fuel in air-filled casks or modules has not been 
accepted yet by the NRC. However, the NRC Staff does not reject the conten
tion that continued research on this subject may subsequently result in 
allowance of air as a cover gas for dry storage of spent LWR fuel. A major 

issue with one application was the criticality design of the fuel basket, 
which relied on 
fue 1 assemb 1 y. 

the insertion of a "poison spider" assembly of rods into a 

The NRC questioned whether this approach can satisfy the 
design criteria of 10 CFR Part 72 for at-reactor site storage, at least in 
the context of a nonsite-specific topical report. The discovery of cracks in 

the borated 
to the NRC. 

stainless steel fuel basket (Project M-37) was of great interest 
The cracks were caused by constrained thermal expansion. The 

problem was solved by incorporating a simple design modification that 
involved eliminating fabrication stitch welds on the first few feet of either 
end of the basket. An issue with one application (Project M-44) was the use 
of scale models of the cask in the drop testing program. There is a need for 
thorough editing of applications. With at least four of the applications, 
the NRC commented that there appeared to be errors, inconsistencies, and 

omissions. In some applications, reduced drawings were too small to be 

legible. 

A recent article indicates that the NRC is proposing a rule change that 

would permit LWR licensees to store spent fuel in NRC-approved dry storage 
casks (free-standing metal and concrete type) under a general license that 
would not require additional site-specific reviews by the NRC. So far, four 
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metal dry storage casks that have been approved by the NRC would come under 
the general license coverage. The four are CASTOR V/21 (Project M-37), MC-10 
(Project M-41), NAC-S/T (Project M-40), and NAC-C28 S/T (Project M-51). 

ISSUES IN APPLICATIONS FOR DRY STORAGE OF SPENT FUEL IN AT-REACTOR ISFS!s 

A number of issues were involved with these applications. One issue 
raised by the NRC centered on the question of whether, and to what extent, 
the spent fuel storage canisters to be used at the ISFS!s will be compatible 
with the transportation casks ultimately chosen by DOE to transport spent 
nuclear fuel temporarily stored at reactor sites to permanent repositories. 
One applicant indicated, given the fact that DOE's design effort for its cask 
fleet is in its early stages, that no meaningful compatibility review can be 
conducted at this time. With one application, the NRC stated that the asso
ciated Environmental Report did not fully comply with 10 CFR 72. There is a 
need to show that an ISFSI at a reactor site operates independently {as 
defined in 10 CFR Part 72) from the reactor. An array of casks/modules needs 
to be considered in the application . 

ISSUES IN APPLICATIONS FOR LARGE-SCALE STORAGE OF CONSOLIDATED FUEL IN 
EXISTING POOLS AT REACTORS 

The NRC raised a number of issues with these applications. With one 
application (Maine Yankee), an issue involved the need for a procedure for 
controlling the temperature of the pool water so it does not exceed a 
specified limit. With two applications (Maine Yankee and Milestone-2), an 
issue involved controlling/justifying the decay time of the spent fuel. With 
one application (Maine Yankee), the NRC indicated that the applicant was to 
avoid lifting a spent fuel shipping cask over the pool until a cask drop 
analysis was submitted by the licensee and approved by the NRC. Applicants 
were requested by the NRC to provide a complete description of the consolida
tion process and an associated safety analysis. Generally, in completing an 
application, there is a need to eliminate inconsistencies and the potential 
for unnecessary confusion and incorrect perceptions. With one application 
(Millstone-2), the NRC raised an issue over the lack of discussion of a 
testing program involving the spent fuel rack system and the use of the 

vii 



resulting data in the Safety Analysis Report. The NRC requested the discus
sion because the testing portion seemed to be an important step in doing a 

reliable analysis of the spent fuel rack system. An issue with one 
application (Millstone-2) was the applicant's assumption that no lateral 
deformation results from a 100,000-lb load impacting the fuel assembly. The 
NRC stated that the assumption is not justified and seems invalid because it 

has been determined that the guide tubes yield due to the load. An issue 
with one application was the discussion about a reactivity meter for deter
mining and verifying fuel burnup and the lack of mention of the meter in the 
Safety Analysis Report. The applicant's response indicated that the reactiv
ity meter is a state-of-the-art device, which is still under development. 
Determination and verification of fuel burnup is currently controlled admin
istratively. An issue with one application (Millstone-2) involved NRC's 
request for information on the method to be used to identify fuel rods that 
are most likely to rupture. The applicant's response indicated that before 
consolidation, all candidate fuel assemblies will be inspected with the 
consolidation system TV cameras to review the condition of the exterior rows 
of rods. Any fuel assemblies found to have defects will not be consolidated, 
according to that applicant. In its review of one application {Millstone-2), 
the NRC recommended that a Technical Specification Surveillance Requirement 
be incorporated for consolidated fuel to verify the integrity of the fuel and 
structural elements before movement or placement in the spent fuel pool. The 
NRC also requested that the applicant provide information on the proposed 
method for verifying the integrity of the storage canister after it has been 
loaded with fuel rods. 
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1.0 INTRODUCTION 

When applying for approval from the U.S. Nuclear Regulatory Commission 
(NRC) to place spent light-water reactor (LWR) fuel in dry storage or to 
store a large quantity of consolidated spent LWR fuel rods in pools, new 
applicants are faced with numerous licensing issues {i.e., comments, 
questions, or requests from the NRC}, many of which have been addressed in 
earlier licensing reviews by the NRC but are documented in diverse places. 
The nuclear industry recommended that a report be issued that collects and 
describes those licensing issues and their resolutions. In response to that 
recommendation, a study was performed and this report on it was prepared 
under the Commercial Spent Fuel Management (CSFM) Program, which is sponsored 
by the U.S. Department of Energy (DOE) and managed by Pacific Northwest 
Laboratory (PNL}. Included in this report are discussions of the issues 
raised on 1) the 18 topical reports on dry spent fuel storage cask and module 
designs that have been submitted to the NRC, 2) the three license applica
tions for dry storage of spent fuel at independent spent fuel storage 
installations (ISFS!s) that have been submitted to the NRC, and 3) the 
three applications (one of which was later withdrawn) for large-scale storage 
of consolidated fuel rods in existing spent fuel storage pools at reactors 
that were submitted to the NRC. For each of the applications submitted, 
examples of some of the issues {and suggestions for their resolution) are 
discussed. The issues and their resolutions are also covered in detail in an 
example in each of the three subject areas: 1) the application for approval 
of the CASTOR V/21 dry spent fuel storage cask (Project M-37), 2) the license 
application for an ISFSI for dry storage of spent fuel at Surry 
(Docket No. 72-2), and 3) the license application for full-scale wet storage 
of consolidated spent fuel at Millstone-2 (Docket No. 50-336) . 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

The results of the study on licensing issues for dry storage of LWR 
spent fuel and large-scale storage of consolidated LWR spent fuel rods in 
existing pools at reactors have led to the conclusions and recommendations 
shown below in Sections 2.1 and 2.2, respectively. 

2.1 CONCLUSIONS 

The conclusions from the study of licensing issues associated with 
applications for a) approval of dry spent fuel storage cask and module 
designs, b) dry storage of spent fuel in independent spent fuel storage 
installations (ISFS!s) at reactor sites, and c) large-scale storage of 
consolidated spent LWR fuel rods in existing pools at reactors are shown 
below in Sections 2.1.1, 2.1.2, and 2.1.3, respectively. 

2.1.1 Conclusions Regarding Licensing Issues Associated with Applications 
for Approval of Dry Spent Fuel Storage Cask and Module Designs 

• Allowance for burnup credit remains an open issue. Several appli
cations (Projects M-43, M-49, M-50, and M-52) have incl~ded) 
requests for burnup credit. In 1987, the NRC indicated\1,2 that 
the credit-for-burnup issue is being considered on a site-specific 
basis for licensing-related actions only at this time and that it 
may remain an open item for future specific vendor/licensee 
resolution. The NRC Staff's technical concerns relative to allow
ing credit for burnup in dry storage technology designs are 
described in a recent paper.(3J In that paper, NRC indicates that 
during the typical process of loading and/or unloading spent fuel 
into a cask or canister in the spent fuel storage pool, there is 
the potential for introducing nonborated water, which would result 
in undermoderation because of reduced water density. Hence, pro
cedures for, and administrative controls on, fuel loading for dry 
storage must be strictly controlled. The NRC requires that proce
dures for addressing burnup credit for spent fuel be already in 
place, or the applicant must provide such procedures and their 
implementation regarding cask or canister fuel loading and unload
ing prior to dry storage of spent LWR fuel. 

• The NRC has major concern with components (e.g., cask bodies and 
fuel baskets) that are proposed to be made of nonspecification 
materials. Several applicants (Projects M-34, M-37, M-40, M-41, 
and M-42) proposed using nonspecification materials. The NRC 
requires that such materials must be adequately characterized if 
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they are to be approved for use. Some applicants (Projects M-34 
and M-37) provided the required data; other applicants (Projects 
M-37, M-40, M·41, and M-42) changed to approved materials. 

• Use of air as a storage cover gas (see Project M-46) has not been 
accepted yet by the NRC. However, the NRC Staff does not reject 
the contention that continued research on this subject may subse
quently result in allowance of air as a cover gas for dry storage 
of spent LWR fuel. 

• A major issue in one application (Project M-42) was the criticality 
design of the fuel basket, which relies on the insertion of a 
11 poison spider 11 assembly of rods into a fuel assembly. The NRC 
questioned whether this approach can satisfy the design criteria of 
10 CFR Part 72 for at-reactor site storage, at least in the 
nonsite-specific context of a topical report. In the case of 
Project M-42, a significant change in the fuel basket design was 
made. 

• The discovery of cracks in the borated stainless steel fuel basket 
(Project M-37) was of great interest to the NRC. The cracks were 
caused by constrained thermal expansion. The problem was solved by 
incorporating a simple design modification, which involved elimi
nating fabrication stitch welds on the first few feet of either end 
of the basket. 

• One applicant {Project M-52) expressed interest in obtaining NRC's 
comments on the applicant's proposal to take credit in the safety 
analysis for the structural strength of the borated aluminum in the 
cask'~ fuel basket. The NRC is currently reviewing the applica
tion.t2 

• Because of the new fee NRC charges for review of topical reports, 
the applicant under Project M-44 has recently requested the NRC to 
stop reviewing the apijjication until the applicant has a customer 
to fund the process.\ 

• An issue in one application (Project M-44) involved the tempera
tures of the concrete cask. The applicant provided responses and 
indicated that they believed their answers clarified their use of 
structural concrete in the cask design and show that this concrete 
meets the current ACI-349 code . 

• In some applications (e.g., Project M-41), the reduced drawings 
were too small to be legible in some cases. The NRC requested that 
they be replaced to allow NRC to review them. 

• There is a need for thorough editing of applications. In several 
applications (e.g., Projects M-33, M-36, M-40, and M-43), the NRC 
noted that there appear to be errors, inconsistencies, and 
omissions in the topical reports. 
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• In one application (Project M-46), the NRC indicated that it 
appeared that some aspects of the design {e.g., load combination 
analyses} were not fully analyzed and documented in a form that 
would allow the NRC to continue its review . 

• A recent article(5) indicates that the NRC is proposing a rule 
change that would permit LWR licensees to store spent fuel in 
NRC-approved dry storage casks (free-standing metal and concrete 
type) under a general license that would not require additional 
site-specific reviews by the NRC. So far, four metal dry storage 
casks that have been approved by the NRC would come under the 
general license coverage. The four are CASTOR V/21 (Project M-37), 
MC-10 (Project M-41), NAC-S/T (Project M-40), and NAC-C28 S/T 
(Project M-51). According to the NRC, it is likely that concrete 
modules (NUHOMs•(aJ-07P, Project M-39; NUHOMSo(al-24P, Project 
M-49) would later be eligible for general license consideration. 
The NRC also stated that the proposed rule is geared to mobile 
casks. 

2.1.2 Conclusions Regarding Licensing Issues Associated with Applications 
for ISFSis for Dry Storage of Spent Fuel at Reactor Sites 

• An issue that arose during NRC's review of ISFSI applications 
(Docket No. 72-4 and Project M-49(61) centered on the question of 
whether, and to what extent, the spent fuel storage canisters to be 
used at the ISFSI will be compatible with the transportation cask 
ultimately chosen by DOE to transport spent nuclear fuel tempor
arily stq7~d at reactor sites to permanent repositories. In a 
responset J to that issue, an applicant indicated, given the fact 
that DOE's design effort for its cask fleet is in its early stages, 
that no meaningful compatibility r~view can be conducted at this 
time. In one case (Project M-49(61), the utility is offering a 
cash incentive to the dry storage cask vendor to encourage such 
direct offsite shipment of dry shielded canisters (DSCs) to foster 
compatibility by direct offsite disposition of spent fuel to DOE at 
the termination of storage. 

• An issue with one application {Docket No. 72-3) was that the 
associated Environmental Report (ER) did not fully comply with 
10 CFR 72.20. 

• An issue with one application {Docket No. 72-4) involved the design 
basis deceleration levels for the cask drop case. The NRC 
requested additional information to confirm the levels as the NRC 
indicated that it is possible that the deceleration levels pre
sented by the storage system vendor could be higher than stated in 
the topical report (NUH-002, Rev. 1). 

(a) NUHOMS is a registered trademark of Nutech Engineers Inc., San Jose, 
• California. 
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• There is a need to show that an ISFSI at a reactor site operates 
independently from the reactq~) Regarding one application (Docket 
No. 72-3), the NRC indicatedl that the outstanding issues remain
ing to be closed include final quality assurance commitments and 
completion of the utility's internal plant review to confirm opera
tions of the ISFSI and the reactor have no significant safety 
impact on one another, that no changes to the reactor's operating 
license are needed for the ISFS!, and(~bat the ISFS! operates 
independently. The utility concluded ) that the ISFSI is 
"independent" as defined in 10 CFR Part 72. 

• An array of casks/modules needs to be considered in the applica
tion. An issue with the Environmental Report associated with one 
application (Docket No. 72-3) involved the onsite collective dose 
commitmeQt

0
to workers constructing additional spent fuel storage 

modules. ~1 ) 

• With one application (Docket No. 72-4), an issue raised by the NRC 
was that the information requested earlier by NRC was not supplied 
or was not supplied in sufficient detail, and that some calcula
tions that were provided did not appear to correspond to the stor
age module design. 

• In one application (Dockll)No. 72-2), safeguards information was 
inadvertently included.( Later the NRC requested that the 
applicant completely resubmit the required s~feguards plan because 
the initial application lacked specifics.t12J 

• With one application (Docket No. 72-2}, an issue concerned license 
and technical conditions.(l3) The specific areas questioned by the 
NRC included station health physics procedures, station administra
tive procedures, station training program, cask handling procedures 
to prevent a cask from tipping over, and the cask pressure switch 
monitor. 

• An issue involved in one application (Docket No. 72-2) was the need 
to increase the calculated dose rates shown in the topical safety 
analysis report 10 ac~ount for the effects of neutron subcritical 
multiplication. ( 4, l!>J 

• With one application {Docket No. 72-2), some of the issues involved 
seismolygir1)' geological, and structural bases for the dry(r§jk 
ISFSI, ' and soil liquefaction analysis for the ISFSI 
Another issue involved clarification of dose calculations.{19) 
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2.1.3 Conclusions Regarding Licensing Issues Associated with Applications 
for Large-Scale Storage of Consolidated Spent LWR Fuel in Existing 
Pools at Reactors 

• It can be important to control pool water temperature, to control 
the fuel decay time, and to submit a cask drop analysis. 
Acceptance of one application (Maine Y~2~~e) was contingent on 
resolution of these three open issues:l J 

I. The licensee must have procedures stating that during full 
core discharges and after the first third of the core has been 
discharged, pool bulk water temperature will be monitored 
following the insertion of each additional assembly. Should 
this temperature exceed 154°F these procedures must direct 
that recently discharged fuel be returned to the reactor 
vessel until pool bulk water temperature drops to or below 
154'F. 

2. A limit must be added to the plant's Technical Specifica
tions that requires that fuel decay at least 120 days 
from shutdown before it may be consolidated. 

3. The license must be conditioned to preclude lifting a 
spent fuel shipping cask over the pool until a cask drop 
analysis is submitted by the licensee and approved by the 
staff. 

These o~en issues were(~jQsed after the utility provided the 
appropr1ate responses. J 

• An issue in one application (Millstone-2) was the proposed requirement 
that candidate fu~l ass~mblies (for consolidation) must have decayed for 
at least 5 years.t22,Z3J The NRC requested that the applicant provide a 
justification for the proposed decay time in terms of the consolidation 
process. Also, the applicant was requested to provide a complete 
description of the consolidation process and an associated safety 
analysis. 

• There is a need to eliminate inconsistencies and the potential for 
unnecessary confusion and incorrect perceptions. In connection 
with one application (Ginna), the utility indicated th~t in its 
review of the NRC's Safety Evaluation Report (SER),(24) two state
ments were noted in the NRC Staff's analysis that were not consis· 
tent with the amendment or the utility's responses to NRC's 
requests for additional information. These statements concerned 
the use of fuel with burnable poisons and the Auxiliary Building 
crane. The utility requested review and clarification by NRC of 
the SER because the inconsistencies present the potential for 
unnecessary confusion and the perception that plant operation may 
exceed the bounds of the licensing basis . 
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The utility also noted(25) that in the SER, the NRC Staff 
analysis of canister handling appears to conclude that because the 
Auxiliary Building crane meets the single failure proof criteria of 
NUREG-0612 and handling of the canister uses the 5-ton hook of the 
Auxiliary Building crane, the handling of the canister will satisfy 
the single failure proof guidelines and is therefore acceptable. 
The NRC Staff references the SER on the modification to the 
Auxiliary Building crane dated October 1, 1984. This SER, and the 
utility's submittals on which this SER was based, never addressed 
any modification to the crane that would result in a load being 
transported by the 5-ton hook in a single-failure proof mode. 
Rather the radiological effects of a canister drop were evaluated 
and found to be acceptable. The utility has modified the 40-ton 
hook on the Auxiliary Building crane to be single failure proof to 
meet other heavy load handling concerns that are separate from use 
of the 5-ton hook for canister movements. 

• With one application (Ginna), two changes to the basis for verify
ing that the criteria for the pool keff of less than or equal to 
0.95 would be met were not incorporated into the specification 
that wa, approved by the NRC's December 1985 Safety Evaluation 
Report.~2~J One change involved the use of burnable poisons and 
the other change involved the effect of storing less than 179 fuel 
rods per half canister. 

• The NRC pointed out that the application from Millstone-2 includes 
a discussion of a rather extensive test program to be used in con
junction with the analysis of the Spent Fuel Rack System. One 
issue with that application was the lack of discussion of the test
ing program(~gct the use of the resulting data in the Safety Analy
sis Report. J The NRC requested that the applicant provide the 
information as the testing portion seemed to be an important step 
in doing a reliable analysis of the Spent Fuel Rack System. The 
applicant's response included a statement that the consolidated 
fuel storage box {CFSB) local stiffness test results showed that 
the behavior of the CFSB is complicated under a transverse line 
load and that it exhibits a great variation in stiffness values. 
At high loads local yielding or buckling of the box walls occurs. 

• An issue raised by the NRC in one application (Millstone-2) 
involved the assumption that no lateral deformation results from a 
100,000-lb load impacting the fuel assembly.(27) The NRC stated 
that the assumption is not justified and seems invalid since it has 
been determined that the guide tubes yield due to the load. 

• An issue raised by the NRC was the discussion in the application of 
a reactivity meter to be used for determination and verification of 
burnup and the lack of mention of the meter in the Safety Analysis 
Report's di>~~~sion of reactivity determination for storage of 
spent fuel.~ J The applicant's response indicated that the 
reactivity meter is a state-of-the-art device, which is still under 
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development. The engineering design reviews are still ongoing. 
The determination and verification of burnup is currently con
trolled administratively and the described reactivity meter is not 
required for determination of reactivity for the storage of spent 
fuel. 

• In its review of one application (Millstone-2), the NRC was con
cerned that because many fuel rod movements will have been involved 
in the reconstituted fuel assembly, it is likely activated crud 
will be released from some fuel pins and adhere to some other pins. 
The NRC requested that the applicant show how an increase in dose 
rates from such crud will be precluded when consolidated assemblies 
are returned to storage in the spent fuel pool. The response from 
the applicant included three reasons why the potential dose rate 
consequence from crud redepositing on fuel surfaces is 
insignificant. 

• Fuel rod integrity can be an important consideration. With one 
application (Millstone-2), the NRC requested information on the 
method t9 b~ used to identify fuel rods that are most likely to 
rupture.\28) The applicant 1 S response indicated that prior to 
consolidation, all candidate fuel assemblies will be pre-inspected 
with the consolidation system TV cameras to review the condition of 
the exterior rows of rods. Any fuel assemblies found to have 
defects will not be consolidated. 

• The NRC indicated in 1987 to one applicant (Millstone-2) that 
issuance of the requested amendment would be delayed until NRC 
Staff resolution of BNL 87-05 (Generic Issue 82, "Beyond Design
Basis Accidents in Spent Fuel Pools"). 

2.2 RECOMMENDATIONS 

The recommendations from the study of licensing issues associated with 
applications for a) dry spent fuel storage cask and module designs, b) dry 
storage of spent fuel in ISFSis at reactor sites, and c) large-scale storage 
of consolidated spent LWR fuel rods in existing pools at reactors are 
indicated below in Sections 2.2.1, 2.2.2, and 2.2.3, respectively. 

2.2.1 Recommendations Concerning Licensing Issues with the Applications for 
Approval of Dry Spent Fuel Storage Cask and Module Designs 

• In its review of several applications {Projects M-34 and M-35), the 
NRC stated that the topical report should stand as a document that 
can be referenced in site-specific license applications. The 
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topical report should be in the format of a safety analysis report and, 
though not site specific, it should envelope site parameters 
sufficiently well to encompass an adequate range of sites within the 
United States. 

• The topical report should focus on the single cask itself. For 
purposes of demonstrating how an array of casks should be addressed 
in a safety analysis report, NRC suggested (see Projects M-34 and 
M-35) that a line array and a representative square array of casks 
be included. 

• To avoid the problem of having to provide data fully characterizing 
a nonspecification material, consider use of alternate materials 
(see Projects M-37, M-40, M-41, and M-42) that have been accepted 
by the NRC. 

• The selection of a topical report number should not lead to a 
problem of potential confusion. Such a problem arose in Projects 
M-39 and M-49 when the topical reports for each project were 
assigned the same number, NUH-001. 

• Referencing and/or verification of computer codes used and of data 
in calculations would be helpful (see Projects M-33 and M-36). 

• In referencing standards and codes, the applicant should be 
specific as to how these are used and specify the exact revision 
and date of these (see Projects M-33 and M-36). 

• When values are stated in the text of the topical report, justifi
cation for their selection should be provided or their bases 
identified. In two applications (Projects M-33 and M-36), values 
were given in the text that were not immediately justified or their 
bases identified. While this oversight may be rectified in a 
subsequent chapter, where the value is cited again, this still 
creates a problem for reviewers. 

• In commenting on one application (Project M-34), the NRC stressed 
the need for inclusion of data from tests {as referenced), compati
bility of referenced data and analyses, and quality assurance. 

• There is a need to furnish legible drawings to the NRC in a timely 
manner to avoid delays in licensing reviews . 

• In comments on several applications {e.g., Projects M-33 and M-36), 
the NRC stated that thorough editing of topical reports is needed 
to eliminate confusion, errors, inconsistencies, and omissions. 
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2.2.2 Recommendations Concerning Licensing Issues with the Applications for 
ISFSis for Dry Storage of Spent Fuel at Reactor Sites 

• The NRC has stated(29) that the Environmental Report (ER) should 
particularly include a statement of the purpose, or need, for the 
proposed action and a discussion of alternatives; also, the ER 
should address the siting evaluation factors contained in(!8JCFR 72 
(specifically 72.61 through 72.70). The NRC has prepared a 
list of questions [see table in Section 3.2.1.2,c)], which are 
intended only as a guide, to help applicants prepare an ER. 

• The NRC has indicated(IO) that a detailed ISFSI site plan drawing 
and aerial photographs would be most helpful in their reviews. 

• The NRC has stated (see Section 3.2.1.1 of Appendix C) that it 
would be helpful if each supplement to a safety analysis report 
were I) dated and identified by a supplement number, 2) accompanied 
by a dated and numbered supplement index listing the pages to be 
removed and the pages to be inserted, and 3) identified by number 
and/or date on each new page containing new material and the newest 
material on a page be identified by a vertical margin bar. 

2.2.3 Recommendations Concerning Licensing Issues with the Applications for 
Large-Scale Storage of Consolidated Spent LWR Fuel Rods in Existing 
Pools at Reactors 

• In its review of one application (Millstone-2), the NRC recommended 
that a Technical Specification Surveillance Requirement be incor
porated for consolidated fuel to verify the integrity of the fuel 
and structy§f] elements before movement or placement in the spent 
fuel pool.\ The NRC also requested that the applicant provide 
information on the proposed method for verifying the integrity of 
the storage canister after it has been loaded with fuel rods.l3l 
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3.0 LICENSING ISSUES FOR DRY STORAGE OF LWR SPENT FUEL AND 
LARGE-SCALE STORAGE OF CONSOLIDATED LWR SPENT FUEL 

Dry storage of spent fuel has emerged as a key near-term method for 
future spent fuel management in the United States. Rod consolidation(•) is 
one of the leading candidates for achieving more efficient use of existing 
space in spent fuel storage pools.(32) Dry storage capacities may also be 
enhanced by storing consolidated fuel rods. The issues {i.e., comments, 
questions, or requests from the NRC) and their resolutions (i.e., responses 
from the applicants) associated with reviews of topical reports on dry stor
age systems, applications for licensing of dry storage facilities, and appli
cations for large-scale storage of consolidated fuel rods in existing pools 
are described below. 

3.1 TOPICAL REPORTS ON DRY SPENT FUEL STORAGE CASK AND MODULE DESIGNS 

Topical reports (i.e., topical safety analysis reports) for dry spent 
fuel storage cask and module designs that have been submitted by various 
organizations to the U.S. Nuclear Regulatory Commission (NRC) are chrono

logically listed in Table 3.1. Planned or proposed topical report submittals 
that are anticipated are shown in Table 3.2. 

3.1.1 General Nuclear Systems, Inc. (GNSI): CASTOR lc, Project M-34 

GNSI is a partnership between Chem-Nuclear Systems, Inc. and 
Gesellschaft fur Nuklear-Service mbH (GNS) of the Federal Republic of 
Germany. The GNSI dry cask designs involve thick-walled nodular cast iron. 
The GNSI CASTOR lc cask has a capacity of 16 BWR spent fuel assemblies in a 
helium-filled plenum.(33-35) GNSI submitted their topical report on CASTOR 
Ic in January 1982.(36) The submittal was docketed under Project M-34 by the 
NRC in June 1986.(35) The chronological listing of the licensing activities 
is provided in Part 3.1.1 of Appendix A. Examples of some of the 

(a) Rod consolidation involves mechanically removing all the fuel rods from 
the fuel assembly hardware (i.e., the structural components) and placing 
the fuel rods in a close-packed array in a canister without spacer 
grids. 
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TABLE 3.1. Chronological Listing of Topical Reports for Dry Spent Fuel 
Storage Cask and Module Designs Submitted to and Docketed 
by the NRC 

Organization 

General Nuclear Systems, 
Inc. CGNSI) 

Combustion Engineering, 
Inc. (C-El 

Mitsubishi Heavy ~~r 
tries Limited CMHI) a 

General Nuclear Systems, 
Inc. CGNSI) 

Nutech Engineers, Inc. 
CNUTECH l 

Nuclear Assurance 
Corporation (NAC) 

Westinghouse Electric 
Corporation <H> 

Transruclear, Inc. (TN) 

Combustion Engineering, 
Inc. (C·E) 

F'oo' Energy Applications, 
Inc. (F'WEA) 

Nuclear Assurance 
Corporation (NAC) 

Nutech Engineers, Inc. 
(NUTECH) 

Nuclear Packaging, Inc. 
(NuPac) 

Cask/Module 
Design Designation 

Castor lc 

REA 2023 (B'oiR) 
MSF-Iv<Dl 

Castor V/21 

NUHCtiS·07P(c) 

Project 
___!:!Q_,_ 

M-34 

M·35 

M-33 
M-36 

M-37 

M-39 

NAC S/T(d) (26 P'.IR) M·40 

MC-10 (dry cask M-41 
design) 

TN·24P M-42 

Dry Cap-P24 and Dry M-43 
Cap-860 (dry cask 
designs) 

'"'' M-46 

Modified S{T M-51 

NUHCtiS·24P M·49 

CP-9 M-44 

3.1 

Conrnent<S) 

Nod.Jlar cast iron cask (holds 16 BWR 
fuel assemblies); topical report 
approved; use of this cask in U.S. is 
no longer expected because of cask's 
small capacity. 

In May 1983, C-E indicated its plans 
for proceeding were lllcertain. In 
June 1984, NRC terminated this 
project review. 

Metal cask; review suspended. 
Metal cask; review suspen;led. 

Nodular cast iron cask (holds 21 P~ 
fuel assent.( ies); topical report 
approved (basket material can be 
stainless steel or borated stainless 
steel); such casks are deployed at 
Surry. 

Concrete module, which contains a 
stainless steel canister; holds 7 P\.JR 
fuel assent.t ies; topical report 
approved; such modules are deployed 
at Robinson-2. 

Metal cask; topical report a~roved. 

Metal cask; topical report approved. 

Metal cask; topical report a~roved 
(basket material is stainless steel) 
for spent fuel storage in u.s. and 
spent fuel transport in France. 

Metal cask; topical report being 
reviewed by the NRC. 

Mod.Jlar concrete vault; topical 
report approved for nitrogen cover 
gas only. 

Metal cask designed for consolidated 
fuel (28 canisters, with total capac
ity for fuel rods from up to 56 P\.JR 
fuel assemblies); topical report 
approved. 

Reference 
No<s). 

33, 34, 
37 

38-40 

34, 41 
34, 41 

2, 33, 34, 
37, 42-44 

2, 34, 
45, 46 

2, 34 

2, 34, 
37, 47 

34, 48-50 

2, 34 

2, 34, 51 

2, 37, 52 

Concrete module, which contains a 2, 37, 45 
stainless steel canister; holds 24 P\.JR 
fuel assemblies; design relies on 
allowance for b.Jrrn.p credit; topical 
report being reviewed by the NRC. 

Concrete cask; review suspended. 2, 4, 34 
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Organization 

General Nuclear Systems, 
Inc. (GNSI) 

Nuclear Assurance 
Corporation (NAC) 

Pacific Sierra Nuclear 
Associates CPSN) 

TABLE 3 .I. (contd) 

CaskJMod.Jle Project 
Design Designation _!:!2.:...._ Cooment~sl 

Castor X M·SO Nodular cast iron cas~ design that 
relies on allowance for burn~,.p credit; 
topical report being revie..ed by the 
NRC. 

NAC·31 S/T M-52 Metal cask designed to rely on 
burnl..P credit (capacity: 31 PIJR 
fuel assettbl iesl; topical report 
being reviewed by the NRC; NAC 
req..~ested Project M·54 be revie"Ned 
before Project M-52. 

SIT M-54 Metal cask: designed for 28 intact 
PWR fuel asserrbl ies; topical report 
being reviewed by the NRC; a cask is 
already at a customer's site. 

Ventilated M-53 Concrete cask; topical report being 
Storage Cask reviewed by the NRC. 
(VSC) 

Reference 
No(s). 

2, 37 

2, 37, 53 

53 

54, 55 

(a) Since 1984, MHI has p...~rchased the rights to the Ridihalgh, Eggers, ard Associates (REA) cask designs. 
(b) Originally named REA 2023 (P'WR). 
(c) NUTECH Horizontal Modular Systems (NUHa-IS) design. 
(d) Storage/transport (S/T). 

TABLE 3.2. Planned or Proposed Submittals of Topical Reports for 
Dry Spent Fuel Storage Cask and Module Designs 

Organization 

B&\.1 Fuel Cocrpany (8\.IFC) 

Nuclear Assurance 
Corporation (~C) 

(a) Storage/transport (S/T) 

Cask/Module 
Desisn Designation 

CONSTAR-28P 

Modified S/T(a) 

Project 
...Jl..Q.,__ 

3.3 

Conrnent(s) 

B\.IFC plans to sul::rnit the topical 
report to NRC in Late spring or 
early summer of 1990. The dry 
storage cask consists of a steel 
inner shell and a concrete outer 
shell. Cask capacity: 28 intact 
P\.IR fuel asserrbl ies. The cask is 
to be dry· loaded using a shielded 
transfer cask (capacity: 4 P\.IR or 
9 B\.IR fuel assemblies at a time) 
to transport the fuel from the 
spent fuel pool. 

NAC plans to modify its dry stor· 
age SIT cask so that it can also 
be used to transport spent fuel. 
Under current schedules, NAC will 
be the first U.S. vendor to sul::rnit 
a topical report to the NRC for a 
dual-purpose cask • 

Reference 
No{s). 

56 

57 



the issues involved (and suggestions for their resolution) are listed in 
Table 3.3 (placed at the end of Section 3.0 because of its length). Ini
tially, the NRC indicated(36) that the submitted topical report did not 

accomplish the objective of standing as a document that can be referenced in 
site-specific license applications; the topical report should be in the form 
of a safety analysis report and, though not site specific, it should envelope 
site parameters sufficiently well to encompass an adequate range of sites 
within the United States. The NRC suggested that a revised GNS topical 
report focus on the single cask itself. For purposes of demonstrating how an 

array of casks should be addressed in a safety analysis report, NRC suggested 
that a line array and a representative square array of casks be included.(36) 
The NRC also suggested that the report should consider only an at-reactor 
site ISFSI scenario.(36) In June I983, inclusion of data from tests, as 
referenced, compatibility of referenced data and analyses, and quality 
assurance in revising the topical report were stressed by NRc.(58) In 
December 1983, NRC provided detailed comments and some general comments.(59) 

The general comments involved material (nodular cast iron) qualification and 
structural soundness of the cask design and were as follows: 1) the nodular 
cast iron material used for the cask should be adequately characterized {see 
detailed comments on Section 4, "Installation Design"), 2) flaw detectability 
levels and procedures for flaw detection should be detailed and specified, 
3) adequate stress analysis should be performed, and 4) assurance of quality 

control in the casting and fabrication of the cask should be documented in 
this topical report. The topical report for that cask was approved by the 
NRC; however, use of the cask is no longer anticipated because of its small 
capacity. (34) 

3.1.2 Combustion Engineering, Inc. (C-E): Project M-35 

C-E submitted a topical safety analysis report entitled 11 Dry Storage 
Cask for an Independent Spent Fuel Storage Installation," CEND-270, that was 
docketed by the NRC on November 24, I982, under Project M-35.(38) Chrono
logical listing of the licensing activities is provided in Part 3.1.2 of 
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Appendix A. Examples of some of the issues involved (and suggestions for 
their resolution) are listed in Table 3.4 (placed at the end of Section 3.0 
because of its length). Initially, the NRC indicated(38) that the submitted 

topical report did not accomplish the objective of standing as a document 
that can be referenced in site-specific license applications; the topical 
report should be in the format of a safety analysis report and, though not 
site specific, it should envelope site parameters sufficiently well to 
encompass an adequate range of sites within the United States. The NRC also 

suggested, for purposes of demonstrating how an array of casks should be 
addressed in a safety analysis report, that a line array and a representative 
square array of casks be included.(38) The NRC also suggested that the 

topical report address only an at-reactor site ISFSI scenario.(38) In May 
I983, C-E indicated that its plans for developing the cask design were 
uncertain and that no schedule had been developed for revising the topical 
report. (60) In June I984, the NRC informed C-E that in view of the elapsed 
time with no further action, the NRC had terminated this project review from 
its record system.(40) 

3.I.3 Mitsubishi Heavy Industries Limited (MHil: MSF-IV [formerly REA 2023 
(PWR)], Project M-33 

Ridihalgh, Eggers and Associates (REA) submitted a topical safety anal
ysis report entitled "Topical Report for the REA 2023 Dry Storage Cask for 
BWR Spent Fuel" (Revision 0) to the NRC in April 1983.(6I) The topical 
report was docketed by the NRC under Project M-33 on May 5, 1983. Chrono
logical listing of the licensing activities is provided in Part 3.1.3 of 
Appendix A. Examples of some of the issues involved (and suggestions for 
their resolution) are listed in Table 3.5 (placed at the end of Section 3.0 
because of its length). In July I983, the NRC indicated(62) that their 
initial evaluation found the topical report to be generally satisfactory and 
provided detailed comments. In October 1983, NRC transmitted(63) additional 
detailed comments and a few general comments. Those general comments were as 
follows: 
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1. There appear to be errors and omissions in criticality, thermal and 
structural analyses presented in this report. While these may not 
affect the basic integrity of this cask design, for a successful 
completion of this safety review these must be corrected. 

2. To avoid confusion and eliminate error in analysis, a thorough editing 
of the report, for discrepancies in parameters given for the spent fuel 
and the cask design and for misreferenced or missing information, is 
needed. It appears that this report has not been verified in accordance 
with Appendix B of 10 CFR Part 50. The information in this submittal is 
used in audits by NRC inspectors. In all cases the parameters specified 
in this report form the bases for future audits of the design, fabrica
tion, and operation of this type of cask. 

3. Referencing and/or verification of computer codes used and of data in 
calculations would be helpful. 

4. In referencing standards and codes used, please be specific as to how 
these are used and specify the exact revision and date of these. 

5. In some instances values are given in the text that are not immediately 
justified or their bases identified. While this oversight may be 
rectified in a subsequent chapter, where the value is cited again, this 
still creates a problem for reviewers. 

The rights to the REA cask designs for BWR and PWR fuel and the 
associated REA topical report submittals were purchased (effective date was 
April 5, 1985) by MHI.(34,64) MHI indicated that it was initially seeking 
approval of the PWR cask design (Project M-36).(34) 

3.1.4 Mitsubishi Heavy Industries Limited (MHI): REA 2023 (BWRl, 
Project M-36 

REA submitted a topical safety analysis report entitled 11 Topical Report 
for the REA 2023 Dry Storage Cask for PWR Spent Fuel," which was docketed by 
the NRC under Project M-36 on June 10, 1983.(60) Chronological listing of 
the licensing activities is provided in Part 3.1.4 of Appendix A. Shifting 
of the rights to the REA cask designs for BWR and PWR fuel from REA to MHI is 
described in Section 3.1.3. Examples of some of the issues involved {and 
suggestions for their resolution) are listed in Table 3.6 (placed at the end 
of Section 3.0 because of its length). In November 1983, NRC transmitted(60) 
detailed comments and few general comments on the topical report. The 
general comments (they are identical to the ones NRC sent to REA under 
Project M-33) were as follows: 
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1. There appear to be errors and omissions in criticality, thermal and 
structural analyses presented in this report. While these may not 
affect the basic integrity of this cask design, for a successful 
completion of this safety review these must be corrected. 

2. To avoid confusion and eliminate error in analysis, a thorough editing 
of the report, for discrepancies in parameters given for the spent fuel 
and the cask design and for misreferenced or missing information, is 
needed. It appears that this report has not been verified in accordance 
with Appendix B of 10 CFR Part 50. The information in this submittal is 
used in audits by NRC inspectors. In all cases the parameters specified 
in this report form the bases for future audits of the design, fabrica
tion, and operation of this type of cask. 

3. Referencing and/or verification of computer codes used and of data in 
calculations would be helpful. 

4. In referencing standards and codes used, please be specific as to how 
these are used and specify the exact revision and date of these. 

5. In some instances values are given in the text that are not immediately 
justified or their bases identified. While this oversight may be 
rectified in a subsequent chapter, where the value is cited again, this 
still creates a problem for reviewers. 

MHI indicated to the NRC that it was initially seeking approval for the 
PWR (REA 2023) cask design; however, MHI renamed it MSF IV and substantially 
changed the cask basket and the neutron shield part of the cask.(34) In May 
1986, MHI informed the NRC that they were forced (because of budgetary con
siderations) to temporarily suspend work on Project M-36.(41) 

3.1.5 General Nuclear Systems, Inc. (GNS1): CASTOR V/21, Project M-37 

The "Topical Safety Analysis Report for the CASTOR V Cask Independent 
Spent Fuel Storage Installation (Dry Storage} 11 submitted to the NRC on 
December 16, 1983, by GNSI was docketed by the NRC on January 23, 1984, under 
Project M-37.(65) On February 15, 1985, GNSI indicated that the designation 
for the CASTOR V (Vb) Cask had been changed to CASTOR V/21.(66) 
Chronological listing of the licensing activities is provided in Part 3.1.5 
of Appendix A. Examples of some of the issues involved (and suggestions for 
their resolution) are listed in Table 3.7 (placed at the end of Section 3.0 

because of its length). Some of the issues {comments, questions, or requests 
from the NRC) and the detailed responses from the applicant are listed in 
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Appendix B. In reviewing the topical report, the NRC transmitted to the 
applicant some general comments in addition to the detailed comments.(65) 

The four general comments involved material (nodular cast iron} qualification 
and structural soundness of the cask design and were as follows: 1) the 
nodular cast iron material used for the cask should be adequately charac
terized {see detailed comments on Section 4, "Installation Design"}, 2) flaw 

detectability levels and procedures for flaw detection should be detailed and 
specified, 3) adequate stress analysis should be performed, and 4) assurance 
of quality control in the casting and fabrication of the cask should be docu
mented in this topical report. Included among the specific concerns of the 
NRC with the GNSI cask designs were I) the characterization of the nodular 
cast iron as an acceptable material for use in a dry storage cask, 2) the 
maximum temperature of the spent fuel cladding in the cask, and 3) the 
ability of fuel to be stored dry under cask conditions for at least 20 years 
without sustaining any significant deterioration.(34) The discovery of 
cracks in the borated stainless steel fuel basket of the CASTOR V/21 
cask(44,67,68) at the Idaho National Engineering Laboratory (INEL) on 
September 30, 1985, was of great interest to the NRC (see Table 3.7 and 
Appendix B). In response to NRC's concern, GNSI provided results of the 
investigations of the basket cracking and evaluations and analyses to 
validate the use of borated stainless steel in the fabrication of the welded 
basket for the CASTOR V/21 cask.(69-72) The cause of the cracking was 
determined to be constrained thermal expansion.(71) The problem was solved 
by incorporating a simple design modification, which consisted of eliminating 
fabrication stitch welds on the first few feet of either end of the fuel 
basket. GNSI also proposed using an all stainless steel fuel basket. The 
NRC approved the CASTOR V/21 cask design for use with either an all stainless 
steel basket or a borated stainless steel basket.(42-44) GNSI CASTOR V/21 
casks are deployed at the Surry ISFSI. In June and August 1987, NRC was 
notified(73,74) by GNSI that some material used in fabricating two cask 
baskets (for CASTOR V/21 Casks 008 and 009) contained a boron content that 
was not within the tolerance established in the material specification as 

approved by the NRC. The NRC independently reviewed this issue and verified 
that such use did not compromise safety.(74) 
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(a) 
3 .I. 6 Nutech Enqi neers Inc. {NUTECH): NUHOMS·07P, Project M-39 

The dry storage concrete module independent spent fuel storage installa
tion submittal, "Topical Report for the NUTECH Horizontal Modular Storage 
System for Irradiated Nuclear Fuel" (NUH-001), was docketed by the NRC on 
December 19, 1984, under Project M-39.(75) In the NUTECH Horizontal Modular 
Storage System (NUHOMS), spent fuel assemblies are sealed inside stainless 
steel canisters that are then placed in concrete modules.(76) The original 
module that was approved by the NRC has a capacity of seven PWR fuel assem
blies that had an initial enrichment of 3.5 wt% uranium-235, have a maximum 
burnup of 33,000 MWd/MTU, and have decayed for five years. Chronological 
listing of the licensing activities is provided in Part 3.1.6 of Appendix A. 
Examples of some of the issues involved (and suggestions for their resolu
tion) are listed in Table 3.8 (placed at end of Section 3.0 because of its 
length). Initially, the NRC requested additional information (e.g., design 
details, descriptions of computer models, and computer calculations) in three 

design categories: I) thermal-hydraulics (6 issues), 2) criticality and 
shielding (5 issues), and 3) structural (13 issuesj.(77) Later, the NRC 
indicated that NUTECH would need to place effort in the areas of shielding 
penetration estimates and criticality calculations.(78} The NRC said that a 

significant effort by NUTECH was needed on criticality and shielding analy
sis.(79) The topical report was accepted by the NRC as a reference on March 
28, 1986.(46) A modified form of the NUHOMS design has been authorized for 
use at the ISFSI at Robinson-2. A NUHOMS design is also intended for use at 
the ISFSI at Oconee.(80) 

(a) NUTECH was purch9~jd by Pacific Nuclear Systems, Inc. in the fourth 
quarter of 1988.l l NUTECH is a wholly owned subsidiary of Pacific 
Nuclear Systems, Inc.j Pacific Sierra Nuclear Associates (PSN) is 
jointly owned by Pacific Nuclear Systems, Inc. and Sierra Nuclear.(4) 
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3.1.7 Nuclear Assurance Corporation (NACl: S/T (26 PWR). Project M-40 

NAC submitted its "Topical Safety Analysis Report for the NAC Storage/ 
Transport Cask for Use at an Independent Spent Fuel Storage Installation" to 
the NRC on December 13, 1984.(82) The topical report was docketed by the NRC 
under Project M-40 on December 19, 1984.(83) The cask has a stainless steel 
and lead body with a solid neutron shield. The cask capacity is 26 PWR spent 
fuel assemblies, which must have decayed for five years, have a maximum 
initial enrichment of 3.3 wt% uranium-235, and have a maximum average burnup 
of 35,000 MWd/MTU.(33,37) Chronological listing of the licensing activities 
is provided in Part 3.1.7 of Appendix A. Examples of some of the issues 
involved {and suggestions for their resolution) are listed in Table 3.9 

(placed at the end of Section 3.0 because of its length). During the course 
of the review of the topical report, 16 questions(84,85) related to the 
quality assurance program were directed by NRC to NAC. At meetings of the 
NRC and NAC, the discussions involved thermal, criticality, and structural 
analysis questions and cask tipover and drop analyses.(86,87) Also discussed 

at the meetings were assumptions used in the topical report and fire and 

explosion criteria for an at-reactor site case. The NRC indicated to NAC 
that there were inconsistencies and omissions in the revised topical report 
and that close attention should be paid to technical editing in revising the 
report.(88,89) 

One major issue involved in the NAC design was the use of an aluminum 
alloy as a storage cask basket material (the material must be qualified for 
such use in the cask design).(90) A different cask basket design was sub
mitted in NAC's revised topical report; the design will accommodate 26 PWR 
spent fuel assemblies without reliance on burnup credit with respect to fuel 
basket criticality design.(91) Changes to impact limit design and shielding 
material use were also being considered. The topical report for the NAC cask 
design has been approved by the NRC for referencing in site-specific license 

applications for dry storage at reactor sites under 10 CFR Part 72.(2) 

3.1.8 Westinghouse Electric Corporation: MC-10, Project M-41 

The topical report entitled "Topical Safety Analysis Report for the 
Westinghouse MC-10 Cask for an Independent Spent Fuel Storage Installation 
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(Dry Storage) 11 was docketed by the NRC on February 13, 1985, under Project 

M-41.(92) The Westinghouse MC-10 cask design involves a forged steel body 
with a solid neutron shield.(37) The cask's capacity is 24 PWR spent fuel 
assemblies, with a maximum initial enrichment of 3.7 wt% uranium-235, a max
imum average burnup of 35,000 MWd/MTU, and a decay period of 10 years.(37) 
Chronological listing of the licensing activities is provided in Part 3.1.8 

of Appendix A. Examples of some of the issues involved (and suggestions for 
their resolution) are listed in Table 3.10 (placed at end of Section 3.0 
because of its length). In reviewing the cask materials, the NRC and 
Lawrence Livermore National Laboratory (LLNL) raised major concern relative 
to the basket material.(93) Specifically, the NRC's major concern was that 
the basket material was not an ASME Code Class 1 material. NRC recommended 
that Westinghouse change the basket material (aluminum) to an ASME Code Class 
1 material or provide 
the aluminum basket. 

further evaluation to demonstrate the acceptability of 
Westinghouse resolved the issue by changing the basket 

material to stainless steel and indicating that several engineering 
reanalyses would be performed to reflect the new material.(93,94) The NRC 
also indicated to Westinghouse that existing drawings continue to be too 
reduced in size to be legible in some cases and should be replaced to allow 
review of them.(94) The NRC completed its safety review of the topical 
report for the MC-10 metal cask and approved the topical report as a 
reference in 10 CFR Part 72 site-specific license applications.(37) In 
September 1987, the NRC issued(47) the letter of approval and the safety 
evaluation report. 

3.1.9 Transnuclear, Inc. (TN): TN-24P, Project M-42 

On August 30, 1985, TN submitted their TN-24 Dry Storage Cask Topical 
Report.(95) The report was docketed by the NRC under Project M-42. The cask 
design has a ferritic steel body, a solid resin neutron shield, and a 
capacity of 24 PWR spent fuel assemblies. In the topical report it is indi
cated that the TN cask employs borated stainless steel (a nonspecification 

material) as a cask basket material. Chronological listing of the licensing 
activities is provided in Part 3.1.9 of Appendix A. Examples of some of the 
issues involved (and suggestions for their resolution) are listed in 

Table 3.11 (placed at the end of Section 3.0 because of its length). The NRC 
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indicated that a satisfactory specification must be provided to assure that 
borated stainless steel is qualified for use in a storage cask basket.(33) 
Another major issue raised by the NRC involved the criticality design of the 
fuel basket, which relies on insertion of a "poison spider assembly" of rods 
into a fuel assembly.(96) The NRC questioned whether this approach can 
satisfy the design criteria of 10 CFR Part 72 for at-reactor site storage, at 
least in the nonsite-specific context of a topical report. At meetings of 
the NRC and TN, some key items discussed (in addition to the poison spider 
assembly) included design drawings, missiles, seismic loading, cask drops and 
tipping, basket loading criteria, containment boundary definition, basket 
material characterization, and cobalt-60 source characterization.{96) A 
revised topical report was submitted to the NRC in February 1988.(2,48,97) A 
significant change in the fuel basket design has been made.(98) The topical 
report was approved by the NRC in April 1989.(48,49) The dual-purpose cask 
is approved for spent fuel storage in the United States and for spent fuel 
transport in France.(SO) 

3.1.10 Combustion Engineering, Inc. (C-El: Dry Cap-P24 and -860, 
Project M-43 

On December 19, 1985, C-E submitted its "Topical Safety Analysis Report 
for the Combustion Engineering Dry-Cap Cask for an Independent Spent Fuel 
Storage Installation (Dry Storage)" to the NRC; the NRC docketed the report 
under Project M-43.(99) The C-E cask design (Dry Cap) has a ferritic steel 
body, a solid resin neutron shield, and a capacity of 60 BWR spent fuel 
assemblies or 24 PWR spent fuel assemblies. Chronological listing of the 
licensing activities is provided in Part 3.1.10 of Appendix A. Examples of 
some of the issues involved (and suggestions for their resolution) are listed 
in Table 3.12 (placed at the end of Section 3.0 because of its length). One 
general comment made by the NRC was that there were numerous references in 
the topical report to 10 CFR Part 71 requirements--NRC indicated it is 
reviewing the report under Part 72, not Part 7J.(IOO) Also, NRC indicated(!) 
to C-E that a number of discrepancies and omissions were noted in the topical 
report. The C-E basket designs include allowance for burnup credit. In June 
1987, the NRC indicated(l,2) that the credit-for-burnup matter is being 
considered on a site-specific basis for licensing-related actions only at 
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this time; it may remain an open item in this safety review for future 
specific vendor/licensee resolution. In December 1987, the NRC 
indicated(101) that the NRC staff's technical concerns relative to credit

for-burnup application to dry storage are expressed in a recent paper.(3} C
E's revised topical report is currently being reviewed by the NRc.(2) 

3.1.11 FW Energy Application, Inc. (FWEA): MVDS, Project M-46 

The topical report(102,I03) by FWEA (a Foster Wheeler Company) for dry 

modular vault storage of spent fuel in air and/or nitrogen was submitted to 

the NRC on September 15, I986. The "Topical Report for the Foster Wheeler 
Modular Vault Dry Store (M.V.D.S.) for Irradiated Nuclear Fuel," FWEA-08-
27164 Revision 0, was docketed by the NRC under Project M-46 on September 30, 
1986.(104) The modular concrete vault design can accommodate BWR and/or PWR 
spent fuel assemblies; a single module has a capacity of 150 BWR or 83 PWR 
spent fuel assemblies.(37) The FWEA design assumes two modules and the 
capability of expanding to five modules.(37) Chronological listing of the 
licensing activities is provided in Part 3.1.11 of Appendix A. Examples of 
some of the issues involved (and suggestions for their resolution) are listed 
in Table 3.13 (placed at the end of Section 3.0 because of its length). In 
reviewing the topical report, the NRC indicated(!OS) to FWEA that it appeared 

that some aspects were not fully analyzed and documented [e.g., items not 
provided in the structural design were load combination analyses for the 
bridge and trolley for the fuel handling machine and for the bridge, trolley, 
and crane in the transfer bay (the latter items may be site specific, and if 
so, it needs to be stated)] in a form that would allow NRC to continue its 
review. The NRC also included comments about lacking information on cover 
gas, ventilation, and depression system designs and also indicated the need 
for specificity in addressing the potential for fire and explosion.(IOS} In 
August 1987, the NRC indicated that it was still evaluating the proposed use 
of air as a cover gas in conjunction with or in place of nitrogen.(l06) In 
September 1987, storage of spent fuel in air remained an unresolved 
issue.(l07) In March I988, the NRC issued(S!) its letter of approval for 

Revision 1 of FWEA's topical report; however, the NRC staff did not accept 
the use of air as a storage cover gas for the MVDS at that time, but did not 
reject the contention that continued research in this area may subsequently 
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result in allowance of such use. The NRC indicated that the MVDS design is 
relatively complex in comparison to other modular, passive dry spent fuel 
storage designs that the NRC staff has evaluated.(51) 

3.1.12 Nuclear Assurance Corporation {NAC): Modified S/T (for 28 canisters 
of canso 1 i dated fue 1 rods), Pro.iect M- 51 

NAC submitted its "Topical Safety Analysis Report for the NAC Storage/ 
Transport Cask Containing Consolidated Fuel for Use at an Independent Spent 
Fuel Storage lnstallation"(I08) to the NRC; the topical report was docketed 
by the NRC on February 24, 1988, under Project M·51.(109) The proposed 
stainless steel and lead cask design was a modified version of NAC's 
storage/transport (S/T) cask design; the basket holds 28 canisters of con
solidated fuel rods from up to 56 PWR fuel assemblies.(37) This design was 
associated with a 10 CFR Part 72 license amendment application planned by 
Virginia Power for its Surry Power Station ISFSJ.(37) Chronological listing 
of the licensing activities is provided in Part 3.12 of Appendix A. Examples 
of some of the licensing issues involved (and suggestions for their resolu
tion) are listed in Table 3.14 (placed at the end of Section 3.0 because of 
its length). The NRC staff met with NAC in January 1988 to discuss the 
submittal of this topical report; technical issues involving criticality 
analysis, thermal analysis, shielding, and dose rates were included in the 
discussion.CllO) Questions raised by Lawrence Livermore National Laboratory 

(LLNL) in July-September 1988 involved the neutron shield material 
(BORALr•(a)), the fuel basket, the revised lifting trunnion analysis, and the 
annual dose rates from a single cask.(lll-113) On September 29, 1988, the 
NRC issued a letter(52) stating its acceptance of Revision I of NAC topical 
report for the cask design as a reference in 10 CFR Part 72 site-specific 
license applications. 

(a) BORAL is a trademark of AAR Brooks & Perkins, Livonia, Michigan. 
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3.1.13 Nutech Engineers, Inc. (NUTECHl: NUHOMS-24P, Project M-49 

On February 26, 1988, NUTECH(a) submitted the "Topical Report for the 
NUTECH Horizontal Modular Storage System for Irradiated Nuclear Fuel" 
(NUH-001, Revision 2, February 1988).(114) The topical report was docketed 
by the NRC under Project M-49. This report describes the design features and 
safety analyses of the NUHOMS-24P design, which is similar to the earlier 
system (i.e., NUHOMS-07P under Project M-39) that has been reviewed and 
approved by the NRC. The principal changes from the previously approved 
design are: 

l. An increase in the canister and storage module capacity to 24 PWR 
assemblies (the assemblies are to have decayed for 10 years). 

2. The utilization of credit-for-burnup assumptions in the design of the 
canister and in the associated criticality analyses. 

3. The addition of design details and safety analyses for an on-site 
transfer cask used to safely transport the fuel canisters from the fuel 
building to the horizontal storage module. 

Chronological listing of the licensing activities is provided in 
Part 3.1.13 of Appendix A. Examples of some of the licensing issues involved 
(and suggestions for their resolution) are listed in Table 3.15 (placed at 
the end of Section 3.0 because of its length). In March 1988, the NRC 
indicated(l15) that a serious problem of potential confusion was raised by 
NUTECH's use of the same report number, NUH-001, for the topical report under 
Project M-39 (NUHOMS-07P design) and under Project M-49 (NUHOMS-24P design). 
The NRC requested that NUTECH resolve the problem by re-examining the report 
number used and revise it. NUTECH respondect(ll6) in March 1988 to the NRC's 

request and redesignated the topical report for the NUHOMS-24P design as 
NUH-002. In October 1988, the NRC requested information on 12 items in con
nection with their review of Revision 1 of NUH-002. Three of the 12 
comments/questions were as follows: 

(a) NUTECH was purch9~rd by Pacific Nuclear Systems, Inc. in the fourth 
quarter of 1988.\ ) NUTECH is a wholly owned subsidiary of Pacific 
Nuclear System, Inc.; Pacific Sierra Nuclear Associates (PSNJ is jointly 
owned by Pacific Nuclear Systems, Inc. and Sierra Nuclear.l4 
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I. The assurance of nuclear criticality safety of the osc(a) design depends 
in part on the burnup of the fuel. A relationship between irradiated 
fuel reactivity and equivalent fresh fuel enrichment was determined 
through a series of detailed criticality calculations that are refer
enced in the topical report. Although there is no doubt that the 
reactivity of irradiated fuel is reduced from that of unirradiated fuel, 
there are a number of questions regarding the accuracy with which the 
reactivity of irradiated fuel can be estimated. An alternative to 
providing assurance of nuclear criticality safety, which avoids these 
questions, is to consider loading the DSC in a high neutron absorbing 
solution and to base the criticality safety analysis on fresh fuel 
enrichment. If nuclear criticality safety can be assured during loading 
of fresh fuel into the DSC and subsequent drying operations, and if 
assurance can be provided to preclude reflooding of the DSC, there 
appears to be a basis for accepting the design. 

Therefore, what is the boron concentration required to provide assurance 
of nuclear criticality safety during the loading of unirradiated 4-wt% 
enriched fuel into the DSC? Can you identify other design or oper
ational issues that preclude this option? Describe procedures that will 
assure maintenance of the required boron concentration in solution in 
the DSC during fuel loading and unloading. 

2. There are several questions or uncertainties centering on the variation 
in burnup along the length of the irradiated fuel (axial burnup depend
ence). For a given irradiated fuel assembly, how accurately is the 
isotopic composition of fuel known? What are the uncertainties in fuel 
composition, and how do these uncertainties translate to uncertainties 
in reactivity of a finite array of irradiated fuel assemblies? If the 
isotopic composition of each fuel assembly is known with precision, what 
errors result from the approximate models of the axial variation in 
isotopic composition? Can it be demonstrated that the model selected is 
conservative {in the sense of reactivity)? 

Finally, there is the question regarding the availability or applicabil
ity of benchmarks for reactivity calculations with irradiated fuel. 
Please defend that the benchmarks used for validation are representative 
of the irradiated fuel assemblies to be placed in the DSC, and that the 
method bias determined from these benchmarks can be appropriately used 
in the criticality safety analysis. 

3. The statement given on the top of page 1.3-3 of the topical report 
indicates that the maximum temperature of 570°C during short-term 
operational and postulated accident conditions will not affect fuel 
cladding integrity. The references cited indicate that cladding failure 
was not found. However, cladding creep can and does occur at this 
temperature. Please provide a response that confirms that cladding 
creep will not adversely affect cladding integrity. 

(a) Dry Shielded Canister (DSC). 
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The NUHOMS-24P design is currently being reviewed by the NRC in associ
ation with Duke Power Company's license application for an ISFSI at its 
Oconee Station site.(2) Baltimore Gas and Electric (BG&E) also has selected 
the NUHOMS technology (specifically the NUHOMS-24P design) for dry concrete 
module storage at its Calvert Cliffs Station.(2,6,117) A site license 

application is currently being prepared by BG&E and is expected to be 
submitted to the NRC within a few months.(4B) 

3.1.14 Nuclear Packaging, Inc. (NuPac}: CP-9, Project M-44 

In November 1987, NuPac submitted to the NRC the "Topical Safety 
Analysis Report for the NuPac CP-9 Concrete Storage Cask (TP-08).''(118) The 
NRC docketed the topical report on March 23, 1988, under Project M-44. The 
capacity of the cask is nine PWR fuel assemblies and the cask may be loaded 
dry.(37) Chronological listing of the licensing activities is provided in 
Part 3.1.14 of Appendix A. Examples of some of the licensing issues involved 
(and suggestions for their resolution) are listed in Table 3.16 (placed at 
the end of Section 3.0 because of its length). One of the issues concerned 
NuPac's drop testing program with scale models of the CP-9 cask design. On 
the report submitted by NuPac on drop testing program, the NRc(119) had the 
following six comments: 

1. The report appears to reflect an appropriate understanding of scale 
model design and test design suited to experiments with subscale 
reinforced concrete structures. 

2. The report, however, provides insufficient information on the actual 
prototype and model designs, concrete design, and potential handling 
scenarios to be replicated by test (i.e., elements of your test program) 
to support concurrence in the approach. 

3. The role(s) and relationship of the model testing to your analytical 
model or code should be explained. Also, explain these with respect to 
your design analysis, design verification, and/or validation of proof 
against accidental impact. In conclusion, the objectives of the test 
program are not yet clear and must be carefully developed. 

4. The report does not address the thermal environment, with the exception 
of describing potential use of a deliberately weak concrete. The 
analysis of thermal effects on the potential structural response and 
design suitability of the actual cask will be closely examined in the 
topical report. It should be noted that the NRC requires a high degree 
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of proof prior to accepting designs exceeding the limits of the appro
priate codes, regulations, standards (such as ACI 349-75). The poten
tial thermal environment and temperature-provided metamorphosis that may 
occur with your design may require such proof of design suitability. 

5. Be aware that additional potentially critical impact events may be 
postulated on the basis of the actual design and proposed usage 
scenarios, when developed. 

6. The acceptance criteria indicated should reflect both comprehensive 
review of potential failure modes corresponding to the hypothesized 
accident, and adequate measurement and/or tests to verify meeting the 
criteria. 

Another of the issues involved the concrete temperatures of the CP-9 
storage cask. Pacific Sierra Nuclear Associates (PSN) provided(120) 
responses to NRC's questions on the CP-9 storage cask concrete temperatures 
and indicated that PSN believed that answers clarify their use of structural 
concrete in the cask design and show that this concrete meets the current 
ACI-349 code. It was reported(2) in January 1989 that the NRC is continuing 
its review of NuPac's concrete cask design model CP-9. Because of the new 
fee NRC charges for review of topical reports, the applicant has recently 
asked NRC to stop reviewing the CP-9 concrete cask until the company has a 
customer to fund the process.(4) 

3.1.15 General Nuclear Systems, Inc. (GNSI): CASTOR X, Project M-50 

On July I, 1988, GNSI submitted(121) its "Topical Safety Analysis Report 
for the CASTOR X Cask for an Independent Spent Fuel Storage Installation (Dry 
Storage)" to the NRC. The topical report was docketed by the NRC under 
Project M-50. The design of the CASTOR X cask is very similar to the CASTOR 
V/21 (Project M-37) that has been previously approved by the NRc.(121) The 
major difference is the assumption of increased fuel decay time, which leads 
to increased capacity of fuel assemblies stored. The nodular cast iron cask 
is designed to store 10-year decayed, intact PWR spent fuel assemblies either 

with (in a 33-assembly fuel basket) or without (in a 28-assembly fuel basket) 
allowance for fuel burnup credit in criticality design.{2,122) Chronological 

listing of the licensing activities involved is provided in Part 3.1.15 of 
Appendix A. The NRC is currently reviewing the topical report.(2) The 
topical report was submitted for initial use at Virginia Power's Surry 
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Nuclear Station. Virginia Power intends to obtain an amendment to their 
license (SNM-2501) for burnup credit. NRC indicated(2) that they expected 
Virginia Power's amendment application in December 1988. 

3.1.16 Nuclear Assurance Corporation (NACl: NAC-31 S/T, Project M-52 

• On July 20, 1988, NAC submitted(l23) its "Topical Safety Analysis Report 

• 

for the NAC S/T Cask Containing 31 Intact Fuel Assemblies" to the NRC. The 
topical report was docketed by the NRC under Project M-52. The capacity of 
the borated aluminum basket is 31 Westinghouse PWR spent fuel assemblies; the 
stainless steel and lead cask is designed to rely on allowance for burnup 
credit. Maximum initial enrichment is limited to 1.9 wt% uranium-235 for 
storage of startup core fuel.(I24) Earlier (March 1988), NRC met with NAC 
to discuss structural aspects of the basket design, as those aspects may 
affect cask impact limiter design.(125) Chronological listing of the licens
ing activities is provided in Part 3.1.16 of Appendix A. NAC expressed 
interest in obtaining NRC's review comments regarding taking credit in the 
safety analysis for the structural strength of the borated aluminum in the 
fuel basket of this cask.(53) The NRC is currently reviewing this topical 
report;(2) however, NAC requested(53) that the Project M-54 application be 
reviewed prior to the Project M-52 application (see Section 3.1.17, below). 

3.1.17 Nuclear Assurance Corporation (NAC): S/T (for 28 intact PWR fuel 
assemblies), Project M-54 

NAC submitted(53) its "Topical Safety Analysis Report for the NAC 
Storage/Transport Cask Containing 28 Intact Fuel Assemblies for Use at .an 
Independent Spent Fuel Storage lnstallation 11 to the NRC on December 14, 1988. 
The topical report was docketed by the NRC under Project M-54. The same cask 
design was previously submitted for storage of consolidated fuel (Project 
M-51). Under Project M-54, the NAC S/T cask with a basket with 28 positions 
will be used for intact fuel assemblies rather than consolidated fuel rods. 
Initial fuel assembly enrichment is 1.9 wt% uranium-235 for startup core use; 
however, fuel burnup is a maximum of 45,000 MWd/MTU, with a fuel decay of at 
least 10 years (should burnup credit become available in design analysis, the 
cask criticality analysis could be performed for a higher initial enrich
ment). Chronological listing of the licensing activities is provided in 
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Part 3.1.17 of Appendix A. Virginia Power owns a cask of this type. NAC 
requested(53) that NRC review the Project M-54 application prior to the 
Project M-52 (NAC-31 S/T cask) application since a Project M-54 (NAC-28 S/T) 
cask is already at a customer's site. 

3.!.18 Pacific Sierra Nuclear Associates (PSNJ: VSC. Project M-53 

On November 2, 1988, Pacific Sierra Nuclear (PSN)(a) informed the NRC 
that it planned to submit a topical safety analysis report on their Venti
lated Storage Cask (VSC) System by February I, 1989.(126) PSN submitted its 
topical safety analysis report, PSN-89-00J.(54,55) The report is being 
reviewed by the NRC. This concrete cask storage system was docketed by the 
NRC under Project M-53. PSN plans to apply the Pacific Nuclear Systems, 
Inc., Quality Assurance Program (as described in the Quality Assurance 
Manual, Revision 15, and letter number QA-86-2, Revision 1, dated February 
18, I987) that was filed as part of the CP-9 cask information under Project 
M-44; PSN requested that NRC review this material and notify PSN if it is 
acceptable.(l26) Consumers Power Company has selected PSN's VSC to expand 
on-site storage at its Palisades plant; the VSC can accommodate 24 PWR or 
56 BWR fuel assemblies.(l27) Wisconsin Electric Power Company has also 
selected PSN's VSC for its Point Beach station.(54) 

3.2 LICENSE APPLICATIONS FOR DRY STORAGE OF SPENT FUEL 

The three organizations (utilities) that have submitted license applica
tions for dry storage of spent LWR fuel in independent spent fuel storage 
installations (ISFSis) are listed in Table 3.I7; those submittals are dis
cussed below in Section 3.2.1. The three utilities are Virginia Power {VP), 
which was previously known as Virginia Electric and Power Company (VEPCO), 
Carolina Power and Light Company (CP&L), and Duke Power Company (Duke). The 
applications were submitted in October 1982, February I985, and April 1988, 
respectively. Planned or proposed license application submittals are shown 

(a) Pacific Sierra Nuclear Associates (PSN) is jointly owned by Pacific 
Nuclear Systems, Inc. and Sierra Nuclear; NUIECH is a wholly owned 
subsidiary of Pacific Nuclear Systems, Inc.{ ) 
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TABLE 3.17. License Applications for Independent Spent Fuel Storage 
Installations for Dry Storage of Spent Fuel 

DocfH Reference 
Organization Site or Plant Comments(sl No. No. 

• Virginia Power Surry Power 72-2 GNSI's(b) Castor V/2I 33,37 
Station casks are to be used. 

• Carolina Power and H. B. Robinson 72-3 It is plfn~ed to use 33,37 
Light Steam Electric NUTEz~'s c NUHOMS 

Plant, Unit 2 -07P ) modules. 

• Duke Power Oconee Nuclear 72-4 It is planned to use 2,33,37, 
Station Station a modified version y~) 45,I28 

NUTECH's NUHOMS-24P 
modules. 

(a) 

(b) 
(c) 
(d) 

Docket No. 72-1 is associated with General Electric Company's ISFSI (the 
GE-Morris Operation) and is for wet storage of spent fuel. 
General Nuclear Systems, Inc. (GNSI). 
NUTECH Engineers, Inc. (NUTECH). 
NUTECH Horizontal Modular Storage System (NUHOMS); the NUHOMS-07P and 
NUHOMS-24P designs accommodate 7 and 24 spent PWR fuel assemblies, 
respectively. 

in Table 3.18 and discussed in Section 3.2.2. The application for licensing 
an ISFSI includes the License Application (LA), Safety Analysis Report (SAR), 
and Environmental Report (ER). 

3.2.1 License Applications Submitted 

3.2.1.1 Virginia Power Company (Surry, Docket No. 72-2) 

a) Current Status. Metal dry storage casks are deployed at the ISFSI 
located on the Surry Power Station site{a) in Surry County, 
Virginia.(33,34,37} The General Nuclear Systems, Inc. (GNSI), nodular cast 
iron cask design has been approvect(42) for use with a borated stainless steel 
basket for the storage of spent fuel with an initial enrichment of ~.5 wt% 
uranium-235 and a decay period of at least five years. Earlier, the cask 

(a) The site is 17 miles northwest of Newport News, Virginia. 
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TABLE 3.18. Planned or Proposed Submittals of License Applications for 
Independent Spent Fuel Storage Installations for Dry Storage 
of Spent Fuel 

Organization 
Docket 

Site or Plant ...J!2..._ Cooments(s) 
Reference 

No. 

Virginia Power Co. 
(VP) 

surry 50-280 

"" 50·281 

VP expects to subni t the SR=~l i cation for the license 2 

Carol ina Power and Brunswick 
Light Corrpany (CP&L) 

Carol ina Power and Robinson-2 
Light Company (CP&L) 

50·324 

"" 50-325 

72-3 

"" 50-261 

""""""'' l·n December 1988; it is ~ssociated with OOth 
the GNSI(a CASTOR X and the NAC(b) mcdified S/T 
designs involving tl.irm.p credit. 

NRC expects the license application in 1989; CP&L 
plans to store Robinson-2 spent fuel in a dry roodu~a~ 
system a~ Bnnswic~. CP&L plans to use the NUTECH c 
NUHOMS( -07P design employed at Robinson-2 (Doc~et 
No. 72-3). The rood.Jle design provides for storage of 
7 PWR spent fuel assenbl ies in a stainless steel can
ister in a concrete module; up to 44 modules are 
planned for construction. 

NRC indicates that an application could be filed in 
1989; CP&L is interested in providing additional 
storage capacity at the Robinson-2 site. 

Baltimore Gas and 
Electric COITflany 
(BG&E) 

Calvert Cliffs 50-317 BG&E plans to suOO!it a License application in May 

Consuners Power 
C~ny (CP) 

Northern States 
Power Company (NSP) 

Station 

Palisades 

"" 50-318 
1989 for dry concrete mod.Jle storage; BG&f plans to 
use NUTECH's NUHOMS-24P design. BG&E's sched.Jle 
calls for construction of an initial set of 24 
modules; a total of 120 rood.Jles is plamed. The 
BG&E spent fuel is Canb.Jstion Engineering (C-E) 
14x14 PWR fuel. Proposed limits of 4.3 to 4.5 wtX 
uranil.lll-235 enrichment ard 47,000 Mlold/MTU bJrnup have 
been mentioned. Use of C-E fuel would in general 
lead BG&E to downsizing the NUHOM-24P, as presently 
designed (see Section 3.1.13, Project M-49), although 
the stainless steel dry shielded canister (OSC) is not 
expected to change. At a meeting of NRC, BG&E, and 
NUTECH in Novenber 1988, NUTECH indicated there was 
potential for designing a transfer cas~ to meet the 
requirements of 10 CFR Part 71 for direct offsite 
shipnent of loaded DSCs at the erd of Licensed storage; 
BG&E indicated they have provided a roonetary incentive 
in the contract with NUTECH on this matter in an 
effort to foster c~tibility with DOE's efforts on 
receiving and storing the fuel. 

50-255 CP has been exemining dry spent fuel storage and in-
pool consolidated fuel red storage as options. The 
NRC expects CP to act on the dry storage option in 
1989. CP recently selected Pacific Sierra's 
concrete VSC (ventilated storage cask; see Section 
3.1.18, Project M-54) for use at Palisades. The vsc 
can accoomodate 24 PWR or BI.'R spent fuel assetrbl ies. 
CP plans to initially order eight VSCs. 

Prairie Island 50-282 NSP is e11pected to decide on a dry storage technol-
and ogy late in the sl.lllTier of 1989. 
50-306 

2 

2 

2, 6, 
117, 12'i. 
130 

2, 127. 
131 

54 

Indiana and Michigan Coo~ 

Electric Company 
50-315 The utility is considering using dry storage, rod 54 
and consolidation, or a corrbination of st.per high-density 
50-316 spent fuel storage racks ard rod consolidation. 
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TABLE 3.18. (contd) 

Docket 
Organization Site or Plant -..t!2..:...... ccmnents s 

Reference 
No. 

Jersey Central Power Oyster Creek 50·219 The utility expects to decide by the erd of 1989 54 
and Light Carpany whether it will use dry storage or rod consolidation. 

Wisconsin Electric Point Beach 50-266 The utility has selected Pacific Sierra Nuclear's 
Power Canpany 

Vermont Yankee 
Nuclear Power 
Corporation 

al'l:l concrete VSC for its dry storage system. 
S0-301 

Vermont Yankee 50-271 The utility is considering the possibility of 
ac~iring spent fuel storage casks in the early· 
to mid-1990s. 

(a) General Nuclear Systems, Inc. CGNSI). 
(b) Nuclear Assurance Corporation (NAC). 
(c) Nutech Engineers, Inc. (k\ITECH). 
(d) NUTECH's Horizontal Modular Storage System (NUHOMS). 

54 

54 

design was approved for restricted use with a stainless steel basket to 
accommodate spent fuel with an initial enrichment of ~2.2 wt% uranium-235 and 
a decay period of at least five years. 

b) Background Information. 
dry cask ISFSI at the Surry Power 

VEPCO submitted the LA, SAR, and ER for the 
Station in October 1982.(132) The license 

(Docket No. 72-2, Materials License SNM-2501) for dry cask storage of spent 
fuel at Surry was issued (for a 20-yr period) on July 2, 19B6.(133) This was 
the first dry storage ISFSI licensed in the United States. Chronological 
background information on the licensing activities is provided in 
Part 3.2.1.1 of Appendix C. 

c) Issues: Questions/Requests and Responses. The issues (i.e., NRC 1 S 

questions or requests for information} and their resolutions (i.e., responses 
from the utility or storage system vendor) for the Surry ISFSI are listed in 
Table D. I (Appendix D). Only two questions(•) pertained to the LA: one 
involved the number of casks at the site, the other concerned cost estimates. 

(a) The same question may also apply to one or more of the three documents 
(i.e., LA, SAR, and ER). 
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The distributions of the questions associated with the SAR and ER are shown 

in Tables 3.19 and 3.20, respectively. There were 60 questions(•) that 
involved the SAR. 

In December 1982, the NRC indicated(90) that details of the cask(s) must 
be provided before licensing action can be completed. The questions listed 
in NRC's letter of September 9, 1983,(16) addressed three principal areas of 
review: 1) site-related issues; 2) requests for additional information on 
the basic characteristics of ISFSI components, so the detailed review of the 
ISFSI system and its operation could continue; and 3) an elaboration on the 
radio-logical information associated with the ISFSI. The questions were 
generated from the NRC's reviews of the ISFSI's ER and SAR. Questions 
originating from the ER were identified by an "E" following the question 

number in Table D.!. 

Safeguards 
application.(!!) 

information was inadvertently included in the license 
Later, the NRC indicated(l2) that because of the lack of 

specifics in the initial application the applicant needed to completely 
resubmit the safeguards plans. The applicant responded to three issues 
raised by the NRC; the three concerned seismological, geological, and struc
tural bases for the Surry dry cask ISFSJ.(l6,17) Another issue involved the 
soil liquefaction analysis for the Surry ISFSJ.(l8) The NRC made a site 
visit to discuss proposed license and technical conditions and to discuss 
questions they had in these areas: station health physics procedures, 
station administrative procedures, station training program, cask handling 
procedures to prevent a cask from tipping over, and the cask pressure switch 
monitor.(l3) The applicant also responded(IS) to an NRC request(l4) to 
increase the calculated dose rates shown in the topical safety analysis 
report to account for the effects of neutron subcritical multiplication. 

3.2.1.2 Carolina Power and Light Company (Robinson-2, Docket No. 72-3) 

a) Current Status. Dry storage of spent fuel in a concrete module and 
stainless steel canister system at the ISFSI at the H. B. Robinson Steam 
Electric Plant, Unit 2 (Robinson-2) site(•) in Darlington County, 

(a) The site is five miles northwest of Hartsville, South Carolina. 
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TABLE 3.19. Distribution of Questions/Requests Associated with the Safety Analysis Report 
for the Independent Spent fuel Storage Installation at Surry 

Safety 
Analysis Report 

Section Subsection 

2.0 

3.0 

4.0 

5.0 

7.0 

2 .I 
2 .I. 3 
2.2 

2.2.3 

2.3 
2. 3. 2 
2.6 
2.7 

3 .I 
3 .I. I 
3.3 

4.2 
4. 2.3 

5.2 

7. I 

7.2 
7.3 
7.4 
7.6 

Title 

THE SITE CHARACTERISTICS 
Geography and Demography of Site Selected 
Population Distribution and Trends 
Nearby Industrial, Transportation, and Military 

Facilities 
Effects of Potential Accidents: 
--Pipelines 
--Waterborne Traffic 
Meteorology 
Local Meteorology 
Geology and Seismology 
Summary of Site Conditions Affecting Construction and 

Operating Requirements 

PRINCIPAL DESIGN CRITERIA 
Purpose of Installation 
Materials to be Stored 
Safety Protection System 

INSTALLATION DESIGN 
Storage Structures 
Individual Unit Description 

OPERATIONS SYSTEMS 
Fuel Handling Systems 

RADIATION PROTECTION 
Ensuring that Occupational Radiation Exposures Are 

As Low As Is Reasonably Achievable (ALARA) 
Radiation Sources 
Radiation Protection Design Features 
Estimated Onsite Collective Dose Assessment 
Estimated Offsite Collective Dose Assessment 

Questions/Requests 
No. Subtotal Total 

5 

I 
I 
5 
2 
4 
I 

I 
I 
I 

I 

I 

2 

I 

I 
9 
4 
6 

5 

2 

7 

4 
I 

2 

I 

I 
I 

I 

I 
9 
4 
6 

19 

3 

2 

2 

21 



TABLE 3.19. (contd) 

Safety 
Anal:lsis Regort guestionsLReguests 

Section Subsection Title No. Subtotal Total 

8.0 ACCIDENT ANALYSIS I 
8.2 Accidents I 
8. 2.10 Cask Drops I 

9.0 CONDUCT OF OPERATIONS 7 
9. I Organizational Structure 2 2 
9.3 Training Programs I I 
9.4 Normal Operations I I 
9.5 Emergency Planning I I 
9.6 Decommissioning 2 2 

10.0 OPERATING CONTROLS AND LIMITS 3 
10. I Technical Specifications 3 3 

w . 11.0 QUALITY ASSURANCE 2 N 
m II. I Quality Assurance Program Description-Virginia Power 2 2 
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TABLE 3.20. Distribution of Questions/Requests Associated with the Environmental Report 
for the Independent Spent Fuel Storage Installation at Surry 

Env i ronmenta 1 
Rerwrt 

Section Subsection 

2.0 

3.0 

4.0 

5.0 

6.0 

9.0 

10.0 

2.1 
2.1.2 
2.3 

3.5 

4.4 

5.2 
5.6 
5.6.2 
5.8 

6.2 

9.1 

10. 1 

Title 

THE SITE AND ENVIRONMENTAL INTERFACES 
Geography and Demography 
Population Distribution 
Meteorology 

THE FACILITY 
Radwaste Systems and Source Terms 

ENVIRONMENTAL EFFECTS OF SITE PREPARATION AND FACILITY 
CONSTRUCTION 

Radioactivity 

ENVIRONMENTAL EFFECTS OF FACILITY OPERATION 
Radiological Impact from Routine Operation 
Other Effects 
Climatological Impact 
Decommissioning and Dismantling 

EFFLUENT AND ENVIRONMENTAL MEASUREMENTS AND MONITORING 
PROGRAMS 

Proposed Operational Monitoring Programs 

ALTERNATIVE ENERGY SOURCES AND SITES 
Alternatives to the Proposed Action 

FACILITY DESIGN ALTERNATIVES 
Site Alternatives 

Questions/Requests 
No. Subtotal Total 

1 
4 
3 

9 

7 

3 

1 
2 

3 

1 

1 

5 

3 

9 

7 

3 
1 

2 

3 

1 

1 

8 

9 

7 

6 

3 

1 

1 



South Carolina has been authorized(l34) and deployed. The system, a modified 
form of the NUTECH Horizontal Modular Systems (NUHOMS) design, will accommo
date spent fuel with a maximum burnup of 35,000 MWd/MTU. (33) A NUHOMS module 
contains a single stainless steel canister, which is sealed by a double
welded shield plug at each end. The canister, holds seven PWR fuel 
assemblies of initial enrichment of ~.5 wt% uranium-235. 

b) Background Information. CP&L submitted the LA (included the ERas 
Chapter 12) and SARto the NRC in February 1985.(135) The license (Docket 
No. 72-3, Materials License SNM-2502) for dry storage of spent fuel in 
concrete and stainless steel modules was issued on August 13, 1986.(134) 
This was the second dry storage ISFSI licensed in the United States. Chrono
logical background information on the licensing activities is provided in 
Part 3.2.1.2. of Appendix C. 

c) Issues: Questions/Requests and Responses. The NRC letter of 
May 3, 1985,(29) indicated that CP&L's license application(135) (specifically 
the ER) did not fully comply with 10 CFR 72.20. The NRC letter of June 28, 
1985,(30) to CP&L provided a list (see Table 3.21, which is at the end of 
Section 3.0 because of its length) of environmental questions (intended only 
as a guide) that might be helpful in preparing the ER. Examples of some of 
the issues involved in the SAR for the Robinson-2 ISFSI are listed in 
Table 3.22 (placed at the end of Section 3.0 because of its length). The 
issues and their resolutions for the Robinson-2 ISFSI are listed in more 
detail in Table E.l (Appendix E). An issue associated with the LA involved 

NRC's request for revised security documentation. The distribution of the 
questions/requests from the NRC in the various sections of the SAR is shown 

in Table 3.23 (placed at end of Section 3.0 because of its length). The 
distribution of the 99 questions(a) (in decreasing order of the number of 

questions) in the various sections of the SAR is as follows: "Introduction 

and Genera 1 Description of the Insta 11 at ion n- 20, "Operations Systems" -18, 

"Principal Design Criteria"-14, "Analysis of Design Events"-12, 11 Radiation 

Protection 11 -l0, "Site Characteristics 11 -9, noperating Controls and Limits 11 -8, 

"Installation Design"-8, and "Waste Confinement and Management"-1, and 

(a) Some questions pertain to more than one section. 
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11 Quality Assurance"-1. One of the issues involved the dry shielded canister 
(DSC) enveloping load combination and the maximum DSC stresses for an 8-foot 
bottom drop accident.(l36) The applicant provided responses to other issues 
raised by the NRC, including the assumptions(l37) on fuel enrichment and 
burnup used in the ORIGEN-2(138-141) analyses, the lubricant to be used on 

the DSc,(l37) and a description of the analysis of the thermal load on the 
concrete foundation.(142) An NRC memorandum(8) indicated that the outstand
ing issues remaining to be closed included the final quality assurance 
commitments and completion of the utility's internal plant review to confirm 
operations of the ISFSI and the reactor have no significant impact on one 
another, that no changes to the plant's operating license are needed for the 

!SFSI, and that the ISFSI operates independently. The applicant provided 
responses, including the conclusion that the ISFSI is "independent" as 
defined in 10 CFR Part 72.(9) A question associated with the ER involved the 

onsite collective dose commitment to workers constructing the five additional 
modules. The questions associated with CP&L's request for an amend~ent to 
Materials License No. SNM-2502 pertained to the poison material and to the 
spacer disk structural analysis. 

3.2.1.3 Duke Power Company (Oconee, Docket No. 72-4) 

On March 31, 1988, Duke Power Company (Duke) transmitted(l43) a letter 

to the NRC with proposed amendments to the Technical Specifications for 
Facility Operating Licenses DPR-38, -47, and -55 (Oconee-1, -2, and -3, 
respectively) to permit Duke to operate an Independent Spent Fuel Storage 
(ISFSI) it plans to construct at the Oconee site.(a) At that time, Duke 
stated that the ISFSI will utilize the NUTECH Horizontal Modular Storage 
(NUHOMS-24P) Dry Storage System (see Project M-49 for details). Duke is 
directly involved in the criticality analysis, which involves allowance for 
burnup credit, and in the design of the concrete horizontal storage module 
for the NUHOMS-24P.(37,144) A general comment made by the NRC was that the 

applicant needs to revise the application to account for (e.g., provide dose 
rate information) the installation and use of up to 88 Horizontal Storage 
Modules (HSM); the applicant provided that information.(145) Duke is hoping 

(a) The site is located 30 miles west of Greenville, South Carolina. 
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to have the ISFSI available for operation by January I, I99o.(I44) The 
capacity of the ISFSI is to be approximately 2000 fuel assemblies.(I46) 
Duke's plans for storage of spent fuel in the dry concrete module and stain
less steel canister system at the Oconee Nuclear Station site{a) in Oconee 
County, South Carolina, were described in a recent INMM paper.(147,148) 
Chronological listing of the licensing activities is provided in Part 3.2.1.3 
of Appendix C. 

An issue that arose during NRC's review of the License Application for 
the ISFSI centered on the question of whether, and to what extent, the spent 
fuel storage canisters to be used at the Oconee ISFSI will be compatible with 
the transportation cask ultimately chosen by DOE to transport spent nuclear 
fuel temporarily stored at reactor sites to permanent repositories. In their 
September I988 response(?) to that issue, Duke indicated, given the fact that 
DOE's design effort for its cask fleet is in its early stages, that no 
meaningful compatibility review can be conducted at this time. Duke began 
discussions with DOE in May 1988 on the interface issue.(7) At a meeting of 
Duke and DOE in August 1988,(7) joint agreement was reached on a number of 
items, including these: I) in the view of Duke and DOE, the Duke NUHOMS 
system is presently compatible with the planned DOE system configuration by 
transferring spent fuel assemblies from the storage canister to a transport 
cask in the spent fuel pool, 2) Duke will address the feasibility of modify
ing the storage canister shielding design to reduce canister length, and 
3) DOE will encourage standardization of canisters to the extent practical 
to optimize and facilitate future handling, including potential 
transportation. 

Examples of some of the issues involved in the ISFSI's Environmental 
Report are shown in Table 3.24 (placed at the end of Section 3.0 because of 
its length). Examples of some of the issues involved in the ISFSI's Safety 
Analysis Report are listed in Table 3.25 (placed at the end of Section 3.0 
because of its length). In August 1988, NRC requested(I49) additional 
information from NUTECH because some of the information requested by NRC 
in May I988 was not supplied or was not supplied in sufficient detail, and 
some calculations that were provided did not appear to correspond to the 
NUTECH design. In November I988, the NRC requested(!50) additional 
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information to confirm the design basis deceleration levels for the cask 
drop case (the NRC indicates that it is possible that the deceleration levels 
presented by NUTECH could be higher than stated in the topical report, 
NUH-002, Revision!). 

The NRC is currently continuing its review of the licensing submit
tals.(2) 

3.3 LICENSE APPLICATIONS FOR LARGE-SCALE STORAGE OF CONSOLIDATED SPENT FUEL 

The status of rod consolidation in the United States is described in a 
recent report, PNL-6603.(I5I) As indicated in that report, there have been a 
number of demonstrations of rod consolidation with PWR spent fuel. Three 
utilities have applied for approval for large-scale storage of consolidated 
fuel rods in spent fuel storage pools. 

3.3.1 Maine Yankee 

3.3.1.1 Current Status 

The plant is authorized to consolidate spent fuel rods from no more than 
20 fuel assemblies. 

3.3.1.2 Background Information 

On September 18, 1979, a request to increase the spent fuel storage 
pool capacity at Maine Yankee from 953 to 1545 fuel assemblies by using a rod 
consolidation technique was submitted to the NRc.(l52) The NRC completed 
their review of the application and issued a Safety Evaluation and 
Environmental Impact Appraisal in 1982.(20) However, the state of Maine 
ordered(l53) the utility to withdraw its application to the NRC for licensing 
of large-scale rod consolidation at Maine Yankee. The state would allow, and 
the NRC authorized,(21) the plant to consolidate only up to 20 spent fuel 
assemblies. The chronological listing of the licensing activities is pro
vided in Part 3.3.1 of Appendix F . 
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3.3.1.3 Issues: Questions/Requests and Responses 

In its evaluation(20) of the application, the NRC noted that acceptance 
of the proposed changes was contingent on resolution of these three open 
items: 

1. The licensee must have procedures stating that during full core dis
charges and after the first third of the core has been discharged, pool 
bulk water temperature will be monitored following the insertion of each 
additional assembly. Should this temperature exceed 154'F these 
procedures must direct that recently discharged fuel be returned to the 
reactor vessel until pool bulk water temperature drops to or below 
154•F. 

2. A limit must be added to the Maine Yankee Technical Specifications that 
requires that fuel decay at least I20 days from shutdown before it may 
be consolidated. 

3. The license must be conditioned to preclude lifting a spent fuel ship
ping cask over the pool until a cask drop analysis is submitted by the 
licensee and approved by the staff. 

The utility provided responses and the NRC issued a Supplemental Safety 
Evaluation on October 22, 1982, that closed the open issues.(21) 

3.3.2 Ginna 

3.3.2.1 Current Status 

The NRC issued(24) Amendment No. 12 to Ginna's Facility Operating 
License on December 12, 1985. It authorized storage of consolidated fuel 
canisters in the existing spent fuel pool and use of the Auxiliary Building 
crane to move consolidated fuel canisters. The theoretical storage capacity 
of the pool would be increased to 2032 fuel assemblies (2 x 1016); however, 
due to the limitation on the heat removal capability of the spent fuel pool 
cooling system, the storage capacity is limited to 1016 fuel 
assemblies.(24,25) 

3.3.2.2 Background Information 

Rochester Gas and Electric Corporation submitted an application to NRC 
on February 27, 1985, for an amendment to Ginna's Facility Operating License 
to allow storage of consolidated fuel. The chronological listing of the 
licensing activities is provided in Part 3.3.2 of Appendix F. 
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3.3.2.3 Issues: Questions/Requests and Responses 

At the meeting on June 4, 1985,(154) the NRC requested a change on one 
page (3.11-2) of the application(l55) that involved incorporating previous 
changes that had been submitted but for which approval had not yet been 
received. The utility provided a response.(l56) It indicated that 
Section 3.11.3 was revised to read "A load in excess of one fuel assembly and 
its handling tool shall never be stationed or permitted to pass over storage 
racks containing spent fuel." It also indicated that Section 3.11.5 had been 
revised to read "The restriction of 3.11.3 above shall not apply to the 
movement of canisters containing consolidated fuel rods if the spent fuel 
rack beneath the transported canister contains only spent fuel that has 
decayed at least 60 days since reactor shutdown. 11 The response also indi
cated that the requirement of 3.11.5 ensures that should a handling accident 
occur during movement of a consolidated fuel canister, the dose at the 
exclusion area boundary would satisfy the requirements of 10 CFR 100. 

In December 1986, the utility sent a letter(25) to the NRC. The utility 
indicated that in its review of the NRC's Safety Evaluation Report,(24) two 

statements were noted in the NRC Staff's analysis that were not consistent 
with the amendment or the utility's responses to NRC Staff's requests for 
additional information. These statements concern the use of fuel with 
burnable poisons and the Auxiliary Building crane. The utility requested 
review and clarification by NRC of the Safety Evaluation Report (SER) because 
the inconsistencies noted below present the potential for unnecessary confu
sion and the perception that plant operation may exceed the bounds of the 
licensing basis. The letter(25) indicated that these issues were discussed 
with the NRC Staff after Amendment 12 was issued. 

In Section 2.1 of the December 1985 SER it is stated that "Rochester Gas 
& Electric (RG&E) does not have nor do they contemplate to use fuel assem
blies with burnable poisons, ... ".(25) The reference given was RG&E's 
response to Staff questions dated July II, 1985. In the response to question 

4 of that letter, RG&E included a provision that the applicability of the 
burnup-enrichment curves of Figure 5.4-2 of the Technical Specifications 
would be verified if burnable poisons were used. The verification would 
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assure that the criteria for the pool Keff of less than or equal to 0.95 
would be met. The provisions for this evaluation were incorporated into the 
proposed changes to the basis of the specification which were included in 
RG&E's response. These same proposed changes to the basis included a 
statement requested by the NRC Staff concerning the effect of storing less 
than 179 fuel rods per half canister. Neither of these changes to the basis 
were incorporated into the specification approved by the SER. 

In Section 2.3.2 of the SER, the NRC Staff analysis of canister handling 
appears to conclude that because the Auxiliary Building crane meets the 
single failure proof criteria of NUREG-0612 and handling of the canister uses 
the 5-ton hook of the Auxiliary Building crane, the handling of the canister 
will satisfy the single failure proof guidelines and is therefore accept
able.(25) The NRC Staff references the SER on the modification to the 
Auxiliary Building crane dated October !, 1984. This SER, and the RG&E sub· 
mittals on which this SER was based, never addressed any modification to the 
crane that would result in a load being transported by the 5-ton hook in a 
single-failure proof mode. Rather the radiological effects of a canister 
drop were evaluated and found to be acceptable. RG&E has modified the 40-ton 
hook on the Auxiliary Building crane to be single failure proof to meet other 
heavy load handling concerns that are separate from use of the 5-ton hook for 
canister movements. 

3.3.3 Millstone-2 

3.3.3.1 Current Status 

Northeast Nuclear Energy Company (NNECO), a part of Northeast Utilities 
(NU), has received approval from the NRC for full-scale storage of consoli
dated spent fuel at Millstone-2.(157) 

3.3.3.2 Background Information 

On May 21, 1986, NNECO submitted to the NRC a request for an amendment 
to its operating license for Millstone-2 to allow storage of consolidated 
fuel.(l58) The chronological listing of the licensing activities is provided 
in Part 3.3.3 of Appendix F. 
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3.3.3.3 Issues: Questions/Requests and Responses 

The issues and their resolutions for the large-scale storage of consol
idated spent fuel rods at Millstone-2 are listed in Table G.! (Appendix G). 
The distribution of questions/requests from the NRC by subject matter is 
shown in Table 3.26 . 

In 1987, the NRC indicated that the issuance of the requested amendment 
to the plant's operating license would be delayed until NRC Staff resolution 
of BNL 87-05 (Generic Issue 82, "Beyond Design-Basis Accidents in Spent Fuel 
Pools"). 

One of the issues involved in the application was the proposed require
ment that candidate fuel assemblies (for consolidation) must have decayed for 
at least 5 years.(22,23) The NRC requested a justification for the proposed 
decay time in terms of the consolidation process. The NRC also requested the 
applicant to provide a complete description of the consolidation process and 
an associated safety analysis. Another issue involved dose rates from 
crud.(28) The NRC indicated that because many fuel rod movements will have 
been involved in the reconstituted fuel assembly, it is likely activated 
crud will be released from some fuel rods and adhere to some other rods. The 
NRC requested the applicant to show how an increase in dose rates from such 
crud will be precluded when consolidated assemblies are returned to storage 
in the spent fuel pool. The applicant's response(28) gave three reasons why 
the potential dose rate consequence from crud redepositing on fuel surfaces 

is insignificant. One of the NRC's requests was to describe the method for 
identifying the fuel rods that are most likely to rupture.(28) The applicant 
indicated that prior to consolidation, all candidate fuel assemblies will be 
pre-inspected with the consolidation system TV cameras to review the 
condition of the exterior rows of rods. Any fuel assemblies found to have 
defects will not be consolidated. Another of the NRC's requests was for the 
applicant to provide all data (mathematical models, parameters, codes and 
techniques used) that were used in the calculational model devised to 
determine the increase in dose rates in the spent fuel pool area due to a 
buildup of radionuclides in the pool water.(28) 
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TABLE 3.26. Distribution of Questions/Requests Associated with the 
Application for a License Amendment Concerning Rod 
Consolidation at Millstone-2 

Subject Matter 
Nuclear Considerations 
Thermal-Hydraulics 
Fuel Integrity or Condition 
Materials 
Process/Procedures 
Accident Analyses 
Radiation Aspects 
Fuel Rod Breakage 
Debris (crud, 11 heavy 11 {b) debris, etc. ) 

Schedule 
Rack Test Program 
Fuel from Other Millstone Units 
Future Plans (dry storage and consolidation) 

No. of Questlg~s/ 
LReguest 

15 
4 

4 

3 
8 

3 
4 

2 
2 
1 
1 
1 
1 

(a) Some questions/requests pertained to more than one subject matter. 
(b) For example, parts (fuel pellets, cladding pieces, etc.) from 

broken or damaged fuel rods. 

The NRC noted that the application included a discussion of a rather 
extensive test program to be used in conjunction with the analysis of the 

Spent Fuel Rack System but the testing program and the use of resulting data 
are not addressed in the Safety Analysis Report.(26) The NRC requested a 
discussion of the testing portion as it seemed to be an important step in 
doing a reliable analysis of the Spent Fuel Rack System. In the applicant's 
response,{26) one of the statements indicates that the results from the 
consolidated fuel storage box (CFSB) local stiffness test showed that the 
behavior of the CFSB is complicated under a transverse line load and that the 
CSFB exhibits a great variation in stiffness values. At high loads, local 

yielding or buckling of the box walls occurs. Another issue raised by the 
NRC was the applicant's assumption that no lateral deformation results from a 
100,000-lb load impacting the fuel assembly.(27) The NRC indicated that this 

3.36 

• 

' 

• 

• 

• 



• 

• 

assumption is not justified and seems invalid since it has been determined 
that the guide tubes are yielded due to the load. The applicant's evaluation 
of August 11, 1987, indicates that a 3 x 3 temporary storage rack is to be 
used for both intact and consolidated spent fuel.(159) This rack was not 
included in the NRC's review of consolidated spent fuel storage authorized in 
the recent technical specification change approval; hence, the NRC requested 
justification for use of this rack. In another issue, the NRC Staff 
recommended that a Technical Specification Surveillance Requirement be 
incorporated for consolidated fuel to verify the integrity of the fuel and 
structural elements before movement or placement in the spent fuel pool.(31) 
The NRC also requested information on the method the applicant proposes to 
use to verify the integrity of the storage canister after it has been loaded 
with fuel rods.(31) 
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TABLE 3.3. Examples of Some Issues(•) Involved in Project M-34 
(GNS!, Castor !c) 

Section of Topical Report 

1.0 IntrodJction and General Description of 
Installation 

1.1 Introd.Jction 

1.2 General Description of Installation 

1.2.2 Principal Design Criteria 

1.2.4 Structural Features 

1.3 General System Description 

3.0 Principal Design Criteria 

3.1 Purpose of Installation 

3.1. 1 Material to be Stored 

3.1.1.2 Characteristics of Spent Fuel 

3.2 Structural and Mechanical Safety 
Criteria 

3.2.4 snow and Ice Loading 

3.2.5 Carbined Load Criteria 

3.3 Safety Protection System 

3.3.2 Protection by Multiple Confinement 
Barriers and Systems 

3.3.2.1 Confinetrent Barriers and Systems 

No. of 
.!.W!n 

4 

2 

2 

2 

2 

2 

Items Involved 

Criteria in this section versus in Tables 3.1-11 and 
3.2·1 (criteria inconsistent). 
Cask helil.ln pressure (not stated in table). 
Cavity pressure (involves partial vacullll ard only 
heliun?; corresponding temperature?). 
MaXiiiUll t~rature of hottest fuel rod (less than 
400"C7). 

Third lid (dimensions and materials?: how secured to 
cask?; relationship to protective cover?; mxlified 
protective cover required also?). 
Dimensional specifications (discrepancies in 3 lengths 
and 3 widths). 

Location of at· reactor storage installation. 

MaxiiiUTI design pressure in storage cask (\Jlat is it'·), 

Statement on conservative fuel enrichment level 
(justify or reroove). 
All tables ard figures "should alone" and include 
design bases information (e.g., burnup, decay time, 
etc.). 

Resfstance to fatigue damage (needs evaluation). 

Criteria relevant to storage casks (include in this 
section). 
Source of design criteria in table <ASME Ccxle or 
Regulatory Guide 7.6 or both?). 

Third lid design criteria (need discussion here). 
Need discussion of criteria (accident protection, 
backJ.p confinement, achieving lowest practical release 
Levels). 

sealing system (sealing criteria?: maxirrun allowable 
Leakage rate?). 
Replacement or substitute seals (sealing criteria?) 

(a) From Reference 59. Additional issues are in References 36, 58, 165, ard 166. Responses are in 
References 167-170. 
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Section of Topical Report 

3.3.2.2 Activity Release 

3.3.3 Protection by Equipment and 
Instr\lllelltation Selection 

3.3.3.2 lnstr\lllelltation 

3.3.4 Nuclear Criticality Safety 

3.3.4.3 Verification Analysis 

3.3.4.3.2 Structural Data 

3.3.5 Radiological Protection 

3.3.5.2 Shielding 

TABLE 3.3. 
No. of 
~ 

6 

8 

5 

3.39 

(contd) 

It Involved 

Leakage rate (correct roolecular part of Knudsen 
formJLa; provide LeaKage analysis using appropriate 
parameters including 100% fuel rod failure). 
Leakage rate of dolille seal system (provide forrrula 
derivation). 
Figure shows leak. rate increases with time (equation 
says leak. rate decreases; equation irrpl ies leak. rate 
zero at time zero, which is not the case) • 
Release fraction data (bases?; information should be 
in text and not in restricted appen:lix; consider using 
Regulatory Guide 1.1.25). 
castor lc seal system (include and explain analysis 
and test data and procedures; incll.de test data on 
nod.Llar cast iron). 
Annual activity releases (how computed?; time 
integrated releases and SD·year storage life used?; 
was decay considered?). 

- Switching pressure (what is it?). 

Neutron cross section for criticality analysis (16· 
group is inadequate, 123-gro~.p is state of the art). 
GAHTEC and HAMMER codes (what are they?; 
benchmark.ed?). 
Criticality roodel (provide Ca!lllete nK!del; include 
benchmark calculations). 
Criticality analysis for castor Lc geometry and 
materials (provide irput and output data). 
castor lc storage cask: (rooderation ratio?). 
Results for 8x8 BWR fuel (where are they?; water rod 
included?). 
Criticality roodel (discrete fuel rods or hcmogeneous 
water-fuel mixture assured?). 
Basket drawing (dimensions are illegible). 

Discrepancies in densities for steel ancl nodular
graphite cast iron (what are correct values?). 

Experimental verification of calculated dose rates 
(were same "representative burnup ancl decay time" used 
in shielding calculations?). 
Location bases for handling operations dose rates 
<what are they?; determination of dose rate varia
tions?; distance assured in shielding calculations?). 
Distances and occupancy times in table (how deter
mined?; likely distribution?; incll.de 5% and 95% 
confidence bounds). 
Data in two tables (are they conservative?; ~r~cer

tainties in dose rates?). 
Direct radiation and sky-shine results (not useful 
unless input data included; all tables and figures 
need sufficient design bases information to stand 
alone). 



Section of Topical Report 

3.3.7 Materials Handling and Storage 

3.3.7.1 Spent Fuel Handling and Storage 

3.4 Classification of Structures, 
Corrp:ments, and Systems 

3.5 DecOilJllissioning Considerations 

3.5.1 Storage Casks 

TABLE 3.3. 
No. of 
~ 

8 

3 

3.40 

(contd) 

Items Involved 

Potential cladding failure at design temperature of 
4oo•c <not adequately addressed). 
Haxii!Uil external contamination Limits (where do these 
come from? ) . 
Statement that " ... maxirrun cladding temperature in dry 
storage casks should be comparable with values during 
reactor operation" (not valid; provide cladding integ
rity data). Inclusion of Appendix 4 from Gorteben 
Safety Analysis Report (permissible for information 
purposes only; further information on fuel cladding 
integrity needed; detailed explanation of 425"C as 
acceptable temperature). Fuel cladding integrity 
tests (provide details). Exxon GAPEX-2 code and cat· 
culations with it (provide details). Gas (hel iUll) in 
cask prevents external corrosion of cladding (proce· 
dJres for removing irrpurities and water?; limiting 
values?; demonstrate corrosion is insignificant). 
Stress corrosion cracking (provide detailed dis· 
cussion). Propagation of fuel cladding cracks <dis· 
cuss in detail). Potential mechanisms for fuel 
cladding failure (need to address; establish design 
bases to avoid cladding failure; demonstrate that 
design bases met). 
Fuel cladding storage temperature Limit (provide 
description and calculational and/or test results; 
provide calculational details to allow adequacy 
evaluation). 
Surface contamination Levels (what are these?; do 
references to "transport regulations" ifi1JLY 
49 CFR Part 173?). 
Storage of defective fuel assenDlies (in U.S., NRC 
says no need to put known defective spent fuel in dry 
storage; hence no known defective fuel should be 
accepted for cask storage). 
Justification of cladding design temperature of 400"C 
(description of data and sl.bstantiation of conclusions 
needed; relate stress, temperature, and creep rupture 
I ife for ctaci:Hng material; incttxle variation of clad
ding pressure or stress with time; provide analysis to 
support 1000-year cladding t ife without rupture). 
Spent fuel cladding creep rupture life (should be 
stated; design criteria?). 
The 95X confidence Level for 1000-year lifetime at 
400"C (need supporting analyses and data). 

Discrepancy in table showing flushing and drainage 
comections (they nust not leak dJring storage period; 
did analysis in Section 3.3.2.2 include these two 
potential leakage sources). 
Flushing ard drainage comections (type of metal 
seal?). 
Discrepancy in table showing cask trtllnions (they rrust 
not fail when cask Lifted). 

Thermal neutron flux assunptions {how determined?; 
activation thicknesses assuned for cask wall, bottom, 
and cover?; how were ORIGEN activation calculations 
performed?; how was variation in flux with time taken 
into accoont?). 

• 
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Section of Topical Reoort 

4.0 Installation Design 

4.2 Storage Structures 

4.2.1 Structural Specification 

4.2.1.1 Calculation of the Cask Body 

4.2.1.2 Calculation of the Primary Lid 

4.2.1.4 calculation of the Primary Lid 
Bolts 

TABLE 3.3. 

No. of 
Jssues 

12 

5 

4 

2 

3.41 

(contd) 

Items lnvolved 

Section JII of ASME Code cited (none of calculations 
conform to this specification) • 
Stress intensity limits for nodJlar cast iron (no 
limits stated in Section III of AM Code). 
Reference to lesser of one-third ultimate or two· 
thirds yield Conly applies to d.Jctile steel). 
Yield strength of bolts (t~rature associated with 
stated value?; is this highest t~rature for 
bolts?). 
Bolt material stress limits for bending (need to 
state). 
Primary and secondary cover materials stress intensity 
limit (high range of materials?; base on mininun 
properties?). 
Sm for trumion material (20,000 psi, not 120,000 
psi). 
GGG·40.3 specifies 12% minimun elongation (Castor lc 
material does not conform). 
Allowable stress limits (from ASME Code?; if so, 
source?). 
Cask bcdy material does not meet GGG-40.3 standards 
(provide material specification; provide data to 
suJ:P(Irt properties used in analysis). 
X 5 cr Ni 13 4 (htlat is it?; identify it with 
equivalent ASME or ASM material specification). 
Primary and secondary cover (identify material with 
equivalent ASME or ASM material specification) . 

Cask internal pressure during normal storage (what is 
it, asslllling 3 fuel rod failure rates and cask burled 
in debris?; provide calculations showing design limit 
not exceeded un:ler accident conditions). 
Calculation of safety factors or limiting pressure 
levels (use of foriiJJla for extrapolation not 
acceptable). 
All stress intensities for normal conditions (provide 
data; use ASME criteria and rules for calculations). 
Incorrect sentence structure in one paragraph. 
Subscript discrepancy in one figure. 

Primary lid (thin plate theory not valid for thick
walled lids; provide ASME Code analysis and include 
thermal stresses). 
Use of maximun distortion energy theory (deviates frcm 
ASME Code's rules). 
Page 4.2-8, "foreseen?" 
FTB " 6.25 X 1!J+ N? 

Statement that material yield strength must exceed 
calculated maximun stress (incorrect; design stress 
intensity limit rrust not exceed calculated maxi nun 
stress). 
German thread standards (NRC reviewers not familiar 
with them; provide data). 



SectiOf'l of Topical Report 

4.2.1.7 Material Properties 

4.2.2 Installation layout 

4.2.3 Individual Unit Description 

TABLE 3.3. 
No. of 
~ 

10 

2 

4.2.3.3 Design Bases and Safety Assurance 

5.0 Operation Systems 

5.1 Operation Description 

5.1.1 Narrative DescriptiO!'\ 

5.1.2 Flow Sheets 

5.1.3 Criticality Prevention 

5.1.3.6 Heat Transfer Capability of the 
Caslo: Body 

5.1 .3.7 Fuel Rod Terll)eratures 

4 

3 

4 

3.42 

(contd) 

Items Involved 

Section title (make "Ductile Cast lrM Material 
Properties" or provide materials properties for each 
major corrponent). 
Cualifying caslo: against brittle failure (relationship 
of material ductility?). 
Fracture mechanics (describe role; provide fracture 
toughness data). 
Statement regarding "positive tests with prototype 
CASTOR cask" (what is reference?). 
Statement that prototype caslo: values apply to mass· 
produced caslo:s (assurance that test results help 
support this?). 
Statement concerning "positive drop test results" 
(what is reference?). 
The 9·m free drop test (description of test?). 
Qualification of cask against brittle fracture 
<relationship of material parameters?). 
Factor of safety of Me or margin of safety of zero 
(adequate for safety?; assurance that mass·produced 
caslo:s will not fail?). 
Statement regarding "more than 120 materials tests" 
(source?). 

Appendix 5 (WrOf'lg reference). 
Discrepancy in optillUII distance for center·to·cente~ 
spacing (correct value?). 

- Caslo: trumions (include in list). 

"F~.r~ction checlo: of the !llOOitoring system" (why not 
include as Taslo: 8?). 
Dose rate at one meter (0,005 rem/hr instead of 
0.005 mrem;hr?). 
Total exposure <man-rem instead of mrem/hr?). 
Dose variation with distance for persomel exposure 
(explicit function derived or assl.llled?). 

Statement that criticality cMtrol during storage is 
not necessary (should not be stated}. 

Emissivity coefficient (influence of envirorvnental 
effects?). 
Heat transfer calculation for caslo: bottom 
(unconservative assumption used). 
Fin heat dissipation (provide calculations for one 
fin). 

Equilibrillll fuel rod t~rature discrepancy involving 
MIT analysis and GHS data (cause of difference?). 
Benchmarlo:ing by four full-scale experiments (provide 
test data; provide analysis). 
Half-scale experiments (provide further detail). 
Equi l ibrillll fuel rod terrperature (use bou-ding value 
for terTperature increase; determine terll)erature; 
provide analysis calculations). 

• 

< 

• 



• 

TABLE 3.3. 

Section of Topical Report 

5.3 Other Operating Systems 

5.3.2 Component/Equipment Spares 

6.0 Waste Confinement 

6.5 Radiological Irrpact of Nonr.al 
Operations 

7.0 Radiation PNltection 

7.1 Ensuring That Occl4Jational Radiation 
Exposures Are As Low As Is Reasonably 
Achievable (ALARA) 

7.1.1 Policy Consideration 

7.1.2 Design Considerations 

7.2 Radiation Sources 

7.2.1 Characterization of Sources 

7.2.2 Airborne Radioactive Material Sources 

7.3 Radiation Protection Design Features 

7.3.1 Installation Design Features 

7.3.2 Shielding 

7.3.2.1 Shielding Design Features 

No. of 
Issues 

2 

3 

2 

3 

3 

3 

4 

3.43 

(contd) 

Items Involved 

Hanclling operations (health risks?; provide 
temperature information). 

Evolving? 
Installation of spare or alternative eq.~ipment 
(discuss or reference other sections). 

Dose calculation [how performed?; determination of 
diffusion factor?; f lux·to·dose conversion factors 
used? (if so, how established; if not, why not); 
provide sample calculation], 

Cask safety conclusions (need to sl.bstantiate). 
Restoration of double containnent (reference to 
Section 5 appears incorrect or insufficiently 
specific). 
"Periodic optical inspection" policies (nee:! details). 

Seal replacement (discussion inconsistent with that in 
Section 8. 1.1.4). 
Figure in last sentence (what and where is it?) • 

"Weight factor" (what is it and how used?). 
"Conversion factor" (units ard source?). 
Energy bourns (needed in two tables). 

Release fractions (bases?). 
Cladding failure (is 100% failure asstned in two 
tables?). 
Design bases information (more data needed in one 
table). 

Regulatory position 2 of Regulatory Guide 8.8 (GNS 
should address each section). 
All sources of radioactivity (provide four types of 
data). 
Radiation dose rates during maintenance, repair and 
surveillance activities {provide data). 

Cask 10all thickness inconsistency (why the 
difference?). 
Homogenized fuel and basket (material properties?). 
Effective moderator thickness (how determined?; 
discuss methocO. 
Tables ard figure <need to stand alone). 



TABLE 3.3. 

Section of Topical Report 

7.3.2.2 Shielding Analysis 

7.3.2.2.1 Shielding Calculation 

7.3.2.2.2 Experimental Verification 

7.4 Estimated Onsite Collective Dose 
Assessment 

8.0 Accident Analysis 

8.1 Off-Normal ~rations 

8.1.1 Event 

8.1.1.2 Detection of Event 

8.1.1.3 Analysis of Effects and 
Consequences 

8.1.1.4 Corrective Actions 

8.1.2 Radiological I~ct from Off-Normal 
Operations 

No. of 
~ 

7 

2 

5 

3 

4 

3 

3.44 

(contd) 

Items Involved 

Effective moderator thickness calculation (discuss). 
Polyethylene density (inconsistency in values?; effect 
on calculation?). 
End·piece calculations and source tenns (where 
described?). 
Mean neutron spectr!.lll in Appendix 2 (how determined?; 
need irp..~t data for analyses). 
Cavity length (inconsistent values). 
"Maxinun dose rate" in last paragraph (misleading 
statement; should be "maxinun for ~rage cbse rate''). 
"Shielding effect of the fins" (should state it is 
taken into consideration). 
Shielding calculations (t..ncertainties?). 

Experimental versus shielding calculations (same fuel 
conditions?). 
Lid surface (source of "factor of 10 .•• "?). 

Time and dose for routine optical inspection 
(inconsistency in data; which values are correct?). 
Collective dose for cask confinement control 
(inconsistency in values). 
Cask confinement control, including tightness testi'lg 
(not included in two tables). 
Dose rate for individuals {where is it?). 
Tightness testing (time allowed?; procedure?; rurber 
of people?). 

Each event (discuss separately; include description, 
cause, detection method, effects and consequences, ard 
corrective actions). 

Hypothetical faiLure of pressure gage corrponents or 
interruption of monitoring system electrical energy 
supply (this event not mentioned here). 

Last sentence, first paragraph (does not make sense). 
Activity release (cooments in Section 3.3.2.2 apply 
here also). 
Activity calculations (need details in table; are 
certain releases truly undetectable?). 

Third tid sealing system Chow accooplished?; required 
criteria?). 
Time periods for action steps (need data in figure). 
Corrective actions for cask tipping <what are actions 
for cask drop and cask cell i si on?; same as for 
tipping?; slRllll8ries same as in figure?). 
Adding third lid (relevant handling information?). 

Details of calculations (not understood). 
Dose units for secondary cover seat replacement 
<man- rem, not mrem; substantiate dose exposure 
state:nent). 
Third lid addition (include dose data). 

• 

• 

• 



• 

• 

• 

TABLE 3.3. 

Section of Topical Report 

8.2 Accident 

8.2.1 A~cidents Analyzed 

8.2.1.2 Accident Analysis 

8.2.1.2.2 Tornado Missiles 

8.2.1.2.3 Cask Tip·Over Incident <Case I) 

8.2.1.2.3 Cask Drop Accidents 

8.2.1.2.6 Thermal Loads 

8.2.1.2.7 Overall Sunnary of Accident 
Analysis 

10.0 ~rating Controls ard Limits 

10.1 Proposed Operating Controls and Limits 

10.1.1 Contents of Operating Controls ard 
Limits 

No. of 
Issues 

2 

5 

6 

8 

2 

3.45 

(contd) 

Items Involved 

Wird speed ard missile speed assllllptions 
(incalSistency in data). 
Reference to Appendix 9 (be roore specific). 

cask loading is indepen:::lent of distance of fall as 
cask tips over (assuned in analysis?). 
Impact force as a result of a fall (aSSI.IJPtions in 
analysis do not appear realistic or conservative). 
If area of impact is top of cask 45" aioiay fran 
trlJll'lion (higher stresses may result). 
Cask failures modes and failure criteria (not 
described; provide either conservative bounding values 
or flawed-cask drop test results). 
Case II (similar remarks apply). 

cask drop accident analysis (has same deficiencies as 
cask tipping analyses). 

Experimental test results (provide additional 
information). 
First test with Castor Ic (provide data on five 
parameters). 
cast iron metallurgical changes dJe to fire (provide 
evaluation; limitation on subsequent handling?). 
Thermal isolation test (cask size?; internal heat 
load?) . 
Last sentence in paragra!*l (has oobiguities; provide 
activity release calculation). 
Summary on activity releases (Regulatory Guide 3.48 
requires discussion of dose consequences following 
each accident). 

Analyses (s~..m~~aries not inclu:led). 
Fracture mechanics analysis (associate with col!pOI'lent 
structural analysis). 
Dynamic analysis of fuel basket (include structural 
analysis; provide material properties). 
Cask outer surface stresses in drop accident (contrary 
to statement, high stresses can exist; should use 
finite element analysis; discuss thermal fatigue). 
Details in Appendix 6 (define more precisely in main 
report). 
K1c values (carnot be justified by figure in 
Apperdix 6; NRC insists that material properties be 
furnished). 
Detecting maximum observable flaw sizes (type of 
capability that exists?). 
Tipover and drop analyses (analyses questionable; 
derived K1c values also questionable). 

Cask environnent heliun pressure (accept;:b\e limits?). 
Partial pressure of air within cask environment 
(limits?) . 



TABLE 3.3. (contd) 

Section of Topical ReP?rt 

10.1.2 Bases for Operating Controls and 
limits 

10.1.2.1 Cask Surface Terrperature Limit 

10. 1.2.2 Cask Surface/Off·Surface Dose 
Rate limit 

10.1.2.3 cask Tightness Control and Leakage 
Limits 

10.1.2.4 Fuel Characteristic Limits 

10.1.2.5 Siting limitations 

10.2 Developnent of Operating Controls and 
Limits 

10.2.2 Limiting Conditions for Operations 

10.2.2.2 Technical Corditions 

10.2.2.2.2 Cask Exterior Dose Rate Limits 

10.2.6 Operating Controls and Limits 

10.2.6.1 Tightness Monitoring 

Appendix II auality Assurance Hancl>ook for 
Castor Dry Storage Casks 

General 

III. Design Control 

I II .4 Checking of DOCllllentS 

II!.4.1.1 Checking Offices and Criteria to 
Check 

XII. Control of Measuring ard Test 
Equipnent 

No. of 
~ 

3 

2 

Items Involved 

Cask surface t~rature (shouldn't it be based on 
cask array rather than single cask?). 

Cask shielding dose rate design values (state surface 
dose rate limit here and in table; correct distance 
for off-surface limit?). 

HelilJII leak rate (inconsistency in stated values). 

Specific power (inconsistency in stated value). 
Reference to "an average of the hottest fuel rod" 
(average of what is not defined). 
Fuel rod maxinun burrup limits (specify). 

Statements in this section (inadequate; need to 
address tenperature limitations). 

· Single cask values provided (Jr17'1ide cask array data). 

Procedure in Step 5 (Action) here versus that lrlder 
Corrective Actions of Section 8. 1.1.4 (inconsistent). 

- QA hancix>ok (many typing errors; need to correct). 

Criteria (need to include federal regulations). 
COIIp.Jter codes (need to be benchmarked an:! verified). 

Measuring and test eq.Ji~=f~Ent (describe methods for 
assuring confirmation to requirements). 

3.46 

• 

• 

• 



• 

TABLE 3.4. Examples of Some Issues(•) Involved in Project M-35 (C-E) 

Section of Topical ReP?rt 

General Cooments 

1.0 Introduction and General Description 

1.1 Introduction 

1.1 .1 Type of Dry Storage Mode 

1.1 .4 Description of Spent Fuel to be 
Stored 

1. 1.5 Waste Product 

1.2 General Description of the Installation 

1.2.1 Principle Characteristics of the Site 

1 .2.2 Principal Design Criteria 

1.2.3 Operating Systems 

1.2.4 Structural Features 

1 .2.5 Passive Decay Heat Dissipation System 

1.2.6 Fuel Handling 

1.3 General System Description 

1.4 Identification of Agents and 
Slbcontractors 

1.5 Material Description By Reference 

2.0 Site Characteristics 

No. of 
~ 

4 

3 

Items Involved 

Following of format in Regulatory Guide 3.48 (report 
is not sufficiently substantive in many areas 
including description of cask and safety-related 
app.~rtenances; failure criteria and analysis details; 
procedures for filling, sealing, Lifting, and 
transporting cask and illustrations of models). 
Cask description ard analyses (expand report). 
Report addressed only single cask (provide generic 
treatment of cask arrays). 
Cited references (sul:mit copies with report). 

Purpose and general description of installation (too 
tittle information provided). 

Principle design features (need additional 
information). 

Dry storage mode (describe in general terms). 

Identify in general terms. 

Specify, if any. 

Installation description (no information provided; 
provide information on principal design criteria, 
operating systems, structural features, etc.). 

Principal site characteristics (provide range of 
parameters to envelope variety of sites>. 

Design criteria (provide brief discussion). 

Applicable to cask only. 

Structural features such as fuel st..pparts, trumions, 
etc. (provide short description). 

Need to provide sunmary description. 

Fuel handling is a site·specific activity (provide 
general description). 

General description (should involve only at· reactor 
storage; provide detailed discussion of transportation 
and cask placement; provide generic at· reactor site 
Layout). 
Safety related systems (provide detaiLed infonmtial). 
Cask heat transfer aspects (provide more information; 
provide details on heat transfer paths ard primary 
design criteria), 

Sources of data (identify consultants, testing 
laboratories, etc., if used). 

Supportive data (list and supply all available 
docll!lented sources). 

Site·specific parameters (provide range of values that 
envelope credible conditions). 

(a) Frcrn Reference 38; the issues were also inclu::led in an attachment to Reference 39. 

3.47 



TABLE 3.4. 

Section of Topical Report 

3.0 Principal Design Criteria 

3.1 Purpose of Installation 

3.1.1 Materials to be Stored 

3.1.2 General Operating FUlctions 

3.2 Structural and Mechanical Safety 
Criteria 

3.2.1 Tornado and Wind Loadings 

3.2.1.1 Applicable Design Parameters 

3.2.1.2 Determination of Forces on 
Structures 

3.2. 1.3 Ability of structure to Perfonn 
Despite Failure of Structures not 
Designed for Tornado Loads 

3.2.2 Water Level (Flood) Design 

3.2.3 Seismic Design 

3.2.4 Show and Ice Loadings 

3.2.5 Cmbined Load Criteria 

3.2.6 Thermal Loading 

3.3 Safety Protection Systems 

3.3. 1 General 

3.3.2 Protection by Multiple Confinement 
Barriers and Systems 

(a) Sealed surface storage cask: <SSSC). 

No. of 
Issues 

2 

2 

2 

3.48 

(contd) 

Items Involved 

Provide description. 

Radiological characteristics of fuel to be stored (no 
information provided; is ORIGEN the data source?). 
Spent fuel characteristics (for each par£111eter, need 
maxinun or mininun allowable value; need base 
calculations on limiting par£111eter values). 

DecontBIIination of cask (will wastes be generated?; 
discuss onsite transportation of cask>. 

Various natural conditions affecting structural and 
mechanical integrity (need design bases c~letely and 
concisely stated). 
Cask: design (objective is safe confinement ard preven· 
tion of degradation and gross rupture of spent fuel). 

Actual design parameters for tornado and wind loadings 
(specify; provide justification "*'ere needed). 

Tangential and linear wind velocity ass~tions 
(explain; provide analysis to support conclusions). 

Any other structure associated with the sssc<a> (anv 
in this category?). 
Tornado and other missile effects (must be addressed; 
consider loss of fluid neutron shield). 

Envelope of credible flood conditions (assess effect 
of resulting forces on SSSC). 

Vertical and horizontal ground accelerations (will 
sssc topple U"Jless tied down?; provide safety analysis 
if sssc withstands this type of loading and if not, 
provide nontoppling case calculations). 

Envelope of credible snow and ice Loadings (any effect 
on SSSC performance?). 

Loads and loading corrbinations on sssc (define in 
detail; include load factors for each Load wotxn>~L). 

Criteria (describe; include consideration of ambient 
air terrperature range, solar insolation range, and 
terrperature transients). 

long·term safe and secure contairment (identify items 
that require special consideration; discuss vulner
ability of safety-related conponents). 

Multiple confinement barriers (describe criteria for 
design; for extemal natural phenomena and accidents, 
is ~ero radioactivity release a criterion?). 

• 

• 

• 



• 

• 

Section of Topical Report 

3.3.2.1 Confinement Barriers and Systems 

3.3.3 Protection by Equipment and 
Instrumentation Selection 

3.3.3.1 Equipment 

3.3.3.2 Instrumentation 

3.3.4 Nuclear Criticality Safety 

3.3.5 Radiological Protection 

3.3.5.2 Shielding 

3.3.6 Fire and Explosion Protection 

3.3.7 Materials HancH ing and Storage 

3.3.7.1 Spent Fuel Handling and Storage 

3.3.7.2 Radioactive Waste Treatment 

TABLE 3.4. 
No. of 
Issues 

2 

2 

2 

3 

3.49 

(contd) 

Jtems Involved 

Primary and secondary confinement barriers (address 
criteria; discussion and figures provided are inade
q.Jate. Seals (how made and tested?; conseq..~ences of 
seal failure?; no system included to monitor seals on 
continuing basis; how is seal integrity verified?). 
Fuel cladding as first barrier to release of fuel 
material (inspection provisions to assure that defec
tive or waterlogged fuel is not placed in dry 
storage?). 

The O·ring seal (design criteria for release of 
radioactivity?). 
Therll'KlCOl4Jle for monitoring cask t~rature (itemize 
design criteria). 

Seal integrity monitoring capability (needs to be 
added). 

Mist density assurptions (provide explenation; if 
undennoderated case results in maximun keff• provide 
details). 

Collective doses (in manrem) per year in each area and 
for various operations (need to provide; also, provide 
detailed descriptions of repair and maintenance 
operations; consider direct radiation; provide cask 
surface source field information) . 
For generic use, single cesk considered, as 
recommended by NRC (NRC recommends that detailed 
calculations for inl ine and square arrays of casks 
also be included). 

Criteria for 30-minute exposure to ambient temperature 
of 220"F (this should be in Section 3.2.6). 
Loading criteria due to explosion (basis for shock 
wave assurption?). Meeting 10 CFR 72 criteria 
(provide calculations). Exposure to fire (criter-ia?). 
Pressure ret ief valve (design criteria?; pressure 
level for ret ief?; conditions that would prevent 
functioning of valve?; was some release of water and 
ethylene glycol mixture considered?). 

Cask contamination control (discussion needed; if 
contamination not anticipated, so state and provide 
SUJ:POrt). 

Need to provide discussion (if no radioactive waste 
anticipated, so state and provide support). 



Section of Topical Reoort 

3.5 Deccmnissioni~ 

4.0 Installation Design 

4.1 sumo11-y Description 

4.2 Structural Specifications 

4.2.1.1 Materials of Construction 

4.2.1.2 Fabrication ard Inspection 

4.2.1.3 Quality Assurance 

4.2.2 Installation layout 

4.2.3 Jrdividual Unit Description 

4.2.3.1 Fll'lction 

4.2.3.2 Components 

TABLE 3.4. 
No. of 
~ 

3 

2 

4.2.3.3 Design Bases and Safety Assurance 

3.50 

(contd) 

Items Involved 

Neutron activation of cask materials (need discussion; 
consider activation products ard expected activities; 
address cask decontamination ard disposition; if cask: 
released for unrestricted use, provide explanation ard 
support). 
Removal of fuel asserrblies from sealwelded casks 
(describe method); cask internal surfaces (maintain 
smoothness?; minimize cracks ard crevices?), 
Removal of fuel asserrbl ies at end of storage life 
(address possibility of havi~ degraded fuel present); 
cask Lnloadi~ (assuring that boron concentration in 
water is sufficient?); lowering of fuel and cask: 
interior terrperatures (include description of such 
measures). 

Conformance with design bases (provide detailed 
description of cask design ard analyses; report lacks 
sufficient design and analysis data). 

Generic treatment of casks in multiple arrays (should 
be considered), 

Use of American Institute of Steel Construction 
Material of Steel Construction for cask: design ard 
fabrication (explain; ASME Code's rules appear more 
appropriate; are AISC requirements carpatible with 
ASME requirements?). 
Welding requirements (American Welding Society is an 
authoritative source; cite applicable AWS codes). 

Materials (describe all materials used). 

Fabrication and inspection methods (discuss here 
rather than in Section 4.2.3.3.3.2). 

Quality assurance acti viti es (itemize in tabular 
form). 

Essential features of cask: (provide engineering 
drawings; include detailed drawings of cask: body an:::l 
closure head, pressure tap Locations, therfl'I:IC04=Jles, 
valves, trl.l'mions, etc.). 

SSSC (provide detailed description; describe its 
functions and design details). 

Description in Section 1.3 (inadequate). 

Safety-related components (describe those req..~iring 

analysis to determine design configuration; reference 
to Figure 4.2-1 with no further discussion is 
t.llacceptable; discuss safety aspects ancl limits). 

Structural elements that are important to safety (pro· 
vide analyses summary; include component or structure 
description, magnitude ard direction of applied 
forces, analysis method, rnaximun forces and deflec
tions, applicable material properties, and safety 
margins). 

• 

• 
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• 

• 

Section of Topical Report 

4.2.3.3. 1.1 (CE) General 

4.2.3.3.2 (CE) Shielding 

4.2.3.3.3 (CE) Structural 

4.2.3.3.3. 1 (CE) Design 

4.2.3.3.3.2 (CE) Fabrication 

4.2.3.3.3.3 (CE) Seals 

4.2.3.3.4 (CE) Thermal 

4.2.3.3.4.1 (CE) Bases 

TABLE 3.4. 
No. of 
Issues 

2 

5 

4 

3.51 

(contd) 

Items Involved 

Flooding of cask. with l.flborated mist (no detai Is pro
vided; state assurptions for mist densities and fuel 
terrperatures used in criticality calculations); flood· 
ing of cask. with urilorated water (IOOre details 
needed). 
Credit for sollble boron in pool water (need to pro
vide criticality calculations; reconsider need for 
additional neutron poison in cask. storage racks) • 

Radiation shield analysis Chow was analysis per· 
formed?; were specific neutron and g£mll8 dose rates 
used?; if so, state and support rates). 

Pressure tap connections (confusing statements; are 
there different taps?); cask surface exposure rates 
[ccmnents would be more relevant in Section 4.2.3.3.2 
(CE)]. 
Spent fuel storage containers (isn't A'WS 01.1-1981 
more applicable than AilS 014.1?). 
Cask. structural analysis (discuss possible failure 
modes and failure criteria; analysis must show that 
contai nnent breach will not occur lllder assuned 
loading). 
Cask body and welded seals (is brittle fracture pos
sible failure mode?; if so, is material's fracture 
toughness adequate if structural inperfections exist?; 
if brittle fracture mode not considered, justify 
exclusion). 
Cask. drop and cask. tip·over events (discuss effect on 
spent fuel in the cask.; degree of fuel damage in such 
events?; if damage such as rt41ture of fuel clad:ling 
occurs, will cask be unloaded?; if significantly 
damaged fuel is stored, 14-iat is effect on thermal and 
criticality analyses in report?). 

Pressure tap connections (report states they are seal 
welded with closure plug, l<hich is incarpatible with 
other statements). 

Testing of volune between primary and secondary seal 
(how tested?; how is monitoring done if tap welded?); 
cask. leak rate (htlat is it?; justify). 

Table 4.2-3 (excludes solar isolation provision). 

Off-normal events for cask (provide justification for 
design base 1, is nonrt41ture of cask water jacket 
irrplied?). 
Design base 3 says fuel cladding not damaged by 
terrperature of 450"C (provide analysis and/or 
justification). 
Anbient surrourdings <add design base for it; address 
solar isolation effects). 
Single cask addressed (ad:! array of casks; if nitrogen 
used, reactivity with n~~terials?; if inadequate 
nitrogen data available, use inert gas; expected cask. 
pressure levels?). 



TABLE 3.4. 

Section of Topical Report 

4.2.3.3.4.2 (CE) Methodology 

4.2.3.3.4.2.1 (CE) Normal ConditiOI'lS 

4.2.3.3.4.2.2 (CE) Off-Normal 

4.3 Auxiliary Systems 

4.3.7 COIIIllJnicatiOI'ls and Alarm Systems 

4.3.9 Maintenance Systems 

5.0 Operation Systems 

5.1 Operation Description 

5.1.1 Narrative Description 

5.1.2 Flowsheet 

5.1 .3 Identification of Slbject of Safety 
Analysis 

5.1.3.1 Criticality Prevention 

No. of 
Issues 

9 

4 

3 

3.52 

(contd) 

Items Involved 

Analysis (provide additional information; inclu:le heat 
transfer between assettbl ies, maxinun clad:ling tenpera· 
ture, etc.; 24 or 21 assenbl ies?). 

This section should be incorporated in Section 8. 
Analysis (describe in roore detail; include major 
ass~tions; need analysis and consequences of not 
maintaining water in neutron shield; describe conse· 
q..~ences of fuel da-nage or verify ft.el renBins intact). 
Clarify statement regarding falling of cask and 
rupture of water jacket. 
Water-ethylene glycol mixture (extreme ambient 
tenperature?; proportion of glycol required?). 
Possibility of explosion (need to address). 
Lightning (protection provided?; if not provided, need 
basis). 
Loss of ethylene glycol (effect on fluid-to-outer 
jacket heat transfer?; thermal analysis should 
consider actual range of fluid mixtures). 
Ethylene glycol vapor in presence of air (effect of 
possible spark?); accident analysis (discuss and 
substantiate breach of outer shell followed by 
explosion, if credible). 
Recovery from off-normal conditions (provide detail:; 
and analyses for events where design terrperatures a·e 
exceeded). 

Monitoring system tor cask integrity (NRC concerned 
about lack of system; if seal failure occurs, how will 
operating personnel know accidental radioactivity 
release possible or illlllinent?). 

Storage cask maintenance (needs to be considered; what 
happens in seal failure event?), 

Cask design (describe aspects that facilitate cask 
lifting, moving and emplacement). 
Seal weld integrity (can it be checked?; if so, 
describe). 
Leakage and structural deterioration (describe means 
for evaluating during storage). 
corrmitment to action (describe; include limits). 

Seq.;ence of operations and control (provide 
description). 
Cask emplacement and periodic inspections (show 
sequence of operations; include radiation source 
terms). 
Fuel acceptance and delivery operations (describe). 

· Discussion under SectiOI'l 4.2.3.3.1 should be here. 

• 

• 

• 
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TABLE 3.4. 

Section of Topical Report 

5.1.3.4 Instr!.lllefltation 

5.2 Fuel Handling Systems 

5.2.2 Spent Fuel Storage 

5.2.2.1 Safety Features 

5.3 Other Operating Systems 

5.3. 1 Operating Systems 

5.3.1.3 Design Description 

5.3.2 C~nent/Equiprrent Spares 

5.4 Operation Si.4Jport System 

5.4.1 Instr!.lllefltation and control Systems 

5.6 Analytical Sampling 

6.0 Waste Confinement and Management 

6.1 Waste Sources 

6.5 Radiological lwpact of Nonnal 
Operations 

7.0 Radiation Protection 

7.1 Ensuring that occupational Radiation 
E~posures Are As Low As Is Reasonably 
Achievable (ALARA) 

7.1.1 Policy considerations 

7.1.2 Design considerations 

No. of 
Issues 

2 

3.53 

(contd) 

Items Involved 

Use of pressure taps to rronitor leakage (type of 
instrl.lflentation required?); monitoring cask internal 
tenperatures (describe in rrore detail; instr!.lllefltation 
required?; comply with Regulatory Guide 3.48) . 
Pennanently installed instrurentation (NRC not con· 
vi need that it is not required; without instrurenta· 
tion, how is seal failure detected?; seal integrity 
checked only in accident event?; if only periodic 
surveillance used, then add seal weld integrity checks 
to procedJres). 

At· reactor storage (describe operations). 

Conmitment to action (describe; include limits). 

Minimizing personnel e~posures to radiation during 
operations aN:! maintenance (provide description 
appropriate to single cask:). 

Maintenance and repair operations (describe here; 
include bases; address off-normal events aN:! acci • 
dents; if above items not considered, so state an::! 
support). 

Ten-perature and neutron shield monitoring systems/ 
procedures (discuss in sane detail); neutron shield 
radiation monitoring equiprrent (if specific equiFJ~~ent 
used, identify type and operation range) . 

Contingency for accidental release (need to consider>; 
breach of cask: integrity (discuss air Sa!Jllling that 
could be performed). 

Accidental release (discuss sources an::! ccntmrireticn) 

Gaseous effluents {need Sl.lllllary; assess gaseous 
effluents fran a release). 

ALARA consideration dJring periodic inspection/ 
surveillance and maintenance operations (discuss; ho01 
>~ill regulatory guides be followed?). 

Generic design considerations (describe; show how 
design minimizes occupational e~posure; indicate how 
regulatory position 2 of Regulatory Guide 8.8 will be 
followed). 



TABLE 3.4. 

Section of Topical Reoort 

7.1.3 Operational Considerations 

7.2 Radiation Sources 

7.2.1 Characterization of Sources 

7.2.2 Airborne Radioactive Material Sources 

7.3 Radiation Protection Design Features 

7.3.1 Installation Design Features 

7.3.2 Shielding 

7.4 Estimated Dnsite Collective Dose 
Assessment 

8,D Accident Analysis 

8.1 Off-~ormal Orientations 

8.1.2 Radiological I~rp<~ct from Off-~ormal 
Operations 

8.2 Accidents 

8.2.1 Cask. Drop 

8.2.1.1 Cause of Cask. Drop 

~o. of 
Issues 

2 

(a) Independent Spent Fuel Storage Installation (ISFSI). 

3.54 

(contd) 

Items Involved 

Ensuring exposure is ALARA (the C·E discussion is 
incO!Il'lete; mention of at· reactor decontanination 
prior to storage appears relevant and needs to be 
added; references to regulatory position 4 of Regula· 
tory Guide 8.8 and Regulatory Guide 8.10 are not 
relevant). 

Characterization of radiation sources (incanplete 
discussion; present all material). 

Sources (some discussion needed; provide detailed 
discussion of gaseous effluent in release event). 

Design features (discussion definitely needed; provide 
information on all sources stated in Section 7.2). 

Shielding (insufficient discussion; substantiate 
stated specific surface dose rates and claims of 
reduced dose rates due to shield design; address 
shielding for all radiation sources; provide 
information about calculations). 

Dose assessment (discussion definitely reeded; ad::trfss 
anrual collective doses associ a ted with periodic 
surveillance and repair or maintenance operations; 
provide bases, models, end assurptions for each dosE 
assessment). 

Off-normal events (incanplete discussion; consider 
tenperature moni taring system failure; consider seal 
leakage possibility; address radiological consequences 
associated with corrective or repair actions; if seal 
failure considered, provide data on effluent that 
might escape). 

Off-normal operations (sane discussion needed; 
demonstrate capability of installation to operate 
safety within range of off-normal conditions). 

Accident potential for proposed ISFSI(a) <provide 
rigorous analysis; identify accidents and causes and 
provide analyses of effects; describe recovery and 
steps to mitigate accidents). 
Accident resulting in dose of 25 mrem or less beyond 
control area (if such accident not credible, demon
strate this fact). 

- Circl.lliStances leading to cask. drop (discuss). 

• 

• 

• 

• 
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TABLE 3.4. 

Section of Topical Reoort 

8.2.1.2 Accident Analyses of Cask Drop 

8.2.2.2 Cask Tipping 

8.2.2.2.1 Cause of cask Tipping 

8.2.2.2 Accident Analyses for Cask Tipping 

8.2.4 Pressure SHock of 1 PSID 

8.2.8 Leak from Neutron Shield 

8.2.9 Cask Drop 

8.2.11 seal Leakage 

10.0 Operating controls and Limits 

10.1 Proposed Operating controls and Limits 

10.1.1 Contents of Operating Controls ard 
Limits 

10.1.2 Bases for Operating Controls and 
limits 

10.1.2.1 Fuel Characteristic Limits 

10. 1.2.2 Site Parameter limits 

10.1.2.3 Cask Surface Te«perature Limit 

10.1.2.4 Cask Surface/Off-Surface Dose Rate 
Limit 

No. of 
~ 

2 

3.55 

(contd) 

Items Involved 

Cask drop analyses (describe here rather than in 
Section 4.2.3.3.3.1; level of damage to cask in 
accident (provide details; follow Regulatory Guide 
3.48 procedJre); damage to loaded spent fuel from cask 
drop (provide details and analysis; effect on its 
continued storage?; provisions for eventual rerooval of 
damaged fuel?; how would fuel be removed?; would it be 
camed after removal?). 

Ci rcunstances leading to cask tipping (discuss). 

Cask tipping (corrments relating to Section 8.2.1.2 
apply here). 

C-E's statement regarding maintaining cask integrity 
{provide support). 

Radiological consequences of leak (substantiate 
statements), 

C·E's statement concerning maintaining cask integrity 
{provide s~rt; if result p..~rely analytical, were 
codes benchmarked and have codes been accepted an:l 
used in previous NRC licensing reviews?). 

Seal leakage (COIITllents above apply here also; leakage 
only possible following an accident?; if so, state an:l 
support). 

Selection of probable subjects in this section (iden
tify and justify; identify t~rature limits for 
thermoco~.ple measurements, describe criteria for 
limits, and consider adequacy of thermocouple loca· 
tion; specify cask outer surface terrperature limits; 
specify cask surface dose rate limits). 

Operating controls and limits (include both technical 
and acininistrative matters). 

Areas identified in Section 10.1.1 (describe bases). 

Fuel characteristic \ imits (specifically reference 
here for defining license conditions; provide specific 
power for reference fuel asserrbly). 
Limit on maJ~inun fuel cladding terrperature in storage 
(establish limits on fuel characteristics and related 
site para-neters that can be measured or otherwise 
verified). 

Site parameter limits used in cask design analysis 
maxinun and minilll.rn embient t~rature and other data 
(provide information; si.JIIIIBrize operating limits ard 
relate to Section 4.2.3.3.4.2.1 in CENPD-270). 

Maxilll.rn cask surface ten-perature limit (prc:Nide datal. 

limits of 10 CFR Part 72.67 (limits rwst be met, 
reference this CFR section). 



TABLE 3.4. 

Section of Topical Reoort 

10.1.2.5 Cask Tightness Control 

10.2 Developnent of Operating Controls and 
Limits 

10.2. 1 Functional and Operating Limits, 
Monitoring lnstrunents and Limiting 
Control Settings 

10.2.2 Limiting Conditions for Operations 

10.2.2.1 Equipnent 

10.2.2.2 Technical Conditions and 
Characteristics 

10.2.2.2.1 Fuel Characteristics 

10.2.2.2.2 Site Parameter Limits 

10.2.2.2.3 Cask Surface Ten-perature 

10.2.2.2.4 Cask Surface/Off-Surface Dose 
Rate Limits 

10.2.3 Surveillance Requirements 

10.2.4 Design Features 

10.2.5 Actninistrative Controls 

11.0 Quality Assurance 

No. of 
Issues 

2 

2 

3.56 

(contd) 

Items Involved 

Requirements (10 CFR Parts 72.72 and 72.74 require· 
ments referenced here should be so stated). 

Activities and conclitions requiring oper.ltirg cmtrols 
and limits (refer to Section 72.33 of 10 CFR Part 72 
for guidance on categories). 
Areas identified under Section 10.1.1 (provide des· 
cription under Sections 10.2.2.1, 10.2.2.2, and other 
pertinent subsections of 10.2). 

Level of performance for all pertinent systems 
(establish lowest acceptable level). 

Allowable quantities associated with pertinent 
limiting conditions (specify; provide specific 
information for limiting condition definition)/ 

Spent fuel asserrbl ies being stored (provide data on 
initial enrichment, uraniln weight, maxiiiUII bur~, 
and miniiiUII decay time). 
Fuel condition prior to storage (provide procedures 
and limits; provide procedures and limits for reject· 
ing defective and/or waterlogged spent fuel; and 
provide procedures and limits on acceptance of fuel 
damaged in Loaded cask). 

Site parameter limits (list applicable i terns). 

Conditions (describe for SSSC only; state time to 
thermal equilibrh.ll1 for cask after fuel loaded); cask 
surface t~rature (measured value should not exceed 
predicted value; provide predicted values in tabular 
form). 

Limits (provide data for single cask and representa· 
tive cask arrays; predicted values should not exceed 
measured values). 

Operating controls and limits on periodic inspections 
of storage cask (need to address). 

Controls (site specific; provide only generic 
information). 

Reference to quality assurance program defined in 
CENPD·210·A Rev. 03 (acceptable). 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

TABLE 3.5. Examples of Some Issues(a) Involved in Project M-33 (MHI/REA) 

Section of Topical Reoort 

1.0 Introd.lction and General Description of 
Installation 

1.2 GeneraL Description of Installation 

1.3 General Systems Description 

1.3.2 Storage Arrays 

1.3.3 Internal Environment 

1 .3.4. 1 Drawings 

1.4 Identification of Agents and 
Contractors 

3.0 Principal Design Criteria 

3.1 Purposes of Installation 

3.1.1 Material to be Stored 

3.1.1.1 General Description 

3.1.2 General Operating Functions 

3.2 Structural and Mecnanical Safety 
Criteria 

3.2.1 Tornado an:l 'oo'ind Loadings 

3.2. 1.2 Determination of forces on 
Structures 

3.2.1.3 Ability of Structures to Perform 

No. of 
~ 

3 

2 

2 

2 

7 

2 

2 

2 

Items Involved 

Stated weight of cask (loaded or unloaded?). 
Cask surface design dose rate (is 20 mrefiV'hr the 
maxi !lUll? ) • 
Basket Length (why shorter than cavity?) • 

\./hat ASME BPV(b) Code used? 

Effect of factors on casK array spacing? 
Spacing optimization proced.Jres? 

Heliun design pressure? 
Possibility of air? 

Provide 3 additional detail drawings (secondary cover, 
cask: body welc*nent, rerrovable tri.IVlion). 
Exp.;nge proprietary starrp on 5 drawings. 

lncltxle 2 more contractors. 

Some fuel assentllies may exceed characteristics for 
acceptable storage. 
\./hy is 8x8 B'WR fuel excluded in table? 
Principal design criteria (why isn't maxiiiUII decay 
heat rate for casKs in an array included?). 
Subcriticat rrultiplication {excluded from table; if 
considered, include here; provide auGEN results); 
initial fuel enrichment (identify in Figure 3.1·5) . 
How was Fig, 3.1-4 obtained? 
Justify or reference the basis for two eq..~ations. 
Is ne~..~tron emission rate plot correctly drawn? 

Fuel clad::lings (how are they protected against 
degradation and gross rupture; what are design 
criteria to assure canpl iance?). 

Vulnerability of free-standing cask: to tipping; 
response of cask: to tornado versus seismic loadings? 

Mislabeled section nllllbers. 
"Acceptable limits" for fuel rod t~rature ard 
surface dose rate (need to define). 

(a) Fran References 62 and 63. Cooments from DOE are in Reference 61; responses from MHI/REA are in 
Reference 171. 

(b) Boiler and Pressure Vessel (BPV). 

3.57 



Section of Topical Re!XIrt 

3.2.2 Water Level Flood Design 

3.2.5 Carbined Load Criteria 

3.3 Safety Protection Systems 

3.3.2 Protection By Multiple confinement 
Barriers and Systems 

3.3.2.1 Confinement Barriers and Systems 

3.3.2.2 Ventilation-Dffgas 

3.3 Protection By Equipment and 
InstrlJilefltation Selection 

3.3.3.2 lnstrlJilefltation 

3.3.4 Nuclear Criticality Safety 

3.3.5 Radiological Protection 

3.3.5.2 Shielding 

3.3.5.3 Radiological Alarm Systems 

3.3.6 Fire and Explosion Protection 

3.4 Classification of Structures, 
Components, and Systems 

3.5 Decannissioning Considerations 

TABLE 3.5. 
No. of 
~ 

2 

2 

3 

6 

7 

2 

3 

3.58 

(contd) 

Items Involved 

Cask. response to a range of water heights (would help 
in estimating safety margins). 

Method used to coobine design loads, accident Loads, 
and loads fran natural phenomena? 
Referenced section does not exist. 

Define "unacceptable release of radioactive prcd.J::ts." 

Define "no credible" conditions for radioactive 
release. 
Define "very small magnitude" gas release. 

~at "features to provide testabi I i tY'' are provided"; 
How is pressure transducer system tested? 
Describe the remote rooni tori ng system. 

Section needs revision and clarification (e.g., active 
fuel Length, criticatity calculational model). 
~Y analysis only done for 7x7 B\.IR fuel? 
Was analysis for 8x8 BWR fuel done? 
Significant difference between calculated and measured 
K effective: why, and is roodel validity reduced? 
Water terrperature and density aSS!.Illltions used? 
Explain benchmarKing (measured rods but analyzed 
homogeneous water-fuel mixture). 

Determination of distances and occt..pancy times in 
Table 3.3-12 (how done?). 
Are data in Table 3.3-11 conservative? 
Dose rates in Table 3.3-12 (ll'lcertainties; post
irradiation time asstiJlltion?). 
Collective dose consequences associated with cask 
repair, maintenance and decorrrnissioning? 
Distribution of occupancy times, in particular for 5% 
and 95% confidence boun:ls? 
Annual inspection exposure (number of inspections 
assl.lllt!d?). 
Personnel exposure units (rem as stated, or 
person-rem?). 

Cask malfunction alarms? 
Internal cask pressure alarm (is there one?; if not, 
how are personnel alerted?). 

Was ethylene glycol in neutron shield considered? 

Provide safety and quality assurance 
classifications. 

consideration of neutron activation of cask and fuel 
basket materials? 
Activation products and activities? 
Dose-corrrnitment for removal of spent fuel? 

' 

• 

• 

• 

• 



• 

Section of Topical Report 

4.0 Installation Design 

4.2 Storage Structures 

4.2.3 Individual Unit Description 

4.2.3.2 Components 

4.2.3.2.2 Basket 

4.2.3.2.4 Internal Envirorment 

4.6 Cathodic Protection 

5.0 Operation Systems 

5.1 Operation Description 

5.1.1 Narrative Description 

5.1.1.2 Cask. Retl'l:lval fran Skid 

5.1.1.4 Primary cover Removal 

5.2 Fuel Hand\ in:~ Systems 

5.2.2 Spent Fuel Storage 

5.2.2.1 Safety Features 

5.3 Other Operational Systems 

5.3.2 Component/Eq.JiJXrent Spares 

7.0 Radiation Protection 

7.1 Ensuring That OCCl4'!1tional Radiation 
Exposures Are As Low As Reasonably 
Achievable (AlARA) 

7.2 Radiation Sources 

7.2.1 Characterization of sources 

7.2.1.1 General Description 

TABLE 3.5. 
No. of 
Issues 

5 

2 

2 

2 

2 

2 

4 

3.59 

(contd) 

Items Involved 

Inadequate reference to cask and component drawings. 

Does skid slightly tilt cask. from horizontal 
orientation? Explain. 

Safety fll"lctions of each cooponent (provide descrip
tion for each cooponent noted in Section 3.4). 

Is neutron shield solution borated? 
Burst disk maintenance period? 
Qualified life of pressure transducer? 
Function and lifetime of silicon nbber O·rings? 
Boron-10 content. 

Zero clearance for basket/inner wall irrplied? 
Thermal effects if no clearance exists? 

~at gas to be used (he\ iun or air)? 
He\ i un pressure? 

Corrosion? 

Cask condition (how is it routinely evaluated?). 

Lifting yoke description and drawing? 
Tri.Slnion bolt torque? 

Damage to D-ring grooves? 

Safety-related features for normal ard aOOormal 
conditions (what are they?; action corrmitment 
limits?). 

Spare or alternative equipment installation 
provisions? 
Include general handling proced..Jres. 

Substantiate compliance with 10 CFR Part 72.3. 
Radiological protection (what makes cask. design 
ALARA?). 

aUGEN output results for 5·year postirradiation time 
(why not presented?; need to list garrma and neutron 
strengths and energies by isotopes). 
References for flux·to-dose response fi.S'Ictions? 
Radiation sources from cladding and structural 
materials (included in Table 7.2-1?; if not, so state 
and justify). 



TABLE 3.5. 

Section of Topical Report 

7.2.2 Airborne Radioactive Material Sources 

7.3.2 Shielding 

7.3.2.1 Radiation Shielding Design 
Features 

7.3.2.2 Shielding Analysis 

7.3.2.2.1 Shielding Methodology 

7.3.2.2.2 Shielding Analytical Models 

7.3.2.2.3 Shielding Results 

7.3.2.3 Dose Assessment 

7.3.2.4 Accident Event 

No. of 
Issues 

5 

2 

2 

4 

12 

2 

3.60 

(contd) 

Items Involved 

Ganma spectrllll in Table 7.2·3 Cis it irdicated that it 
is for specific time after irradiation?; what are 
bollldaries for ganma energy groups?). 

Expected gaseous effluents in accidental release? 

Time-dependent items in TWle 7.3-1 su::h as cbse rate, 
heat generation rate, and tenperature (identify when 
reported value applies). 
Neutron shield height (what is correct value?; "'hat 
was used in MORSE inJ:Ut?). 
Active fuel length for 7x7 BWR fuel <value stated is 
for 8x8 B'oo'R fuel l. 
Correct cask. and fuel dimensional discrepancies. 
Radiation streaming from penetrations? 

Correspondence of dose Levels <rd carp..lter cedes t.Sed? 
Benchmark. validations and code biases <need to 
discuss)? 

Basis for axial burn~ distribution 
Atomic density un~ts in Table 7.3·2 
not atc:ms/barn·crrfl. 

uncertainties in code results? 

in Table 7 .3-6? 
(atoms/barn· em, 

Neutron flux distribution in Figure 7.3-10 Chow 
obta i ned? l . 
surface dose rate in figure 7.3-8 <what are the 
uncertainties?). 
Substantiate decreases in 10-yr and 50-yr dose rates. 

E11ternal dose rate variation with time in Figure 
7.3·10 Chow determined?). 
External dose rates versus burn..~p and time in Figures 
7.3-11 and 7.3·13 (how determined?). 
Doses at various cask. dose points in Figure 7.3-14 
Chow determined; only vertical orientaticn?; explain). 
Dose at given point (all casks included?); cask self· 
shielding effects (were they considered?). 
O·ring seal dose versus time (how calculated?). 
Shielding effect of tri.Slflion plates (method used to 
determine surface dose rate reductions?). 
Cobalt-60 activation of stainless steel cask shells 
(how calculated?). 
MaXiiTUI\ dose rate from cobal t-60 activation? 
Is 75 rem/hr for 1 or 52 BWR fuel asserrblies? Does it 
apply at 5·year postirradiation time? 
Secondary cover outside surface dose (method used to 
calculate reduction?). 
Basis for deeming cobalt-60 activation of fuel 
cladding insignificant. 
Multiplying factors in Figure 7.3-14 (how 
determined?). 

Loss·of·neutron shield dose rates (how determined?). 
Doses at P7 and P12 less than those at P8 and P13 
<why?; does air/ground scattering affect doses?). 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

Section of Topical Report 

7.4 Estimated onsite Collective Dose 
Assessment 

7.4.1 General Description 

8.0 Accident Analyses 

8,1 Normal and Off-Normal Operations 

8.1.1 Normal Operations 

8.1.1.2 Material Properties 

8.1.1.3 Containment Vessel 

8.1.1.4 Lifting Devices 

8.1.1.6 Cask Temperatures 

8.1.1.7 Thermal Expansion 

8.1.1.8.1 Containment Vessel Analysis 

TABLE 3.5. 
No. of 
Issues 

3 

6 

3 

6 

2 

3 

3.61 

(contd) 

Items Involved 

Air/ground scattering (how calculated?) 
Decay of radiation sources (how determined?). 
Cask orientation (explain) . 

Results showing distance effects (how were effects 
calculated?). 
Dose ard dose rate at site boundary (slbstantiate why 
conservative) . 
Neutron and gamma source decay in Figure 7.4-13 (how 
calculated?), 
Amual cask surface dose rate in Figure 7.4-8 (is it 
correct?; appears off by factor of 1000). 
Oose rates in Table 7.4-3 (how determined?; based on 
single dose point, sun of several dose points, or an 
average?). 
Cask array spacing (what is it?; provide figures for 
horizontally and vertically oriented cask arrays). 

Neutron shield outer surface thermal stresses during 
precipitation (why not considered?) • 

Properties ard design calculations for basket (need 
for both normal and accident conditions). 
Neutron shield (is effect of borated water irdui:rl?). 
Effect on spent fuel with horizontal storage (need to 
address). 

Design pressure of SD psig (what is basis?); 
hydrostatic test data (where is it?). 

Need justification for trumion bolt strength 
statement . 

Ranges of col'l:!itions al'l:! parameters for heat transfer 
calculations cwhat are ranges?; need model description 
al'l:! basis for models al'l:!/or parameters). 
Fuel rod t~rature versus design criteria 
(likelihood of exceeding design criteria during normal 
operations?; sensitivity to models and parameters?). 
Neutron shield temperature versus recoomended oper
ating limit (is S"F sufficient margin of safety?). 
Derating of maxirrun decay heat of stored fuel in cask: 
array (why not discussed in Chapter 3?). 
Maxirrun fuel claci;ling temperature if 20.8 k'.J per cask: 
allowed in array (what is it?; will it exceed design 
limit?). 
Neutron shield temperature of cask: in array (vendor 
operating limits exceeded if 20.8 kW per cask: 
allowed?). 

See Section 4.2.3.2.2. 

Containment vessel flange and penetration analysis 
(why A.SME BPV Code, Subsection NB, not used?) • 
Provide thermal cycling analysis. 
Differential expansion stresses on bolts? 



TABLE 3.5. 

Section of Topical Report 

8.1.1.8.3 S~id Stress Analysis 

8.1.1.8.3,1 Lift Lug 

8.1.1.8.4 Thermal Analysis 

8.1.1.8.4.1 Thermal Model 

8.1.1.8.4.1.1 Fuel Region 

8.1.1.8.4.1.2 Copper/Stainless Steel Shells 

8. 1.1.8.4.1.3 Lead/Stainless Steel 
Interfaces 

8.1 . 1.8.4 .2 Experiments l Terrperatures 

8.1. 1.8.4.2.1 Results of Experimental 
Measurements of Center\ ine
to-Surface Terrperature 
Differences 

8.1.1.8.4.2.1.2 Measurement Proced.Jres 

8.1.1.8.4.4 Neutron Shield Expansion Tan~ 

8.1.1.8.4.4.1 Pressure 

8.1.1.8.4.4.2 Pressure Stress 

8.1.1.8.4.6 Thermal Expansion Analysis 

8.1.1.9 Off·Normal Operations 

8.1.1.9.1 Lea~ 

8.1.1.9.1.1 Cause of Event 

8.1.1.9.1.2 Detection of Event 

No. of 
~ 

5 

3 

6 

2 

3.62 

(contd) 

Items Involved 

Shear stress eq.:ation (lug area incorrect). 

Sensitivity of tE!I'J1)erature profile calculations to 
interface conductances? 
Interface conductances (expected variation?; changes 
We to thermal cycling over 20-year license periocl?). 
OUter surface heat transfer coefficient (basis for 
selection?; other correlations considered; if so, lotly 
rejected?). 
Correlation used (confirmation as conservative 
estimate?). 
Thermal analysis (was it perforne:l for 7x7 !loR ft.el?), 

Emissivity for Zircaloy-clad fuel rods (value not 
appropriate for te~~peratures of SSOD"F). 
Justify use of parameters for thermal conduction and 
conductive heat transfer. 
MaxiiiUll fuel roc! during vacullll drying? 

Estimated bas~ettvessel gap (justify value). 

Effect of thermal eye\ ing on load contact pressure 
and heat transfer coefficient (provide information). 

Design calculations (st.ppart from thermal test?). 

Measurement of alumirun pin emissivity in test? 
Actual heater pin output/unit length? 
Measurement of heater current? 
Heater resistance uncertainty? 
Measurement of heater resistance for wires and pins? 
Provide two dimensions in figure. 

Discrepancy in "L" value in equation and table. 

Neutron shield cavity (bending stress analysis?; 
fatigue failure possibility?). 
Ends and joints of neutron shields (ASME stress 
intensities?). 

Lead and fuel bas~et radial expansion (provide 
information). 

Sealing effectiveness of o-rings and secondary cover 
weld (how assured?). 

Mechanical damage to cas~ (i~lied i~ainnents to 
sealing system?). 

Timely detection of cas~ pressure change (how 
assured?). 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

Section of Topical Report 

8.1.1.9.1.3 Analysis of Effects and 
Conseq..~ences 

8.1.1.9.1.4 Corrective Action 

8.1.1.9.2 Fissia1 Product Gas Pressure 

TABLE 3.5. 
No. of 
Issues 

4 

8.1.1.9.2.1 cause of Event 3 

8.1.1.9.2.3 Analysis of Effects and 
Conseq..~enees 

8.1. 1 .9.3 Failure of Instrlll'lentation 

8.1.1.9.3.1 cause of Event 

8.1.1.9.3.2 Detection of Event 

8.2.1 Loss of Neutron Shield(a) 

8.2.1.1 Cause of Accident 

8.2.1.2 Accident Analysis 

8.2.1.3 Accident Dose Calculations 

4 

7 

(contd) 

Items Involved 

Fuel cladding leak may result fran a nlllber of 
causes (include analysis and effects of events). 
Cladding degradation (substantiate that activity level 
is within allowable Limits). 
Fuel assenbly internal gas inventory estimate (explain 
in detail), 
Fuel rod internal gas pressure (provide data). 

Vacuum bonnet in place (plug accessibility?; ability 
to condJct operations?). 

Cask internal envirorment (can monitoring system 
fail?). 
Masking of small pressure changes (diurnal pressure 
variations?). 
Gases inside cask (sarrpling procedure?). 

Include applicable parts of cooments from third and 
fourth issues in Section 8.1.1.9.1.3. 

l~L i cat ion that REA cask be Licensed without 
instrllllentation (intent of this section?). 
" •.• no need for instrllllentation lotlich penetrates caslc 
contairment" (provide basis for this assertion). 
Test calibration charts and their accuracy (explain 
deve L OJ:Uieflt) , 
Thermal and pressure instrumentation (provide 
information; discuss maintenance and replacement). 

Caslc instrumentation (vulnerability to possible 
faiLure mechanisms?) 

Excursion fran expected readings (failure of 
instrunentation or actual change in conditions?; 
describe procedure for identifying failure) • 

Apparent error in Figure 8.2·1 (explain). 

Pop.~lation cUIJJlative and anrYJal doses in mrem (should 
be in person-rem). 
Dose variation with time (clarify statement). 
Distance from accident (single person and 100,000 
persons at same point?). 
Distance from accident (at caslc surface or other?). 
Neutron shield loss and fire accidents (caslc 
orientation?; how were doses calculated?; provide 
data; dose response factors used?) 
Neutron shield repair (dose consequences to 
indi vidJals?). 
!.leutron shield loss and Lealcing fission product gases 
(cllllUlative effect?). 

(a) Preceding page in docllllent was missing in the NRC Public Document Room copy. The missing page probably 
covers "Analysis of Effects and Consequences," "Radiological lrtpact from Off-Normal Operations," and 
"Accidents." 

3.63 



TABLE 3.5. 

Section of Topical Report 

8.2.2 Fire 

8.2.2.1 Cause of Accident 

8.2.2.2 Accident Analysis 

8.2.3 Tip over 

8.2.4 Drop 

8.2.5 Flood 

8.2.4.6 Cask Seal Leakage 

8.2.4.6.2 Accident Analysis 

8.2.4.6.3 Accident Dose Calculations 

8.2.4.7 Tornado Missiles 

8.2.4.9 Earthquake 

8.2.4.12.4.2 Containnent Vessel Shell 
Deflection 

8.3 Site Characteristics Affecting Safety 
Analysis 

No, of 
Issues 

2 

3 

3 

3 

2 

2 

3 

3 

2 

(a) Independent Spent Fuel Storage Installation (!SFS!). 

3.64 

(contd) 

!terns Involved 

Failure of O·ring seal (potential problem regarding 
gaseous release?). 

Tipping of one cask into another (impact time appears 
incorrectly calculated). 
Dynamic analysis of casks hitting each other needed, 

Cask drop cases (perfonn dyn811ic irrpact analyses). 
Damage to fuel basket (include analyses). 
Detailed ASME Code stress q.lllntities (include detailed 
ca lculat i ens). 

Cask tipping during flooding (provide calculations 
showing cask will not tip). 
ASHE Cede limits an:l design properties used (should be 
design by analysis rather than forrwla techniques). 
Thermal and hydraulic stresses for flooded conditi:ln 
(calculate and combine). 

Accidents resulting in breaching of more than one cask 
(basis for excluding?). 
Specific isotopes released during accident (exact 
quantities assumed?). 
Gaseous fission product contents (100% release 
assumed?). 

Dose at site boundary (aSSUllPtions used?). 
Fifty-mile popJlation dose (assurptions used?). 

Massive missile impact (impact loads and times 
incorrectly calculated; need dynamic i~t <ne~ly.;es). 

Steel sphere i111Jact calculation is in error. 

Analysis is nonconservative (include vertical 
acceleration or perform dynamic analysis). 
Point of rotation in seismic analyses (demonstrate 
point does not change significantly during rotation). 
Tipping of cask storage array following an earthquake 
(describe effects and consequences). 

Lead pouring and cooldown processes (provide 
description). 
Lead annulus region (provide diagram; tabulate 
dimensions, tewperatures, and ASME stress intensities 
for critical points). 
Critical points during and/or following fire event 
(provide temperature, thermal expansion, and stress 
analysis for worst conditions; use BPVC Section NB3133 
for collapse evaluation). 

Credible conditions lrlder htlich ISFSI(a) will operate 
(establish ranges of site-specific parameters). 
Operating limits (s~.mT~ariz.e in "10.1.2.2 Site 
Parameter Limits"; provide site parameter limits used 
in cask design analysis). 

• 

• 

• 

• 



• 

• 

• 

• 

TABLE 3.5. 

Section of Topical Report 

9.0 Conduct of Operations 

9.2.2 Test Program Description 

10.0 Operating Controls and Limits 

10.1 Proposed Operating Controls and Limits 

10.1.1 Contents of Operating Controls and 
limits 

10. 1 .2 Bases for Operating controls and 
Limits 

10.1.2.1 Fuel Characteristic Limits 

10,1.2.4 Cask Surface/Off Surface Dose Rate 
Limit 

10.1.2.5 Cask Tightness Control 

10.2 Developnent of Operating controls and 
Limits 

10.2.2 Limiting Conditions for Operation 

10.2.2.2.1 Fuel Characteristics 

10.2.3 Survei \lance Requirements 

10.2.6 Suggested Format for Operati~ 
Controls and Limits 

Wo. of 
Issues 

2 

9 

2 

2 

3.65 

(contd) 

Items JnVQ\ved 

Final inspection of construction and contact 
resistance (conduct test to verify). 
Final inspection of basket (verify presence of boron 
poison). 

HeliLIII pressure in cask envirorment (acceptable 
limits?). 
Air within cask envirorment (limiting partial 
pressure?). 
Fission product gases released from fuel to cask 
internal envirorvnent (maxiiiUll allowable q..~antity?). 
Req..~ired periodic inspections (frequency?). 
Surface dose rate (define "sanewhat arbitrary limits"; 
what is operational dose limit?). 
Terrperature limit of 271"F <does it apply to single 
cask or array of casks?). 
Unprotected cask surface ten-perature of 271•F 
(consistent with minii!Uil safety standards?). 
Cask spacing to maintain terrperature limit (miniii'Ull 
limits?). 
Cask lifting height (limit?). 

Operating controls and limits stated in 
Section 10.1.1 (need to provide bases). 

Neutron and ganma sources (insufficient detail 
provided). 

Cask surface dose rates during normal and 
accidental events (reiterate and SUllliBrize here). 

Cask pressure monitoring system (limit en precisicn?). 
Vent and drain part plug leaks (actual limits?). 

Fuel characteristics (state in form of operating 
limits). 

TBI!pBrature and pressure sensing instrunents 
(calibration?). 
Cask internal envirorrnent <provisions for saJ!l)ling?). 

Format (follow Regulatory Guide 3.48). 



TABLE 3.6. Examples of Some Issues(•) Involved in Project M-36 (MHI/REA) 

Section of Topical Reoort 

1.0 Introduction and General Description of 
Installation 

1.2 General Description of Installation 

1.3 General Systems Description 

1.3.2 Storage Arrays 

1.3.3 Internal Envirorment 

1.4 Identification of Agents and 
Contractors 

2.0 Site Characteristics 

3.0 Principal Design Criteria 

3.1 Purposes of Installation 

3 .1. 1 MateriaL to be Stored 

3.1.1.1 General Description 

3.1.1.2 End·of·Burnup Enrichment 

3.1.2 General Operating FlnCtions 

3.2 Structural and Mechanical Safety 
Criteria 

3.2.1 Tornado ard Wind Loadings 

(a) From Reference 60. 
(b) Boiler and Pressure Vessel (BPVl. 

No. of 
Issues 

5 

2 

7 

2 

3.66 

Items Involved 

Stated weight of cask. (loaded or unloaded?). 
Dose rate at six feet from cask surface (instead, need 
cask surface dose rate). 
Figure 1.2-2 on page 1.3-1 (should be Figure 1.2·1). 
Overall dimensions of basket (lootly not shown in 
Figure 1.2-2?). 
Basket configuration (inconsistency between Figure 
1.2-2 and Drawing 1114-P-1300). 

What ASME BPV(b) Code used? 

Effect of factors on cask array spacing? 
Spacing optimization procedJres? 

Heliun design pressure? 

Discussion (inc~lete; include 2 more contractors?). 

Ranges of site-specific parameters that envelope 
credible conditions (need to establish; see conments 
in Section 10). 

Some fuel assemblies may exceed characteristics for 
acceptable storage. 
Table 3.1-1 excludes 14x14 and 17x17 P'IJR fuel (why?; 
implication is that 15x15 is only array for which 
license is sought). 
Maximum decay heat rate for casks in an array (why is 
this not reflected in principal design criteria?). 
Subcriticalllllltiplication (excluded from Table 3.1-2; 
if considered, include here). 
Subcritical llllltiplication in Figure 3.1-1 (how 
calculated?). 
Source term bases (what are they?; why not explicitly 
stated on Figures 3.1-1 to 3.1-5?). 
Figure 3.1-5 (meaning of units kii/BWR?). 

Exponential equations (1) and (2) [explain eflllirical 
develop:nentl. 

Fuel claddings (how are they protected against 
degradation and gross rupture; what are design 
criteria to assure CaJl>tiance?). 
Vertical casK storage orientation <explain the 
corrosion-resistant plate). 

• 

• 

• 

, 

• 

• • 



• 

• 

• 

• 

• 

Section of Topical RePOrt 

3.2.1.2 Determination of Forces on 
Structures 

3.2. 1.3 Ability of Structures to Perform 

3.2.2 'oiater Level Flood Design 

3.2.3 Seismic Design 

3.2.3. 1 Input Criteria 

3.2.3.2 Seismic-Systems Analysis 

3.2.5 Combined Load Criteria 

3.3 Safety Protection Systems 

3.3.2 Protection By Multiple confinement 
Barriers and Systems 

3.3.2.1 Confinement Barriers and Systems 

3.3.2.2 Ventilation-Offgas 

3.3 Protection By Equipment and 
lnstrunentation Selection 

3.3.3.2 Instrumentation 

3.3.4 Nuclear Criticality Safety 

TABLE 3.6. 
No. of 
~ 

2 

4 

2 

3 

3 

5 

3.67 

(contd) 

Items Involved 

Vulnerability of free-standing caslc: to tipping; 
response of cask to tornado versus seismic loadings? 

"Acceptable limits" for fuel rod ten-perature and 
surface dose rate (need to define); Loss of neutron 
shield (can it be repaired as quickly as inplied?). 

Cask resp:lnse to a range of water heights (would help 
in estimating safety margins). 

Minimum natural frequency (which stated value is 
correct, 37.7 or 32 hertz?; Regulatory Guide 1.60 says 
33 hertz; if 32 hertz used, any change in seismic 
considerations?). 

Seismic system analysis (discussion missing; if 
required information elsewhere, so state). 

Method used to canbine design Loads, accident loads, 
and loads fran natural phenomena? 
Referenced section does not exist. 
Plastic: yielding of stainless steel (what section of 
ASME Code limits this to 40%?) • 
Design criterion for fatigue en:::lurance Limit (limit in 
Table 3.2·1 only applicable to high cycle fatigue). 

Define "unacceptable release of radioactiw pro:U::ts." 
Accident scenarios (should refer to entire Section 
8.2, not just 8.2.1) • 

Define "no credible" conditions for radioactive 
release. 
Define "very small magnitude" gas release. 
Subjective conclusions (would be more relevant to 
provide design criteria). 

IJhat "features to provide testabilitY'' are provided? 
How is pressure transducer system tested? 
Describe the remote 100nitoring system? 

\.lhy analysis only done for 15x15 PWR fuel? 
Criticality analysis (should be for final design). 
Analysis (performed for 14x14, 16x16, and 17x17 PWR 
fuel assenbl ies?). 
Significant difference between calculated and measured 
K effective: ..tly, and is JOOdel validity reduced? 
Discrete fuel rods used in criticality analysis bench· 
mark model (shouldn't cask fuel's criticality analysis 
also use discrete fuel rods?). 



Section of Topical Report 

3.3.5 Radiological Protection 

3.3.5.2 Shielding 

3.3.5.3 Radiological Alarm Systems 

3.3.6 Fire and Explosion Protection 

3.4 Classification of Structures, 
Ccrnponents, ard Systems 

3.5 Deconrnissioning Considerations 

4.0 Installation Design 

4.2 Storage Structures 

4.2.3 Irdividual Unit Description 

4.2.3.1 Materials for Construction 

4.2.3.2 Cas~ Body and Containment Vessel 

4.2.3.3 Bas~et 

4.2.3.5 Internal Envirorment 

TABLE 3.6. 
No. of 
~ 

6 

2 

2 

3 

2 

3.68 

(contd) 

Items Involved 

Detennination of distances and occ~ncy times in 
Table 3.3·12 (how done?). 
Are date in Table 3.3~11 conservative? 
Dose rate in Table 3.3~12 (uncertainties?). 
Collective dose coi\Sequences associated with 
instrunentation attachment, cas~ repair, maintenance, 
and decoomissioning? 
Distribution of occupancy times, in particular for 5% 
and 95% confidence bounds? 
Personnel exposure units (rem as stated, or 
person-rem?). 

Cas~ malfunction alanns? 
Internal cas~ pressure alann (is there one?; if not, 
how are personnel alerted?). 

States "there are no explosive gases in the fission 
product gas" in this section but Section 8.2.8.2 says 
"only negligible quantities of explosive gases will :;,e 
present in fission product gases" (Which statement i > 
correct?; if Latter meant, what is meant by 
"negligible?"). 
Was ethylene glycol in neutron shield considered? 

Provide safety ard quality assuranc:e classifications. 

Consideration of neutron activation of cas~ and fuel 
bas~et materials? 
Activation products and activities? 
Dose·conrnitment for removal of spent fuel? 

Safety functions of each ccrnponent (provide descrip
tion for each cooponent noted in Section 3.4). 

Boron-10 content of 0.03 grams. per square centimeter 
(does this refer to 1100 alUllinun alloy or to matrix 
and cladding?). 
Carbon steel s~id (is there potE!'ltial for corrosiaf!). 

Statement that "neutron shield will nonnally be fi Lied 
at fabrication site" (not always filled at fabrication 
site?; is reactor only other alternative for filling 
location?). 

Thermal effects it no bas~et/imer wall clearance 
exists? 

Bas~et errploys dissimilar metals (is there significant 
galvanic corrosion potential?). 

• 

• 

• 

• • 

• 



• 

• 

• 

• 

• 

• 
• 

TABLE 3.6. 

Section of Topical Report 

4.5 Shipping Cask Repair and Maintenance 

4.9 A~ix 

5.0 Operation Systems 

5.1 Operation Description 

5.1.1 Narrative Description 

5.1.1.2 Cask Removal fran Skid 

5.1.1.4 Primary Cover Removal 

5.1.1.5 Cask Preparation for Loading 
Operation 

5.1.1.6 Cask Lo~ring Into Pool 

5.1.1.8 Cask Lifting From Pool 

5.1.1.9 Cask Transport to on-Site Storage 
Area 

5.1.2 Flowsheets 

5.1.3 Identification of Slbjects for Safety 
Al')!llysis 

5.2 Fuel Handling Systems 

5.2.2 Spent Fuel Storage 

5.2.2.1 Safety Features 

No. of 
Issues 

' 

2 

2 

2 

2 

2 

3.69 

(contd) 

Items Involved 

Cask repair and maintenance operations (provide dis· 
cuss ion, if only from generic viewpoint; considers· 
tions to control contamination and reduce occupational 
exposure?); loss of neutron shield and leakage at pen· 
etrations (what do they COI'IStitute?; how repaired?). 
Neutron shield rupture disk (how maintained?; is disk 
replaced amually?l. 
Rupture disk design pressure (what is tolerance?) . 
Pressure transdJcer (what is qualified life?; 
maintenance or replacement required?). 
silicon rubber o~rings (describe f1.11ction and lifetime 
in thermal and radiation environnent). 

secordary cover, cask: body weldnent, ard removable 
tr1.11nion (provide additional detail drawings). 

Cask condition (how is it routinely evaluated?). 
Drying cask after it is filled with fuel (vacuun 
process used?; if so, provide thermal analysis to 
detennine maxinun fuel cladding tenperature) . 

Lifting yoke description ard drawing? 
Tr1.11nion bolt torque? 

Damage to O·ring grooves? 

Expansion tank side plug not on drawing in Section 
4.9; aR'Bars to be 6.0 in. above cask bottan (is this 
correct?; why so difficult to locate?). 
Figure 5.1·1 (inaccurately dra~oK~?; inconsistency in 
neutron shell·to·liquid level distance). 

Fuel inspection techniq..~es referenced in lterrs 38 and 
39 Clotlat are the techniques?; provide discussion). 

Item 59 and Item 61 (one irq::>lies secondary cover in 
place and other req.sires that secordary cover be 
positioned on cask; which is correct?). 
Heli1.111 in cavity (optional or req..~ired?l; "if cask is 
to be stored with heliun coolant in cavity" (isn't 
this statement in error?). 

Pressure transdJcer installation (dose conseq.sences 
not described in Section 3.3.5.2 or Section 7.4.1; 
lotly?). 

Cask handling flowsheet (need to provide; consolidate 
major functions described in Section 5.1. 1 and 
Table 3.3·11). 
Cask criticality prevention (provide SUIIJIBry descrip· 
tion; refer to and use material in Section 3.3.4). 
Instrumentation and maintenance (same comment above 
applies) . 

Safety·releted features for normal and abnormal cordi· 
tions (what are they?; action corrmitment limits?). 



TABLE 3.6. 

Section of Topical Reoort 

5.3 Other Operational Systens 

5.3.2 Canponent/Eq.Jipment Spares 

5.4 Operation Support Systens 

5.4.1 Instrunentation ard Control Systens 

7.0 Radiation Protection 

7.1 Ensuring That Occupational Radiation 
Exposures Are As Low As Reasonably 
Achievable (ALARA) 

7.2 Radiation Sources 

7.2.1 Characterization of Sources 

7.2.1.1 General Description 

7.2.2 Airborne Radioactive Material Sources 

7.3.2 Shielding 

7.3.2. 1 Radiation Shielding Design Features 

7.3.2.2 Shielding Analysis 

7.3.2.2.1 Shielding Methodology 

7.3.2.2.2 Shielding Analytical Models 

No. of 
~ 

2 

4 

3 

2 

2 

3.70 

(contd) 

Items Involved 

Unloading fuel if cask. is to be repaired or decomnis· 
sioned (provide detailed description of procedure; in 
particular address gas SBR'pl ing, cask cool-down, cask 
flushing and analysis of cask cavity effluent to 
determine if fuel damage occurred, weld removal, and 
personnel protection>. 

Spare or alternative eq.Jipment installation 
provisions? 

Pressure transducer system instrunentation (provide 
discussion; address 100nitoring of safety features to 
ensure adeq..Jate safety). 

substantiate compliance with 10 CFR Part 72.3. 
Radiological protection (what maKes cask design 
ALARA?). 

CRIGEN outp...~t results for 5-year postirradiation time 
(why not presented?); need to list garrna and neutron 
strengths and energies by isotope). 
References for flux-to·dose response f~.r~ctions? 
Radiation sources from cladding and structural 
materials (included in Table 7.2·1?; if nc't, so state 
and justify). 
Ganrna spectrun in Table 7.2·3 (is it indic.ated that it 
is for specific time after irradiation?; ~that are 
bolrldaries for ganma energy groups?). 

Expected gaseous effluents in accidental r-elease? 

Time-dependent items in Table 7.3-1 such ~IS dose rate, 
heat generation rate, and t~rature Cido:ontify when 
reported value applies). 
Configuration (address only the one for ht1ich the 
License is being sought; reference to earlier designs 
is confusing and irrelevant; dimensions in Figure 
7.3-1 and Table 7.3-1 do not agree). 
Distance from casK top to neutron shield !ihell top 
(values in two figures do not agree; what is correct 
value?). 

Correspondence of dose levels ard carp.ll:er cedes \BEd? 
Benchmark. vaLidations and code biases (need to 
discuss). 

Basis for axial b.lrnup distribution in Table 7.3-7? 
Atomic density un~ts in Table 7.3-2 (atcm;Jbarn-cm, 
not atcms/barn-cm ). 

• 

• 

• 

• 

• 

• 
' 

• 



• 

• 

• 

• 

• 

Section of Topical Report 

7.3.2.2.3 Shielding Results 

7.3.2.3 Dose Assessment 

7.3.2.4 Accident Event 

7.3.2.5.3 Geometry Verification 

7.4 Estimated Onsite Collective Dose 
Assessment 

7.4.1 General Description 

TABLE 3.6. 
No. of 
Issues 

7 

12 

5 

7 

3.71 

(contd) 

Items Involved 

Uncertainties in code results? 
Neutron flux distribution in Figure 7.3-10 Chow 
obtained?) . 
Surface dose rate in Figure 7.3·3 (what are the 
lnl:ertai nties?). 
Substantiate decreases in 10-yr and 50-yr dose rates. 
COfi1XlOents of surface doses in Table 7.3-3 (specific 
codes used?) • 
Doses in Figure 7.3-9 (provide neutron and 98111111 
cooponents). 
Cask penetrations (dose rates at those Locations?). 

External dose rate variation with time in Figure 
7.3-11 Chow determined?). 
External dose rates versus burnup and time in Figures 
7.3-12, 7.3-13, and 7.3·14 (how detennined?). 
Doses at various cask dose points in square planar 
array of casks in Figure 7.3·15 Chow determined?). 
Dose at given point (all contributing casks 
included?); cask self·shielding effects (were they 
considered?). 
O·ring seal dose rate versus time Chow calculated?). 
Shielding effect of trll'lnion plates (method used to 
detennine surface dose rate red.Jctions?). 
Cobalt·60 activation of stainless steel cask shells 
Chow calculated?). 
Maxinun dose rate fran cobalt-60 activation? 
Is 75 remfhr for 1 or 24 PWR fuel assenblies? Does it 
apply at 5-year postirradiation time? 
Secondary cover outside surface dose (method used to 
calculate red.Jction?). 
Basis for deeming cobalt·60 activation of fuel 
cladding insignificant? 
Multiplying factors Chow determined?; address array of 
horizontally oriented casks). 

Loss·of·neutron shield dose rates (how determined?). 
Doses at P7 and P12 are less than those at P8 and P13 
(why?; does air/ground scattering affect doses?). 
Doses in Figure 7.3·17 (provide neutron and ganma 
conponents). 
Maxinun dose in text is 370 mrem but Figure 7.3-7 
shows 382 mrem (which is correct?). 
Dose at side of cask for same accident is 600 mrem for 
BWR cask and 382 mrem for Plo'R cask (why the Large 
difference?). 

Picture COII"pUter program results for PWR cask 
(provide). 

Results showing distance effects Chow were effects 
calculated?). 
Dose and dose rate at site boundary (substantiate why 
conservative; address horizontally and vertically 
oriented cask arrays) • 
~eutron and ganma source decay in Figure 7.4·13 (how 
calculated?). 



Section of Topical Report 

8.0 Accident Analyses 

8.1 Normal and Off-Normal Operations 

8.1.1 Normal Operations 

8.1.1.2 Material Properties 

8.1. 1.3 Contairment Vessel 

8.1.1.6 Cask Temperatures 

8.1 .1.8. 1 contairment vessel Analysis 

8.1.1.8.4 Thermal Analysis 

TABLE 3.6. 
No. of 
Issues 

2 

2 

6 

3 

5 

3.72 

(contd) 

Items Involved 

Anrual cask surface dose rate in Figure 7.4-8 (is 1t 
correct?; appears to be off by factor of 1000). 
Dose rates in Table 7.4-3 Chow determine?; based on 
single dose point, sun of several dose points, or 
average?). 
Attachment of instrunentation, cask repair, main
tenance, and decanni ssi oning (dose conseq.Jences?). 
Seq.Jence of operations in Tables 7.4-2 and 7.4-3 (does 
not agree with those in Section 5.1.8). 

Neutron shield outer surface thermal stresses during 
precipitation (why not considered?). 
Normal loads i~ed on fuel basket d.Jring lifting and 
horizontal storage (provide stress analysis). 

Effect on spent fuel with horizontal storage (need to 
address). 
Neutron shield material in Table 8.1-4 (identify 
ethylene glycol/water ratio). 

Oesign pressure of 75 psig (what is basis?). 

Ranges of conditions and parsneters for heat transfer 
calculatfons (what are rarQes?; need model description 
and basis for models and/or parameters). 
Fuel rod tetrperature versus design criteria (likeli· 
hood of exceeding design criteria durirQ normal oper
ations?; sensitivity to models and parsneters?). 
Neutron shield temperature versus recoornended 
operating limit (is 5"F sufficient llllrgin of safety?). 
Derating of llllXinun decay heat of stored fuel in cask 
array (why not discussed in Chapter 3?). 
Maxinun fuel cladding temperature if 24 k\.1 allowed per 
cask in array (what is it?; will it exceed design 
limit?). 
Neutron shield temperature of cask in array (vendor 
operating limits exceeded if 24 kW per cask alla.ted?). 

Contairment vessel flange and penetration analysis 
(why ASHE BPV Code, Subsection NB, not used?). 
Provide thermal cycling analysis. 
Differential expansion stresses on bot ts? 

Sensitivity of temperature profile calculations to 
interface conductances? 
Interface conductances (expected variation?; changes 
due to thermal cycling over 20-year license perioa?). 
Outer surface heat transfer coefficient (basis for 
selection?; other correlations considered?; if so, why 
rejected?). 
Correlation used (confirmation as conservative 
estimate?). 
Thermal analysis (was it performed for 17x17 P~ 
fuel?). 

• 

• 

• 

• 

' • 



• 

• 

• 

• 

• 

TABLE 3.6. 

Section of Topical Reoort 

8.1.1.8.4.1 Thennal Model 

8.1.1.8.4.1.1 Fuel Region 

8.1. 1 .8.4. 1.2 Copper/Stainless Steel Shells 

8.1.1.8.4.1.3 Lead/Stainless Steel 
Interfaces 

B. 1 .1.8.4.4 Neutron Shield Expansion Tank 

8.1.1.8.4.4.2 Pressure Stress 

8.1.1.8.4.6 Thennal Expansion Analysis 

8.1.2 Off·Normal Operations 

8.1 .2. 1 Leak 

8.1.2.1.1 cause of Event 

8.1.2.1.2 Detection of Event 

8.1.2.1.3 Analysis of Effects and 
Conseq_Jences 

8.1.2.1.4 Corrective Action 

8.1.2.2 Fission Product Gas Pressure 

8.1.2.2.1 Cause of Event 

8.1 .2.2.3 Analysis of Effects and 
Consecp..lences 

No. of 
Issues 

2 

2 

2 

4 

2 

' 

3.73 

(contd) 

Items Involved 

Emissivity for Zircaloy·clad fuel rods (value not 
appropriate for tenperatures :S800•f). 
Justify use of parmneters for thermal conduction and 
conductive heat transfer. 

Basket installed by wedging it against containment 
shell, hence no gap (revise section accordingly), 

Effect of thermal cycling en lca:l ccrrtact ~ a-d 
heat transfer coefficient (provide information). 
The topical report under Project M·33 inclu::les a Sec· 
tion 8.1.1.8.4.2, "Experimental Tenperatures." The 
same questions apply here. Also, deletion of a 
similar section in this report leaves no connection 
between the proprietary section and rest of report. 

Neutron shield cavity (bending stress analysis?; 
fatigue failure possibility?). 
Ends arxl joints of neutron shields (ASME stress 
intensities?) . 

Lead and fuel basket radial expansion <provide 
information). 

Sealing effectiveness of O·rings and secondary cover 
weld Chow assured?) • 

Mechanical damage to cask (implied impainments to 
sealing system?). 

Timely detection of cask pressure change (how 
assured?). 

Fuel cladding leak may result fran a nunber of causes 
(include analysis and effects of events). 
Cladding degradation (substantiate that activity level 
is within allowable limits). 
Fuel assenbly intemal gas inventory estimate (explain 
in detail). 
Fuel rod internal gas pressure (provide data). 

vacuun bonnet in place (plug accessibility?; ability 
to conduct operations?). 
Absence of radiation exposure to persomel (does this 
imply operation done remotely?). 

Cask internal erwironnent (can monitoring system 
fail?). 
Masking of small pressure changes (diurnal pressure 
variations?) 
Gases inside cask (sa:npl ing procedure?). 

lnclu::le applicable parts of conments from third and 
fourth issues in Section 8.1.2. 1 .3. 



TABLE 3.6. 

Section of Topical Report 

8.1 .2.3 Failure of Instrunentation 

8.1.2.3.1 Cause of Event 

8.1.2.3.2 Detection of Event 

8.1.2.3.3 Analysis of Effects and 
Conseq.~ences 

8.1 .2.4 Radiological l~ct from Off-Normal 
Operations 

8.2 Accidents 

8.2.1 Loss of Neutron Shield 

8.2.1.1 Cause of Accident 

8.2. 1.2 Accident Analysis 

8.2. 1.3 Accident Dose Calculations 

8.2.2 Fire 

8.2.2.1 cause of Accident 

8.2.2.2 Accident Analysis 

8.2.4 Drop 

No. of 
Issues 

4 

3 

6 

4 

(contd) 

Items Involved 

Implication that REA cask be licensed without 
instrumentation (intent of this section?). 

Cask instrunentation (vulnerability to possible 
failure mechanisms?). 

Excursion from expected readings (failure of 
instrumentation or actual change in conditions?; 
describe proced.lre for identifying failure). 

Replacing pressure transducers (dose conseq.~ences?). 

- Off-normal operations (what two lead to gas leakage?). 

Accident conditions involving i~ct (perform dynamic 
analyses for critical p:>ints of containnent vessel and 
basket). 
Pin emissivity and thermal conductivity (ccmnents ir 
Subsection 8.1.1.8.4 apply). 
ASME code stress quantities and limits for each set of 
analyses (should be sl.l11l'lllrized). 
Information on Load conbinations (include for each cf 
the accident conditions). 

Alrbient t~rature ass~tion (\otly Less than maxinun 
design value of 125"F?). 
Al!tlient t~rature (what was assumed?). 
Apparent error in Figure 8.2-1 (explain). 

PoJ:K.Jlation cunulative and anruat doses in mrem (should 
be in person-rem). 
Dose variation with time (clarify statement). 
Distance from accident (single person and 100,000 
persons at same p:>int?). 
Distance from accident (at cask surface or other?). 
Population exposures in Table 7.4-4 (dose equation 
used for calculations?; if so, which one(s} in List 
used?). 
Neutron shield Loss and fire accidents (cask orien
tation?; how were doses calculated?; provide irp..rt/ 
output data; dose response factors used?). 

Ethylene glycol (what about its presence?). 

Failure of D-ring seal (p:>tential problem regarding 
gaseous release?). 

Cask drop cases (perform dynamic irrpact analyses). 
Damage to fuel basket (include analyses). 
Corner drop (perform dynamic analysis). 
Detailed ASME Code stress quanti ties (include detailed 
calculations). 

3.74 

• 

• 

• 

• 

• 



• 

• 

• 

• 

Section of Topical Report 

8.2.4 Tip over 

8.2.5 Flood 

8.2.6 Cask Seal Leakage 

8.2.6.2 Accident Analysis 

8.2.6.3 Accident Dose Calculations 

8.2.7 Tornado Missiles 

8.2.7.2 Accident Analysis 

8.2.7.3 Accident Dose Calculations 

8.2.7.4 Appendix 

8.2.7.4.1 Massive Missile Analysis 

8.2.7.4.2 Penetration Resistance Missile 

8.2.8 Explosive Over-Pressurization 

8.2.8.2 Accident Analysis 

8.2.9 Earthq..~ake 

8.2.9.4 Appendix 

TABLE 3.6. 
No. of 
Issues 

2 

3 

3 

3 

2 

4 

3 

3.75 

(contd) 

Items Involved 

The point of rotation, namely the neutron shield 
(demonstrate it does crush). 
Moving or sliding of cask: in certain events 
(consequences? ) • 

ASME Code limits and design properties used (should be 
design by analysis rather than for1111la techniques). 
Thermal and hydraulic stresses for flocded condition 
(calculate and coobine). 
Referen::e in tine 1, paragraph 3, page 8.2-80 
("Section 8.2.5.4.1," not "Section 8.2.4.5.4.1"). 

Accidents resulting in breaching of 100re than one cask 
(basis for excluding?). 
Specific isotopes released during accident (exact 
q..~ant i ties assuned?) • 
Gaseous fission product contents (100X release 
assuned?). 

Site bourdary <distance assured?; provide dose 
calculations for a range of distances). 
Dose at site boundary (ass~tions used?). 
Fifty-mile population dose (ass~tions used?) . 

Loss of neutron shield (how is "repair" 
accorrpl i shed?). 

Neutron shield repair (dose consequen::es to 
individuals involved?). 
Effect of both neutron shield Loss and leaking fission 
product gases (need to discuss; c!,IIIJlative effect?). 

Jrrpact Loads and times (incorrectly calculated; 
perform dynamic irrpact analysis). 
Calculated impact force (greater than required tip· 
over force but text says cask does not tip over; 
why?). 
Massive missile i~ct (will horizontal cask and skid 
tip over or just slide?). 
Tornado wind loads (will they tip cask over?). 

If missile strikes near weld region (damage to cask 
cover seal?). 

Fission-product gases (which ones are explosive?). 
"Negligible q..~antities" (meaning?). 
Ethylene glycol <what about its presence?). 



TABLE 3.6. 

Section of ToPical Reoort 

8.2.9.4.2 Earthquake Tipping Analysis 

8.2.12 Burial Under Debris 

8.2.12. 1 Cause of Accident 

8.2.12.2 Accident Analysis 

8.2.4.12.4.2 Contairrnent Vessel Shell 
Deflection 

8.3 Site Characteristics Affecting Safety 
Analysis 

9.0 Condsct of Operations 

9.2 Preoperational Testing 

9.2.2 Test Program Description 

10.0 Operating Controls and Limits 

10.1 proposed Operating Controls and Limits 

10.1.1 Contents of Operating Controls and 
Limits 

No. of 
Issues 

3 

2 

3 

2 

2 

5 

(a) Indeperdent Spent Fuel Storage Installation (ISFSI). 

3. 76 

(contd) 

Items Involved 

Analysis is nonconservative (include vertical 
acceleration or perform dynamic analysis). 
Point of rotation in seismic analyses (demonstrate 
point does not change significantly durifl! rotation). 
Tipping of cask storage array following an earthqua.:e 
(describe effects and consequences). 

Figure 8.2-42 (appears incorrect; at 100 hours, maxi
rrun lead temperature should be at lead melting point; 
isn't this figure for the REA B\JR cask design?); esti
mated IIIBxirrun pressure versus test value (too close 
for adequate safety margin?). 
Last sentence on page 8.2-124 (needs interpretation). 

Lead pouring and cooldown processes (provide 
description>. 
Lead amulus region (provide diagram; tabulate 
dimensions, te~eratures, and ASME stress intensities 
for critical points). 
Critical points during an:ltor following fire event 
(provide temperature, theriiiBl expansion, and stress 
analysis for worst conditions; use BPVC Section NB3133 
for collapse evaluation). 

Credible conditions ll'lder which ISFSI(a) will operate 
(establish ranges of site-specific parameters). 
Operating limits (sl.lllllarize in 11 10.1.2.2 Site Param
eter Limits"; provide site parameter limits used in 
cask design analysis). 

Compliance with Section 9.2 of Regulatory Guide 3.48 
(topical report should provide more specific guidance 
to utility). 

Required contact resistances (conduct test of each 
cask to verify). 
Boron poison plates in basket (verify presence of 
boron poison by testing). 

Heliun pressure in cask envirorrnent (acceptable 
limits?). 
Air within cask envirorrnent (limiting partial 
pressure?). 
Fission product gases released from fuel to cask 
internal environment (IIIBxirrun allowable quantity?). 
Req .. lired periodic inspections (freq..~ency?). 
"Loss of neutron shield does not c~romise safety" 
(statement not consistent with Section 8 accident 
analysis). 

• 

• 

• 

' • 

• 
• 



• 

• 

• 
• 

TABLE 3.6. 

SectiOI"' of Topical Report 

10.1.2 Bases for Operating controls ard 
Limits 

10.1.2.1 Fuel Characteristic Limits 

10.1.2.2 Site Parameter Limits 

10.1.2.4 cask Surface/Off Surface Dose Rate 
Limit 

10.1.2.5 CasK Tightness Control 

10.2 Development of Operating Controls and 
limits 

10.2.2 Limiting Conditions for Operation 

10.2.2.2.1 Fuel Characteristics 

10.2.3 Surveillance Requirements 

10.2.6 Suggested format for Operating 
controls and Limits 

10.2.6.2 Maximum Internal Pressure 

No. of 
Issues 

6 

3 

2 

3. 77 

(contd) 

Items Involved 

Cperating controls ard limits stated in Section 
10.1.1 (need to provide basis). 
Surface dose rate (define "sanewhat arbitrary 
limits"; what is operational dose limit?). 
Ten-perature \ imit of 271•F (does it apply to single 
cask or array of casks?). 
Unprotected caslc surface te!Jl)erature of 271" F 
(consistent with minimum safety standards?). 
Caslc spacing to maintain te!Jl)erature limit Cmininm 
limits?). 
Caslc lifting height (limit?). 

Neutron and gallrll8 sources (insufficient detail 
provided). 

Operating limits (sunnarize here; provide site 
parameter limits used in caslc design analysis). 

Caslc surface dose rates dJring normal and accidental 
events (reiterate and sunnarize here). 

The 0.1 atm/~·sec (STP) lealc rate (basis?). 
Caslc pressure monitoring system (limit en jreeisial?). 
Vent and drain part plug lealcs (actual limits?). 

Fuel characteristic (state in form of operating 
limits). 

Pressure sensing instrunents (calibration?). 
Caslc internal envirorrnent (provisions for sarrpling?). 

Format (follow Regulatory Guide 3.48). 

Lealcage of fission product gases (meaning of term 
"tolerable"?) . 



TABLE 3.7. Examples of Some Issues(a) Involved in Project M-37 
(GNSI, CASTOR V/21) 

Section of Topical Report 

1.0 Introd.Jction and General Description 
of InstalLation 

3.0 Principal Design Criteria 

,,, Fran References 75, 172, and 173. 
References 44, 69-72, and 174-177. 
Reference 74. 

~o. of 
Issues 

2 

7 

Items Involved 

The descriptions of Castor Von page 1.1-5 ard 
Figure 1.1-2 do not agree. Moreover, the secondary 
Lid representation in Figure 1.1-2 is not consistent 
With the detailed drawing in Amex 1. The maxi~ 
leak: rate on page 1.2-1 and in Table 1.2-1 is 10' 
mil!ibar litre per second \ollile in Section 3 it is 
10· millibar litre per second. COOl)Onents described 
on page 1.2-4 do not correspond to nllllbers on 
referenced Figure 1.1-2. Table 1.2-2 is not present. 
The overall dimension of 4976 nm described in Section 
1.2.4 is inconsistent with the length of 4916 mn shown 
on drawing A5011t in the Amex. Section 1.2.4 refers 
to plastic (i.e., polyethylene) in the bottom and 
secondary cover but the drawings of Annex 1 show no 
polyethylene. Amex 1 should contain drawings of the 
primary cover, protection cover, and should show the 
bolt Locations for the protection cover on the cask. 
body. Also on page 1.2·4 the cooling fins of the ca~k. 
are incorrectly referred to as cast· on. A need for 
better editing is evident in nunerous instances (e.g., 
BWR is used instead of PWR, Castor Ic is referenced in 
Table 3.1-11). In drawing A50111, the cask. has impact 
limiters which are not discussed in the report. The 
thermal design load for the cask is stated to be 21 KY 
(Section 1.2.2) and 29 k.lol (Table 1.2·1) and in Secti:m 
3 to be 26 k.lol (Section 3.1.1.2) and 18.1 k.lol (Table 
3.1·11) and in Section 5 to be 22.4 k\.1 (Section 
5.1.3.6). GNSI, which slbmitted the topical report, 
is not included as a corporate entity, an agent or a 
contractor. 

All tables and figures in this ard all other sectiors 
should stard alone, in so far as possible, without 
need for reference to the text to be urderstood. The 
analysis of Section 3.2.3, Seismic Design, is 
incorrect (see NUREG-800, page 3.7.1·4). The corrbined 
loading criteria in Table 3.2·1 are typically for 
transport casKs, not for storage, and were not used in 
any of the analysis in later sections. Criteria 
contained in American Society of Mechanical Engineers 
Boiler ard Pressure Vessel Code (ASME BPVC) Section 
Ill camot be applied directly to nod.Jlar cast iron 
but IIJJSt be appropriately n»dified to acco1.r1t for the 
Low ductility (~8%). 
In general, the stress intensity Limits for the mate· 
rials described in Appendix I of the ASME Code should 
be used. The German specification for a material 
should be converted to an equivalent American specifi· 
cation that can be matched with those in Appendix I 
and the appropriate stress intensity Limits defined. 
In the case of ductiLe cast iron, a safety factor of 4 
on the ultimate tensile strength is recoomended based 
LpOO a design by analysis approach. 

Ad::litional issues are in References 235, 239, ard 241. Responses are in 
Other items are in References 73 ard 178; the NRC's response is in 

3.78 

' 

• 

• 

• 

• 
• 



• 

• 

• 

• • 

• 
• 

Section of Topical Report 

TABLE 3.7. 
!.lo. of 
Issues 

3. 79 

(contd) 

Items Involved 

The stress intensity limits provided by the Code (or 
Regulatory Guide 7 .6) for coobinations of primary and 
secondary stresses are valid only if the material is 
sufficiently ductile to allow for local plastic defer· 
mation. steels for nuclear application are in the 
range of 20% elongation and easily meet the criteria 
for the stress intensity limit associated with 
secondary stresses. In NRC's judgment an elongation 
over 12% would still be sufficient. However, if the 
elongation is below 5% the uncertainties associated 
with margins of safety on strain limits would be too 
great to allow higher stress intensity limits for 
either primary IJlellbrane plus primary bendirQ or the 
corrbination of primary and secondary stresses. For 
elongations below 5% only a primary menbrane stress 
intensity limit should be used for design Ulder nonnal 
conditions (see also our cooments on section 4). 
Under accident conditions the stress intensity limit 
may increase in accordance with code allowables (see 
also NRC's COIIll'lents on Section 8). 
The criticality calculations should use current 
COIJllllter codes and include benchmark calculations. 
No information is provided relating to the quantities 
of steel, zirconi~, and~ in the assenbly; the 
irradiation time; the neutron flux.; the materials of 
the head and foot pieces, etc. Furthermore, the total 
asserrbly weight and ureni~ wei !lit, per cask, camot 
be reproduced using the data in Table 3.1-1. If the 
15x15 assenbly is the reference fuel, the total 
assembly weight and urani~ weight should be 13,650 
and 9,345 kg per cask, respectively. 
The description of the gamma sources is inadequate . 
For each source there should be a strength and a list 
of the associated garrma rays, with branching inten
sities, that were used in the shielding calculation. 
The discussion of the activity release remains 
1.11clear. Results in Amex 1 do not appear to be for 
the burn~..p (35 Gt.tl/MTU) and power 935 M\1/MTU) stated. 
Table A3.1/1 -5 shows the burNJp and power as 6.362 
G_,D/MTU and 27.66 MI.I/MTU, respectively. 
Is it a fact that for the Castor V the

6
seal leak r~te 

is greater fhan for the Castor Ic (10- versus 10-
nbar 1 sec- for each seal)? Figure 3.3-6 is missing. 
In the area of shielding it is of interest to note 
that the doses for the "middle of bottom" and "middle 
of cover" are exactly the same as those for the Castor 
lc even though the material thicknesses and source 
spectri.IIIS are different and the ages of the fuel are 
different (1 versus 5 year old fuel). It appears that 
the "amual dose rate versus distance from a single 
cask" in Figure 3.3-14 is for the Castor lc and not 
the Castor v. Figure 3.3-15 is missing. Activation 
calculations for the decoomissioning considerations 
are also unclear. How can the neutron flux and the 
activation product activity for the Castor V be the 
same as for the Castor Ic? 



Section of Topical Report 

4.0 Installation Design 

5.0 Operational System<; 

TABLE 3.7. 

No. of 
Issues 

3 

3 

3.80 

(contd) 

Items Involved 

This section is inc0111llete al'l:! inconsistent with the 
design criteria. Reference in Section 4.2, Storage 
Structures, to Section 1.2 is inappropriate. Section 
3 is concerned with design criteria. None of the cal· 
culations presented conform to the ASME BPVC Section 
Ill design criteria. The cask an:! basket materials 
should be described in detail or related to an appl i
cable American Society for Testing and Materials 
(ASTM) specification. A stress analysis of the basket 
for normal operations should be presented in this 
chapter and for accident conditions in Chapter 8. A 
fatigue analysis of the cask due to severe weather 
changes should be presented, Annex 1 of Section 4.2 
should be properly incorporated into this chapter. 
Material covered in Section 4.2.1.7 (Material 
Properties) through Section 4.2.3.3 (Design Bases and 
Safety Assurance) of the Castor lc report has appar
ently been omitted here. 
The reference to GGG·40.3 as the specification des
cribing the dJctile cask iron for the Castor V storage 
cask is inconsistent with the materials properties 
specified in Section 4.2.1. If the material proper
ties specified for GGG·40.3 in German DIN-Standard 
1693 cannot be guaranteed, then reference to this 
specification should be deleted and the material 
treated as one uni~ely defined by GNS. Material 
acceptance for nuclear awlication in the United 
States is specified by the provisions of Section Ill 
of the ASHE Boiler and Pressure Vessel Code and shOI.Jld 
be acflered to by the applicant. Appendix I of the 
ASME code does not provide stress intensity values ior 
ci.Jctile cask iron. Neither is there an ASTM specifi
cation for GNS ductile cast iron that can be invoked 
for establishing stress intensity limits. Conse
~ently, the applicant should follow the procedures 
outlined in Appendix IV of the Code. 'tlhile the datD 
called for in Appendix IV applies to nuclear reactor 
applications and may not in its entirety be applicable 
to ductile cast iron storage casks, sufficient data 
relevant to establishing the safety of the storage 
cask lllJSt be provided. Particular attention should be 
paid to Paragraph IV·1400(d) which requires that the 
request for approval of the material be described in 
ASTM specification form. Also, the design data 
supplied in accordance with Paragraph JV·1400(e) 
shoold be substantiated by reference to applicable 
test data. 

The applicant has not provided adequate thermal analy
ses that demonstrate with reasonable assurance that 
gross rupture of the fuel cladding will not occur 
during normal storage conditions. Benchmark calcula· 
tions relating testing to the thermal codes used to 
predict fuel cladding te!Jl)eratures should be provided. 
The detailed calculations in Appendix 8 predict rnax
iTIUTI rod t~ratures that are 75"C higher than these 
presented in this chapter. The 400~c limit on rnaxiffillll 
fuel clad te!Jl)erature nust be substantiated with 
appropriate safety margins. The maxiiiUI1 ard average 
rod cladding temperature shoutd be clearly related to 
cladding pressure. Fuel rod temperatures and pres
sure, cask surface temperature, and cavity pressure 
and temperatures should be calculated for the cask and 
discussed with respect to rod failure and radioactive 
materia\ release. 

• 

• 

• 

• 

• 
• 

• 

• 



• 

• 

• 

• 
' 

• 
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Section of Topical Report 

7.0 Radiation Protection 

TABLE 3.7. 
No. of 
Issues 

3.81 

(contd) 

Items Involved 

The case for establishing maxinun allowable fuel rod 
terrperatures should be presented in the body of the 
report. Your evaluation may tak:e into account 
J:Ubl ished information, such as the recent Department 
of Energy report, "Technical Basis for Storage of 
Zircaloy-Clad Spent Fuel in Inert Gases" CPNL-4835), 
htlich concludes, as a conservative position, that 
arple evidence justifies " .•• extended dry storage in 
inert cover gases at cladding terrperatures up to 
380"C." However, merely citing the opinion of others 
with regard to acceptable fuel rod temperatures is 
insufficient. The margin of safety against fuel 
cladding r~ture over the design life of the storage 
installation should be estimated based upon the design 
basis fuel, fuel rod pressures, cladding creep r4=1ture 
properties ard the uncertainties associated with the 
parameters. Since cladding deterioration rate is 
expected to decrease as the tenperature of the fuel 
rod decreases, a life fraction rule may be applied to 
determine a ~re realistic margin of safety. 
Figure 3.3·11 camot be used to derive radiation 
exposure of personnel during handling procedures since 
it is for the Castor lc. on page 5.1·11, GNS states 
"the cask has 74 fins," while in Figure 6.1·2 there 
are 75 fins. The design value for hat dissipation 
rate is 29 k\.1 (Table 1.2·1) I:M.Jt the maxilll.ll1 allowed is 
apparently 26 k\1 (Section 3.1.1.2) and the calculated 
rate is 22.4 k.W. Table 5.1·1 appears to il!fllY that 
Plo/R and B\o'R cladding temperatures are the same during 
reactor operation. Figure 5.1·8 is for the Castor lc 
according to the text, yet it is identified in caption 
as representative of the Castor V. Is not Figure 
5.1·10 for the Castor Jc? 

Table 7.3-1 gives the wall thickness as 370 nrn while 
Figure 7.3-1 gives the thickness as 380 nrn. (In this 
case, one surmises that the values in Table 7.3-1 
represent effective shielding thicknesses rather than 
dimensions. This point is not made clearly in the 
table or the text.) Figure 5.1-2 gives the fin 
thickness as 50 nrn while figure 7.3-1 gives the 
thickness as 57 nrn. R2 in Figure 7.3-2 and one half 
the diameter in Figure 7.3-3 do not agree. In Figure 
7.3-4, the total cavity Length shown is 4120 nrn (200 + 
3660 + 260) while the value tabulated is 4200 nrn. In 
addition, the maxilfUil asserrbly length is tabulated as 
4065 nrn while in Table 3.1-1 the length varies between 
4100 and 4150 nrn. \.lith regard to the experimental 
verification of shielding, where is a COI!flarison of 
the calculated and measured results for the various 
casks? 



TABLE 3.7. 

Section of Topical Report 

8.0 Accident Analysis 

9.0 Conduct of Operations 

Sections 3, 5, 6, 7, and 8 and Apperdix 3 

Fuel Basltet 

No. of 
Issues 

2 

several 

8 

3.82 

(contd) 

Items Involved 

Comments made on Revision 2 of Castor lc Topical 
Report for material covered through Section 8.2.1.2.2 
(Tornado Missiles) remain relevant here. The refer· 
ence to Table 7.2·6 in Table 8.1·2 is incorrect. 
Table 7.2·6 says nothing about release fractions since 
it deals With total cask inventory only. In Table 
8.1·3 the activity release for the 134 Cs is the same 
as for the Castor Ic; all other releases are exactly a 
factor of 10 greater than the Castor lc. Is this 
sirrply fortuitous? Even though the leak: rate is a 
factor of 10 greater for the Castor V, the source 
terms are certainly different and case B does not 
involve seal failure. lolhy should the results be 
similar? The third lid reference on page 8.1·9 should 
be removed. With regard to the radiological inpact 
fran off-normal operations, the total does presented 
is precisely the same as for the Castor lc while the 
releases are a factor of 10 greater for the Castor \1. 
How can the dose results be the same? 
The Castor V Topical Report did not provide a caslt 
tipping or drop analyses. When these are subnitted, 
the NRC staff suggests that l:xlth the models and the 
values of the parameters be demonstrably conservative. 
Stress analysis and their results should be based or 
ASME BVPC criteria ard presented for the cask and 
basket for all potential accident conditions. The 
analyses should be based on justified conservative 
rrodels, analytical techniques, and safety margins to 
reasonably preclOOe radioactive material release urder 
accident conditions with 10 CFR Part 72 limits. 

Acceptance testing performed on production casks 
should be described in this Section {see Section 
9.2.2). 

Lawrence Liverroore National Lal:xlratory (LLNL) raised 
several q.Jestions and comments. The response by GNSI 
involved changes on 26 pages of the topical report and 
clarifications on two items. One of two items 
involved the caslt rear breech plate (the material is 
AISI 321); the other item concerned the lrlidentified 
l:xlron content of the fuel bask.et (it was not 
identified because no credit is talten in the shielding 
calculation for the presence of l:xlron). 

NRC was informed that on October 3, 1985, GNSI was 
notified by EG&G Idaho, Inc., that basltet of the 
CAST~ V/21 cast at the Idaho National Engineering 
Laboratory (INEL) had been found on September 30, 
1985, to have sustained possible damage. Cracks in, 
or in the irrmediate vicinity of, weld positions had 
been observed at up to eight locations at the top of 
the basket. NRC indicated that information as to what 
occurred with respect to the cask needs to be obtained 
and analyzed. 

• 

• 

• 

• 

• 
• 



' 

• 

• 
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• 
• 

Section of Topical Report 

TABLE 3.7. 
No. of 
Issues 

3.83 

(contd) 

Items Involved 

In response to NRC staff cc:mnents on the preliminary 
report on the cracking of the basket of the CASTOR 
V/21 cask at INEL, GNSI is to provide additional 
structural analysis, material property data, and 
basket drawings and to identify any remedial action 
that may be taken to preclude such an event occurring 
lnder design basis conditions. Specifically, GNSI is 
to provide the following items: 

1. With respect to resolving causes of the weld area 
failures, these should be related to strain 
mechanisms. Thus potential mechanisms for these 
failures should be explained and assessed with 
respect to INEL demonstration conditions and the 
CASTOR V/21 cask used. This assessment should be 
made with reference to the thermal analysis pro
vided in the TSAR. Furthermore, the thermal stress 
analysis should be revised to include the effect of 
gusset plates and correct material properties ard 
also should be revised to include reporting the 
stresses at all points of the structure. 

2. Measures with respect to basket fabrication ard/or 
design, which will be taken to assure that such 
weld failures could not occur both l.llder normal ard 
accident design conditions, should be provided. 
Tolerances should be shown that control the maxirrun 
and minimum gap dimensions. 

3. Additional detailed basket drawings at differef1t 
axial positions to include and exclu::le gusset 
plates should be provided with the basket welding 
plan. Nonstruc:tural welds loilich are not related to 
basket structural integrity, i.e., loilich are 
without a safety function, should be identified and 
distinguished from welds loilich are relied upon to 
maintain basket structural integrity . 

4. A detailed structural analysis of the cask basket 
under both normal ard accident design conditions 
allu::led to in Section 4.0 of the GNSI preliminary 
report should be provided to deroonstrate the 
structural integrity of the basket. It is asst.med 
by the NRC staff that this analysis will not take 
any credit for nonstructural welds, i.e., joint 
welds, inclu::ling, but not limited to, those o.~elds 

o.~hich show evidence of failure in the INEL 
demonstration. If such should not be assl.llled in 
this analysis, this should be made clear. If 
measures referred to in item 2 above are taken, it 
should also be made clear whether this analysis 
assunes these are iq:Jlemented. If such measures 
are taken, they will be reflected in the suP9lied 
drawings referred to in i tern 3 and in cask 
fabrication procedures and docllllBntation. 



Section of Topical Report 

TABLE 3.7. 
No. of 
~ 

3.84 

(contd) 

Items Involved 

5. Material properties which reflect actual testing 
done on these materials should be included and 
their use carefully explained in tenms of analyses 
s~Lied to the NRC and design coomitments for 
materials with respect to the topical report for 
the CASTOR V/21 cask, for ex~le, values for 
Radiono;~~ (boronated stainless steel). Particular 
attention should be directed toward demonstrating 
that either brittle fracture is not a failure mode 
or it is, then safety margins against brittle 
fracture are adequate under dynm~ic Loading 
conditions. 

6. Data on weld tests performed should be suwlied 
distinguishing between welds which have a safety 
f1.11ction, that is, lotlich are retied upon to 
maintain the structural integrity of the basket and 
nonstructural welds. 

7. As discussed in the meeting of NRC and GNSI on 
Decenber 13, 1985, based on INEL measurements ano 
the GNSI analysis, explain lotly there is no effect 
observed due to sib-critical nultiplication with 
respect to dose calculations (Reference: Correc· 
tion 7.3.2 in NRC's letter of approval for the 
CASTOR V/21 topical report). In relation to thi~ 
explanation, provide drawings with changes related 
to cask borehole length shortening and the addition 
of steel plugs at the bottom of boreholes to pro· 
vide additional reduction of ganrna dose rates at 
positions near the cask wall top and bottom. Also 
provide an explanation of this improvement to cask 
shielding design. These changes are to be 
reflected in cask fabrication procedures and 
docl.lllef"ltation. 

• 

• 

• 

• 
• 

• 
• 
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TABLE 3.8. Examples of Some Issues(a) Involved in Project M-39 (NUTECH) 

Section of Topical Report 

General Cooments from Initial Examination 
of Report 

1.0 Int~ction and General Description 
of Installation 

1.1 lntrod.Jction 

1.2.1 General Description of Installation 

1.2.2 Principal Design Criteria 

1.2.4 Safety Features 

3.0 Principal Design Criteria 

3.1.1.1 Physical Characteristics 

3.1.2.2 Hand\ ing and Transfer Equipment 

3.2 Structural and Mechanical Safety 
Criteria 

3.2.3.1 Seismic Design 

3.2.3.2 Seismk System Analysis 

No. of 
Issues 

24 

2 

' 

2 

Items Involved 

Design details, descriptions of COI'f4'Uter models, and 
computer calculations (need to provide additional 
information). NRC's request for additional infonna
tion involves three design categories: 1) thermal· 
hydraulics (6 issues), 2) criticality and shielding 
(5 issues), and 3) structural design (13 issues). 

Leakage of hel i~ from osc<b) (assurance that it wilt 
not occur?; maxirrun Leakage rate?; measure to monitor 
DSC atmosphere carp:>sition?). 

Single stand·alone HSH(c) or physical arrangements in 
other than 4x2 array (clearly state htlich arrange
ment(s) are being proposed for review). 

Limits on external atmosphere (control of corrosion or 
algae growth?; discuss). 
Duty cycle allowed for materials, particularly 
concrete (provide discussion). 

Cask movement, cask head and truck transport values 
e;~~cluded from table (what are values?). 

Fuel assentlly types considered (te;~~t and tables should 
be consistent); assen'bly types not enveloped by design 
criteria (delete or modify design to accoornodate); 
design parameters of reference fuel asserrbly (any that 
would lead to nonconservative analysis?). 

Handling of transfer cask by single failure-proof 
crane (if assi.Jlled, so state). 
Validity of five·foot horizontal drop criterion 
(specify dimensional criteria to show maxiiiUll con
ceivable horizontal drop heigllt is five feet or less). 
Design criteria for transporting osc in GE IF-3DD cask 
(what vertical acceleration factors measured or 
ass~; show that accelerations enveloped by five· 
foot drop analysis). 

Maximum internal pressurization levels (inconsistency 
in stated values; inconsistency in associated terrper
ature Levels; state actual design parameters and be 
consistent). 

Da!Jl>ing value of 2% of critical da~Jl)ing under safe 
shutdown earthquake (shoulltl't it be 3%?). 
Maximum vertical ground acceleration lis ted as 0.1 g 
and refererces 10 CFR 72.66 (no such value in 10 CFR 
72.66; should1 1 t value be 0.17 g?). 

Concrete coefficient of friction of 1.0 from ACI 
349-80 code (only valid U'lder certain conditions; 
NUTECH should use 0.6 as stated in ACI 318-83, 
Section 11.7.4.3). 

(a) From References 75, 77, and 160-162. Additional issues (over 20) are in References 78, 79, and 179. 
Responses are in References 163, 164, and 180·182. 

(b) Dry Shielded canister (DSC) . 
(C) Horizontal Storage Module (HSM). 

3.85 



Section of Topical Report 

3.2.5.2 Dry Shielded Canister (DSC) 

3.3.3.2 Instrumentation 

3.3.4 Nuclear Criticality safety 

3.3.4.3 Verification Analysis 

3.3.7.1 Irradiated Fuel Handling and 
Storage 

3.4 Classification of Structures, 
Canponents, a!XI SystellB 

TABLE 3.8. 
No. of 
~ 

2 

8 

4 

3.86 

(contd) 

Items Involved 

ASME Level D service Limits for accident or faulted 
co!XIitions (if limits retained, state in structural 
design criteria that osc lllJSt be disasserrbled and 
inspected for damage following an accident). 
Retrieval of all fuel assertblies from osc following an 
accident (if ASME Level D service limits used, what is 
assurance that possible deformation will not inhibit 
easy removal?; issue arises again in Last issue l.rlder 
Section 3.3.4). 

States no need to monitor DSC internal pressure ard 
tenperature; Limiting pressures ard terrperatures based 
on calculations (assurance that calculational tech· 
ni~es are qualified for design use?). 

Reactivity as a function of rurber of fuel assemblies 
in canister (analyses performed?; were reflector 
effects considered?). 
Design clearances and fabrication tolerances 
(considered in criticality analysis?); ensuring 
insertion and rerroval of fuel asserrbl ies in guide 
sleeves (design clearances?); worst case reactivity 
for water-flooded canister (design clearantes ard 
fabrication tolerances taken into acco~.nt?). 
Tenperature associated with water density assumption 
(carps red to fuel pool ten-perature limits?; if 
different, are ICE NO results conservative?). 
CelL hanogeni zat ion procedure (errors or biases?; 
biases quantitatively evaluated?; are biases 
conservative?). 
some DSC modules may use boron sleeves, while others 
may not (controls to ensure Low·burnL.p fuel assellt.olies 
not inadvertently Loaded into l..flborated canisters?). 
Boron content of Boral guide sleeves (manufacturing 
tolerances on boron?; nominal or minimun boron ton· 
centration used in criticality analyses?; if a dif· 
terence, what is magnitude of effect on reactivity?). 
Dimensions in Figure 3.3·2 (inconsistent with text and 
KENO output; is figure in error?). 
See last issue under Section 3.2.5.2 as it applies 
here also (effect on llllltiplication factor if deforma· 
tion of DSC internals occurs?). 

Criticality analysis results from ICEND·IV COIJlll.lter 
program (verification with calculations?). 
verification analysis involves only three benchmark 
talculations (statistically significant?). 
Calculations of benchmarks as mean value plus two 
standard deviations (need to consider talculational 
bias; conpare mean value with experimental results; 
mean value ard stardard deviation of benchmark 
caLculations?). 
Difference between measured a!XI calculated values (see 
seco!XI question above; is computational error consis
tent with experience of others?; reasons for reported 
errors in present calculations?). 

Storage atmosphere inside DSC to prevent degradation 
and gross rupture [what design criteria applied to 
conply with 10 CFR 72.72 <h)?]. 

NUHOMS 0708 tomponents important to safety (provide 
safety and qualification assurance classifications). 

' 

• 

• 

• 
• 

• 
• 



Section of Topical Reoort 

4.0 Instal \at ion Design 

• 4.2.3.1 Dry Shielded Canister 

5.0 Operation System 

5.1.1.3 cask. Drying Process 

5.2.2.1 Safety Features 

5.3.2 CCXJllOnent/Equipment Spares 

7.2.1 Characterization of Sources 

7.3.2 Shielding 

• 

• 

TABLE 3.8. 
No. of 
Issues 

2 

2 

2 

12 

3.87 

(contd) 

Items Involved 

Canister body is rolLed and welded stainless steel 
plate (maxirrun leakage rate for Longiti.XIinal weld?; 
inspections and/or tests to assure Leakage is below 
that rate?). 
canister dry fitm Lubricant (will film attract insu
Lating dust or dirt Layer and interfere with heat 
transfer?; how IIUCh of canister to be coated?). 

Back.fil ling of canister with he\ iUII (temperature of 
heiiUII when valves closed?; ten:perature measured or 
inferred?). 
Performing heliUII leak test (differential pressure 
across canister?). 

Safe operation of spent fuel storage system under both 
normal and abnormal conditions (safety features pro
vided?; Limits selected for coomitment to action?). 

Damage to components (provision for installation of 
spare or alternative equipment?). 

Design basis neutron arx:l ganma ray source strength 
based on average burrup values (some coobinations of 
seven fuel assenbl ies may have higher source 
strength); use of mean values (inplication for selec
tion of fuel assenbl ies?); cooformance to canister 
design basis source strength I imit (how 
acconpl i shed?). 
Flux·to-dose conversion factors used (reference?). 

Computer codes used in shielding analysis (verifica
tion analyses performed?; discuss shielding benchmark 
validations). 
Shielding analysis (concrete composition used?; varia
tion in water content over service life considered?). 
HSM wall arx:l roof garrrna ray surface dose rate (ret a
tive contribution of primary and secondary g81mla 
rays?). 
HSM penetration calculation (discussion missing; 
quadrature order used in DOT-IV calculation?; justify 
adequacy of quadrature). 
Neutron atteruation through HSM air exhaust penetra
tion greater than that for ganrna rays (explain). 
Ray effects in DOT-IV calculations (measures to mini
mize?; ray effects evident in results?). 
Application of DOT-IV code to shield penetration 
problem (verification analysis performed?). 
"Cask-OSC Anrular Gap" dose rates (averaged over cask 
surface or gap dose rates?). 
Cask-DSC annular gap calculation (what was angular 
quadrature?; justify that angular quadrature adequate 
for rrodeling); calculated fluxes (ray effects 
observed?); streaming through gap (observed in 
results?) • 
QADMOD/albedo procedure (analysis or data to benchmark 
validity?) . 



TABLE 3.8. 

Section of Topical Reoort 

7.4 Estimated On·Site Dose Assessment 

8.0 Analysis of Design Events 

8.1.1 NormaL Operation Structural Analysis 

8. 1. 1.1 Normal Operation Loads 

8.1.1.2 Dry shielded Canister Loads Analysis 

8.1.1.3 Dry Shielded Canister Internal 
Basket Loads Analysis 

8.1.1.4 DSC SlqXIrt Asserrbly Loads Analysis 

No. of 
Issues 

2 

2 

8 

2 

3.88 

(contd) 

Items Involved 

Air exhaust penetration vicinity (secondary garnna rays 
considered?). 
Proper axial positioning of DSC in HSM during normal 
operation and in seismic event (shielding 
i~L ications?). 

In figure, total dose slightly Less than scattered 
dose at 1000 feet (plotting error or computer code 
problem?). 
Basis for dose rates in table (not evident in text; 
how were dose rates obtained?). 

Table showing materials properties (excludes materials 
including concrete, steel reinforcing, Boral, etc.; 
provide materials properties for them). 
Long-term storage of spent fuel horizontally (Lack of 
experience exists; ad:lress effects on fuel and its 
retrievabi L i ty). 

Fission gas release in design internal pressure 
calculation (basis for asslllling 25%?). 
Normal average canister gas tenperature (450"F or 
429" F?). 
Spacer disc tenperature distribution (is Figure 8.1 ·2 
correct?; explain for closest canister;guide tlbe 
point). 
Thermal cycling effects (explain use of tenperature 
distributions); cyclic fatigue analysis (heat·4J 
cycles for insulated loaded DSC considered?; if not, 
would their inclusion roodify results?). 
Density of normal concrete (inconsistency in values 
used; clarify). 
Equations 8.1-9 and 8.1-10 (terms missing; if equa
tions used, results may be incorrect; clarify). 
Modulus of elasticity (incorrect value used; need to 
correct). 
AZifiM.Jthal orientation of OSC in HSM (how assured?). 

Effect of thermal variations on canister shell (show 
what overaLl deflected shapes are; what are ASME 
stress intensities at six locations on the DSC and 
include discontinuity effects between shell and top 
cover plate). 
Drawings (insufficient information on Borel basket/top 
lead plug gap; provide actual shop drawings instead of 
conceptual drawings). 

Fuel asserOOl y i rradi at ion growth (source of 0. 75 in. 
value?); calculations (insufficient information on 
drawings to permit verification). 

Thermal analysis (provide asseri>ly procedure 
specifying torque of nuts). 

• 

' 

' 

• 

• 
• 

• 
• 



• 

• 

• 

• 
• 

TABLE 3.8. 

section of Topical Report 

8.1.1.5 Horizontal Storage Module Loads 
Analysis 

8.1.2 Off-Normal Events 

8.1.2.2 Blockage of the Horizontal Storage 
Module Inlet-Cause of Event and 
Detection 

8.1.3.1 Ttlennal-Hydraul ics of the 
Horizontal Storage Module 
Principles of HSM Cooling System 

8.1.3.3 Thennal-Hydraulic Analysis of the 
canister Inside the Transfer cask 
Model 

8.1.5 Design Basis Internal Pressure Loads 

No. of 
Issues 

6 

2 

5 

2 

3.89 

(contd) 

Items Involved 

Reference (NUREG-0800, not NUREG-0880). 
Ultimate shear value (provide calculational details). 
Stresses in corbel and ultimate strength capacity of 
corbel (provide calculations). 
Acceptance criteria for concrete temperature (state 
interpretation of ACI 349-80; relate to meteorological 
infonnation). 
Analysis of local concrete te~Jlleratures (excludes con
duction through su~rt bolts and SU~=PC~rt rait; effect 
of this on local concrete terrperatures and canpl lance 
with ACI 349-80 acceptance criteria?); concrete ther· 
mal conductivity (effect of thermal cycling?; effect 
of rebar?). 
DSC end in contact with concrete wall (concrete tem
perature of same magnitude as calculated DSC temper
atures would result; clearance between OSC end and 
concrete wall?; concrete tefll'lerature adjacent to DSC 
end?). 

TherrrBl radiation shield (failure of supports not 
addressed; justify that event is not feasible or 
provide analysis of consequences; how would such 
failure be detected?). 

HSM air flow with inlets blocked (appears to be 
random process with zero mean value; provide 
experimental confi nnat ion of assuned flow magni tt.deJ. 
Pressure (inconsistent values/conversions). 

Reference 8.44 (exclt.ded from reference list). 
Axial peaking factor used in thennal analysis (this 
additional limiting design parameter not cited in 
Table 3.1-1; justify this Limit it it is i~osed on 
stored fuel). 
Restrictions on application of Eq.;ations 8.1-37 
through 8.1·40 (COIJl>liance with restrictions?). 
Solar radiation (Levels considered in heat transfer 
analysis?; levels associated with hottest days?). 
Maxill'l.lll concrete ceiling tefllJerature (inconsistent 
values stated; analysis excludes direct conduction 
through sur:ports); severe sl.mller condition considered 
(off-normal or transient condition?; if so, lotlat is 
limiting mrbient condition?; stated value of 70'F is 
quite low for a limiting arrbient condition). 

Emissivity of stainless steel transfer cask exterior 
(inconsistency in stated values; justify use of 
different values). 
Variation of input parameters such as emissivity, 
axial peaking factor, etc. (sensitivity of calculated 
results to the variations?); margin of safety to 
limiting conditions (how established?). 

DSC integrity (describe any hydrostatic testing; was 
pressurizing loaded DSC with hel iun cons ide red as a 
test?; in such a test, how would test pressure relate 
to design pressure and accident pressure?). 



Section of Topical Report 

8.2.2.2 Accident Analysis 

8.2,3.2 Accident Analysis 

8.2.4.2 Accident Analysis 

8.2.5.2 Accident Analysis 

8.2.8 Dry Storage Canister Leakage 

8.2.9. 1 Accident Analysis 

TABLE 3.8. 
No. of 
Issues 

2 

6 

2 

5 

4 

(a) NUTECH Horizontal Modular Systems (NUHG1S). 

3.90 

(contd) 

Items Involved 

Coefficient of friction between MJHOMS(a) system and 
concrete pad (:50.6 instead of 1.0?). 
NUHOMS system (consider requiring tie downs to 
permanently anchor NUHOMS system to concrete pad or 
set HMS in key-way irrbedded in pad?). 

Values for E (use values at maxirrun calculated 
t~rature, not room te:Jrperature). 
Maxinun vertical earthq.Jake acceleration (use at least 
0.17 g, not 0.1 g; redo calculations). 
vw, Vr, and I tenns (aSSI..frPtions on wall volune, roof 
weight, etc.?); calculations (effect of osc and its 
support?). 
Parameter in Table 8.2·6 <Hu instead of Vu?). 
Corrbining horizontal seismic loads from two directions 
(excluded from text; include unless considered to be 
negligible). 
Longitudinal sliding of seismically loaded cask along 
rails (not included in text; if possibility exists, 
any damage to HSM or DSC grapple?; conseq.Jences if esc 
camot slide?). 

References to two tables (incorrect). 
Flood Level (could cause thermal stress in canister; 
were these loadings included in pressure Loadings?). 

Decelerations assuned for five·foot drop height 
(revise discussion to reflect actual process for 
obtaining values; reference data by appendix). 
Deceleration for top end vertical drop (why not use 
the more conservative data in Appendix V2 of 
NED0-10084·3?). 
Possibility of cask dropping vertically through five 
feet, then tipping over and slapping down (no 
discussion provided; slap·down case more severe than 
five·foot vertical drop; discuss reason for excluding 
slap·down case). 
AtterJJation or anplification characteristics of liner 
(for evaluation, NRC needs information on liner 
material end dimensions). 
Horizontal drop case (effect of two· inch diameter rods 
not considered; discuss omission or recalculate spacer 
disc stresses). 

DSC designed for no leakage Ulder any conditions 
(statement cannot be sltlstantiated as very small 
leakage rates camot be detected or measured; provide 
estimate of leakage rate ard base on experimental data 
or analysis). 

Fission gas release (inconsistency in values assuned; 
provide basis). 
Heliun leakage (would it increase substantially Wring 
pressurization transient?; address expected rate at 
higher t~rature and pressure). 
osc fatigue (also consider effect of diurnal t~r
ature variation). 
Maxinun inventory of fill and fission gases in one 
fuel assembly (what is it?; how was value estab
lished?; criteria needed?; discuss). 

• 

• 

• 

• 

• 

• 
• 



• 

• 

• 

• 

• 
• 

TABLE 3.8. 

Section of Topical Reoort 

8.2.10 Load Canbinations 

10.0 ~rating Controls an:! Limits 

10.1 Proposed Operating Controls and Limits 

10.2.2 Technical Conditions and 
Characteristics 

10.2.3 Surveillance Requirements 

10.3.1.1 Fuel Specifications 

10.3.2. 1 DSC Vacuum Pressuring During 
Drying 

10.3.2.2 DSC Helium Backfill Pressure 

10.3.2.3 DSC Helium Leakage Rate of Primary 
1/eld 

10.3.2.7 Maximum Air Exit Temperature 

10.3.3.1 Surveillance of the HSM Air Inlets 

~o. of 
Issues 

4 

2 

3 

2 

2 

2 

3.91 

(contd) 

Items Involved 

load cootlinations (excludes effects of wind, tornado, 
or flood; t0111Jliance with ACI 349-80?); materials 
properties (need evaluation at worst thermal case). 
HSM corbels, bearing plates, bolts and reinforcing 
steel (provide analysis for two Load canbination 
cases; specify corbel tefl1)erature and use associated 
material properties). 
Material properties for thermal accident load (inc:on
si stency in terrperature values assuned; clarify). 
DSC support assembly stresses (provide temperature of 
DSC/tee support contact point). 

Decay heat of stored fuel (axial power peaking should 
be equal to or less than 1.08). 

Condition 3 concerning DSC heliun leak rate of prirrary 
oreld (should aJ:PlY to all canister welds, including 
axial seam weld; address leak rate as function of 
tenperature). 
Limiting heat Load of 1-k\J assentlly (why excluded?). 

Inspection of internal air passages for blockage 
(indicate provisions) • 
Water entering HSM (provisions for draining?; 
inspections to assure water does not acctmJlate?). 
Air flow through module (how is acceptability of fLow 
rate determined?; how will flow rate be measured?; 
c0111Jliance with flow criteria?). 

Parameters (clarify; which are for fuel assembly and 
which for canister?). 

Criteria for drying operation (basis for one hour at 
pressure?; was possibility of a waterlogged fuel rod 
considered?) • 

Assuring that thermal equi l ibriurn has been reached 
(need to specify hold time at this pressure). 

Hel iun calculation (appears to be at 2, rather than 
1.5, atmospheres). 
Single leak assu:ned (Leakage may occur at several 
Locations; was this type of leakage considered?; 
discuss). 

Design based on passive cooling (if te~rature 
greater than 100"F and fans provided, passive cooling 
mechanism lost; include fans in design or eliminate as 
a corrective action). 
Cooling air tenperature rise (design features to pre· 
clude certain measurements and yet cC~~~"ply with tern· 
perature rise criterion?; more frequent measurements 
may be needed if assurance cannot be provided?). 

No blockage of outlets and no internal blockage (how 
assured?; does surveillance include flow or terrper· 
ature rise measurement?). 
Air blockage (if HSMs inspected once per week, how can 
it be assumed air blockage would be no longer than 48 
hours?; this question also relates to Section 
8.2.7.2) . 



TABLE 3.8. 

Section of Topical Reoort 

Appendix B ·Details of Heat Transfer 
Analysis of the NUHOMS System 

8.1 Apparent Thermal Conductivity of the 
Gas Between the !mer surface of the 
Canister Shell and the outer surface of 
the Guide sleeve 

A~ix C · SaJ!l)le Carp.~ter Input and 
OUtput for the NUHOMS 
Structural Analysis 

Quality Assurance (QA) Program<160) 

Additional lnfonnation ReqJested< 161 > 

Additio~&2)nfonnation ReqJested on QA 
Program< 

No. of 
~ 

6 

5 

22 

(a) Independent Spent Fuel Storage Installation (ISFSl). 

3.92 

(contd) 

Items Involved 

Thermal conductivity of gas in a horizontal or ver· 
tical anrulus (discrepancy in asslJilltions; explain). 
Fuel assenbly length (listed but not used in eq..Ja· 
tions; is this correct?; why is value cited?). 
Thermal conductivity of heliU'II (hily was 62DoF V<llue 
included?; why was 8D"F used in determining average 
value?; justify use of 1.6 as representative apparent 
thermal conductivity value). 
Terrperature difference of 300"C assuned in hefJ 
calculation (asslJilltion does not appear needed • 
Statement on page 8.16 (two·step approach to using 
'Wooten·Epstein Fornula appears closer to actual 
application). 
Kfuel values (provide corrected values). 

STARDYNE finite element analysis data (insuffident 
data provided to permit checking of stress data 
discussed In Section 8; provide sufficient quantity Jf 
STARDYNE and post-processor computer output data to 
trace maximum stress in each NUHOMS component 
evaluated). 

Section 11 of topical report (Section 11 does not 
address 10 CFR 50, Appendix B criteria IV and Vll·X!IJ; 
if NU1E~H to sl.bc:ontract construction of Robinson-2 
ISFSI a or any other ISFSI, Section 11 needs to be 
expanded to address each of the criteria in 10 CFR 50 
Appendix B as referenced in 10 CFR Part 72, Subpart 3; 
NUTECH should revise its QA program in Section 11). 

Alrbient air terrperature (need better definitions for 
average lifetime, l.pper bol.lld for long term, and 
maximum short term). 
In-service visual inspection program (define and 
reconmend to users). 
Leakage of hel iU'II fran DSC (provide reasons why it is 
of no concern). 
Criticality analysis methods (need more information). 
Shielding considerations (need more information). 

Additional information requested by NRC on 22 items 
(involve QA req..Ji rements for managers/administrators/ 
supervisors, "stop work" authority, conmitment on UA 
controls, resolution of disputes, indoctrination/ 
training/qualification programs, corrrnitment regarding 
designs, procurement documents, review of/concurrence 
with project plans etc., surveillance on s~liers, 
records provided by suppliers, certificates of con· 
formance from suppliers, hardware identification 
req..Jirements, calibrating standards, special hcn:llirg{ 
shipping/etc. requirements, procedural control on 
bypassing required inspections/tests/etc., noncon· 
forming items, nonconformance reports, OA records 
conmitment, QA records transmittal/retention conmit· 
ment, audit deficiency data, procurement/inspection/ 
etc. that are i~rtant to safety, ard deleting last 
sentence of section 11 .2 or justifying not doing so). 

• 

, 

• 

• 
• 

• 
• 



• 

• 

• 

• 

• 

• 

• 
• 

TABLE 3.8. 

Section of Topical Report 

Request for Additional Information<163, 164) 

No. of 
Issues 

3.93 

(contd) 

Items Involved 

NRC requested information on items (included thermally 
ind.lced bending stresses in DSC cover plates, neutron 
dose at HSM air inlets, source references for dose 
conversia1 factors in canister leakage analysis, 
cladding and HSH concrete teq>erature decay curves, 
shielding information, DOT·IV 1/0, g Loadings for 
casks, MCRSE code input and output, and review of HSM 
skyshine calculations . 



TABLE 3.9. Examples of Some Issues{a} Involved in Project M-40 
(NAC S/T cask) 

Section of Topical Report 

Quality Assurance (QA) Program 

QA Program 

1.2 General Description of the Installation 

1.2.1 Principal Design Criteria 

2.0 site Characteristics 

2.1 Geography and Demography of Site 
Selected 

2.1.2 Site Description 

2.3 Meteorology 

2.3.4 Diffusion Estimates 

2.7 Summary of Site Conditions Affecting 
Construction and Operating Requirements 

3.0 Principal Design Criteria 

3.1 Purpose of Installation 

3.1.1 Materials to be Stored 

No. of 
~ , 

4 

6 

Items lnyolved 

The IIAC(b) QA program (included NRC's req.~ests such as 
identify items of the NAC S/T(c) cask. that are irrpor· 
tant to safety: describe how management, above and 
outside the QA organization, will regularly assess the 
scope, status, adeq.Jacy, and canpl lance of the QA 
program to 10 CFR 72; discuss NAC's SUJ:Plier surveil
lan:e; etc.). 

The NAC QA program (provide clarification and/or 
additional information on four open items involving 
six of the preceding issues.) 

Design surface dose rate (use mrem/hr consistently, 
not mr/hr). 

Referen:e to 10 CFR 71.68(b) [should be 10 CFR 
72.68(b)J; NAC statement on page 2.1·2 (effluent 
release conponent not mentioned). 

Atmospheric diffusion factor (how calculated?; 10hat 
were ass~.~~~pt ions?: references?). 

Mininun distance from cask to lSFSl(d) site bolrldary 
(different values in Table 2.7·1 and Section 7.4.3). 

Gamma and neutron source strengths and fission product 
inventory (was ORlGEN used?; identify code; append 
output results). 
Ganma results in Table 3.1-3 (why not per asserrbly 
rather than per em of active length?; total source 
strength per asserrbl y?). 
Neutron spectNll results (need for desi111 tasis f,.El). 
Gamma source in Table 3.1-4 <why MeV/sec instead of 
JX!otons/sec?; provide SliiiTIIBry of totals per cask). 
Fission product gas inventory (if xenon-131 negli
gible, why include?; no summary of totals per cask 
in Table 3.1-5; are iodine-129, cesillll-134, and 
cesium·137 sources?). 
Materials in head and foot pieces and structural 
materials (activation product activities not 
addressed; provide spectral and source information). 

(a) From References 83-85. Six additional questions (and responses) may be foll"d in References 183 and 184. 
(b) Nuclear Assurance Corporation (NAC). 
(c) Storage/transport (S/T). 
(d) Independent Spent Fuel Storage Installation OSFS!). 

3.94 

• 

• 

' 

r 

• 

• 

• 



• 

• 

• 

• 

TABLE 3.9. 

Section of Topical Report 

3.2 Structural and Mechanical Safety 
Criteria 

3.2.6 

3.3 Safety Protection Systems 

3.3.2 Protection by Multiple Confinement 
Barriers and Systems 

3.3.2.1 Acceptance Test Criteria 

3.3.2.2 Fuel Loading Test Criteria 

3.3.2.3 Fl.rldamental Leakage Criteria 

3.3.3 Protection by Eq..Jip-nent and 
InstrlJllentation Selection 

3.3.3.2 Instrumentation 

3.3.4 Nuclear Criticality System 

3.3.4.1 control Methods for Prevention of 
Criticality 

3.3.4.3 Verification Analysis 

3.3.5 Radiological Protection 

3.3.5.3 Radiological Alarm Systems 

No. of 
Issues 

2 

3.95 

(contd) 

Items Involved 

Selection of 56 points for stress output (are highest 
stress points guaranteed to be included?). 
Table 3.2-2 says location M0 is closure bolt threads 
(in finite element analysis, how is this level of 
resolution achieved7). 

Secondary barrier for lq)er closure Lid (if no test 
can be done, what is basis for two-barrier system 
claim?; same applies to three-barrier claim for 
penetrations). 

Secordary barriers to radionuclide migration (none of 
those barriers can be pressure tested independently of 
primary barrier; defective secondary seal camot be 
detected; confinement maintained if primary seal 
malfl..flctions?). 

Leak requirement of 10·6 atm c~/sec Chow estab
Lished'?; Az value used?; derivation of A2 value?). 

Discussion of "features to provide testability" 
<requirement not met); cavity pressure transducer 
system (how tested for proper operational function?). 

Taking credit for P'oiR fuel burnup (for each initial 
enrichment, specify expected naninal burnup, mininun 
burn~ limit, and expected fissile materials; discuss 
benefits, limitations, and potential hazards in using 
burn~ credit; justify using neutron rultiplication 
factor limit of 0.95; req.~ired actninistrative con
trols?; b.Jrn~ meter used?; assurance that specific 
fuel operating histories and mininun b.JrrK.J?S are 
achieved?; discuss transport of fuel on public high
ways and disposal of fuel; if fuel has to be trans
ferred to another cask for transport, need to address 
this issue). 

Verification model (homogenized fuel or discrete pins 
assumed?; need to use 123-group neutron cross 
section.) 

Information in this section (Regulatory Guide 3.48 
req..~irements not met; need amual collective dose 
estimates for various JSFSI operations) • 

Cavity pressure transducer system (is there an alarm?; 
if not, how are personnel alerted if seal fails or 
neutron shield lost?) • 



TABLE 3.9. 

Section of Topical Report 

3.3.6 Fire and Explosion 

3.3.6. 1 Fire Protection 

3.3.6.2 Explosion Protection 

3.3.7 Materials Handling and Storage 

3.3.7.1 Spent fuel Hardting and Storage 

3.5 Deccmnissioning Considerations 

3.5.1 Storage Casks 

4.0 Installation Design 

4.2 Storage Structures 

4.2.1.3 Properties of Materials 

4.2.1.3.2 Thermal Properties of Materials 

4.2.3 Individual Unit Description 

4.2.3.2 Cask Components 

4.2.3.2.3 Radiation Protection COfi1Xll"lents 

4.8 Normal Operations 

4.8.1 Normal Operation Conditions
Structural Analysis 

4.8.1.1 Discussion 

4.8.1.2 ~eights and Centers of Gravity 

4.8.1.3 Cask Body Analysis 

No. of 
~ 

3 

2 

3.96 

(contd) 

Items Involved 

Maxinun 10"f te~~"perature increase estimated fran any 
site (basis?). 
Analysis for fire (how are criteria taken into 
accoll'lt?). 
An 800"C fire for 30 minutes (response of cask?). 

Ass~tion of overpressure of 1.0 psi to qualify cask 
for resisting explosion (does not seem to be an 
adequate Levell. 

Handt i ng requirements (acklress maximun te:nperature 
casks attain during cask drying process after 
loading). 

ORIGEN calculation (input for irradiation conditions 
and materials?; constant neutron flux through wall 
thickness?; covers and bottan excll.ded; consequences 
of cask wall activation?; con-pare activation prod.Jct 
activities with limits; why is activity at one year 
shown?; is one year maxinun time cask would remain 
e~rpty before final disposition?). 

Density of solid neutron shield (incoosistency in 
values used; what is correct?). 
Thermal corductivity (use of pure alunim.111 not 
conservative; use A356 and 5052 alunin1..111 alloys). 

Statement that "the neutron shields also suppress 
secordary ganma generation" (explain). 

fuel basket (not mentioned; inclu:le structural 
analysis; de!oonstrate that it can sustain normal 
operating loads without significant deformations; 
assess long-term behavior for its col!bined thermal ard 
loading erwiromtent). 

Use of rounded values (use actual weights; in sorre 
cases, higher .,.eights IXlCOnservative). 

• 

• 
• 

• 

• 
• 

• 
• 



• 

• 

• 

• 

• 

• 

TABLE 3.9. 

Section of Topical Report 

4 .8. 1.3. 1 Discussion· Loads-Methods of 
Analysis 

4.8.1.3.2 Finite Element Model Description 

4.8.1.3.3 Detailed Analysis 

4.8.1.3.4 !mer Shell Stability Analysis 

4.8.1.5 Closure Valve and lnstr\lllel'\tation 
Feedthrough cover Analysis 

4.8. 1 .5.1 Internal Pressure 

4.8.1.6. 1 Internal Pressure Analysis 

4.8. 1 .6.2 Internal VacuUll Analysis 

4.8.1.7 Storage Support skid Analysis 

4.8.2.2 Thermal Properties of Materials 

4.8.2.3 Thermal Analysis Models 

4.8.2.3.1 Cask. Body 

4.8.2.3.2 Fuel Storage Basket 

4.8.2.3.3 MaXillUII Fuel Rod and Tenperature 

No. of 
Issues 

3 

2 

4 

2 

2 

2 

4 

3.97 

(contd) 

Items Involved 

Bolnding thermal cases (only two listed, minii1Ull 
arrbient envirorment co~led with maxirrun heat decay 
Load may not be covered by two Listed cases). 

Model weight (inconsistency in value used; sMJe 
COIJllllter model used for all axis}'TIII'Ietric geometries?; 
was wrong density or geometry input used'D. 
Finite element mcdel of separate c~nents (provide 
roore detail in description; identify bolt bea11 
elements; describe element/closure lid and 
element/cask body interfaces). 
Interface between lead and imer ard outer shells 
(explain how "gap elements" describe it). 

Prtr and Per equations <appear incorrect; distance 
between supports is 155.30, not 159.8). 
Title of third paragrapll on page 4.8·32 (typograpllical 
error). 

Page 4.8·61 (L/R, not T/Rl. 

Internal helium gas pressure (32.4 psig or 32.4 
psi a?). 

Shield tank wall in horizontal position (include 
stress analysis). 
Factor of 1.5 in last equation on page 4.8·88 
(significance?). 
Equation tor se (appears incorrect) . 
Page 4.8·91 (Se, not Ss>· 

Margin of safety equation (not defined). 
Units on page 4.8-93 (lb, not in./lb) • 

Syrrbols At, As, Aby• etc. (define; do this throughout 
report). 
Figure on page 4.8-111 (unclear; all figures should 
have captions). 

Coefficient equation for vertical storage mode (dif
ferent than one in reference; discuss validity of 
equations and U"lcertainties). 

Thermal analysis (show all dimensions and materials in 
Figure 4.8·15). 

AlUllinUll storage basket model (show all dimensions, 
particularly gaps, and equivalent thickness of 
homogeneous material). 
Fuel buldles (how modeled as heat sources?). 

Fuel rod analysis <parameters used?; parameter values 
used in ~oten-Epstein correlation?). 
Fuel rod (maxinun internal pressure?; include data in 
Table 3. 1-1). 
Tenperature versus time in storage <provide plot for 
hottest fuel rod). 
Heating 5 analysis ard thermal model (show input and 
output). 



TABLE 3.9. 

Section of Topical Reoort 

4.8.2.6 Normal Operations Conditions· 
Multi cask Arrays 

4.8.3 Normal Operations Conditions· 
Criticality Analysis 

4.8.3.2 Keno Model 

4.8.3.3 Criticality Analysis Results 

5.0 Operation Systems 

5.1 Operation Description 

5.1.1 Narrative Description 

5.1.1.1 Initial Receipt 

5.1.1.2 Fuel Loading 

5.1 .1.4 !SFSI Storage 

5.1.2 Flowsheets 

5.1.3 Identification of Sl.bjects for Safety 
Analysis 

5.1.3.2 Chemical Safety 

5.1.3.4 Instrumentation 

No. of 
Issues 

2 

3 

3.98 

(contd) 

1 ems Involved 

fol.ILTICASK program (describe; what are roodeling 
asSI.IJlltions?; was it benchmarked?). 

Use of 0.95 neutron multiplication factor limit 
(requires an i~roved roodel; sq..~are casK array may not 
be conservative; use discrete pin model and 123-group 
neutron cross-section; provide information on alut~im.lll 
and boron sheet thicknesses). 

Calculations of b.JrnLp, uranium-235 depletion, and 
fissile isotope fractions (canputer code used?; show 
input and output; rurber of calculations perfonned for 
enrichment ard burtl...lp limits in Table 4.8-37?; 
percentages of f i ssi le isotopes present?; criticality 
sensitivity to burnup?). 

Breaking of pressure transducer wires (cooseqJences of 
break with respect to repair ard acceptance?). 

Burnt.p of each fuel bundle (how verified?; burtl...lp 
meter used?; 100% ad'ninistrative control difficult to 
achieve). 
Drying process (how is fuel rod terrperature 
controlled?). 

Regulatory Guide 3.48 requirement to "describe means 
that will be routinely used d.Jring storage to evaluate 
the cordition of the casks" (no discussion provided, 
although amual inspection appears to be considered; 
provide discussion of means and of capability for 
reroote monitoring of internal cask pressure). 

Sirrplified flow sheets in Table 5.1·1, Table 5.1-2, 
and Table 5.1·3 <need to be annotated to show specific 
operations from Section 5.1.1.1, Section 5.1.1.2, and 
Section 5.1.1.3 associated with each box). 
Times and distances in Table 5.1·4 (how estimated?; 
are they conservative?; need time, persomel, and 
distance estimates for a\l operations with more than 
one tasK to compute occupational dose). 

Neutron shield mixture "req..sires only normal care in 
its use" (meaning?; routine checks or replacement of 
mixture required?). 

Pressure transd.Jcer (failure irrpairs ability of 
utility to detect cask with leaking seal or cask that 
has lost neutron shield). 

• 

• 

• 

• 

• 

• 
• 



• 

• 

• 

• 

TABLE 3.9. 

Section of Topical Reoort 

5.2 Fuel Handling Systems 

5.3 Other Operating Systems 

5.3.2 C~nent/E~i~nEmt Spares 

5.4 Operation Support Systems 

6.0 'Waste Confinement and Management 

7.0 Radiation Protection 

7.1 Ensuring that Occupational Radiation 
Exposures Are As Low As Is Reasonably 
Achievable (ALARA) 

7.1.2 Design Considerations 

7 .1.3 Operational Considerations 

7.2 Radiation sources 

7.2.1 Characterization of sources 

7.2.2 Airborne Radioactive Material Sources 

7.3 Radiation Protection Design Features 

(a) Nuclear Assurance Corporation (NAC). 

No. of 
Issues 

2 

3 

2 

3.99 

(contd) 

Items Involved 

Spent fuel storage operations involving placement, 
storage surveiLlance, and rerooval (sunnarize; refer to 
and use section 5.1.1 material) . 
Safety·related features of spent fuel storage system 
(sUIIllarize; state Limits for a cornnitment to action; 
refer to alarm Levels). 

This section (no NAC(a) response provided; address 
associated ISFSI repair or maintenance design fea
tures; discuss pressure transducer system reliability; 
address design provisions to minimize radiation 
exposure during repair operations). 

Pressure transd.Jcer system instri.JIIerltation (discuss; 
address roonitoring). 

Radiological illpBct of gaseous radioactive wastes, 
i.e., effluents, in normal operations (need sUilliBry). 

Statements that "Liquid neutron shield tank leakage 
will be visually obvious" and that "no close-proximity 
inspections of the cask are required" (how will leak 
be obvious from a distance?; how long will leak be 
"visually obvious"?). 

Statement that " .•• worst effect of a man-induced 
accident would be puncture ard loss of the liquid 
neutron shield" (operational proced.Jres in this 
event?). 

Ganma source strength (inconsistency in values used); 
neutron source spectrum (where is it?>; head and foot 
piece regions (gBIIJilEI source strengths?); active fuel 
<why total energy flux/em instead of total photon 
flux/em?). 
Sutx:ritical lll.lltiplication and associated fission 
ganmas (any consideration of these?). 
Requirement that "sources of radiation •.. be described 
in the manner needed as input to the shielding design 
calculations" (inadeq..~ate information in this section 
and in Section 3.1.1). 

Various release fractions (references?; why are 
iodine-129, cesium-134, and cesium·137 not 
considered?). 
Requirement to describe "provisioos made for persomel 
protective measures" (any provisions made?; if not, 
lolhynot?). 



TABLE 3.9. 

Section of Topical ReP?rt 

7.3.1 Installation Design Features 

7.3.2 Shielding 

7.3.2.1 Analysis Source Description 

7.3.2.2 Shielding Analysis Dose Points 

7.2.3.2 Shielding Analysis Models 

7.3.2.3 Shielding Analysis Results-Surface 
Dose Rates 

7.4 Estimated On-Site Collective Dose 
Assessment 

7.4.1 AMlysis Methodology 

7.4.2 Analysis Results 

No. of 
Issues 

5 

2 

(contd) 

Items Involved 

Specific activity, physical and chemical character· 
istics, and expected concentrations of all sources in 
Section 7.2 (need to provide here; discuss design 
radiation dose rate); requirement of regulatory 
position 2 of Regulatory Guide 8.8 (not fulfilled). 

Shielding calculations Cflux·to·dose conversion 
factors used?); QAD·CG 3D calculations (rectangular 
parallelepiped source regions horoogenized?); ganma 
dose buildl4' factors (provide 100re information); 
material buildl4> (ht\y product of factors used?); all 
ass~tions (slbstantiate). 

Reaction of americillll"241 [(a,n), not Cq,n)J. 
Percent of neutron source fran spontaneous fissions of 
curium-242 and -244 (inconsistency in values used; why 
the difference?; append ai.IGEN results). 
Statement that "curium spontaneous fission neutron 
spectrum is quite simi tar to that of cal ifornium-252" 
(basis?; if californiU'Jl·252 spontaneous fission 
spectrum used, why not presented?). 
QAD·CG three dimensional source region (are there 
differences in sources 1, 2, and 3 in Figure 7.3·2?; 
if not, why numbered as shown?). 
Source region materials in Table 7.3·2 (ht\ere are atC(Jl 
densities?; ..mere is total density for active fuel 
source region?). 

Dose point locations in Figure 7.3·3 (present actual 
locations by coordinate position; dose points 1, 4, 
and 8 incorrectly shown); Locations for maxinun dose 
(how determined?; other dose points involved?). 

QAD·CG three dimensional model in Figure 7.3·6 (coer· 
dinates for fuel region and voids?; axial coordinate 
references?; where are head piece, foot piece, gas 
plenum, and active fuel regions of source region?). 
Shield material densities and corrpositions in Table 
7.3·3 (atom densities in atotm/barn·cm for shield 
materials?; c for ethylene glycol?; K in potassium 
tetraborate?; Si in silicon value for c~.m.~lative 
density of silicon rubber coopared to Table 4.2·15; 
why is curulative density of stainless steel 7.30 g/cc 
instead of 7.9 g/cc?). 

Dose rate at indicatEd l!Xatim (at a p:lint or average 
about the location?; uncertainties with dose rate 
results?; shouldn't this be Section 7.3.2.4?). 

Twenty-meter cutoff between 1/r and 1/r2 (how 
determined?); approach for calculating off-surface 
dose <needs to be validated). 

Use of term "ISFSI bourdary" for 100-meter location 
(controlled area boundary is more accurate term); 
Table 7.4·2, Table 7.4·3, Table 7.4·4, and Table 7.4·5 
(confusion because term "ISFSI boundary" used); rrul
tiple cask arrays (for 25 mrem/yr requirement, show 
how location COII'p.Jted. 

3.!00 

• 

• 
• 

• 

• 

• 

• 



• 

• 

• 

• 
• 

TABLE 3.9. 

Section of Topical Report 

7.4.3 Occ~..pational Dose 

7.4 Airborne Radiation 

7.4.4.2 Analysis-Normal Operations 
Conditions Basis 

7.4.4.3 Analysis-Off-Normal Operations and 
Accident Event Conditions 

7 .4.4 Boundary Dose 

7.6 Estimated Off-Site Collective Dose 
Assessment 

7. 7 NAC S/T Cask Performance 

8.0 Accident Analysis 

8.1 Off-Normal Operation 

8.1.1 Event-Leakage Through a Cask Closure 

8.1. 1.3 Analysis of Effects and 
Consequences-Leakage Through 
a Cask Closure 

8.1.2 Event-Fission Product Gas Release 

No. of 
~ 

5 

3.101 

(contd) 

Items Involved 

Personnel exposure time history (Table 5.4-4 should be 
Table 5.1-4); dose rates in Table 7.4·6 {how can
puted?; was DOSE used?; dose point Location {what used 
for each task?); llllltitask operations (exposure 
d.lration and distance?); occl4M!tional doses in Table 
5.1·4 and Table 7.4·6 (insufficient infonnation to 
verify doses in latter table); optional anrual inspec· 
tion (dose?~S dose rates in Table 7.4·6 (really as low 
as about 10 ?). 

Section title (inconsistent with assurption of 10% 
failed fuel rods). 
Values for Az for krypton·85 and xenon-131 (why are 
lriCOIJ1lressed gas values used?). 
Reference to Section 3.2.2.3 on page 7.4·21 (isn't it 
Section 3.3.23?). 
Downstream pressure of 2 atmospheres (how set?; 
Section 4.8.1.5.1 says 1 atmosphere). 
A2 values (how related to 10 CFR 72 req..Jirements?; 
calculational method for A2 for mixture of isotopes is 
incorrect). 

Section title (inconsistent with assunption of 100% 
failed fuel rods; 100% represents accident conditions 
only; conments on Az values and downstream pressure 
apply here also). 

"Normal" and "Off-Normal/Accident" (titles should be 
consistent with earlier definitions); whole body dose 
rate from hydrogen-3 irilalation (basis for computing 
as if it were for krypton-85?); diffusion factor (is 
it conservative?; why different than values in Safety 
Guide 1.25?). 

The 100-meter boundary (inconsistent); off-site dose 
(need sorr.e generic estimate). 

Section 7.4.4.2 "analyzes leakage for normal and off· 
normal conditions" and Section 7.4.4.3 "for accident 
conditions" (analyses consistent with statements but 
not consistent with titles of sections themselves). 

Scenario (is this for 10% failed fuel rod case?; 
according to Section 7.2.2 it should be). 

Contained barrier seal develops leak (specify 
magnitude; amo1.11t of hel !UTI lost?; suppJrt by facts 
that radiological impact is "minimal"). 

Considered as off-normal event (camot be according to 
Section 7.2.2.2; 100% failed fuel rods is an accident 
event) . 



TABLE 3.9. 

Section of Topical Report 

8.1.2.1.3 Shielding Analysis-loss of 
Neutron Shield 

8.1.2.3 Analysis of Effects and 
Consequences-Fission Prcduct 
Gas Release 

8.1.2.4 Corrective Action-Fission Product 
Gas Release 

8.1.3 Event-Failure of lnstru:nentation 

8.1.3.4 Corrective Actions-Failure of 
1 nstrunentati on 

8.1 .4 Radiological Impact frO!ll an Off
Normal Event 

8.2 Accidents 

8.2. 1 Accident-loss of Neutron Shield 

8.2. 1.1 Cause of Accident-Loss of Neutron 
Shield 

8.2.1.2 Accident Analysis-Loss of Neutron 
Shield 

8.2.1.2.1 Thermal Analysis-Loss of Neutron 
Shield 

8.2.1.2.3 Shielding Analysis-Loss of 
Neutron Shield 

8.2.1.3 Accident-Cask Burial Under Debris 

8.2.1.3.2 Accident Analysis-Cask Burial 
Under Debris 

8.2.2 Accident-Fire 

No. of 
Issues 

2 

2 

2 

2 

2 

3 

(contd) 

Items Involved 

Corrbined g~ and neutron dose rates in Table 8.2-14 
(cooments in Section 7.3.2.3 apply here also). 
Meeting requirements of 10 CFR 72.68(b) for various 
cask array scenarios (NRC questions analysis pro
cedure; why were not doses computed for minimum 
distances shown in Section 7.4.2?). 

Statement "that Leakage and airb:lme radiatia1 are far 
below established criteria" (substantiate; si.JIIIlBri ze 
results fran Section 7.4.4). 
Total free gas per rod value on page 8.1-8 (how 
determined?). 

Statement that "cask safely contains all fission 
products released fran the fuel rods" (incorrect, some 
loss with leakage). 

Statement that no corrective action required if pres
sure transducer system fails (NRC does not agree). 
Rupture of neutron shield (will storage conditions be 
outside of operating limits?; if so, a failed press~re 
transducer system should be repaired or replaced). 

Statement that "fission produ::t gas releme'' will have 
no radiological irrpact" because it does not "involvf' 
leakage fran the cask" (not correct as there is an 
established Leak rate). 
The use of the 100-meter "ISFSI bomdary" (inconsis· 
tent; substantiate statement that radiological il!llact 
at 100 meters is "less than 5 rem criterion"). 

Re!IDte monitoring of casks (how will leaK be 
detected?; seems to require close-proximity visual 
inspection). 

Neutron shield loss (will there be p-essu-e ircrease?; 
if so, would be direct structural consequence of 
accident). 

Reference for thermal analysis (Table 4.8-17, not 
Table 4.8-14). 
Heat transfer across neutron shield anll..llus (how 
calculated?). 

Neutron shield loss (repair procedures?). 
Neutron shield loss (occupational dose ca-seq..a-res?). 
Neutron shield loss (provide thermal analysis). 

- Cask burial analysis <provide thermal !IDdel). 

Rupture of neutron shield or slurrping of lead (could 
fire cause these?; if so, address radiological 
consequences). 

3.102 

• 

• 

• 

• 

• 

• 
• 

• 
• 



• 

• 

• 

• 

' 

• 
' 

Section of Topical Report 

8.2.3 Accident-Cask Tip Over 

8.2.3.2 Accident Analysis-cask Tip Over 

8.2.3.2. 1 Structural Analysis-Tipping 
Against Another Cask 

8.2.3.3 NAC SIT Cask Performance-Cask 
Tip Over Accident 

8.2.4 Accident Cask Drop 

8.2.4.1 Discussion 

8.2.4.2 Detailed Analysis 

8.2.4.2.2 Side Drop 

8.2.4.2.3 Analysis-Oblique Drop 

8.2.5 Accident-flood 

8.2.5.2 Accident Analysis-Flood 

TABLE 3.9. 

No. of 
Issues 

2 

4 

3 

2 

3.103 

(contd) 

Items Involved 

Statement that "there are no credible means by which 
the ... cask could experience a tip-over" (not true, as 
discussed in Section 8.2.10 below) . 

Rupture of fuel rods or slunpire of Lead (could these 
occur if cask tips over?; if so, address radiological 
coi'ISequences). 
Statement that center of gravity moves through 58.71 
vertical inches, which is not as severe as a 55 g 
oblique drop accident (need supporting discussion as 
it is not obvious). 

Most severe angle is 45" if cask tips and strikes a 
horizontal cask (corresponding figure, Figure 8.2-2, 
is unclear). 
Notation on page 8.2-55 (confusing; difference between 
m and M and between r and R?). 
Calculation of moment of inertia (incorrect). 
Rotational kinematics discussion (incorrect). 

Statement that ISFSI site boLndary dose is less than 
10 CFR 72 criteria if neutron shield tank lost and 
fuel ruptures (need to be more specific; dose at 
certain distance for single tipped cask and for an 
array of casKs?). 

"· .• design in-pact force of 55 g on the cask is 
established" (define meaning of 55 g; discuss i~ct 
limiter and maxirrun drop height). 

CasK drop (does rupture of some fuel rods or slumping 
of lead occur?; if so, address radiological 
consequences). 
Loading (is this a static calculation?; inertially 
applied impact loadings may be nonconservative) . 
Cask contents excluded from analysis because they 
produce neg\ igible stress of 37 psi (NRC's rough 
calculation shows 745 psi). 

Load distribution in Figure 8.2·4 (any s~porting 
experimental or theoretical evidence?; were sufficient 
terms used in Fourier expression?). 
Plots, described on page 8.2-146, to adjust radial 
stresses <include sa~le plots). 

Statement that "slapdown" is less severe than initial 
i~ct due to larger iJ!flact area (large impact areas 
generally i~ly higher stress; address "slapdown" as a 
secondary impact that may increase stresses). 



TABLE 3.9. 

Section of Topical Report 

8.2.5.2.2 Structural Analysis 

8.2.6 Accident·Cask seal Leakage 

8.2,6.2 NAC SIT Cask Performance-Cask Seal 
Leakage 

8.2.7 Accident-Tornado Winds 

8.2.8 Accident-Tornado Missiles 

8.2.8.1 cause of Accident-Tornado Missiles 

8.2.8.2 Accident Analysis-Tornado Missiles 

8.2.8.2.1 Analysis-Massive Missile Vertical 
Cask-Tip over 

8.2.8.2.3 Analysis-Protective Barrier 
Missile vertical Cask Tip-Over 

8.2.10 Accident-Earthquakes 

8.2.10.2 Accident Analysis-Earthquakes 
Natural Frequency Analysis 

8.4 References-Section 8 

No. of 
~ 

' 

2 

5 

' 

(contd) 

Items Involved 

Tip·over of vertically stored cask or rolt·over of 
horizontally stored cask (will neutron shield tank 
collapse?). 
Pv, Pv• and "'Pv on page 8.2-266 (confusing; define); 
reference to page 3-55 of Mark's Mechanical 
Engineering Handbook (delete; include reference to 
Bernoulli's equation and list assl.IJlltions used). 
OVerturning moment (lower if water buoyancy taken into 
acco~.r~t and, as consequence, lower water velocity for 
overturning). 

Whole body dose from hydrogen-3 inhalation (as noted 
above in Section 7.4.4.4, 1.\iy conputed as krypton· 
85?). 
Diffusion factor (cornnents above also relevant here; 
dose from single c~sk higher if more conservative 
value of 5.D x 10· used). 

Bernoulli's equation (see comJents in section 
8.2.5.2.2). 

Inpact of massive missile on cylindrical cask (seelll5-
inconceivable it can result in uniform external 
pressure). 

Reference to Figure 8.2·1 on page 8.2-297 (seems to 
be wrong). 
()'I same page, Wch called final potential energy (it is 
initial potential energy). 
()'I page 8.2-294, angular velocity syubol (missing). 
Angular velocity of cask after inpact (isn't this 
win. 
lnpact force on cask (function of missile deceleration 
rather than force necessary to maintain equilibrium). 

Paragraph on page 8.2·361 identical to one on page 
8.2-357 (accuracy of former?). 

This section (l.l"lnecessary). 
Tip-over analysis for vertical cask (only 1 of 5 cases 
considered is relevant here; when corrected, conclu
sion is revised--the cask will tip in the event of the 
cited earthquake). 
Roll-over analysis for horizontal cask (again, only 1 
of the 5 cases considered is relevant here; that case 
also incorrectly calculated; when corrected, 
conclusion is reversed--cask will roll off of its skid 
during Design Basis Earthquake east of Rockies under 
worst conditions). 

References (some are missing; they are probably on 
page 8.4-1, 1.\iich is also missing). 

3.104 

• 

• 

• 

• 

• 

• 
' 

• 
• 



• 

• 

• 

• 

-• 

Section of Topical Reoort 

10.0 Operating Controls arxl Limits 

TABLE 3.9. 
No. of 
~ 

10.1 Proposed Operating Controls and Limits 

10.1.2 Bases for Operating Controls and 
Limits 

10.1.2.1 Fuel Characteristic Limit 2 

3.105 

(contd) 

Items Involved 

AsslJfllltion that cask dyranic Loading will result in a 
"9" load not exceeding 55 g (establish operation 
limits so cask will not experience deceleration 
greater than 55 g), 

Garrrna flux in Table 10.1-1 (why MeV/sec instead of 
P,otonstsec?); distance fran caslo:: to boundary (for 
single cask, minilliYJl distance is 187.2 meters, not 100 
meters; why not used?); atroospheric diffusion factor 
(is it conservative?). .f.. 
Page 10.1-4 (1 x 10·6 , not 1 x 1u-) . 



TABLE 3.10. Examples of Some Issues(a} Involved in Project M-41 
(Westinghouse, MC-10) 

Section of Topical Report 

1.2 General Description of Installation 

1.2.5 Structural Features 

1.3 General Systems Description 

1.3.1 Cask Configuration 

1.3.2 Dry Storage Cask Design Basis 

1.3 .2.2 Fuel Parameters 

3.0 Principal Design Criteria 

3.1 Purp:~se of Installation 

3,1 .1 Materials to be Stored 

3.2 Structural and Mechanical Safety 
Criteria 

3.2.2 Water Level <Flood) Design 

3.2.5 Combined load Criteria 

3.3 Safety Protection Systems 

3.3.1 General 

No. of 
Issues 

5 

3 

Items Involved 

Contairrnent of neutron absorber (description is not 
conplete; function of 0.25-in. thick steel plates?). 

Neutron absorber in third cover in Figure 1.2-1 
(identify for clarity). 

Maxi nun neutron and ganrna surface dose rates versus 
principal design criteria for neutron plus garrma 
(explain; is maxirrun surface dose rate for garrma 
correct?). 
Metal ring closure design (description is confusing; 
welded seal ring or metallic seal or both?). 
OUter cask wall (indicate that sane fraction has no 
neutron absorber and has increased local neutron 
dose); neutron absorber in seal cover and OOttom 
(description of encapsulation not conplete). 
Neutron absorber and shield ring (point out location 
in Figure 1.3·5; describe shield ring attachrrent). 
Prevention of criticality function (effect of spacer 
pad deformation?). 

westinghouse 17x17 fuel assenbly in Figure 1.3·6 (lotly 
used if 15x15 fuel assetrbly is the reference?). 

Radiological characteristics of spent fuel to be 
stored (requirement to describe not met; refer to 
material in Section 7.2.1; surmarize spectral and 
source information). 
Gaseous activity sources (information in this section 
and Section 7.2.1 is incomplete; ad:lress fission 
product gas inventory). 
Activation product activities in head and foot piece 
materials and structural materials (need to address; 
provide speo;:tral and source information). 

Neutron shielding panel's ability to withst!rd >100-ft 
static water head (define more preciselY this state
ment: "without being grossly deformed"). 

Allowable 
3.6 Sm or 

for accident conditions P +Pb (should be 
Su, not 3.6 sm or 1.05 su~· 

"Shielding protection ... with welded encapsulating 
structure ... " (needs clarification; itrplies cask 
surrourded by welded steel struct....e drire h!rdli!ll). 

(a) From References 92·94 and 185. Additional issues are in Reference 186. Responses are in References 93, 04, 
and 186-201. 

3.106 

• 

• 

• 

• 

• 

• 
• 



• 

• 

• 

• 
• 

TABLE 3.10. 

Section of Topical Reoort 

3.3.2 Protection by Multiple Confinement 
Barriers and systems 

3.3.2.2 Drydo~n Procedure 

3.3.2.3 Multiple Confinement Barriers 

3.3.3 Protection by Equipment and 
Instrunentation Selection 

3.3.3.2 Instrumentation 

3.3.4 Nuclear Criticality System 

3.3.4.1 Control Methods for Prevention of 
Criticality 

3.3.4.1.4 KENO Gecmetry Models 

3.3.4.1.5 Results of Criticality Analysis 

3.3.4.1.6 Accident Analysis 

3.3.5 Radiological Protection 

3.3.5.2 Shielding 

No. of 
Issues 

2 

4 

2 

2 

2 

2 

2 

3.107 

(contd) 

Items Involved 

Shield plate (where is it in Figure 3.3·1?; is shield 
plate same as shield cover?). 
System moisture content (references?). 

Metallic seal (inconsistency in three figures). 
Leak rate criteria for each cover and cO!J'Dined cover 
system (what is it?). 
"g" in equation for Fs (significance?). 
Static g load Chow c~ted?). 

Instrll!lentat ion calibration port (inconsistency in 
location as shown on two figures). 
Description of pressure JIJ:~nitoring operation ("con
tiruous" not stated here but is in Section 10.2.3). 

Borated water environment for underwater loading and 
t.nloading (why used?; explain why use of nonfixed 
poison is considered acceptable). 

Fuel cell retainer clips (run full length of cell?). 
Homogeneous and discrete fuel models in benchmark 
calculations (provide more detailed description; 
neutron cross-section data used?); discrete fuel model 
and aSSUilltions (similar to those used in benchmarking 
KENO-IV code against criticality tests?); evaluation 
of hard neutron spectrun effects (use KENO V to model 
discrete fuel rods and use 123 neutron cross-section 
library>. 

Evaluation of increased reactivity with off-center 
fuel and minimun water gap (clarify description; 
reevaluation needed? ) • 
Fuel enrichment (restrict to 3.6 or less until 
reevaluation ensures that Keff is <0.95 or this type 
of fuel assentJl y excluded for use>. 

Cask drop event (indicates cask basket would not main
tain its structural integrity); unborated water in 
cask cavity (criticality could occur); basket design 
(explain why considered acceptable); cask tip over on 
storage pad (could fuel be readily removed?). 

Gaseous radioactivity sources (describe also in 
Section 3.1.1). 
Maximun surface dose rate (list as design criteria; 
also cite criteria in 10 CFR 72.67 and 10 CFR 72.68). 

Estimate of collective doses (in man-rem) per year for 
various operations (Regulatory Guide 3.48 requirement 
rot met; provide SUTITI8ry of collective dose for major 
operations; sUT~~~ary of dose to irdividual is of inter
est bJt not required). 
Dose at controlled area bo!..lrld<lry and mininun site 
bo\J'ldary distance (why no sumlilry presented to meet 
10 CFR 72.67 requirements for single ard ITl.lltiple cask 
arrays?) • 



TABLE 3.10. 

Section of Topical Report 

3.5.3.5 Radiological Alarm System 

3,5 Oecorrrnissioning Considerations 

4.2 Storage Structures 

4.2.3 Individual Unit Description 

4.2.3.1 Cask Body and Containment Vessel 

4.2.3.2 Basket Asserrbly 

4.2.3.3 Lid Closure and Seal System 

4.2.4 Thermal and Hydraulic Design Basis 

4.2.4.6 Fuel Rod Cladding Maximum 
Temperatures 

No. of 
Issues 

2 

9 

2 

4 

3 

3.108 

(contd) 

Items Involved 

"Unacceptable" in statement "unacceptable releases .•• " 
(meaning?; refers to 10 CFR Part 20 and 10 CFR Part 
72?); release of 1 rem (..tly considered "small magni
tude"?); alarms (why considered l.nnecessary?). 
Sections 4.3.7 and 5.4.1 (referenced here but do not 
exist). 

Expression "cask itself" (includes the covers?; if so, 
..tlich ones?; if not, why excluded?). 
"in-house conputer code" for activation product activ
~SY calcu'!l'9tions6t,provide~re det~~ed desc~Y;tion). Ni (n, fl Ni, Ni (n, /) Ni, and Fe(n, fl Fe 
activation reactions (..tly not considered?). 
Individ.Jal isotopic results (why not included in 
Table 3.5-1?). 
Three cask canponents (total weights used for each?). 
Reference time for activities (what was it?; was it 
one day after ll"'loading?). 
Cask considered as Low-level waste (justify; relate to 
10 CFR Part 61). 
Flux· to-dose conversion factors used with KAP-VI cede 
(what were they?). 
Statement that cask components can be readily shippec 
(justify; relate to 49 CFR Part 173); possible recycle 
for corrmercial use (discuss; relate to 10 CFR Part 
30). 

Lifting yoke, lifting sling, and shield lifting cables 
(include stress analysis here if they are to be 
included in this topical report). 

Statement "prevents fission products streaming" 
<meaning?; refers to gases and particulates?). 

Method of basket assenbly (description unclear; 
provide rrore detailed fabrication drawings). 
Page 4.2-4 (~..psi de down). 

Metal closure ring (same as c-ring?; if so, NRC 
questions reuse as a safe practice). 
Filling seal cover cavity with neutron absorber (how 
is void·free fill guaranteed?; cavity filled after 
seal cover is in place on loaded cask?). 
Tlo'elve bolts in seal cover (describe purpose). 
Seal ring "placed over seal weld" (any means of 
securing it to cask?). 

Experience data base for recommending 380°F as 
maXiiiUll (data base, as yet, insufficient); assessing 
acceptability of stated t~rature limit (provide 
temperature decay serve for at least 20-yr storage 
period and maximun anticipated fuel rod internal 
pressure). 
Maxirwm fuel red temperature calculation (provide copy 
of Reference 2J; test fuel assembly versus storage 
fuel assembly (same configurations?); bolJ"ldary condi · 
tions or basket configurations Chow taken into account 
in referenced equation?). 
Basket, stainless steel sleeves and cask walls (cleal-
ances between them at nonnal operating conditions?). 

• 

• 

• 

• 

• 
• 



• 

• 

• 

• 

Section of Topical Reoort 

4.2.5 Structural Analysis 

4.2.5.3 Materials 

4.2.5.4 Vessel Analysis 

4.2.5.9 Shield COver Stud Analysis 

TABLE 3.10. 

No. of 
Issues 

4 

2 

2 

4.2.5.10 Primary Cover Cap Screw Analysis 

4.2.13 Trlllnion and Attachment Analysis 2 

4.2.5.14 Internal BasKet Analysis 5 

4.2.5.15 Shipping Skid Analysis 

4.2.5.16 Structural Analysis SU11111ary 8 

3.109 

(contd) 

Items Involved 

All structural analyses (include references to 
detailed drawings and/or sketches; free body diagrams 
would be useful) . 
All equations used (list assurptions ard cite refer
ences; use most recent edition of cited references, if 
possible). 
Particular "load a~l iticatioo factors" (provide 
justification for selections) • 
Each component analyzed (specify design t~rature 
used). 

Materials properties required for thermal stress 
evaluations (data missing; provide properties). 
Atl materials in Table 4.2·13 (cite ASME reference). 

Radius·to·thic:kness ratio of cask is about 5:1 
(justify use of thin shell theory for calculation of 
stress due to pressure). 
Shell wall stresses ciJe to lifting and handling loads 
(not included in this section; refer to discussion in 
Section 4.2.5.13); bending ard merbrane stresses 
(carbine in Table 4.2-15). 

Section b (P-K;I = 34,735 psi, not P+Q+34,735 psi). 

Section b (p+<;~ 36,945 psi, not P+C+36,945 psi). 

Analysis (sketch is needed); lifting hook moment arm 
is 6.5 in. (why is 6.5·3,5 used in equation?). 
Statement that safety factor of 5:1 used in trl.l'lnion 
design (not clear fran stress sumnary that this factor 
applied). 

Equation for ab (source?; does not appear to be in 
units of stress). 
Basket thermal stress, especially regarding possible 
constraints against free expansion (demonstrate 
negligible character in more detail). 
Basket stress Levels versus stress intensity limits 
(need to compare). 
Fatigue failure criteria due to thermal stresses 
(within ASME code requirements?). 
Failure mode for altninum basket Cis creep a sig
nificant mode?). 

Tr111nion diameter (inconsistency in value in this and 
two other sections; clearly indicate correct 
diameter). 

BORAL and NS-3 (provide information demonstrating 
properties are adeq._Jate). 
Accident allowables for primary plus bending stresses 
{values in Table 4.2-16 are incorrect; should be 
Lesser of 3.6 ~ or Su). 
Accident stud and screw allowables (values in Table 
4.2-16 are incorrect; should be 2.4 Sm>· 
Stress intensity Limit for pure shear stresses 
(0.6 Sm, not Sm>· 
Pm for seal cover cap screws {text ard table values 
inconsistent l. 
Pm for trunnion (text and table values inconsistent; 
text says this is shear stress, not primary membrane 
stress). 



TABLE 3.10. 

section of Topical ReP?rt 

4.2.6 Material Evaluation 

4.2.6.2 Discussion of Major Materials 

4.5 Shipping Cask Repair and Maintenance 

5.0 Operation Systems 

5.1 Operation Description 

5 •• 1.1 Narrative Description 

5.1.1.7 Removing the cask from the Pool 

5.1.1.10 Cask Maintenance and Inspection 

5.1.1.12 cask Unsealing 

5.1.1.13 Cask Preparation for Unloading 
Operations 

5.1.2 Flowsheets 

5.1.3.4 Instrunentation 

5.1.3.5 Maintenance Techniques 

No. of 
Issues 

2 

2 

2 

3.110 

(contd) 

Items Involved 

Seal cover weld, basket, and shipping skid (allowables 
missing in table), 

Trll'lnion and trunnion bolts (they are in category of 
special lifting devices; must meet requirements of 
ANSI N14.6, Sections 3.2.1 and 6.2.1; allowances in 
Table 4.2·15 are inappropriate). 

Behavior of alt.111int.111 in dry storage (include some 
COfl1)Utat ions). 
Alt.111int.111 o~ide (amount of moisture absorbed?; 
significance of it CCITipared to moisture left after 
cask drained?). 

Cask repair and maintenance operations (present 
generic discussion). 

Operations 4, 5, and 6 (inconsistency in statements 
regarding raising of cask; e~plain). 

"High pressure" and Low pressure" alarms (truly 
indicative of optical and audible alarms?; is "high 
pressure alarm" level 2.88 psi a?; is "low pressure 
alarm" level 1.0 psi a?; why is "low pressure alarm" 
setting so much below design steady state internal 
pressure of 2.5 psia?). 
Operations 1 and 2 (performed remotely?); Operations 3 
and 4 (irdicate that they are performed in close 
pro~imity to cask surface). 

Operation 1, opening of cask primary lid/seal lid vent 
(any radiation hazard via inhalaticn to irdivid..als?). 

Operation 1, removal of cask cavity vent closure and 
attachment of high-temperature, high-pressure rated 
hose (any radiation hazard via inhalation to 
individuals?). 

Sirrplified sequence of operations in Table 5.1-1 
(break down into arrival, loading, storage, unloading, 
etc.). 
Detail on source terms for radiation e~posure determi· 
nations (Regulatory Guide 3.48 requirements not met; 
provide information, some of which is in Section 
7 .4.4.1; discuss time and distance estimates and 
whether or not they are conservative). 

Monitoring performance of some or all casks ( i ncon
sistency between statements in this section and 
Sections 5.1. 1.10 and 10.2.3; clarify). 

Replacement and recalibration of monitoring instru
mentation (present generic discuss ion). 

• 

• 
• 

• 

' 

• 

• 

• 
• 



• 

• 

• 

• 

• 

• 

TABLE 3.10. 

Section of Topical Report 

5.2 Fuel Handling Systems 

5.3 Other Operating Systeii'S 

5.4 Operation SLppOrt Systems 

6.0 1-/aste Confinement 

7.0 Radiation Protection 

7.1 Ensuring that Occupational Radiation 
Exposures Are As Low As Is Reasonably 
Achievable (ALARA) 

7.1.2 Design Considerations 

7.2 Radiation sources 

7.2. 1 Character! zat ion of Sources 

7.2.1.1 Neutron Source Te1111s 

7 .2.1.2 Garrma Ray Source Terms 

No. of 
Issues 

2 

2 

3 

4 

3.111 

(contd) 

Items Involved 

Spent fuel storage operations (include placement, 
storage, surveillance, al'l:l removal; slm!larize; cite 
Section 5.1. 1 for materials) . 
Safety-related features for safe operation under both 
normal ard off-normal conditions {surmarize; state 
limits for c011111itment to action; cite alarm levels 
presented in Section 5.1.1.10.) . 

Corrponent/equi pneot spares (\oklere is response req.Ji red 
by Section 5.3.2 of Regulatory Guide 3.48?); con· 
tiruity of safety l.rlder normal and off-normal condi· 
tions (address design features associated with repair/ 
maintenance operations); pressure monitoring system 
(reliability?); exposure to radiation during repairs 
(design provisions to minimize exposure?). 

Pressure transducer system instrumentation (discuss); 
monitoring and redundancy of safety features to ensure 
adequate safety <need to address). 

Radiological irrpact of normal operations associated 
with gaseous radioactive waste (sunmary reqJirecD; 
gaseous radioactive sources discussed in Section 3.3.5 
but not here (provide discussion). 

Cask. repair and maintenance procedures and required 
times (need discussion); occupational exposure during 
maintenance (indicate design directed for minimizing 
exposure); regulatory position 2 of Regulatory Guide 
3.48 (requirements not fulfilled; need to address each 
section separately and sequentially); sections that 
are site specific or not relevant (identify; provide 
discussion where relevant). 
Dose rate and individual dose for a single operation 
(why not cite "highest dose rate" and "highest 
individual dose for single operation"?). 

"Storage canisters" on page 7.2-1 (what are they?). 
ORIGEN calculation (basic input parameters?; can 
output be appended?). 
"Fuel assetrbly structure combination" (include gas 
plenllll and head and foot piece regions?; from Section 
7.2.1.2, appears that only grid structure included). 

Source of radiation needed as input for shielding 
design (discussion here and in Section 3.1.1 is 
inc~lete; where is neutron source spectrllll?). 

Ganma ray source terms (requirements of Regulatory 
Guide 3.48 not satisfied); 20-group versus ?-group 
gamna ray structure (inconsistency as to o.~hat used 
here and in Section 7.3.2.2). 
Head and foot piece regions <source terms?; results 
incll.ded in Table 7.2-4?). 
Gamna source strengths (in Table 7.2-4, why are 1.11its 
Mev;sec instead of photons/sec?) • 



TABLE 3.10. 

Section of Topical Report 

7.2 .2 A i rtxlrne Radioactive Hateri al Sources 

7.3 Radiation Protection Design Features 

7.3.1 Installation Design Features 

7.3.2.1 Radiation Shielding Design Features 

7.3.2.2 Shielding Analysis 

7.3.2.2.1 Shielding Analysis Models 

No. of 
~ 

3 

4 

6 

3 .112 

(contd) 

Items Involved 

Says "··.relative irrportance of various groups of 
garrma rays" discussed in Sectioo 7.3.2 (neither 7· nor 
20-gro1.4J structure discussed in that section). 

Response to this section (incO!I"plete; infonnation is 
in Sections 3.3.5, 8.2.1.2, and 8.2.1.3; need to 
address fission product gas inventory). 

Specify activity, ~ysical and chemical characteris
tics, and e.llpected coocentrations of all sources in 
Section 7.2 (provide inforrrBtion); design radiation 
dose rate for storage area and maintenance and repair 
activity and estimates of radioactive materials that 
might be discharged ci.rring storage (provide informa
tion; refer to other sections of report); regulatory 
position 2 of Regulatory Guide 3.48 (requirements not 
fulfilled). 
Dose rate reduction by shield cover (!Ohat is 
"tolerable level consistent with ALARA principles"?; 
shouldn't this level be quantified?); meeting 
radiation protection objectives during cask cleanup 
and sealing (quantify?). 
Reference to Section 7.3.2.1 regarding radiation 
levels 10hen closing of casK (incorrect; no discussio1 
in that section). 

Figure 7.3-1 (is active fuel region zone A?; is gas 
plenllll region zone B?; are zone c, the top end plugs, 
and zoneD, the fuel assembly outlet, the head piece 
region?; are zone E, bottom end plug, and zone F, fuel 
asserrbly inlet, the foot piece region?). 

Materials specifications and properties in Table 7.3-3 
(list B and C conpositions separately instead of s4c; 
in SISCO NS-3 conponents, is "d" supposed to be Q?; 

data on helillll in cask cavity?; 10hy is water not in 
Table 7.3-4 but is in Table 7.3-3?). 
Atom densities in Table 7.3-4 (atom density units?; 0 
in fuel pellet?; C in BORAL core?; bottom nozzles, 
bottan end plugs, springs, top end plugs, and top 
nozzles?; helillll in cask cavity?; primary and seal 
covers?; 10here does water come from?). 
Atan densities in Table 7.3·4 (NRC concerned about 
stated value,s; regarding verification, some values are 
correct, some vary in second and third decimal and 
others by factors of 2 to 10; uranium-238 value lo"' by 
about factor of 2; all elements, except Fe, in cell 
closure are lo"' by about factor of 10; boron-10 and 
boron-11 in BORAL core could only be verified after 
corrputing 8 content of s4c>. 
Units in Table 7 .;3-6 (mrem/hr per ~otontcrrf, not 
mremthr per -y;cnf-second). 

VolliOO fractions and atom densities (in Table 7.3-4 
but not Table 7.3-3?). 
VollJOO fractions (ho"' detennined?). 
Spent fuel array, bottan nozzles, bottan end plugs, 
springs, top erd plugs, top nozzles, and neutron 
shield shell (....,at cO!I"prises balance?). 

• 

• 

• 

• 

• 

' • 



• 

• 

• 

• 

• 
• 

TABLE 3.10. 

Section of Topical Report 

7.3.2.2.2 Shielding Results 

7.4 Estimated On-Site Collective Dose 
Assessment 

7.4.1 Analytical Models 

7.4.2 Single Cask Dose Rates 

7.4.2.1 Cask surface Dose Rates and Energy 
Spectra 

7.4.2.2 Dose Rate versus Distance from a 
Single Cask 

7 .4.3 Multi -Cask Dose Rates 

7.4.3.2 Dose Rates from Casks Stored On 
Storage Pads 

7.4.4 Radiological Dose Assessment 

7 .4.4.1 Occ~tional Exposures 

No. of 
Issues 

5 

2 

2 

3.113 

(contd) 

Items Involved 

Correcting elemental atom densities for materials mix 
of various carp:ments for homogenized spent fuel 
region (achieved via volune fractions?; same question 
applies to fuel asserrbly structures above and below 
fuel zone as well). 
Source term associated with structure activation 
(included in analysis?). 
Homogenized cyl irdrical spent fuel region (if used, 
lotlat was radius and how determined?). 

Figures 7.3-15, 7.3-24, and 7.3·34 (lotly are fuel 
asserrbly outlet, top erd plugs, and fuel rod springs 
not shown?). 
Primary and secordary ganma dose rates (statement 
regarding "isodose contour data ••• " for neutron dose 
rates same as for ganma except "top closure" replaced 
by "overall cask"; what is difference?; lotly is "top 
closure" significant?). 
Multiplication factor footnote in Table 7.3-8 (why is 
"cooling fin effect" not irdicated?). 
Seal cover secondary ga:J~J~a dose rate (lootly higher than 
for shield cover?). 
Nonnal i zed burnup effects (result of nunerous shield
ing calculations?; result of ratio of runerous source 
terms?; if based on source terms, were spectral 
results identical at each b.Jrn4l increment?). 

Type of b.Ji ldup factors (exposure dose or absorbed 
dose?); water dose build~ factors (used because 
alternatives were no buildup or b.Ji ld.Jp from higher z 
materials?). 
Neutrons in uncollided dose calculations (how does 
MAP code treat?; can figure from Reference 4 be 
presented here?). 

Peaks in primary ganroa dose rate through top ard 
bottom surfaces (why peaks at 80-cm radius?). 

Garrma ray dose rates in Figures 7.4·7 tt-.rough 7.3-9 
(represent primary ard secondary contributions?). 

DistanceD, in Figure 7.4-11 (measured from?; unclear 
whether if originates from location 1 or location 4; 
should it not be measured from location 6?). 

Table 7.4-9 (comnents in Section 5.1.2 aP9lY here 
also; illlJOrtant parameter, individual's location with 
respect to cask surface, missing; how was dose at each 
location Comp..Jted?; was MAP used?) • 



Section of Topical ReP?rt 

8.0 Accident Analysis 

8.1 Oft·Normal Operation 

8.1.1 Carponent or System Malfunction 

8.1.1.2 Detection of Event 

8.1.1.3 Analysis of Effects and 
Consequences 

8.1.1.4 Corrective Actions 

8.1 .2.3 Analysis of Effects ard 
Consequences 

8.1 .2.4 Corrective Actions 

8.2 Accidents 

8.2. 1 Loss of Confinement Barrier 

8.2.1.2 Accident Analysis 

8.2.1.3 Accident Dose Calculations 

8.2.2 Loss of Neutron Shield 

8.2.2.1 Cause of Accident 

8.2.2.3 Accident Dose Calculations 

TABLE 3.10. 

No. of 
~ 

(contd) 

Items Involved 

Table 7.4·9 (break: down into operations associated 
with loading, transporting, storing, maintaining, and 
l.Tiloading; if individ.Jal receives dose of 69D mrem 
from single cask: then four casks could deliver nearly 
2.8 rem atvtJally; from quarterly standpoint, no one 
individ.Jal could be involved with no more than two 
'olestinghouse casks; why were such dose issues not 
addressed?; is assUDed back:grolrld dose rate of 
2.5 mrem/hr included in Table 7.4·9?). 

Leakage of cavity contents (implies possible release 
of radioactive gases; section contains no assessment 
of radiological impact as required by Regulatory Guide 
3.48). 

Reference to Figure 5. 1·2 (does not exist; Figure 
5.1-1 is meant). 

Leakage of radioactive gases (significant for this 
event?). 

Repair of leaking cask: Chow long will it tak:e?; 
provide estimate). 

Reference (should be Section 8.1.1.3). 

- Reference (should be Section 8.1.1.4). 

2 

3 

3.114 

Sources (why only k:rypton-85 considered?; ltlat about 
heliun-3, cesiun-129, and cesiun-137?). 

Source term data (incomplete; provide more information 
on k.rypton-85; substantiate statement that k.rypton-85 
is "the only isotope that needs to be considered"). 
Krypton·85 dose factors (refer to sk:in or whole body?; 
provide references arx:l s~le calculation). 

Loss of neutron shield (implication is that fire is 
only cause; 10hat about cask: drop, missile impact, 
etc.?; this paragraph is in contradiction of statement 
in Section 8.2.4.2). 

Neutron and ganma dose rates at side of cask: (how were 
increases determined?; dose increases at top and 
bottan?). 
Repairs subsequent to loss of neutron shield (last 
sentence raises dolbt as to whether any repairs occur; 
only action indicated is movement to "more advanta
geous location" or placing "supplemental shielding ... 
exterior to cask"). 
The 25 mrem limit of 10 CFR 72.67(a) is cited for 
"normal operations ard anticipated occurrences" (for 
accidents, limit from 1D CFR 68(a) is 5 mrem). 

• 

• 

• 

• 

• 

• 

• 
• 



• Section of Topical Report 

8.2.3 Cask Tip over 

8.2.3.1 Cause of Accident 

• 8.2.3.3 Accident Dose Calculations 

8.2.4 Fire 

8.2.4.3 Accident Dose Calculations 

8.2.5 Flood 

8.2.5.3 Accident Dose Calculations 

8.2.5.4 limiting External Pressure 

• 
8.2.5.5 Toppling Velocity 

8.2.6 Cask Drop 

• 8.2.6.2 Accident Analysis 

8.2.6.2.1 Horizontal Drop 

• 

8.2.6.2.2 Horizontal Drop on Top Corner 

8.2.6.3 Accident Dose Calculations 

• 
• 

' 

TABLE 3.10. 

No. of 
Issues 

4 

3 

2 

3.115 

(contd) 

Items Involved 

Cask tip-over ciJe to tornado wind velocity (section 
suggests this is unlikely; however, Section 8.2.7.4 
shows wind pressure sufficient to topple cask; 
reconcile difference; clearly define "not likely"). 

Seals (Loads on them?; any additional leakage?); 
neutron shield (affected by cask tip over?; if so, 
what is dose cons~ence?). 

curves in Figure 8.2.4-1 (illegible captions). 

Reference to section 8.2.1 (comection is not clear; 
dose due to fire?). 

Flood circUilStances (can entire array of casks lose 
their shielding?; reference to Section 8.2.2 for dose 
calculation but this is for single cask only). 

Equations on pages 8.2-16 and 8.2-17 (provide 
references) • 

Statement that "effect of toppling is conservatively 
bounded by five-foot drop accident" (see cannents in 
Section 8.2.3.2). 

Localized loss or COflllress ion of neutron shield {is 
their any?). 
WE CAN code (what is it?; has it been benchmarked?). 
All materials (provide specifics of constitutive 
material models; list primary references or refer to 
other sections of report where information presented; 
for purely elastic models such as steel, List only 
elastic conponents). 
Basket structural integrity (maintained for a 
horizontal drop?; provide analysis arw:::l results). 

Rotation drop (ability of fuel assemblies to withstarw:::l 
it?; possibility of radioactive gas release to cask 
cavity if fuel assemblies damaged?). 
Localized Loss or COflllression of neutron shield (is 
there any?). 
Free body diagrams (provide; which way is cask 
moving?). 

Neutron absorber [is there an additional Local loss 
(crush) of it in Section 8.2.6.2.4?; if so, dose 
consequence calculation required). 
Figures 8.2.6-2 through 8.2.6-7 (need roore explana
tion; analysis belonging to each figure?; how was 
impact load determined?); stress output (coordinate 
system used?; how were g's calculated?). 



Section of Topical Report 

8.2.7 Tornado Wind and Missile 

8.2.7.3 Accident Dose Calculations 

8.2.7.5 Tornado Missiles 

8.2.8 Explosion 

8.2.8.2 Accident Analysis 

8.2.9 Earthquake 

8.2.9.2 Accident Analysis 

8.2.10 Lightning 

8.2.11 Roll Over 

8.2.12 Burial Urder Debris 

8.2.12.3 Accident Analysis 

A~ix 12.1-2 

Quality Assurance (QA) Program 

some Additional Information Needed 

(a) Boiler and Pressure Vessel <B&PV). 

TABLE 3.10. 

No. of 
Issues 

4 

2 

3.116 

(contd) 

Items Involved 

Analysis showing cask. tips over lrtder worst tornado 
wind storm conditions (provide dose analysis for 
entire cask. array tipping siiTUltaneously; see comnents 
in Section 8.2.5.3). 

Equation Plin (reference?). 

Gas pipe explosion (possible also to ignite gas, 
resulting in pressures over 1 psi?). 

Statement that 0.5 g horizontal acceleration is at 
least as severe as any max.iiiUII base acceleration in 
the contiguous United States (not possible to gener
ically state that 0.5 g base acceleration is governing 
West of the Rockies; see requirement in 10 CFR 72, 
paragraph 66). 

current surge effect on cask. seating integrity and 
instrunentation (no evaluation included). 

Accident dose calculations (need to address; include 
in a Section 8.2.11.3). 

Figure 8.2.12-1 (captions illegible). 

Contairment related welds for Category I cask. (shou!d 
conform to requirements of Section III of ASHE B&PV a) 
code as described in NUREG/CR-3019). 

Involvement of QA program with every facet of manu· 
facturi ng cycle (clarify this to a cOI!Illi tment or 
justify not doing SO). 
Term "safety related" in QA program (appears to meet 
definition of "ill1JOrtant to safety" in 10 CFR Part 72; 
if IOestinghouse agrees, so docunent in Section II of 
topical safety analysis report or in QA program 
described in 1/CAP-8370/7800). 
MC-10 cask iterrs that are irrportant to safety 
(identify). 
Section 1.5 of topical safety analysis report says no 
other topical reports are referenced (Section II 
references topical report \o'CAP-8370/7800; statements 
appear contradictory; clarify). 

Free body diagrams for cask c:Esig-s (need to prmic:E). 
Existing drawings (too reduced in size to be legible 
in some cases; replace). 

, 

• 

, 

.. 

• 

• 
• 

• 
• 



• 

• 

• 

• 

• 
• 

' 

Section of Topical Report 

Fuel Basket Material 

TABLE 3.10. 

No. of 
Issues 

(a) La~rence Livermore National Laboratory (LLNLJ. 

3.117 

(contd) 

Items Involved 

Design of cask fuel basket and materials used (unre· 
solved issue ard of major concern to NRC; specifically 
NRC concerned that al!.lllii"'UJJ basket is not an ASME Code 
Class 1 material; NRC/LLNL(a) recomneuded that basket 
material be changed to ASME code Class 1 material or 
further evaluation be performed on acceptability of 
alunim.JII basket) • 



TABLE 3.11. Examples of Some lssues(a) Involved in Project M-42 (TN-24P) 

Section of Topical Reoort 

1.0 Introd.Jction and General Description 

1.1 Introd.Jction 

1.1.2 Principal Design Features of 
Installation 

1.2 General Description of Installation 

1.2.2 Principal Design Criteria 

1.2.5 Structural Features 

1.3 General Systems Description 

2.0 Site Characteristics 

2.1 Geography ard Demography of Site 
Selected 

2.3 Meteorology 

3.0 Principal Design Criteria 

3.1 Purposes of Installation 

No. of 
~ 

2 

6 

Items Involved 

Drawings (poor quality; makes it difficult to under
stand principal design features; refer to full-sized 
drawings of c01J1)011ents irrportant to safety). 

Design criteria C~hy was Subsection ~5· article 
NC-3200 of Section Ill of ASME B&PV( Cede chosen 
instead of Sl.bsection NB?). 
Nitrogen as cavity's primary fill gas (potential for 
corrosion if water present?; how do you assure that 
essentially all water rerooved fran cask cavity?), 

Five reference drawings in AAJendix 1A (do not provide 
enough dimensional detail). 
Table 1.2·3 (basket plate material excluded; identify 
material in table). 
Sprayed metal\ i c coating on cavity surfaces and outEr 
shell (what is the coating(s); briefly describe 
coating process), 
Poison rods in fuel assenDly (how instal led?; how hEld 
in place during hard\ ing, storage, and accidents?; 
provide poison rod assenDly drawing). 
Copper on fuel basket (cladding or coating?; how 
applied?; what process used?; provide assurance that 
copper remains in place at ~600"F and for up to 20 
years). 
Copper (thickness used?; inconsistent thickness values 
used in Drawing 1A·9, Table 3.3·1, and Section 5.1.3.6 
in ccrnparison with Figure 5.1·7; validate that copper 
will cord.Jct heat at 425 Btu/hr-ft-•F at temperatures 
associated with normal and accident corditions). 

Cask is passive system (be more specific regarding 
minimal monitoring and maintenance activities over 20-
year casK design lifetime). 

"the minimun dose rates specified in 10 CFR Part 72 
can be met with a cask-to·bo!Xldary distance well below 
328ft" (applies to how many casks?; from Table 7.3-3, 
appears it would be 21 or less). 

Tornado missile loading (needs to be addressed per 
NUREG-0800, Section 3.5. 1.4). 

(a) over 160 additional issues are in References 95 and 96. Responses are in References 98 and 202-204. 
(b) Boiler and Pressure Vessel (B&PV). 

3.118 

• 

• 

• 

• 

• 
• 

• 



• 

• 

• 

• 

• 

• 

Section of Topical Reoort 

3.1.1 Materials to be Stored 

3,0 Structural and Mechanical Safety 
Criteria 

3.2.1 Tornado and Wind Loadings 

TABLE 3.11. 

No. of 
Issues 

6 

3 

3.119 

(contd) 

!terns Involved 

ORIGEN calculations (irradiation conditions used?); 
radiological characteristics of spent fuel Cderoon
strate that 3.2% enrichment n»re conservative than 
3.7% enrichment); 15x15 asserrbly (dem:mstrate it is 
conservative for analysis). 
Thermal, g81111a, and neJJtron sources for design basis 
17x17 PWR fuel asserrbly (irrportant that spectral con· 
ditions be same or distribution be shifted to Lower 
energies; gamma and neutron sources affect shielding 
analysis; isotope content !IJJSt also be considered in 
safety evaluation). 
Ganrna and neutron sources Cwhy no spectral information 
provided?; include or refer to Section 7.2.1). 
Fission proc:luct gas inventory (why no mention in this 
section?; include or refer to Section 7.2.2). 
Materials in head and foot pieces and structural 
materials (what are activation product activities?; 
why not addressed here?; provide spectral and source 
information; refer to Section 7.2.1). 
Criticality design for 17x17 assembly (depends on use 
of poison rods; results do not directly apply to 14x14 
and 15x15 asserrblies to be included in s~porting 
criticality analyses; inclu:le associated poison rod 
information) . 

Effect of tornado missiles (need to provide analysis 
as specified in NUREG·0808, Section 3.5.1.4). 
Drag coefficient of 1 in tornado loads analysis 
(provide supporting reference and/or equations) . 
Tornado wind load (how is calculated 332 psf converted 
to linear load of 204 lb/in. ?) . 



TABLE 3.12. Examples of Some Issues(•) Involved in Project M·43 
(C-E Dry-Cap) 

Section of Topical Report 

General 

1.0 Introduction and General Description of 
Installation 

1.1.2 General Description of the 
Installation 

1.1.5 Description of the Spent Fuel to be 
Stored 

1.2 General Description of Installation 

1.2.2 Principal Design Criteria 

1.2.2.2 Design Criteria for the Cask 

No. of 
Issues 

2 

2 

12 

Items Involved 

References to 10 CFR Part 71 requirements (NRC is not 
reviewing the topical report under Part 71, but under 
Part 72). 

Ventilated roofed enclosure for rrultiple cask: storage 
(no supporting calculations to justify adequacy of 
this arrangement). 

MiniiiUll burn~ for fuel (specify; also specify 
operating history and cooling times). 
Thermal outputs for BloiR and P\.IR fuel (appear to low 
for 40,000 MWd/MTU and 5-year cooling time; provide 
ORIGEN outputs for decay heat, giiiii'IEI and neutron 
speetrun, and rapid rucl ide activities; use those 
outputs for thermal, shielding, and contairrnent 
analyses). 

Criteria for sl.bcritical ity of K!ff <0.95 (should 
reflect usa of fresh fuel and al biases). 
Cask. penetration (describe). 

also 

Maxinun design B!l'bient terrperature of 38"C (100"F) ~or 
cask. (too low for credible upper bound applicable to 
entire U.S.A.). 

8 Cask. seals maxinun leak. rate of 10- cc/sec (for each 
of two seals or two seals in combination?; if Latter, 
what are irdividual seal Leak rates?; if for each 
seal, what is leak rate for cocrbii:'Ation?). 
Verifying maxiiiU'II teak rate of 10 cc/sec urder field 
corditions (explain how difficulties ca"l l:e overcare). 
Radiation dose criteria (10 CFR Part 71.47 cited; why 
no references to 10 CFR Parts n.67(a) ard 72.68(b) 
for Limits for normal and accident conditions?). 
Radiation dose Levels for nuclear operations <levels 
appear high, considering ALARA). 
Limits of 380"C and 570"C for fuel cladding for nonnal 
and accident conditions, respectively (basis?; exper
ience data bases to support 380"C are, as yet, insuf
ficient); acceptability of stated terrperature limit 
(provide terrperature decay curve for both BWR and PWR 
fuel for at least 20-year storage pericd ard maximun 
anticipated fuel rod internal pressure). 
Cladding sl.bjected to 570•c Chow Long before it 
ruptures?). 
Expression "shall maintain integrity" on page 1.8 
(clarify; does this refer to specific limits on stress 
and deformation, to some level of physical damage, or 
to some Level of radioactive release?). 
Cask. and its internal stOJCtures (Subsection NB of 
Section Ill of ASME B&PV(Dl Code universally applied; 
why not Subsection NG for the fuel basket?). 

(a) These issues and 230 additional issues are in References 99 and 100. Responses are in Reference 205. 
(b) Boiler and Pressure Vessel CB&PV). 

3.120 

> 

' 

• 

• 

• 

• 

• 
' 



Section of Topical Report 

• 

• 

• 

TABLE 3.12. 

No. of 
Issues 

3.121 

(contd) 

Items Involved 

Section 1 (discuss approach for establishing stress 
limits for normal and accident conditions; e.g., what 
ASME Code Service Levels used?). 
aual ifying storage cask for 30-ft drop (is intent to 
use the impact limiters in Figure 1.2·5?; if so, do 
impact limiters remain in place?). 
Limiting storage cask to height of one foot above 
pad (what provisions made if iJI1)Bct limiters not 
installed?) • 



TABLE 3.13. Examples of Some Issues(a) Involved in Project M-46 (FWEA) 

Section of Topical Reoort 

General 

, .0 

1.0 

1.1. 1 

1. 1.1 

FigurE's 1.1, 1.2, 1.3.1-1 through ·5, 
ard 4.2.2-1 through -8 

Figure 1.1-1 

Figure 1. 1·2 

Figure 1.1-3 and Figure A.8.1 

Figure 1.3.1-3 

1.3.3.6 ard Figure 1.3.3·1 

No. of 
Issues Items Involved 

All drawings in topical report (provide copies that 
are Large enough to read). 

Design limits and their bases, e.g., maxiiiU!l bulk and 
Local concrete terrperatures, peak fuel cladding 
tenperature (need to state). 

Interface between material for which final one-time 
appr~~~~ is sought an:l site-specific elements (include 
MVDS drawings). 

General description (state whether MVDS design can 
support an unlimited nurber of vault module exten
sions, or state maxirrun rurber of extensions that can 
be s~portecl by the MVDS design in this sub:nittal). 

General description (identify, as by inclusion of a 
table, those docunents that provide further detaiL, 
analysis, or otherwise s~rt the design and that are 
considered as part of the report for purposes of thE' 
review>. 

Access and egress provisions (NRC q..lestions whether 
design as doc~.mented in these figures provides ade
quate access and egress; there are apparent accessi 
bility deficiencies in persomel access to the charge 
face level of the charge hall, in the "emergency ex·t 
fran the charge hall," in the limited access for 
equipnent to the charge hall, and in provisions for 
personnel or automated equipment access to the intake 
or out·flow plenuns for the vault lllOd.Jle). 

Concrete design (three drawings here and in AS do not 
show shear reinforcement for concrete in several 
potentially high shear areas). 

Concrete slab bridge between vault module at charge 
hall floor (purpose?; appears to unnecessarily load 
concrete vault shielding wall). 

Roof truss (two different designs shown; which is 
correct?). 

Fol.lldation design under fan room (are provisions for 
shear and berding forces adequate?; design a~ars to 
i.J"''necessarily increase probability of failure of slab 
below fan room). 

Gas service system design, specifically design of 
service point (should there be valve setting for 
"off"; appears it >Kluld be desirable). 

(a) The issues shown are from Reference 104; there are approximately 104 more issues lis ted in 
that reference. 

(b) Modular Vault Dry Store (M'JIJS). 

3.122 

• 

• 

• 

• 



• section of Topical Report 

1.3.3.3 and Figure 1.3.3·1 

Page 1.3-7 and Figure 1.3.3-4 

• 

• 

• 

TABLE 3.13. 

!lo. of 
~ 

4 

3 .!23 

(contd) 

Items Involved 

Shielded storage tube (SST) design (if necessary, can 
entire SST be readily rerooved without hunan access to 
vault area?; what lll.lst be done if an SST is to be 
removed intact?; what is necessary to seal SST with 
shield plug in place against gas leakage from within 
SST if SST is reJOOved intact?; can the fuel hardlirQ 
machine, FHM, rerh:lve the SST?). 

SST material (provide specification; stating "carbon 
steel" is insufficient). 



TABLE 3.14. Examples of Some Issues<•) Involved in Project M-51 
(NAC cask for consolidated fuel) 

Section of Topical Report 

General 

1.0 Introd.Jction and General Description of 
Installation 

1.1.3 Type, Form, Quantity, and Potential 
Sources of Spent Fuel: Design Basis 

·~· 

1.2.1 Principal Design Criteria 

1.2.5 Passive Heat Dissipation 

3.0 Principal Design Criteria 

3.1 Purpose of Installation 

3.1.1 Materials to be Stored 

3.3.4. 1 Control Methods for Prevention 
of Criticality 

3.5 OecOillllissioning Considerations 

3.5.1 Storage Casks 

4.0 Installation Design 

4.2 Storage Structures 

4.2.1 Structural Specifications 

4.2.1.1 Cask Description 

4.2.1.3 Properties of Materials 

No. of 
Issues 

2 

2 

2 

Items Involved 

Information on blue sheets (Will all of it be entered 
into topical report?; sorre sheet entries appear to be 
comments, others revisions). 

Design basis on page C1.1-3 (confusing; basis for 
derating cask load from 28.3 kll to 20 k'.i?). 
Design heat load (clarify on page C1.1·4; for 
NAI>C28 S/T, is it 20 k\.1 or 28.3 kW?; relationship 
to a possible tipover con::lition?). 

Fuel rod cladding stress versus maxirrum cladding !err
perature (to perform a more detailed confirmatory 
analysis, the topical report should include a tenper
ature decay curve for the hottest fuel red over at 
Least a 20-year storage pericd). 

Heat transfer from fuel rods to cask bcdy (description 
excludes effect of canister on heat transfer capabil
ities; ~hy?). 

Stainless steel gas plem.JII springs (why ~as cobalt 
activation not considered?}. 

Primary control methcx:l involves "actninistrative con
trots prescribing a minii!Uil l".lllber of consolidated 
fuel rcx:ls" (actual nlJilber not listed here but is in 
Section 10; state here as it is important). 

Cask and basket activation product calculations 
(materials and ~eights used?). 

Cask body detail in Figure 4.2-2 (describe cellular 
silicone and silicone foam; need more detail on 
materials and clearer l.rlderstanding of dimensions). 
Neutron shield lid for consolidated fuel cask in 
Figure 4.2-9 (why doesn't it sho~ increased 304 
stainless steel plate thickness?). 

Mean value for stainless steel's coefficient of 
therrr.al expansion (how ~as "mean value" determined?). 
Impact limiter in Figure 4.2·7 (material for honeycootl 
illegible; crush strength 6200 or 2200?). 

(a) These issues and over 80 additional issues are in References 109, 111, and 112. Responses are in 
References 11 1-113 and 206-208. 

3.124 
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• 

• 

• 

• 

• 
• 

• 



• 

• 

• 

• 

• 

• 

• 

TABLE 3.15. Examples of Some Issues(•) Involved in Project M-49 
(NUTECH NUHOMS-24P) 

Section of Topical Report 

1. (Question 1, page 1.2·1) 

1. (Question 2, page 1.2-1) 

1. (Question 3, page 1.2·9) 

1. (Question 4, pages 1.2-9 and 1.3-5) 

1. (Question 5, page 1.2-9) 

1. (Question 6, page 1.3-3) 

1. (Question 7, page 1.3-4) 

1. (Question 8, page 1.3·6> 

1. (Question 9, page 1.3-13) 

1. (Question 10, page 1.3-14) 

1. [Question 11, page 1.3-14 
(Figure 1.3-2a) and Apperx:lix E 
<Drawing DUK-03-2002)1 

3. (Question 1, page 3.1·1) 

3. (Question 2, page 3. 1-2) 

No. of 
ill!:!§ Items Involved 

osc<b) ard HSM(c) sizes shown in Table 1.2-1 (are all 
interded for approval by the NRC or is this topical 
report restricted to 24 P'WR spent fuel assemblies?). 

Statement that "any nurber of HSMs can be interc:on· 
nected" (what is NUTECH irrplying?; NUTECH seeking 
approval for how many modules?). 

Lowering of water in OSC prior to welding (level of 
anl'l.Jlus water also lowered?; is there a detailed 
procedure for the drying operation?). 

System steps (are steps 7 and 8 reversed?; seems 
difficult to perform seal weld with water up to top of 
DSC; procedure appears inconsistent with one outlined 
on page 4.7-2 and -3). 

Table 1.2-3 and Figure 5.1-3 [there are significant 
variations between them (e.g., before draining osc, 
weld after draining, sealing amulus, etc.); which is 
correct?] . 

Two sentences referring to research (can sources be 
referenced?; if work of Guenther of PNL cited, state 
that it involved tests of trlirradiated fuel). 

"as low as possible" (how low?; specifically, ~.~'!at is 
trailer bed height?; how high will cask need to be 
lifted to place it on bed?; dimensions of cask S4=Jport 
skid?). 

"Inner DSC sealing" (description inconsistent with 
Figure 5.1-3; 6 in. here varies fran 4 in. in 
paragraph 5. 1. 1.3) . 

Figure on this page and other figures in report (two 
90-degree berds in outlet air passage shown D.Jt 
drawings show no bends; which are correct?). 

Bottco:n cover plate (appears to have square shield; 
does this provide a garnna or neutral Leakage sa..rce?). 

Expansion tank (shown in figure but not in Transfer 
Cask drawings; no calculations pr~ided to dEm:nstrate 
tank volune is adequate). 

Continued reference to storage of 32 PWR fuel assem
blies (confusing; does NUTECH interd to supply all 
design information for storing 32 as well as 24 Plo'R 
fuel asserrbl ies?). 

Administrative procedure to ensure that neutron and 
gaJIIIla ray source terms will be less than design basis 
(should description be included in this topical rep:>rt 
or is this to be deferred for review in the specific 
license application?). 

(a) The issues shown are from Reference 209; there are approximately 166 more issues lis ted in that reference • 
(b) Dry Shielded Canister (DSC). 
(c) Horizontal Storage Module (HSH). 

3.125 



Section of Topical Reoort 

3. (Question 3, page 3.1·2) 

TABLE 3.15. 
No. of 
Issues 

3.126 

(contd) 

Items Involved 

Neutron source [burn~.p is substantially higher than 
7-assenDly design (40 versus 33 G'Jd/tome), so higher 
and hotter neutron source would be anticipated, also 
cooling period extended to a mininun of 10 years; are 
neutron and ganma ray source spectra and strength 
consistent?). 

.. 
• 

• 

• 

• 

• 
• 



• 

• 

• 

• 

' 

TABLE 3.16. Examples of Some Issues(•) Involved in Project M-44 (NuPac) 

Section of Topical Report 

1.0 Introd.lction and General Description of 
Storage System 

1.2.2 

1.4 

2.0 Principal Design Criteria 

2.1 

2.2 (page 2-3) 

2.2.2 (page 2-5) 

2.2.5 

2.2.5 (page 2·9) 

2.3.3.1 

2.3.6 (page 2-13) 

No. of 
Issues 

2 

9 

1t ems Involved 

Pad on which casks are to be placed (discuss; if site 
specific, so state but at least describe minimal 
design envelope for pad). 
Dry load procedures and hardl ing equipment (not 
addressed in Revision 0 of topical report) • 

Figure 1.4-1 (said to show 50-cask array but 68 casks 
depicted; explain). 

Ambient temperature in Table 2.2-1 (incorporate an 
accident design criterion with maxinun anbient teqJer
ature of 125"F; discuss consequences of ambient tern· 
perature on fuel clad:Hng and on long-term durability 
of concrete; discuss consequences in section 11. 

Rainfall rate (not included; discuss potential for 
concrete spall ing due thermal gradients that might be 
produced) • 

Thermal gradients, a potential source of concrete 
spalling, produced by flooding (not discussed). 

Corrbined load criteria (this section does not corre
spond with Ah'SI/ANS-57.9-1984, Sections 6.17.3.1 and 
6.17.3.2.1 for concrete and steel structures; NRC's 
basic concern is that thermal loads are not adequately 
considered in off-normal arx:l accident conditions; 
thermal Loads should be coot.ined with all off-normal 
and accident cases, as shown in ANSI/ANS-57.9-1984, 
..t1 i ch wi l L not require two ace ident cases to be pos
tulated to occur simultaneously since thermal condi· 
tion is not an accident cordition, but rather is a 
constant conclition). 

Accident Loads (discussion excludes a drop with 
rotation resulting in iwpact on cylirx:ler u1=9er rim; 
discuss rationale for excluding this case; aircraft 
crash iwpact or fire has been left to a site-specific 
application). 

Discussion of equipnent (not satisfactory); crane, 
transport vehicle or trailer, lift fixture and support 
pad (may be site specific but need to describe in 
enough detail to demonstrate feasibility; define 
miniiiUTI design envelope). 

Events (fire or explosive events are credible per 
Regulatory Guide 3.48, paragraP, 2.2 entry 7 (aircraft 
iwpact); can be addressed in site-specific license 
application; Nli'ac should modify their statement 
accordingly] . 

(a) These issues arx:l over 100 additional issues are in References 119 and 210. Responses are in Reference 120. 

3.127 



Section of Topical Reoort 

2.4 <page 2·14) 

2.4 

3.0 Structural Evaluation 

3.1.1 (page 3·1) 

3.1.2 (page 3-2) 

TABLE 3.16. 

No. of 
Issues 

3.128 

(contd) 

Items Involved 

Decont1111inable coatings used so cask. exterior surface 
can be cleaned "to meet site-specific standards" 
[define bol.llds of "site-specific standards" that 
proposed coatings can meet; what starxlards (e.g., for 
alJXl,a arxl beta contamination limits for offsite 
shipping containers) are used for design basis for 
acceptable level of decont1111ination?J. 

Decontllllinable coating (identify; provide evidence of 
suitability of material for erwi ronnent in question). 

Inner concrete surfaces that are against liner (are 
these considered "exposed" due to high t~ratures to 
which they are sr.bjected?; should they receive minimun 
reinforcement in accordance with Section 7.12, ACl 
349·80 or 349-851). 

Live Loads due to extreme thermal gradient produced by 
heavy, cold rain on a high t~rature day (e.g., sUf'· 
mer thlJ'lderstorm) [not estimated; significant poten
tial for stresses for concrete spelling may result; 
this would be a "live load" in cctrbination of Load 
expressions, per ANSI/ANS-57.9-1984 (neither an 
"other-than-normal" nor an "accident situation")]. 

• 

• 

• 

.. 

• 

• 
• 

• 
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TABLE 3.21. Examples of Some Issues Involved(a) in the Environmental 
Report for the H. B. Robinson-2 Independent Spent Fuel 
Storage Installation (Docket No. 72-3). 

1. current vegetation cover and use(s) of areas to be disturbed for construction of the ISFSICbl (what are 
they?; was this land disturbed during initial station construction?). 

2. Spoil material created during construction (identify quantity); excavated or other spoil material (identify 
locations/areas req .. Jired for stockpiling). 

3. Erosion of soils during construction (q.mntities al'l:l effluent concentrations expec:ted?; will r~.r~off drain 
into Lake Robinson?). 

4. Areas disturbed d.Jring construction (identify rechmation plans; provide information on revegetation 
species). 

5. New access roads required for construct! on (identify). 

6. Species inhabiting site or inmediate site vicinity (i.e., 10ithin five miles) (identify state or federally 
threatened and endangered species]. 

7. Erosion control during construction (IOhat measures will be implemented?). 

8. Construction 10ork force (size?); duration of construction (anticipated length?); 10ork. force size (contrast 
work force size 10ith that of activities during typical maintenance outages). 

9. Noise levels at nearest site boundary (provide estimate of anticipated levels during construction of the 
spent fuel storage facility) • 

10. Irrpacts of construction work force on local housing and school systems (if appropriate, provide an 
evaluation of irrp9cts). 

11. Proposed action and associated impacts (identify realistic alternatives to the proposed action; describe 
p:ltential irrp9cts associated 10ith each). 

12. Permits and approvals C10hat other permits and approvals will be needed for the proposed project?). 

13. Location of additional mcdules (where will the five additional mcdules be located in relation to the initial 
three mod.Jles?) . 

14. ISFSI controlled area (in accordance with the definition in 10 CFR Part 72, what is the H. B. Robinson-2 
ISFSI controlled area?). 

15. Occupational dose conrnitment (how does the estimated amual collective dose conrnitment from !SFSI operations 
compare to that fran present operations of H. B. Robinson-2?). 

16. Offsite dose cc:mnitment (how does the estimated offsite collective dose coomitment from ISfSI operations 
compare to that from reactor operations?). 

17. Radiation 100nitoring (in addition to the existing H.B. Robinson·2 radiation monitoring progrsm, \/hat 
radiation 100nitoring 10\ll be conckJcted for the ISFSI?). 

18. Assumptions (IOhat are the assumptions used in defining the maximum exposed ~r of the public and what is 
the expected amual dose to that individual from the multiple contributions of the !SFSI and H. B. 
Robinson-2?) • 

(a) The NRC indicated that these questions<30 > 10ere intended only as a guide to help the utility in preparing 
the Envi rormenta l Report. 

(b) Independent Spent Fuel Storage Installation (ISFSI) • 
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TABLE 3.22. Examples of Some Issues(•) Involved in the Safety Analysis 
Report of the H. B. Robinson-2 Independent Spent Fuel 
Storage Installation (Docket No. 72-3) 

Section of SAR(a) 

1.2.1 General Description 

1.2.3 Principal Design Criteria 

1.2.3.1 Structural Features 

1.2.4 Operati'"'3 and Fuel Hardt ing Systems 

1 .2.5 Safety Features 

1.2.5 safety Features 

1.2.5 Safety Features 

1 .3.1.1 Canister Design 

Question 
Nll!'ber 

2 

3 

4 

s 

6 

7 

8 

lssue<s> Involved 

Drawings, other than conc~jual drawings, for items 
associated with the ISFSI [no drawings provided 
for any itC!I'S; pt3Yide engineering (shop) drawings 
for DSC, (CJ HSM, ( l s~rt pad for HSM, roodifica
tions to the IF-300 shipping cask:, etc.; include all 
drawings for al t c0111)0!'1ents as they will be used at 
the H. B. Robinson·2 site]. 

Statement that "for the majority of the fuel to be 
stored the radiation sources ·will be Less than or 
ecpJal to the source described in the NUHOMS Topical 
Report" (implies that some fuel may exceed the design 
criteria; maxiiiUII radiation that would be encoun
tered?; how does it modify calculated doses?). 

SAR(e) states that "the structural features of the 
osc<c> are defined, to a large extent, by the cask: 
drop accident" and that the 5-foot drop postulated by 
NUTECH "envelopes any postulated drop accident that 
could occur at the Robinson site" [several situations 
(e.g., cask: loading, cask:/canister/assenbly loading 
ard sk:id Loading) are shown in which cask: is fl"Cire 
than five feet form grolrld; why are drops in these 
situations not credible?; consider vertical ard 
horizontal cask: orientations]. 

Cask: movement, cask: head and truck: transport (why 
were values for these excluded from Table 1.2·3?). 

HSM(d) designed so average surface dose rate is \esg 
than 20 mrerrvh (is average surface dose rate an 
appropriate design parameter?; htlat is maxillUil 
surface dose rate?). 

osc and cask: are filled with demineralized water to 
reduce contanination of cask: exterior (effectiveness 
of this process in redx:ing osc contamination?; what 
are expected surface dose levels?). 

Contamination of cask: from fuel pool water (surface 
dose rate on cask:?). 

Length of osc for specific type of irradiated fuel to 
be stored (specify; "approximately 180 inches" 
inadequate for site-specific application). 

(a) The issues shown are from References 211-214; there are approximately 91 more issues lis ted in 
References 8, 10, 137, 142, and 211-230. 

(b) !ndepen:::lent Spent Fuel Storage Installation <JSFSI). 
(c) Dry Shielded Canister (DSC). 
(d) Horizontal Storage Module (HSM). 
(e) Safety Analysis Report (SAR). 
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TABLE 3.23. Distribution of Questions/Requests Associated with the Safety Analysis Report 
for the Independent Spent Fuel Storage Installation at Robinson-2 

Safety 
Analysis Report 

Section Subsection 

1.0 

2.0 

3.0 

1.2 
I. 2 .I 
1.2 .3 

1.2.4 
I. 2. 5 
1.3 
I. 3 .I 

1.5 

2 .I 
2 .I. I 
2 .1.2 

2 .I. 3 
2.2 
2.2.1 
2.2.2 
2.3 
2.3.2 
2.6 
2.6.2 

2.6.4 

3 .I 

Title( a) 
Questions/Requests 

No. Subtotal Total 

INTRODUCTION AND GENERAL DESCRIPTION OF INSTALLATION 
General Description of Installation 
General Description 
Principal Design Criteria: 
--Structural Features 
Operating and Fuel Handling Systems 
Safety Features 
General Systems Descriptions 
Systems Descriptions: 
--Canister Design 
--Horizontal Storage Module 
--Transfer Cask 
--System Operation 
Material Incorporated By Reference 

SITE CHARACTERISTICS 
Geography and Demography: 

I 
I 
I 
I 
3 

I 
3 
2 
6 
I 

Site Location 1 
Site Description: 
--Other Activities Within the Site Boundary 2 
Population Description and Trends 1 
Nearby Industrial, Transportation, and Military Facilities 
Locations and Routes 1 
Descriptions 1 
Meteorology 
local Meteorology 1 
Geology and Seismology 
Vibratory Ground Motion: 
--Earthquake History 1 
Stability of Subsurface Materials: 
--ISFSI Foundation I 

PRINCIPAL DESIGN CRITERIA 
Purpose of the Installation 

3 

7 

12 

I 

4 

2 

I 

2 

3 
6 

20 

9 

14 



w 
~ 

w 
N 

Safety 
An a 1 ys is Report 

Section Subsection 

4.0 

5.0 

• • • 

3 .I. I 

3.1. 2 

3.2 
3.2.5 

3.3 
3.3 .I 
3.3.3 

3.3.5 

4 .I 
4.1. 2 

4.2 
4.2.1 

4.2.3 
4.6 
4.7 
4.7.1 

5. I 
5 .I. I 

TABLE 3.23. (contd) 

Title(a) 

Material To Be Stored: 
--Radiological Characteristics 
General Operating Functions: 
--Overall Functions of the Facility 
--Handling and Transfer Equipment 
Structural and Mechanical Safety Criteria 
Seismic Design: 
--Input Criteria 
--Seismic-System Analysis 
Safety Protection System 
General 
Protection By Equipment and Instrumentation Selection: 
--Instrumentation 
Radiological Protection: 
--Radiological Alarm System 

INSTALLATION DESIGN 
Summary Description 
Principle Features: 
--Controlled Area 
Storage Structures 
Structural Specifications: 
--Construction, Fabrication, and Inspection 
Individual Unit Description 
Cathodic Protection 
Fuel Handling Operation System 
Structural Specifications 

OPERATIONS SYSTEMS 
Operation Description 
Narrative Description: 
--Preparation of the Transfer Cask and Canister 
--Cask Drying Process 
--DSC Sealing Operation 
--Loading Canister into Lhe HSM 

• 

gue~tionsLReguests 
No. Subtotal Total 

I 

2 
3 

2 

I 
I 

3 
I 

I 

I 

2 2 B 
2 

I 
I 

2 

I 
I 
I 1 

1 
I 

I I 18 
12 

3 
2 
I 
2 

• • • 
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w 
w 
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Safety 
Ana 1 vs is Report 

Section Subsection 

6.0 

7.0 

8.0 

5.1.3 

5.2 
5.2.1 

5.3 
5.3.2 
5.4 

6.5 

7 .I 
7 .!.I 
7 .1.2 
7.3 
7.3. 2 

7.4 
7. 4 .I 
7.4.2 
7.6 
7.6.2 

8.1 
8.1.1 
8.1.2 

8.2 

• . . • 

TABLE 3.23. (contd) 

Title(a) 

--Monitoring Operations 
--Unloading the DSC from the HSM 
Identification of Subjects for Safety Analysis: 
--Criticality Prevention 
--Instrumentation 
Fuel Handling Systems 
Spent Fuel Handling and Transfer: 
--Functional Design 
--Safety Features 
Other Operating Systems 
Components/Equipment Spares 
Operation Support System 

WASTE CONFINEMENT AND MANAGEMENT 
Radiological Impact of Normal Operations - Summary 

RADIATION PROTECTION 
Ensuring That Occupational Radiation Exposures Are ALARA 
Policy Considerations 
Design Considerations 
Radiation Protection Design Features 
Shielding: 
--Shielding Analysis 
Estimated Onsite Collective Dose Assessment 
Operational Dose Assessment 
Storage Term Dose Assessment 
Estimated Offsite Collective Dose Assessment 
Analysis of Multiple Contribution 

ANALYSIS OF DESIGN EVENTS 
Normal and Off-Normal Operations 
Normal Operation Analysis 
Off-Normal Operation Analysis: 
--Transport 
Accident Analysis 

• • • 

Questions/Requests 
No. Subtotal Total 

I 
I 

I 
I 

2 
I 

I 
I 

I 

I 
I 

2 

3 
2 

I 

I 

3 

3 

I 

I 

I 

2 

2 

5 

I 

4 

6 

I 

10 

12 



w 
~ 

w 

"" 

Safety 
Analysis Report 

Section Subsection 

10.0 

11.0 

8.2.2 
8.2.3 

8.2.4 
8.2.5 

8.3 

I 0. I 
10.3 
10.4 

TABLE 3.23. (contd) 

Title(a) 
Questions/Requests 

No. Subtotal Total 

Tornado/Tornado Generated Missile 
Earthquake: 
--Accident Analysis 
Drop Accident 
Lightning: 
--Analysis of Effects and Consequences 
Foundation Design 

I 

2 
2 

I 
I 

OPERATING CONTROLS AND LIMITS I 
Fuel Specifications 4 
Limits for the Maximum Air Temperature Rise After Storage 1 
Surveillance of the HSM Air Inlets 

QUALITY ASSURANCE I 

I 

I 
4 
I 

I 

8 

I 

(a) Abbreviations: Independent Spent Fuel Storage Installation (ISFSI), Dry Shielded Canister 
(DSC), and Horizontal Storage Module (HSM). 
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TABLE 3.24. Examples of Some Issues(•) Involved in the Environmental 
Report for the Oconee Independent Spent Fuel Storage 
Installation (Docket No. 72-4) 

1. Census data for 1970 (Table 2.2-1 in ER(b) and Table Il-l in the FEJs(c) 
are both based on these data, but a comparison of the tables reveals 
marked discrepancies in number of persons residing in sectors around 
site; clarify) . 

2. Projected number of residents within 50-mile radius of Oconee 
(Table 2.1-1 in ER indicates no residences within one mile of site but 
USGS data show some 17 structures, at least some of which could be 
residences; resolve apparent discrepancies; provide up-to-date 
information for ER Tables 2.2-1 and 2.1-2). 

3. Population statistics (include transient population associated with 
nearby universities; confirm that these people are represented or 
correct data). 

4. Location of nearest residence (identify, based on more reyaDt population 
data; nearest residence in the future?; distance from HSM~ ) center to 
nearest residence?) . 

5. ISFsr(e) location (ER Figure 2.1-3 lacks scale; ISFSI occupies a little 
over one-half acre, so why are 304 acres required for construction of 
the ISFSI?); ISFSI length (will 88 modules fit?); short and long routes 
from cask handling area to ISFSI (why does it take an hour to traverse 
the longer route, which is less than one-half mile?). 

6. Distance from ISFSI to boundary of uncontrolled area (to evaluate 
compliance with 10 CFR 72.68, identify direction and minimum distance). 

7. Species on site (any on State or Federal lists of threatened or 
endangered species?). 

8. Part of proposed storage area currently used for parking (location of 
new parking area?; assess impacts associated with its construction). 

(a) 

(b) 
(c) 
(d) 
(e) 

The issues shown are from Reference 231; there are approximately 26 more 
issues listed in that reference. 
Environmental Report (ER) . 
Facility Environmental Impact Statement (FEIS). 
Horizontal Storage Module. 
Independent Spent Fuel Storage Installation (ISFSI). 
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TABLE 3.25. Examples of Some Issues(•) Involved in the Safety Analysis 
Report for the Oconee Independent Spent Fuel Storage 
Installation (Docket No. 72-4) 

Section of SAR(b) 

1. (Question 1, page 1.1-2, para. 1.1) 

1. (Question 2, page 1.2-2, para. 1.2.3) 

1. (Question 3, Table 1 .2-2) 

1. (Question 4, Table 1.2-2) 

1. [Question 5, para 1.2·5(b)] 

1. [Question 6, para. 1.3.1.7(b)J 

lssue(s) Involved 

Reuse of the osc<cl for second charge of fuel rods (qualify last 
sentence; such reuse is not addressed in NUTECH's topical report 
or in this SAR). 

Radiation sources to be stored that wiLl exceed those in 
reference topical report NUHtMS-24P (not described; not 
mentioned in criticality discussion or shielding analysis; 
clarify). 

Performance of step 7 before step 8 (contrary to NUTECH's 
topicaL report; invaLidates use by reference of corresponding 
radiation shielding operations; also contrary to para. 3.1.2.1 
and para. 7.1.2; need to address this inconsistency). 

Step 2 omits sealing the DSC/Transfer Casks annulus (cootrary to 
SAR paras. 3.3.2.1 and 7.1 .2 and to NUTECH's topical report 
Table 1.2-3; need to address this inconsistency). 

!ntemal shield blocks in the HSM(d) to redJce scatter dose out 
of air inlet (are these the shield blocks that ccxrprise the 
shielded ventilation plerun?). 

Transfer cask and DSC inside the transfer cask are filled with 
water (topical report says "filled with demineralized water"; 
other information, including Figure 5.5-1, indicates the OSC 
will be filled with borated water; be specific; if borated water 
used, what is boron concentration?). 

(a) The issues shown are from Reference 145; there are approximately 143 more issues lis ted in that reference. 
(b) Safety Analysis Report (SARJ. 
(c) Dry Storage Canister (DSC) in the SAR same as Dry Shielded Canister (DSC) in the NUTECH topical report. 
(d) Horizontal Storage Module (HSM). 
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APPENDIX A 

CHRONOLOGICAL LISTING OF LICENSING ACTIVITIES FOR INDIVIDUAL 
TOPICAL REPORTS ON DRY SPENT FUEL STORAGE CASK AND MODULE DESIGNS 

3.I.1(a) General Nuclear Systems, Inc. (GNS!l: CASTOR !c, Project M-34 

GNSI submitted their topical report on the CASTOR lc dry spent 
fuel storage cask in January 1982.(35) The submittal was docketed 
under Project M-34 in June 1982.(36) GNSI met with the NRC several 
times(35,36,58,166,232, and 233) and provided additional informa

tion.(I67-170) The NRC evaluated the original topical report(36) and 
Revisions 1-3(59,165, and 234) to the report. The topical report for that 

cask was approved by the NRC; however, use of the cask is no longer 
anticipated because of its small capacity.(34) 

3.1.2 Combustion Engineering, Inc. (C-El: Project M-35 

C-E submitted a topical safety analysis report entitled "Dry Storage 
Cask for an Independent Spent Fuel Storage Installation, 11 CEND-270, that was 
docketed by NRC on November 24, 1982, under Project M-35(38) NRC's comments 
on the topical report were provided to C-E on February 23, 1983.(38) C-E and 
NRC discussed the submittal and revising of CEND-270 in May 1983.(39) At the 
May 1983 meeting, C-E informed the NRC that its plans for proceeding with 
development of the dry storage cask design were uncertain and that no 
schedule had been developed for revising the topical report in response to 
NRC's comments. In June 1984, NRC informed C-E that in view of the elapsed 
time with no further action, that NRC had terminated this project review from 
its record system.(40) 

3.1.3 Mitsubishi Heavy Industries Limited (MHI): MSF-IV [formerly REA 2023 
(PWRll. Project M-33 

Ridihalgh, Eggers and Associates (REA) submitted a topical safety 
analysis report entitled "Topical Report for the REA 2023 Dry Storage Cask 

(a) Refers to corresponding subsection of Section 3.1, 11 Topica1 Reports on 
Dry Spent Fuel Storage Cask and Module Designs." 
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for BWR Spent Fuel" (Revision 0) to the NRC in April 1983.(61) The topical 
report was docketed by the NRC under Project M-33 on May 5, 1983. PNL pro
vided comments on a January 1983 draft of the report to DOE's Commercial 
Spent Fuel Management Program Office; the comments were forwarded DOE 
(Richland Operations Office) to the NRc.(61) The NRC evaluated the report 
and transmitted their comments to REA on July 13, 1983.(62) REA's response 
to NRC's comments was submitted to the NRC on October 11, 1983.(171) The NRC 
performed a safety review of the design and operation of the ISFSI described 
in the topical 
25, 1983. (63) 

report and transmitted the detailed comments to REA on October 
The rights to the REA cask designs for BWR and PWR fuel and 

the associated REA topical report submittals were purchased (effective date 
was April 5, 1985) by MHI.(34,64) The NRC staff met with MHI on May 5, 1985, 
to discuss the acquisition of the REA dry storage technology by MHI.(235) On 
May 22, 1985, MH! formally requested of the NRC that the applicant of record 
for Projects M-33 and M-36 be shifted from REA to MHI and that those project 
numbers be held open beyond May 28, 1985.(236) MHI indicated to the NRC that 
it was initially seeking approval for the PWR cask design (Project M-36).(34) 

3.1.4 Mitsubishi Heavy Industries Limited (MH!l: MSF-IV [formerl-y REA 2023 
(PWR)l, Project M-36 

REA submitted a topical safety analysis report entitled 11 Topical Report 

for the REA 2023 Dry Storage Cask for PWR Spent Fuel," which was docketed by 
the NRC under Project M-36 on June 10, 1983.(60) Transferring of the rights 
to the REA cask designs for BWR and PWR fuel from REA to MHI is described 
above in Section 3.1.3. MHI indicated to the NRC that it was initially 
seeking approval for the PWR (REA 2023) cask design; however, MHI renamed it 

MSF IV and substantially changed the cask basket and the neutron shield part 
of the cask.(34) On May 21, 1986, MHI informed the NRC that because of 
budgetary considerations (MHI is faced with significantly higher estimated 
costs for this effort than were originally projected) they are forced to 
temporarily suspend work on Project M-36.(41) 
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3.!.5 General Nuclear Systems. Inc. (GNS!l: CASTOR V/21, Project M-37 

The "Topical Safety Analysis Report for the CASTOR V Cask Independent 
Spent Fuel Storage Installation (Dry Storage)" submitted to the NRC on 
December I6, I983, by GNSI was docketed by the NRC on January 23, I984, under 
Project M-37.(65) On April 2, I984, the NRC transmitted(65) the comments 

from their review of the topical report to GNSI. On February I2, I985, the 
NRC transmitted(237) a letter to GNSI indicating several problems with 

Revision I of the topical report that was submitted on January 22, I985: 
I) this topical report (i.e., Revision 0) was originally submitted by GNSI 
but Revision 1 was submitted with a cover letter from Gesellschaft fur 

Nuklear.Service mbH (GNS)--the NRC requested that GNSI clarify this matter by 
letter indicating that GNSI is submitting the topical report and that GNS is 
acting for it; also in GNSI's letter of January 30, 1985, this revision was 
incorrectly identified at Revision 3, 2} the submittal is incomplete {several 
items were missing), and 3) Appendix 7, "Quality Assurance Handbook for Dry 

Spent Fuel Storage Cask" was not present in Revision 1 (however, NRC assumed 
it will be submitted separately). On February IS, I985, GNSI indicated that 
the designation for the CASTOR V (Vb) Cask has been changed to CASTOR 
V/2I.(66) On February 27, I985, the NRC noted that they had received a 
response from GNSI to one of the problem areas in NRC's letter(237) of 
February I2, I985. On March 22, I985, GNSI provided(I76) responses to 

several questions and comments from Lawrence Livermore National Laboratory 
{LLNL); the responses include revised versions of 26 pages, information on 
the cask rear breach plate material, and information on the shielding cal
culation (involved the fuel basket boron content assumption). On April 15, 
1985, the NRC noted(238) that the German report entitled (English trans
lation) "Assessment of Specific Questions of Dry Interim Storage of Spent 
Fuel Assemblies in a Shipping Cask Storage Site at AHAUS" had been declas
sified; this report is also in Appendix 12 of Revision 0 of the topical 
report under Project M-37. On October IO, I985, GNSI notified(239) the NRC 

that on October 3 EG&G Idaho, Inc. notified GNSI about several indications 
observed on the top end of the CASTOR V/2I, borated stainless steel fuel 
basket; GNSI indicated that, based on their preliminary evaluation, they 

determined that this condition did not constitute a defect as defined by 
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10 CFR 21. On October 3 and 4, 1985, the NRC met with Bundesanalt fur 
Material prufung (BAM) to discuss 1) final arrangements for NRC to rely on 
BAM as an agent for inspection for dry storage casks produced in the Federal 
Republic of Germany (FRG) and 2) problems and actions to be taken with regard 
to damage {cracks in, or in the immediate vicinity of, weld positions had 
been observed at up to eight locations at the top of the fuel basket) to a 
CASTOR V/21 dry storage cask.(l72) On October 14, 1985, the NRC requested 
from GNSI an analysis and evaluation of the cause(s) of the basket cracks and 
an assessment of the need for design changes. On November 27, 1985, GNSI 
transmitted(69) to the NRC the information requested by NRC in the letter of 
October 14, 1987; the response addressed the observations made at the Idaho 
National Engineering Laboratory (INEL) as well as analyses of a fuel basket 
under design thermal conditions described in the topical safety analysis 
report. On December 5, 1985, the NRC met with GNSI to discuss GNSI progress 
regarding investigation of the implications of the nonstructural weld cracks 
found in October 1985 in the basket of the CASTOR V/21 cask during the 
unlicensed DOE demonstration at INEL. On December 13, 1985, the NRC met with 
GNSI to discuss GNSI's preliminary report on the cracks in the fuel basket 
noted at INEL;(l74) in response to NRC staff comments, GNSI was to provide 
additional information. On December 20, 1985, the NRC transmitted a 
letter(l73) to GNSI outlining the seven main items covered at the meet
ing(l74) on December 13 and to which GNSI was to respond. On February 3, 
1986, GNSI furnished(70) the NRC with 1) GNSI's evaluation of the fuel basket 
used in the unlicensed demonstration program at INEL and an assessment of the 
impact of the observations at INEL on the licensed use of the CASTOR V/21 
cask at an ISFSI as requested in NRC's letter of October 14, 1985; 2) the 
items discussed at the December 13, 1985, meeting;(69) and 3) a response to 
the items listed in NRC's letter(l73) of December 20, 1985. On February 28, 
1986, GNSI submitted an alternative design for a cask fuel basket that does 
not employ borated stainless steel as a basket materia1.(44) On April 29, 
1989, the NRC noted(l77) the changes proposed by GNSI in the CASTOR V/21 fuel 
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• 
basket design (the design refers to an all stainless steel basket). On April • 
30, 1986, the NRC approved use of the CASTOR V/21 cask with a stainless steel 
(not borated type) fuel basket.(44) On August 15, 1986, GNSI transmitted(?!) 

• 
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to the NRC the results of analyses and tests performed to validate the use of 
borated stainless steel (Radionox A-18) for the fabrication of the welded 
fuel basket of the CASTOR V/21 storage cask. The transmittal included 
I) basket analyses and comments, 2) the evaluation (Revision I, dated August 
1986) of the demonstration test at INEL in which it was concluded that the 

observed indications (i.e., slight indications of separation at certain 
joints in the basket structure) were caused by constrained thermal expansion; 
and 3) revisions to the topical safety analysis report. The NRC met with 
GNSI on October 7, 1985, to discuss the safety review of the CASTOR V/21 
borated stainless steel fuel basket design; the NRC concluded that GNSI had 
adequately explained and analyzed the cause of the basket weld cracks at INEL 
but that GNSI would need to I) analyze the effects of dynamic impact on the 
borated stainless steel base material and weld area material of the 
redesigned basket, and 2) present the GNSI test data needed to acceptably 
complete the material characterization.(175) On February 5, 1987, GNSI sub
mitted(72) to the NRC the results of the engineering evaluation and testing 

program that culminated GNSI's efforts to validate the use of borated stain
less steel (in particular, Radionox A-18 with a nominal 1.03 wt% boron 
content) in the fabrication of the welded basket for the CASTOR V/21 cask. 
On April 3, 1987, the NRC concluded(44) that the borated stainless steel 
basket design meets the requirements of 10 CFR Part 72; the NRC also 
indicated that several items in Revision 1 of the topical report need to be 
clarified, corrected, and/or added. On June 16, 1987, GNSI informed(73) the 
NRC that it was discovered in the week of June 1, 1987, that some material 
used in the fabrication of a cask basket contained a boron content that was 
not within the tolerance of the material specification approved by the NRC. 
On October 2, 1987, the NRC sent a letter(74) to GNSI regarding the NRC 
staff's review of the two fuel baskets (for CASTOR V/21 cask serial numbers 
008 and 009) with material deviations noted in GNSI's letters June 16(73) and 
August 3, 1987. The NRC reviewed the issue and concluded that use of the 
material does not compromise safety. On September 27, 1988, GNSI trans
mitted(l78) to the NRC a letter describing the GNS review/audit of the 

material deviation problem and the GNSI/GNS corrective actions to be 
implemented. GNS found the cause of the problem to be the control of 
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documents relevant to manufacture in compliance with the NRC license and 
dissemination of the latest approved document to the appropriate 
organization. 

3.1.6 Nutech Engineers, Inc. (NUTECHl: NUHOMS-07P, Project M-39 

The dry storage concrete module independent spent fuel storage installa
tion submittal, "Topical Report for the NUTECH Horizontal Modular Storage 
System for Irradiated Nuclear Fuel" (NUH-001), was docketed by the NRC on 
December 19, 1984, under Project M-39.(75) In February 1985, the NRC 
requested(77) additional information in three design categories (see 
Table 3.8). NUTECH subsequently provided two responses.(l80,240) NUTECH and 
the NRC discussed the topical report at a meeting in April 1987.(179) NRC 
transmitted(l60) the results of their review of the quality assurance program 
in June 1985. NUTECH met with the NRC in August 1985 to discuss NUTECH's 
approach to responding to NRC's comments;(241) issues involving criticality, 

thermal hydraulics, and shield penetrations remained open at that time and 
were to be discussed at a NUTECH/NRC meeting in September 1985. NUTECH 
provided responses to NRC's detailed comments on the topical report on 
September 6, 1985.(181) NUTECH transmitted a letter(161) as a follow-up 
to the NUTECH/NRC meeting in September 1985; five main areas were identified 
(See Table 3.8) where NRC wants more information and NUTECH provided an 
action plan for revising the topical report accordingly. An NRC memoran
dum(78) regarding the NUTECH/NRC meeting in September 1985 indicates the need 
for NUTECH to provide additional information in the areas of shielding 
penetration estimates and criticality calculations. On September 25, 1985, 
NRC transmitted(l62) a request to NUTECH for additional information concern
ing the quality assurance program. In an October 1985 letter,(79) NRC 
suggests that each new concrete module and canister be examined after its 
first full year of service. On November 4, 1985, NUTECH provided(l82) 
responses to NRC's request for more information on the quality assurance 
program. On November II, 1985, NUTECH submitted Revision 1(242) to the 
topical report. In January 1986, NUTECH transmitted(l63,164) the additional 
information requested by the NRC (see Table 3.8 in Section 3.0). Revision I 
of the topical report was accepted as a reference by NRC on March 28, 
1986.(46) An NRC memorandum(80) indicates that Duke Power Company (with 
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NUTECH Engineers, Inc.) intends to apply by April I, 1988, for a license 
under 10 CFR Part 72 for dry storage of spent fuel at the Oconee Nuclear 
Station site. To facilitate this application, NUTECH will submit by January 
4, 1988, an amendment to its currently approved topical report for its NUHOMS 
design. NUTECH provided(243) detailed calculations for the horizontal 
storage module load combinations; also included was a reference showing how 

the cracked section analysis was performed. 

3.1.7 Nuclear Assurance Corporation (NACJ: S/T (26 PWRJ. Project M-40 

NAC submitted its "Topical Safety Analysis Report for the NAC Storage/ 
Transport Cask for Use at an Independent Spent Fuel Storage Installation" to 
the NRC'on December 13, 1984.(82) The topical report was docketed by the NRC 
under Project M-40 on December 19, 1984.(83) On October I, 1985, the NRC 
requested additional information (involved 12 questions) on the NAC quality 
assurance (QA) program.(84) The NRC transmitted their comments on the 

topical safety analysis report for the NAC storage/transport (S/T) cask on 
October 25, 1985.(83) The NRC and NAC met on March 27, 1986, to discuss the 
comments.(86) On April 25, 1987, NAC submitted the response(244) to the 
October I, 1985, questions.(84) On June 16, 1986, the NRC requested(85) 

clarification and/or additional information (involved four questions on the 
NAC quality assurance program) from NAC. On July I, 1986, NAC provided(245) 

responses to NRC's comments on the topical safety analysis report. On July 
22 through 23, 1986, NRC met with NAC at Lawrence Livermore National 
Laboratory (LLNL) to discuss NAC's responses to the NRC staff's initial 
safety review comments on the topical safety analysis report.(91) At that 
time, it was indicated that NAC was to submit a different cask basket design 

in the revised topical report: the design will accommodate 26 PWR spent fuel 
assemblies without reliance on burnup credit with respect to fuel basket 
criticality design. NAC provided(246) responses to NRC's June 16, 1986, 
questions. On January 30, 1987, NAC provided(247) responses, proposed 

specific NAC actions, and actual specific NAC actions to NRC's detailed 
comments on the topical safety analysis report. On February 24, 1987, NRC 

and NAC met to discuss the safety review of the topical safety analysis 
report.(88) On March 3, 1987. the NRC transmitted(89) to NAC their detailed 
comments on Revision I (submitted(248) by NAC on December 18, 1986) to the 
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topical safety analysis report. On April 29, 1987, NRC and NAC met to 
discuss a new dry storage cask design for storing consolidated PWR fuel in 
canisters (see Project M-51, cask capacity: 28 canisters) and the topical 
report (in particular the quality assurance program) for NAC's S/T dry cask 
design for intact spent fuel assemblies.(87) On September 11, 1987, NAC 
furnished(249) responses to seven questions raised by LLNL on September 8, 

1987. LLNL contacted NAC on September 30, 1987, regarding another ques
tion.(250) On October 21, 1987, NAC submitted responses to 23 questions 

raised by LLNL on October 7, 1987, and responses to 10 questions raised by 
LLNL on October 13, 1987.(251) The NRC indicated on June 16, 1987, that it 

had reviewed the NAC submittals and determined that NAC described a QA 
program for its S/T casks that meets the requirements of Subpart G of 10 CFR 
72.(252) On November 5, 1987, NAC provided clarification requested by LLNL 
on the primary penetration cover.(253) On November 13, 1987, NAC furnished 
responses(254) to three questions raised by LLNL on October 26, 1987. On 
November 19, 1987, NAC transmitted(255) responses to five questions raised by 
LLNL on November 17, 1987. On November 20, 1987, NRC and NAC met to discuss 
new NAC dry storage cask designs:(256) these cask designs will be similar to 
the submitted NAC S/T cask design, but one cask (Project M-51) will store 
rods from up to 56 consolidated PWR spent fuel assemblies in 28 cans and the 
other cask (Project M-52) will store 31 intact PWR assemblies with allowance 
for burnup credit taken in cask criticality design {both will be associated 
with the licensing activities for an ISFSI at Surry). On November 25, 1987, 
NAC provided a response(257) to a question raised by LLNL on November 23, 
1987. On December 2, 1987, NAC transmitted(l83) responses to three questions 
raised by LLNL. On December 17, 1987, NAC provided responses(l84) to ques
tions raised by LLNL on December 8, 1987. On January 27, 1988, NRC met with 
NAC to discuss submittal of a new topical report for a dry spent fuel storage 

cask design for storage of consolidated spent fuel rods; technical issues 
involving criticality analysis, thermal analysis, shielding, and dose rates 
were discussed.(IIO) 

3.1.8 Westinghouse Electric Corporation: MC-10, Project M-41 

The topical report entitled "Topical Safety Analysis Report for the 
Westinghouse MC-10 Cask for an Independent Spent Fuel Storage Installation 
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(Dry Storage)" was docketed by the NRC on February 13, 1985, under Project 
M-41. (92) In September !985, NRC requested additional information; (185) in 
October 1985, Westinghouse provided a response to that request. (187) In 

December 1985, the NRC transmitted the comments from their review of the 
report.l92) In August 1986, Westinghouse provided(l88) responses to the 

NRC's comments. In reviewing the cask materials, the NRC and Lawrence 

Livermore National Laboratory (LLNL) raised major concern relative to the 
basket material. Specifically, the NRC was concerned that the basket mate
rial was not an ASME Code Class 1 material.(93) It was recommended that 

Westinghouse change the basket material (aluminum) to an ASME Code Class I 
material or provide further evaluation to demonstrate the acceptability of 
the aluminum basket. Westinghouse resolved the issue by changing the basket 
material to stainless steel and indicating that several engineering reanal
yses would be performed to reflect the new material.(93,94) Westinghouse 
provided responses to NRC and LLNL questions/requests in December 1986,(189) 
February 1987,(190) and May 1987.(191) In July 1987, Westinghouse provided 

responses to LLNL questions.(l86) In July 1987, Westinghouse submitted to 
NRC the responses to LLNL questions.(l92) In July 1987, Westinghouse pro

vided responses to LLNL's questions concerning MC-10 radiation protec
tion.{l93) Westinghouse's responses to LLNL questions regarding governing 
differential equations and derivations was provided in July 1987.(194) 

Responses by Westinghouse to LLNL's questions on the thermal analysis review 
of MC-10 were furnished in July 1987.(195) Westinghouse provided additional 
supporting information on responses to LLNL questions in July 1987.{196) 
Westinghouse's response to an LLNL question on fuel rod pressure was provided 
in August 1987.(197) The Westinghouse response to an LLNL question about the 
MC-10 thermal analysis review was provided in September 1987.(198) The ther
mal analysis response by Westinghouse to an LLNL question on fuel cladding 
integrity was transmitted in September 1987.(199) The Westinghouse response 
to an LLNL question regarding the design basis heat load was furnished in 
September 1987.(200) Westinghouse provided an updated response to an LLNL 

question concerning the fuel rod cladding temperature limit in September 
1987.(201) The NRC has completed a safety review of the Westinghouse topical 

report(258) for the MC*lO metal cask and approved the topical report for use 
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as a reference in 10 CFR Part 72 site-specific license applications.(37) 
September 1987, the NRC issued(47) the letter of approval and the safety 
evaluation report. 

3.1.9 Transnuclear, Inc. (TN): TN-24P, Project M-42 

In 

On August 30, 1985, TN submitted their TN-24 Dry Storage Cask Topical 
Report.(95) The report was docketed by the NRC under Project M-42. On July 
!8, 1986, the NRC transmitted to Transnuclear the comments from its review of 
the topical report.(95) On December 15, !985, Transnuclear provided(202) NRC 
with a description of the approach Transnuclear expects to follow in furnish
ing the additional information requested by NRc.(95) On February 27, 1987, 
Transnuclear transmitted(203) responses (involved pages of TN document 
E-9213, Quality Assurance Program for Design, Fabrication, Inspection, and 
Testing of Storage Systems for Spent Fuel and Associated Radioactive 
Materials) to an NRC verbal request. On July 17, 1987, NRC met with TN at 
Lawrence Livermore National Laboratory (LLNL) to discuss the submittal of a 
revised topical report.(96) Nine key items and 14 other important items were 
discussed at the meeting on July 17, 1987. The nine key items were design 
drawings, missiles, seismic loading, cask drops and tipping, basket loading 
criteria, containment boundary definition, poison spider assembly, basket 
material characterization, and cobalt-60 source characterization. The 14 
other items were principal design criteria, structural features, general 
systems description, geography and demography of site selected, materials to 
be stored, structural and mechanical safety criteria, safety protection sys
tems, shipping cask repair and maintenance, cathodic protection, structural 
analysis of containment vessel, operations systems, radiation protection, 
accidents, and operating controls and limits. A major unresolved issue 
remained at the end of the meeting on July 17, 1987. Criticality design for 
the fuel basket relies on insertion of a "poison spider assembly 11 of rods 
into a fuel assembly. The NRC questioned whether this approach can satisfy 
design criteria of 10 CFR Part 72 for at-reactor site storage, at least in 
the nonsite·specific context of a topical report. On July 27, 1988, TN 
provided(204) NRC with copies of the TN-24 Topical Report E-1707, Revision I, 
and a response (E-10463) to NRC's questions;(95) TN addressed NRC ques
tions(95) about quality assurance in an earlier letter [K. Goldmann (TN) to 
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L. C. Rouse (NRC), January 30, 1987]. NRC met with TN on July 29, 1988, to 
discuss the submittal of a revised topical report; changes made in response 
to NRC comments were discussed (a significant change in the fuel basket 
design has been made).(98) The NRC is currently reviewing the revised 

topical report that was submitted.(2) 

3.1.10 Combustion Engineering Inc, (C-El: Dry Cap -P24 and -860, 

Project M-43 

The NRC's letter of March 16, 1983(259) included the initial set of 

comments from the NRC's review of the Topical Safety Analysis Report for a 

Combustion Engineering Dry Storage Cask for an ISFSI (in this case, it was 
associated with the ISFSI at Surry). The letter included 34 pages of 
specific comments and several general comments. Briefly, the NRC's general 
comments included the following: 

1. The topical report is not sufficiently substantive in many areas to 
facilitate an orderly review. It is particularly lacking in an adequate 
description of the cask and its safety related appurtenances, details 
relating to failure criteria and analysis, description of sequential 
procedures for filling, sealing, lifting and transporting the cask, and 
illustration of models. 

2. The report needs to be expanded to include sufficient information for 
reviewers to get a clearer picture of the cask and the analyses that 
were performed . 

3. While the report addresses a single cask some consideration should be 
given to a generic treatment of casks in typical arrays such as in-line, 
square, etc. Sufficient information should be provided to enable the 
site-specific license applicant to evaluate a particular array with 
regard to thermal and radiological conditions within the array and at 
the boundaries, and to use reviewed methodologies for array calculations 
in subsequent license applications. 

4. It would facilitate matters if copies of the references (excluding 
voluminous program descriptions) were submitted with the report. 

On December 19, 1985, Combustion Engineering, Inc. (C-E) submitted its 
"Topical Safety Analysis Report for the Combustion Engineering Dry-Cap Cask 

for an Independent Spent fuel Storage Installation (Dry Storage)" to the NRC; 
the NRC docketed the report under Project M-43.(99) On February 18, 1986, 

the NRC transmitted(99) a request (involves three items) to C-E for addi
tional information on the quality assurance program. On March 14, 1986, NRC 
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met with C-E to discuss C-E's spent fuel dry storage cask topical report; C-E 
was concerned that the review of their topical report had not yet begun.(260) 
On March 26, 1986, C-E furnished(205) responses to NRC's comments(99) dated 
February 18, 1986. On May 21, 1986, C-E transmitted(261) a letter to the NRC 
requesting that NRC attempt to meet the schedule for approving the topical 
report. On August 7, 1986, the NRC transmitted to C-E the NRC's comments 
from the review of the topical report.(IOO) The NRC also had one general 
comment at that time: there are numerous references in the topical report to 
10 CFR Part 71 requirements, but the NRC is not reviewing this report under 
Part 71, but under Part 72. On October 17, 1986, C-E provided(262) proprie
tary responses to some of NRC's comments.(IOO) On June 4, 1987, C-E submit
ted(263) Revision 2 of the topical report, CEND-273-NP/P, which is dated 
April 1987. On June 25, 1987, NRC transmitted(!) comments on Revision 2 of 
the topical report.(263) The NRC observed a number of discrepancies and 
omissions and requested that C-E re-edit and resubmit the topical report. 
The NRC plans to complete the review of the topical report, except for the 
criticality portion (the NRC is examining the issue of burnup credit allow
ance in criticality analysis on a generic basis with a view toward establish
ing a branch technical position related to cask storage design). The NRC 
indicated that the portion can be left as either a site-specific issue in a 
license application or for future review upon development of a staff techni
cal position. On August 14, 1987, C-E submitted(264) Revision 3 of the 
topical report; Revision 3 reflects the latest information on the cask 

design. C-E also indicated that considerable resources have been expended in 
preparing and defending the topical report, CENPD-273, with credit-for-burnup 
application to dry storage. On November 23, 1987, C-E furnished(265) the 
additional information requested{lOO} by the NRC; the questions generally 
relate to the magnitude of fuel rod internal pressure and cask cavity 
pressure and to the potential for adverse e.ffects resulting from the expected 
pressures. On December 2, !987, the NRC indicated(IOI) that the NRC staff's 
technical concerns relative to credit-for-burnup application to dry spent 
fuel storage are expressed in a recent paper.(3) On July 25, 1988, C-E 
transmitted(266) copies of proprietary drawings in Appendix A of Revision 3 
(August 1987) of the topical report to Lawrence Livermore Laboratory (LLNL) 
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as requested by NRC. On August 15, 1988, C-E transmitted(267) a response to 
a request from LLNL; the request included providing a detailed description of 
the impact limiter, describing the load limiters on the trunnions, and 
providing a sketch of the lift rig attached with the load limiters in place . 
C-E's revised topical report is currently being reviewed by the NRc.C 2l 

3.1.11 FW Energy Applications, Inc. (FWEAl: MVDS, Project M-46 

FWEA's "Topical Report for the Foster Wheeler Modular Vault Dry Store 
(M.V.D.S.) for Irradiated Nuclear Fuel" (FWEA-08-27164 Revision 0) was sub
mitted to the NRC on September 15, 1986.(102,103) The topical report was 

docketed by the NRC under Project M-46 on September 30, 1986.(104) On 
October· 14, 1986, FWEA provided a response(268) to an NRC question. The NRC 
was having difficulty determining the capacity of the modular vault dry store 
(MVDS) on which the FWEA topical report is based. FWEA stated that the 
smallest MVDS will have two vault modules: the PWR vault modules are 
designed for 83 storage tubes, and the 8WR vault modules for !50 storage 
tubes. On February 27, 1987, the NRC transmitted(I04) questions/comments 

from their review of the report to FWEA. The questions/comments covered the 
proposed MVDS design, the proposed use of air as a cover gas, and the quality 
assurance program. The letter(l04) also indicated that NRC needs the design 
calculation and other information that was discussed at the meeting of NRC 
and FWEA on February 5 and 6, !987. On March 24, !987, FWEA provided(269) 
information requested(I04) by the NRC. On May 4, 1987, the NRC transmit
ted(I05) comments on the material submitted(269) by FWEA on March 24, 1987; 

the NRC indicated that progress of the staff's review is blocked in some 
areas because of a lack of information. On May 13, 1987, FWEA providect(270) 
additional information that NRC requested(104} on the quality assurance 
program. On May 22, 1987, FWEA furnished(271,272) additional responses to 
NRC's request.(l04) On June 8, !987, the NRC sent a letter(273) to FWEA 
indicating it agreed that FWEA should visit PNL to discuss experimental and 
theoretical matters regarding fuel oxidation. On June 10, 1987, FWEA 
transmitted(274} responses to some more of NRC's questionsjcomments.(l04} On 

June 12, 1987, FWEA furnished(275} additional information, which in combin

ation with three previous transmittals, completes the FWEA responses to the 
NRC's questions;comments.(I04) The NRC and FWEA met on June 18. 1987, to 
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discuss the status of the FWEA topical report review(276); the NRC staff 
concluded that the FWEA design for the MVDS was sufficiently complete and 
final so a safety review could be completed (tentatitive target date: end of 
July 1987). The NRC also requested clarifying information on a General 
Electric Company of the United Kingdom (GEC) version of a thermal code used 
in the MVDS design. On August 7, 1987, the NRC transmitted(106) comments to 
FWEA from the NRC's review of the topical report (FWEA-08-27164, Revision 0) 
and the additional information and proposed responses submitted by FWEA in 
response to the NRC's questionsjcomments.(104) The NRC indicated it was 
still evaluating the proposed use of air as a cover gas in conjunction with 
or in place of nitrogen. On September 2, 1987, NRC met with FWEA and GEC to 
discuss FWEA's proposed responses to NRC staff comments on the topical report 
for the MVDS design.(107) The FWEA responses appeared satisfactory, with a 
few exceptions. FWEA was to continue examining Comment 28 (involves use of 
Viton 0-rings) and Comments 60 and 61 (they address a fuel handling drop 
accident). One other issue (involves storage of spent fuel in air) remains 
unresolved. The NRC also requested responses to two other comments. On 
September 11, 1987, FWEA transmitted(277) responses to most of the NRC's 
comments.(106) On February 1, 1988, NRC met with FWEA and GEC to discuss the 
status of the topical report review.(278) On March 23, 1988, the NRC 
issuect{51) its letter of approval for Revision 1 of FWEA's topical report; 
however, the NRC staff did not accept the use of air as a storage cover gas 

for the MVDS at that time, but did not reject the contention that continued 
research in this area may subsequently result in allowance of such use. The 
NRC also indicated that Section 10, "Development and Operating Controls and 
Limits," of the topical report is not to be cited as a reference. On 
April 14, 1988, NRC met with FWEA and GEC to discuss site-specific implica
tions of FWEA's MVDS design topical report.(279) 

3.1.12 Nuclear Assurance Corporation (NAC): Modified S/T (for 28 canisters 

of consolidated fuel rods), ProJect M-51 

The NRC and NAC met in January 1988 to discuss NAC's submittal of a new 

topical report for a stainless steel and lead dry storage cask for storage of 
consolidated spent fuel rods at an ISFSI.(110} The proposed cask design was 
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a modification of the NAC S/T cask with a basket designed to hold 28 canis
ters containing spent fuel rods from 56 PWR fuel assemblies.(124) Technical 
issues involving criticality analysis, thermal analysis, shielding and dose 
rates were discussed.(110) This design was associated with a 10 CFR Part 72 
amendment application planned by Virginia Power for its Surry Power Station 

ISFSI. NAC submitted its "Topical Safety Analysis Report for the NAC 
Storage/Transport Cask Containing Consolidated Fuel for Use at an Independent 
Spent Fuel Storage Installation"(108) to the NRC; the topical report was 
docketed by the NRC on February 24, 1988, under Project M-51.(109) NRC 

transmitted comments from their review of the topical report on June 9, 
1988.(109) NAC provided responses to the June 9, 1988, comments on July 20, 
1988.(206) NRC and NAC met on July 21, 1988, to discuss NAC's responses to 

the NRC staff's comments. The NAC responses are to be incorporated into 
Revision I of the topical report.(206,280) On August 23, 1988, NAC provided 

a response to an LLNL request for clarification of the fuel basket dimen
sions.{207) On August 24, 1988, NAC transmitted responses to eight questions 
(pertained to the neutron shield and the fuel basket) raised by LLNL on 
August 23 and 24.(111) On September I, 1988, NAC furnished the additional 
information requested by LLNL.(208) On September 7, 1988, the NRC indicated 
acceptance of Revision 1 of the topical report for the cask design as a 
reference.(52) 

3.1.13 Nutech Engineering In~. (NUTECH): NUHOMS-24P, Project M-49 

On February 16, 1988, NUTECH submitted the "Topical Report for the 
NUTECH Horizontal Modular Storage System for Irradiated Nuclear Fuel" 
(NUH-001, Revision 2, February 1988).(114) The topical report was docketed 

by the NRC under Project M-49. This report describes the design features and 
safety analyses of the NUHOMS-24P design, which is similar to the earlier 

system (NUHOMS-07P under Project M-39) that has been reviewed and approved 
by the NRC. On March 8, 1988, the NRC indicated that a serious problem 

of potential confusion was raised by NUTECH's use of the same report number, 

NUH-001, for the topical report under Project M-39 (NUHOMS-07P design) and 
under Project M-49 (NUHOMS-24P design).(llS) The NRC requested that NUTECH 

resolve the problem by re-examining the report number used and revise it. 
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NUTECH responded(ll6) on March 18, 1988, to the NRC's request and redesig
nated the topical report for the NUHOMS-24P design as NUH-002; NUTECH planned 
to reprint the entire document with the NUH-002 designation subsequent to 
completion of the NRC review. On May 24, 1988, the NRC transmitted(281) 
questions to NUTECH from the review of the topical report. On July 7, 1988, 
NUTECH provided responses(209) to the NRC's questions.(281) In August 1988, 
NUTECH furnished proprietary additional responses(282,283) to the NRC's 
question.(281) The responses concerned the osc(a) structural analysis, DSC 
support structural analysis, transfer cask structural analysis, DSC and 
HSM(b) thermal analysis, HSM structural analysis, transfer cask and HSM 
shielding analysis, and the NUHOM-24P criticality analysis. On August 10, 
1988, NUTECH transmitted(284) the NUHOMS-24P Topical Report NUH-002, 
Revision I. On September 13, 1988, NUTECH provided(285) a partial response 
(proprietary) to the NRC's questions(286) (Questions I, 2, 5, 9, and 10) of 
August 31, 1988. On September 26, 1988, NUTECH transmitted proprietary 
responses(287) to the NRC's questions(286) (Questions 3, 4, 7, and 8). On 
October 12, 1988, the NRC requested information from NUTECH on 12 items.(288) 
On October 19, 1988, NUTECH announced that its NUHOMS technology (specifi
cally the NUHOMS-24P design) was selected by Baltimore Gas and Electric 
(BG&E) for its Calvert Cliffs plant. On November I, 1988, the NRC requested 
additional information.(289) On November 9, 1988, NUTECH transmitted pro
prietary responses(290) to NRC's questions of October 12(288) and November I, 

1988.(289) NUTECH also provided(291) supplementary proprietary information 
on one response(290) sent earlier. On December 7, 1988, NUTECH transmitted 
proprietary information concerning 11 ALGOCJG Cask Top Model-Top Drop.••(292) 

The NRC is currently reviewing the NUHOMS-24P design in association with Duke 
Power Company's license application for an ISFSI at its Oconee Station 
site. (2) 

3.1.14 Nuclear Packaging, Inc. INuPac): CP-9, Project M-44 

On October 9, 1986, NRC met with Nuclear Packaging, Inc. (NuPac) to 
discuss NuPac's submittal of a topical for a dry concrete spent fuel storage 

(a) Dry Shielded Canister (DSC). 
(b) Horizontal Storage Module (HSM). 

A.l6 

• 

• 

' 

• 

.. 

• 
• 



• 

• 

• 

• 

• 

• 

• 

cask design.(293) NuPac indicated it was preparing a drop testing program in 
concert with analysis to address safety issues regarding dynamic impact 
effects on a concrete cask. NuPac seeked to perform such drop testing on 
scale models of its CP-9 cask design. Use of scaling, as NuPac noted, intro
duces variables of its own. The NRC indicated that further consideration was 

needed to adequately scope and plan a testing program. As a result of the 
meeting on October 9, 1986, NuPac was to examine previous scale model drop 
testing efforts and analyses. On March 3, 1987, the NRC transmitted(119) six 

comments to NuPac regarding their internal report, "Impact Performance and 
Testing of the NuPac CP-9 Scale Model Test Program," that was submitted to 
NRC on December 17, 1985. NRC concluded at that time that they saw nothing 
incorrect in NuPac's understanding of scale model testing, but NRC indicated 
they did not have sufficient information to judge whether the NuPac test 

program and topical report would be adequate. On March 23, 1988, the NRC 
docketed the "Topical Safety Analysis Report for the NuPac CP-9 Concrete 
Storage Cask (TP-08)" under Project M-44; the NRC reviewed Revision 0 and 
Revision 1 and transmitted comments to NuPac.(210) On October 28, 1988, 
Pacific Sierra Nuclear Associates provided responses{l20) to NRC's questions 

concerning the concrete temperatures of the CP-9 storage cask. Pacific 
Sierra Nuclear Associates indicated that it believes the answers will clarify 
:heir use of structural concrete in the CP-9 cask design and show that this 
concrete meets the current ACI-349 code. It was reported(2) in January 1989 
that the NRC is continuing its review of NuPac's concrete cask design model 
CP-9. 

3. 1. 15 Genera 1 Nuc 1 ear Systems, Inc. ( GNS I) : CASTOR X, Project M- 50 

The NRC staff met twice(122,294) with Virginia Power (VP) and GNSI to 
discuss the submittal of the CASTOR X topical report. On January 13, 1988, 
GNSI indicated to the NRC that it was preparing a topical safety analysis 
report for a new design spent fuel storage cask for use at an ISFSI. (295) 
The cask, denoted as CASTOR X/28-33, is an enhanced capacity storage cask 
designed for spent fuel cooled for a minimum of ten years. The cask design 

is based on ductile cast iron construction and the safety evaluation methods 
employed in the CASTOR Ic (Project M-34) and CASTOR V/21 (Project M-37) 
topical safety analysis reports previously approved by the NRC. The CASTOR 
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X/28-33 design has an accommodation for the use of burnup credit in the 
criticality design of the basket for the 33-fuel assembly cask. The topical 
report is to be submitted for initial use at the ISFSI at VP's Surry Nuclear 
Station. VP intends to obtain an amendment to their license (SNM-2501) for 
burnup credit. On July I, 1988, GNSI submitted its "Topical Safety Analysis 
Report for the CASTOR X Cask for an Independent Spent Fuel Storage Installa
tion (Dry Storage)" to the NRc(l21) The topical report was docketed by the 
NRC under Project M-50. On December 29, 1988, GNS1 provided(296) a) the 
CASTOR X design drawings specified in their initial application,(121) 
b) revised information pertaining to the structural analyses performed in 
support of the CASTOR X basket options, and c) a revision to the Cask Body 
Material Specification (BS-04). 

3.1.16 Nuclear Assurance Corporation (NAC): NAC-31 SIT. Project M-52 

On May 18, 1988, NRC met with NAC to discuss submittal of a new NAC dry 
spent fuel storage cask design topical report;(l25) the cask is to have a 
capacity of 31 PWR fuel assemblies and be designed to take allowance for 
burnup credit. At the meeting, structural aspects of the 31-assembly fuel 
basket design were discussed; those aspects may affect cask impact limiter 
design. On July 20, 1988, NAC submitted its "Topical Safety Analysis Report 
for the NAC S/T Cask Containing 31 Intact Fuel Assemblies."(123) The NRC 
docketed the topical report under Project M-52. NRC and NAC met on July 21, 
1988, to discuss this submittal of a topical report for a new dry spent fuel 
storage cask design for use at an ISFSI.{124) The stainless steel and lead 
cask design is for storage of up to 31 Westinghouse PWR spent fuel assem
blies. Maximum enrichment is limited to 1.9 wt% uranium-235 for storage of 
startup core fuel. NAC has a contract with Virginia Power for delivery of 
this type cask in August 1989. A license applicant could apply seeking 
burnup credit allowance for this cask design for fuel with a higher initial 
enrichment at some future date in a site-specific license application.(l24) 
On December 14, 1988, NAC indicated they were most interested in obtaining 
NRC's review comments regarding taking credit in the safety analysis for the 
structural strength of the borated aluminum in the fuel basket of this NAC-31 
S/T cask.(53) The borated aluminum uses enriched boron-10 to minimize the 
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structural effects of the 1.0 wt% boron-10 concentration. In January 1989, 
the NRC indicated(2) that it is continuing its review of the topical report . 

3.1.17 Nuclear Assurance Corporation (NAC): S/T (for 28 intact PWR fuel 
assemblies), Project M-54 

NRC and NAC met on December 12, 1988, to discuss NAC's submittal of the 
"Topical Safety Analysis Report for the NAC Storage/Transport Cask Containing 
28 Intact Fuel Assemblies for Use at an Independent Spent Fuel Storage 
Install at ion." (297) NAC submitted the to pica l report on December 14, 
1988.(53) The topical was docketed by the NRC under Project M-54. Virginia 
Power owns a cask of this type. On December 14, 1988, NAC requested that NRC 
review the Project M-54 application prior to the Project M-51 (NAC-31 S/T 
cask) application since the NAC-28 S/T cask is already at a customer's 
site. (53) 
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APPENDIX B 

TABLE B.! - QUESTIONS, REQUESTS, AND RESPONSES ASSOCIATED WITH THE 
GENERAL NUCLEAR SYSTEMS, INC., CASTOR V/21 CASK INVOLVED IN THE 

LICENSING OF THE INDEPENDENT SPENT FUEL STORAGE INSTALLATION AT SURRY 
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TABLE B.l. Questions, Hequests, and Responses Associated with the General Nuclear Systems, Inc., 
CASTOR V/11 Cask Involved in the Licensing of the Independent Spent Fuel Storage 
Installation at Surry 

. (a) 
QuestlonsLRequests 

QUESTION (Septenber 30. 1985>:(14> The calculated cask 
dose rates reported in the TSAR should be increased to 
accol.flt for the effects of neutron s!.bcritical 
rrultipl ication. 

,,, 
Responses 

RESPONSE: This transmittal(l5) provides you with 
our response to item 7.3.2, "Shielding", of the 
TSAR corrections listi~94~rovided in the NRC letter 
of September 30, 1985. The following discus· 
sian provides our assessment of this effect. In 
addition, a modification to the CASTOR V/21 gamma 
shielding is proposed based on dose rate measure
ments obtained Wring the demonstration test at 
H~EL. 

Subcritical Neutron Multiplication 

The effect of neutron slbcritical lllJltiptication is 
not considered in our shielding calculations. This 
effect is significant only if fresh undepleted fuel 
is loaded into the cask together with spent fuel. 
For storage of typical 15 x 15 P\.IR fuel assenOl ies, 
the keff for fresh fuel at 3. 7% U-235 in a he! iun 
envirorwrent will be about 0.4. In spent fuel the 
U-235 content is depleted to tess than t.OX. The 
k ff will also be lower (in the range of 0.1), and 
t~e overall effect of the subcriticat neutron IIIJI· 
tip! ication in the case of spent fuel (about 10%) 
is covered by the conservatisms of the calculation 
method used in our TSAR. This conclusion is fur· 
ther supported by the dose rate measurements at 
INEL. Prior to perfonnance of the test, GNS/GNSI 
conducted a dose rate study that accounted for the 
source strength and characteristics (including 
polo'er history and cooling time) of the actual fuel 
selected for the test. The shielding analysis was 
performed using the same methods described in sfl
tion 7 of the TSAR. The enclosed three figures 5> 
demonstrate the good agreement between measured and 
calculated results. Therefore, it is our conclu
sion that the dose rates presently reported in the 
TSAR are acceptable. 

Gamma Shielding Design 

The dose rate measurements at INEL demonstrated 
that the CASTOR V/21 performed well within the 
design criteria of 200 mrem/h at the surface and 
10 mrem/h at 2 meters. Figure 1 for the side wall 

,,, 
Conments 

See sub:nittut< 15> for figures. 
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auestions/ReQUests(a) 

QUESTICJI (Septenber 30. 1985) (contd>: 

REQUEST (October 14. 1985):<67 > The recent discovery of 
cracks in the fuel basket of the CASTOR V/21 cask used in 
the Virginia Electric and Power Corrpany/Department of 
Energy (VEPCO/OOE) dry spent fuel storage cooperative 
demonstration program is of great interest to us. h'e 
recognize that these cracks were discovered after the 
cask had been involved in a deronstration U'lder condi
tions exceeding the design basis set forth in your 
"Topical Safety Analysis Report For the CASTOR V/21 Cask 
Independent Spent Fuel Storage Installation (Dry Stor
age)," Revision 1. However, in view of these develop
ments since our approving the topical report and consid
ering potential impacts on the licensed use of the CASTOR 
V/21 cask, we request you provide us with an analysis and 
evaluation of the cause(s) of the cracking found in the 
deronstration cask. Also, please assess the need, if 
any, to revise your Topical Safety Analysis Report and 
provide any necessary changes along with the appropriate 
analysis. Because the use of a CASTOR V/21 cask at an 

• • -

TABLE B.!. (contd) 

Responses(a) 

RESPONSE Ccontd): 

indicates that a ganma peak was observed at the 
elevations correspording to the fuel t.pper and 
Lower end fittings. Even though the design 
requirements were satisfied, the following 
modification is p~sed to reduce this local peak: 

1. The depth of the moderator bore holes will be 
reci.Jced by 250 11111. 

2. Steel plugs, 600·11111 lQfll, wi 11 be inserted at 
the cask bottom end of the borings instead of 
the polyethylene material. 

These changes Will result in a red.Jction by a 
factor of eight of the ganma peak in those regions. 
Since the neutron dose In these regions is very 
low, the effectiveness of the neutron shielding is 
not impaired. This shielding improvement affects 
only the local gamma peak and does not change 
average dose rate values presently reported in the 
TSAR (Table 7.3-4). 

This change witt be appropriately documented in the 
forthcoming revision of the TSAR. 

RESPONSE: GNSI a~ M}PCO met with the NRC Staff on 
November 1, 1985, 9 to discuss the status of 
damage analysis of cracks sustained in nonstruc
tural welds in the CASTOR V/21 basket at an 
unlicensed demonstration at Idaho National 
Engineering Laboratory (INEL) under conditions 
exceeding the cask design basis. 

GNSI is conducting thermal stress analysis and 
other activities to resolve the cause of the cracks 
observed. At this time one explanation, yet to be 
confinned, is that the corrbination of: 1) the bas
ket fabrication for the INEL demonstration, which 
was del iberatety made with less margin for expan
sion, i.e., a tighter fit for thermal efficiency; 
and 2) a demonstration heat load of about 28.4 kh', 
which exceeded the design basis of 21 k\.1, resulted 
in sufficient stress to cause cracks in 

• ' 

COillllentS(a) 

see NRC merorandllllC298> and the 
subsequent activities that are 
described below in the middle 
co tum. 
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QuestionsLReque~t~(a) 

REQUEST {October 14, 1985} (contd); 

independent spent fuel storage i nsta llat ion req.ti res a 
site-specific safety evaluation and a I icense, we interd 
to hold in abeyance any supplemental action on our 
app!"oval of your Topical Safety Analysis Report of the 
CASTeR V/21 cask. pending receipt and review of your 
analysis. 

REQUESTS/QUESTIONS (Decerrber 20, 1985):<299> The NRC met 
with GNS! on December 13, 1985, to resolve uncertainties, 
which were raised with respect to the CASTOR V/21 cask 
OOsket by the basket weld crack incident during the 
unlicensed cask demonstration at Idaho National Engineer
ing Laboratory (INEL) and lollich ..ere slbsequently 
addressed in the GNSI pre! iminary report of Novellber 1985 
to the NRC. However, to be clear with respect to the 
determinations reached in the meeting, the NRC outlined 
the main points loilich were covered therein and to which 
GNSI is responding in its next COITTJ'U'1ication to the NRC. 
Those points follow: 

1. \.Jith respect to resolving causes of the weld area 
failures, these should be related to strain mech
anisms. Thus potential mechanisms for these 
failures should be el\plained and assessed with 
respect to INEL demoostration conditioos and the 

• 

TABLE B.l. (contd) 

Responsas(a) 

RESPONSE (contd); 

nonstructural welds. It was stated that these 
cracks should not occur for a basket constructed to 
tolerances shown in the Topical Report for the 
CASTOR V/21 urxler the design heat load. 

In order to resolve questions raised by this occur
rence, GNSI wiLL sul:mit a preliminar-y report in 
Novefl'ber 1985 detailing information on the cask 
baskets arxl analyses performed. Also information 
on similar CASTOR baskets routinely used in the FRG 
in Type B casks with respect to weld cilrability is 
expected to be inclucled. 

At this time it appears that weld cracks were 
observed in only 4 Locations adjacent to spent fuel 
assemblies generating about 1.8 k~ per assembly 
heat Load (design basis was 1.0 k~). Also, since 
these are nonstructural welds, it would appear 
basket safety is not compromised. 

After submittal of the preliminary GNSI report, 
another meeting of the NRC Staff with GNSI Will be 
scheduled. AsslJIIing progress is made, GNSI would 
subsequently sul:mit a second and probably final 
report on this occurrence. 

RESPONSE; GNSI a~ ~fi)CO met with the NRC staff on 
February 24, 1985, 3 to discuss resolution of 
questions (the poin~Jn the NRC letter of 
December 20, 1985) concerning the CAST~ V/21 
cask basket originally raised in october 1985 
during a Department of Energy spent fuel storage 
demonstration using a CASTOR V/21 cask at the Idaho 
National Engineering laboratory. After discussion 
of these points and of new data that GNSI is 
obtaining by tests jaB analyses (see Enclosure 3 of 
the NRC memorand.l!l< >,a figure illustrating one 
weld test), a set of conments was drawn up to docu
ment how the points might be addressed to aid in 
their resolution. This set of co1m1ents was dis
cussed, and a final version of it agreed on before 
the meeting conclucled. The set of corrments is 
I is ted below: 

• • 

CoJilllents(a) 

See NRC meroorarw:hm<300 l and the 
subsequent activities that are 
described below. 
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_Questions/Requests (a) 

REQUESTS/QUESTIO~S (Oecenber 20. 1985) (contdl: 

CASTOR V/21 cask used. This assessment should be 
made with reference to the thermal analysis provided 
in the TSAR. Furthermore, the thermal stress 
analysis should be revised to include the effect of 
gusset plates and correct material properties and 
also should be revised to include reportir.g the 
stresses at all points of the structure. 

2. Measures with respect to basket fabrication and/or 
design, which will be taken to assure that such weld 
failures could not occur both under normal and 
accident design conditions, should be provided. 
Tolerances should be shown that control the maxilllUll 
ard minimun gap dimensions. 

3. Additional detailed basket drawings at different 
axial positions to include and exclude gusset plates 
should be provided with the basket welding plan. 
Nonstructural welds which are not related to basket 
structural integrity, i.e., which are without a 
safety function, should be identified and distin· 
guished from welds hflich are relied upon to maintain 
basket structural integrity. 

4. A detailed structural analysis of the cask basket 
under both normal and accident design ccndftfons 
allu:led to in Section 4.0 of your preliminary report 
should be provided to demonstrate the structural 
integrity of the basket. It is asslllled by us that 
this analysis will not take any credit for non· 
structural welds, i.e., joint welds, including, but 
not limited to, those welds which show evidence of 
failure in the INEL demonstration. If such should 
not be assumed in this analysis, this should be made 
clear. If measures referred to in item 2 alxlve are 
taken, it should also be made clear whether this 
analysis assunes these are implemented. If such 
measures are taken, they wit l be reflected in the 
supplied drawings referred to in item 3 ard in cask 
fabrication procedlres and documentation. 

' . 

TABLE B.!. (contd) 

Responses(a) 

RESPONSE (contdl: 

Point 1 

(a) TSAR Thermal AnalYsis 

The documents should show the details of the 
ANSYS finite element model both with and 
without gusset plates. 

(b) TSAR Thermal Analvsjs 

For the joints, a description/drawing of the 
ANSYS finite element model should be inctu:led. 
If no detailed (20) analysis was made, discuss 
how the stresses at the joints were calculated. 

(C) TSAR Thermal Analysjs 

Discuss for the joints how the bea'Jl model-to
plate model interface was made. 

(d) TSAR Thermal Aoalvsis 

Tabulate and Locate stresses for all joints, 
highest stresses in plates, and highest 
stresses in ring. 

(e) TSAR Thermal Aoalysjs 

Include gusset plate tenperature distribution. 

(f) TSAR Thermal Analysis 

Present and define the acceptance criteria 
based on strain. Show that all calculated 
stresses meet the acceptance criteria. Will 
probably be in the table noted in item (d) 

(g) JNEL Report 

Develop failure analyses and criteria based on 
strain or displacement for J1, J2 and show how 
failure is related to acceptance criteria. 
Acceptance criteria includes ASME code case for 
tow ductility austenitic steels • 

' 

Conments(a) 
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OtH"S t \ ons/8<;f!!!es ts (a) 

REQUESTS/QUESTIONS (Decenber 20. 1985) (contd); 

5. Material properties which reHect actual testing 
done on these materials should be included and their 
use carefully explained in terms of analyses sup
plied to us and design comnitments for materials 
with respect to the Topical Report for the CASTOR 
V/21 cask, for example, values for Radiono ... 
Cboronated stainless steel). Particular attention 
should be directed toward demonstrating that either 
brittle fracture is not a failure mode or if it is, 
then safety margins against brittle fracture are 
adequate lllder dynamic loadirg conditions. 

6. Data on weld tests performed should be supplied 
distinguishing between welds ..tlich have a safety 
function, that is, which are relied upon to maintain 
the structural integrity of the basket and 
nonstructural welds. 

7. As discussed in our meeting, based on INEL meas· 
urements and your analysis, explain why there is no 
effect observed due to subcritical multiplication 
with respect to dose calculations <Reference: Cor· 
recti on 7.3.2 in our letter of approval for the 
CASTOR V/21 Topical Report). In relation to this 
eJlplanation, provide drawings with changes related 
to cask borehole length shortening and the addition 
of steel plugs at the bottom of boreholes to provide 
additional reduction of ganma dose rates at 
positions near the cask wall top and bottom. Also 
provide an eJlplanation of this improvement to cask 
shielding design. These changes are to be reflected 
in cask fabrication proced.Jres and documentation. 

• • 

TABLE B.l. (contd) 

Responses(a) 

RESPONSE (contd): 

Point 2 

(a) TSAR Thermal Analysis 

Present discussion on how the G1, G2 gaps are 
assured by measurement and note tolerances. 

(b) TSAR Thermal Ana\Ysjs 

Present data on basket ring and cask cavity 
diametrical measurements. 

(c) TSAR Thermal Analysis 

Present analysis to show the effect of 
noncentered basket. 

Point 3 

(a) TSAR General (Stbmit to NRC; send as soon as 
possible) 

The final design drawing detailing how the 
basket will be b.Jilt. Note the weld lengths 
and location for SN-8, and all welds, gussets, 
spacers. 

(b) TSAR General 

Correct Figure 1 in Appendix 1. 

Point 4 

(a) TSAR General 

Include the statement that no welds fail d.Jring 
any TSAR corditions. 

(b) TSAR Dynamic Drop 

Correct the space between welds in TSAR due to 
error (see SER colltllents). 

• 
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Quest i ens/Requests (a) 

REQUESTS/QUESTIONS (Oecent.er 20. 1985) (contd): 

• • 

TABLE B. I. (contd) 

ResPOnses(a) 

RESPONSE (contd>: 

(C) TSAR Dynamic Drop 

Detailed structural analysis of the cask basket 
urder both nonnat and accident design condi
tions allu:led to in Section 4.0 of your pre
Liminary rep:>rt should be provided to demon
strate the structural integrity of the basket. 
If measures referred to in point 2 above are 
taken, it should also be made clear whether 
this analysis assumes they are implemented. 

Point 5 

(B) TSAR Material Report Addendum 

GNS will report on results of CaJllilCt tension 
fracture toughness tests (per ASTM E-399). 
Tests will be performed with 20-nm plate at 
350•c Looking at base material, weld material, 
aOO heat-affected zone. Nt.Jrber of tests is 3. 

(b) TSAR Material Specificati01'1 

Radionox mterial specification will define 
Charpy-V notch values at 350"C. The lowest of 
3 s~tes wilt equal or exceed 15 ft-lb
Reference wilt be made to the DIN stardards 
50115 ard 50122. 

(c) TSAR Material Specification 

Material specification will delineate minii!Uil 
elongations at 350"C as follows: 

Base Material 15::1; 
Weld Material 10% 

Reference will be made to the DIN stan:lards 
50145 ard 50120 

• • 

Corrments(a) 
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Cuestions/Request~(a) 

REQUESTS/QUESTIONS (Decenber 20, 1985) (contd); 

. ' ~ • 

TABLE B.!. (contd) 

Responses(a) 

RESPONSE (contd): 

(d) TSAR Dynamic Drop 

A discussion of the a~l i cabi L i ty of the basket 
material should be made, with particular 
attention directed toward demonstrating that 
either brittle fracture is not a failure roode 
or if it is, that safety margins against 
brittle fracture are adequate under dynamic 
loading conditions. 

(e) TSAR Material Report Addenduu 

A report wi II be prepared defining the results 
of tests performed to date including cr. yield 
tests, and elongations. The report wi I 
include relevant details on such factors as how 
specimens were prepared, elltensQJJeter readings, 
etc. Information will be on both base metal 
ard weld metal, 

(f) TSAR Material Specifications 

The tot Lowing material properties wi II be 
defined as a function of the te!J1'erature range 
(20-400"C): 

Young's Modulus 
Expansia'l Coefficient 
Yield Strength 
Ultimate Strength 
Poisson Ratio (only at roan t~rature) 

All references will be provided. 

~ 

Questions in this area were covered in Points 1-5, 
above. 

It was proposed by VEPCO that, as an alternative to 
assure that VEPCO's license review would not be 
held l4) by resolution of the borated stainless 
steel basket matter, VEPCO could use for near·term 
storage, if needed, a basket made of ll'lborated 
stainless steel. This would eliminate basket 
structural concerns. A criticality analysis could 

• • • 
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ouesti ons[Reguests (a) 

REQUESTS/QUESTIONS Wecenber 20. 1985) (contd): 

REQUEST (April 30, 1986):< 43> Questions regarding the 
basket design and materials remain to be fully resolved. 
l.tlile continuing its tests ard analyses of the original 
basket design, GNSI subnitted 1:¥ letter dated February 
28, 1986, an alternative design for a cask fuel basket 
which does not errploy borated stainless steel as a basket 
material. 

NRC staff has reviewed this alternative basket design, as 
subsequently revised in GNSI letters dated March 25, 
1986, and April 23, 1986. The NRC analyses of the CASTOR 
V/21 all-stainless-steel basket indicate the following: 

' 

1. For spent fuel of an initial enrichment of ::::2.2 wt% 
U-235, k ff is folnd to be ::::0.95, which is an 
acceptabfe value for meeting the subcriticality 
requirements of 10 CFR Section 72.73. our conclu
sion is based on independent staff analysis using 
the KENO V program. The applicant's analysis also 
results in a keff ::::0.95. 

2. The staff has also performed independent structural 
analyses for the fuel basket design, which, as noted 
above, has been revised from that originally 
presented al'l:l analyzed in the TSAR (i.e., there have 
been changes in addition to excluding the use of 
borated stainless steel as a basket material). Our 
analyses indicate the following: 

a. An elastic analysis of the basket for thermal 
stresses shows all stresses to be within 
acceptable limits for unborated stainless steel. 

b. A dynamic elastic analysis based upon a 150-g 
load shows that the basket wi I l maintain fuel 
asseobly criticality safety provided the 20-nrn 
plates at the corner junctions are comected by 

• • • 

TABLE B.!. (contd) 

Responses(a) 

RESPONSE (contd): 

be subnitted 1:¥ GNSI for its topical report for a 
lower initial fuel enrichment, al'l:l this could be 
reviewed 1:¥ NRC. There was no objection to this 
approach 1:¥ NRC staff. Resolution of the borated 
stainless steel basket matter would contirJJe to 
proceed concurrentty with stbmittals 1:¥ GNSI. 

RESPONSE: Since October 1985, the NRC has received 
information and analyses fran GNSI regarding the 
reported basket cracks and data ard information 
characterizing the borated stainless steel 
(Radionox A 18) with nominal 1.03 weight percent 
boron to be used in the revised basket design 
stbmitted in GNSI letter of Septenber 30, 1986. 
GNSI has carried out an engineering evaluation and 
testing progran to validate the use of borated 
stainless steel in its basket design for the CASTO'!: 
V/21. By letter dated February 5, 1987, GNSI slb
mitted its results to the NRC in a report entitled, 
"CASTO'!: V/21 Borated Stainless Steel Basket Evalu
ation, Jaruary 1987," which included a material 
evaluation report for the material Radionox A 18, a 
revision for the CAST~ V/21 topical report, and an 
evaluation of the basket weld area crack: incident 
at Idaho National ~ffi!jneering Laboratory (INEL). 
The NRC conclu:led( that the INEL incident has 
been satisfactorily explained and that the steps 
taken in the design and fabrication of the revised 
fuel basket using Radionox A 18 to prevent a 
recurrence are adequate. 

. . . • 

COIIIIlents(a) 

See NRC letters. (34,301) 

• • 
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Quest i ons/ReCJ-Jes t§ {a) 

REQUEST (April 30, 1986) (contd): 

full length, full penetration welds. This 
method of construction is preferred over the 
alternative featuring the bolted construction. 
Furthermore, the analysis shows that the S·rm1 
gusset plates will buckle at about 110 g•s. 
Consequently, gusset thicknesses should be 
increased to 10-IJTn thick. 

Tile changes in item 2.b above and other changes to the 
drawing relating to the deletion of items 37, 38, and 39, 
the flux trap spacer dimensions, ard deletion of the ref
erence to RADtCl.'lOX material, as indic!lted in the GNSI 
letter of April 23, 1986, should be reflected in the 
corrected TSAR. \Jith the changes discussed above, the 
all-stainless-steel fuel basket design, when used with 
the CASTOR V/21 cask design, meets the structural 
requirements for normal, off-normal and accident 
conditions as required under 10 CFR Section 72.72. 

REQUEST (April 3, 1987};C301J Based on the NRC staff's 
previous review and analyses, as docli!IE!nted in the 
September 30, 1985, letter of approval with enclosed 
Safety Evaluation Report, and the staff's su~lemental 
review and analyses as docunented in NRC's April 30, 
1986, letter of approval for an all-stainless-steel 
basket, the staff concludes that, with the revisions 
stated in the GNSI letter dated February 7, 1987, the 
borated stainless steel basket design submitted by GNSI 
in its Septerrber 30. 1986, letter meets the req.drements 
of 10 CFR Part 72. further, with this basket design the 
CASTOR V/21 nod.Jlar cast iron cask design, as documented 
in the TSAR and approved in NRC's letter of Septent>er 30, 
1985, acceptably meets the requirements of 10 CFR Part 
72, provided that initial fuel enrichment is restricted 
to .:s3.5 wt% U-235 for spent fuel to be stored in the 
cask. 

It is requested that General Nuclear Systems, Inc. 
publish an approved version of this report, with propr
ietary information in a separate binder, as per Item 3, 
"Proprietary Information," of the Introduction to Reg
ulatory Guide 3.48, and su\:rnit 10 copies for docketing 
within 90 days of the receipt of this letter. 

. . .. • • • 

TABLE B.!. (contd) 

Responses(a) Conments(al 

See NRC letters_(34,301) 
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Quest i ons.LB~ests <a> 

REQUEST (Aprit 3. 1987) (contd~: 

In the approved version, there are items relating to the 
CASTOR V/21 Topical Safety Analysis Report, Revision 1, 
which need to be clariffed or corrected (see our 
Septerrber 30, 1985, letter to you, enclosure 3, TSAR 
Corrections, our April 30, 1986, letter to you and the 
enclosure of this Letter). Also, an analysis for cask 
end on drop with irrpact limiter was performed by the 
staff and the cask design was found acceptable (see 
Enclosure 2, Safety Evaluation Report, page 21, of our 
Septerrber 30, 1985, letter to GNSI), but no such analysis 
has been included by GNSI in the TSAR. For coopleteness, 
it should be provided. lotlile these items do not affect 
our assessment of safety and carpl i ance with the 
req...~irements of 10 CFR Part n as reflected by our safety 
evaluations, they would be ineorporated in the TSAR. 

This revision is also to incorporate this letter and the 
April 30, 1986, and Septerrber 30, 1985, letters of 
approval, following the title page. It should also 
include a listing identifying with submittal dates 
supportlng Sl.pplernental information subnitted after the 
TSAR, i.e., Revision 1 and docketed trtder Project M-37. 
The report identification of the approved report is to 
have an "A" suffix. 

TABLE 6.1. (contd) 

RespOnsesCa) Cooments<a> 

(a) Atbreviations: Independent Spent Fuel Storage Installation {ISFSI); Topical Safety Analysis Report (TSAR); General Nuclear Systems, Inc. 
(GNSI); Virginia Power (VP) or Virginia Electric and Power Corrpany (VEPCO); and Federal Replblic of Germany (FRG) • 

. - • . . . 
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APPENDIX C 

CHRONOLOGICAL LISTING Of LICENSING ACTIVITIES FOR 
LICENSE APPLICATIONS FOR DRY STORAGE OF SPENT FUEL 

AT INDEPENDENT SPENT FUEL STORAGE INSTALLATIONS 
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APPENDIX C 

CHRONOLOGICAL LISTING OF LICENSING ACTIVITIES FOR 
LICENSE APPLICATIONS FOR DRY STORAGE OF SPENT FUEL 

AT INDEPENDENT SPENT FUEL STORAGE INSTALLATIONS 

3.2.1.1(a) Virginia Power Company (Surry) 

1982: VEPCO submitted the LA, SAR, and ER for the dry cask !SF! at the 
Surry Power Station in October 1982.(132) The NRC received the information 
on October 13, 1982; the application was assigned Docket No. 72-2 on October 
15, 1982.(90) The documents supporting the LA(132) indicate that reports 
were to be submitted to the NRC by the cask manufacturers that describe the 
casks' design and safety features. These reports were to be prepared by 

Ridihalgh, Eggers and Associates (REA), Gesellschaft Fuer Nuklear-Service mbH 
(GNS), and Combustion Engineering (C-E) and are referenced in the documents. 
The NRC stated in its letter(90) of December 3, 1982, that details of the 
cask(s) must be provided before licensing action can be completed. 

1983: In VEPCO's letter of January 3, 1983,(11) it is noted that VEPCO 
inadvertently included safeguards information in the license application. 
VEPCO's letter of January 25, 1983,(302) enclosed a supplement to the SAR, 
which reflected the actual submittal of a C-E report, CENPD-270, that 
der~ribes their design for dry storage casks for use at the Surry ISFSI. The 
NRC's letter of March 16, !983,(259) indicates that they were unable to 
locate one page of the supplement(302) to the SAR and requested that page. 
The NRC also stated in the letter(259) that it would be helpful if each 
supplement were l) dated and identified by a supplement number; 2) accompa
nied by a dated and number supplement index listing the pages to be removed 
and the pages to be inserted; and 3) identified by number and/or date on each 
new page containing new material and 
identified by a vertical margin bar. 

the newest material on a page be 
Enclosed with the NRC's letter(259) was 

a copy of the initial set of topical report review comments from NRC to C-E 
(there were 34 pages of comments; the general comment from that letter is 

(a) Part numbers correspond to the subsections in Section 3.2. 

C.! 



included in Section 3.2.7 of this report). In the letter of April 8, 
1983,(12) the NRC states that they completed their initial review of the 
licensing application but, because of the lack of specifics in VEPCO's 
initial application, the NRC requested that VEPCO completely resubmit the 
required safeguards plan. VEPCO resubmitted the required safeguards plan: 
the security plan was submitted in their letter of July 29, 1983,(303) and 
the nuclear security personnel training and qualification program sent in 
their letter of August 19, 1983.(304) The NRC indicated(16) that it was not 
necessary to wait to respond to all the questions in one supplement to the 
application, but rather, to make as many individual supplements as is 
convenient; also, the information in the ER and SAR text should be updated to 
match the responses whenever a specific topic is fully developed, or sooner 
if the applicant desires. It is noted in VEPCO's letter of October 25, 
1983,(305) that an incomplete set of revised pages was forwarded to the NRC 
in an earlier submittal(302) (letter dated January 25, I983, concerning the 
addition of the C-E Topical Report CENPD-270 to the ISFSI SAR). The VEPCO 
letter(305) also added the REA Topical Report No. 2023/PI to the ISFSI SAR. 

1984: VEPCO's letter of March 2, 1984,(306) provided responses to 14 of 
NRC's questions. The NRC's letter of March 30, 1984,(307) confirms discus
sions with VEPCO regarding physical protection requirements for dry cask 
storage of spent fuel, which was conducted at Surry on February 10, 1984. 
The letter(307) identifies two issues that were beyond the scope of commit
ments contained in the proposed security plan: the two issues (withheld from 
public disclosure because they involve "Safeguards Information 11

) were 
essential elements of an effective physical protection program and must be 
incorporated into the security system for the ISFSI and appropriately com
mitted to in the security plan for the facility. VEPCO's letter of 
June 20, 1984(308) included responses to five of the NRC's questions. 
VEPCO's letter of June 25, 1984,(17) provided responses to three of the NRC's 
questions,(l6) which concerned seismological, geological, and structural 

bases for the Surry dry cask ISFSI. Responses to 17 of NRC's questions(16) 
were provided in VEPCO's letter of September 21, 1984.(309) The NRC 
requested more detailed information regarding the soil liquefaction analysis 
for the Surry ISFSI in their letter of October 1, 1984.(18) VEPCO's letter 
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of October 24, 1984,(310) provided responses to five of the NRC's 
questions.(16) Additional information (involving seven questions/requests) 
was requested by the NRC in their letter of November 14, 1984.(311) VEPCO's 
letter of November 20, 1984,(312) provided a response to an NRC question.(18) 
VEPCO's letter of December 4, 1984,(313) provided responses to two of NRC's 
questions.(16) The response to one of NRC's questions(16) was provided in 
VEPCO's letter of December 10, 1984.(314) 

1985: The Topical Safety Analysis Report for the CASTOR V/21 Cask 
Independent Spent Fuel Storage Installation (Dry Storage) was received by the 
NRC on January 22, 1985.(315) VEPCO's letter of February 8, 1985,(316) 
provided responses to seven of the NRC's questions.(311) An NRC memorandum 
dated March 7, 1985,(19) indicates that Surry ISFSI SAR Table 7.3-2, "Neutron 
Response Functions and Cask Surface Fluxes," references cask neutron surface 
flux leakage spectra in the CASTOR V/21 Topical Reportl315) that do not 
exist. Apparently GNSI supplied this information to VEPCO before the revised 
Topical Report was submitted to the NRC and then inadvertently omitted it 
from the Topical Report. Also it is noted in the NRC memorandum(19) (con
cerning clarification of dose calculations submitted in VEPCO's letterl316) 
that Surry ISFSI ER Figure 3.5-3, "Normalized Surface Dose Rate On Cask 
Versus Age of Spent Fuel," does not reflect the GNSI CASTOR V/21 Topical 
Report data and that the NRC requested that this figure be revised and 
incorporated in the Surry ISFSI Final Safety Analysis Report (FSAR), when 
submitted. In its letter of March I5, 1985,(317) Virginia Electric and Power 
Company indicated a change in its business name: the utility requested that 
the company be listed as "Virginia Power. 11 The NRC memorandum of March 27, 
1985,(318) provided a summary of the meeting with Virginia Power on March 20, 
1985, regarding the Surry ISFSI. VP's letter of April IO, 1985, (319) 
involved a request to initiate ISFSI construction. On April 12, 1985, the 
NRC issued{320) an environmental assessment (with a finding of no significant 
impact) in connection with the ISFSI application. The NRC memorandum of 

• April 15, 1985,(321) enclosed copies of the Federal Register Notice and the 
• Environmental Assessment concerning the Surry ISFSI to the Office of Congres

sional Affairs. The NRC letter of April 23, 1985, (322) requested drawings 
and a description of the upgraded concrete pad specifications. VP's letter 
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of May 9, 1985,(323) provided a response to the NRC's request.(322) The NRC 
letter of June 10, 1985,(324) indicates that proceeding with pad construction 
would be at the risk of Virginia Electric and Power Company, and that con
struction of the pad and installation of the security equipment should be 
appropriately documented to confirm that they are constructed as described in 
the application. VP's letter of June 10, 1985,(325) enclosed a revised Surry 
ISFSI license application and supporting documents. The NRC memorandum of 
July 18, 1985,(326) provides information from the meeting between VP and NRC 
staff on July 10, 1985, to discuss proposed license conditions and preopera
tional testing for the Surry ISFSI (one of the enclosures was the technical 
and operations manual for the CASTOR V/21 cask). The NRC memorandum of 
July 22, 1985,(327) contains information about a meeting between VP and the 
NRC staff on July 18, 1985, to discuss proposed license conditions and tech
nical specifications for VP's proposed storage of spent fuel in an ISFSI at 
its Surry Power Station site. The NRC indicated, that with some modifica
tions and additions, the set of conditions and specifications presented 
provided a generally acceptable basis for development of final license 
conditions and technical specifications. The NRC memorandum of August 5, 
1985,(13) provides information about a meeting of NRC staff with VEPCO and a 
visit to the Surry Power Station site on July 30, 1985. The purpose of the 
meeting was to discuss proposed license conditions and technical conditions 
and to discuss the following NRC question areas: station health physics 
procedures, station administrative procedures, station training program, cask 
handling procedures to prevent a cask from tipping over, and the cask 
pressure switch monitor. The purpose of the visit was to examine the path a 
spent fuel storage cask would travel to emplacement at the proposed Surry 
ISFSI. The NRC letter of September 30, 1985,(14) concerns NRC's acceptance 
as a reference of "Topical Safety Analysis Report for the CASTOR V/21 Cask 
Independent Spent Fuel Storage Installation (Dry Storage)," Revision I. The 
NRC letter of October 14, 1985, (67) to GNSI and the NRC letter of October 15, 
1985,(68) to VEPCO concern the recent discovery of cracks in the fuel basket 
of the CASTOR V/21 cask used in the VEPCO/DOE dry storage cooperative demon
stration program and the requests from NRC for information on that matter. 
The NRC memorandum of November 6, 1985,{298} provides information about the 
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meeting of NRC staff with GNSI and VEPCO on November 1, 1985, to discuss 
status of damage analysis of cracks sustained in nonstructural welds in the 
CASTOR V/21 basket at an unlicensed demonstration at Idaho National Engineer
ing Laboratory (INEL) under conditions exceeding the cask design basis. The 
GNSI letter of January 2, 1985,(15) provides a response to the NRC's 
request(14) that calculated cask dose rates reported in the TSAR should be 
increased to account for the effects of neutron subcritical multiplication . 

1986: The NRC note of February 6, 1986,(328) to file pertains to a 
statement that VEPCO proposed to add to Section 10 of the SAR; the NRC 
indicates that the statement appears adequate. The VEPCO letter of 
February 19, 1986,(329) was the submittal to NRC of Amendment 3 to the SAR 
for the Surry ISFSI. The NRC memorandum of February 27, 1986,(300) and the 
NRC letters of February 28, 1986,(330,331) concerned the meeting of NRC staff 

with VEPCO and GNSI on February 24, 1985, to discuss resolution of questions 
concerning the CASTOR V/21 cask basket originally raised in October 1985 
during a Department of Energy spent fuel storage demonstration using a CASTOR 
V/21 cask at the Idaho National Engineering Laboratory. Included in the 
NRC's letter of February 27, 1986,(329) was a statement that it was proposed 
by VEPCO that, as an alternative to assure that VEPCO's license review would 
not be held up by resolution of the borated stainless steel basket matter, 
VEPCO could use for near-term storage, if needed, a basket made of unborated 
stainless steel. This would e·liminate basket structural concerns. A criti

cality analysis could be submitted by GNSI for its topical report for a lower 
initial fuel enrichment, and this could be reviewed by NRC. There was no 
objection to this approach by NRC staff. Resolution of the borated stainless 
steel basket matter would continue to proceed concurrently with submittals by 
GNSI. The VEPCO letter of March 25, 1986,(332) to the NRC indicates that 
VEPCO concurs with GNSI's request to include the optional all stainless steel 
basket design in the CASTOR V/21 TSAR. The NRC letter of April 30, 1986,(43) 
pertains to the NRC's acceptance as a reference of 11 Topical Safety Analysis 
Report for the CASTOR V/21 Cask Independent Spent Fuel Storage Installation 
(Dry Storage)," Revision 1, with alternative fuel basket design; it also 

includes some NRC requests. The NRC letter of July 2, 1986,(133) enclosed 
Materials License No. SNM-2501, which authorizes VEPCO for a 20-year term to 
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receive, possess, store, and transfer spent fuel from Surry-1 and -2 in an 
ISFSI located at VEPCO's Surry Power Station site. Enclosed with the 
Materials License was the NRC's Environmental Assessment and Finding of No 
Significant Impact and the NRC's Safety Evaluation Report for the Surry 
ISFS1. The VEPCO letter of October 10, 1986,(333) proposed a change in the 
Technical Specification for the Surry ISFSI. The proposed change corrects 
the description of the operating characteristics of the storage cask interlid 
pressure switch and specifies that the switch is calibrated at standard 
conditions. The NRC letter of October 17, 1986,(334) granted VEPCO temporary 
technical specification relief; the temporary waiver pertains to the proposed 
change(333) clarifying the setpoint and calibration conditions for the 
storage cask interlid pressure switch and permits use of the 1SFS1 facility 
in support of the current Surry-2 refueling outage. The NRC letter of 
November 10, 1986,(335) to VEPCO concerns the NRC's issuance of Amendment 
No. 1 to Materials License No. SNM-2501 for the Surry 1SFS1. 

1987: The NRC memorandum of March 6, 1987,(336) provides information on 
a meeting of NRC staff with VEPCO on March 5, 1987, to discuss VEPCO's dry 
storage activities. VEPCO's plans include the use of one or two other cask 
types than the CASTOR V/21. The NRC letter of April 3, 1987,(42) informed 
VEPCO that the NRC had completed its safety review of the GNS1 Topical Report 
for the CASTOR V/21 nodular cast iron cask design incorporating a borated 
stainless steel basket for storage of spent fuel with an enrichment of 
~.5 wt% uranium-235 and determined that this design meets the requirements 
of 10 CFR Part 72 and is acceptable. The enclosure with that letter(42) is 
the NRC letter of April 3, 1987,(301) to GNSI on the same subject; however, 
the latter letter also contains a few requests from the NRC. The NRC letter 
of May I, 1987,(337) to GNSI approves GNSI's request to withhold some 
specific information (i.e., certain appendices and cask basket design infor
mation) from public disclosure. The NRC memorandum of October 17, 1987,(122) 
provides information about a meeting of the NRC staff with GNS1 and VEPCO on 
October 7, 1987, to discuss the submittal of a topical report by GNS1 for the 
design of the CASTOR X dry spent fuel storage cask, and an associated submit
tal by VEPCO of a license amendment for its Surry 1SFSI. The NRC letter of 
October 29, 1987,(338) to GNSI approves GNSI's request to withhold some 
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specific information (i.e., certain cask basket information, TSAR pages, and 
TSAR Appendices. The VEPCO letter of November 16, 1987,(339) to the NRC 
proposed Surry ISFSI Technical Specification changes involving the environ
mental monitoring program and the semi-annual report. The VEPCO letter of 
December 30, 1987,(340) transmitted the first annual update to the SAR for 
the Surry ISFSI. The VEPCO letter of December 31, 1987,(341) to the NRC 
confirms the conversations between the NRC staff and VEPCO at the meeting on 
October 7, 1987, concerning VEPCO's intent to submit a license amendment and 

proposed technical specification change under 10 CFR 72 that would allow the 
use of storage casks at the Surry ISFSI that utilize burnup credit for 
criticality analyses. In the letter,(341) VEPCO also indicates that GNSI 
intends to submit a TSAR for an enhanced capacity storage cask denoted as the 
CASTOR X/28-33 (it will employ burnup credit in the criticality design of its 
basket for the 33-element cask). VEPCO hoped that the NRC could complete its 
review of the TSAR and license amendment by January 1989 to allow use of a 
CASTOR X/28-33 in FY 1989 under the DOE/VP/EPRI Dry Storage Cask Demonstra
tion Program. 

1988: The NRC letter of January 27, 1988(342) to VEPCO approves the 
proposed change involving the semi-annual report in the Surry ISFSI Technical 
Specifications. The NRC memorandum of January 27, 1988,(110) provides 
information about a meeting of the NRC staff with Nuclear Assurance Corpora
tion (NAC) to discuss the submittal of a new topical report for a dry spent 
fuel storage cask design for storage of consolidated spent fuel rods. The 
memorandum(llO) indicates that technical issues involving criticality 

analysis, thermal analysis, shielding and dose rates were discussed. The 
design is associated with a 10 CFR Part 72 license amendment application 
planned by VP for its Surry ISFSI. The NRC memorandum of March I, 1988,(294) 
provides information about a meeting on February 25, 1988, of the NRC staff, 
VP, and GNSI to discuss the submittal of the GNSI CASTOR X/28-33 topical 
report and of the VP amendment application for use of the CASTOR X/28-33 at 
its Surry dry storage site. The 33-assembly basket is actually designed to 
allow for burnup credit. The memorandum indicated that the NRC anticipated 

C.7 



that GNSI would submit the topical report in April 1988. VP was to do the 
burnup credit analysis separately for its license amendment application 
submittal in May 1988. 

3.2.1.2 Carolina Power and light Company {Robinson-2} 

1985: CP&l submitted the LA (included the ER as Chapter 12) and SAR in 
February 1985. (135) NRC's letter of April 15, 1985, (343) indicates that a 

Notice of Consideration of a Materials license for the Storage of Spent Fuel 
in a dry storage concrete module system at Robinson-2 was transmitted for 
publication in the Federal Register. The NRC memorandum of May 2, 1985,(213) 
provides information on a meeting of the NRC staff with NUTECH on April 17-
18, 1985, to discuss NRC staff comments on the "Topical Report for the NUTECH 
Horizontal Modular System for Irradiated Fuel" (NUH-001, Revision 0). The 
NRC letter of May 3, 1985,(29) informed CP&l that CP&l's submittal(l35) of a 
license Application for an ISFSI does not comply with 10 CFR 72.20 (the ER 
does not fully meet some of the requirements). The letter(29) indicates that 
the ER should particularly include a statement of the purpose, or need, for 
the proposed action and a discussion of alternatives; also, the ER should 

address the siting evaluation factors contained in 10 CFR 72 (specifically 
72.61 through 72.70). The NRC memorandum of June 7, 1985,(344) provides 
information about a meeting of NRC staff with CP&l on May 30, 1985, to 
discuss CP&L's application for dry storage of spent fuel in an ISFSI at its 

H. B. Robinson Unit 2, (Robinson-2) nuclear power plant site; CP&l revealed 
that it intends to make major changes in the design of the dry shielded 
canister (DSC) to be emplaced in the concrete horizontal storage module 
(HSM). The NRC letter of June 28, 1985,(30) to CP&l provided a list of 
environmental questions (intended only as a guide) that might be helpful in 
preparing the ER. The NRC memorandum of July 26, 1985,(345) provides inform
ation on a meeting of NRC staff with CP&l on July 17, 1985, to discuss CP&l's 
application for storage of spent fu.el in an ISFSI at Robinson-2. The NRC 
memorandum of September 10, 1985,(346) provides information about an environ
mental site visit by the NRC to the proposed site of the ISFSI at Robinson-2. 
The CP&l letter of October 14, 1985,(347) provides a response to Question I 
in the NRC comments of July 12, 1985, on the Robinson-2 ISFSI license appli
cation. The NRC letter of September 20, 1985,(10) to CP&l contained several 
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requests. The NRC requested information on the onsite collective dose com
mitment to workers constructing the five additional modules adjacent to the 
original three filled modules and to personnel gathering data during the 
first year demonstration period. The NRC requested that CP&L provide this 
information in the same format as Tables 7.4-1 and 7.4-2 of Robinson-2 ISFSI 
Safety Analysis Report. Also, the NRC indicated that a detailed ISFSI site 

plan drawing and aerial photographs would be most helpful to its review. The 
NRC letter of October 21, 1985,(215) to CP&L pertained to a missing drawing 

and an extra copy of another drawing in CP&L's submittal of October 14, 
1985.(347) The CP&L letter of October 22, 1985,(216) to NRC enclosed a 

drawing (it was incorrectly labeled in an earlier transmittal) that NRC 
request~d. The CP&L letter of October 25, 1985,(348) to NRC enclosed the 
site plans requested by NRC;(10) the letter also indicated that the aerial 
photographs have been submitted separately. The CP&L letter of October 30, 
1985,(211) transmitted to the NRC the responses to 93 of NRC's questions in 
their letter of July 12, 1985. The CP&L letter of November 4, 1985,(217) to 

NRC provided a response to NRC's request of September 20, 1985.(10) The CP&L 
letter of December 9, 1985,(218) to NRC enclosed drawings requested by the 

NRC at a meeting on November 18, 1985. The NRC memorandum of November 20, 
1985,(219) provides information about a meeting of NRC staff with CP&L to 
discuss CP&L responses (docketed November 5, 1985, under Docket No. 72-3) to 
NRC comments; the memorandum indicated that, as of that time, the NRC staff 
could not determine if their comments had been resolved, though progress had 

been made. 

1986: The CP&L letter of January 13, 1986,(349) to NRC enclosed addi
tional information (i.e., specification packages) in support of the ISFSI 
license application. The CP&L letter of January 30, 1986,(350) to NRC 
enclosed additional information (drawings) in support of the ISFSI. The CP&L 
letter of February 4, 1986,(351) to NRC provided additional information (site 
plan and fabrication specification for the Horizontal Storage Module) in 
support of the ISFSI license application. The CP&L letter of February 13, 
1986,(352) to NRC enclosed additional information (computer input and output 

for 30-foot drop analysis and for foundation analysis) in support of the 
1SFSI license request. The CP&L letter of February 17, 1986,(214) to NRC 
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provides additional information on certain enhancements to CP&L's earlier 
responses(211) (specifically involved were Questions 3, 12, 14, 26, 34, 37, 
61, 62, 70, 72, 74, 76, 78, 82, and 84). The CP&L letter of February 25, 
1986,(220) to the NRC provides additional information and clarification of 
CP&L's response to Question 39. The CP&L letter of March II, 1986,(353) to 
NRC concerns the schedule for construction of the ISFSI. The CP&L telecopy 
of March 14, 1986,(136) to NRC contains information on the dry shielded 
canister (DSC) enveloping load combination and the maximum DSC stresses for 
an 8·ft bottom end drop accident. The NRC memorandum of March 24, 1986,(354) 
provides information on a meeting of NRC staff with CP&L on March 19, 1986, 
to discuss proposed license technical specifications. The NRC letter of 
March 31, 1986,(355) to CP&L indicates that the NRC has issued an environ
mental assessment in connection with CP&L's application(135) for authority to 
construct and operate a dry storage ISFSI at Robinson-2. The NRC memorandum 
of April 3, 1986,(356) provides information on the proposed Technical 
Specifications for the CP&L ISFSI. The CP&L telecopy of April 3, 1986,(137) 
to NRC provides responses to two NRC questions: one question involved 
assumptions on fuel enrichment and burnup for ORIGEN-2 analyses and the other 
involved the lubricant to be used on the DSC. The CP&L letter of April 3, 
1986,(221) to NRC encloses revised security documentation in response to the 
NRC letter of May 28, 1985. The NUTECH letter of April II, 1986,(142) to NRC 
encloses a description of the NUTECH analysis of the thermal load on the 
concrete foundation, as requested by the NRC to expedite the review. The NRC 
memorandum of April 21, 1986,(8) provides information on an NRC site visit to 
CP&L's Robinson-2 to examine the site proposed for the CP&l concrete module 
and stainless steel canister storage system ISFSI. The memorandum(B) indi
cates that the outstanding issues remaining to be closed by submittals from 
CP&l include final quality assurance commitments and completion of CP&L's 
internal plant review to confirm operations of the ISFSI and Robinson-2 have 
no significant safety impact on one another, that no changes to the 
Robinson-1 operating license are needed for the ISFSI, and that the ISFSI 
operates independently. The CP&L letter of April 12, 1986,(222) to NRC 
provides additional information (five specific items) in support of the ISFSI 
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license application. The CP&L letter of May 21, 1986,(9) to the NRC trans
mits the results of an internal CP&L review of the ISFSI: the conclusion was 
that the JSFSI is "independent" as defined in 10 CFR Part 72. The CP&L 
letter of July 10, 1986, (357) to NRC transmits current copies of 12 drawings 
and 7 specifications, as released for procurement and construction, for the 
Robinson-2 cSFSI. The CP&L letter of July 22, 1986,(358) to NRC transmits 
current copies of three drawings and one specification, as released for 
procurement and construction, for the Robinson-2 ISFSI. The NRC letter of 
August 13, !986,(134) to CP&L encloses Materials License No. SNM-2502, which 
authorizes CP&L for a 20-year term to receive, possess, store, and transfer 
spent fuel from Robinson-2 in an ISFSI at CP&L's Robinson-2 site. The NRC 
staff's Safety Evaluation Report for the Robinson-2 ISFSI was also enclosed 
in the NRC letter.(134) The CP&L letter of October 31, 1986,(359) to the NRC 
requests an amendment to the license issued August 13, 1986, for the 
Robinson-2 ISFSI. The proposed amendment changes the minimum effective 
boron-10 loading in Technical Specification 5.3 from 0.02 g/cm2 to 
0.004 g/cm2 (the change is being made to permit the use of a more readily 
available poison material). The NRC letter of November 10, 1986,(223) to 
CP&L indicates that the NRC concluded from their review of CP&l 1 S license 
amendment request{359} that it contains insufficient information to support 
the proposed action. The letter(223) indicated that CP&L did not adequately 
describe or characterize the material proposed for use and did not provide 
sufficient data to enable the NRC to confirm the CP&L criticality analysis. 
The ~~RC memorandum of December 4, 1986, (224) provides information about a 
meeting of NRC staff with CP&L to discuss CP&L's request(359) for an amend
ment to its license (SNM-2502) for storage of spent fuel in its Robinson-2 
ISFSI. 

1987: The CP&L letter of January 2, 1987,(225) to the NRC provides 
responses to NRC's requests that were made during a meeting of NRC staff with 
CP&L on December 2, 1986. The CP&L letter of January 8, 1987,(360) to the 
NRC concerns the submittal of a proprietary drawing. The NRC letter of 
January 29, 1987,(226) to CP&L includes several requests for information and 
several questions. The CP&L letter of February 17, 1987,(227) to the NRC 
transmits responses to the requests and questions in the NRC letter.(226) 
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The CP&L letter of March 4, 1987,(212) to the NRC transmits Amendment No. 1 
to the SAR for the Robinson-2 ISFSI. The NRC letter of March 30, 1987,(228) 
to CP&L concerns two missing pages in CP&L's recent submittal(212) and 
includes a request for copies of the missing pages. The NRC letter of 
April 7, 1987,(229) to CP&L includes those comments about CP&L's updated 
ISFSI SAR.(212) The NRC note of April 15, 1987,(230) to file concerns NRC 
comments on procedural errors with respect to canister weld check tests. The 
NRC letter of April 16, 1987,(361) to the NRC transmits Amendment No. I to 
the Robinson-2 ISFSI Materials License No. SNM-2502. The CP&L letter of 
June 5, 1987,(362) to the NRC encloses copies of two pages that were 
inadvertently omitted from the submittal(212) of Amendment No. I to the 
Robinson-2 ISFSI SAR. The CP&L letter of August 13, 1987,(363) to the NRC 
transmits Amendment No. 2 to the Robinson-2 ISFSI SAR. The CP&L letter of 
September 29, 1987,(364) to the NRC transmits the status of six drawings in 
response to an NRC request. The CP&L letter of November 25, 1987,(365) to 
the NRC requests an amendment (proposed changes are administrative and edi

torial in nature) to the license of the Robinson-2 ISFSI. 

1988: The NRC letter of February II, 1988,(366) to CP&L issued 
Amendment No. 2 to Materials License No. SNM-2502 for the Robinson-2 ISFSI. 
The NRC letter of February 19, 1988,(367) to the NRC enclosed a copy of 
Amendment No. 2 to Robinson-2 ISFSI Materials License No. SNM-2502. 

3.2.1.3 Duke Power Company (Oconee) 

1987: The NRC received a letter of intent(l44) from Duke Power Company 
(Duke) in September 1987 and NUTECH Engineers, Inc., regarding Duke's 
intention to apply in April 1988(146) for a license for an Independent Spent 
Fuel Storage Installation (ISFSI) under 10 CFR 72 to store Oconee spent fuel 
in the modified NUHOMS-24P (holds 24 PWR fuel assemblies) module.(37,45,128) 
The format for and submittal of the NUTECH topical report for the modified 
NUHOMS-24P were discussed at a meeting with the NRC on October 15, 1987.(45) 
Design differences between the NUHOMS-24P and the NUHOMS-07P (the topical 
report is docketed under Project M-39) and the design criteria for the 
NUHOMS-24P design proposed for the Oconee site were also described.(45) 
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1988: On March 31, 1988, Duke transmitted(l43) a letter to the NRC with 
proposed amendments to the Technical Specifications for Facility Operating 
Licenses DPR-38, -47, and -55 (Oconee-1, -2, and -3, respectively) to permit 
Duke to operate an ISFSI it plans to construct at the Oconee site. On May 
24, 1988, the NRC requested information from NUTECH, Inc., on NUTECH's 
topical report (NUH-002 Revision I) to complete its review of that report. 
On June 24, 1988, the NRC transmitted(231) to Duke the NRC's(321) comments on 
the Environmental Report (ER) for the Oconee ISFSI that was submitted by Duke 
on March 31, 1988.(368) On July 27, 1988, the NRC transmitted(369) to Duke 
the NRC's comments on the ISFSI Safety Analysis Report (SAR) submitted(l43) 
by Duke on March 31, 1988. On August 16, 1988, Duke provided(370) responses 
to NRC'; questions(231) that were raised on the ER on June 24, 1988. On 
August 31, 1988, the NRC requested(l49) additional information from NUTECH 
(some of the information requested by NRC on May 24, 1988, was not supplied 

• or was not supplied in sufficient detail and some calculations that were pro
vided did not appear to correspond to the NUTECH design). On September 19, 
1988, Duke furnished(?) a response to NRC that addressed an issue that arose 
during NRC's review of the License Application. The issue centered on the 
question of whether, and to what extent, the spent fuel storage canisters to • 

• 

• 
• 

be used in the Oconee ISFSI will be compatible with the transportation cask 
ultimately chosen by DOE to transport spent nuclear fuel temporarily stored 

at reactor sites to permanent repositories. On October 11, 1988, Duke 
requested(368) approval to initiate preconstruction activities at the Oconee 

ISFSI site. On October 12, 1988, the NRC requested additional information 
from NUTECH. On November I, 1988, the NRC requested(l50) additional informa
tion to confirm the design basis deceleration levels for the cask drop case 
(the NRC indicates that it is possible that the deceleration levels presented 
by NUTECH could be higher than those stated in the topical report, NUH-002, 
Revision 1). On November 23, 1988, Duke transmitted(l45) responses to NRC's 
questions(369) on the safety analysis report for the Oconee ISFSI . 
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APPENDIX D 

TABLE D.l: QUESTIONS, REQUESTS, AND RESPONSES ASSOCIATED WITH 
LICENSING OF THE INDEPENDENT SPENT FUEL STORAGE INSTALLATION 

AT SURRY 
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TABLE !Ll. Questions, Requests, and Responses Associated with Licensing of the Independent Spent 
Fuel Storage Installation at Surry 

Questions/Requests(a,b) 

QUESTI0'-1 1.1.1(16), It is stated in SAR Section 2.1.3.1, 
"Population Distribution and Trends," that the population 
projections (0-10 mile radii) are the same as those pre
sented in the enviromental report on the Surry Power 
Station Units 3 and 4, and they are used in this SAR 
because there 1o1as little change in this pop.;lation 
between 1970 and 1980. This seems inconsistent with the 
projections of population for the 1980-1990 pericd for 
the 0-5 mile radii sho"if19 a decrease of over 60 percent 
and for the 5-10 mile radii lo'hich more than doubled. 
Explain the difference in the JX.lpulation trerds bet~een 
these t~o decades. 

Responses (a' b) 

RESPONSE: The problems ~hi ch arise when conpar i ng 
the 1980 0·10 mile population distribution with the 
1990 0-10 mile projection can be lin~ed to the dif· 
ferent methodologies used to derive these esti
mates. The two distributions do not COfll)are well 
because they were not derived in the same manner 
and were not based on the same data set. The 1980 
0-10 mile population distribution was based on 
rural house counts taken fr001 the USGS topographic 
maps. The nuOOer of houses was then converted to a 
population figure through application of a lll.llti· 
plier based on the average nurrber of persons to 
housing units. This figurf ~as ta~en from the 1977 
City and County Data Book. ~ This technique 
attempts to estimate the permanent resident popula· 
t ion and therefore does not include transient and 
institutionalized populations. This estimate was 
first presented in the 1980 ~yrry Power Station 
Transport Evacuation Study. ( The use of USGS 
topographic maps to estimate area population 
produce incomplete and outdated estimates of 
population. 

The 1990 population projection which includes 
transient, institutionalized and permanent 
populations is based on 1970 census data, adjusted 
for growth. Developed with a different methodology 
using a different data base, the 1990 population 
consequently did not appear consistent with the 
1980 estimate. 

In response to Question 1.1.5, the 0·10 mile and 
10-50 mile total population and population 
projections have been revised and are shown in 
Figures 1·10. The figures are indicative of 
reasonable, consistent population growth trends for 
the 1980-2020 period. 

Surry ISFSI ER Section 2.1 (specifically Subsec· 
tion 2.1.2), "Geography and Demography", and SAR 
Sectioo 2.1 (specifically Subsection 2.1.3), 
"Geography and Demography of Site Selected" have 
been updated to reflect revised 0· to 10-mi le and 
10· to 50-mile estimates and projections of 
population. 

Corrrnents (a ,b) 

Sec subnittals. (306,325) a and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site and 
Envirormental Interfaces." 
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QuestiQD~Requests(a,b) 

QUESTION 1.1.2EC1 6 l: The large increase In population 
10ithin 10 miles bct10een 1980 (61,711), as sho~o~n in ER and 
SAR Figure 2.1-3, "Population DistriOOtion: D-10 and 
10-50 Miles for 1980," and 1990 (161 ,454), as sho10n in 
ER ard SAR Figure 2.1-4, "Population Distribution; 
0-10 and 10-50 Miles for 1990," seems unreasonable. 
Subsequent rates of gro10th to 2020 are much smaller. 
Please justify or correct these nun"bers. 

. ~ 

TABLE D.!. (contd) 

Responses(a,b) 

RESPONSE: The apparent inconsistency fourd 10hen 
comparing the 1980 10-mile radius population figure 
10ith its supposed 1990 counterpart as is the ans10er 
to Question 1.1.1., is one of differing methodolo
gies. These t10o figures cannot be conpared since 
they were not derived in the same manner and were 
not based on the same raw data. The 1980 popula· 
tion, Figure 2. 1-3, referenced in the Surry ISFSJ 
Environmental Report was based on rural house 
counts taken from USGS topographic maps. The 
nunber of houses was then converted to a population 
figure through the application of a !lrJltiplier 
based on the average number of persons to housing 
unit. This figurf ~as taken from the 1977 City and 
County Data Book. k The 1980 figure referenced in 
the question does not include transient and insti· 
tutionalized populations. The technique used 10as 
an attempt at estimating the total permanent 
resident population at the time. The estimate 
referenced above was first presented in the 1982 
Surry Power Station Transport Evacuation Study. l) 
More recent information, however, has shown that 
the housing count technique used significantly 
underestimated the permanent population within 
10 miles of the site. 

The 1990 population projection of 161,454 includes 
the local transient and institutionalized popula
tions, i.e., it represents the total expected 
population for 1990. As the population projections 
for the years 2000, 2010, and 2020 also represent 
total populations, respectively, the apparent 
explosive growth between 1980 and 1990 appears as a 
distinct discontinuity in an otherwise consistent 
upward trend in population. 

In response to Question 1.1.5, the 0-10 mile and 
10-50 mile 1980 total population and population 
projections have been revised. As these revised 
population distributions described total population 
and they have a cOITITIOn raw data base (1980 u.s. 
Census Data), no discontiruities appear in the 
population trends between 1980 and the year 2020. 
These distributions are shoiOn in Figures 1·10. 

Surry JSFSI ER Section 2.1.2, "Population 
Distribution," and SAR Section 2. 1.3, "Population 
Distribution and Trends," have been uf:dated to 

~ . ' 

Colllllents(a,b) 

See submitta\s.C 306,325J 0 and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site and 
Envirormental Interfaces." 
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- (a b) Questlons/Requests ' _ 

QUESTION 1.1.2E: (contd) 

QUESTION 1.1.3E(l6 ): Attachment 1 to Figure 2, page 4·C· 
13 of the Virginia Radiological Emergency Plan, revised 
August 1981, indicates a 1980 p:>pulation ~ithin the 10 
milco EPZ of 79,991. Thi~ is a considerably higher than 
the 61,711 reported in ER Section 2.1.2.1, "Population 
~o~ithin Ten Miles." Please explain the b<:~sis of the 
difference. 

QUESTION 1.1.4< 16 >: The projected population distribu
tions in Figure 2.1·3 through -7 ("Population Distribu
tion: 0-10 and 10-50 Miles for 1980, 1990, 2000, 2010, 
and 2020," respe>ctively) should be checked for errors. 
For example, the NE sector in Figure 2.1-3, "Population 
Distribution: 0-10 and 10·50 Miles for 1980," for 40 to 
50 miles has an indicated population of 4,000; yet, this 
area is totally ~ithin the Chesapeake B<Jy. Ho~ ~ere the 
population distributions for 10-50 mile area estimated' 

' . ' • 

TABLE D.l. (contd} 

RESPONSE; (contd) 

(a b) Responses ' 

reflect revised 0- to 10-mile and 10- to 50-mile 
estimates and projections of population. 

RESPONSE; The inconsistency between the Vi rgi ni a 
Radiological Emergency Plan (1981) estimate of the 
population ~ithin the 10-mile EPZ (79,991) and the 
corresponding estimate in the Surry ISFSI ER and 
SAR of 61,711, as the answer to Question 1.1.2, can 
be explained by the differences in methodology used 
to develop the two estimates. 

The original estimate of the 1980 resident popula
tion within 10 miles of the site ~as determined 
from rural house counts taken from USGS topograp'lic 
maps. These house counts ~ere converted to popula
tion by applying a lll.lltiplier average of persons to 
housing unu~ obtained from 1977 City and County 
Data Book. The derived population estimate, 
61,711 was presented initially in the 198~l~urry 
Po~er Station Transport Evacuation Study. It 
was later determined that the house counting tech
nique was insufficient in determining a reasonable 
projected figure. The VlrJinia Radiological 
Emergency Response Plan, m J1.11e 1983 i?.JOg,tes a 
1980 resident EPZ population of 84,574. < 

Surry ISFSI ER Section 2.1.2.1 and SAR Sec
tion 2. 1.3. 1 were revised to indicate a total 
population estimate shown on~~Jure 1 of the 
response to Question 1.1.5.< 

The population estimate in ISFSI ER Section 2.1, 
"Geograp'ly and Deroography," and SAR Section 2.1, 
"Geograp'ly an't395roography of site Selected," have 
been revised. l 

RESPONSE; The 1980 10-50 mile population estimate 
indicating a population of 4000 in the 40-50 mile 
NE sector was taken directly fr001 the Sur() Power 
Station Transportation Evacuation Study.< Though 
some grids show this sector to be entirely within 
the Chesapeake Bay, it is possible that the grid 
used in the reference ~as centered at location 
which though near the Surry Statioo, ~as displaced 
enough to push the sector into ff'rlated land 
areas. Note that the reference described the 

• 

Corrments(a,b) 

See submittals.< 306•325 > Q and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site and 
Envi romental Interfaces." 

See submittals. (306,325) Q and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" ard 
ER Section 2.0, "The Site and 
Envi romer1tal Interfaces." 
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Questions/Requests(a,b) 

ClUESTIOO 1.1.4: (contd) 

QUESTIO~ 1.,.L_2!_< 16 >: \Jhy are 10-year old transient 
pop.![ at ion estim~tes incorporated by reference in ER 
Section 2.1.2.3, "Transient and Institutionalized 
Population," >~hen more current estimates are available in 
the Virginia Radiological Emergency Plan, referred to 
above? Does VEPCO still consider the pop.Jlation 
estimates and projections from the Surry-3 and -4 
Envirorrnental Report to be valid? If not, furnish the 
most and valid current population data. 

• • • 

TABLE D.l. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

population distrib.Jtion in tab.Jlar form and did not 
include a sectored grid representation. 

The 1990-2020 population projections provided in 
the Surry ISFSI ER and SAR were taken from the 1973 
Surry Power Stat~m Units 3 & 4 Preliminary Safety 
Analysis Report. n 

In response to Question 1.1.5, the 0-10 mile and 
10-50 mile 1980 total population and pop.Jlation 
projections have been revised and are shown in 
Figures 1-10. Note that the revised 1980 10-50 
mile population estimate shows no population 
within the NE 40-50 miLe sector (Chesapeake Bay). 

Surry ISFSI ER section 2.1 (specifically Subsec
tion 2.1.2), "Geography and Demography," and SAR 
Section 2.1 (specifically Slbsection 2.1.3), 
"Geography and De1009raphy of Site Selected," have 
been updated to reflect revised 0- to 10-mile and 
10- to 50-mile estimates and projections of 
population. 

RESPO~SE: The Surry Power Stat(on Units 3 and 4 ER 
transient population estimates, o) incorporated by 
reference in the Surry lSFSI ER Section 2.1.2.3, 
10ere considered the best avaiLable estimates of 
transient pop.Jlation at the time of the ISFS! ER's 
development. Since then, a more current source of 
transient population information (Virginia 
Radio~o~ical Emergency Response Plan - June 
1983) P has become avai table. Consequently, a 
revised description of the nearby transient and 
institutionalized population based on this new 
source follo>~s: 

1. Transient Population 

'· Jamestown Colonial National 2,500 
Historical Park 

'· College of ~illiam and Mary 8,300 

e. Colonial h'illiamsburg foundation 15,400 

i. Busch Gardens 35,000 

! • ' • 

Corrments(a,b) 

See submittals.< 306•325) Q and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site and 
Envirormental Interfaces." 

• 
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. (a b) 
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QUESTION 1.1.5E: (contd) 

0 

~ 

, 
' 

TABLE D, 1. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

2. 

n. Yorl::t010n Colonial National 
Historical Park 

g. Chippokes State Park 
Total 

Institutionalized Population 

b. Wa lsi ngham Academy 

d. Eastern State Hospital 

f. 1./illiamsburg Corrmunity Hospital 

g. Pines Convalescent Center 

h. Camp Peary 

j. Naval Supply Depot - Cheatham Annex 

k. Ball Corporation 

l. Yorktown Naval Mine Depot 

m. Badische Corporation 

o. Fort Eustis 

p. City Farm Penal Facility 
Total 

In response to the part of Question 1.1.5 
concerning the validity of the Surry 3 and 4 
Environmental Report pofX.Ilation estimates and 
projections, these items have been revised. 

2,500 

55 
63,755 

600 

600 

1,500 

400 

290 

300 

200 

400 

2,400 

550 

8,500 

_____liQ 
15,290 

The revised 1980 0-10 mile totDl population esti
mate shoOjn in Figure 1 was taken directly from the 
JlS"Ie l9f Virginia Radiological Emergency Response 
Plan. P The 1980 10-50 mile total population 
estimztJ shown in Figure 6 was based on 1980 census 
data. q Specifically, the population by sector 
for the 10-50 mite grid was calculated by summing 
the area weighted fraction of the population con
trib.Jted by counties which corrprise the sector. 
Large cities were added as appropriate and so were 

• 

C011111ents (a' b) 
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Quest i onsLRequests (a,b) 

QUESTIO~ 1.1.5E: (contdJ 

QUESTION 1.2.1< 16 J: It is Stated in SAR Sections 2.2.1, 
''location and Routes," 2.2.3, "Effects of Potential 
Accidents," and 2.2.3.1.4, "Pipelines," that the Coomon
\Oealth ~atural Gas Corporation and the Colonial Pipeline 
Cof1l)any own pipet ines which cross the southeast corner of 
the Surry property. Ho\0 many pipelines are there? SAR 
Table 2.2-6, "Pipeline Data," indicates six and notes 
that the two COOlliOnwealth ~ational Gas Corporation lines 
lie four feet beneath the river bed. Ho~o~ about the 
remaining four? Once these pipelines emerge from the 
river are they buried or above ground? 

' • • 

TABLE D.!. (contd) 

Responses{a,b) 

RESPONSE: (contd) 

not included in the area averaging procedure. ~ote 
that county population was assumed to be lrli forml y 
distrib.Jted. 

The 1990·2020 population projections for 0-10 miles 
and 10·50 miles shown in Figures 2 to 5 and 7 to 10 
10ere based on Virginia county projection~ ~ound in 
the Virginia Population Projections 2000 r and 
supplemer1tal information provided by the Virginia 
Deparfm'rt of Plaming and Budget Research Sec
tion. s Again the population by sector 10as cal
culated by surrming the area weighted fraction of 
the projected population contributed by the coun· 
ties which cOIJl)rise the sector, and ad:::ling the pop· 
ulation of large cities which fall in the sector. 

Surry ISFSI ER Section 2.1.2 and SAR Section 2.1.3 
were updated to reflect the revised 0-10 mile and 
10-50 mile estimates and projections of population. 
Figures 1-10 rf~bz~e SAR and ER Figures 2. 1· 3 
through 2.1-7. 

Surry ISFSI ER Section 2.1, "Geography and 
Demography," and SAR Section 2. 1, "Geography and 
Demography of Site Selected," have been updated to 
reflect revised 0· to 10·mile and 10- to ~~-Tile 
estimates and projections of population.< 5 

RESPONSE: There are six pipelines which run near 
or cross the Surry Power Station property. As 
reported in Table 2.2·6 of the Surry ISFSI SAR. A 
detailed description of each pipeline follo10s 
below: 

A. Coomon10ealth ~atural Gas Corporation Pipelines 

1. Two 8-in. diameter natural gas lines 

2. Single 10-in. diameter natural gas line 

3. Single 12-in. diameter natural gas Line 
which serves the Surry Power Station Gas 
Turbine Generator. This l i r.e branches fran 
the 10-inch line . 

-~ . 

Corrments (a' bJ 

See subnittals. <306,325) Q and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site and 
Envirorrnental Interfaces." 

• 
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Oucstions/Rcqucsts(a,b) 

QUESTION 1.1.5E; (contd) 

QUESTION 1.2.2< 16 >: Section 2.2.3.1.2, "Waterborne 
Traffic," of the SAR states that dredged channel in the 
river is 2.5 miles from the ISFSI at the closest point 
(this distance is also used in the acc001panying accident 
analysis), but in SAR Table 2.2-2, "Chemical Compounds 
Shipped on the James River," the distance is given as 
1.5 miles. IJhich is correct? 

QUESTION 1.3.1< 16 >: SAR Section 3.2.1.1, "Applicable 
Design Parameters," identifies the design basis extreme 
ambient te!f1)eratures of -20"F and 115"F. These terrpera
tures were selected because they exceed the extreme tern· 
peratures recorded at the Norfolk and Richrrord National 
Weather Service Stations as reported in SAR Section 
2.3.2.1.1, "local Climatological Data." The conservatism 
of the upper temperature extreme should be clearly estab
lished in SAR Section 2.3.2, "local Meteorology," 
because, for a truly passive spent fuel storage system, 
the unaided atmosphere ~ill serve as the principal heat 

• • • • 

TABLE D.l. (contd) 

Responses(a,b) 

RESPONSE: (contdl 

4. Single 12 3/4-in. diameter natural gas line 
which was recently coopleted. This line 
does not cross Surry Power Station. 

These natural gas pipelines have maxillUill and normal 
operating pressures of 600 and 150 psi, 
respectively. These lines run IXlder the James 
River at a depth of 3 to 4 feet. The pipelines 
remain buried 30·36 inches below grade after 
emerging from the river. 

Table 2.2-6, "Pi pel fne Datu," of the Surry ISFSI 
SAR has been revised to include the information 
requested. 

RESPONSE: Section 2.2.3.1.2, "Waterborne Traffic," 
of the Surry ISFSI SAR states that the dredged 
channel in the James River is 2.5 miles from the 
ISFSI site at its closest point. Inspection of 
Figure 2.3·25, "General Topography: 5-Mi le 
Radius," of the Surry ISFSI ER confirms this 
statement. The 2.5-mile distance refers to the 
separation between the site and the mid-river 
channel. 

The 1.5-mile distance given in the SAR Table 2.2 2, 
"Chemical ComJXJIXlds Shipped on the James River," 
(referenced from the Surry Onsite Toxic Chemical 
Analysis, Vol. II, NUS, June 1981) refers to the 
minimiJTl separation of the Surry Po~<~er Station con
trol room and the James River. Note that the NUS 
analysis does not specify what part of the James 
River is used to calculate the minii!J.Jffi separation. 
The Surry ISFSI site is farther from the James 
River than the control room. 

RESPONSE: The response to this question has been 
incorporated into the ISFSI SAR Section 2.3, 
"Meteorology," and ER Section 2.3, "Meteorology." 

• • 

Colllllents(a,b} 

See subnittals. C306 ,325J a and 
R pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site nnd 
Envirormental Interfaces." 

See sutmittal. C325 > a and R 
pertain to SAR Section, 2.0, 
"The Site Characteristics'' ard 
ER Section 2.0, "The Site and 
Envi rorrnental Interfaces." 
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ouest i Qo..§iReQUes ts (a ,b) 

QUESTION 1.3.1: (contd) 

sink. Provide 
te!Jl)eratures. 
questions: 

a rigorous basis for 
The discussion could 

es tab\ ish i ng these 
ans~er the follo~ing 

1. Are these terrperatures reported from nearby ~eathev 
service stations representative of the region? 

2. Did the onsite meteorotogic<ll station tcrrpcrature 
records correlate ~i th the nearby ~atcr service 
stations records? 

3. Does the site hnve peculiar micrometeorological 
conditions that could cause a difference bet~een it,; 
readings and the nearby ~eather stations readings? 

4. \.lhat is the probable length and frequency of 
occurrence of excessively hot periods? 

5. l.h1at is the ~orst con"bination of climatology 
conditions ~hich would adversely affect the ability 
of the an"bient air to remove heat frCOl the cask 
surface? 

6. 1-/hat are the recurrence intervals and duration for 
the selected extreme temperatures? 

The following references may be of help in developing the 
statistical basis for the discussion: "Extreme 
Meteorological Events in Nuclear Power Plants, Excluding 
Tropical Cyclones," IAEA Safety Guide No. 50-SG-S11A, and 
"Probability Estimates of Terrperature Extremes for the 
Contiguous United States," NUREG/CR-1390, May 1980. 

QUESTION 1.3.2(l6 ): In SAR Section 2.3.2, "Local 
Meteorology," the basis for insolation design parameters 
should be provided. The conservatism of the solar heat 
load burden at the ISFSI site should be substantiated in 
a discussion that justifies the selection of the 90 
percent transmissivity factor and the 100-hour exposure 
period, or these should be changed to the more severe 
cordi t ions. 

• • • 

TABLE D.l. (contd) 

(a, b) 
Response~ 

RESPO~SE: Section 3.2.1 of the Surry ISFSI SAR 
describes the d2sign solar heat burden at the site 
as 800 g-cal{cm per day (10-hour exposure). This 
maximun insolation value represents about 90 per
cent of the solar radiation incident ~~ the top of 
the atmosphere at the JSFSJ latitude. t) The 90-
percent aSSlll"ption refers to a 0.9 transmissivity 
factor which is represenfa~ive of a conservative 
lear sky transmi ssi vi ty u , i . e., the percent of 
solar radiation at the top of the atmosJ:i!ere which 
makes it to the grollld after absorption or scat
tering by o;~tmoo.pher ic coo~t i tuents other than 

~ . ' 
" 

Corrments (a, b) 

See sutrnittals. C306 •325J a <lnd 
R pertains to SAR Section 2.0, 
"The Site Characteristics." 

• 
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. "R (a,b) 
Que~tlons~equestb 

QUESTION 1.3.2: (contd) 

QUESTION 1.3.3< 16>: Provide a discussion of the 
potential for lightning strikes at the ISFSI. This 
discussion could include the fo\loOjing topics: 

1. Onsite experience ~ith lightning strikes on Surry 
Power Station structures and switchyard facilities. 

2. A correlation of the frequency and intensity of both 
single and multiple lightning strikes associated with 
regional thunderstorms. 

3. The expected frequency of thunderstorms at the ISFS! 
site. 

4. The l1miting case for energy release associated with 
a lightning strike. 

' ' ' • 

TABLE D.!. (contd) 

Responses(a,bl 

RESPONSE: (contd) 

cloi..ds. The 10-hour exposure period is based on 
the normal da i [ r hourS Of SUnshine during SIJIITier at 
the JSFSI site. v) Note the length of the exposure 
period is included for information only and conse· 
quently it does not enter into the calculation of 
the daily maxim~ insolation. 

C001paring the 800 g·cal/cm2 per day, insolation 
value with the normal daily total solar rad~ation 
{June 21) at the JSFSI site of 500 g·cal/cm gives 
more evidence of the conversatism of this insola· 
tion design criteria. 

Note Regulatory Guide 7.a<wJ describes maximum 
insolation data as part of the general and initio~l 

conditions to be used for both normal and hypothe· 
tical accident conditions for shipping casks. The 
Regulatory Guide defines the maxirrum insolatio2 for 
horizontally transported casks as 800 g·cal/cm per 
day. For stationary and vertically stored casks, 
which are more representative of the ISFSI casks, 
the Regulatory ~uide defines the design insolation 
as 400 g-cal/cm . Consequently, the ISFSl cask 
design insolation of 800 g·cal/cm appears to be 
ultraconservative as it is double the appropriate 
Regulatory Guide 7.8 maxirrum insolation for sta· 
tionary casks. 

The response to this question has been incorporated 
into ISFSI SAR Section 2.3, "Meteorology." 

RESPONSE; JSFSI ER Section 2.3, "Meteorology," and 
SAR Section 2.3, "Meteorology" have been revised to 
reflect the response to this question. 

• • • 

Corrrnents (a,b) 

See subnittal. <325 > Q ard R 
pertain to SAR Section, 2.0, 
"The Site Characteristics" and 
ER Section 2.0, "The Site and 
En vi rormenta l Interfaces." 
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Questions/Requests (a,bl ·-------

QUESTION 1.3.5E: (contd) 

0 

~ 

~ 

' .. • 

TABLE 0.1. (contd) 

Responses(a,b) 

RESPONSE; (contd) 

Hourly average X/Q values for the 1-hour (repre
sentative of the 0- to 2-hour period) <Jccident 
period >~ere calculated using Equations 1 through 3 
lis ted below. 

ForD, E, F, and G stability corditions, when the 
wind speed is less than 6 meters per second: 

• . 1 
X/Q " CV331f 'iy"z) (I) 

~o~here XJQ = Relative Concentration (sec/~) 
V33 = lojjnd Speed at 33 ft above plant grade 

(m/sec) 
1! "3.14159. 

E = Lateral plUile spread <.~ith meander artd 
Y bui !ding effects 

E = Ma for distances up to 800 m 
~ = (M'tl )Q 800 m + u for distances 

beyonclaoo m Y 
"y "z =Lateral and vertical plume spread {m) 

Figure 1, "Meander Factor Versus \.Jind Speed," 
depicts the functional relationship of M (mearder 
factor) 1.1ith respect to wind speed and atroospheric 
st.:~bility. 

[f the l</0 value calculated in Equation (1) is less 
than the greater l</0 value of either of the follow· 
ing eq.mtions, it is retained; otherwise, the ap
plicable l</0 value 1.1hich is the greater of those 
calculated by Equations (2) ard (3) becomes 
limiting 

X/Q 

X/Q 

[¥33 (11" rryaz + A/2)1-l 

[¥33 {31r ayrzll-1 

1.1here A"' The smallest ver;tical plan cross· 
sectional building area (llf). For both the 
containment and lSFSF releases, the mi~imllll 
containment building area of 15,667 ft is used. 

(2) 

(3) 

For all A, B, and C stability conditions, and for 
D, E, F, and G stability corditions 1.1hen the wind 
speed is greater than or equal to 6 meters per 
second, the greater of the two )(fQ values calcu· 
lated from Equations (2) and (3) become limiting. 

• 

Conments(a,b) 
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Quest i onsLReques ts (a, bl 

QUEST!ON 1.3.5E: (contd) 

• • • • 

TABLE D.l. (contd) 

Respons~s (a' b) 

RESPONSE: (contd) 

Each valid hour of the January 1, 1976 through 
December 31, 1982 onsite meteorological data ~as 
used for the calculation. An hour of data was con
sidered Yalid if recovery of the wind speed, ~ind 

directi0!'1, and terrperature d1fference (6TJ ~as 
siiTJ..Iltaneously accomplished. For each Yalid hour 
of meteorological data, a X/Q Yalue was calculated 
as described above, where the ~ird direction deter· 
mined the applicable dm.rn~ind sector. The EAB and 
population midpoint distances 10ere used (along 10ith 
the stability class), to determine magnitudes of ay 
and rJz. 

For the hours ~o~ith calm ~H-d speeds, a 10ind speed 
of 0.75 miles per hour ~as assigned. The wind 
directions during these calm conditions were 
assigned in proportion to the directional dis· 
tribution of the non-calm through 3.4 mile per hour 
wind speed conditions. Regulatory Guide 1. 1.45 
states non-calm wind speeds below 3.4 miles per 
hour proYides ~ reasonable method for defining the 
distribution of wind directions, the last valid 
10ind direction ard the actual recorded ~o~ind speed 
~ere coupled. 

For each do10n10ind sector, all non-zero X/Q values 
were stored and arranged in descending order an 0.5 
percent X/Q values were chosen. These Yalues were 
coopared and the sector with the largest X/Q Yalue 
determined the ultimate design basis 0.5 percent 
X/0. 

For time periods greater than 2 hours, X/Q values 
were determined graphically by techniques outlined 
in Regulatory guide 1.145. The 0.5 percent Yalue 
for the 0- to 2-hour period 10as plotted at the two 
hour time period on logarithmic vs. time coordi
nates, while the amual aYerage X/Q value for the 
same sector was plotted at 8, 760 hours. Logarith
mic interpolation was applied to locate values for 
the time periods corresponding to 0- to 8-hours, 8-
to 24-hours, 1-4 days, ard 4-30 days follo10ing an 
accidental release. The calculation of the annual 
average X/Q value for each sector was determined 
using Equation (4), which is based on Regulatory 
Guide 1. 111, Revision 1. 

Conroents (a ' b) 

• • 
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Questions/Requests(a,b) 

QUESTION 1.3.5E: (contd) 

QUESTION 1.3.6<1 6 >: Provide an analysis of the X/Q 
values based on ons i te meteoro logicaL data and 
appropriate atmospheric diffusion 100dels. 

' .. • 

TABLE 0.1. (contd) 

Response:>(a,b) 

RESPONSE: (contd) 

"' 
(X/Q)K,1 = ~ 

N v33 

~.Q~_n 

u
2 

+ chb
2 ,, -

1/2 

where n 

j=1 

' 
Nurrber of hours of wind in a 
particular 22.5 degree sector 
Index for a particular 22.5 degree 
sector 

k = Index for a particular receptor 

j 
2.032 

' n 

N 

distance 
Index f~r a numbe~ of hours 
(2/'lf) l/ (2 /16)-
3.14159 .. 
Terr~in 2ecirculat!9n factor 
exp [·he (2az: _(xl )] 

' Total number of hours of wind in all 

(4) 

v33 

sectors for applic<~ble averaging period 
Average wind speed at 33-ft above plant 
grade (m/sec) ,, 

hb 

' he 

Vertical dispersion coefficient (m) 
building height (ml 
Building shape factor= 0.5 
Effective stack height (m) 

Addit\ona~ dispezsi';'9 ~ncluding the building wake 
effect (aZk + chb/11') 1 was limited to less than 

or equal to 1.732. 

Tables 1 through 13 present resultant X/0 values at 
the EAB and various population receptors for emis· 
sions originating from the dry cask spent fuel 
storage facility. 

Surry ISFSl SAR Secti0<"1 2.3, "Meteorology," has 
been revised to reflect the response to this 
question. 

RESPONSE: The calculated X/Q values based 0<"1 the 
methodology described in the response to Question 
1.3.6 are provided in the attached Tables 1 through 
13. 

• • 

CoiTIDents (a' b) 

See submittals< 313 •325 > for 
Tables 1-13. Q and R pertain to 
SAil: Section 2.0, "The Site 
Characterfstics." 
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Questions/Requests(a,b) 

QUESTION 1.4.1: (contd) 

"Tentative Provisions for the Developnent of Seismic 
Regulatioos for Buildings" NBS Special Publications 510, 
for additional justification. This reference is based on 
USGS Open File Report published in 1978, and it is not 
suitable for determining design e~rthquakes for str"uc· 
tures. This ~o~as discussed in supplementary information 
published in the Feder01l Register, VolLllle 45, No. 220 on 
Novenber 12, 1980 acco~anying the proiTJ.Jlgation of 10 CFR 
Part 72. In addition, there is an uf:date on the USGS 
report. It is "Probabilistic Estimates of M.lximun 
Acceleration and Velocity in Rock in the Contiguous 
United States," by S. T. Algermisscn, D. M. Perkins, 
P. C. Thenhaus, s. L. Hauson and B. L. Bender, U.S.G;S., 
Open-file Report 82·1033, 1982. This report includes 
preliminary maps of horizontal acceleration (expressed ~s 
percent of gravity) ~o~i th a 90 percent probability of not 
being exceeded in 10, 50, and 250 years. On the 10-year 
map, the maximlnl g value for site area is 0.04, on the 
50-year map, the maximlnl g value for the site area is 
0.10 and on the 250-year map, the maxiiTJ..Im g value for the 
site area is 0.20. The differences between the results 
of this study and those presented in Surry !SFSJ SAR are 
significant rel<Jtive to both g values and recurrence 
interval. This report is more recent than any of the 
references cited in connection 1-1 i th Sect ion 2. 6, "Geology 
and Seismology," of the SAR. 

• • • • 

TABLE 0.1. (contd) 

Responses(a,b) 

RESPONSE; (contd) 

and is presented below. This approach was 
discussed upon at the March 8, 1984 meeting. 

The Surry Dry Cask Independent Spent Fuel 
Storage Installation (ISFSI) is designed to 
store spent fuel resulting from the operation 
of Surry Po~o~er Station Units 1 and 2. The 
spent fuel ~o~ill be stor·ed in dry sealed 
surface storage casks (SSSCs), ~o~hich provide 
shielding and confinement of the radioactive 
fission products. The ISFS! facility ~o~ill 

consist, in its final stage, of three separate 
reinforced concrete slabs. A general site 
layout for the !SFSI is sho~o~n in Figure 4.1-1, 
"General Site Layout," of the Safety Analysis 
Report. Eilch concrete slab, which will have 
overall dimensions of J2 feet in width, 230 
feet in length, and 3 feet in thickness, is 
designed to support 28 ssscs. The slab will 
be supported on a 7-foot-thick bed of com
pacted backfill material, which is then under
lain by the naturally occurring site soils. 

Separate investigations and analyses, outside 
those previously performed for Surry Units 1 
and 2 and tne once proposed Surry Units 3 and 
4, ~o~ere conducted for the Surry ISFSI. These 
analyses ~o~ere performed as p<Jrt of the 
response to the NRC questions and later dis
cussions with the NRC regarding these ques
tions. At the Marcn 8, 1984 meeting between 
Virginia PoOler ard the NRC, specific criteria 
for the resolution of NRC concerns >~ere dis
cussed. These criteria are as follows; 

a. A Design Earthquake (DE) that is 
developed based on criteria of 10 CFR 
72.66(b). 

• 

Comnents(a,b) 



0 

~ 

~ 

• 
' 

Ouest ions/Requests (o ,b) 

QUESTION 1.4.1: (cant d) 

• 

TABLE 0.1. (contd) 

Res onse~(.J,b) 

RESPONSE: (contd2 

b. A cask tip-over must be assuned regard
less of analyses that demonstrate that 
the integrity of the structural pad is 
maintained and that the cask will not tip 
over. This criteria is independent of a 
s~cific seismic acceleration. 
AssiJiling a cask tip-over, the analysis 
must demonstrate that: 1) crfticatity is 
within acceptable limits, 2} there is no 
loss of confinement, and 3) fuel is 
removable after a tip-over. 

c. Analyses of the slab under DE II'Ust demon
strate that the design function of the 
ISfSl is not adversely affected and that 
there is no irrpact on the public health 
ard safety. 

In order to meet these criteria, the addi
tional analyses and investigations which were 
performed included the determination of a 
Design Earthquake (DE) based on 10 CFR 
72.66(b), a site specific investigation, a 
soil stability analysis (static and dynamic), 
and design an<llyses of the structural slab. 
Additional analyses in support of their 
licensing efforts are being performed by 
General Nuclear Systems, Inc. (GNSI), the cask 
vendor, to determine the criticality, cask 
integrity, and basket integrity based on a 
hypothetical C<lsk overturning event. 

The extent of the information required to be 
subnitted to address the NRC's concerns with 
respect to seismicity and stability of sub
surface materials has been included in revised 
SAR Section 2.6, "Geology and Seismology," and 
new SAR Appendix 3A, "Structural Considera
tions for the !SFSI Concrete Slab." 

A slJillTiary of revised SAR Section 2.6, "Geology 
and Seismology," ard new Appendix 3A, "Struc· 
tural Considerations for the ISFSI Concrete 
Slab," is contained in Parts 2 and 3 of this 

Cornnents(CI,b) 

• ' 
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Ouestions/Reguests(a,b) 

QUESTION 1.4.1: (cant d) 

' ' .. • 

TABLE D.!. (contd) 

Responses (a, b) 

RESPONSE: (contd) 

re~pon~e. A discussion of the structural 
analysis as requested by the NRC, the response 
of the cask due to an overturning event, and 
the conclusions of these additional analyses 
are provided 1n ne~o~ Appendix 3A, "Structural 
Considerations for the ISFSI C01'1crete Slab." 

2. Se1smoloqv. The requirements of 10 CFR 
72.66(b) stipulate that for determining the 
seismic design level of a dry cask facility, a 
site-specific investigation must be performed 
to establish site suitability cooroensurate with 
the specific requirements of the ISFSI. Due to 
the inherent safety of the SSSCs and the fact 
that the structural slabs are not iJTpOrtant to 
safety, the approach that was taken to deter
mine the proper seismic design level was based 
on the use ot a building code type seismic 
design level. Determination of this type of 
seismic design level depends principally on 
historic site intensity or probabilistic site 
acceleration at approximately the 500-year 
return period and not on a maxiiiUII credible 
site intensity. Applicable studies, which are 
referenced in revised Section 2.6, "Geology and 
Seismology," of the Safety Analysis Report, 
irdicate that the appropriate probabilistic 
acceleration is 5 percent of gravity or less 
ard that the historic intensity is VI Modified 
Mercall i (MM) or less for the Surry ISFSI site. 
This intensity can be related to a peak hori
lOntal acceleration of 6.6 percent of gravity. 

Based on the results of this site-specific 
investigation, a conservative value for the 
seismic design level or Design Earthquake (OE) 
of 7 percent of gravity at the foundation level 
was adopted for the Surry ISFSI. The details 
of the site-specific investigation and the 
develo~nt of the Oesi gn EarthcpJake are con
tair.ed in revised Section 2.6, "Geology and 
Seismology," of the Safety Analysis Report. 

' ' 

Comnents(~,b) 
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QUESTION 1.4.1: (cant d) 
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TABLE D.l. (contd) 

(a b) 
Re'>QQ_nses ' 

RESPONSE: (contd) 

3. Stability of Subsurface Materials. A site
specific subsurface investigation and lab
oratory testing program ~as conducted for the 
ISfSI in April and May 1982. The investiga
tion included the drilling of nine test bor
ings, the installation of an observation well, 
and taking of both undisturbed and disturbed 
soil sa~les. The baring logs resulting from 
the investigation are shown in figures 2.6-32 
through 2.6-42, "Boring Logs," of the Safety 
Analysis Report. The boring location plan is 
shown in Figure 2.6-43, "Boring Location Maps." 
All field work was monitored by a geotechnical 
engmeer. Select recovered s;:nples obtained 
during the investigation were sent to a test
ing laboratory for determination of the en
gineering properties of the site soils. The 
results of both the field and laboratory 
investigations were then used to determine the 
static and dynamic stability of the site soils. 

The static 
included a 
analysis. 
analyses, 

analyses that were performed 
bearing capacity and settlement 
~ased on the results of these 

it was determined that it will be 
necessary to excavate ard replace the upper 
soil with a c001pacted backfill materiaL In 
order to obtain the required minirrum factor of 
safety of 3.0 for bearing capacity, 7 feet of 
soil below the bottom of the slab will be 
excavated and replaced wfth fill. The fill 
will be placed to a mini mUll density of 95 
percent of optirrum modified proctor density 
(ASTM D 1557). The bearing capacity factor of 
safety with the structural backfill in place is 
greater than 3.0. The calculated settlement 
due to static loading is less than 2.0 inches . 

• •• • 

Corm1ents (a' b) 
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Question~jReque~ts(a,b) 

QUESTION 1.4.1: (contd) 

• ••• • 

TABLE .\L!. (contd) 

Re'lponse<;(a,b) 

RESPONSE: (contd) 

The dynamic analysis of the site soils was per· 
formed to determine the soil response to 
dynamic loading. The dynamic loading consid
ered in the analysis was the Design Earthquake 
(DEl with a maxiFfUII ground acceleration of 7 
percent of gravity at the foundation level. 
The analysis indicated that the stability of 
the site soils would not be adversely affected 
by the level of dynamic loading. The magnitude 
of subsidence under dynamic loading can be con
sidered insignificant and will have no adverse 
effect on the structural slab. A \iquefication 
analysis was also performed on all soil layers 
beloo.~ the maximUJl ground water level. The 
analysis, 10hich 01as based on the "Simptitie§ 
Procedure" developed by Seed and Idriss, c, l 
indicated that the minimum factor of safety 
against liquefication occurring is 1.5. The 
calculations using the Sif11:llified procedure do 
not incorporate any adjustment factors for the 
silt content of any specific soil layer. In 
addition, the dynamic stresses induced by the 
DE in the cohesive soil layer are considerably 
less than the shear strength of these layers. 
Therefore, no reduction of shear strength 01ill 
result. 

In sul!lllary, it can be concluded that the site 
sol ls at the ISFSI site will provide a safe arx:l 
stable foundation urx:ler both static and dynamic 
loading conditions. The details of the soil 
stability analysis are contained in revised 
Section 2.6, "Geology and Seismology," of the 
SAR. 

• • 

Con10ents (a, b) 
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aucstions/Reque~ts(a,b) 

QUESTION 1.5.1( 16>: Provide a SUilllarY of all factors 
developed in the site characteristics chapter that are 
deemed significant to the selection of design bases for 
the ISFSI. For each factor, identify if it was newly 
developed in the ISFSl SAR, or if it 01as referenced from 
a docUllent previously subnitted to the NRC. If it is 
referenced, provide the specific reference, its date ~nd 
revision, and the applicable page nurrbers. 

QUESTION 2.1.1< 16 >: SAR Section 3.1.1, "Materials to be 
Stored," should be expanded to include the allowable 
limits on all pertinent characteristics of the spent fuel 
that can affect the design ard operation of any p:lrtion 
of the ISFSI system. An allowable limit should be in 
terms of maximun, miniiiUm, or a range of values, as 
appropriate and not an average or typical value. These 
limits provide the basis for assessing the compatibility 
of the ISFSI system with the spent fuel to be stored. 
Confirmatory analyses and performance requirements of the 
design ard operation of the ISFSI system and its com· 
ponents will be required to envelope these limits. It is 
expected that most of these limits will be included in 
the limiting conditions for operation of the ISFSI and as 
such should be readily verifiable. 

NOTE: If no limit is identified for a pertinent char~c· 
teristic, then it will be assumed that the design and 
operation of the ISFSI lo'ill accOITIIlodate all possible. 
values of that particular characteristic. For e~afll)le, 

Section 10.1.1.1, "Fuel to be Stored at ISFSI," states 
"The fuel shall be stored IJlconsolidated and shall not be 
extensively damaged." It further identifies damage 

• 

TABLE D.L (contd) 

Responses (a, b) 

RESPONSE: Table 1.5.1, "BQ~ Characteristics 
SIJllllary," 1n the. response ) provides a SIJllllary 
of the mjor site characteristics established for 
the ISFSI. As indicated in the table, the majority 
for the values that are cited in the ISFSI SAR are 
identical to those developed and documented for the 
Surry Power Station. Differences are explained as 
appropriate. 

The information provided in Table 1.5.1 is included 
in Section 2.7 of the ISFSI SAR. 

Table 2.7·1, "Site Characteristics Sunmary," of the 
ISFSJ SAR has ~32~ added to include the response to 
th1s question. l 

RESPONSE: VEPCO has identified the following 
pertinent characteristics that can affect the 
design and operation of the ISFSI: 

a. Initial Fuel Enrichment 

b. Fuel Burnup 

c. Heat Generation 

d. Spent Fuel Physical Configuration/Condition 

The allowable limits for each of these 
characteristics are discussed below. 

Initial Fucl Enrichment 

The initial fuel enrichment of any fuel that is 
stored in the ISFSI will be limited to a maXillUTI of 
3.5 weight percent U·235. VEPCO has conservatively 
specified that the cask must be analyzed for 
3.7 weight percent U-235. 

. ' . 

Collfllent:>(a,b) 

See subnittals. (306,325) Q ~nd 
R pertain to SAR Section 2.0, 
"The Site Ch•1racteristics." 

See subnittals.<3l0,325J Q and 
R pertain to SAR Sections 3.0, 
"Principal Oesign Criteria," ard 
10.0, "Operating Controls and 
Limits." 

• • • 
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QuestionsjRequests(a,b) 

OUEST! ON 2.1.1: (contd) 

relative to maintaining cooling geometry and the ability 
to insert and remove the fuel from the storage cask. 
There is no mention of the initial fuel pin cLldding 
integrity relative to its function as the primary con
finement barrier to the release of radioactive material. 
Therefore, if that is the intention, a substitute b.:Jrr1cr 
for the fuel pin cladding ~o~ould have to be provided 1n 

the lSFSI system. 

QUESTION 2.1.z< 16J: For each pertinent character1stic 
identified in SAR Section 2.1.1, "Site Location," provide 
the method by ~ich the characteristic 10\ll be verified. 

NOTE: A verification method need not directly measure a 
pertinent characteristic. Another characteristic, more 
amenable to verification, could be used to assure the 
existence of the pertinent characteristic. Also aver
ification method can accorrmod~te more than one pertinent 
characteristic. 

• • • • 

TABLE 0.1. (contd) 

Responses (a' b) 

RESPONSE: (contd) 

fuel Burnup 

The burnup of any fuel that is stored in the !SFS! 
~o~ill be limited to a maxirwm of 35,000 MWd/MTU. 

lj_c~t Generation 

The heat generation rate by an individual fuel 
assembly is dependent on three factors: The 
initial fuel enrichment, the fuel burnup, and the 
amount of decay time after discharge. VEPCO has 
used 1 k!J (maxinvm) per fuel asserrbly as the design 
criteria" for the cask analyses and has required 
that the cask be analyzed to sh01o1 that the fuel 
temperature ~o~ill be less than 380'C. For the first 
casks placed in the ISFSI, VEPCO ~o~ill limit the 
heat generation rate to 0.7 k!J per fuel assembly. 

Spent Fuel Physical Configuration/Condition 

Only spent fuel irradiated at the Surry Po~o~er 
Station Unit Nos. 1 and 2 with the physical con
figuration as listed in items 1, 2, and 3 of SAR 
Table 3.1-1 ~o~ill be stored in the ISFS!. The fuel 
stored shall be intact (unconsolidated), shall be 
unfai led (no known cladding defects) and shall not 
have visible physical danage which ~o~ould inhibit 
insertion or removal from the cask fuel basket. 

surry !SFSI SAR Section 3.1, "Purpose of lnstalla· 
tion," and 10.1, "Technical Specifications," have 
been revised to reflect the response to this 
question. 

RESPONSE; In response to Question 2.1.1 the fol
lowing pertinent fuel characteristics that can 
affect the design and operation of the !SFSI ~o~ere 

discussed; a.) initial fuel enrichment; b.) fuel 
burrM.Jp; c.) heat generation, and d.) spent fuel 
physical configuration/condition. The method of 
verification for each of these characteristics is 
discussed below. 

• 

CorTlllents(a,b) 

See subllittals.<310,325) a and 
R pertain to SAR Sections 9.0, 
"Conduct of Operations," and 
10.0, "Operating Controls and 
Limits." 
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Clues t i on§LReque~ts (a, b) 

Question 2.1.2: (contd) 

• • 

TABLE D.!. (contd) 

Responses(a,b) 

Initial Fuel Enrichment and Fuel Burnup 

Fuel management records shall b~ utilized to verify 
that the initial fuel enrichment and fuel burnup 
are within the limits discussed in the response to 
Question 2.1.1. Each fuel assel!bly is engraved 
with a unique identification nurrber (based on 
ANSI/ANS 57.8) and a vendor identification, which 
is unique to the site for which the fuel asserrblies 
were fabricated. This will allow visual confirma· 
tion of the identity of the fuel asserrblies placed 
in the cask. 

Heat Generation 

The heat generation rate of a fuel assembly is 
based on three factors: initial fuel enrichment, 
burnup, ard cooling time after discharge. Fuel 
management records wiLl be used to obtain these 
three factors and an NRC approyed code such as 
ORIGEN ~o.~ill be utilized to ensure that the heat 
generation is less than 0.75 k\0 per asserrbly. 

Spent Fuel Physical Configuration/Coodition 

Fuel management records will be reYiewed to ensure 
that the assenbl ies to be put in the cask have not 
been preYiously identified as being failed fuel 
(\eakers}. The fuel assenill ies shall also be 
visually inspected (e.g., using teleYision cameras) 
for physical damage which could potentially cause 
problems during insertion and/or removal from the 
storage cask. 

Surry ISFSI SAR Sections 9.1, "Organizational 
Structure," and 10.1, "Technical Specifications." 
have been revised to reflect the response to this 
question . 

~ .. 
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Coments(a,bl 

• ' 



0 

~ 

w 

• ' ' ' 

Questions/Requests (a, bl 

QUESTION 3.1.1(l 6 l; El~borate on SAR Table 3.3-1, 
"Design Criteria for Dry Sealed Surface Storage Casb," 
by providing the design criteria and performance spe
cifications to be imposed on cask designers and sup
pliers. The following paragraphs present e~tamples of 
topics that should be addressed as an indication of the 
breath of coverage needed. They should not be considered 
as a comprehensive listing of cask design requirements, 
nor should any exarJl)le requirements be considered as 
mandatory for the Surry ISFSt system. The discussion of 
each topic should include the basis for any requirement. 

Spent Fuel Storage Envirorunent: Identify the requirC'd 
storage envirorment for the spent fuel inside the cask 
and the range of external conditions urder Ojhich the 
envirorrnent JllJSt be maintained. This could include the 
folloOjing characteristics: maxirrum cladding temperature; 
cask internal pressure; storage at/llOsphere and its alloOj· 
able impurities (e.g., moisture); corrosion protection; 
and fuel element spacing, support and protectim. 

Physical Constraints: These are the limits placed on 
the physical characteristics of the cask due to pre· 
established JSFSI interfaces: size limits due to at· 
reactor hardling and decontamination facilities; weight 
limits due to at-reactor crane constraints ard design 
parameters of onsite transporter, roadOjays, storage pad 
and placement crane; ard cask appendages required to 
match any existing cask hardling; mnitoring, and 
servicing hardware ard subsystems. 

Material Considerations: In order to assure material 
compatibility with its use and environment, consider the 
folloOjfng topics: limits on degradation due to radiation 
damage, weathering, and temperature extremes; corrosion 
resistance and compatibility with fuel element materials; 
and qualification of uncoded materials. 

Mechanical Requirements: These following features are 
required for the proper operation of the casks: support 
structure design constraints to preclude spent fuel load· 
ing damage, to control criticality, and to assure post· 
storage and recovery operation fuel element re/llOval; cask 
apperdages required to interface with cask handling, mon
itoring, servicing, closure, testing, onsite transport, 
and placement hardware ard subsystem design; ard cask lid 
closure and sealing requirements to control releases. 

' " 

TABLL!Ll. (contd) 

f!_~~_Qonses (a' b) 

RESPONSE:· The Information requested by this 
question ~-s contained in the GNSI Topical 
Report. (e 

' • 

Colllllents(a,b) 

See suOOn ttal. C3ZS) a arxJ R 
pertain to SAR Section 3.0, 
"Principal Design Criteria." 
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Quest i oos/Reques ts (a' b) 

QUESTION 3.1. 1: (contd) 

Structural ReQUlrements: The follo10ing requirements 
identify the forces the cask must t.e able to resist: 

a) Identify all individual site ard system related 
enviror111ental and operational loads to be considered 
in the cask's structural analysis. {These loads 
should be quantified, or identified in such a manner 
that they can be readily quantified by the cask 
designer.) 

b) Specify the required variance for each toad to be 
considered in the structural analysis. 

c) For each different operational or environmental 
condition to be analyzed, provide the ilppl icable 
coobined loading equations ~o~ith the site and system 
defined loads inserted. 

d) List operational and environmental conditions not 
considered in the loading equations and the ISFSI 
design feature that precludes their consideration. 
(For exalll=lle: "Impact loads due to casks overturning 
during the design earthquake are not considered. The 
casks are placed on a Seismic Category 1 concrete 
pad, and the following analysis shows that casks of a 
L/D ratio of less than 4 to 1 will not tip over duel 
to the motion of the concrete pad during by the 
design earthquake. All cask havmg a L/0 ratio in 
excess of 4 to 1 will be anchored to the concrete p<ld 
to prevent overturning due to the design earthquake." 
The mentioned analysis is then presented. ) 

e) Specify and special structural code requirements. 

Thermal Characteristics: ThermaL performance specifica· 
tion for individual casks may include: amount of heat to 
be used dissipated to the atmosphere under Limiting oper
ational and envirorrnental conditions; the required heat 
capacity available to accoomOOate therrr.al fluctuations 
beyond the l imlting conditions, during transient opera· 
tional modes, and for accident recovery operations; and 
allowable peak temperatures within the cask. 

Nuclear and Radiological Characteristics: Provide the 
limiting specification for: neutron and gamn.; shield 
req.Jirements based on ALARA studies for all operational 
modes; allowable leak rates for gaseous and p<Jrticulate 
material; and criticality considerations. 

Special features: Provide the requirements for special 
features associated with the cask. These could include: 

• • 

TABLE 0.1. (contd) 

Respon~es (a, bJ Co~ment~(a,b) 

~ .. 
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Que>st i ons/Regues ts ('I' b) 

QUESTION 3.1.1: (contd) 

cask atmosphere purg 1 ng appendages; m:m 1 tori ng 1 nstru
rnentation for stored spent fuel condition, cask internal 
atmosphere, <~nd cask condition; ~•1terial accountability 
seals; decontamination and recovery fei'ltures; and 
lightning protection. 

QUESTION 3.1.2<1 6 >: The various design criteria Lind per
formance specification identified in response to Question 
3.1.1 will be reflected in actual design ard 1r1anufacture 
of the storage casks. For each requirement identified in 
the response to Question 3.1.1, specify the actions that 
VEPCO will take to assure that the requ1 rement is proper
ly executed by the cask supplier. These actions could 
include: specific quality control requirements in a 
quality a~sursnce program, code usage and stamping, anal
ytical verifications, acceptance tests, and prototype 
testing. Keep in mird that a performance characteristic 
or a design requirement need not be verified directly, it 
can be verified by qualifying a rel~ted char~cteristic or 
feature that is a good indicator for the bJsic 
requi rernent. 

QUESTION 3.2.1C 16 l: Provide J dct;:.iled analysis of the 
stresses in stored spent fuel elements due to the forces 
caused by a cask. tip-over during the design earthquake. 
This analysis should include the basis for all assUilp
tions and the factor of safety between the resultant 
stresses and the threshold stress for fuel damage. The 
verifiable post-reactor condition of the fuel should be 
quantified. That is, what allo>~ance is made for the dif
ference in sti"l.!Ctural integrity bet>~een irradiated ard 

••• 

TABLE 0 .1. (contd) 

Responses(a,b) 

RESPONSE; The Dry Spent Fuel Stor·age Casks are 
categorized as Category J equipment. As such the 
VEPCO Nuclear Power Station Quality Assurance 
Manual (NASQAMJ delineates the requirements for the 
engineering, procurement, fabrication, and inspec
tion of this equiFl"ent. The procurement documents 
(specifications, requisitions, etc.) are reviewed 
technically prior to use to ensure that the proper 
criteria have been specified. During the cask 
design phase, vendor information (dra>~ings, speci
fications, procedures, etc.) are reviewed to ensure 
ccmpliance with VEPCO's technical requirements. 
During the fabrication, VEPCO' s Shop Inspectors 
(Quality Assurance) >~ill visit the vendor's shop to 
ensure corrpliance >~ith VEPCO's requirements and to 
witness parts of the cask. fabrication and testing. 
Until VEPCO is satisfied that the cask meets our 
technical requirements the vendor may not ship the 
cask to VEPCO. 

This same system has been used successful! y by 
VEPCO since Surry Units Nos. 1 and 2 >~ere licensed 
to purchase nuclear grade crrnponents and is des
cribed in both VEPCO's Quality Assurance Program 
Topical Report VEP·1·4A and the VEPCO Nuclear PO>~er 
Station Quality Assurance Manual. 

Surry JSFSI SAR Sectim 11.1, "Quality Assurance 
ProgrMI Description-Virginia Power," has been 
revised to reflect the response to this question. 

RESPONSE: See response to Question 1 . 4. 1 , abov.c. 

• • 

Colllnent s (a' b) 

See subnlttals.C17,325) Q and R 
pertain to SAR Section 11.0, 
"Quality Assurance." 

See subnittals.<1 7 ,325 J a and R 
pertains to SAR Section 2.6, 
"Geology anc:l Seismology." 
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Ouest i ons/Reg_ue5 ts (a' b) 

OUESTIOfl 3.2.1: (contd) 

unirradiated fuel. How is this difference verified in 
terms of accepting individual spent fuel ele~nts for 
storage in a cask. 

QUESTlO~ 3.2.2(1 6>: ln lieu of r·esponding to Ouestioo 
3.2.1, or if the resultant factor of safety identified 
from the analysis is too lo~o~; the concrete storage pad 
can be upgraded to a Seismic Category 1 item. lf this is 
done, provide an appropriate structural analysis of the 
concrete slab and its supporting soil. 

QUESTJOfl 3.3.1< 16 >: What are the physical devices used 
on the handling equipnent to l imlt irtllact loads during 
normal ancl oft-normal operating conditions' 

• • • 

TABLE D.l. (contd) 

Responses(a,b) 

RESPONSE: See response to Ouestlon 1.4.1, above. 

RESPONSE: The casks are designed to ~o~ithstand 
potential conditions experienced during normal or 
off-normal handling as described in SAR Sec-
tion 3.3, "Safety Protection Systems," and 5.2, 
"fuel Handling Systems." Operating procedures, 
where necessary, will ensure that the casks are 
handled within these limits. The transporter 
eq..tipment utilized in the handling of casks will be 
selected based on adequacy for the operations to be 
performed, and will be verified in writing to be in 
carpliance with all applicable codes, and stan
dards, prior to cask handling operations. This 
will be established by prior Engineering revie~o~ of 
the entire movement and dOCUilented in formal proce
dures. Adeq._Jate supervision, engineering and 
health physics coverage ~o~ill be provided to ensure 
that the equipnent is used properly and that pre
written operating procedures are followed. These 
procedures will include: 

1. Location and stable position on the 
transporter (nurber, type, location and 
strength requirements of attachments). 

2. MaxiriUll speed of the transporter. 
3. Required plant support groups to be present 

during the move. 
4. Organization chart of responsible parties. 
5. Defined haul path. 
6. Allowable environnent limits (high 10ind etc.) 
7. MaKirrun height above surface(s) 10hich may be 

employed during all cask motions. 
8. Reference to proper positioning, lowering, ard 

leveling procedures through load release. 
9. Check lists required for all milestone points 

throughout move . 

' • 

Collments (a, b) 

See sub-nittals_C17,32S) Q and R 

pertain to SAR Section 2.6, 
"Geology ard Seismology." 

See sutmittals. <306- 325> Q and 
R pertain to SAR Section 5.0, 
"Operations Systems." 
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aues t 1 ons;Reques ts (a' b) 

QUEST I ON 3 • .'i. 1 : ( contdJ 

QUESTION 3.3.2(lbJ, \./hat are the p'lysical devices used 
to prevent lifts in excess of these specified for 
handling equipment. 

QUESTION 3.3.3(lb): Provide the detailS of 
requalification activity for the cask and spent fuel 
follo10ing an off-normal hardling accident. 

• • •• • 

TABLE D.l. (contd) 

Resgonses (a, bJ 

RESPONSE: (contd) 

10. An emergency list of requirements for a 
dropped cask 10ill be developed. 

These 10oold be applicable for movement from the 
plant to the ISFSI, for movements of cask(s) within 
the ISFSI, or return trips from the !SFSI to the 
plant. During transport, it is not envisioned 
necessary but ~o~ould be acceptable to stop the 
transporter and/or rest the cask on the ground for 
a short time (e.g., a day>. These contingencies 
ard associated actions such as terllJorary security, 
health physic coverage, cleaning etc., will be 
included in the procedures. 

Therefore, no physical dev1ces are requ1red tor the 
handling equip11ent to limit irrpact loads or lifts. 

The response to this question has been incorporated 
into Surr3

2
5SFSI SAR Section 5.2, "Fuel Hand! ing 

System."( ) 

The response to Question 3.3.2 is 
in the response to Question 3.3.1, above. 

The resp:mse to this question has been incorporated 
into Surry ISFSI SAR Section 5.2, "Fuel Handling 
Systems." 

RESPONSE: The off-normal handlmg accident has 
been evaluated and is described in the GNSI Topical 
Report. The analysis shows that there will be no 
damage to the cask body ard basket integrity. 

If an off-normal handling accident were to occur, 
the following steps will be taken: 

1. Health Physics personnel will perform 
radiation surveys of the cask. 

2. A visual inspection of the ca5k body will be 
performed with particular attention to the 
area of the lifting trunion. The tr1.1r1ion will 
be removed ard repl<1ced if required. 

3. The cask will be moved to the Surry Po~o~er Sta· 
t ion decontamination bui ldi ng where the secon· 
dary ard primary lids wi ll be leak tested. 

• 

Co11ments(a,b) 

See subnittals. C306 ,325) o and 
R pcrt<1in to SAR Section 5.0, 
"Operations System." 

See sub1littat.C 3ZS) a ard R 
pertain to SAR Section 8.2, 
"Accidents." 



auestions/R~e~ts(~.bl 

QUESTION 3.3.3: (contd) 

TABLE D. I. (contd) 

Response:;Ca,bJ 

RESPONSE: (contd) 

4. After the secondary lid is removed, a gas 
sarrple will be obtained from the interior of 
the cask body to check for an unusual amount 
of Kr-85. 

5. If there is no primary lid seal damage ard no 
Kr-85 prese!lt at a level indicating fuel 
failure, the cask lo'ill be rescaled us1ng 
normal procedures and moved back to the \SfSI 
arK! placed on the storage pad. 

6. If it is determined that the fuel rrust be 
re100ved from the cask, the interior of the 
cask will be Hooded and then the water in the 
interior will be sampled prior to placing in 
the pool. If the water sarrple sho1.1s unaccept
able levels the water will be drained and 

0 processed as radwaste. The cask will then be 
N reflooded and resarrpled prior to removing the 
CO lid to prevent uncontrolLed releases of 

contamination to the fuel pool o.~ater. 

• • • 

7. The cask o.~ill then be moved into tht! fuel 
pool; the primary lid and tht! fuel will be 
removed. 

8. If the fuel o.~as removed due to the detection 
of potential fuel damage, the fuel will be 
inspected and any fuel assemblies containing 
rods o.~ith cladding damage will be identified 
as being damaged and these assemblies o.~ill 

be stored in the fuel pool. 

9. If the fuel was removed due to seal dan~<~ge, 

the cask will be removed from the pool and 
repaired prior to further· usc. 

10. The cask will then be reloaded o.~ith fuel using 
normal procedures and o.~i ll be moved back to 
the ISFSI and placed on the storage pad. 

JSFSI SAR Section 8.2.10, "Cask Drops," has been 
revised to reflect the response to this question . 

• • • 

Conments(a,b) 
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• • • 

Oucs t i onsjR.:;quc~ ts (J' b) 

OUESTIO~ 4.1.1E(l6J, What "~s the neutron spectrum and 
flux·to-dose response used to estimate the neutron sur
face dose r~te ;:,rd dosC> ver·sus distance (ER figure 3.5-2, 
"Dose Rate from One Cask of 5-Year·Dld Spent Fuel Versus 
Distance," and ER Figure 3.5-3, "Normalized Surface Dose 
Rate on Cask Versus Age of Spront Fuel") for a cask? 

• •• • 

TABLE 0.1. (contd) 

ResQonses l a, bl 

RESPONSE: Design criteria for· the Sealed Surface 
Storage C<>sks (SSSCs) limit the surface doses to 
100 mrem per hour neutron ard 20 mrem per hour 
garrma. Neutron and gamna dose rates, nor111alized to 
these design surface dose rates, versus distance 
from the cask 01ere provided in ER Figures 3.5-1 and 
3.5-2 (SAR Figures 7.3-3 and 7.3·4), "Dose Rate 
from One Cask of Five-rear-Old Spent Fuel Versus 
Distance [0 to 140 ftl" ard "Dose Rate fr-om one 
Cask of Five-Year-Old Spent fuel Versus Distance [0 

to 700 ftl", respectively, for S·year old fuel. 
The neutron source assumed ~i thin the ssscs was 
provided in ER Table 3.5·2 (SAR Table 7.2·1), 
"Average Neutron Source for· Westinghouse 15x15 
Fuel." 

The above referenced figure~ have been revised (see 
attachment) to reflect dose rate analyses for a 
GNSI CASTOR V cask. The dose rate versus distance 
curves for the neutron transporf were generated 
using a series of adjoint ANISN x) calculations in 
an infinite air medium. Thr. adjoint fluxes from 
these calculations 10ere folded 10ith the flux leak
age spectra which wre calculated based on data 
supplied by GNSJ_(y The neutron leakage spectra, 
which is based on a burnup of 35, 000 MLJd/MTU 10i th 
an initial enrichment of 3.7 10t% uranium-235, is 
representative of fuel disch~rged from the Surry 
Power Station and 10as used to calculate the dose 
rates shown in ER Figures 3.5-1 ard 3.5-2. 

For the gwma-ray transport, sirrple point-kernel 
calculations using infinite-medium dose rate b..Jild
up factors in dry air ~ere performed. The garnna 
photon point source was al~o constructed fr= the 
photon leakage spectra calculated based on data 
provided by the GNSI. The flux-to-dose response 
functions used in th~ ~nalyses were taken from 
ANSI/ANS-6. 1. 1-19n. {Z) 

The results for the total dose rates (neutron plus 
ganma) are presented in the attached newER Fig· 
ure 3.5-4 (SAR Figure 7.3-5), "Total Dose Rate from 
84 GNS Casks Versus Distance [0 to 9000 ftl." 
These dose rates asslJI'I"IC a full 84-cask config
uration, adjusted for decay. 

' • 

Corrments(a,b) 

See sut:mittals_(309,325) Q and 
R pertain to SAR Section 7.0, 
"Radiation Protection," and ER 
Section 3.0, "The Facility." 
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. (a b) 
__________ Duest},9_[1S/R<:>guests ' 

DUESTI0'-1 4.1.4(16): How will verdors dem:mstrate 
corrpl i ance with the cask surface dose rate criteria? 
What other comp..Jter codes or calculational techniques 
will be acceptable to VEPCO to demonstrate compliance? 
>Jhat are the key input parameters needed to demonstrate 
cou-pl i ance'> 

OUESTION 4.2.1E(l 6 J: Section 7.3.2, "Shielding," of the 
SAR says, "Except during cask placement and scheduled 
surveillance the JSFSl will not be norlllillly occupied." 
>!hat about operations at the LUJSF collocated 10ith the 
ISFSJ? No occupational exposure from the ISFSI to 
workers involved in operations at the LL\.ISF have been 
provided. Provide estimated occupational exposures to 
~o~orkers at the LLWSF from the !SFSI and the basis for 
your calculations. 

• •• • 

TABLE 0.1. (contd) 

RcsQonses(a,b) 

RESPONSE: Section 3.3.5, "Radiological Protec· 
tion," and Section 7, "~adi~tion Protection," of 
the GNSI Topical Report e,y provide a detailed 
discussion of the standard computer codes and 
calculational techniques used in determining the 
GNSI cask surface dose rates. The calculated cask 
surface dose rates of 13.9 mrem per hour (neutron) 
arx:l 16.5 mrem per hour (gallllla) comply 10ith the 
surface dose rate criteria established in ER Sec· 
tion 3.5, "Radoiaste Systems and Source Terms," and 
SAR Section 3.3.5, "Radiological Protection." The 
use of standard, industry-accepted crnrputer codes 
is acceptable to Virginia Po10er for demonstrating 
compliance of the SSSCs \.lith the design criteria 
for surface dose rate provided in ER Section 3.5, 
"Radwaste Systems and Source Terms." The SSSC 
vendors have been provided with \Jestinghouse source 
data for use in their COITlfXJter analyses. The key 
input data to be used in the calculations are the 
spent fuel design information (source term data) 
and the cask design information. \Jest i nghouse 
source data, representative of the fuel to be 
stored in the ssscs, have been uti l i zed in the 
shielding calculations. 

RESPONSE: The dose rates at the LLWSF from the 
ISfSI are time dependent since an average of four 
casks per year are expected to be placed on the 
storage pads and the stored fuel decays as a tunc· 
tion of the storage period. The highest dose rate 
from the ISFSI will occur after all the casks have 
been placed. 

To estimate the additional occupational exposure 
which may be received by workers at the LLWSF, 
several assUilpt ions were made, toll owing: 

All 84 casks are located 145 feet fran the 
LLWSF. (The average distance between the casks 
and the LLWSF is approximately 145 feet). 

Credit was taken for the decay of the cask 
surface dose rates which, for 5-year·old fuel, 
have been calculated by GNSI to be 13.9 mrem per 
hour (neutron) and 16.5 mrem per hour (garrma) at 
the time of cask placement. Refer to 
Table 3.3-9, "CASTOR V/21 Dose Rates Versus 
Distancf fO to 2.0 meters]" of the GNSI topical 
report. Y 

• • 

(a,b) 
Corrments 

See submittals_C306,309,325) a 
R pertain to SAR Section 3.3, 
"Safety Protection Systems," and 
ER Section 3.0, "The Facility." 

See submittals.< 309 •325 > a and 
R pertain to SAR section 7.0, 
"Radiation Protection," and ER 
Section 4. 0, "Envi rormenta l 
Effects of Site Preparation and 
Facility Construction." 
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Ouest i ons/Re_q_uests {a' b) 

QUES!_!ON 4.0L_<contdl 

QUESTION 4.2./ 16 >: Provide an ALARA justification for 
collocating the LL~SF and the ISFS!. 

' • • 

TABLE O.l. (contd) 

Response~(a,b) 

RESPONSE: (contd) 

Credit ~a~ taken for air attenuation of the 
neutron and garrrna dose rates as discussed in 
the response to Ouestion 4.1.1E (above) 

No credit w<Js taken for the shielding effect of 
ooe cask behind another. 

The mart1ours norrn<Jlly spent at the LL\JSF were 
estimated, based on historical data, to be 
approximately 2160 manhours per year. This 
estimate includes the total ~aunt of time spent 
by workers at the LLWSF delivering and preparing 
waste for shipment. 

No credit \Oas taken for the shielding afforded 
by the LLUSF building. 

Based on the above, the total annual occupatiot1al 
exposure received at the LU.ISF due to the tSFSI >jaS 
calculated to be 8.9 man· rem (neutron) and 0.9 man· 
rem (garrma) for a total of 9.8 man· rem. 

for addi t 1 anal information on occupational exposure 
resulting from the J SFS I , see the response to 
Question 4.4.2E (belo>j). 

The response to this question has been incorporated 
into Surry ISFSI SAR Section 7.4, "Estimated Onsite 
Collective Oose Assessmeot," and ER Section 4.4, 
"Radioactivity." 

RESPO~SE: The ALARA justification for collocating 
the LL\JSF ard the ISFSI is based on the following 
cons ide rations: 

The ISFS! and LL\JSF are centrally located within 
the Surry site bourdary, thus minimizing offsite 
exposures. 

The centralized location of the ISFSI and the 
LL\JSF is of sufficient distance from the Surry 
Power Station such that the increased dose to 
Surry Station p.!rsonnel is not significant. The 
anrual occupational exposure to Surry site 
p<>r<;onnPI fr001 the completely filled ISFSJ is 
only 1.5 man·rem compared wit~ 1490 man-rem from 
normal Surry Plant operation. aa) This increase 

; .... • 

(a,b) 
Corrments 

See submittals_(309,325) Q and 
R pertain to SAR Section 7.0, 
"Radiation Protection. " 

• > 
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Ouestions;Requests(a,bl 

QUESTION 4.2.2: (contd) 

QUESTION 4.2.3E< 16 >: Section 7.3.2.2, "Dose Rate Versus 
Distance," of the SAR indicates that the dose rate 
analysis at the restricted area fence does not include 
the contrit:ution from the LLI-ISF. Revise Table 4.4-1, 
"Dose Rates Along Fence During JSFSI Operation," of the 
ER ard Table 7.3-1, "Dose Rates Along Fence During ISFSI 
Operat1on," of the SARto include the contribution from 
the LU./Sf. 

• -

TABLE 0.1. (contd) 

Responses (a, b) 

RESPONSE: (contd) 

exposure to Surry Station personnel is less than 
one-tenth ot one percent. 

The LLWSF is a file i l i ty that has limited 
occupancy, and, as such, represents a low 
exposure potential for personnel. In addition, 
the dose rates to >~orkers from sources !Oithin 
the LLI<SF are rruch greater than those that will 
result from !SFS! operations. 

A proven heavy load route has been built past 
the LLI<Sf and a perimeter fence has already been 
built. Both of these are also needed for the 
lSFSI. 

The response to this question has been incorporated 
into Surry !SFSI SAR Section 7.1, "Ensuring that 
occupationJl Radiation Exposuref ~Sj As Lo10 As Is 
Reasonably Achievable (ALARA)." 3 

RESPONSE: ER Table 4.4-1, "Dose Rates Along Fence 
During tSfSt Operation," and SAR Table. 7.3-1, "Dose 
Rates Along Fence During ISFSt Operation," 
Jttached, have been revised to include the maxirrum 
dose rate contribution tram the LLIJSF (0.6 mrem per 
hour at the !SFSI restricted area fence). This is 
conservative since the contribution to the dose 
rate from the LL\JSF is deperdent 011 the extent to 
10hich the LLI<SF is used ard will be generally less 
than this design maxirrum value. The revised tables 
also report the dose rates from the !SFSI based on 
the cask surface dosf )ates in Section 3.3 of the 
GNSI topical report. Y 

As shown in the revised tables, even with the 
ma~imun dose rate contribution from the LL\JSF, the 
restricted area l imft ot 2 mre;n per hour (10 CFR 
20.105) will not be e~ceeded at any time during 
!SFSI operation. \Jith the GNSI casks, the proposed 
e~tension of the fence as sho10n in ER Figure 4.4-1 
ard SAR Figure 7.3-1 would not be necessary. 

Applicable portions of the above infom1ation will 
be included in SAR Section 7.3.2 "~hielding," and 
ER Section 4.4, "Radioactivity ... ( 30 ) SAR Section 
7.3.2.2, "Dose Rate Versus Distance, 10ill also be 

• • • 

Cooments(a,b) 

See subnittals. ( 309 ,325) q and 
R pertain to SAR Section 7.0, 
"Radiation Protection," and ER 
Section 4.0, "Envirormental 
Effects of Site Preparation and 
Facility Construction." 
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Quest i ons{Requests (a' bl 

QUESTION 4.2.3E: (contd) 

QUESTION 4.2.4E(l6); In Section 7.4, "Estimated Onsite 
Collective Dose Assessment," of the SAR, no total col lee· 
tive occupational dose is provided. How many workers at 
the Surry Power Station will receive the additional 56 
mrem yr I rom the ISFSI? What is the additional occupa· 
tiona\ dose to workers at the LLWSF from the !SFSI: What 
are the bases for the dose rate estimate used in SAR 
Tables 7.4·1, 7.4-2 and 7.4-3 (ER Tables 4.4·2, 4.4-3 and 
4. 4· 4), 10h i ch are "Occupational Exposures for Cask load· 
ing, Transport, and E~lacement (One Time Exposure)," 
"Surry ISFSI Maintenance Operations," and "Occupational 
Exp:~sures lrom Construction," respectively. 

ln SAR Table 7.4·3 (ER Table 4.4-4), 10hat is the 
occupational dose OOe to excavation and cons true t ion? 
Provide a total collective occ~..pational dose for !SFSI 
operations and assess how it affects the collective 
occupational dose at the Surry Power Station. 

• • • 

TABLE 0.1. (contd) 

Responses (a' b) 

RESPONSE: (contd) 

corrected to reference the o.~ mrem Pf3o$~ur design 
max1mun LLWSF dose rate contr1but1on. 

Surry lSFSI SAR Section 7.3, "Radiati0f1 Protection 
Design Features," and ER Section 4.4, "Radioac· 
tivity," have been revi32g to include the contri· 
bution from the LLWSF. l 

RESPONSE: The additional exposure to 10orkers at 
the Surry Power Station {SPS) from ISFSI operations 
has been estimated as described below. All workers 
at the Surry Power Station in offices, non· shielded 
buildings, or in the plant yard 10ere considered in 
the occupational dose calculation. This population 
includes a normal work: force of utility ard con
tractor persomel as well as the increased staffing 
required during outages. As a boi.J'"lding estimate, 
the total nunber of workers assUlled was 600, spend
ing a total of 1,248,000 manhours per year in the 
SPS yard area and offices. 

Based on calculations performed in response to 
Question 4.1.1E (above), the dose rates from the 
ISFSI to the yard location 2100 feet a10ay are 1.1E· 
3 mrem per hour (neutron) and 1. lE-4 mrem per hour 
(gaiiiDa). The collective anr~..~al exposure for sta· 
tion workers due to the ISFSI is therefore calcu· 
lated to be 1.37 man· rem (neutron) and 0.137 man· 
rem (gaflllla). This results in an average annual 
e~posure per worker of 2.3E-3 man· rem (neutron) and 
0.23E-4 man· rem (gaiJIDa). 

SAR Table 7.4-1, "Occ~..pational Exp:Jsures for Cask 
loading, Transport, and EIJlllacement (Qne Time Expo· 
sure," and ER Table 4.4·2, "Occupational Exposures 
for Cask Loading, Transport, and Errplacement (One 
Time Exposure,'' attached, which list occupational 
exposures for cask loadl~BI) transport and eiJlllace
ment, have been revised ) to reflect the cask 
surface dose rates in Section 3.3, "Protection By 
Equipment and Instrunentafi~n Selection," of the 
GNSI cask topical report. Y The design surface 
dose rates of 13.9 mrem per hour (neutron) and 16.5 
mrem per hour (ganma) were utilized even though 
c!u,;nCJ ~~~\r ~r'!n~fPr irodividl~l~ otill be at least 
10 feet from the cask. During preparation for 
en-placement, individ..ials are close to the cask and 

• • 

Cooments(a,b) 

See subnittals. <309 -325 > Q and 
R pertain to SAR Section 7.0, 
"Radiation Protection," and ER 
Section 4.0, "Envi rom1ental 
Effects of Site Preparation and 
Facility Construction." 

• • • 
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Questions/Requests(J,b) 

QUESTION 4.2.4E: (contd) 

• •• " 

TABLE D.l. (contd) 

Response~(a,bl 

RESPONSE: (contdJ 

are iiSSUilcd to be exposed to the design cask sur
file~ dose rates and the dose rate contributions 
from two full storage pads and from the LL~SF. 
During final positioning, the individual is also 
assumed to receive dose rate contributions from the 
four newly placed casks. For these cases, neutron 
and giii'IYI"Ia rates are combined. 

SAR Table 7.4.2, "Surry lSFSt Maintenance Opera· 
tions (Annual Exposures) and ER Table 4.4-3, "Surry 
ISFSI Maintenance Operf!6$ns (Annual Exposures)," 
have also been revised ) to reflect the cask 
surface dose ra~e~ tabulated in the GNSI cask 
topical report. Y The dose rates in these tables 
were calculated assU1ling all storage pads 01ere 
filled 01ith casks. Neutron and g<mna dose rates 
01ere combined and the contribution from the LL~SF 
01as also considered. To estimate the dose rates 
for operability tests and calibration, the 
individual location 01as assuned to be at the 
control panel location at the perimeter fence 
entrance. Visual surveillance 01as based on a 
01alkdo01n of each of the three pads at a distance no 
closer than 2 meters to the casks. During 
instrl.lllent repairs, the worker 01as assumed to be 
positioned bet01een two ro"s of casks. The six 
surromding casks (all 01ithin 16 feet of the 
010rker) were the predominant dose contributors 
during repair work, but dose rates from the other 
pads and the LL~SF 01ere also considered. 

SAR Table 7. 3·4, "Occupational Exposures From 
Construction," and ER Table 4.4·4, "Occupational 
Exposurfl ~~om Construction," attached, have been 
revised D to include man-hours for excavation of 
each slab to reflect the new GNSI cask surface dose 
rates. These tables are based on constructing each 
slab in sequence as the previous slab becomes 
filled. Slab 1 considers the design maxiJTI.Jm dose 
rate from the LL~SF. Slab 2 considers the dose 
rate from the LL~Sf and the 28 casks on Slab 1. 
Slab 3 considers the dose rate from the LL~SF plus 
the dose rate from all of the casks on Slabs 1 and 
2. The manhours for excavation for each slab are 
2060. 

' • • • 

CoflJTlents(a,b) 
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Ouest i ons}Reques ts (a' b) 

OUESTIO" 4.2.4E; (contd) 

QUESTION 4.3.1E(l 6 l; SAR Section 7.6 is titled 
"Estimated Offsite Collective Dose Assessment," yet no 
collective offsite dose is evaluated. Only a ma11iJfLJm 
dose to an individual located at 1.53 miles is given. 
Figure 2.1·3, "Population Distrib.Jtion: 0·10 and 10-50 
Miles·1980," in the SAR indicates that 3 people reside 
10ithin the 0-1 mile annulus and 49 people in the 1·2 mile 
annulus of the Surry Po10er Station. E11plain the 
discrepancy about the location of the nearest individual 
and provide an offsite collective dose assessment. 

• 

TABLE 0.1. (contd) 

RESPONSE; (contd) 

(a, b) Respooses 

The collective occupational dose for !SFSI opera· 
tions is provided in new Table 7.4·4, "Annual Doses 
from ISFSI Operations," of the SAR and new 
Table 4.4-5, "Annual ~~~9~ from ISFSI Operations," 
of the ER (attached). The man-rem listed in 
these tables are the annual collective doses ldlich 
represent !Oorst-case neutron and garmm dose rate 
contributions from the total facility capacity of 
84 casks. As evidenced in these tables, the man
rem resulting from ISFSI operations would only be 
~ppro11imately 1.6 percent of the annual man-rem for 
operation of the S~rry Po10er Station Units 1 and 2 
without the ISFSI. aa 

The response to this question has been incorporated 
into Surry ISFSI SAR Section 7.4, "Estimated Onsite 
Collective Dose Assessment," and ER Section 4.4, 
"Radi oact ivi ty." 

RESPONSE: As shown in F1gure 1 of the response to 
Question 1. 1.5E (above), 48 permanent residents are 
located in the 0-2 mile annulus based on latest 
available data. The nearest permanent resident is 
located at 1.53 miles from the site. Figure 2.1-3 
of the SAR 10ill be replaced as described in the 
response to Question 1. 1.5E. 

Based on the dose rate versus distance calculations 
performed for the response to Question 4. 1. 1E and 
the asslnption that all of the residents in the 0·2 
mile annulus are located at the Sffile distance from 
the lSFSI as the nearest resident at 1.53 mites, 
the collective annual dose from ISFSI operatioos 
10ould be 9.6E-8 man-rem (neutron) and 2.5E-7 man
rem (garrma). The total collective offsite dose 
would be 3.5E-7 man-rem per year. These doses 
assune a total of 84 casks and are adjusted for 
decay. 

The rapid attenuatiDfl of neutron and garnna dose 
rates beyO(ld a 2-mile radius makes the contrib.Jtion 
to the total collective dose from more distant 
populations negligible. For further information on 
offsite doses from the ISFSI, see the response to 
Ouf'stion 4.3.3E (below) . 

~ .. ' 

Comnents(a,bl 

See suOO!ittals. C309 , 325 l Q and 
R pertain to SAR SectiO(l 7.0, 
"Radi~tion Protection," and ER 
Section 5.0, "Envirorrnental 
Effects of Facility Operation." 

' ' ' 
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Ouestions{Reguests(J,b) 

QUESTION 4.3.1E: (contd) 

QUESTION 4.3.2E(1 6 J: Relative to SAR Section /.6.1, 
"Effluent and Envirormental Monitoring Prograrn,'' the 
principle contributor to dose from the ISFSI ~ilL be 
neutrons, and the information about enviror.'Tlental 
monitoring does not provide enough inforrnation ~bout 
capabilities for measuring doses from neutrons around the 
restricted area fence. Describe the type, nlf!lber and 
locations of the TLD's to be placed around the ISFSI 
restricted area fence. 

QUESTION 4.3.3E{16 >: Relative to SAR SeCtion 7.6.2, 
"Analysis of Multiple Contribution," if the maxirrum dose 
to an individual from ISFSI operations ~ere added to the 
design objective doses specified in 10 CFR Part 50, 
Appendix I, for releases of radioactive rruterial from 
reactor operation, the limits of 10 CFR 72.67 and 40 CFR 
Part 190 could be exceeded. Considering the uncertainty 
in calculating the neutron dose rate at distcmces of 

• • • 

TABLE D.!. (contd} 

Responses (a' b) 

RESPONSE: (contd) 

Surry 
t ion: 
ood o 

!SFS! SAR Figure 2.1·3, "Population Distribu· 
0·10 and 10·50 Miles-1980," has been revised 

collective offsite dose has been calculated 
accordingly and is reported in revised SAR Section 
7.6, "Estimated Offsite Collective Dose Assess
ment," and ER Section 5.2, "Radiological Impact 
from Routine Operation." 

RESPONSE: As indicated in SAR Section 7.0, "Radia· 
tion Protection," portable neutron and ga11111a survey 
meters 01ill normally be used for cask surveillance 
operations. In addition, to provide a continual 
monitoring capability, at least two garrma·sensitive 
TLDs 01i ll be placed on each side of the JSFSJ 
controlled area fence. 

In order to assess the neutron dose from the !SFSI, 
a correlation bet01een measurements fr001 the par· 
table survey meters and the TLDs will be used. The 
neutron dose rate at the perimeter fence arourx:l the 
ISFSI will be measured using the neutron survey 
meters and will be corrpared to the gamna dose rate 
measured using the gamma survey meters. The inte
grated ga11111a dose recorded by the TLOs roounted on 
the controlled area fence can be used to estimate 
the integrated neutron dose by using the ratio of 
the ganma ard neutron dose rates measured in the 
s~ location by the portable survey meters. 

By using this basic procedure, the neutron dose to 
the environment from the !SFSI can be ret iably 
determined. 

The resp:mse to this question has been incorporated 
into Surry !SFS! SAR Section 7.6, "Estimated Off
site Collective Dose Assessment," and ER Section 
6.2, "Proposed Operational Monitoring Programs." 

RESPONSE; For the purpose of offsite exposure 
analyses, dose rat€:- versus distance calculations 
have been performed for the response to Question 
4.1.1E (above). These curves utilize the cask 
surface dose rates list~ in Table 3.3-6 of the 
GNSI cask topical report Y) ard also account for 
air attenuation of the neutron and ga11111a dose 
rates. Using these curves and asslllling a total 

• • 

Coaments(a,b) 

See sutrnittal~_(309,325) Q and 
R pertain to SAR Section 7.0, 
"Radiation Protection," and ER 
Section 6.0, "Effluent ard 
En vi romenta l Measurements and 
Moni taring Programs." 

See sutmittals.< 309,325) Q and 
R pertain to SAR Section 7.0, 
"Radiation Protection," and ER 
Section 5.0, "Envirormental 
Effects of Facility Operation." 
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. (a,b) 
Quest1onsjRequests 

QUESTION 4.3.3E: (contd) 

1.5 miles, and the difficulty of measuring such low doses 
fron neutrons; ho01 will you ensure that the dose to an 
individlal from JSFSt operations when corrbined ~o~ith doses 
frcm reactor operations does not exceed these I i mi ts? 
Provide your method of demonstrating, by calculation~L 
procedures based on roodels and dat.:~, th~t the actual dose 
of an individual from JSFSI operations when corrbined with 
the doses from Surry Power Station Units 1 ,md 2 and 
other Urani\.ITI fuel Cycle facilities does not e~ceed the 
25 mrem/yr t imit specified in 10 CFR 72.67 and 40 CFR 
Part 190. 

• • 

TABLE D.l. (contd) 

Responses (a, b) 

RESPONSE: (cootd) 

of B4 casks adjusted for decay as sho10n ~n Table 
3.3·9 of the GNSI cask topical report, (y the 
annual dose to the nearest permanent resident 
(1.53 miles a10ay) due to tSFSI operations would be 
2.0E·6 mrem from neutron and 5.3E·6 mrcm from ,_. 
To determine the radiological iiJllact of JSFSJ 
operations under the requirements of 10 CfR 72.67 
and 40 CFR 190, the additional dose rate contri· 
but ions from the LU.ISF and the Surry Power Station 
(SPS) Units 1 ard 2 have been considered. (Other 
radioactive site sources have a negligible impact 
on the offsite dose.) The annual dose to the 
nearest permanent resident from the LLIJSF would be 
4.4E-2 mrem based on the design maxirrun LLIJSF dose 
rate of 0.6 mrem per hour at the !SfSI controlled 
area fence. Using the wtlole-body dose guide( ines 
from 10 CfR 50 Appendix I, the maxiJIJ.lm annual dose 
to the nearest permanent resident from the Surry 
Power Station would be 3 mrem due to liquid 
effluents and 5 mrem due to gaseous effluents for 
each unit. Therefore, the maxirrun total annual 
dose to the nearest permanent resident 10ould be 
7.3E-6 mrem (ISFSI) + 4.4E·2 mrem (LLIJSF) + 16 mrem 
(SPS Units 1 & 2> = 16 mrem. 

It is concluded that the actual dose to the nearest 
permanent resident from !SfSl operations in canbl
nation with the maxirrun permissible dose fron the 
Surry Po10er Station ard other radioactive site 
sources does not exceed the 25 mrem per year limit 
specified in 10 CFR 72.67 and 40 CFR 190. The 
above calculation is conservative since the actual 
Surry Power Station effluent doses are below the 10 
CFR 50 Appendix I limits. This is shown in Appen· 
dix 11A to the Updated FSAR for SPS Units 1 and 2. 

The response to this question has been incorporated 
into Surry ISFSI SAR Section 7.6, "Estimated Off· 
site Collective Dose Assessment," and ER Section 
5.2, "Radiological Impact from Routine Operation." 

• • • 

CoiiJTients ( a' b) 
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Ot~es t i ons/Reguests (a' b) 

QUESTION 4.4.1< 16 >: The procedures for the decon,nission
ing of the !SfSJ should be addressed conceptue~lly for the 
purposes of demonstrating that it is a manageable task. 
To the extent possible, VEPCO should identify: specific 
levels of contamination and activation product.s expected 
at the end of useful cask life, the specific procedures 
anticipated for clean-up of the cask, and the expected 
disposition of the cask. 

• • 

TABLE D. l. (contd) 

Responses<ac,_bcl _________________ _ 

RESPONSE: As discussed 1n ER Section 5.8, "Decom
missioning and Dismantling," and SAR Section 9.6, 
"Decormlissioning," the dry cask design concept 
utilized at the Surry ISFSI features inherent ease 
and sirrplicity of decorrmissioning. At the end of 
the service lifetime for the JSFSJ, cas~ decorrrnis
sioning could be accorrp(ished by one of the folloo.~

ing options; 

1. The JSFSI cas~, including the spent fuel stored 
inside, could be shipped to a suitable fuel 
repository for permanent storage. Depending on 
licensing requirements el\isting at the time of 
shipnent offsite, placen~ent of the entire JSFSI 
cas~ inside a supplemental shipping container 
or overpack would be con~idered. 

2. The spent fuel could be removed from the ISFSI 
cask and shipped in a licensed shipping con
tainer to a suitable fuel repository. If 
desirable, cask decontamination could be 
accomplished through the use of conventional 
high pressure water sprays to further reduce 
contamination on the cask interior. The 
sources of contamination on the interior of the 
cask would be crud from the outside of the fuel 
rods and the crud left by the spent fuel pool 
o.~ater. The expected low levels of contamina
tion from these sources could be easily removed 
o.~ith a high pressure water spray. After 
decontamination, the JSFSI cask could either be 
cut up for scrap or partially scrapped and any 
remaining contaminated portions shipped as 
radioactive o.~aste to a disposal facility. 

3. For surface decontamination of the ISFS! cask, 
chemical etching using hydrochloric acid or 
nitric acid can be applied to remove the con
taminated surface of the cask. Alternatively, 
electro-polishing can also be used to achieve 
the same result. 

As discussed further in the response to Question 
4.4.2E (beloo.~) and Section 3.5, "Deconmissioning 
Considerations," of the GNSI cask topical report, 
the cask materials o.~ill be only slightly activated 
by the neutron flux emanating from the stored spent 
fuel. Consequently, it is expected that after 
application of the decontamination process as 

• • 

Corrrnent~ (a, b) 

See subnittats_(309, 3ZS) Q and 
R pertain to SAR Section 9.0, 
"Conduct of Operations," and ER 
Section 5.0, "Enviromental 
Effects of Facility Operation." 
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Quest i onsjReg_ues ts (a' b) 

QUESTION 4.4.1: (contd) 

QUESTION 4.4.2E< 16 J: Provide the basis and support1ng 
analysis for your conclusion in ER Section 5.8, 
"DecOfllllissioning ard Dismantling," that "tht! cask 
materials will be only very slightly activat~>d as a 
result of their long-term exposures to the relutively 
small neutron flux .•. " 

• • 

TABLE 0.1. (contd) 

Responses (a, b) 

RESPONSE: (contd) 

described above, the radiation level due to act iva· 
tion products will be negligible and the cask could 
be scrapped. A detailed evaluation will be 
performed at the time of decorrmissioning to deter· 
mine the appropriate mode of disposal. 

Since the remaining ISFSI site structures and 
components, including the concrete base pads, are 
expected to receive no activation or contamination, 
additional ISFSI deconmissioning procedures are not 
required. 

The spent fuel pool at Surry Power Station will 
remain functional until the ISFSI is decOIIlllis· 
sioned. This will allow the pool to be utilized to 
transfer fuel from the storage casks to licensed 
shipping containers for ship;nent offsite if this 
decOOlllissioning options is chosen. 

Surry ISFSI SAR Section 9.6, "DecOfllllissioning," and 
ER Section 5.8, "Decomnissioning and Dismantling," 
have been revised to reflect the response to this 
question. 

RESPONSE: 
performed 
levels of 

A cask activation analysis has been 
by GNSI to quantify specific activity 
cask materials. These activation calcu· 

tat ions, and the assu!lllt ions under which they were 
performed, are descrg:~d in Section 3.5 of the GNS! 
cask topical report. Y 

Based on the results of the GNSI analysis, it is 
concluded that the cask materials will be only very 
slightly activated as a result of long-term expo
sure to the relatively small neutron flux. Hence, 
as further discussed in the response to Question 
4.4.1E (above), surface decontamination is e)(pected 
to be adequate to decOIIITlission the casks from 
nuclear service. 

Surry ISFSI SAR Section 9.6, "DecOIIITlissioning," and 
ER Section 5.8. "Deconmissioning and Dismantling," 
have been revised to reflect the response to this 
question . 

• • 

Colllllent~ Ca,b~ ·--~----

See sul:lllittals_(309,325) Q and 
R pertain to SAR Section 9.0, 
"Conduct of Operations," and ER 
Section 5.0, "Envirormental 
Effects of Facility Operation." 
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Quest i onsjReques ts (~'b) 

QUESTION 4.6.2: (contd) 

QUESTION 4.7.1< 16 >: The radiation protection pr-ocedures 
related to a high radiation situation should discuss the 
following topics: a) safety precautions, b) personnel 
req.Jired (by skilled/specialty level), c) ref)<llr 
equipnenttmaterial required, d) provisions for ~o.~orkers 
protection, and e) provisions for protection of other 
personneL 

• • • 

TABLE 0.1. (contd) 

(a b) 
Resp_onses ' 

RESPONSE; ( contd) 

Table 7.4-2, "Surry !SFSI M<~intenance Operations 
(Annual E)(posures), will be performed by health 
physics personnel on a monthly basis. 

Applicable portions of the above information will 
be included in SAR Sections 5.1 ("Operations 
Description"), 7.1 ("Ensuring that Occupational 
Radiation f)(posures Are As Low As Is Reasonably 
Achievable (ALARA)") and 7.6 ("Estimated Offsite 
Collective Dose Assessment") and ER Section 6.2, 
"Proposed Operatiooa\ Monitoring Programs"). 

The ISFSI is a passiYe installation which requires 
little maintenance and contains a radioactive 
source of predictable source strength (as discussed 
in response to Question 4.1.1E, aboYe). Calcula· 
tion results preser1ted in responses to NRC Oues· 
tions 4.2.1 ard 4.2.4, above, haYe demonstrated 
that the radiation leYels are too low to actuate a 
high radiation alarm system. Thus installatioo of 
such system would be of no benefit in controlling 
persomel radiatioo e)(posure. 

The response to this question has been incorporated 
into Surry ISFSI SAR Section 7.6, "Estimated off
site Collective Dose Assessment," and ER Section 
6.2, "Proposed Operational Monitoring Programs." 

RESPON~9· The SAR ard the GNSI cask topical 
report ) describe the totally passive design ard 
inherently safe nature of the storage casks. Since 
the cask is a passiYe system, little maintenance 
work is e)(pected to be performed in the storage 
area other than periodic repair to the lighting, 
security systems, ard non-safety related cask 
instrunentation. As discusse~ jn Section 4.5 of 
the GNSI cask topical report, Y only minor main· 
tenance of the cask is e)(pected. These maintenance 
activities do not require any special personnel 
skills, eq.~ipment, or materials ard can be per· 
formed by the plant maintenance crew o.~ith readily 
aYailable materials. Personnel training will be 
performed as discussed in Section 9.3, "Training 
Program," of the SAR. Regularly schedJled sur
veillance is required, but calculations have shoo.~n 

' • 

CollTTlents(a,b) 

See sub'nittals. (309,325) Q and 
R pertain to SAR Sectioo 9.0, 
"Cooduct of Operations." 
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Ouest i ons/Requcs ts (a, b) 

OUESTIOO 4.7.1: (~ontdl 

QUESTION 5.1.1E< 16 l: Report s"par<Jtely the capital cost, 
and operation mainten~nce cost components of the total 
lifetime cost reported in ER St!ction 9.1.3, "Store Spent 
Fuel at the Surry Site in Dry Storage Casks," and in ER 
Section 9.1.4, "Build a Ne\ol Independent Spent Fuel 
Storage Pool at Surry." 

"" . ~ • 

TABLE D.!. (contd) 

RESPONSE: (cootd) 

(a b) 
Responsec, ' 

that doses received by personnel from all anti
cipated activities are \olithin the guidelines set 
forth in 10 CFR 20 (see responses to Questions 
4.2.1 and 4.2.4, above). 

There are no credible events during normal storage 
that could lead to a high radiation condition at 
the lSFSJ. Accident ana!nes in section 8 of the 
GNSt cask topical report also show no credible 
event leading to the high radiation release during 
transport, placement, or storage. ln the unlikely 
event that maintenance on the cask involving cask 
integrity is to be performed, the cask would be 
returned to the Surry Power Station and the work 
performed inside the station. 

Entr01nce to the JSFSI and all work performed inside 
will require a radiation work permit and will be 
controlled by health physics personnel. Table 
7.5-5, "Virginia Electric and Power Company Health 
Physics (Radiation Protection) Manual for Nuclear 
Power Stations," of the SAR lists the Surry Power 
Station health physics procedures. These proce
dures will be revised, where applicable, prior to 
operation of the JSFSI. The revised procedures 
will ensure safety of personnel performing sur
veillance and maintenance at the ISFSI. 

Surry ISFSI SAR Section 9.4, "Normal Operations," 
has been revised to reflect the response to this 
question. 

RESPONSE: The response is as follows: 

a. Reference: Surry ISFS! ER Section 9.1.3, 
"Store Spent Fuel ilt the Surry Site in Dry 
Storage Casks." 

ln the design proposed to store spent fuel at the 
Surry site in dry storage casks, the expected 
estimated cost over the lifetime of the project in 
1982 base dollars would be a low for capital 
expenditures of 57.8 million and a high of 90.6 
million with an operation and maintenance cost of 
1.9 mill ion. 

• • 

(a b) 
CorTITlent» '·---

See subnittals.(30b, 325 ) Q and 
R pertain to LA Section 1.0, 
"General and Financial Informa
tion," and to ER Section 9.0, 
"Alternative Energy Sources and 
Sites." 
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Questions/Requests(D,b) 

QUESTION 5.1.1£: (contd) 

QUESTION 5.2.1< 16 >: \.Jhat special provision~ will be 
added to your Quality Assurance Program to accDITIDOdatc 
the ISFSl activity. 

NOTE: During the developnent of the specific information 
for JSFSI Quality Assurance Program, it is suggested that 
you revi~ your e~isting program for attributes described 
in the attachment "OA Checklist for Dry Storage Casks." 

• 

TABLE 0.1. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

b. Reference: Surry JSFSI ER Section 9.1.4, 
"Eiuild a New Independent Spent Fuel Storage 
Pool at Surry" 

The estimated cost 1n 1982 base dollars to utilize 
the Irdependent Spent Fuel Storage Pool method to 
store the spent fuel at the Surry site would be 
58.2 mill ion for capital cost with an operation and 
maintenance e)(penditure of 53.0 million dollars. 

The projected total combined e)(pected cost of the 
twa ccmp:ments 100Uld be 111.2 million dollars. The 
accuracy of the estimate could vary the cost by 
plus or minus ten percent. 

c. VEPCO- I SFSI ASSL!lJ?t ions 

The engineering cast for the permanent plant and 
equipnent is included in the estimated cost far 
the facility. 

VEPCO roanagement costs arc included tor the 
permanent plant and equipnent; ard the 
operations and maintenance cost. 

Surry ISFSI LA Section 1.4, "Estimated Project 
Costs," and ER Section 9.1 "Alternatives to the 
Proposed Action," have been revised to reflect the 
response to this question. 

RESPONSE: 10CFR72.80 requires that a quality 
assurance program be based on the criteria of 
10CFR50 Appoendi)( B. VEPCO presently has a program 
~o~hich meets these criteria and is described in the 
VEPCO Topical Report Quality Assurance Program 
Operations Phase VEP-1-4A ~o~hich has been approved 
by the NRC. This progr001 is implemented at VEPCO's 
nuclear power stations by the VEPCO Nuclear Po~o~er 
Station Quality Assurance Manual (NPSOAM). As the 
Dry Casks !SFSI ~o~ill be located at the Surry Power 
Station, the ISFSI activities will fall under the 
NPSOAM. No changes to this program are required 
for the !SFSI activities. 

Surry ISFSI SAR Section 11.1, "Quality Assurance 
Plogldlll Description-Vir8ini<i Pu .. t:l," has been 
revised to reflect the response to this question . 

.... • 

Coorments (a' b) 

See subnittal_( 3ZSJ o ard R 
pertain to SAR Section 11.0, 
"Ou<> l i ty Assurance." 

• . ' • 
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OuestionsfB~questsc~.b) 

QUESTION 5.z.zC 16 l: \./hat special provisions >~ill be 
added to your Emergency Plan to accornnodate the ISFSI 
activity~ 

NOTE: It is suggested that an adjunct to the existing 
Emergency Plan ackJ the follo>~ing events: a} for the 
Notification of Unusual Events Category: loss of cask 
neutron shield, cnsk seal Leakage, cask drop or other 
handling mishap, cmd bl for the Alert Category: lo% of 
all fuel confinement barriers from soo1e undefined cause. 

QUESTION (Octobe[_l._j_984)(18): The proposed revision to 
Section 2.6.4.8, "Liquefaction Potenti~l," of the Surry 
!SfSl SAR presents the procedure, including mathematical 
relations, used to pred1ct soil liquefaction potential at 
various depths bela>~ the proposed ISFSI. This procedure 
consists of evaluating the she~r stresses expected during 
the design earthquake lo~ding. It is stated in Subsec
tions 2.6.4.3.2 ~nd 2.6.4.8.3 that the calculated factors 
of safety are 2.5 and 1.5, respectively, for the 
Pleistocene Sand and Miocene Silty Sand layers. 

1-je under~tand that the<>e liquefJction potential calcula
tions o.~ere performed at a variety of depths beloo.~ the 
o.~ater table. Please provide the calculational results 
for the rang(' of depths ex~mined in the t10o sand layers 
mentioned above. Please specify what specific parameters 
(e.g., effective overburden pressures, standard penetra
tion field values, etc.) 10ere used in mal<.ing the above 
calculations. A tabular presentation ferro, 10hich clearly 
identifies the values of the var1-ous parameters used in 
the calcul::.tion, ::.s 01ell as the calculational result, 
010Uld be very useful. 

• • • 

TABLE 0.1. (contd) 

Re_§Q_onses (<~,b) 

RESPONSE: The only changes that >~ill be made to 
the Surry Power Station Emergency Plan 10ill be to 
add the follo10ing events: 

I. For the Notification of Unusual Events 

o. Cask Seal Leakage 

b. Cask Drop 

2. For the Alert Category 

e. Loss of Cask/Fuel Containment Barr·iers 

The loss of cask neutron shield 10ill not be 
addressed as it is not a credible event for theGNS 
cask as it is an integral part of the cask body. 

Surry ISFSI SAR Section 9.5, "Emergency Planning," 
have been revised to reflect the response to this 
question . 

RESPONSE: The response to this questions have been 
incorporated into SAR Section 2.6, "Geology and 
Seismology." 

• • • 

Colllllents(a,b) 

See sutmittal.CJ2S) Q and R 
pertain to SAR Sect16ri 9.0, 
Conduct of Operations." 

See subliittal.(JZS) a and R 
pertain to SAR Section 2.0, "The 
Site Characteristics." 
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ouestions/Rcguests(~.bl 

0\JESTION 1 (Noverrber 14. 1't~C511 l: Regarding your 
response to au est ion 4. 1 . 1 E, 10hat are the neutron energy 
flux response functions that 10ere used to calculate the 
neutron dose rate versus distance from the cask flux 
le<Jkage spectr<l supplied by GNSl. 

' . 

TABLE D.l. (contd) 

(<l,b) 
Response~ 

RESPONSE: The follo10ing figures and tables have 
been revised and are attached hereto: 

ER Figure 3.5·1 (SAR Figure 7.3 3), "Dose Rate from 
One Cask of Five-Year-Old Spent Fuel Versus 
Distance" (0 to 140 ft) 

ER Figure 3.5-2 (SAR Figure 7.3·4), "Dose Rate from 
One Cask of Five-Year Old Spent Fuel Versus 
Distance" (0 to 700 ft) 

ER figure 3.5-4 (SAR Figure 7.3 5), "Normalized 
Surface Dose Rate Versus Age of Spent Fuel" 

ER Figure 3.5-5 (SAR figure 7.3-6), "Total Dose 
Rate from 84 Casks of Spent Fuel Versus Distance" 
<O to 9,500 ft) 

SAR Table 7.3·2, "Neutron Response Functions and 
Cask Surf<Jce Fluxes" 

SAR Table 7.3·3, "Adjoint Fluxes for a 1 n/sec Per 
Group" 

SAR Table 7.3-4, "Total Neutron Dose Rates for Four 
Distances from One Cask" (50, 460, 1500 ard 2460 m) 

The neutron transport results sho10n on the dose 
rate versus distance figures ab<;~ve 10er{ ~enerated 
using a series of "adjoint"{f,g) ANISN h runs. 
These ca~c~lations 10ere performed 10ith a 
BUGLE-80 1 cross section set for an infinite air 
medium. As explained in References (f) am (g), 
the adjoint method is the preferred analytical 
technique 10hen more than one set of sources must 
be evaluated at a given detector location for a 
response of interest. for the adjoint analyses 
reported here, the "adjoint source" was the flux
to-dose conversion factor reported in SAR Table 
7 .3-2. Four separate A~ISN analyses were performed 
at distances of SO, 460, 1500 and 2460 rreters. The 
resulting adjoint fluxes 10ere presented in SAR 
Table 7.3-3. These adjoint fluxes ~.>ere then folded 
10ith the cask surface flux leakage spectra supplied 
by the caf~t vendor over the area of the cask•s top 
and side. J) See SAR Table 7.3-2 last colunn. The 
84 group structure in the cask vendor's leakage 
spectrum for the s1de of the cask 01as collapsed to 
the 47 group BUGLE structure prior to folding the 

. .. • 

Colll11ents(a,b) 

See suhllittals< 316 •325 J for fig
ures and tables. Q and R per
tain to SAR Section 7.0, "Radia
tion Protection," ER Section 
3.0, "The Facility," ard ER 
Section 4.0, "Envirormental 
Effects of Site Preparation and 
Facility Construction." 

, • ' • 
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OU~STlON 

• • 

a,~es t 1 ons/Reques ts (a, b) 

(Novenber 14, 1984); (contd) 

• 

TABLE 0.1. (contd) 

Responses(o,b) 

RESPONSES: (contd) 

data. The 47 group BUGLE structure for the adjoint 
curves was collapsed to fit the cask vendor's 13 
group leakage spectrum for the top of the cask. 

The resultant 
Table 7.3·4. 

dose rates are presented in SAR 
These tabular data o.~ere then used to 

construct the neutron portion of the dose rate 
versus distance curves referred to Ebove. 

The dose rate for any cask could be obtained at the 
same distances so long as the neutron spectrum and 
surface area of the cask is knoo.~n. Note that the 
surface area is the cylindrical surface from which 
neutrons emanate and does not includ!:' cooling fins. 

All data are based on a burnup of 35,000 Ml.Jd/MTU 
01ith an initial enrichment of 3.5 >~eight percent 
uraniL..m-235. This is representative of fuel dis· 
charged from Surry Po01er Station, and is considered 
the base case for analysis p._Jrposes. 

The current Surry Po01er Station Units 1 ard 2 
Technical Specifications authorize the use of 4.1 
01eight percent uranium-235 enrichment. If all 84 
casks 01ere loaded 10ith this fuel, at 45,000 Ml-ld/MTU 
burnup, the base case 01ould be increased by a fac· 
tor of approximately 2.2. To allo01 for this, and 
to provide for variations in future cask designs or 
vendors, a factor of three has been designated as a 
multiplier. The curves listed above reflect a 
multiple of three times the base c<:~se. 

Simil<:~rly, ER Table 4.4-1, 4.4·2, 4.4·3, 4.4·4, ard 
4.4-5 (SAR Tables 7.3-1, 7.4·1, 7.4-2, 7.4·3, 
7.4·4) and SAR Table 7.3·4 have been revised and 
attached hereto to reflect the enveloping factor of 
three. (Note th<lt SAR Tables 7.3-2 ard 7.3·3, do 
not include the enveloping factor.) 

The response to this question has been incorporated 
into Surry JSFSI SAR Sections 7.3, "Radiation Pro· 
tection Design Features," and 7.4, "Estimated On· 
site Collective Oose Assessment," ard Surry ISFSI 
ER Sections 3.5, "Rad01aste Systems and Source 
Terms," ard 4.4, "Radioactivity." 

• • • 

Comnents(a,b) 



0 ... 
00 

• 

Questl.ons/Requests(a,bl 

QUESTION 2 (Noverrber 14, 1984)< 311 >: In your response to 
Question 4.2.4E and 4.3.1E, neutron and gallina dose rates 
were cited for distances greater than shown in ER Figure 
3.5·2, "Dose Rate from One Cask of Five·Year·Old Spent 
Fuel Versus Distance," ard SAR Figure 7.3·4, "Dose Rate 
from One Cask of Five·Year·Old Spent Fuel Versus Dis
tance." Please provide additional figures sho~o~ing neu
tron ard g<mna dose rates, from one cask of five-year-
old spent fuel, versus distance out to the nearest 
permanent resident (1.53 mile). ER Figure 3.5·4, "Total 
Dose Rate from 84 Casks of Spent Fuel Versus Distance," 
and SAR Figure 7.3-5, "Total Dose Rate from 84 Casks of 
Spent Fuel Versus Distance," should also show neutron and 
gallina corrponents- of the total dose rate. 

QUESTION 3 (Nove!T"bcr 14, 1984)< 311 >: Please provide 
revised figure showing the neutron ard garrma dose rate at 
the cask surface versus time that was used to calculate 
dose rates from a full 84·cask configuration, adjusted 
for decay. 

• • 

TABLE 0.1. (contd) 

Respon~es(a,b) 

RESPONSE; NewER Figure 3.5·5 (SAR figuro '' 
"Dose Rate frl)"ll One Cask of five-Year-Old 
Fuel Versus Distance" (0 to 9,500 ft), attached 
hereto, shows the dose rate versus distance out to 
the nearest permanent resident for one cask with 
five years decay of the fuel ITI.lltiplied by the 
enveloping factor of three. These figures indicate 
the neutron ard ganma components as well as the 
total. 

Revised ER Figure 3.5-4 (SAR Figure 7.3·5), "Total 
Dose Rate from 84 Casks of Spent Fuel Versus Dis
tance" (0 to 9,500 ft) is provided herein to show 
the dose rate versus dist<~nce out to the nearest 
permanent resident for 84 casks (lSFSI 1-11th all 
three pads full). Decay factors have been used 
assiJlling that four casks are placed in the ISFSI 
each year for 21 years, and each ne~o< group of four 
casks has a minimiJll of five years decay of the 
fuel. 

The enveloping factor of three 10as then applied. 
The resulting amual dose from ISFSl operations to 
the nearest permanent resident is 2.49E-5 mrem per 
year. This supersedes the value previously pro
vided in response to Question 4.3.1E. The result
ing dose at the nearest site boundary \S U6 mrem 
per year, ard the collective annual population dose 
is 1.2E-6 manrem per year. 

Surry ISFSl SAR Figures 7.3·5, "Total Dose Rate 
from 84 Casks of Spent Fuel Versus Distance," and 
7.3-6, "Dose Rate from One Cask of Five-Year Old 
Spent Fuel Versus Oistance," and ER figures 3.5-4, 
"Total Oose Rate from 84 Casks of Spent Fuel Versus 
Distance," and 3.5-5, "Dose Rate from One Cask of 
five-Year-Old Spent Fuel Versus Distance," have 
been added to reflect the requested distance. 

RESPONSE; ER Figure 3.5·3 (SAR figure 7.3-2), 
"Normalized Surface Dose Rate One Cask Versus Age 
of Spent Fuel," has been revised, attached hereto, 
to sho~o< the normalized GNSI cask surface dose rates 
versus time for both gamma and neutron radiation. 
TheGNS cask side dose rates are 7.9 mrem/h neutron 
ard 22.3 mrem/h g<mna. With the enveloping factor 
of three, these dose rates become 23.7 and 
66.9 mrern/h, respectively . 

• • 

Collll\ents(a,b) 

See sutlliittals.<316, 325) Q and 
R pertdin to SAR Section 7.3, 
"Radiation Protection Design 
Features," and ER Section 3.5, 
"Radwaste Systems and Source 
Terms." 

See subnittals.< 3 l 6 ,32S) Q and 
R pertain to ER Section 3.5, 
"Radwaste Systems and Source 
Terms," and SAR Section 7.3, 
"Radiation Protection Design 
Features." 

• • • 
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- (a b) Oucstlons/Requests ' 

9.1o!f:ill0N 3 (Noverrber 14. 1984): (contd) 

0\JESTION 4 i!:!Qverrber 14. 1984)< 31 0: Your response to 
Questions 4.2.1E ard 4.2.2 discusses occupational 
CXfXJSUres received at the LL\.ISF due to the ISFSI. In 
order to better assess the irTflact the ISFSI has on the 
LLWS F occup<:~t ion a L exposures, please provide an estimate 
of the occupational exposure at the LLWSF ~.tithout the 
col Located JSFSJ. 

~ 

TABLE D. I. (contd) 

Rcsponses(J,b) 

RESPONSE: (contd) 

TheGNS cask top dose rates are 24.7 mrem/h neutron 
and 0.3 mrem/h garrma. \.lith the enveloping factor 
of three, these dose rates become 74.1 mrem/h and 
0.9 mrem;h, respectively. 

The above nUilbers supersede those previously 
provided in response to Ouest ion 4.1.4. 

Surry lSFSI ER Figure 3.5·3, "Norrnalized Surface 
Dose Rate On Cask Versus Age of Spent fuel," and 
Surry ISFSl SAR Figure 7.3·2, "Normalized Surface 
Dose Rate On Cask Versus Age of Spent Fuel," have 
been revised to sho10 the normalized GNSl cask 
surface dose rates versus time. 

RESPONSE: The design dose to 10orkers at the LLWSF 
due solely to LLWSF operat1ons is calculated to be 
in the range of 10.8 to 21.6 man-nom per year. 
This is based on a typical, historical, occupancy 
time of 2160 man-hours per year, as assumed in the 
previous response to Ouest1on 4.2.1E and design 
basis radiation levels. Depending on exactly 10hat 
operations are taking place (drum handling, move· 
ment, monitoring, s10iping, ~<~aiting, etc.), these 
2160 manhours are assumed to be spent in r~diation 
areas correspmding to the LUJSF average design 
basis values of 5 to 10 mrem/h. 

The average personnel exposure over the last three 
years has been rruch less, approximately 2.5 man· 
rem/year, for the LL\JSf. 

During the projected 21 years that it takes to load 
the ISFSI to its design capacity of 84 casks, the 
dose of 10orkers at the LL\JSF due to the !SFSI 10ill 
range from 0.20 man-rem per year for the first four 
casks to up to 2.7 (or 8.1 10hen multiplied by the 
enveloping factor of three) man-rem per year for 
all 84. These doses are based on assumptions con
tained in the previous response to Question 4.2.1E 
(Reference: VEPCO's September 21, 1984, letter No. 
392 to Mr. R. E. Cunningham of NRC) except that the 
exact location of each group of four casks has been 
used, instead of an average distance of 145 feet 
from the LL\JSF. After reaching the peak, the dose 
~<~ill decl inc continuously thereafter. 

• • • 

Coi!Jllents(a,b) 

See submittals.< 316 •325 > Q and 
R pertain to SAR Section 7.0, 
"Radiation Protection," and ER 
Section 4. 0, "Envi rormenta l 
Effects of Site Preparation and 
Facility Cmstruction." 



0 

"' 0 

• 

Ouestions/Requests(a,bl 

QUESTION 4 <Noverrt>er 14, 1984}: (contd) 

QUESTION 5 (Novenber 14, 1984)<311 >: In your respon~e to 
Question 4.2.3E, ER Table 4.4-1, "Dose Rates Alor19 Fence 
During lSFSI Oper<~tion," does not inclo.Jle the! dose rate 
contribution from the LL~SF as irdicated in the accom· 
panying narrative. Please revise this table to include 
the dose rate contribution from the LL'JSF assuming that 
it was filled to design capacity. 

OUEST! ON 6 Otoverrt>er 14, 1984)<311 >; In revie~o~tng the 
ER, SAR and your response to Question 4.2.3E, some 
confusion has arisen about your use of the term 
"restricted area." Please revie~o~ the use of this term as 
applied to the lSFS! to ensure that it is consistent with 
health physics practices at the Surry Po01er Station. 

OUEST!O~ 7 (Noverrt>er 14, 1984)< 31 1l: The LA (Section 
1.0, "Introduction ard General Description of 
Installation," and Section 3.D, "Principal Design 
Criteria") indicates 82 casks at the ISFSI. Yet, the ER 
(Section 3.0, "The facility") and the SAR (Section 4.0, 
"Installation Oesign," ard Section 7.0, "Radiation 
Pr-otection") irrply 84 casks at the site. Please clarify. 

• • 

TABLE D.l. (cuntd) 

Responses(a,b) 

RESPONSE: (contd) 

ER Table 4.4-5 (SAR Table 7 .4-4), "Anr'1-.1al Doses 
from ISFSI Operations," has been revised (attached 
hereto) to reflect the re-calculated dose to LL~F 
>~orkers due solely to the ISFSI. 

The response to this question has been incorporated 
into Surry ISFSI SAR Section 7.4, "Estimated Onsite 
Collective Dose Assessment," and ER Section 4.4, 
"Radioactivity." 

RESPONSE: Surry lSFSI ER Table 4.4-1, "Dose Rates 
Along Fence During JSFSI Operation," and SAR Table 
7.3-1, "Dose Rates Aloog Fence During ISFSI Opera
tion," have been revised to include the enveloping 
factor of three, and the dose rate contribution 
from the LLWSF assuming that it 01as filled to 
design capacity. 

RESPONSE: The Surry Updated FSAR figure 2. 1·12 
illustrates the existing Surry Po01er Station 
restricted area boundary. The restricted area 
bourdary for the ISFSI 01i ll be identical with the 
one shown on the figure. The Surry ISFSI SAR and 
ER have been revised accordingly. Designation of 
this boundary for the ISFSI is not in conflict 01ith 
health physics practices at the Surry Po01er 
Station. 

RESPONSE: The Surry Dry Cask I SFSI is presently 
designed to acc011100date at total of 84 dry spent 
fuel storage casks. Each of the GNSI Castor V/21 
casks is capable of acc011100dating 21 fuel assem
blies. Each fuel assembly has 0.46 MTU. The total 
design capacity of the facility is 811.44 MTU. 

The response to this question has been incorporated 
into Section 1.2, "License Sought" ard Section 3.0, 
"Technical Information-Safety Analysis Report" of 
the LA; Section 3.1, "Purpose of Installation," of 
the JSFSI SAR; and Section 3.5, "Radwaste Systems 
and Source Term," of the ISFSI ER . 

• 

CoJTlllents(a,b) 

See submitta\s_( 31 6,325) Q and 
R pertain to ER Section 4.4, 
"Radioactivity," and SAR Section 
7.3, "Radiation Protection 
Design Features." 

See submittals. ( 31 6,325) a and 
R pertain to the SAR (e.g., 
Section 7.0, "Radiation Protec
tion") ard the ER {e.g,. Section 
4.0, "Envirorrnental Effects of 
Site Preparation ard Facility 
Construction"). 

see submittals.( 31 6,325) a and 
R pertain to Section 1.0, 
"General ard Financial 
Information" ard Section 3.0, 
"T echni cal Information-Safety 
Analysis Report," of the LA; 
Section 3.0, "Principal Design 
Criteria," of the SAR; and 
Section 3.0, "The Facility," of 
the ER. 

' • • 
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Ouest ions/Requests ("'b) 

QUESTION (March 7. 1985>< 19•371 >- In revie"'!n your 
sutxnittal of February 8, 1985, <316 > >~e find( l that SAR 
Table 7.3·2, "Neutron Response Functions and Cask Surface 
Fluxes," incorrectly cites as a reference, for the cask 
neutron surface flux leakage spectra, the Topical Safety 
Analysis Report for the CASTOR V/21 Cask Independent 
Spent Fuel Storage Installation (Dry Storage) by General 
Nuclear Systems, Inc. (GNS!}, February 1985. These data 
are not included in the topical rep:>rt. For canptete
ness, 10e request that you conti!Ct GNSI ard have them 
»ubnit the information cited to the Project M-37 docket 
file for you to appropriately use as a reference in your 
Surry ISFSI final Safety Analysis Report. Ole also 
request that the irput and output to the carputer colEs 
used in the cask shielding an8lysis that generated the 
neutron and garrma surface flux leakage spectra be placed 
in the docket file. 

Additionally, Surry ISfSl ER Figure 3.5-3, "Norrn<>lized 
Surface Dose Rate On Cask Versus Age of Spent Fuel," does 
not reflect the GNSl CASTOR V/21 Topical Report data. ~e 

request that this figure be revised and incorporated into 
the ~urry ~~~~I Final Safety Analysis Report, ~hen 
subn!tted. 

QUESTION (April 23, 1985)< 322 >: To better docUllent the 
design change involving the upgraded specifications for 
the concrete pad, the NRC requests that VP subni t the 
dra>~ings sho>~n to the NRC staff (at April 10-15, 1985, 
rreeting) and a description of the upgraded concrete pad 
specifications. 

QUESTION (August 5, 1985)(l3): At the meeting on July 
30, 1985, the NRC requested that VEPCO submit additional 
information on the training of the personnel who would 
perform fuel handling and cask handling for the Dry Cask 
ISFSI. 

.. 

TABLE D.!. (contd) 

Responses (a' b) 

RESPONSE: VP requ.;;sted the CASTOR V vendor, 
General Nuclear Systems, Inc., (GNS!) to subllit to 
the NRC information not found in the text of the 
CASTOR V Topical Re~l! but which >~as supplied to 
VP and cited by it. ) GNSI conpleted answering 
the NRC's questi~n9 ard submitted it's final 
topical report. 1 ) 

RESPONSE: Enclosed i~ ~5sponse<323 l to your letter 
dated April 23, 1985 2 are five (5) copies of 
the design dra10ings of the Surry Dry Cask 
Irdependent Spent Fuel Storage Installation layout 
ard storage pad details. In addition to the 
dra10ings 10e are also for10arding the description of 
the facility h'hich will be inclu:led in the revised 
JSFSI Safety Analysis Report and additional details 
on the characteristics of the reinforcing steel to 
be used ard soil spring ard damping factors used in 
the design analyses. A description of the analysis 
of the storage pads is included j9 our letter of 
June 25, 1984 (Serial No. 303).< l 

RESPONSE: VEPCO maintains training programs at 
both of its nuclear po>~er stations. The Surry 
Po>~er Station training program is described in 
Section 12.3 of the surry Po10er Station Up:lated 
Final Safety Analysis Report. 

The operator training program for Surry Power 
Station is currently being reviewed for INPO 
accreditation to ensure it meets the requirements 
of INPO 85-002, "The Accreditation of Training in 

• • • 

Cofllllents(a,b) 

See memoraN~<3 1 8l and 
suanittal. ( ) Q and R pertain 
to SAR Section 7.3, "Radiation 
Protection Design features," and 
ER Section 3.5, "Rad~<aste 

Systems and Source Terms." 

See suanittals(ll, 323 l for the 
drawings and the analysis 
description. Q and R pertain to 
SAR Section 4.0, "Installation 
Design." 

See subnittal. <372 l Q and R 
pertain to SAR Section 9.3, 
"Training Programs." 
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Ouest i onsJRe_g_uests (a, bl 

QUESTION (August 5 1985): (contd) 

OUEST!ON (October 15. 1985)< 67 •68 J, The recent discovery 
of cracks in the fuel basket of the CASTOR V/21 cask used 
in the Virginia Electric and PoOjer Company/Department of 
Energy (VEPCO/DOEJ dry cask storage deonnstration at 
Idaho National Engineering Laboratory is of great inter
est to us ~ith respect to your use of CASTOR V/21 casks 
at the Surry Independent Spent Fuel Storage Installation 
(ISFS!). \Je recognize that these cracks 01ere discovered 
after the cask had been involved in a derronstration under 
conditions exceeding the design basis set forth in the 
General Nuclear Systems, !nc., Topical Safety Analysis 
Report. However, we have asked General Nuclear Systems, 
Inc., to provide their analysis and evaluation of the 
cause of the cracking in that cas~, assess the need, it 
any, to revise their Topical Safety Analysis Report and 
subnit necessary chai"1Qes ~ith the appropriate analysis. 
In vie~ of these recent develop11ents, ~e request that you 
also reassess the use of the CASTOR V/21 cask at the 
Surry ISFSI and provide us ~ith a report of your fir.ding 
along with any necessary license application changes. 

Although ~e are cuordir,ating with ODE on this matter, we 
request that you keep us informed about any nelol develop· 
ments and data. As roore information beccmes available we 
;;-uy <:vntilct you ~ith more specific requests . 

TABLE D.!. (contd) 

Response~(a,b) 

RESPONSE; (contd) 

the Nuclear Industry." 
that the accreditation 
Spring 1986. 

It is presently expected 
process will be co~Tpleted by 

Cask handlin<:l and fuel loading cperations oriLL 1::>e 
performed by Surry Poorer Station licensed operators 
or und~r the direct supervision of senior licensed 
personnel. Appropriate training and evaluation 
instruments will be provided for the operators 
responsible for those tasks identified as relating 
to the Dry Storage Casks and the ISFSI. Documenta
tion of all training and evaluations will be main
tained in the individuals training file and evalu· 
ations ~ill be maintained 1n the individuals 
training file at the Surry Training Center. 

Upon the satisfactory completion of this training, 
the operators will be certified by VEPCO as being 
qualified for operation of the Dry Cask ISFSJ. 

In response to your Letter of October 
we have reassessed the use of the CASTOR 

cask for the Surry Po~er Station Unit Nos. 1 
and 2 lSFSI. As part of that reassessment, toe have 
revietoed the report ~hich General Nuclear Systems, 
Inc., (GNSI) forwar~7~ to you 1n their letter dated 
Novewber 22, 1985, ( ) and we have attended the 
meetings between GNSI and NRC on this subject. 
Pending the final resolution of this matter, orhich 
orill be completed once GNSI submits the additional 
information requested by NRC, we see no effect on 
any of the docurrentation in our ISFSI license 
application, and we still intend to proceed with 
the use of the GNSI CASTOR V/21 dry storage cask. 

Cements (a' b) 

See submittals.( 373,374) Q and 
R pertain to SAR Section 4.2.3, 
"individual Unit Description," 
and to Section 7-~-1 of the GNSJ 
Topical Report. e 

• • 
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TABLE 0.1. 

Ouestions(~equests(a,b) 

(contd) 

(;:, b) 
Respon~e~ ' 

• 

Coments(a,b) 

(a) AbbreviationS: Independent Spent Fuel Storage Installation (ISFSIJ; License Application (LA), Safety Analysis Report (SARJ; Enviromental 
Report (ERJ; Question (Q); Response (RJ; General Nuclear Systems, Inc. (GNSIJ; Virgmia Electric and Po10er Coopany (VEPCO), and more recently 
known as Virgi-nia Power (VPJ; Sealed Surface Storage Cask (SSSC); Low Level 1-/aste Storage Facility (LLI.JSFJ; final Safety Analysis Report (FSARl; 
Exclusion Area Boundary (EABJ; Emergency Planning Zone (EPZJ; f_ast Iron Cask ~tor::.ge and Iransport Qf Radioactive Materials (CASTOR); NUS 

(b) ,,, 
(d) 

(e) 

(f) 

,, ) 
(h) 

(i) 
( j) 

"' ( l ) 
<ml 

(c) 

(0) 

(p) 

(q) 

(c) 

(>) 

"' ,,, ,,, ,,, ,,, 
(y) 

'" ( QQ} 

Corporation (NUS); and dose integrating devices (TLDs). 
The "Table of Contents" for the LA, SAR, and ER n1ay be found 1n References 325, 329, Jnd 329, respectively. 
Seed, H. B., I. M. !driss, "Simplified Procedure for Evalu<:~tlng Soil Liqucfication Potenti<Jl," Journal of the Soil Mechanics 3nd foundation 
Division ASCE, Vol. 97, ~o. SM9, September 1971. 
Seed, H. B., J. M. !driss, l. 1\rrango, "Evaluation of Liquef<Jction PotentiJL Using F1e\d P<:>rformance Data," Journal of Geotechnical Engineer1ng 
ASCE, Vol. 109, No. 3, March 1983. 
"Topical safety Analysis Report for the CASTOR V/21 Cask Independent Spent Fuel Stor<>ge In~tallation (Dry Storage," General Nuclear Systems, 
Inc., January 1985. 
Cain, v. R., "The Use of Discrete Ordinates Adjoint Calculations", A Revie10 of the Discrete Ordinates 5 Method for Radiation Transport 
Calculations, ORNL-RSIC·19, M<:~rch 1968, pp. 85·94. 
Bell, G. 1., and S. Glasstone, Nuclear Reactor Theory, Ch3pter 6.1 "The Adjoint Function and Its Applications," Van Nostrand Reinhold Comp<:~ny, 
New York, 1970. 
Engle,\./. W., Jr., "A User's M<lnual for ANISN, A One-Dimensional Discrete Ordin<:~tes Transport COOe 10ith Anisotropic Scattering," K-1643, Union 
Carbide Corporation, Nuclear Division, June 1973. 
"BUGLE-80, Coupled 47-Neutron, 20-Ganma·Ray, P3, Cross-Section Library for L\JR Shielding Calculations," OLC-75, R. \J. Roussin, ORNL, June 1930. 
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APPENDIX E 

TABLE E.!: QUESTIONS, REQUESTS, AND RESPONSES ASSOCIATED WITH 
LICENSING OF THE INDEPENDENT SPENT FUEL STORAGE INSTALLATION 

AT ROBINSON-2 
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TABLE E.l. Questions, Requests, and Responses Associated with Licensing of the Independent Spent 
Fuel Storage Installation at Robinson-2 

Ouestions/Requests(a,b) 

QUESTION 1 (pertains to SAR Section 1.2.1, "General Des
cription"): No dra10ings, other than conceptual drawing, 
have been provided for any of the items associated 10ith 
the ISFSI. Please provide engineering (shop) drawings 
fr001 which CP&L/NUTECH expects to marufacture the fol
lowing items: OSC, HSM, support pad for HSM, !OOdifi
cation to the IF-300 shipping cask such as the docking 
collar, cask liner, cask extension ard lid, grapple 
asseJ!tlly, the hydraulic ram, the trailer used to tow the 
!F-300 cask, the cask skid, the aligrroent system, cask 
position control system, cask clamping system, and the 
instn.mentation systems for the DSC. Include all draw· 
ings for all c~nents as they wiLL be used for the 
H. B. Robinson site; for exa~le, if in a 1x3 array, an 
HSM outside modJLe differs from an inside mod.Jle, provide 
drawings for both modules and drawings for the pad(s) if 
two arrays of 1x3 and 1x5 are intended. In general, if 
CP&L/NUTECH intend to manufacture/fabricate/install 
equipnent for the H.B. Robinson ISFSI, engineering draw
ings should be slbnitted for each part of each piece of 
equipnent. 

Responses(a,b) 

RESPONSE: In addition to the conceptual drawing 
that was included in the license application, the 
engineering drawings Listed below are also provided 
for the H. B. Robinson ISFS!. 

Package 

Dey 
Shielded 
Canister 

Horizontal 
Storage 
Module 

Drawing No. Title 

RNT162-M-2500 ISFSI DSC Canister 
Assembly 

RNT162-M-2501 ISFSI DSC Basket 
Assembly 

RNT162-M-2503 ISFSI DSC Spacer Disc 

R!H162-M-2509 ISFSI OSC Shell 
Assembly 

RNT162-M-2511 ISFSI DSC PlL9 Assalbly 

RNT162-M-2513 ISFSI DSC Top Cover 
Plate 

RNT162-C-1101 ISFS! HSM General Lay-
out and Details 

RNT162-C-1102 ISFSI HSM Foundation 
Plan, Sections and 
Details 

RNT162-C-1103 ISFSI HSM Roof Plan and 
Wall Sections 

RNT162-C-1104 ISFSI HSM Enbedment 
Sections and Details 

RNT162-C-1107 ISFSI HSM Air Outlet 
Precast Shielding Block 
Plan and Sections 

RNT162-C-1109 ISFSI HSM Heat Shield 
Assembly Sections and 
Details 

Corrments(a,b) 

See submittals.< 2lZ,Z1 3> Q and 
R pertain to SAR Section 1.2, 
"General Description of Instal
lati~-" Thf 1§a~jgJs are 
proprietary. 2 ' 
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OUESTIO~ 1; (contd) 
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TABLE E.!. (contd) 

Responses(a,b) 

RESPO~SE: (contd) 

Package 

lnstru· 
men ted 
Canister 

Transfer 
Cask Skid 
and AI ign
ment System 

Drawi[!fl No. Title 

R~T162·C·1110 JSFSI DSC S1..pp0rt 
Assembly Plan Sections 
and Detai Is 

RNT162-C·1112 ISFSI DSC Seismic 
Retainer AsseJrbty 
Sections and Details 

RNT162-C-1113 ISFSI HSM Thermocouple 
Location Assembly 
Sections and Details 

RNT162-C-1114 ISFSI Heat Shield 
Thermocouple Location 
and Detai Is 

RNT162-C-1116 ISFSI HSH Lightning 
Protection, Sections 
and Detai Is 

RNT162-M-2600 ISFSI Instrunented OSC 
Assembly 

RNT162-M-2609 ISFSI lnstrunented DSC 
Penetration Plug 
Assembly 

RNT162-M-2621 ISFSI Instrumented DSC 
Basket-Sensor Assembly 

RNT162-M-2622 ISFSI Instrumented DSC 
Basket-Canister 

RNT162·M-23DO ISFSI Trailer/Skid 
Assembly 

Hydraulic RNT162-M·2200 ISFSI Ram Assembly 
RAM System 

conments(a,b) 

• 
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~uestions/Requests(a,b) 
QUESTION 1: (contd) 

QUESTION 2 (pertains to SAR Section 1.2.3, "Principal 
Design Criteria"): This section ard others in the SAR 
make a statement to the effect "For the majority of the 
fuel to be stored the radiation sources will be less than 
or equal to the source described in the NUHOMS Topical 
Report." This statement o.~ould i~ly that there may be 
some fuel Olhich el(teeds the design criteria. lotlat is the 
maxilflJm radiation source that would be encountered? How 
does it modify the calculated doses? 

extent, 
the cask drop accident" and that the S·ft drop postulated 
by NUTECH "envelopes any postulated drop accident that 
could occur at the Robinson site." The handling opera
tions illustrated in Sectioo 1.3.1.7 and Figure 1.3-5 
show several situations in ~hich the cask is more than 
five feet off of the ground (e.g., cask loading, cask/ 
canister/assembly Loading and skid loading). Please 
explain why drops in these situations are not credible 
even though they result in the cask being more than five 
feet off of the grourd. Consider both a vertical as well 
as a horizontal orientation of the cask. 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

These dra~ings represent the general arrangement 
information for each of the major eq.Jipment assem
blies ard the module structure. Additional infor· 
mat ion responding to the remaining comments on the 
license application will refer to these drawings 
for specific details. 

RESPONSE: The quoted sentence is inappropriate ard 
shall be changed to read: "For the fuel to be 
stored, the radiation sources shall be less than or 
equal to the sources described in Table 1.2-1." 
Under no circ!.tllstances will fuel of higher radia
tion source strength be loaded into the H8R ISFSI. 

RESPONSE: Section 8.0 (especially Section 8.2.4) 
of the SAR has been revised to inctu:le an 8-ft drop 
accident analysis for both vertical and horizontal 
cask orientation. A single failure-proof crane, as 
described in Section 15.7.5 of the ~ated FSAR, 
will be used to remove the spent fuel cask from the 
fuel pool to the decontamination area. After all 
operations in the cask handling area are coopleted, 
the crane will be used to move the cask to the con
crete ttoor next to the skid/trailer. A redJndant 
yoke will be used during these operations so there 
will be no possibility of a drop accident. Once on 
the concrete floor, the redll'"tdant yoke wi It be re· 
moved from the cask. The cask will then be raised 
just above the cask s!,.flpOrt cradle which wi It be 
held in the horizontal position on the skid. The 
cask will then be lowered into the cradle and 
rotated 90" into the final horizontal position. 
These hardl ing operations have been performed at 
H. B. Robinson in the past prior to shipnent of 
fuel offsite. At no time during this operation 
wit I the cask be more than 8 feet off the grolJ'ld. 

• 

COillllents (a' b) 

See sul:mitta\s. (21 1,212) Q and 
R pertain to SAR Section 1.2, 
"General Description of 
InstalLation." 

See submitta\s.<211,212,214) Q 

and R pertains to SAR Section 
1.2.3, "Principal Design 
Criteria," and SAR Section 8.0, 
"Analysis of Design Events." 
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Quest i ons/RequestJ,;. (a, b) 

QUESTION 3: (contd) 

QUESTION 4 (pertains to SAR Section 1.2.4, "Operating and 
Fuel Handling Systems"): What are the values for cask. 
roovement, cask head and truck. transport which were not 
included in Table 1.2-3? 

• • 

TABLE E.!. (contd) 

RespQ!1.J1eS (a, b) 

RESPONSE: (contd) 

Since the cask will be lifted from the top end, no 
possibility of a top end drop exists. If the yoke 
faited during the tilting operation, the cask would 
land on its steel ring fins located near the top of 
the cask's outer shell. The maxinun height of a 
drop during this tilting operation is enveloped by 
an 8-ft hori:ontal drop accident. In conclusion, 
the 8-ft drop in either a vertical or horizontal 
orientation will envelope all drop conditions 
present during the transfer operation. 

After the cask is lowered into the saddle, the 
trailer will be moved to the IISH site. Durfng this 
operation there is no possibility of dropping the 
cask since the design of the cradle and saddle are 
such that they wilt hold the cask firmly in place. 
Additionally, the entire cask/skid asserrt.ly will be 
anchored to the trailer bed with tie-down brackets. 
The possibility of the cask/skid/trailer tipping or 
rolling over has also been considered. Since the 
center of gravity of the cask will be less than 8 
feet from ground level during this operation, such 
an ll"ll ikely postulated event is enveloped by the 
8-ft drop criteria. 

RESPONSE: No quantitative values are associated 
with cask movement, cask head, and truck transport 
in Table 1.2-3. In moving the cask, several cri
teria must be met. First, the spent fuel hand! ing 
crane must be capable of lifting the cask and 
rotating it from a vertical to a horizontal posi
tion. second, the cask lid or head must be remov
able hflile the cask is in a horizontal position. 
Finally, the capabilities of the trailer and skid 
arrangement must not be exceeded by the size of the 
cask and the loaded DSC, since it must be trans
ported to the HSM. Conseq.Jently, no values exist 
for the various parameters and therefore "N/A" will 
be added to the revised SAR Table 1.2·3. 

Cooments(a,b) 

See sutrnitta\s.< 211, 212> a and 
R pertain to SAR Section 1.2, 
"General Distribution of 
Installation." 

• 
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Ouestions/Requests(a,b) 

QUESTION 5 (pertains to SAR Section 1.2.5. "Safety 
Features"): The HSM is designed so that the average 
surface dose rate is less than 20 mrern/h. Is the average 
surface dose rate an appropriate design parameter? .,.,at 
is the maximun surface dose rate? 

QUESTION 6 <pertains to SAR Section, "1.2.5 Safety Fea
tures"): The DSC and cask are filled with demineralized 
water to reduce contamination of the exterior of the DSC. 
How effective is this process in reducing contamination 
of the DSC? !<hat are the expected surface dose levels? 

-

TABLE E.!. (contd) 

Respooses (a, b) 

-··--· The average dose rate over the entire 
surface is used for the source definition in 

SKYSHHIE dose calculations. Also, the average 
surface dose rate is used to determine the dose 
rate at paints a>~ay from the HSM. Far particular 
locations on the HSM, local dose rates are 
reported. 

The local dose rate limits for specific points on 
the HSM surface are specified in Chapter 10 of the 
NUHGIS Topical Report. 

The expected, calculated, surface dose rates at 
various locations are provided in sf~Hr 7.0, 
"Radiation Protection," of the SAR. 

-==· Four steps are taken to assure that the 
: exterior contamination is held to a mininun: 

1) the transfer cask interior is cleaned or decon
taminated as neces~ary if ~he contamination is 
greater than 2x10· JLCi/cnf, 2) the DSC·cask 
annulus is fit led with demineralized water, 3) the 
annulus is sealed with waterproof tape to eliminate 
the intrusion of pool water, and 4) the DSC exte
rior is swiped for contamination after the annular 
region is drained. 

It is anticipated that the DSC external surface 
contamination witt be less than one half the 
internal surface contamination of the transfer cask 
if the procedures described in the NUHOMS Topical 
Report are followed. 

The OSC surface dose levels resulting from contam
ination will be insignificant carpared to the dose 
rate due to the irradiated fuel. Should there 
arise a need to remove the DSC without fuel assem
blies, the surface dose levels should be easily 
dealt with using existing health physics practice. 

• • 

Corrments(a,b) 

See subnittals.<211,212) Q and 
R pertain to SAR Section 1.2, 
"General Description of Instal
lation," and SAR Section 7.0, 
"Radiation Protection." 

See subnittals.C211,212) Q and 
R pertain to SAR section 1.2, 
"General Description of 
Installation." 
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Cues ti onsjRequests (a, b) 

QUESTION 7 (pertains to SAR Section 1.2.5. "Safety 
Features"): ~hat is the surface dose on the cask from 
fuel pool water contamination? 

QUESTION 8 (pertains to SAR Section 1.3.1.1, "Canister 
Design") Specify the Length of the DSC for the specific 
type of rradiated fuel to be stored. "Approximately 180 
inches" s not adequate to a site specific application. 

QUESTION 9 (pertains to SAR Section 1.3.1.2. "Horizontal 
Storage Module"): The code of Federal Regulations 10 CFR 
72.66 is not specifically applicable to the JSFSI design 
proposed by CP&L/NUTECH. See Question 2 in the NRC 
response to the NUTECH stbmittal (Section 3.2.3.1). 

QUESTION 10 (pertains to SAR Section 1.3.1.2. "Horizontal 
Storase Modules">: "Certain civil work" is not specific. 
Please be specific. 

• 

TABLE E. I. (contd) 

Resp(lflsos (a, b) 

RESPONSE: The JF-300 cask is t icensed for use at 
the H. B. Rcbinson site. The fuel handling opera
tion with the DSC inside the cask has not intra· 
duced changes to the existing approved procedures. 
Hence, the surface dose wilt be within the limits 
reported in the cask licensing documents. 

As it exits the pool, the cask passes through a 
spray ring, which washes it with demineralized 
water. This prevents pool water contaminants form 
drying out on the cask body and sirrpt ifies further 
decontamination to the limits reported in the cask 
licensing docUI1ent. 

RESPONSE: The overall length of the DSC canister, 
including the grapple plate assenbly, is 179.5 in. 
as shown in Drawing RNT162-M-2500. 

RESPONSE: The Code of Federal Regulations 10 CFR 
77.66 is not applicable and reference to it witt be 
removed from page 1.3-2 ot the SAR. Site specific 
seismic acceleration coefficients as specified in 
the plant FSAR were applied for the H. B. Robinson 
ISFSI design. An acceleration of 0.2 g was applied 
in both horizontal directions. Vertically, an 
acceleration of 2/3 the horizontal acceleration was 
applied. To accoll1t for possible llllltiple IOOde 
excitations the above accelerations were multiplied 
by a factor of two. The resulting accelerations of 
0.4 g and 0.267 g, horizontal and vertical 
respectively, were utilized in the design. 

RESPONSE: The HSMs witt be placed in service on 
the load bearing foundation shown in Drawing 
RNT162-C-11D2. Drawing RNT162-C-1101 shows the 
general layout of the foundation work which in
cludes a 4-in. mud stab under the mat foundation to 
allow for a smooth working surface • 

Coornents<a,b) 

See submittals.< 21 1,2l2) Q and 
R pertain to SAR Section 1.2, 
"General Description of 
Installation." 

See submittals.< 211 •212) Q and 
R pertain to SAR Section 1.3, 
"General Systems Description." 

See submittals.< 211 •21 2> Q and 
R pertain to SAR Section 1.3.1, 
"Systems Descriptions." 

See submittals.< 21 1, 212> Q and 
R pertain to SAR Section 1.3.1, 
"Systems Descriptions." 

• • 
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auestions/Requests<a,b) 

QUEST!O~ 10: (contd) 

QUESTION 11 (pertains to SAR Section 1.3.1.2. "Hocjzontat 
Storage Module"): Naninal surface dose rates at the 
front of the HSM are quoted as less than 20 mrem/h. This 
irnpl ies that there is a range. Is the maxirrun dose rate 
greater than 20 mrem/h? 

QUESTION 12 (pertains to SAR Section 1.3.1.3. "Transfer 
Cask"): If CP&L has mcdified or intends to modify the GE 
IF-300 shipping cask in any way in order to ac:Colf1llish 
the transfer of the DSC from the spent fuel pool to the 
HSM, it should provide details of these roodifications, 
and show that the JF-300 cask as it was originally 
Licensed has not been nor will be degraded in any safety
significant way. 

QUESTION 13 (pertains to SAR Section 1.3.1.3. "Transfer 
cask"): The transfer cask to be used is the IF·300 cask. 
Has an analysis been performed to sho1o1 that the resulting 
dose rates during transfer are less than 200 mremth 
design \ imits? 

Section 1.0, "Introduction and Genera\ 
Description of Installation," or SAR Section 3.0, 
"Principal Design Criteria." Also CP&L should include 
the topic(s), Cask Tilting from Vertical to Horizontal 
Position on Transporter/Skid, in their discussion of 
system operation. 

. . • 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

Before placing the Jl"lJd slab, relocation of l.l"lder· 
gro'-'ld utilities, excavation, backfill and leveling 
1o1i ll be performed as necessary. 

After this initial civil work is performed, the 
4·in. nu:::l slab will be placed on the subgrade to 
provide a working surface for the foundation shown 
on Dra~o~ing RNT162·C·11D2. 

RESPONSE: Refer to the response to Question 5 
regarding SAR Section 1.2.5, "Safety Features," for 
an explanation of nominal surface dose rates. 

RESPONSE: The modifications will not affect the 
integrity of the IF-300 cask as it was originally 
1 icensed. Use of the cask with the modifications 
is si te·speci fi c and necessary for the transfer of 
spent fuel frcrn the spent fuel pool to the HSM. No 
modifications will be made to the cask ..tlich would 
interfere with the cask license for off-site ship· 
ment of spent fuel. Additional information about 
IF-300 cask modifications is provided in SAR Sec
tions 1.3.1.3 and 8.2l~ 14 Cask Lid drawings were 
submitted separately. l 

RESPONSE: Yes, the results of this analysis are 
provided in Table 7.3·2, "Shielding Analysis 
Results," in Section 7.0, "Radiation Protection." 

RESPONSE: As stated in SAR Section 1.0, "Introduc
tion and General Description of Installation," the 
cask lifting operation will be identical to the 
existing HBR2 lifting proceci.Jre. Additionally, the 
cask tilting operation from vertical to horizontal 
position on the Transport Skid will be identical to 
the procedure described for the IF-300 since the 

• 

Corrments(a,b) 

See submittals.< 2l1,212J Q and 
R pertain to SAR Section 1.3.1, 
"Systems Descriptions." 

See submittals.<211,212,214J Q 

and R pertain to SAR Section 
1.3.1, "Systems Descriptions." 

See submittals.< 211 •212 l Q and 
R pertain to SAR Section 1.3.1, 
"Systems Descriptions." 

See submittals_(211,212,214) Q 

and R pertain to SAR Sectioo 
1.3.1, "Systems Descriptions," 
and SAR Section 1.0, 
"Introduction and General 
Description of Installation." 
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Ouestions/Requests(a,b) 

QUESTION 14: (contd) 

QUESTION 15 (pertains to SAR Section 1.3.1.7, "System 
Operation"): Paragraphs (n), (p), and (q) discuss the 
use of the rear concrete shield plug in the HSM. This 
COIJllonent was not used in the design described in the 
NUTECH Topical Report. Since no design data is provided 
in the SAR for this plug (e.g., dimensions, installation 
procedures, locking procedure, etc.), please provide such 
data in order that the use of this plug an be reviewed. 
Has a shielding analysis of the plug been performed? If 
so, what are the results? 

QUESTION 16 (pertains to SAR Section 1.3.1.7. "System 
Operation">: The SAR refers to a design criteria for 
water content of the OSC. \./hat is the criteria for water 
content of the DSC? 

QUESTION 17 (pertains to SAR Section 1.3.1.7. "System 
Operation"): The placement of the DSC in the HSM 
involves operations throUgh a penetration in the rear of 
the HSM. The Topical Report does not contain an analysis 
of the design of the penetration through the rear of the 
HSM nor the resulting dose rates. What are the predicted 
dose rates through the rear penetration? 

• • 

TABLE E .I. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

same tilting cradle will be used. Consequently, 
additional description will be added to SAR Section 
1.0 that references the HBR2 FSAR, HBR2 operating 
procedJres, ard the IF·300 Topical Report. Addi· 
tiona! description has been provided in SA Section 
1.3 for_the cask tiltin~1 e~eration, referencing 
appropr1ate documents.< 

RESPONSE: The rear access opening, as shown in 
Drawing RNT162·C·1104, consists of a 14·inch 
diameter pipe embedded in the module wall. A 
removable two·inch steel cover plate is bolted to 
the I!SM to cover the opening. The Hydraut ic Ram 
Assembly, as shown in Drawing RNT162·M·22DO, enters 
the I!SM through the rear access opening. Once the 
DSC is pulled into the HSM cavity, the osc Seismic 
Retainer, as shown in Drawing RNT162-C-1112, is 
inserted into the rear access. This asserrbly 
couples with the grapple asserrbly on the end of the 
DSC to prevent axial movement during a seismic 
event. Once the Retainer is locked in place the 
two· inch plate is bolted down. Paragraf*ls (n), 
(p), and (q) will be revised to incorporate this 
information. 

A shielding analysis of the radiation streaming 
through the rear access opening (dJring unloading 
or loading) has been performed. Without the plug 
in place, the dose rate at the outside of the 
penetration will be less than 1 mrem;h. 

RESPONSE: The criteria for water content of the 
DSC is provided in Section 10.3.2.1 of the Topical 
Report. Holding the DSC at 1 torr for one hour 
will result in a moisture content of approximately 
1.18 grans. 

RESPONSE: As detailed in the response to Question 
15, the predicted dose rate through rear penetra
tion is less than 1 mrem/h. 

ConT11ents (a,b) 

See submittals.<Zll,212) Q and 
R pertain to SAR Section 1.3.1, 
"Systems Description." 

See submittals.<211,212) Q and 
R pertain to SAR Section 1.3. 1, 
"Systems Descriptions." 

See sul:mittals.<211,212) Q and 
R pertain to SAR Section 1.3.1, 
"Systems Descriptions." 

• • 
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Questions/Requests(a,b) 

CUESTIO~ 18 (pertains to SAR Section 1.3.1.7, "System 
Operation"): The Topical Report does not provide any 
analysis of the effectiveness of the rear shield on the 
DSC. What is the dose rate on the rear (bottom) surface 
of the OSC? 

QUEST ION 19 Cperta ins to SAR Section 1.3. 1 . 7, "System 
Operation"): Please note that SAR Figure 1.1-1 is not 
consistent !.lith the Topical RefX!rt. In addition, SAR 
Figure 1.3-2 is not consistent with SAR Figure 1.1-1. 

QUESTION 20 (pertains to SAR Section 1.5. "Material 
Incorporated by Referer.ce"): The NUTECH Topical Report 
has been incorporated by reference, as it should be. 
However, it should be noted that there are several sig
nificant differences between the design described by 
NUTECH in their Topical Report and that proposed in the 
SAR. For example, the design described in the SAR is for 
a three·JOOdu\e, back-loaded system whereas the design 
described in the Topical Report is for an eight-JOOdule, 
front-loaded system. Care should be taken throughout 
this SAR to fully document (i.e., provide analysis, 
design drawings, etc.) any portion of the design that is 
different fr001 that described in the SAR. 

QUESTION 21 (pertains to SAR Section 2.1. 1, "Site Loca-
tion"): 
the site? 

Is the latitude of 34" 12'12" north correct for 

TABLE E .1. (contd) 

(a b) 
Responses ' 

RESPONSE: The contact dose rate on the bottom end 
of the DSC is 1 .5 mrem/h at the DSC center\ ine. 
However, this end of the DSC will be positioned in 
the front of the HSM (i.e., the "top" of the DSC is 
the end drawn into the HSM by the grapple; it is 
secured to the "rear" of the HSM by the seismic 
retainer). 

The contact dose rate of the top end of the DSC is 
32 mrem/h, and, as stated in the response to 
Question 15 (SAR Section 1.3.1.7), the dose rate 
outside the rear access of the HSM without its 
shield plate is 1 mrem/h. 

RESPONSE: The Topical Report is based on a design 
where the ram operates fran the front of the HSM. 
This operation facilitates back to back modules in 
a 4x2 array. The HSM design for H. B. Robinson is 
a 3x1 array which is loaded and unloaded though a 
rear access opening with the hydraulic ram. In SAR 
Figure 1.3-2, the HSM air flow diagram, the module 
does not show the rear access opening. This figure 
will be changed to agree with SAR Figure 1.1-1. 

RESPONSE: The SAR will be revised to reflect all 
specific design differences. Design drawings 
lis ted in the response to Question 1 show the site 
specific design. Appropriate analyses will be 
ad:fed to the SAR to reflect Brr( significant differ
ences between the Topical Report and the SAR. 

RESPONSE: The correct latitude is 34" 24'12" 
north. 

• 

COIIlllents <a • b) 

See submittals.<211,212 > Q and 
R pertain to SAR Section 1.3.1, 
"Systems Descriptions." 

See submittals. <211 •212> Q and 
R pertain to SAR Section 1.3, 
"General Systerrs Descriptions," 
and SAl! Section 1. 1, 
"Introd.Jct ion." 

see submittals.<2 11 ,212> a and 
R pertain to SAR Section 1.0, 
"Introduction and General 
Description of Installation." 

See submittals.< 211 •212> Q and 
R pertain to SAR Section 2.1, 
"Geography and Demograf*1y." 
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Railroad spur which 

plant ard provides for 
to HBR1. These deliveries occur about 

three times per week. SAR Figure 1.1-2 indicates this 
spur extension passes close by the proposed ISFSI Loca
tion but as there is no scale provided on the figure, the 
actual distance between the ISFSI and the fail spur 
cannot be determined. The reasons for interest in this 
information are the possible effects that could con
ceivably result from a derailment, or some other railroad 
related accident, at that point. Such a postulated acci
dent is not mentioned in SAR Section 8.0. Whether such 
an accident is credible "'ith significant effects, or 
other,.ise, should be addressed. 

In c011nection with SAR figure 1.1-2, canparison of that 
figure ~Rith Figure 2.1.1-3 (an aerial photograph) in the 
HBR2 Updated FSAR creates the impression that the two 
figures do not agree spaciatty or with various rail 
spurs' orientation/configuration. 

QUESTION 23 (pertains to SAR Section 2.1.3, "Population 
Distribution and Trends"): Phone conversations with 
State St<Jtistical Office Research personnel indicated 
that popul<Jtion projections provided by the Federal 
Goverrment have been found to be consistently Low. It 
is therefore suggested that a req.~est for, "Tot<JL 
Pop.Jlation Projections by County" be addressed to Mr. 
Mil<e MacFarlane, Rember C. Dennis Building, Room 337, 
1000 Assembly Street, Coluri:lia, South Carolina, 29201. 
This information is 1..p to date and will be sent free of 
charge. It should provide more accurate data regarding 
pop.Jlation distribution and trends than is contained in 
the HBR2 Updated FSAR. 

• • 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: The location chosen at H. B. Robinson 
for the ISFSI will be maintained with a distance of 
20 feet from the protected area bourdary fence to 
the I!SM structure. This fence is located north of 
the proposed ISFSI location. Four feet farther 
north is a nuisance fence which is part of the 
protected area fence system. The first tracl< of 
the raiL spur is approximate\ y ten feet north of 
the second fence. Thus, there wilt be approxi· 
mately 34 feet bet~een the HSM and the rail spur. 

This tracl< is primarily used to store errpty cars. 
There does exist the possibility of having loaded 
cars on this track, but this is generally not the 
case. 

Figure 2.1.1-3 in the H. B. Robinson updated FSAR 
is not a current aerial photograph. Figure 1.1-2 
of the SAR provides more ~..p·to-date information 
regarding the present site plan. 

RESPONSE: The Research and Statistical Office of 
South carol ina provided a county by county t isting 
of population projections for five-year intervals 
from the year 1980 to 2000. Listed below are the 
projections and estimate for the four counties 
withln the ten-mile radius of the site. 

Colllty_ ...1.2§Q_ ~ ..122Q_ ...J222...._ ~ 

Chester- 38,200 40,400 43,700 45,300 46,900 
field 

Darlington 62,800 67,700 74,300 78,500 82,800 

Kershaw 39,100 41,100 44,200 45,500 47,100 

Loo 18,900 19,300 19,700 19,400 20,000 

The Area 159,000 168,500 181,900 188,700 196,800 

The 1980 populations are estimates and the others 
are projections . 

0 

Cooroents(a,b) 

See subnittals. (211 ,212) Q and 
R pertain to SAR Section 2.1.2, 
"Site Description." 

See subnittals.< 211 •212> Q and 
R pertain to SAR Section 2. 1, 
"Geography and Demography." 

- • 
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Questions/Requests(a,b) 

QUESTION 24 (pertains to SAR Se<:tion 2.2. 1, "Locations 
and Routes"): Principal transp:>rtation routes or facil
ities are said to include a railroad line (1600 feet 
east). 

There is no evidence of any railroad line to the east of 
the site on any figures/maps provided. 

QUESTION 25 (pertains to SAR Section 2.2.2. "Descrip
tions"): Principal transportation routes are said to 
inclu:le SC 151 (1/2 mile east). Highway 151 passes the 
site some 3, 000 feet to the west. 

The Locations of the railroad line and the highway 
referred to should be corrected. 

More detailed description of the small airport 2 1!2 
miles east needs to be provided and should include the 
following: a) definition of "small planes" (i.e., single 
engine only or single and twin, and rraxilliJIIl weight); 
b) nurber of rl.rlways and dimensions; c) runway 
orientation; d) departure and approach patterns; e) oper
ational capacity [i.e., air-grot.rd-air-cormunication 
availability, flight operations restricted to Visual 
Flight Rules (VFR) operations or otherwise]; and f) traf
fic loading (i.e., average nUilber of landings and take
offs per day). 

These kinds of information need to be available in order 
to estimate the probability of a plane crash at the ISFSI 
and the consequences thereof. Such a possibility should 
be ad:lresscd in SAR Section 8.0. 

OUEST ION 26 (pertains to SAR Section 2.3.2, "Local 
Meteorology"): The ISFSI SAR reports the maxinum site 
area 24-hour precipitation as having been 4.76 inches in 
Septnmber of 1979, with the passage of the remains of 
Hurricane David. The HBR Updated FSAR reports the high
est recorded 24-hour precipitation in the site area was 
7.66 inches in August of 1949. AssUlling a repetition of 
the latter rainfall, can it be shown that the water would 
not acct..m.Jlate in the bottom of the HSH? 

.. ~ 

TABLE E.!. (contd) 

Responses (a, b) 

RESPONSE: The railroad is 1600 feet west of the 
sit e. 

RESPONSE: 
mate! y 1/2 

The Location of 
mile west) wi II 

the highway (approxi
be correct in the SAR. 

Both twin and single engine planes, as well as an 
occasional lear jet, use the runway. The maxiJIU'I1 
weight of these planes is awroximately 4000 
pourds. The airport has one runway, 3300 feet 
long, with a left downwind approach. The rll'lway is 
oriented in a north-northeast to south-southwest 
direction and has a heading of 20 degrees or 200 
degrees depending upon the direction of approach. 
Standard departure and approach patterns are not 
general! y used. However, when approaching the 
airport, using the Chesterfield, South Carolina 
VDR, a radial approach reading of 154 degrees is 
used. The Hartsville Airport is 16.6 nautical 
miles from Chesterfield. A Unicorn system is used 
for communications. There are approximately 30 
landings and takeoffs per day. 

RESPONSE: The air inlet and outlet openings are 
the only source of possible rain water intrusion. 
If rain penetrates the air inlet openings, it falls 
into the enclosed chanber underneath the air inlet 
shielding slab. This area is sloped toward the 
module front htlich contains two t·inch diameter 
drain pipes. Consequently, all rainfall entering 
the air inlet penetration will drain through these 
enbedded pipes. The drain pipes will be inspected 
periodically to ensure that they remain unclogged. 

• 

Corm~ents(a,b) 

See submittals.< 211 •212 l Q and 
R pertain to SAR Section 2.2, 
"Nearby lmiJstrial, Transporta
tion, and Military Facilities." 

See submittals. <211,2l2l Q and 
R pertain to SAR Section 2.2, 
"Nearby Industrial, Transporta
tion, and Military Facilities." 

See submittals.<211,212,214l o 
and R pertain to SAR Section 
2.3, "Meteorology." 
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Ouest i ons]Req~Aests (a,b) 

QUESTION 26: (contd) 

If water did accu-nulate in the bottom of the HSM, can it 
be ascertained how Long it would take to evaporate to 
dryness given the fairly high average relative hUllidity 
(77%) typical of the months of August and September? 

QUESTION 27 <pertains to SAR Section 2.6.2.1, "EarthCJ,Jake 
History"): The forth paragraph of this part of the ISFSI 
SAR states: "The site is located in Zone 1 of the Uni
form Building Codes' Map of Equal Seismic Probability. 
Zone 1 is characterized as a zone of tight earthquake 
activity which would result in minor damage." The char
acterization of Zone 1 agrees with that presented by the 
U.S. Coast and Geodetic Survey, "Seismic Probability Map 
of the United States, 1949" (Appendix 2.SE of the HBR2 
Updated FSAR) and the "Seismic Risk Map of the United 
States" by S. T. Algermission, U.S. Geological Survey 
(U.S.G.S.) 1969. Algennission's map, however, shows the 
site as being located in Zone 2, characterized by ex
pected moderate damage. This map depicts the probabi\ ity 
of the risk of damage but not the probability of future 
earthquakes occurrences. A 1982 study by S. T. 
Algermission et al., u,s.G.S., presents seismic hazard in 
terms of percent of earth's gravity that have only a 10% 
probabitity of being exceeded in 10, 50, ard 250 years. 
The "Miscellaneous Field Studies Map MF 620," prepared by 
the U.S.G.S., in cooperation with the U.S. Atomic Energy 
Cornnission, 1974, presents predictions of both earthquake 
intensity and frequency. 

It is suggested that additional information be provided 
to either verify that the site is Located in an area of 
light seismic activity with only minor damage expected or 
to establish the true seismic characteristics of the site 
area ard provide a more definitive estimate of the 
probability of seismic activity therein . 

• • 

TABLE E, I. (contd) 

(a b) Responses ' 

RESPONSE: (contd) 

The air outlet openings are covered by air outlet 
shielding blocks which contain a metal flashing as 
shown on Drawing RNT162-C-1107. This flashing 
branches out over 4 inches from the shield opening 
at 45• to provide rain protection. Additionally, 
the air outlet penetration is coopletely surrounded 
by a 4 in. x 4 in. curb which eliminates any seep· 
age down into the penetration. Therefore, if rain 
enters through the shielding block it is retained 
by the curb. Also the module roof is sloped to 
prevent rairr.~ater bui ldt..p or pording. Estimated 
amual dose data for mod.He surveillance has been 
added to SAR Table 7 .4-2. 

RESPONSE: Reference to the Uniform Building Code 
is incorrect and will be revised as suggested to 
the U.S. Coast and Geodetic Survey Map. 

The Uniform Building Code locates the ISFSI in Zone 
2, characterized by moderate damage, which corres
ponds to Intensity VII on the Modified Mercalli 
Scale. As noted, the largest regional earthquake 
occurred at Charleston, South Carolina in 1886. 
This earthquake's projected effect on the 
Hartsvitle area suggests a high VI to low VII 
Modified Mercalli intensity, which is reflected in 
the Uniform Building Code Seismic Zone Map. The 
design maximum ground acceleration of 0.2 g pro
vides an ample factor of safety with no loss of 
f!.l'lction based on an earthquake of this potential. 

• 

Conrnents(a,b) 

See submittals.C211, 212 > Q and 
R pertain to SAR Section 2.6.2, 
"Vibratory Ground Motion." 

• 
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Cues t i ens/Requests (a • b) 

OUEST!Ofl 28 (pertains to SAR Section 2.6.4.3, "!SFSI 
Foundation"): Please provide data on the analysis per
formed to evaluate potential soil liq.~efactiOfl at the 
ISFSI site. This data should be in sufficient detaiL so 
as to permit an appropriate "RC revieor of the analysis 
and, as such, should include data on soil characteris
tics, analysis methodology, etc. 

OUESTIOH 29 (pertains to SAR Section 3.0. "Principal 
Design Criteria"): Somewhere in Section 3.0 (either 3.2 
or 3.3.7), should be the specific statement that 125"F is 
the design basis maximun inlet air temperature. This 
fact is mentioned in the introd.Jction section <Section 
1.2.3.2) but not in the design criteria section. 

QUESTION 30 (pertains to SAR Section 3.0. "Principal 
Design Criteria"): SAR Section 3.0 (probably 3.2) should 
also define the design basis solar radiation for the 
storage system. This design basis criteria should be 
based on information presented in SAR Section 2.0. 

OUEST! ON 31 (pertains to SAR Section 3.1.1.3. "Radio
logical Characteristics"): The radiation source of the 
majority of the fuel stored in stated to be less than or 
equal to the design criteria in the Topical Report; how
ever, it is suggested that other combinations of decay 
time ard burnup may be acceptable if additional calcula
tions are performed. Operationally, what procedures 
exist to insure that these additional calculations are 
performed? \.lhat are the computational procedures? 

~ 

TABLE E .I. (contd) 

Rg~ponses(a,b) 

RESPONSE: A copy of the "Report of Geotfc~nical 
Exploration, Dry Storage ModJle Project" c is 
provided. 

RESPONSE: SAR Section 3.2 will be revised to 
include a section on thermal loading. The section 
will include a specific statement stating that 
125"F is the design basis maximum inlet air tem
perature. This temperature envelopes the maximum 
anbient temperature in the site area of 107"F which 
is stated in Section 2.3.2.1.2 of the updated FSAR. 

RESPONSE: The value for the design basis solar 
2 radiation for the storage system is 188 Btu{hr-ft • 

This will be included in the revised SAR. The 
design basis solar radiation, based on infonnation 
contained in Section 2.0 of the SAR, is bound by 
the NUTECH Topical Report. 

RESPONSE: If a fuel assentlly is inten:led to be 
stored and does not meet the maxirrun burnup/minimun 
cooling time specified in section 3.1.1.3, addi
tional calculations JnJSt be performed to assure 
that the design parameters given in SAR Tables 
1.2-1 and 3.1-2 are not exceeded. The corrputa
tional procedures are similar to those used to 
establish burnup and cooling time guidelines. 
ORIGEN2, or a similar code, will be used to deter
mine the isotopic composition and resulting gen
eration rates, given a particular fuel enrichment 
and irradiation history. 

Operational procedures for ensuring the perfonmance 
of the calculations are not included in the SAR. 
Such activities shalt be addressed in CP&L detailed 
site operational procedures or QA procedures for 
fuel hardl ing. 

• • 

COITITients (a' b) 

See sub:nittals.< 211 ,212) Q and 
R pertain to SAR Section 2.6.4, 
"Stability of Subsurface 
Materials." 

See submittals.(211,212) 

See sub:nittals.<211,212) 

See sul:mittals.( 211 •212) Q and 
R pertain to SAR Section 3.1.1, 
"Material to be Stored." 
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Questions;~ests (a, b) 

QUESTION 32 (pertains to SAR Sect1on 3.1.2.1. "Overall 
Functions of the Facility"): The statement that the 
ISFSI is designed to be "totally passive" 1116Y be correct 
for some of the units, but other units apparently will be 
instr\JTIE'nted. CP&L is asked to provide not only a des
cription of this instrunentation, but also to show that 
the confinement integrity of the DSC is not COI!llromised 
by instrument penetrations. 

QUESTION 33 (pertains to SAR Section 3.1.2.1. "Overall 
Functions of the Facility''): The statement, "Once the 
DSC is properly positioned within the HSM, ..• " Leads to 
the question, what is properly positioned, and how is it 
determined that the DSC is property positioned? CP&L 
should delineate the criteria for proper axial as well as 
radial positioning of the OSC in the HSM. Question 8 in 
Section 8.1.1.1 and Question 6 in Section 8.1.1.5 of the 
~RC letter of May 29, 1985, to NUTECH provide some 
reasons for the concern. See also Question 54 in Section 
5.1.1.6, below. 

QUESTION 34 (pertains to SAR Section 3.1.2.2, "Handling 
and Transfer Eguipoent"): In this section ard elsewhere 
(e.g., SAR Section 5.2.1.1, "functional Description"), 
the SAR asserts specifically that the JF-3DD provides 
shielding along the axial length of the !FA's. Does the 
amount of shielding give the 200 mremth design criteria? 
Is adequate shielding provided on the longitudinal axis? 

• • • 

TABLE E.!. (contd) 

Responses (a, b) 

RESPONSE: The function of the ISFSI will not be 
changed by the instrunentation, since instrunenta
tion will be added for the sole purpose of collect
ing data. Thus, the ISFSI will still be "totally 
passive." The instru:nents will not compromise the 
confinement integrity of the OSC as shown in the 
Penetration Plug Asseflbly Drawing RNT162-M·2609. 
Other lnstrunented DSC drawings are RNT162-M-2600, 
RNT162-M-2621, and RNT162-M-2622. See the response 
to Question 64 regarding Section 5.4, "Operation 
Support System" for a detailed description of the 
instrunentation confinement for the DSC 
penetration. 

RESPONSE: Two· inch thick steel stopping blocks 
will be bot ted to the erd of the \.IT4 x 33.5 OSC 
St.ppart Assembly rails. These stop plates estab
lish the final position of the osc, 3.5 inches from 
the HSH concrete wall in the axial position. 

To assure radial pos1t1oning identical to that of 
the thermal model, however, markings will be placed 
on the top cover plate which will irdicate proper 
azinuthal orientation of the canister. 

RESPONSE: The IF-300 cask is designed to transport 
irradiated PWR fuel after a 120-day cooling period 
while maintaining a maximun surface dose rate of 
less than 200 mremth. The H. B. Robinson fuel will 
have been cooled for 5 years, or 1825 days. As a 
result, the dose rate along the axial length of the 
transfer cask will be significantly lower than 200 
mrem/h when loaded with H. B. Robinson fuel. SAR 
Table 7.3-2 presents the calculated transfer cask 
surface dose rate as 5.6 mrem/h. 

On the longitudinal axis, the two ends rust be con
sidered. The bottom end of the transfer cask con
tains sufficient shielding to assure a surface dose 
rate of tess than 200 mrem/h iJ!en loaded with 120-
day cooled fuel. The use of 1825-day cooled fuel, 

~ 

Comnents(a,b) 

See submittals.<211 •212) Q and 
R pertain to SAR Section 3.1.2, 
"General Operating Flnctions." 

See submittals.<211,212) Q and 
R pertain to SAR Secti()(l 3.1.2, 
"General Operating Functions." 

See sul::mittals.<211,212,214) Q 

and R pertain to SAR Section 
3.1.2, "General Operating 
Functions." 

" • 
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Ques
·"·-'·') is eq.Jally applicable to the 

statement given in this section. Also it is stated in 
this section that details of the fourdation design are 
provided in SAR Section 8.3. SAR section 8.3 only gives 
a general description of the foundation design and does 
not incllde either details of the design nor analysis 
data justifying the design. Please either revise the 
statements in this section or revise SAR Sections 8.2 and 
8.3. 

QUESTION 39 (pertains to SAR Section 3.3.1. "General"): 
It is noted in SAR Table 3.3-1 that only the Transfer 
Cask ard the DSC are "Safety Related." Please explain 
why the other items are not considered to be ifl1)ortant to 
safety even though they provide such flrlctions as shield· 
ing and protection of the DSC. 

• • • 

TABLE E .I. (contd) 

Responses<a,b) 

RESPONSE: SAR Section 8.3 will be revised to 
include specific details for the fotn:lation design. 
SAR Section 8.2 will be revised for site specific 
analyses that differ from the NUHOMS Topical 
Report. Refer to answer to Ouest ion 86 for more 
information on foundation analysis. 

RESPONSE: In establishing the quality classifica
tions for the various component parts of the ISFSI, 
only "Safety Reta'2~" or "Non-safety Related" cate-
gories were used. l) Although this designation 
is based on the specific need for component 
performance during accident conditions, it is not 
the only basis for establishing whether any part is 
i~or.tant to the safe and proper operation of the 
!SFSI system. 

The HSM is not considered "Safety Related" since it 
does not provide the necessary storage environment 
for the spent fuel. The modules do, however, pro
vide shielding and structural protection for the 
DSC. For these reasons, the concrete structure has 
been designed in accordance with ACI 349-80. The 
drawings and specifications for concrete construc
tion establish the level of testing and inspection 
required in accordance with CP&l's "Radwaste 
Related" 0/A program for H. B. Robinson. This 
feature is important to the safe operation of the 
ISFSI and appropriate Levels of documentation and 
control are being applied. 

The rema1mng primary cooponents (ram, skid, trail
er) are i~ortant to the successful loading of the 
DSC into the HSM, however, they are not "Safety 
Related." Failure of these items would not endan
ger the health and safety of plant employees or the 
general plbl ic. The importance of the safe suc
cessful transfer and Loading of the canisters is 
upheld in the design drawings and specifications 
through material quality, welding, tolerances, and 
performance testing • 

~ . ' ' 

Corrments(a,b) 

See sul:mittals.<211,212,214) Q 

and R pertain to SAR Section 
3.2.3, "Seismic Design." 

see sul:mittals.<211,212,22D) 0 
and R pertain to SAR Section 
3.3, "Safety Protection System." 

• 
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Quest i onsLB~g\o)es~~ (a, b) 

QUESTION 39; (contd) 

• 

TABLE E .I. (contd) 

~esponses(a,b) 

RESPONSE: (contd) 

The letter of February 25, 1986, <220 ) provides the 
following additional information and clarification 
to Question 39. The CP&L Quality Assurance (QA) 
Progran recognizes only the terms "Safety Related" 
and "Non-Safety Related." The Dry Storage Canister 
ard Transfer Cask are considered Safety Related and 
are subject to a QA Program in conformance to the 
requirements of 10 CFR 50 Appendix B. 

The Horizontal Storage Module, Fmrodation, Transfer 
Components, and Instrunentation are Listed as "Now 
Safety Related." Footnote 3 notes that CP&L will 
apply the "Radwaste-Related" QA Program to these 
items. The QA Program for Radioactive Waste Man
agement Systems has been in existence for several 
years, has applied to certain activities at CP&L's 
nuclear plants, and, as such, is auditable by the 
NRC's Region II staff. The QA Program for Radio
active \Jaste Management Systems is consistent with 
the requirements of 10 CFR 72.80. The Program is 
Chapter 19 of the overall corporate QA manual as 
shown in the H. B. Robinson Updated Final Safety 
Analysis Re~2~) Section 17.2.2.1. Attachment 1 to 
this Letter is a brief SU'IIIlary of the Program, 
which will be incorporated into Chapter 11 of the 
ISFSI SAR, if appropriate, LpOn a satisfactory 
resolution to this question. 

Attachment 

The Corporate QA Program also provides a specific 
program for Radioactive \Jaste Management Systems. 
This program parallels the appropriate requirements 
of the 18 criteria of 10 CFR 50, Appendix B and has 
been developed to match the level of control neces
sary for equipment, materials, and processes which 
are important to maintain the integrity of the 
Radioactive Uaste Management System. 

This program requires that design, procurement, 
installation, and testing be aCCOI'Jlllished in a 
plamed and controlled mamer in accordance with 

• 

COIIJTlents (a' b) 
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Questi ons/J1g9!!_ests (a,b) 

QUESTION 39: (contd) 

• • 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

approved procedures. These proced..lres inclWe 
provisions, as necessary, to ensure that: 

1. Design ard procurement docunents include 
appl icabte design requirements, and are 
reviewed for adequacy. Deviations are 
controlled. 

2. Puro::hased material, equipnent, ard services 
conform to the requirements of drawings, 
specifications, and purchase order documents. 

3. Material is inspected to the extent necessary 
to assure conformance with technical and QA 
requirements of the purchase order documents. 

4. Material and equipment are handled and stored 
to prevent damage and deterioration. 

5. Items which have passed the required inspec
tions and tests establ !shed by the spec; fi
cation are identified. 

6. Conditions adverse to quality are properly 
identified ard corrected. 

7. Instructions, procedures, ard drawings include 
appropriate q.Jal itative and q.Jantitative ac· 
ceptance criteria for determining that irrpor· 
tant activities have been satisfactorily 
aCCOI!pl i Shecl. 

8. Tools, gages, instruments, and other measuring 
and testing devices used in activities affect· 
ing q.Jal ity are properly calibrated and 
controlled. 

9. Sufficient records including results of 
reviews and inspections are maintained. 

10. The issuance of docunents su::h as instruc
tions, procedures, and drawings, including 
changes thereto, which prescribe all activ
ities affecting quality are controlled . 

Corrment.s (a,b) 

' 
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Oues ti ons/Requ~~ts <a, b) 

CUESTJO~ 40 (pertains to SAR Section 3.3.3.2. "instrunen
tation"): CP&L should give colll)lete design details for 
all instrl.l!lentation and show that instrunentation pene
trations and systems do not cause any redJction in the 
ability of the DSC or HSM to meet the design criteria. 
See Question 1 (pertains to SAR Section 1 .2.1) above. 

OUEST!O~ 41 (pertains to SAR Sectioo 3.3.5.3, "Radio· 
logical Alarm System"): Does CP&L intend to include a 
radiation monitoring system as a part of the instru 
mentation package for the first three DSCs ard HSMs? lf 
CP&L does not intend to do so, why' 

Concrete 
tute codes and which American Society of Testing and 
Material (ASTM) Standards are used for this activity. 
Please indicate the specific code and describe how it was 
used, and wtlat the result was for every case. 

CP&L has not provided sufficient detail to be able to 
evaluate the ability of the reinforcing dowels to prevent 
possible overturning or sliding during "any accident 
condition." Also, this information is not included in 
SAR Section 8.2 ("Accident Analysis") of the submittal. 

-
TABLE E.!. (contd) 

Responses (a, b) 

RESPONSE: Drawings RNT162·M-2600, RNT162-M-2621, 
ard RNT162-M-2609 show design details for the DSC 
instnrnentation. The only p.Jrpose of the instru
mentation will be to collect data. It will cause 
no reduction in the operational abi I i ty of the DSC. 
Instrllllentation in the HSM will be limited to 
thermocouple placement inside the HSM and at the 
heat shields. These thermocouples will not cause 
any Loss of ability for the HSM to rneet the design 
criteria. Drawings RNT\62-C-1113 and RNT162-C-1114 
show HSM and Heat Shield thermocouple configura
tions. For a detaiLed description of the instru
mentation penetration, see response to Question 64, 
regarding SAR Section 5.4, "Operation Support 
System." 

A radiation monitoring system will not 
in the instrumentation package for the 

first three DSCs and the 3x1 HSM array. Instead, 
radiation measurements will be taken after fuel 
loading as stated in the Topical Report. Quarterly 
surveys by Health Physics persomel will be con
ducted at the ISFSI site as performed in other 
areas of the plant. 

RESPONSE: Part (a) of section 4.2.1.2, "Construc
tion, Fabrication and Inspection," of the ISFSI SAR 
will be modified to state that the HSM is designed 
in accordance with the req.drements of ACI 349-80. 
All other standard codes and ASTM standards not 
lis ted in this section of the report are part of 
the testing, fabrication and construction require
ments lis ted in Chapter 3 of ACI 349-80. Construc
tion of the HSM will be in accordance with ACI 301-
84, "Specifications for Structural Concrete for 
Buildings." 

The design details of the HSM tie-down system are 
shown in Drawing RNT162-C-1102. As detailed in the 
response to Question 81, the dowels percent over
turning or sliding during accident conditions. 
Analysis of the reinforcing dowels and shear keys 
will be incorporated in Section 8.2, "Accident 
Analysis," of the SAR. 

'• • 

Coomentsca,b) 

See subnittals.< 211 •212> Q and 
R pertain to SAR Section 3.3.3, 
"Protection by Equipment and 
Instrumentation Selection." 

See submittals.< 211 •21 2J c and 
R pertain to SAR Section 3.3.5, 
"Radiological Protection." 

See subnittals.< 211 .212) c and 
R pertain to SAR Section 4.2.1, 
"Structural Specifications." 
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codes and standards and ~hich American ~elding Society 
codes and standards it intends to use for this activity. 
Please indicate the specific code and describe how it was 
used, and what the result was for every case. 

• • 

TABLE E .l. (contd) 

Responses(a,b) 

RESPO"SE: The Dry Shielding Canister- will be 
designed in accordance with the OocU'Tients, Codes, 
and Standards section of the fabrication specifica
tions. A portion of this specification is listed 
below showing the appropriate ASME, CFR, A~s. ANSI, 
ASTM and other doct..ments used for this activity. 

1 .6.2 - Applicable portions of the latest rev1s1ons 
(unless otherwise stated) of the follo~ing docu· 
ments in effect on the date of the purchase order 
shalL appt y where referenced in this specification. 

1.6.2.1 -American Society of Mechanical Engineers 
Boiler and Pressure Vessel Code (ASME Code). 

1.6.2.1.1 - ASME Code, Section II, Part C, 1983 
Edition, with all addenda up to and including 
~inter 1983 Addenda. 

1.6.2.1.2- ASHE Code, Section III, Division 1, 
Slbsection NCA, 1983 Edition, with all addenda t.p 
to and inclu:::ling I./inter 1983 Addeo:la. 

1.6.2.1.3- ASME Code, Section III, Division 1, 
Subsection NB, 1983 Edition, with all addenda up to 
and including I./inter 1983 Addenda. 

1 .6.2.1.4 - ASME Code, Section V, 1983 Edition, 
with all adden:::la up to and including ~inter 1983 
Addenda. 

1.6.2.1.5- ASME Code, Section IX, 1983 Edition, 
with all adderda up to and including I./inter 1983 
Addenda. 

1 .6.2.2 - Ccxle of Federal Regulation (CFR). 

1.6.2.2.1 - CfR, Title 10, Part 21, "Reporting of 
Defects ao:l Nonco"lll iance." 

1.6.2.2.2- CFR, Title 10, Part 50, Appendix B, 
"Domestic Licensing of Prcduction ard Utilization 
Facilities." 

~ 

Co1JJ11ents(a,b) 

See submittals.<211,212J Q and 
R pertain to SAR Section 4.2.1, 
"Structural Specifications." 

- • 
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Qu_~~ ti<?rt~eques ts (a, b) 

OUEST ION 43; (contd) 

QUESTION 44 (pertains to SAR Section 4.2.3. "Individual 
Unit Description"): CP&L has stated that SAR Figures 
4.2-1 and 4.2-2 ("Dry Shielded Canister" and "Horizontal 
Storage Module," respectively) are "fr001 the Topical 
Report and are included in this (CP&Ll report." COOlpari
son of these drawings in both subnittals reveals that 
neither drawing in the CP&l subnittal correspond to any 
dra01ing in the WUTECH Topical Report. Outstanding 

~ 

TABLE E.l. (contd) 

RESPONSE: (contd) 

(a b) 
Responses ' 

1.6.2.3 ·American ~elding Society (AIJS) 0.1.1-83, 
"Structural Welding Code." 

1.6.2.4- American National Standards Institute 
CANSO. 

1.6.2.4.1- ANSI N45.2, "Quality Assurance Program 
Requirements for Nuclear Facilities." 

1.6.2.4.2- ANSI N45.2.1, "Cleaning of Fluid 
Systems and Associated Components During 
Construction Phase of Nuclear Power Plants." 

1.6.2.4.3 +ANSI N45.2.2, "Packaging, Shipping, 
Receiving, Storage, and Hand! ing of Nuclear Power 
Plants." 

1.6.2.5 -American Society for Testing and 
Materials (ASTM). 

1.6.2.5.1- ASTM 829, "Standard Specification for 
Pig Lead." 

1.6.2.5.2 - ASTM A380, "Standard Reconmended Prac
tice for cleaning and Descaling Stainless Steel 
Parts, Equipnent, and Systems." 

1.6.2.6 - American Society of Nondestructive 
Testing, SNT-TC-1A, 11 Rec00111ended Practice for 
Nondestructive Testing Personnel Qualification and 
Certification." 

RESPONSE: Design drawings as I is ted in the 
response to Question 1 have been provided to show 
actual site-specific designs. Figures in the SAR 
will be revised aOO/or omitted to reflect the H. B. 
Robinson design. Additiot~ally, references to the 
Topical Report wi II be eliminated in cases where 
site-specific designs deviate from Topical Report 
designs. SAR Section 4.2.3, "Individual Unit 
Description," will be revised accordingly. 

• 

Corrments(a,b) 

See submittals.C 211 •212 > Q and 
R pertain to SAR Section 4.2, 
"Storage Structures." 
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ouestions/Request~(a,b) 
OUESTIO~ 44: (contd) 

discrepancies in CP&l Figure 4.2-1 are the left end cap 
of the DSC, Sections B-B, C-c, and lack of dimensions. 
An outstanding discrepancy in CP&L Figure 4.2-2 is the 
storage array. In addition, the rear pLUg sho~.n in 
Figure 4.2-2 has not been discussed or analyzed in the 
NUTECH Topical Report. NUTECH does not have a 3x1 array 
in their Topical Report. It is important to note that 
the conceptual layout for the 3x1 array implies that 
there is a right, a Left, and a center module. However, 
no dra01ings have been supplied 01hich show any of the 
req..dred designs. CP&l should provide actual engineering 
(shop) drawings. CP&l should also make the correct 
references to Topical Report drawings, or in the case 
where CP&L site specific drawi119s deviate frcrn the 
Topical Report dra10ings, CP&L should delete reference to 
the Topical Report. 

QUESTION ~5 (pertains to SAR Section ~.3.2, "Electrical 
System"): It is noted in this section that the first 
three DSC's may contain instruments for measuring tem· 
perature and radiation. Are any of these instruments to 
be located 10ithin the DSC confinement bound<:~ry, and if 
so, 10hat provision will be made to insure that no leakage 
occurs through such penetrations during the life of the 
system? 

QUESTION 46 (pertains to SAR Section 4.6, "Cathodic 
Protection"): Even though the canister support assellbly 
may be painted 10ith "Carbo-Zinc 11," there is a high 
probability that some of the paint 10ill be scraped off as 
the DSC slides into the HSM. Given the fact that the 
Type A36 structural steel has a higher electrOIOOtive 
(galvanic) potential than the Type 304 stainless steel, 
the corrosion which results 10ill occur on the su~rt 
ra i l s over the 50-year design life 10i ll not cause failure 
of the st.pport rails. CP&L should also dra10 reference to 
the expected rainfalL and show how much water is expected 
to col teet inside the HSM. It should than discuss the 
expected rate of evaporation of any water that collects 
in the corrosion problem. 

• • • 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: Two of the first three DSCs will contain 
thermocouples to record temperature information. 
No instruroents measuring radiation will be used. 
For a detailed explanation of the instnrnentation 
and the related penetration integrity, refer to the 
response to ouest ion 64. 

The top surface of the DSC rail is to be 
to produce a maximum surface roughness of 

63 microinches. The machined surface is to be 
plated 10ith a high-phosphorus electroless nickel 
finish having a mininun thickness of 0.0005 inch. 
The remaining surfaces of the rail shall be painted 
with Carbo-Zinc 11. Consequently, the A36 struc· 
tural steel will not have any exposed surfaces dur
ing its 50-year design life. Therefore, corrosion 
of the A36 steel 10ill be controlled. This design 
change will insure the integrity of the SLppOrt 
structure for its design Life. 

As stated previously in the response to Question 
Z6, no rainwater buildup will occur in the HSM due 
to the drain pipes and flashing protection. Hence, 
excessive moisture which could accelerate corrosion 
will not collect inside the HSM . 

-

Cooments(a,b) 

See subnittals_(211,212) Q and 
R pertain to SAR Section ~.3, 
"Auxiliary Systems." 

See subnittats."<Zll,ZlZ) a and 
R pertain to SAR Section ~.7, 
"Fuel Hand! ing Operation 
System." 

' 
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Ouestions/Requests(a,b) 

QUESTION 47 (pertains to SAR Section 4.7.1. "Structural 
Specification"): The CP&L report (SAR) states that: 
"The engineering and design bases for other corrponents 
(transport skid and hydraulic ram) are discussed in 
Chapter 3 of the NUiict!S Topical Report." It is 
interesting to note that the NUTECH Topical Report states 
that "The handling eq.Jipment required to irJ1)lement the 
NUHOMS storage system will be site-specific. This 
equipnent includes a cask hardl ing crane at the reactor 
fuel pool, a transfer cask, a cask skid, heavy-haul 
vehicle and a hydraulic ram" (page 3.1·8 NUTECH Topical 
Report). Although NUTECH has provided some of the 
criteria for the above equipment neither NtJTECH nor CP&L 
has supplied any design drawings, design calculati011s, 
fabrication procedures, or in any way presented a 
credible case that these items can meet the design 
criteria established by NUTECH. Because these items are 
sitc·spccific, CP&L is requested to do so. 

QUESTION 48 (pertains to SAR Section 5.1.1.1, "Prepara
tion of the Transfer Cask and Canister"): CP&L states 
that: "Measures witt be taken to ensure that no known 
failed fuel will be placed in dry storage." They also 
reference fuel specifications in SAR Section 10.0 ("Oper
ating Controls and Limits"). However, neither SAR Sec
tion 5.0 ("Operations Systems") nor SAR Section 10.0 
("Operating Controls ard Limits") define any procedJre 
which will ensure that defective, i.e., ruptured, 
cracked, pin-holed, etc., fuel rods will not inadver· 
tently be loaded into the DSC. CP&l is requested to 
define this procedure and specify the type of rreasuring 
instrurrents they intend to use to verify that no Leaky 
fuel rods will be stored in the DSC. CP&L is also 
requested to specify the criteria that they intend to 
use, i.e., permissible level of radioactive isotope 
escaping from fuel rods, etc. 

QUEST I ON 49 (pertains to SAR Section 5. 1.1 . 1 E, "Prepara
tion of the Transfer Cask and Canister": CP&L is 
requested to provide detaiLs of the "spanner" referred 
to. \./hat is it? How is it installed? 

~ 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: The design basis for the handling and 
transfer equipnent is discussed in the NUTECH 
Topical Report Section 3.1.2.2 and Table 3.1-5. 
The detailed design of such a system is site-spe
cific, but not safety related. The transfer crane 
is already licensed at the H. B. Robinson site. 
The other equifXIII!nt is not safety related. Draw
ings have been provided, however, to show the con
figuration of the other eq.JifXIII!nt. The Ram Assem
bly is shown in Drawing RNT162-M-2200 while the 
Trailer/Skid Asserrbly is shown on Ora~o~ing RNT162-M-
2300. Fabrication procedures will be developed by 
the fabricator(s) based on requirements set forth 
in the procurement specifications. 

RESPONSE: Visual inspection is to be performed 
through closed circuit television cameras. "A fuel 
assembly will be acceptable for dry storage if no 
fuel rod defects (i.e., ruptures, cracks, etc,) are 
visible. The coolant activity while the fuel to be 
stored was in the core indicated no failed fuel." 

RESPONSE: The collar has been redesigned to 
eliminate the need for a spanner, which was to be 
used to temporarily secure the cask liner in place. 
References to a spamer will be omitted from the 
next revision of the SAR. 

• • 

Cooments (a ,b) 

See submittals.< 211 .212) Q and 
R pertain to SAR Section 4. 7, 
"Fuel Hard\ ing Operation 
System." 

See submittats.< 211 ,212) Q and 
R pertain to SAR Secti011 5.1.1, 
"Narrative Description." 

See submittals.C211,212) Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 
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Ouestions/Requests(a,b) 

QUESTION 50 (pertains to SAR Section 5.1.1.1, "Prepara
tion of the Transfer Cask and Canister"): CP&L is 
requested to address the following questions: NUllber 1 
of Section 10.2.2.2; 10.3.2.1; 10.3.2.2; 10.3.2.3 (1 and 
2) which may be found in the NRC resp::lnse to the NUTECH 
Topical Report. 

• • 

TABLE E.l. (contd) 

Responses(a,b) 

RESPONSE: The five parts to the response are as 
follows, 

a) Technical Conditions and Characteristics- As 
stated in response to Question 1, Section 1.1, 
the Metals Handbook, R. H. Parke, takes the 
position that "helillll does not diffuse through 
solid iron." Additionally, the results of dis
cussion with scientists in the hel iun iOOustry 
(at Union carbide and the u.s. Bureau of Mine's 
Helium Operation) indicate that as a practical 
matter, hel h.an does not diffuse through steel 
or stainless steel. Based on the above dis
cussion, it can be assu:ned that the only means 
for he\ h.lll to leak fran the canister is through 
defects in the DSC welds. However, all welds 
will be nondestructively examined. If these 
examinations show indications of a defect, the 
defect will be repaired in accordance with 
ASHE, Section Ill, Subsection NB requirements 
and reexamined. Those fabrication requirements 
will provide a DSC that has defect free welds. 
Therefore leak rate does not apply to these 
01elds. 

bl 10.3.2.1 osc Vacuum Pressure During Drying
See response to Question 94 of this sub'nittaL 

c) 10.3.2.2 osc Helium Backfill Pressure- The 
backfilling procedures have been changed to 
include pressure monitoring until an 
equilibrium has been reached. 

d) 10.3.2.3 OSC He\ ium Leakage R~te of PrimarY 
Ueld Question 1 - The 631 em of He d.Qes 
correspond to 2 atmospheres and 473 em> 
corresgonds to 1.5 atroospheres. !he value of 
631 cJIT" will be changed to 473 eli'. This 
revision has no impact on the leak rate 
specification of the primary 01eld. 

e) 10.3.2.3 OSC Helium Leakage Rate of Primary 
Ueld Question 2 - See the above response to 
Question 10.2.2.2 of the NUTEOi Tq:~ical Report • 

~ 

Corrments(a,b) 

See subnittals.c211,212l Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 

' 
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Ouestions/Requests(a,b) 

QUESTION 51 (pertains to SAR Section 5.1.1.3, "Cask 
Drying Process"): See Question 1 and 2 in Section 
5.1.1.3 of the WRC response to the NUTECH Topical Report. 

~ 

TABLE E.!. (contd) 

Rf;'~ponses (a, b) 

RESPONSE: The two parts of the resp:.mse are as 
follows: 

a) 5.1.1.3 Cask Drying Process, Question 1- The 
procedures have been revised to include hydro· 
static testing of the OSC and monitoring the 
pressure. 

The following procedures wi ll be incorporated 
in the Topical Report: 

Attach a self priming pl.lllp to valve #2 of the 
siphon line and drain more than 15 gallons fran 
the OSC. 

Remove the self priming purp. 

Dry any water from top lead plug and osc inter· 
face and then seal weld the u~r stainless 
steel cladding plate of the top lead plug to 
the canister body. 

Connect 0-75 psig pressure gauge to valve #2 on 
vent tube, and open valves #1 and #2. 

Connect demineralized water supply to intake 
side of hydro·plll1p and cornect hose from dis
charge of hydro-pump to valve #2 of siphon 
tube. 

Open valves #1 and #2 on siphon tube. 

Activate hydro-purrp ard pressurize the DSC to 
50 psig as read on pressure gauge. 

Once internal pressure of the OSC has reached 
50 psig, close valves #1 and #2 on siphon tube 
and disengage hydro-plll1p. 

Monitor pressure for 10 minutes. 

• • 

Corrrnents (a ,b) 

See sut:mittals.C 211 ,212> Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 
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Quest i ons/Req~.Jests (a' b) 

QUESTION 51: (contd) 

• • 

TABLE E.!. (contd) 

Respmses(a,b) 

RESPONSE: (contd) 

After 10 minutes, examine the primary closure 
weld (weld between top lead plug and DSC shell) 
for leaks. ContiN.Je monitoring the pressure 
throughout the examination. If a leak is 
detected or an internal pressure drop is 
detected, release pressure, and repair weld. 

lf no leaks are detected, disconnect siphon 
hose from hydro·purp discharge and comect to 
plant's low-Level radioactive waste system. 
Open valves on siphon tubes, allowing pressure 
to drop to atmospheric pressure. 

Connect helium to DSC. 

Pressurize DSC with 1.5 atm of hel iu-n. 

Leak-sniff the weld for helium leaks. 

lf a leak is fol.lld, repair weld. 

If no Leak, release the pressure. 

Remove the pressure gauge from valve #2 on the 
vent tube and cmnect in accordance with the 
existing procedure steps #53 and #58. 

Open valve #2 and allow the premeasured 
quantity of hel iun to fl~ into the OSC cavity. 

Close valve #1 and #2 on helium. Monitor 
pressure until pressure equi l ibriun is reached. 

b) 5.1.1.3 Cask Orying Process. Question 2 - The 
differential pressure across the canister wall 
when the helium sniffer leak test is performed 
is 1.5 atm . 

~ 

Corrments (a,b) 

• • 
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Ouestions/Requests(a,b) 

QUESTION 52 {pertains to SAR Section 5.1. 1 .3. "Cask Dry
ing Process"): See Question 1 in Section 4.2.3.1 of the 
NRC response to the NUTECH Topical Report. 

QUESTION 53 <pertains to SAR Section 5.1. 1 .4. "DSC 
Sealing Operation"): In this operation CP&l states, 
"place the cask lid onto the cask and bolt the lid into 
place." Reference to SAR Figure 5.1-1, "Cask Extension 
forGE IF-300 Cask,'' shows a cask extension and a Lid as 
substitute parts for the existing IF-300 cask decelera
tion limiter. Also, SAR Figure 5.1-3, "Hardling Opera
tions Flow Sheet," does not refer to the deceleration 
limiter. However, reference to the NUTECH Figure 5.1-2 
shows a cask deceleration limiter. CP&L and NUTECH 
should be a"'are that the deceleration limiter is a struc
tural energy absorbing device designed to crush in the 
event of a cask drop. If this device is not used by 
CP&L, then the reconfigured IF-300 shipping cask JruSt be 
evaluated by CP&l for site-specific use. For e){arrple, 
refer to Questions 12 and 13 (pertain to SAR Section 
1.3.1.3) above. 

proper 
HSM both during 

normal operatfon and in case of seismic event, \Ohat pro
vision is CP&L taking to achieve correct a){ial position
ing? See Question 12 in Section 7.3.2 and Question 6 in 
Section 8.1.1.5 of the NRC respoi"Se to the NUTECH Topical 
Report. 

• • 

TABLE E.!. (contd) 

Respons"'s (a, b) 

RESPONSE: The longitudinal weld will be radio
graf*led to assure that the integrity.of the 10eld is 
equal to that of the parent metal. See Question 
50, regarding SAR Section 5.1.1.1 ("Preparation of 
the Transfer Cask and Canister"), Stbquestion 
10.2.2.2 for additional details concerning the teak 
rate. 

RESPONSE: Use of the deceleration limiter, a 
structural energy absorbing device designed to 
crush in the event of a cask drop, is not required 
for the H. B. Robinson site-specific ISFSI. The 
response to Question 3 (pertains to SAR Section 
1.2.3.1, "Structural Features") above describes the 
hand! ing of the cask. This response also describes 
the hand! ing of the cask. This response also des
cribes the envelope for a horizontal drop accident. 
Prior to placing the IF-300 into the fuel pool, the 
docking collar (cask e){tension) will have been 
installed on the cask. When the loaded cask is 
being handled in the tilting operation and then 
transported to the KSM, both the cask collar and 
cask load will be in place. Therefore, the 
deceleration limiter will not be required. 

RESPONSE: As described in response to Question 33, 
a two-inch stop plate will be bolted to the esc 
Support Asserrbly rails. These plates 10ill assure 
correct a){ial positioning of the DSC 3.5 inches 
from the HSM end wall. Once the canister is in 
place the seismic retainer sh010n in drawing RNT162-
C·1112 10ill be inserted through the rear access 
opening to cot..ple with the grapple asserrbty. This 
anchoring operation is described in the response to 
Question 15. Consequently, due to the seismic 
retainer and stop plates, a){ial positioning during 
normal operation and possible seismic events is 
assured. 

• ' • 

Corrrnents (a,b) 

See sul:rnittals.<211 ,212) a and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 

See submittals.< 211 ,212J Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 

See submittals.<211,212) Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 
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Quest i ens/Requests (a, b) 

QUESTION 55 (pertains to SAR Section 5.1.1.6E. "loading 
of Canister in to the HSM"): CP&L is requested to 
present details for the "optical alignment system." .,hat 
does it consist of? How will CP&L use it? 'olhat are the 
specifications? What is the measurement resolution of 
the system? Are alignment marks to be affixed to the 
!F-300 cask or the HSM? Does CP&L intend to perform a 
dry run of the alignment system before attempting to load 
a DSC filled with spent fuel into the HSM? 

QUESTION 56 (pertains to SAR Section 5.1.1.7. "Monitorjng 
Operations"): SAR Section 5.1.1.7 reports that personnel 
will visually monitor HSM air inlets ard perform main
tenam:e work as required. This work is likely to be per
formed in an area where radiation streaming and secondary 
gamna photon production is present. Have estimated dose 
rates been calculated for work around the air inlets? 

QUESTION 57 (pertains to SAR Section 5. 1.1.8. "Unloading 
of the OSC from the HSM"): What does the Last sentence 
in this section mean? Does it mean that CP&L will make 
provisions to return the DSC to the spent fuel pool only 
during the demonstration year? Under what conditions 
would CP&L return the OSC to the fuel pool, "if 
necessary."? Please explain. 

• • 

TABLE E.l. (contd) 

Responses (a, b) 

RESPONSE: The services of an outside specialty 
contractor will be secured to provid$ equipment, 
fixtures, ard labor required to determine the 
center! ines of the transfer cask and DSC support 
assembly, determine al igrvnent of the RAM momting 
plate with the DSC support asseni:lly, and services 
required to bring these components into alignment. 

The following drawings wilt be used by the spe
cialty contractor as references for development of 
procedures and design alignment tooling; RNT162-M· 
2400, RNT162-M-2401, RNT162-M-2402, and RNT162-M-
2222. 

TyPical optical instrll!lents which might be used 
are: anal ignnent telescope, bore targets, and 
optical transit squares. 

These instrll!lents are accurate to the tenths of 
mils. Aligment marks wilt be affixed to the HSH 
and cask <or skid) and designed for a 20-year life. 
Hand! ing tests will be performed on the modules. 

RESPONSE: Estimated dose rates have been cal
culated for air openings. The l::x;11.n::ling condition 
exists at the HSM air outlets. The calculated dose 
rate there is 38 mrem/h inside the shield block 
opening, flush with the top of the KSM. 

RESPONSE: CP&l can return the DSC, inside the IF-
300, to the spent fuel pool during the life of the 
tacit ity. Possible conditions 1..f>00 which the osc 
would be returned include exceeding the design 
limits shown in SAR Section 10.2, "Limits for the 
surface Oose Rate of the KSM While the DSC is in 
Storage," and Section 10.3, "Limits for the Haxirm.rn 
Air Temperature Rise After Storage." Additionally, 
if shipping were required, the DSC would be re· 
turned to the decontamination area or to the fuel 
pool for removal of the cask collar and placement 
of the BWR head on the IF-300. The Last sentence 
in SAR Section 5.1.1.8, "Unloading of the DSC from 
the ISFSI," will be revised to reflect this 
information . 

. . • 

Corrments(a,b) 

See submittals.C 211 •212> Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 

See submitta\s.<211 •212 > Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 

See submittals. C211 •212> Q and 
R pertain to SAR Section 5.1.1, 
"Narrative Description." 

' ' 
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Quest i ons}Requ~sts (a' b) 

QUESTION 62 (pertains to SAR Section 5.2.1.2, "Safety 
Features"): It is stated in this section that "the 
amount of force which the ram may exert is limited to 
6,200 pounds unless overridden by the systems operator." 
Either the systems operator should not be permitted to 
override this amount of force or the design criteria 
should be revised to reflect an appropriate higher per
missible force. Please make an appropriate correction to 
the SAR. 

installatioo, what pro
made for installation of spare or alternative 

equipnent to provide for continuity of safety under nor· 
mal and off·normal conditions? 

QUESTION 64 (pertains to SAR Section 5.4. "Operating 
Support system"): Describe the instrumentation systems 
for the first three instrumented OSC/HSM systems. See 
these previous questions: Question 59 (pertains to SAR 
Section 5.1.3.4, "Instrumentation"), and Question 40 
(pertains to SAR Section 3.3.3.1, "lnstrunentation"), and 
Question 32 (pertains to SAR Section 3.1.2.1, "Overall 
Functions of the Facility"). 

- • 

TABLE E .I. (contd) 

(a b) 
Rt::>SQOnses ' 

RESPONSE: The nominal ram load is expected to be 
6,200 pounds. However, the ram ard DSC ard DSC 
supports were designed to withstard 20,000 pol.flds. 
Therefore, the operator can override the controls 
and apply 20,000 pot.r~ds of force, the maxiiiUJl force 
obtainable from the ram. 

SAR Section 5.2.1.2 has been revised t~2~~pect a 
maximun ram capacity of 20,000 pol.nds. All 
analyses were performed for this maximum load 
capacity. SAR wiLl be revised at appropriate 
locations to reflect this change. 

RESPONSE: The only component postulated to be 
damaged during the Life of the installation is the 
air outlet shielding block. As described in SAR 
Section 8.2.1, "Loss of Air Outlet Shielding," a 
tornado irduced missile could damage or !<:noel<: off 
the shielding blocks. Consequently, two additional 
shielding blocks wiLl be precast dJring construc
tion and maintained as spares by CP&L. SAR Section 
5.3.2, "Carp:ments/Equip:nent Spares," will be 
revised to reflect this information. SAR Section 
8.2.1, "Loss of Air Outlet Shielding," describes 
the process to replace a damaged or lost shielding 
bloc!<:. 

RESPONSE: Instrumentation is not required to 
support the operation of the ISFSL For research 
purpose, however, two of the oscs to be installed 
at the H. B. Robinson facility have been designed 
to accept instrunentation. Instrunentation was 
included as part of an agreement between CP&L, EPRI 
and the DOE to augment the U.S. database on L\.IR 
fuel rods in dry storage. 

The DSC thermocouples will be connected to an 
external cable by means of a specially designed 
feed·through. This feed-through incorporates the 
same backup weld-seal philosophy used in the DSC 

' 

Corrrnents (a, b) 

See submittals.C211,212,214J Q 
and R pertain to SAR Section 
5.2.1, "Spent Fuel Handling and 
Transfer." 

See submittals.<211,212) c and 
R pertain to SAR Section 5.3, 
''Other Operating Systems. 11 

See submittals.<211,212' a and 
R pertain to SAR Section 5.0, 
"Operation Systems." 

' • • 
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Questions/Requests(a,b) 

QUESTION 64: (contd) 

OUEST ION 65 (pertaining to SAR Section 6.5, "Radiologicnl 
Impact of Normal Operations- Surnnary"): The ALARA con
siderations presented in the SAR seem to be a statement 
that radiological impact oras considered and that several 
design criteria were established. Another interpretation 
of ALARA would suggest that the cost i~Tpact of radiologi· 
cal impact reductions be considered and that the irrpact 
be as lo"' as reasonably achievable where "reasonably" is 
taken in the sense of cost benefit. For exarrple, what 
would the cost irrpact be of reducing the radiological 
impact from the !SFSI by a factor of 2? Has it been 
sho;.on that further reductions in radiological iwpact are 
impractical or unreasonable? Have reductions in the 
radiological i~act been considered at all? 

QUESTION 66 (pertains to SAR Section 7.1.1. "Policy 
Consideration"): The northern side of the ISFSI borders 
on a railroad track. \.lhat type of access control is 
provided in this area? can IX1badged persomel work in 
this area? 

• 

TABLE E .l. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

containment design. Details are shown in Drawings 
RNT162-M-2600 and RNT162-M-2609. After the pene
tration plug assembly has been welded to the bottom 
of the DSC cover plate, a sleeve wilt be welded 
over the plug, fonning a redundant seal. Thermo
couple sheaths will likewise be brazed to the plug 
assembly at imer and outer penetrations. Leakage 
through the individual sheaths will be prevented by 
metalizing the aluninun oxide insulating crystals 
at the inner and outer penetrations. 

HSM instrumentation witt consist of thermocouples 
cast in place in the concrete and others attached 
to the surface and at various locations on the heat 
shield. Details of the HSM instrllllentation are 
shown on drawings RNT162-C-1113 and RNT162-C-1114. 

RESPONSE: Numerous radiological impact reductions 
have been evaluated and some have been incorporated 
in the design (this was how the various shield 
thicknesses were derived). Detailed ALARA consid
erations are presented in the SAR in Section 7.1, 
"Ensuring that Occupational Radiation Exposures are 
ALARA." However, as a SLITTilary, the design of the 
H. B. Robinson ISFSI was evaluated against exist
ing, established ALARA guidelines. For instance, 
the system was designed so that the offsite does 
will be substantially below the one mrem/year 
guideline established by the NRC for additional 
waste storage facilities (see NRC generic tetter 
81-38). Also, the ISFSI does not violate the 
exiting licensed H. B. Robinson on-site health 
physics and ALARA procedures. 

RESPONSE: See the response to Question 22, Which 
specifies the dimensioos near the railroad track. 

• • 

Colllllents(a,b) 

See sut:rnittals.<211,212) Q and 
R pertain to SAR Section 6.0, 
"Waste Confinement and 
Management." 

See sut:rnittals. (211 ,212) Q and 
R pertain to SAil: Section 7.1, 
"Ensuring that Occupational 
Radiation Exposures are ALARA." 
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Report? Has a shielding analysis 
ment been performed? If so, what 

the NUTECH Topical 
of the docking arrange
are the results. 

QUESTION 68 (pertains to SAR Section 7.3.2.2. "Shielding 
Analysis"): The shielding analysis results of SAR Table 
7.3-2 (based on table of same rurrber in NUTECH Topical 
Report) use units of mR/h for both neutron and gamma dose 
rates. Since the Roentgen (R) is defined only for photon 
radiation, are JOe to assune that the neutron dose rates 
are in terms of mrad/h or mrem/h? 

QUESTION 69 (pertains to SAR Section 7.3.2.2. "Shielding 
Analysis">: SAR Table 7.3-2, "Shielding Analysis 
Results," is identical to that presented in the Topical 
Report. Considering the facts that the source strengths 
differ, the cask docking arrangement is different, and 
there is a rear plug, please explain why the shielding 
analysis results are identical. Also the table shows no 
results for the dose rates for the rear penetration. 

OUEST! ON 70 (pertains to SAR Section 7.4.1, "Operational 
Dose Assessment"): Table 7.4-1, "SUTmary of Estimated 
Onsite Doses During Fuel Handling Operations," of the 
CP&l ISFSI SAR was constructed from NUTECH Topical 
Report. What was the basis used for estimating the dose 
rates in this table? Are these dose rates estimated by 
extrapolating the results of SAR Table 7.3-2, "Shielding 
Analysis Results?" Were conversion factors used to con
vert mR to mrem (for garrrna), or were they si~ly con
sidered to be equivalent? 

QUESTION 71 <pertains to SAR Section 7.4.1. "Operational 
Dose Assessment">: With regard to SAR Table 7.4-1, "Sun
mary of Estimated Onsite Doses During Fuel Hand! ing Oper· 
at ions," are the estimated times required to CO'!'plete a 
task "best estimates" to c001plete the task as defined, or 
do they have s001e allowance for cases in which the task 
work does not proceed as planned (e.g., equip11ent 
failure) . 

' • 

TABLE E.!. (contd) 

R~sponses(a,b) 

RESPONSE: The docking collar and the HSM recess 
are identical to that described in the Topical 
Report. A shielding analysis has been performed 
and will be presented in the revised SAR. 

RESPONSE: Units on SAR Table 7.3-2, "Shielding 
Analysis Results," wilt be changed fr001 mR/h to 
mrem/h. 

RESPONSE: A revised SAR Table 7.3-2, "Shielding 
Analysis Results," will be presented which will 
include values for dose rates at the rear 
penetration. 

RESPONSE: Dose rates in SAR Table 7.4-1, 11Slll11lary 
of Estimated O"lsite Doses During Fuel Handling 
Operations," were extrapolated fr001 surface dose 
rates obtained in shielding calculations, including 
the analysis htlich produced SAR Table 7.3-2, 
"Shielding Analysis Results." Dose rates are pre
sented in mrem/h and were converted from fluxes as 
described in Section 7.2.1 of the Topical Report. 
More detail was added to the shielding analysis 
(SAR Section ?-3-~) a~1 ~AR Section 7.4.1 about 
dose rate est1mat1on. ) 

RESPONSE: The estimated tires shown in SAR Table 
7.4-1, "SUTmary of Estimated Onsite Doses During 
Fuel Handling Operations," are conservative esti
mates. They are based on engineering judgment and 
experience with identical and/or similar 
operations. 

' 

CoiiJIIents (a' b) 

See submittals.C211,212) Q and 
R pertain to SAR section 7.1, 
"Ensuring that Occt..pational 
Radiation Exposures are ALARA." 

See submittals.C211,212) Q and 
R pertain to SAR Section 7.3.2, 
"Shielding. 

See submittals.< 211,212J Q and 
R pertain to SAR Section 7.3.2, 
"Shielding." 

See submittals.C211,212,214) Q 

and R pertain to SAR Section 
7.4, "Estimated o-.site 
Collective Dose Assessment." 

See submittals. CZ1 1, 212 > Q and 
R pertain to SAR Section 7.4, 
"Estimated Onsite Collective 
Dose Assessment." 

• • 
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Questions/Requests(a,b) 

QUESTION 72 (pertains to SAR Section 7.4.1. "Operational 
Dose Assessment"): Please provide missing data on SAR 
Table 7.4-1, "SlJITIIlary of Estimated Onsito:l Doses During 
Fuel Handling Operations," on line entitled "Transport 
Cask to HSM." 

QUESTION 73 (pertains to SAR Section 7.4.2, "Storase Term 
Dose Assessment"): SAR Table 7.4·2, "Estimated Anll.Jal 
Onsite Doses During Storage Phase," contains estimate of 
doses to personnel assigned to various buildings and work 
areas arourd the plant. However, only s001e of the build
ings ard work areas are inclt.ded. \.Jhy are not all plant 
f aci l i ty occupants covered by this table? 

QUESTION 74 (pertains to SAR Section 7.4.2. "Storase Term 
Dose Assessment"): In SAR Figure 7.4·2, "Dose Rate Ver
sus Distance from Surface of HSM (Assuming 8 Modules)," 
dose rate is specified as a function of distance from an 
eight-module facility. How are these results relatable 
to those reported in the NUTECH Topical Report. \.lere 
these results generated by an independent SKYSHINE·!! 
run, or were they obtained by sealing the NUTECH results 
to site-specific conditions? If an independent SKYSHINE-
11 run was performed, are the input and output data 
avai \able? If sealing was performed, what was the scal
ing factor used and what was the basis for this factor? 

"Analysis 
it is estimated that the dose 

to the maximally exposed member of the plbl ic from JSFSI 
operations is 0.3 mrem/yr. \.lhat is the estimated dose to 
this individual from combined site operations? Such 
results are necessary to demonstrate compliance with 
40CFR190. Also, the dose is compared to the "average 

• • 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: The following data will be added to SAR 
Table 7.4-1, "Sli!JTiary of Estimated ORsite Doses 
During Fuel Hand\ ing Operations," on the line 
entitled "TransfX!rt Cask to HSM": 

NtJllber of Personnel 5 
Time (hours> 0.5 
Average Distance from Cask Surface (feet) 5.0 
Dose Rate (mrem/h) 2.0 
Dose Rate per Person (mrem) 1.0 
Total Personnel Dose (mrem) 5.0 

The missing data has been added to SAR Table 7.4-1 
and procedures used in obtainin~2 f£~ results are 
described in SAR Section 7.4.1. 

RESPONSE: SAR Table 7.4-2, "Estimated Annual 
Onsite Doses During Storage Phase," shows typical 
buildings and areas at various locations surround
ing the HSM. Dose rates in other locations not 
listed in SAR Table 7.4-2, "Estimated Annual Clnsite 
Doses During Storage Phase," would be the same as 
those lis ted which are located at similar distances 
away from the HSM. 

RESPONSE: Scaling was used to obtain SAR Figure 
7.4-2, "Dose Rate Versus Distance from Surface of 
HSM (AsstJlling 8 Modules)." SICYSHINE-11 results 
were scaled by a factor of 8/184. Direct doses 
were scaled by a factor which decreases linearly 
from 1.0 (on contact) to 8/92 at a distance away 
from the array. Figure 7.4-2 is graphically incor
rect in the existing SAR Figure 7.4-2; it has been 
c~l~tetr2 ~nised to represent a three-module 
fac1l1ty. 

RESULTS: The estimated additional dose cootri
bution of the ISFSI to the maximally exposed merrber 
of the public is 0.3 mrem/yr, which is insignifi
cant corrpared to the 25 mrem/yr allowed by 40CFR190 
for combined operation. 

Guidance may be taken from NUREG-0800 (Appendix 
11.4-A, Section B, "Storage facility Requirements") 

• 

CoJl111ents(a,b) 

See su!:mittals. (211,212,214) Q 

and R pertain to SAR Section 
7.4, "Estimated Onsite 
Col\ ect ive Dose Assessment." 

See su!:mittals. (211,212) Q and 
R pertain to SAR Section 7.4, 
"Estimated Onsite Collective 
Dose Assessment." 

See su!:mittals. (211,212,214) Q 

and R pertain to SAR Section 
7.4, "Estimated Clnsite 
Collective Dose Assessment." 

See su!:mittals.C 211 •212 > Q and 
R pertain to SAR Se<:tion 7.6, 
"Estimated Offsite Collective 
Dose Assessment." 
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Questions/Reque§ts(a,b) 

QUESTIO~ 75: (contd) 

natural background dose of 200 mrem per year." This 
value is very high for "natural background dose" as the 
term is conventionally used (i.e., the Slfll of radiation 
fr011 cosmic and terrestrial sources). Wouldn't 100 
mrern/yr be a more appropriate value? Also, while a 
CO"lJarison to background is a good means of placing dose 
in perspective, a more appropriate comparison would be 
with applicable standards. 

QUESTION 76 (pertains to SAR Section 8.0, "Analysis of 
Design Events"): A variety of analysis results are 
presented to substantiate these results. Please provide 
details of any analysis for which results are presented 
unless the source of the analysis is available from one 
of the docunents identified in SAR Section 1.5, "Material 
Incorporated by Reference," as being incorp:wated by 
reference. 

QUESTION 77 (pertains to SAR Section 8.1.1, "Wormal 
Operation Analvsis Design Basis Internal Pressure 
Loads>": CP&L states that the DSC is designed for 
"internal pressures up to 50 psig under accident 
conditions." The NUTECH Topical Report indicates that 
the design accident results in an internal pressure of 
39.7 psi g. CP&L should verify which is correct and 
change the text accordingly. 

QUESTION 78 <pertains to SAR Section 8.1.2.1. 
"lransP?rt"): CP&l states that, "Malfunctioning of the 
auxiliary corrponents (i.e., crane, transporter, ram, 
etc.) does not relate to the safe functioning of the 
DSC." The meaning of this statement is unclear if, for 
exarnple, the malfunctioning of the crane included a drop 

• ' • 

TABLE E.!. (contd) 

Responses (a, b) 

RESPONSE: (contd) 

and USWRC letter SECY-81-383 (Section III, para
graph "a"l ..tlich describe the application of 
40CFR90 to the storage of low level wastes at 
reactor sites. 

RESPONSE: SAR Section 8.0, "Analysis of Design 
Events," wilt be revised to present analyses for 
certain design events which are significantly 
different from the Topical. If the analyses are 
similar the appropriate section of the Topical will 
be referenced. For analyses in which the technique 
and methodology are identical but the loading dif
fers, the results in the Topical will be factored 
accordingly and presented in the SAR. For new 
analyses not included in the Topical, such as the 
foundation and instrument penetration analyses, 
complete detailed analyses will be added to the 
revised Section 8.0. The foundation analyses can 
be folnd in the response to Question 86. There· 
fore, all new or significantly revised analyses 
will be ad:fed to Section 8.0 ~1 jhe SAR. SAR 
Section 8.0 has been revised< 4 to present design 
analyses ..tlich are significantly different fran 
those presented in the NUTECH Topical Report. 

RESPONSE: SAR Section 8. 1. 1 b), "Design Basis 
Internal Pressure Loads," inadvertently states the 
accident pressure as 50 psig inside the DSC. The 
correct value of 39.7 psig will be included in 
Section 8.1.1, "Normal Operation Analysis Design 
Basis Internal Pressure Loads," of the revised SAR. 

RESPONSE: Malfll"lctioning eq .. dpnent is that which 
fails to operate in the normal or usual manner. 
The DSC canister is designed to withstand a load 
greater than any malfll"lctioning equipnent could 
apply. Since a single failure proof crane will be 
used, a postulated malfll"lction does not include a 

• ' 

Corrments(a,b) 

See sul::rnittals.C211,212,214) 

See sul::rnittals.< 211 •212) Q and 
R pertain to SAR Section 8.1, 
"Normal and Off-Normal 
Operations." 

See sul::rnittals.<211,212,214) Q 

and R pertain to SAR Section 
8.1.2, "Off-Normal Operation 
Analysis." 

' • ' 
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Ouest i onslB_QQ_uests (a, b) 

QUESTION 78: (contd) 

of more than 5 feet, or if the ram were used in excess of 
6200 pounds of thrust in the extraction mode, etc. CP&l 
is asked to define precisely o.hat is meant by 
"rna l functioning." 

OUEST ION 79 (pertains to SAR Section 8.1.2.1, "Trans· 
Q2.!:.!.2: CP&L is referred to Question 3, in Section 
3.1.2.2 of the NRC response to NUTECH. 

QUESTION 80 (pertains to SAR Section 8.2.1, "loss of Air 
Outlet Shielding-Recovery"): In view of CP&l's statement 
in SAR Section 5 .3. 2, "Components/Equipnent Spares," not 
to stock any spares it seems that the replacement of an 
outlet could pose a problem. How does CP&L intend to 
resolve this? 

QUESTION 81 (pertains to SAR Section 8.2.2. "Tornado/ 
Tornado Generated Missiles"): CP&l states that the walls 
of the HSM are "anchored into the concrete," however, 
there are no design drawings and no analysis provided to 
substantiate the claim that "there is no possibi\ i ty of 
overturning or sliding." C?&L should provide design and 
analysis for their site-specific application. See Ques
tions 1 and 2 in Section 8.2.2.2 of the NRC response to 
NUTECH. 

OUEST! ON 82 (pertains to SAR Section 8.2.3.1. "Accident 
Analysis"): As previously discussed, the analysis 
results presented in this section should be backed up by 
appropriate analysis data. Please provide such data in 
sufficient detail so as to permit the NRC to 
review/substantiate the results as presented. 

TABLE E .1. (contd) 

Rcsponses(a,b) 

RESPONSE: (contd) 

drop of over 8 feet. The ram capacity is limited 
to a 20,000 pounds thrust. All components are 
designed for this loading. Therefore, a ram 
malfunction does not include a loading exceeding 
20,000 pol.Flds. Consequently, no auxiliary com
ponent could apply any load greater than that for 
which the DSC asserrbly was designed. SAR Section 
5.2.~.2 ~~~~ribes the ram operation in JOOre 
deta1l.c 

RESPONSE: See response to Question 36 as the 
questions are identical. 

RESPONSE: Two extra shielding blocks shall be 
maintained in case of tornado caused projectiles 
damaging the existing shielding blocks. SAR 
Section 5.3.2, "Components/Equipnent Spares," will 
be revised to reflect this change. SAR Section 
8.2.1, "loss of Air Outlet Shielding," describes 
the replacement process if a shielding block is 
lost in a tornado. 

RESPONSE: The HSM fo\.l'ldation drawing, RNT-162-
C-1102 shows the steel reinforcing dowels that 
anchor the HSM walls into the foundation. Using 
the maxiiiUil tornado wind design loading on the HSM, 
the maXiiiUil uplift pressure along the outside wall 
was determined assuning a rigid body 100tion. This 
uplift pressure force of 1.56 k/ft was appt ied to 
all module wall/foundation joints. Using the maxi
IIUil load factor from ACI 349·80 of 1.7, the miniiiUil 
area required to resist o~erturning or sliding was 
calculated to be 0.03 in. /ft. Conservative~y, two 
#6 reinforcing bars with an area of 0.44 in. were 
used per each foot of wall. Thus, no possibility 
of overturning or sliding exists for the CP&l HSM. 

RESPONSE: See the response to Question 76. As 
stated in response to Question 76, Section 8.0 of 
the SAR has been revised to ref~2~! differences 
between NUTECH and HBR designs. ) 

• • • 

Comnents(a,b) 

See submittals.< 2l 1,212> Q and 
R pertain to SAR Section 8.1.2, 
"Off·Normal Operation Analysis." 

See submittals.< 211 ,212) Q and 
R pertain to SAR Section 8.2, 
"Accident Analysis." 

See submittals.C 2l1,212) Q and 
R pertain to SAR Section 8.2, 
"Accident Analysis." 

see submittals.< 211 •212 •214 > o 
and R pertain to SAR Section 
8.2.3, "Earthquake." 



m 
w 

"' 

• 

Ouest i ons/R~g~sts (a' b) 

QUESTION 83 (pertains to SAR Section 8.2.3.1, "Accident 
Analysis"): CP&L states that the HSMs are anchored to 
the concrete foundation. CP&L should either provide the 
analysis and designs of cooponents to prove that no 
overturning or sliding occurs or else delete this 
discussion. 

QUESTION 84 (pertains to SAR Section 8.2.4, "Drop 
Accident"): CP&l is encouraged to examine the NRC 
response to NUTECH. Specifically, CP&L should consider 
Questions 3 and 4 in Section 8.2.5.2 and 1 ard 2 in 
Section 3.2.5.2. 

- • 

TABLE E .1. (contd) 

Re~~ses(a,b) 

RESPONSE: As detailed in the response to Oues-
t ion 81, dowels are provided to prevent overturning 
or sliding due to tornado ~inds or projectiles. 
Previous calculations showed that the maxirnun 
uplift or sliding force is resisted by dowels 
extending from the foundation through the HSM 
wal ts. 

RESPONSE; The response consists of the four parts, 
a) 8.2.5.2 Accident Analysis. Question 3 

The limiting drop decelerations for the hor i · 
zontal and vertical orientations are 54.4g and 
76.8g, respectively. These decelerations are 
based on an 8-foot drop of the IF-300 cas!:. As 
shown in Flgure 1 of the response, the maxi11Ul1 
height the cask center of gravity drops during 
slap down is approximately 4.75 feet. There
fore, the resulting decelerations will be less 
than the 8-foot values and do not need to be 
considered in the analysis. 

b) 8.2.5.2 Accident Analvsis. Question 4 
The ISFSI Cask Liner Asseobly is shown in 
drawing RNT162-M·2703. As called out in the 
drawing, the material for the liner is Type 304 
stainless steel. 

c) 3.2.5.2 Dry Shielded Canister. Question 1 
The structural design criteria has been changed 
to state: "Following a drop accident, the osc 
J~JJst be disasseob\ed and fuel assemblies 
removed and inspected for danage." 

d) 3.2.5.2 Dry Shielded Canister, Question 2 
For the horizontal drop accident only two 
cO'Jl)Onents in the DSC basket, the spacer disk 
and the BORAL tlbe, could deform and cause 
interference with the fuel retrieval operation. 
To verify that no interference will occur, the 
elastic deformation of the spacer disk and 
BORAL tubes will be added to the maxil!lJI!I 
plastic deformation and then compared to the 
minimum gap between the fuel assembly and the 
inside of the BORAL tWe. The maxifiUll elastic 
deformation of the spacer disk is 0.0301 inch 
at the fuel celt c6"1terlire. The rraxinun IDW. 

' • 

ConTilents (a,b) 

See sul::rnittals.< 211,212J a and 
R pertain to SAR Section 8.2.3, 
"Earthq.mke." 

See sul::rnittals.<211,212,214J a 
and R pertain to SAR Section 
8.2, "Accident Analysis." 

• • 
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Questions/Requests(a,b) 

QUESTION 84: (contd) 

QUESTION 85 (pertains to SAR Section 8.2.5.2, "Analysis 
of Effects ard Consequences"): Even though CP&L has 
provided reference for the lightning protection system, 
they have not provided any conceptual drawings, engi· 
neering drawings, or any indication of materials or 
dimensions of the system. Please provide. 

• 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE; (contd) 

tube deflection is 0.0072 inch. Since the 
stress in the spacer disk has exceeded yield 
for the drop accident, additional plastic 
deformation will occur. An UpPer limit plastic 
analysis was performed assuming a three hinged, 
uniformly loaded beam. The maXiJIUJl deftection 
calculated 10as conservatively enveloped by this 
value. Since the BORAL tube stress is far less 
than yield stress, no permanent deformation 
occurs. SU'Illling the total calculated deflec
tions yields 0.0533 inch. The minirrun gap is 
0.324 inch. Consequently, no interference for 
the horizontal drop accident is present. 

For the vertical orientation drop, the deflec
tion in the lead casing is the only situation 
which could cause interference with the fuel. 
The maximum elastic deflection for the 5-foot 
drop case is 0.32 inch at the lead casing 
centerline. For a built-in beam subject to a 
central load <similar to the resultant of the 
lead plug reaction), Hodge ("Plastic Analysis 
of Structure," 1959) shows that the maximum 
plastic displacement is only 11% greater than 
the maximum elastic displacement. 

Conservatively, the vertical drop deflection 
will be increased by 25% ard COifllared to the 
minii!Uil gap of 0,5 inch between the fuel and 
the lead casing. The maximun deflection is 
0.40 inch. Clearly no interference 10ill occur 
which could inhibit the easy retrieval of all 
fuel assenbl ies. 

SAR Section 8.2.4 has been revised to present a 
more ~taH~ description of the drop 
analys1s. ) 

RESPONSE: The lightning protection system drawing 
for the 3xt HSM array has been provided. See 
Drawing RNT\62-C-1116 for details of the system. 

COfll1len ts (a 'b) 

See sub'nittals. <211,212) Q ard 
R pertain to SAR Section 8.2.5, 
"Lightning." 
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Oues ti ons/lliUests (a,b) 

QUESTION 86 (pertains to SAR Section 8.3. "Foundation 
Design"): A general description of the folX1dation design 
is presented in this section. Ho01ever, tho data 
presented in this section should be supplemented by 
detailed design drawings, analysis details, finite 
element model (FEM) descriptions, and any other data that 
is required to support a review of this design. 

In addition to the above, CP&L should specifically 
provide: 

The dra~o~ings used to model the FEM analysis. 

The input data for the FEM analysis. 

The output from the FEM analysis for all load 
CC(Ilbi nations. 

The multiplication factors for the load c001binations 
(See ACI-349-80, ANS!/ANS 57.7·1981). 

Comparison table of calcul<lted stresses with allowable 
stresses for critical sections for both steel and 
concrete. 

Development and specification of elastic coil spring 
model plus size factors for fOLrdaticn a-d refererces. 

Reference the "presLrnptive allo~ablc soil bearing 
capacity of 3000 psf." 

• 

TABLE E .I. (contd) 

Responses(a,b) 

RESPONSE: Drawing RNT\62-C-1102 has been provided 
to show the final foundation configu~>ation. 
Section 8.3, "Foundation Design," of the H. B. 
Robinson SAR Will be revised as follows to provide 
additional analysis and description of the 
foundation design. 

8.3 Foundation Desisn 
To provide a means of transmitting the reaction 
loads of the ISFSI modules to the grolrld, a 
rectangular, flat plate type, mat foundation was 
selected. The mat fol.f1dation is ideally suited for 
the ISFS! since it spreads out the loadings ard, 
consequently, reduces the soil bearing pressure 
while at the same time minimizing the differential 
settlements. 

To accorrmodate the !SFSI 100dules, the front cask 
unloading area, and the hydraulic ram area behind 
the modules, an overall foundation size of 28 ft -
9 in. by 60 ft · 0 in. was selected. The HSM 
Foundation Slab will be 3-feet thick. A construe· 
tion joint will connect the Foundation Slab to the 
Cask Unloading Slab which will be 2-feet thick 
starting fran a point 5 feet fran the module front. 
The Ram Mounting Slab at the rear of the modulus is 
to be 8-inches thick and will connect to the 3-foot 
foundation by an eKpansion joint. All fol.lldation 
concrete will be 4000 psi normal weight concrete 
with the HSM fol.lldation poured on a 4-inch mud 
slab. The HSM Fol.lldation and the Cask Unloading 
Slab are to be interlaced with continuous two-way 
reinforcing top and bottom. Number 9 bars will be 
used for tensile reinforcement and as dowels to 
anchor the HSM walls to the foundation. The Ram 
Mounting Slab will have a nunber 5 bar continuous 
two-way reinforcing on the bottan only. lolelded 
wire fabric will be placed on the top of the 8-inch 
slab. 

For analysis purposes, a STARDYNE rectangular plate 
finite element model was constructed. The model 
consists of 255 nodes and 224 plate elements. At 
each node, a ground support spring was added to 

Conrnents(a,b) 

See subnittals.<211,212> Q and 
R pertain to SAR Section 8.0, 
"Analysis of Design Events." 
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OuestionsjRequests(a,b) 

OUEST ION 86: (contdl 

• 

TABLE E. I. (contd) 

Responses(a,b) 

RESPONSE: (contdl 

sirm.tlate the soil elastic properties. The elastic 
soil spring is obtained by modifying the experi
mental modulus of subgrade reaction and then mul
tiplying by the tributary area associated with each 
node. The resulting values of the spring 
stiffnesses 10ere input to the finite element model 
as a ground stiffness matrix. The method for 
finding the stiffness K is shown below: 

K " 

B + 12 
K --A 
v 28 

(Reference: Teng, "Foundation Design," 1962.) 

0/here: Kv :: experimental mcdulus gt subgrade 
reaction = 100 lb/in. (Reference: 
Law Eng. Test. Company) 

B :: foundation width :: 28.75 feet 
A = nodal tributary area (varies) 

Five separate load cases were considered in the 
foundation design: 

1) Center module Loading 
2) Outside module Loading 
3) Dead 'Jeight +Live Load 
4) Dead 'Jeight +Tornado 'Jind!lrrpact (lengthwise) 
5) Dead 'Jeight + Tornado 'Jind/lrrpact (widthwise) 

Since Cask Unloading and Ram Mounting slabs are to 
be cast in place after HSM construction, the dif· 
ferential settlement due to HSM dead weight will 
not be experienced by the Cask Unloading Slab. 
Consequently, for Load cases 1) and 2) the dead 
weight was not included. For load cases 1) and 
2) the appropriate trailer loads are applied as 
concentrated loads at nodal locations in the un· 
loading areas. Since only one loading or unloading 

• 

Corrments(a,b) 
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Questions/Requests(a,b) 

QUEST!O~ 86: (contd) 

• 

TABLE E.l. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

operation will occur at a time, the two load cases 
were evaluated independently. Load case 3) con
sists of the dead weight of the three modules con
taining the DSCs. Additionally, a Live load of 
200 psf is postulated for the HSH room. These 
loads are awtied as pressure Loads on the appro
priate plate elements of the STARDYNE model. Load 
cases 4) and 5) are the maxinrn upt ift Load can
binations caused by tornado Loadings in the two 
horizontal directions. Using a conservative wind 
pressure of 400 psf appt ied on the modlle watts and 
roof, plus the reaction loads caused by a 3967 lb 
automobile traveling at 184.8 ft/s applied to the 
top of the module in the same direction combined 
with the module dead weight, the maxilllJIIl ~Lift 
forces were calculated. Live Loads have been 
excluded since they would cancel out ~~ ift loads. 
Comparing the tornado loads with the HSM seismic 
loadings shows that tornado loads are much more 
severe. Consequently, seismic loads will not be 
included in the foundation analysis. Once the 
upl itt forces have been calculated they are applied 
as negative pressures on the appropriate plate 
elements corresponding to the HSM/foundation con
nection surface. Tornado wind and impact toads are 
evaluated for both directions. 

Since an uplift force is created by the tornado 
loads, the foundation itself witt have a negative 
bearing or ~lift along the edge of the module. 
The soil itself does not resist uplift. Results 
from load cases 4) and 5) were reviewed for the 
effects of the~~ ift along the fourdation edge. 
Minimal uplift was experienced in low stressed 
areas. Therefore, results from toad cases 4) and 
5) are not significantly effected by the ~lift 
since the high stressed areas are not in that 
vicinity. 

' 

Corrments(a,bl 

• ' ' 
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Ouestions/Requests(a,b) 

QUESTION 86: (contd) 

TABLE E.l. (contd) 

Responses<a,b) 

RESPONSE: (contd) 

The maximum calculated bearing stresses are listed 
below for the five load cases: 

Load Case 

1J 
2) 

" 4) 
5) 

Maxirrun Bearing Pressure (psf) 

247 
463 

1605 
2210 

671 

For sandy soils present at the bearing level of the 
mat foundation, allowable soil bearing pressures in 
the range of 3000 to 4000 pounds per square foot 
are recarmended by the Southern Standard Building 
Code per the geotechnical exploration performed at 
the H. B. Robinson site by law Engineering Testing 
Company. Since the maximum soil contact pressure 
produced by the HSM Foundation analysis is 2210 psf 
the bearing strength is sufficient. For normal 
dead weight and live Loads the bearing pressure is 
only 1605 psf. 

The reinforcement design was based on the element 
bending moment results from the finite element 
analysis. Using the ultimate design methcd, the 
reinforcement was designed to withstan:l all pos· 
tulated load combination bending moments with a 
conservative load factor of 1.7 applied to envelop 
all load combination factors in Section 9.2 of 
ACI 349·80. A tabulation of the results for the 
HSM Foun:lation and the Cask Unloading Slab is 
presented below. 

• 

Comnents (a,b) 
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QUESTION 86: 

• 

tluesti ons}Requests (a,b) 

if.QDtctl 

• 

TABLE E.l. (contd) 

(a b) 
Responses ' 

RESPONSE: (contd) 

Load Slab Calculated M 
~ Thickness ~K.in.On-~ 

_Mu • 
<K.m./m.) , 2'-0" 13.78 87 , 3' ·011 28.87 186 

21 2'-0" 13.07 87 
21 3'-0" 24.55 186 
3) 2'-0" N/A 87 
3) 3'-0" 46.39 186 
4) 2'-0" N/A 87 
4) 3LQII 80.12 186 
5) 2'·011 57.58 87 
5) 3'-0" 155.75 186 

The moment capacity of the sections are calculated 
per methods identical to the NUTECH topical e~a
tion 8·1·32. The 3'-0" slab with nurber 9 bars at 
9 inches yields an ultimate strength of 186 k.inch 
per inch section. The 2•·0" slab with nuTber 
9 bars at 12 inches yields an ultimate strength of 
87 k.inch per inch section. Therefore, all bending 
mM~ents experienced by the fo!Xldation are below 
ultimate capacity. 

The maxiiiUil up\ ift pressure exerted by the IOOd.Jle 
wall is 3.1 psi. For a 1'-0": section of tood.lle 
the resulting uplift is 1.56 k/ft section. The 
dowel area required can be calculated by: 

(UPLifT)(1.7) 
A 

(0)(fy) 

\Ohere: UPLIFT= 1.56 k 
0 = 0.9 = Factor for Tension 

fy=60ksi 

1herefore, Area A= 0.05 in2. Conserv~tivety two 
nunber 6 bars with an area of 0.88 in. will be 
used every 12 inches to prevent uplift. Keyways 
will be used between the module foundation Inter
face to prevent sliding. Ass1.111ing the maxillUil 
horilontal tornado Loads are shared by the walls 

ConTilents (a,b) 
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auestions/Requests(a,b) 

OUEST!ON 86: (contd) 

TABLE E.l. (contd) 

ReSQ9nses(a,b) 

RESPONSE: (contd) 

perpendicular to the load yields a maxiiiUTI shear 
force of 24 k./ft, including the load factor of 1.7. 
The n001inal shear strength of the keyway and dowels 
can be foLnd from: 

Vn = (V5 + Vc)O 

I./here: V c = 2./fc' bwd 
Vy = c011crete shear strength (k) 

fc = 4000 psi 
bw = 9 inches 
d = 12 inches 

V5 = CAyHfy) = steel reinforcement shear 
stren~th2 oo Av = 0.88 m. 

fy=60ksi 
0 = 0.85 = shear factor 

Consequently, Vll = 56.49k 10hich exceeds the maximun 
factored shear torce of 24 k. Thus, the mod.Jle 
will not slide or overturn • 

The 8-inch Ram Moll'lting Slab was designed by hand 
calculation suggested by Teng ("Foundation Design," 
1962) and Bowles, ("Foundation Analysis and 
Design," 1977). By applying the maxirrun factored 
spider leg loadings from the hydraulic Ram a sirrple 
span is a~roximated by treating the soil as a 
uniform load and the spider Leg as reaction points. 
A maxirDllll factored moment of 32.3 k..in./ft is cal
culated. Using the ultimate strength method with 
nunber 5 bars at 12 inches yields an ultimate 
strength of 64.2 k.in./ft for the 8-inch slab. 
\.Jelded wire fabric was placed in the top of the 
stab for shrinkage and terrperature reinforcement. 
Additionally, all pu-1ching shear from the ram 
supports was shown to be negligible. 

• 

Corrrnents (a' b) 
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Ouest f ons/Req.Jes ts (a • b) 

OUEST ION 86: (contd) 

QUESTION 87 (pertains to SAR Section 10.0. "Operating 
Controls ard Limits"): The NUTECH Topical Report 
identifies several limiting corditions for operation (see 
Section 10.3.2 of the Topical Report) along 10\th the 
rationale of their inclusion. The CP&L subnittal 
identifies fe10er controls and limits. Please justify 
this difference. 

TABLE E.!. (contd) 

Responses(a,b) 

RESPONSE: (cootd) 

Furthermore, the CasK Unloading Slab 10as analyzed 
for bearing and pu1ching shear due to the hydraulic 
cylinder. A maxilll.lll bearing stress of 2.34 Ksi 10as 
calculated, 10hich is less than the at towable of 
4.76 Ksi calculated from ACI 349-80 Section 10.16. 
The maxiriUil plrlching shear 10as also found to be 
under code allo10ables. 

RESPONSE: The developnent of the H. B. Robinson 
ISFSI SAR 10as based on evaluation of the criteria 
cootained in Sections 10.3.1 and 10.3.2 of the 
Topical Report. Results of this evaluation by CP&L 
indicate that the follo10ing controls and limits are 
required for the safe operation of the H. B. 
Robinson ISFSI. 

The follo10ing limits and controls 10ere presented in 
Sectioo 10.0, "Operating Controls and Limits," of 
the H. B. Robinson ISFSI SAR: 

10.1 
10.2 

10.3 

10.4 

Fuel Specifications 
Limits for the Surface Dose Rate of the HSM 
~hi Le the osc is in Storage 
Limits for the Maxirrum Air Terrperature Rise 
After Storage 
Surveillance of the HSM Air Inlets 

The remaining limiting conditions presented in the 
Topical Report have been incorporated at H. B. 
Robinson as follo10s: 

DSC Vaclllll Pressure During Drying - This 
requirement 10itt be included in the operating 
procedures for the handling and loading of spent 
fuel into the canisters. 

DSC Helium BacKfilL Pressure - This requirement 
10ill be included in the operating procedures for 
the handt ing and loading of spent fuel into the 
canisters. 

Conrnents (a,b) 

See subnittals.<211,212) 

• • 
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Oucstions/Requests(a,b) 

QUESTION 87: (contd) 

QUESTION 88 (pertains to SAR Section 10.1. "Fuel 
Specifications"): The specifications on burnup and 
enrichment may violate criticality limits 10ithout use of 
BORAL sheets. Please clarify. 

QUESTION 89 (pertains to SAR Section 10.1, "Fuel 
Specification"): I.Jhy is a minimun cooling period not 
sho10n? 

QUESTION 90 (pertains to SAR Section 10.1, "fuel 
Specifications"); Refer to question under Section 10.1 
of the NRC response to NUTECH. 

TABLE E .I. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

OSC Helium Leakage Rate of Primary Ueld- This 
requirement 10ill be included in the construction 
specification for welding the end closure asserrbly 
on the canister during the loading and transfer of 
spent fuel. 

OSC Dye Penetrant Test of Secondary I.Jeld - This 
requirement 10ill be included in the construction 
specifications tor welding the end closure assembly 
on the canister during the loading and transfer of 
spent fuel. 

Dose Rate at End of OSC Lead Shield Plug - This is 
specified as a desi!J'l condition for the selection 
of the lead shield plug and is the basis for the 
assembly sho10n in IHH 162-M-2600. 

Alignment of Cask and HSM for the osc Transfer 
Operation - This is provided in a specification to 
supply equiJ:ment, procedures, and services for the 
alignment activities • 

RESPONSE: BORAL tubes, not sheets, will be 
specified for use in the H. B. Robinson DSCs. 
Therefore, no criticality limits 10ill be violated. 

RESPONSE: The minillUI!l cooling period is five years 
and 10ill be shoh'll in the next revision to the SAR. 

Heat output and burnup are the most important 
criteria for fuel specification. Ho10ever, the 
minimum cooling period is five years and will be 
shown in the SAR. 

RESPONSE: The axial peaking power factor of 1.08 
10as conservatively applied to the uniform heat 
generation rate in order to determine the 10orst 

• 

Corrments(a,b) 

See submittals.<211,212) Q and 
R pertain to SAR section 10.0, 
"Operating Controls and Limits." 

See submittals.<211,Zl 2J Q and 
R pertain to SAR section 10.0, 
"Operating Controls and Limits." 

See submittats<211,212). Q and 
R pertain to SAR Section 10.0, 
"Operating Controls and Limits." 
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Ouest i ons}Requests (a,b) 

QUEST! Of< 90: (contd) 

QUESTION 91 (pertains to SAR Section 10.1. "Fuel 
Specifications"}: CP&l should state 10hat the fuel 10eight 
and distance bet~een spacers is Limited to. These 
det<Jils were specified by WUTECH, and are, in fact, a 
basis of their design. If CP&l interds to deviate from 
the WUTECH design envelope, it should provide the 
necessary analysis. 

• 

TABLE E .I. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

case terrperature distribution in a two dimensional 
cross section of the DSC ard HSM. Even with this 
conservatism, the maximum fuel temperature was 
calculated to be 338'C under the worst ambient 
temperature condition of 52'C. This maxinun fuel 
temperature is 62'C less than the accepted Limiting 
fuel rod terrperature of 400'C in the GWS Topical 
SAR. Thus, the !J.T from ambient to the osc inter
nals could increase by 22% before the maximun fuel 
temperature would be reached. If the relationship 
were linear <i.e., a" HA!J.T, 10here a= heat genera
tion, A " area, H = over heat transfer coefficient, 
ard !J.r = t~rature difference), then a 22% 
increase in Q (resulting in a peaking factor of 
1.32) would be required before the terrperature 
limit would be vi~l~~- However, since both co~
duction (0 = f(/J.T • )) ard radiation ca = f(!J.T )) 
are significant, a ITlJch Larger increase in a can be 
tolerated before any cladding t~rature limits 
are reached. 

Therefore, the axial peaking factor was not a 
limiting parameter but a conservatism in the analy
sis. The only thermal parameter for fuel is the 
heat output per fuel assenbty ard, as shown in SAR 
Section 10.1 ("fuel Specifications"), the decay 
power per assembly ITlJSt be less than or eq..:al to 1 
k\.1 •. 

RESPONSE: Fuel for the H. B. Robinson ISFSI will 
be similar to the Westinghouse 15x15/204 (e.g., 
EXXON 15x15/204). The Westinghouse 15x15/204 was 
used as the enveloping case in the NUTECH Topical 
Report. Therefore, the fuel assembly weight of 
650 kg and the maximum length between spacers of 
26.19 inches are the limiting design parameters for 
the CP&l design. SAR Section 10.1, "Fuel Specifi
cations," will be revised to show this information. 

' 

ConTJlents (a,b) 

See submittals.< 211,212) Q and 
R pertain to SAR Section 10.0, 
''Operating Controls and limits." 
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QuestionsLB~quests(a,bJ 

QUESTION 92 (pertains to SAR Section 10.3.5, "Maxirrum Air 
Terrperature Rise After Storage"): See Question 1 in 
Section 10.3.2.7 of the NRC response to NUTECH. 

QUESTION 93 (pertains to SAR Section 10.4. "Surveillance 
of the HSM Air Inlets"): See Questions 1 and 2 in 
Section 10.3.3. 1 of the NRC respoose to NUTECH. 

• 

TABLE E.l. (contd) 

Responses<a,b) 

RESPOf.ISE: The addition of fans will be eliminated 
as a corrective action for a temperature rise 
greater than 100"F. If the temperature still 
exceeds the 100"F limit after alt blockage is 
checked for and removed, the OSC will be removed 
from the HSM. 

RESPONSE: Section 10.4, "Surveillance of the HSM 
Air Inlets," will be revised to read, "Surveillance 
of the HSM Air Inlets and Outlets." Appropriate 
portioos of the SAR will be revised to include the 
surveillance of the air outlets along with the 
inlets. There will be not need to inspect internal 
pathways since the bird screens on the inlets arx:l 
outlets will stop debris which may significantly 
alter air flow through the HSM. Internally, there 
will be no loose or moving parts which could fait 
arxJ block the air ftow. Also, nonvisible portions 
of the air passages will not be conducive to 
organic growth. Therefore, inspection of the air 
inlets and outlets will assure there is no blockage 
of air passages in the HSM. 

Surveillance will not include measurement of air 
flow or ten-perature rise of cooling air. Analysis 
in Chapter 8 of the NUTECH Topical demonstrated 
that no temperature limits will be exceeded even if 
the air inlet arxJ outlet passages of the HSM are 
completely blocked for 48 hours. Complete blockage 
of the inlets and outlets, however, is not expected 
except for in an accident situation. As stated in 
SAR Sectioo 10.4, the air inlets and outlets will 
be inspected within 24 hours after an accident or 
abnormal event. This will assure that if a module 
is completely buried, flow can be restored within 
another 24 hours. 

For normal operations, inspection will be performed 
once every seven days. Since canplete blockage is 
not postulated as a normal event, this inspection 
interval assures a maxiiiUII of two open air outlets. 
Since Chapter 8 of the Topical showed that partial 

' 

Corrrnents (a,b) 

See subnittals_<211, 212J Q and 
R pertain to SAR section 10.3, 
"Limits for Maxinum Air Tempera
ture Rise After Storage." 

See su!:mittals.<211,21ZJ Q and 
R pertain to SAR Section 10.0, 
"Operating Controls and Limits." 
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aues t i ons[~ques ts (a ,b) 

QUESTION 93: (contdl 

QUESTION 94 (pertains to SAR Section 10.4, "Surveillance 
of the HSH Air Inlets"): CP&l is requested to answer the 
Questions 1, 2, and 3 of Section 10.2.3, 10.3.2.1, 
10.3.2.3 (1 <Jnd 2), and 10.3.2.7 (1 and 2) of the NRC 
response to the NUTECH Topical Report. 

• 

TABLE E.!. (contd) 

Responses (a, b) 

RESPONSE: (contd) 

blockage will not result in unacceptable tempera
tures, two open outlets will be adequate for seven 
days. At that time, local obstructions can be 
removed. 

RESPONSE; The response consists of the eight 
following parts, 

a) 10.2.3 surveillance Requirements, Question 1 

Visual inspection of the internal air passages 
will be conducted from the outside of the HSM. 
Internal regions not visible fran outside will 
be Located in an area Which is noncc:odlctive to 
organic growth due to radiation and high 
temperatures. Additionally, the air inlets and 
outlets are covered by bird screens which 
prevent penetration inside the HSM. 

b) 10.2.3 Surveillance Requirements. Question 2 

Water build-up will not occur inside the HSM. 
See the response to Question 26 for details 
explaining the drainage system. A visual 
inspection of the drain pipes 10ill be perfonned 
to assure they are not clogged. See Orawing 
RNT162-C·01101 for the location of the drain 
pipes. 

c) 10.2.3 Surveillance Rtgvirement, Question 3 

As stated in the response to Question 93, 
surveillance does not Include measurement of 
air flow or twperature rise of cooling air. 
As long as the air flow is not totally blocked 
for more than 48 hours, no temperature limits 
will be exceeded. For normal operations, seven 
day surveillance is sufficient since complete 

Cooments(a,b) 

See sul:rnittals.< 211 ·212 ' Q and 
R pertain to SAR Section 10.0, 
"Operating Controls and Limits." 

• 
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Qucstions;Rcquests(a,b) 

QUESTION 94; (contd) 

TABLE E. I. (contd) 

Responses(a,b) 

RESPONSE; <contd) 

blockage is not feasible for any normal event. 
See response to Question 93 for additional 
details. 

d) 10.3.2.1 DSC Vacullll Pressure During Drxins 

Based on engineering judgment, one hour at the 
specified pressure should be sufficient. 

A water-logged fuel asserrbly has not been 
considered. Prior to inserting the fuel 
assemblies into the DSC, a fuel asserrbl y will 
be visually examined for its structural and 
mechanical integrity. Any results of non· 
destructive examination which the fuel asserrbly 
may have previously undergone will also be 
reviewed to insure that fuel assenbt ies do not 
contain any nonvisible defects. 

Additionally, at the tel!perature and pressure 
to which the fuel rods will be exposed d.Jring 
the drying operations, any water in the fuel 
rods should evaporate arx:l be suctioned frcrn the 
DSC cavity. 

e) 10.3.2.3 DSC Hel illll Leakage Rate of Primary 
~eld Question 1 

The value of 631 cmP of He corresporx:l~ to 
2 atmosp'lere of pressure. The 473 cnr cor
resporx:ls to 1.5 atmosp'lere. This value was 
revised in the NUTECH Topical Report. The 
change has no irrpact on the Leak rate spe
cification of the primary weld. 

f) 10.3.2.3 DSC Hel illll Leakage Rate of Primary 
~eld Question 2 

See response to Question 50, Subquestion 
10.3.2.3 (Question 2) as both are identical. 

' 

Conmentsca,b) 
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OuestionS/Requests(a,b) 

QUESTION 94: (contd) 

JEST (May 28, 1985)(Z<01): The NRC letter of May 28, 
i, requested revised security docunentation. 

QUESTION (September 20. 1985)(10): After reviewing your 
Environmental Report for the Independent Spent Fuel 
Storage Installation (!SFSI) at the H. B. Robinson Steam 
Electric Plant and cond.Jcting a site visit, we need some 
additional information to c~lete our environmental 
review. 

The information we require pertains to the onsite 
collective dose corrrni tment to workers constructing the 
five additional modules adjacent to the original three 
filled modules and to personnel gathering data during the 
first year demOflstration period. Please provide this 
information in the same format as Tables 7.4-1 and 7.4-2 
of your ISfSJ Safety Analysis Report. Also, as discussed 
01ith John Mclean of your staff during our site visit on 
August 29, 1985, a detailed ISFSI site plan drawing and 
aerial photographs would be most helpful to our review. 

• • 

TABLE E .I. (contd) 

ResQonses(a,b) 

RESPONSE: (contd) 

g) 10.3.2.7 MaxiJIUil Air Exit Te!!t?erature. 
Question 1 

See answer to Question 92 of this docunent 
since the questions are identical. 

h) 10.3.2.7 Maximum Air Exit Temperature. 
Question 2 

There are no moving components within the HSM 
that could significantly alter the air flow or 
cause an increase in tenperature. The results 
of the initial measurements will provide ade· 
quate assurance that more frequent measurements 
are not necessary. surveillance of inlets and 
outlets as mentioned in the response to 
Question 93 will assure proper operation. 

RESPONSE< 221l: CP&L submitted revised security 
docunentat ion in response to NRC 1 s request. 

RESPONSE< 217l: The dose burden to workers con
structing the five additional modules at the H. B. 
Robinson ISFSI was calculated based on the fol· 
lowing assUJptions: 

The distance from the three initial modules 
will vary from contact to approximately 50 
feet. 

The dose rate will va3y from 8.2 mrem/h at 
contact to 2.73 x 10· mrem/h at 50 feet. 

For conservatism, the dose rate at 25 feet was 
assuned. 

A construction crew of ten people, on the 
average, will work one 8-hour shift per day for 
thirty days. 

Based on these assurrptions, the dose would be 10.8 
mrem/person, as shown in Tabte 1 below • 

CoJII"ncnts(a,b) 

See submittal.< 221l Q and R 
pertain to LA Section 9.0, 
"Physical Protection." 

See submittal. <2 17 l Q and R 
pertain to the ER. 

• 
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Que~tions;Requests(a,b) 

QUESTION (September 20, 1985): (contd) 

QUESTION (Noverrtler 20, 1985)< 219 >: At the meeting on 
Noverrber 18, 1985, betlo'een the NRC staff ard CP&L, the 
NRC determined that some drawings referenced in CP&L's 
responses need to be supplied to reviewers to resolve 
questions. 

OlJESTJON (March 19. 1986)<1 37 >: 1-Jhat lubricant is used 
on the DSC? 

QUESTION {April 2. 1986)(137>, 1-Jhat initial fuel enrich
ment and fuel exposure are assuoed in the ORIGEN-2 analy
sis in Section 3.0, "Principal Design Criteria," of the 
SAR? 

REQUEST (April 11. 1986)< 142 >: The NRC reviewer 
requested a description of the NUTECH analysis of the 
thermal load on the concrete foundation. 

' 

TABLE E .I. (contd) 

~~~~pqnses(a,b) 

RESPONSE: (contd) 

TABLE 1. Estimated Onsite Doses During Construe-
--- tion of Additional Modules 

Operation: Construct 5 additional modlles 
Location: Area near modules 
NUilber of Persomel: 10 
Time (h/yr): 240 
Average Distance from Facility (ft): 25 
Oose Rate (mrem)hr): 0.045 
Dose Per Person Cmrem/yr): 10.8 
Total Persomel Dose (mremJyr): 108 

RESPONSE< 218>: CP&L sutmitted the additional sets 
of drawings requested by the NRC in the November 
18, 1985, meeting. Drawings showing the mod
ifications to the shipping cask were to be 
submitted at a Later date. 

The lt.bricant used on the DSC is 

RESPONSEC 137l: The ORIGEN-2 analysis referenced in 
SAR Section 3.0, "Principal Design Criteria," is 
based on an initial fuel enrichment of 3.5 wt% 
uraniUil-235 and a fuel exposure of 35,000 MWd/MTU. 

RESPONSECl42>: NUTECK sLt:m\tted this description 
of analysis of the thermal load on the HSM 
foundation: 

Thermal Load on HSM Foundation 

The thermal load on the concrete fm.ndation is very 
small. This load was not explicitly corrtlined into 
the load corrtlination in the CP&L NUHOMS SAR because 
a load factor of 1.7 was conservatively used for 
all loading conditions. The moment was on the con
servative side. Holo'ever, a more detailed analysis 
was performed to evaluate the effect of the thermal 
load on the concrete foundation. The following 
assumptions were used in this analysis: 

' 

(a,b) 
Com11ents 

See suhnittal. (218) 

See telecopied submittat.<137) 
Also, see response to QUESTION 
(April 16, 1986). 

See telecopied submittat.<137) 

See suhnittal. (142> 
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Questions/Requests(a,b) 

REQUEST (April 11, 1986), (contd) 

QUESTION CApri l 16, 1986JC8 >: Outstanding issues 
remaining to be closed by subnittals from Cl'&l include 
final quality assurance conmitments and corrp\etion of 
CP&L's internal plant review to confirm operations of the 
ISFSI and Unit 2 have r.o significant safety impact on one 
another, that no changes to the Unit 2 operating license 
are needed for the ISFSJ and that the ISFSI operates 
independently. 

• 

TABLE E.!. (contd) 

Respon~_es (a, b) 

RESPONSE: (contd) 

1. The foundation is restrained from bending 
deformation by the HSM walls. 

2. The effective moment of inertia of the 
concrete section is 1.5 times the cracked 
section. 

3. The thermal gradients through the thickness of 
the foundation are given by the HEATING6 
analyses. 

For the 3 ft-0 in. thick foundation, the moment due 
to the thermal gradient is 0.7178 x LH in.·kip/in. 
The moment due to normal operation is 13.38 ln.
kip/in. and the moment due to the accident ten-per
ature is 22.76 in.kip/in. 

The moment (conservatively) reported in the SAR was 
155.75 in.-kfp/in. Since the accident thermal load 
governs, the resu\ tant moment for the load combina
tion containing the thermal load is 178.51 in.·kip/ 
in. which is Less than the 3 ft-0 in. follldation 
capacity of 186 in.-kip/in. Therefore the HSM 
foundation is structurally adequate. 

CP&l's letter of April 22, 1985,<222 > 
additional information in support of the 

Robinson Independent Spent Fuel Storage 
Installation (ISFSI) license application. Specific 
items are l fsted below. 

1. A discussion of the impact of planned and 
existing chemical and waste oil storage 
facilities and further discussion of the 
railroad track usage is contained in Enclosure 
1 in the form of a proposed revision to SAR 
section 2.1.2. 1. 

2. A revised SAR Section 11 (Quality Assurance) 
is included in Enclosure 2. The contents of 
this revision have been discussed with the 
appropriate reviewer and reflect his canrents. 

' 

Colli'OCnts (a, b) 

See subnittalC 222 > for 
Enclosures 1-4. 
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. (a b) Qu.:>s t 1 ons/Reques ts ' 

QUESTION (April 16, 1986); (contd) 

TABLE E.!. (contd) 

Responses<a,b) 

RESPONSE: (contd) 

3. Enclosure 3 is a discussion of the lubricant, 
Ever lube 6122, to be used in the ISFSI. 

4. Enclosure 4 is a mark-up of SAR Tables 8.2-1 
and 8.2-2 providing revised stress values for 
the 8-foot drop accident, deadweight, and drop 
loads. This information has been previously 
telecopied to you. 

5. A question was raised in our March 19, 1986 
meeting regarding the material for the Dry 
Storage canister S1.4Jport rod. The material is 
SA 497 Type XM-19 (Nitronic 50). This infor
mation was provided to the reviewer in a 
telephone conversation. 

The CP&l letter of May 21, 1986, <91 states that the 
planned H. B. Robinson Plant, Unit No. 2 (HBR2l 
Independent Spent Fuel Storage Installation (ISFSI) 
has undergone internal review by Carol ina Power & 
Light Carpany. The following conclusions resulted 
from this review: 

1. The ISFSI can operate independently without 
affecting the safety ard operation of HBR2 
since there are no physical comections 
between the reactor lrlit and the ISFSI other 
than connections which serve no safety-related 
functions (power for ISFSI lighting and 
security equipment) and the ISFSI security 
alarm indications. 

2. The ISFSI can recover fran normal or off
normal incidents or accidents without 
affecting the safety and operation of the 
nuclear unit at HBR2. 

3. The nuclear reactor unit at HBR2 does not 
affect the safety and operation of the ISFSI. 

4. No changes to the HBR2 10 CFR Part 50 operat· 
ing license are required as a result of the 
ISFSI. 

In conclusion, the HBR2 ISFSI is "independent" as 
defined in 10 CFR Part 72. 

(a b) 
Col1lllents_ ' 
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Qucstionslftfquests(a,b) 

OUESl JON (NoverrtJer 10, 1986)<223, 224 ): The NRC staff has 
examined CP&L•s request for a license amendnent sul::olitted 
by letter dated October 31, 1986. \.o'e have concluded 
there is insufficient information in this subllittal to 
support the proposed action. In particular, you have not 
adequately described or characterized the material 
proposed for use, and you have not provided sufficient 
data to enable us to confirm your criticality analysis. 

At our meeting on DecerrtJer 2, 1986, <224J to discuss these 
matters, CP&L indicated that material specifications, a 
dra~ing, a cooparison to previous design wfth explanation 
of changes and further criticality analysis information 
~ill be supplied by mid-DecerrtJer 1986. 

QUESTION (January 29, 1987)( 226): The NRC staff has 
examined CP&L•s request for a license amendnent sul::olitted 
by letter dated October 31, 1986, supplemented by o.ddi
tional information submitted with your letter dated 
January 2, 1987. However, a reference made in your sub
mittal appears to be mislabeled. This is Reference 3, 
Spacer Disk 30 Foot Drop Analysis Package, File No. 
CPL018-0508, Revision 0, which is referenced in a 
DecerrtJer 17, 1986 rnemorandun (BI.'F-86·007, an enclosure 
to your January 2, 1987, submittal). Accordingly, we 
request that you submit to us the proper analysis 
package, with correct spacer disk and tu~ support 
dimensions. 

In addition, we request further information regarding the 
Foundries Montupet boron alumi~m alloy proposed for 
guide sleeve use in your submittal. In particular, what 
is the variation in boron content normally found in a 
minimal S·weight percent alloy? In your submittal of 
January 2, 1987, you have provided data on the measured 
boron content of the alloy material proposed for sleeve 
guide use. Are these representative of this material? 

TABLE E.!. (contd) 

Respon@s(a,b) 

RESPONSEC225l: Carolina Power & Light Co!l1'any's 
letter dated October 31, 1986, req.Jested a license 
amendment regarding Technical Specification 5.3 for 
the H. B. Robinson Independent Spent Fuel Storage 
Installation. Durlng a meeting with our staff on 
December 2, 1986, certain materials were deemed 
necessary for completion of the staff review. 
Accordingly, this letter transmits: 

1. Dra~ing No. RNT162-M-2504 (a proprietary 
drawing). 

2. Discussion of the KENO criticality analysis. 

3. Materials data sheets for the tniscn rraterial. 

4. Surilllary cooparison of proposed change versus 
original configuration. 

RESPONSE(227J: As reqJested by your letter of 
January 29, 1987, we have asserrbled the following 
information to support our October 31, 1986 request 
for amencinent to the exiting Technical Specifica
tions for Material License SNM-2502: 

Attachment 

A specific structural analysis is attached based on 
the current design of the spacer disk. These cal
culations essentially replaced the ratioing pre
sented in the original license documents based on 
the NUHctiS Topical Report. The attached docunent 
replaces Reference 3 in our October 31, 1986 
submittal. 

Attachment 2 

A detailed technical description of alumirMTJ·boron 
material has been obtained froo the french manufac
turer, including exawples of other similar uses of 
this alloy for criticality control. Specific re
sponses to the January 29, 1987, letter are 
attached along ~ith the vendor's catalog 
information. 

Corilllents(a,b) 

See sub1littat<225) for the four 
items that ~ere transmitted. a 
and R pertain to the Materials 
License. 

See sul::mittal<227) for 
Attachments 1-3. a and R 
pertain to the Materials 
license. 

' . 
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OuestionsjReguests(a,b) 

QUESTION (Januilry 29, 1987): (contd) 

Also, provide she isotopic characterization of the boron 
in terms of a1 present for this material. At this level 
of boron present in aluninun, to what degree is boron in 
solution uniformly throughout the material? Discuss this 
matter in terms of quality controls maintained for the 
production of material. Also, provide the material 
properties of the boron aluninun alloy. 

REQUEST (March 30, 1987)(228): Upon reviewing Amerdment 
1 to the Safety Analysis Report for the Independent Spent 
fuel Storage Installation at H. B. Robinson, it was 
noticed that two pages, which were on the insert list, 
were missing from your stbnittal of March 4, 1987. The 
missing pages are 8.4·1 and 8.4-2. Please send us 20 
copies of these missing pages so that our copies will be 
coll1='lete. 

TABLE E.l. (contd) 

Responses C a, b) 

RESPONSE: (contd) 

Attachment 3 

A copy of the latest, approved revision of Drawing 
No. RNT162-M-2504 is attached (it is a proprietary 
drawing). 

As disct.Jssed with the merrbers of your staff, we 
unc:lerstand that the information provided with this 
letter would satisfy all of the technical questions 
regarding the new guide sleeve design. With this 
level of confidence, we have released the manu
facturer to proceed with fabrication of sleeves and 
final assembly of the canisters. 

In an effort to provide a~ additional level of 
conservatism in the criticality calculations, we 
will co!llllii to load spent fuel asserrblies for the 
eight canisters (56 total asseobl ies) that do not 
exceed an initial enrichment of 3.2%. This is 
within the 3.5% limit sho0111 in Section 2.2.1 of the 
Technical Specifications. 

We are anticipating delivery of the completed 
canisters in early April 1987, and will need to 
have an approved License amendnent in place to 
s~port our receipt inspection. 

CoJllllcnts(a,b) 

Q and R Pertain to SAR Section 
8.4, "DSC Instrumentation 
Penetration Design." 
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Questi ons/.B~ests (a' b) 

QUESTION CApri l 7. 1987><229>: In examining your Lpdate 
of the H. B. Robinson Indeperdent Spent Fuel Storage 
Installation (ISFSD Safety Analysis Report sul:mitted by 
letter dated March 4, 1987, some procedures proposed 
appear to differ from technical specifications of your 
Materials License SNM-2502 for spent fuel storage at the 
Robinson ISFSI. Specifically, in Section 5. 1. 1.3 on page 
5.1-2 of the SAR with respect to item k:), there appears 
to be no provision for a heliun leak: test for the final 
prefabricated plug weld. See Appendix A of SNM-2502, 
Specification 4.6.1. In this previous version of the 
SAR, item 1) provided for such a check.. Perhaps this 
item was deleted by mistake. 

Similarly, in Section 5.1.1.4 on page 5.1-2 of the SAR, 
there appears to be no provision of dye penetrant testing 
of the seat weld for the cover plate. See again A~ix 
A of SNM-2502, Specification 4.6.1. 

TABLE E .I. (contd) 

Respon!!_!l:S(a,b) 

RESPONSE(230): CP&l telephoned the NRC on April 
13, 1987, in response to the NRC's q:~estion on 
procedural errors with respect to canister weld 
check tests. CP&L stated that actual procedures 
are correct and that CP&L aclleres to the license 
technical specifications. The SAR will be 
corrected in the next update in August. 

Coornents(a,b) 

See sul:mittal. (230) Q ard R 
pertain to SAR section 5.1.1, 
"Narrative Description." 

(a) Abbreviations: lndeperdent Spent Fuel Storage Installation (ISFSI); License Application <LA); Safety Analysis Report (SAR); Envirormental 
Report (ERl; Question (Q); Response (R); Carolina Po;;er ard light Carpany (CP&l); NUTECH Engineers, Inc. CNUTECH); Topical Safety Analysis 
Report (TSAR); Dry Shielded Canister (DSC); Horizontal Storage Module (HSM); NUTECH Horizontal Modular Storage (NUH~S) systems; H. B. Robinson 
Steam Electric Plant CHBR); H. B. Robinson Steam Electric Plant, Unit 1 CHBR1) and Unit 2 (HBR2); General Electric Corrpany (GE); Quat ity 
Assurance (QA); not a~l i cable (N/A). 

(b) Questions 1 to 94 were in NRC's letter of July 12, 1985. Questions 2 to 94 are also in CP&L's sul:mittat<21t) of October 30, 1985. The "Table 
of Contents" for LA, SAR, and ER are in References 135, 212, and 135 (see Chapter 12), respectively, 

(c) 0. J. Murphy and J. A. lice (La;; Engineering Testing C~any), Letter to 0. M. Koss (Carolina Power ard Light Carpany), "Report of Geothennat 
Exploration, Dry Storage Module Project, H. B. Robinson Steam Electric Plant, hartsville, South Carol ina, law Engineering Testing Company 
(LETCO) Job No. J47284·0548," February 8, 1985. 

• • 
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APPENDIX F 

CHRONOLOGICAL LISTING OF LICENSING ACTIVITIES FOR LARGE-SCALE 

STORAGE OF CONSOLIDATED SPENT FUEL 

3.3.J(a) Maine Yankee 

1979: On September 18, 1979, Maine Yankee Atomic Power Company sub
mitted(l52) to the NRC an application requesting an increase in the spent 
fuel storage pool capacity at Maine Yankee from 953 to 1545 fuel assemblies 
by using a rod consolidation technique. On October 16, 1979, the NRC 

notified(375) Maine Yankee Atomic Power Company that it had requested 

publication of a notice in the Federal Register concerning this proposed 
amendment to the Maine Yankee Facility Operating License that involves 
expansion of the spent fuel pool capacity by a modified spent fuel pin 
concept rather than through an increase in storage locations. The utility 
submitted a letter to the NRC on October 18, 1979.(21) 

1980: The utility submitted a letter to the NRC on September 29, 
198o.(2!) 

1981: On October 5, 1981, the utility submitted to the NRC the complete 
report on the Maine Yankee fuel storage modification.(376) The utility also 
submitted letters to the NRC on July 28, September 29, and October 26, 
198].(21) 

1982: The NRC completed their review of the application and issued a 
Safety Evaluation and Environmental Impact Appraisal on June 16, 1982.(20) 

These documents indicated NRC's satisfactory resolution of the open items 
listed in Section 3.0 of the Safety Evaluation. These open items pertain 
to procedures and operating limits that must be implemented as part of the 
proposed change. The utility provided letters to the NRC on February 10, 
May 7, July 21, and September 7, 1982.(21) 

1983: No pertinent items. 

(a) Part numbers correspond to the subsections in Section 3.3. 

F.! 



1984: The state of Maine ordered(153) the utility to withdraw its 

application to the NRC for licensing of large-scale rod consolidation at 
Maine Yankee. This state would allow, and the NRC authorized, (21) the plant 
to consolidate only up to 20 spent fuel assemblies. 

1985: No pertinent items. 

1986: On June 24, 1986, the NRC requested(377) additional information 

concerning the spent fuel pool masonry wall. On September 4, 1986, the 
utility provided a response(378) to NRC's June 24, 1986 request; the response 
included comments regarding consolidated fuel rod bundles. 

3.3.2 Ginna 

1984: On June 12, 1984, Rochester Gas and Electric Corporation provided 
responses(379} to NRC's questions concerning an application{380) requesting 

an increase in the storage capacity of the spent fuel pool storage racks and 
in the response to Question 11, the utility indicated it was not seeking 
approval for storage of consolidated fuel. However, in the responses to NRC 
questions that were sent(381) by the utility to the NRC on August 13, 1984, 

it was indicated in the introduction that analyses of the spent fuel storage 
racks were made for standard fuel assemblies and for canisters of consoli
dated fuel rods. On November 14, 1984, the NRC issued(382) Amendment No. 65 
to the facility operating license for Ginna to increase the spent fuel pool 
storage capacity; it is noted on page 9 of the associated Safety Evaluation 

that the utility had requested the NRC staff to evaluate the adequacy of the 
storage racks if at sometime in the future the utility decides to implement a 
rod consolidation program. 

1985: On February 17, 1985, the utility submitted(l55) an application 
for an amendment to Ginna's Facility Operating License to allow the storage 
of consolidated fuel. Personnel from the utility met with the NRC staff on 
June 4, 1985,(154) to discuss the licensability of storage of consolidated 
fuel on the Ginna site. On June 10, 1985, the utility provided a 
response(156) to a request from the meeting(154) to discuss the licensability 

of storage of consolidated fuel on the Ginna site. On June 10, 1985, the 
utility provided a response(l56) to a request from the meeting(l54l; the 

request involved prior changes that had been submitted (and incorporated in 

F.1 
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the application) but that had not yet been approved. The response stated 

that the requirement (i.e., of 3.11.5) insures that should a handling 
accident occur during the movement of a consolidated fuel canister, the dose 
rate at the exclusion area boundary would satisfy the requirements of 
IOCFR100. On June 12, 1984, the NRC indicated(383) to the utility that from 

the NRC's preliminary evaluation of the application for an amendment, and as 
a result of the meeting on June 4, 1985, that the NRC staff had determined 

that the request has merit, and the concept is licensable assuming satisfac
tory resolution to any technical issues that may arise. On August 6, 1985, 
the NRC transmitted(384) a summary of June 4, 1985, meeting(154) to the 
utility. On November 8, 1985, the NRC transmitted(385) a notice that was to 

be published in the Federal Register; the notice indicates that the proposed 
amendment to Ginna's Technical Specifications would 1) increase the spent 
fuel pool (SFP) storage capacity by authorizing storage of consolidated fuel 
canisters in the existing SFP and imposing restrictions on the storage of the 
consolidated fuel canisters in the SFP, and 2) modify the current prohibition 
on the use of the Auxiliary Building crane over the SFP to authorize use of 
the crane to move consolidated fuel canisters. The NRC issued(386) the 

Environmental Assessment on the storage of consolidated fuel on December 12, 
1985; the NRC's finding was that there would be no significant impact. On 
December 16, 1985, the NRC issued(24) Amendment No. 12 to Ginna's Facility 

Operating License; the amendment changes the Technical Specifications to 
authorize storage of consolidated fuel canisters in the existing SFP and to 
authorize use of the Auxiliary Building crane to move consolidated fuel 
canisters. The letter(24) also included the Safety Evaluation. However, the 
letter(24) indicated that the utility's request to increase the capacity of 
the SFP will be handled by a separate licensing section. 

1986: On December 1, 1986, the utility submitted(25) a letter to the 
NRC concerning the Safety Evaluation.(24) The utility requested that NRC 
review some inconsistencies between the Safety Evaluation and the utility's 
application and provide clarification of statements in the Safety Evaluation. 

F.3 



3.3.3 Millstone-2 

1984: On March 30, 1984, the utility, Northeast Nuclear Energy Company 
(NNECO), submitted(387) its spent fuel disposition plans. The two proposed 

license amendments that were discussed were reracking of the spent fuel pool 
and fuel consolidation. On June 4, 1984, the NRC transmitted(388) to NNECO a 

summary of the meeting that was held on May 17, 1984. One of the subjects 
discussed at the meeting was a forthcoming license amendment request for fuel 
assembly consolidation. 

1985: No pertinent items. 

1986: On May 21, 1986, NNECO submitted to the NRC a request for an 
amendment to its operating license for Millstone-2 to allow storage of con
solidated fuel.(158) The NRC letter of July 25, 1986,(389) to NNECO included 
seven questions. The NRC letter of August 21, 1986, (390) to NNECO enclosed 
10 additional questions. The NRC letter of August 27, 1986,(391) to NNECO 

enclosed five additional questions and comments. The NRC letter of Sep
tember 22, 1986,(392) enclosed five additional questions. The NNECO letter 
of October 3, 1986,(31) to the NRC provides responses to NRC's seven 
questions.(389) The NNECO letter of October 22, 1986,(393) to the NRC 

encloses responses to NRC's 10 questions.(390) 

1987: The NNECO letter of October 28, 1986(28) to the NRC provides 
responses to NRC's five questions.(392) The NNECO letter of October 30, 
1986,(26) to the NRC encloses responses to NRC's five questions.(391) The 
NNECO letter of January 2, 1987,(27) to the NRC provides additional clarifi
cation that NRC requested on one of NNECO's responses. The NRC letter of 
March 9, 1987,(23) to NNECO enclosed two additional questions. The NNECO 
letter of April 30, 1987,(22) to the NRC provided responses to NRC's two 
questions(23) and enclosed a copy of the Fuel Consolidation Demonstration 
Program Description. The letter(22) also noted that the NRC staff had 

indicated that all other technical issues had been adequately addressed and 
that no further NNECO action was necessary for NRC issuance of the license 
amendment. The NNECO letter of May 27, 1987,(394) to the NRC requests an 
amendment to the application(l58) to allow storage of up to ten consolidated 

fuel assemblies (i.e., in five storage locations) in the spent fuel pool at 
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Millstone-2. The NRC letter of June 2, 1987,(395) to NNECO includes Amend

ment No. 117 to the license (DPR-65) for Millstone-2. It limits spent fuel 
consolidation to the demonstration phase during which ten spent fuel assem
blies will be consolidated into five canisters. The letter(395) indicates 

that the NRC staff is continuing to review the issues associated with full 
scale consolidation of spent fuel. The NNECO letter of August 4, 1987, (396) 
to the NRC provides a response to an NRC question.(397) The NNECO letter of 
August II, 1987,(398) to the NRC encloses the "Section 50.59 Evaluation of 
the Consolidation Process." On October 30, 1987, the NRC requested(159) 
responses to 12 additional questions. 

1988: The NNECO letter of January 4, 1988,(399) to the NRC provides the 
responses to NRC's questions.(400) The NRC letter of February 24, 1988,(157) 

to NNECO encloses a copy of the 11 Environmental Assessment and Finding of No 
Significant Impact" that relates to NNECO's application for a license amend
ment(158) concerning consolidation of spent fuel at Millstone-2. The enclo

sure addresses the unlimited use of the spent fuel consolidation process at 
Millstone-2. The amendment was issued by the NRC in March 1988 . 
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APPENDIX G 

TABLE G.!: QUESTIONS, REQUESTS, AND RESPONSES ASSOCIATED WITH 
LICENSING OF ROD CONSOLIDATION AT MILLSTONE-2 
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TABLE G.l. Questions, Requests, and Responses Associated with the Licensing of Rod 
Consolidation at Millstone-2 

Questions/Requests(a,b) 

QUESTIOO 1 (July 25. 1986):(389) Figure 3.9-3 shows the 
mininun req .. lired fuel asserrbly exposure as a fi..J'lction of 
initial enrichment for storage in Region 2 as consol i
dated fuel. If fuel reds fran different assenblies and 
of different enrichments can be consolidated in one 
canister, what value of initial enrichment is assWJed in 
complying with Figure 3.9-3? 

QUESTION 2 (July 25. 19861:<389> How is the reactivity 
effect of Less than a full consolidated storage box (Less 
than 352 rods) accounted for? 

QUESTION 3 (July 25. 1986):(389) lolhat are the values of 
the biases and calculated uncertainties referred to for 
Regions 1 and 2, and how were they derived? 

QUESTION 4 (July 25. 1986):<389> E11plain in more detail 
how the Region 2 aLLowable burnup for each initial 
enrichment accounts for the lllderestimation of K-effec
tive due to the assUTption for uniform a11ial burrup. 

Resoonses(a,b) 

RESPONSE:<31 > For the canister under considera
tion, the pin with the highest enrichment deter
mines the enrichment assuned for conpliance wif~sa 
Figure 3.9-3 of the License arnerdnent request. ) 

RESPONSE:<31) The consolidation process permits 
the placement of solid metal rods in positions 
where fuel rods are missing. For those instances 
where sol fd rods are not used, a Limited IUI'ber of 
fuel rods can be omitted based on the attached 
Figure 1, Using Figure 1, the reactivity effect of 
Less than a ful I consolidated storage box can be 
established by determining the ma11imum I'Uiber of 
fuel rods that can be omitted while maintaining 
K-eff at 0.95 or Less. 

RESPONSE:C31 > The value of the bias is 0.00138 and 
the 95/95 confidence level calculation IXICertainty 
is 0.00714. The validation report is enclosed as 
Attachment I. 

RESPOHSE: <31 ) The noruniform burnup di stribJt ion, 
which produced the highest difference in reactivity 
in the Region 2 spent fuel rack when compared with 
the uniform distribution results, is f~~~ on page 
3-6 of the license anenctnent re(JJest. The 
K-eff if 1 g8~114. This K-eff was used in Fig-
ure 3-3 to determine the bJrnup needed to 
accommodate the increase in reactivity due to non
uniform burnup. The burnlJI was found f~~ ~ach 
initial enrichment shown in Figure 3-3 8 • The 
actual maximum burnup was 1,400 MWd/T for a K-eff 
of 0.0114. For conservatism, the burnup correction 
for any initial enrichment was assumed to be 1,800 
MWd/T. This value was added to the maximum uniform 
burnup re(Jlirement for each initial enrichment. 

Conments(a,b) 

See subnittal. (31) 

See subnittal <31> for Figure 1. 

See subnittal <31 ) for Attachment , . 

See subnittals.<31,t58) 
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Question~/Requests(a,b) 

QUESTIOO 5 (July 25. 1986}:<389) If Figure 3-4 is based 
on an infinite array of consolidated fuel, justify why 
Figures 3-4 and 3-5 need not be derived based on the 
higher reactivity configuration of one storage pattern of 
consolidated fuel boxes surrounded by an infinite array 
of regular fuel assetrblies. 

QUESTION 6 (July 25. 1986>:<389) Technical Specifica
tion 5.6.1.d should incli.Xle additional wording to clarify 
that consolidated fuel can be stored in the fourth 
location of the storage rack only if the surro!Jlding 
locations are occupied by consolidated fuel storage 
boxes. 

QUESTION 7 (July 25. 1986):<389) The NRC Staff recom
mends that a Technical Specification surveillance 
Req.Jirement be incorporated for consolidated fuel to 
verify the integrity of the fuel ard structural el~M 
before movement or placement in the spent fuel pool. > 
l.tlat method does NNECO propose to verify the integrity of 
the s!g~~ge canister after it has been loaded with fuel 
rods? 

• 

TABLE G.!. (contd) 

Res.I;!Q!'Ises<a,b) 

RESPONSE:(31) Spent Fuel Pool Technical Specifi
cation 3/4.920, "SPENT FUEL POOL", will ensure that 
the K-eff of the spent fuel pool will always be 
Less than 0.95 for any mix of unconsot idated or 
consolidated fuel. The Technical Specification 
requires that the blocked cell remain U'ltil the 
Region II STORAGE PATTERN of the spent fuel pool 
racks has been filled. At this time, consolidated 
fuel can be placed in a previously cell-blocked 
location only it it is conpletely surroU'Idecl by 
consolidated fuel. In this way, the U'lconsolidated 
fuel will be next to consolidated fuel which is 
stored in a 3 out of 4 pattern. The reactivity of 
consolidated fuel adj scent to the unconsolidated 
fuel is less than K-eff 0.95 since it is 3 out of 
4, and not 4 out of 4. 

RESPONSE:<31) we propose that Technical Specific
ation 5.6.1.d be roodified to read as follows: 

"Region II of the spent fuel storage pool is 
designed to permit storage of consolidated fuel 
in the fourth location of the storage rack and 
ensure a K-eff less than or equal to 0.95. 
Placement of consolidated fuel in the fourth 
location is only permitted if all surrounding 
cells of the STORAGE PATTERN are occt.pied by 
consolidated fuel." 

The attached revised page 5-5 reflects incorpora
tion of this change. 

RESPONSE:(31) sen~§~ 4.6.2 of the license 
amerdrent request describes the Quality 
Assurance requirements with which the design, 
procurement and fabrication of the consolidated 
fuel storage boxes will c~ly to ensure that all 
manufacturing and installation activities conform 
to the acceptable quality requirements throughout 
all areas of performance. 

• 

Comnent_s<a,b) 

See sut:rnittal. (31) 

see submittal<31> for revised 
page 5-5. 
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Questi onsj~ests (a,b) 

QUESTION 7: (July 25, 1986)<389> (cont'd) 

QUESTION 1 CAUQ\JSt 21. 1986):<390> Does the proposed 
spent fuel storage design inclu:le storage of spent fuel 
assemblies for Millstone Unit 2 only, or will it accom
modate fuel from Miltstone Units 1 and 3 or other plants? 

TABLE G.!. (contd) 

Responses<a,b) 

RESPONSE:(393) (cont'd) 

Static and i~ct analysis were performed to verify 
the adequacy of the consolidated fuel storage box 
design for all the service Loads associated with 
both the consolidation operation and storage in the 
spent fuel racks. The results of the structural 
analysis demonstrate that the consolidatia1 box and 
cover can be safely lifted and transported using 
the cover as the Lift point. The consolidation boll 
is designed such that it witt not be overstressed 
when subjected to a tensile Load of 6000 pol.nds. 
The insert assefl'bly s~rting the weight of the 
fuel rods can withstand an i~ct of 5 g. 

The cover assembly is a spring-loaded self-locking 
device which has a visual indicator when the cover 
has been engaged and Locked in place. Finally, the 
cover is dimensionally similar to the upper end 
fitting of the fuel assembly, thereby permitting 
the consolidated fuel storage box to be transported 
by the fuel handling tool/system. 

Additionally, it should be noted that, prior to 
placement of a consolidated storage box, in the 
spent fuel racks, the consolidation operation will 
have transported the fully loaded consolidated 
storage box to the te!l'pOrary racks within the Cask 
Laydown Area to permit access by the fuel handling 
tool/system, demonstrating that the fully-Loaded 
consolidated storage box can be transported ard 
placed in the racks while maintaining its 
integrity. 

These measures were introduced into the design of 
the consolidated fuel storage box so that there 
would be no increase in the probability of a fuel 
handling accident as a result of storing consoli· 
dated spent fuel. We consider these measures to be 
adequate without any augmentation of the previously 
proposed surveil Lance requirement. 

RESPONSE:(393) The proposed spent fuel storage 
design has been analyzed for and intended for the 
storage of consolidated spent fuel originating fran 
only the reactor of Millstone Unit No. 2. 

Conments (a, b) 

See subnittal. (393) 
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Questions/Requests(a,bJ 

QUESTION 2 (August 21. 1966):<390) Describe the method 
(proce<i.lre) utilized for installing the consolidated fuel 
assent>lies into Region II of the spent fuel pool. Show 
that the heat Load generated by stored spent consolidated 
fuel ass~l ies does not exceed the values of 15.2 ard 
37.6 X 10 Btu/h for normal and abnormal maxinun heat 
load cases. 

• 

TABLE G.!. (contd) 

Respo!]ses (a,b) 

RESPONSE:<393) The method (proced.Jrl!) htlich will 
be utilized for installing the consolidated fuel 
assemblies into Region II of the spent fuel pool is 
essentially the seme method used for roovernent of 
nonconsol idated fuel assentll ies. The cover 
assentlly for a consolidated fuel storage box is a 
spring-Loaded self-Locking device that is installed 
on the consolidation box after the fuel rods have 
been loaded into the box. The cover is dimension· 
ally similar to the upper erv:l fitting of a fuel 
assentlly, thereby permitting the consol !dated fuel 
storage box to be transported as would a standard 
fuel asserrbly using the fuel haOO\ ing tool/system. 
This feature is described on page 4-4 of the 
license amerdnent request. Proposed Technical 
Specification 3/4 9.20 of the license amerdnent 
request requires that the blocked cell of the 
STORAGE PATTERN remain lrltil the entire Region II 
STORAGE PATTERN of the spent fuel pool racks has 
been fi I ted. At this time, consolidated fuel can 
be placed in a previously blocked cell location 
only if it is CaJ'4)letely surrourded by consolidated 
fuel. In this way, U'IConsolidated fuel will only 
be next to consolidated fuel htlich is stored in a 3 
out of 4 pattern. The reactivity of consolidated 
fuel adjacent to the lJlCDnSOl idated fuel is less 
than K-eff 0.90 since it is 3 out of 4, not 4 out 
of 4. 

The decay heat fraction curves for constant power 
operating times of 1, 2, and 3 years were plotted 
from values calculated with the ORIGEN point deple
tion code. The curves were used to calculate the 
heat generated by the stored spent fuel, taking 
into accoU"'t the power operating time experienced 
by each fuel batch, ass1.111ing anrual refueling arv:l 
150 hours decay time for the ®st recently U"'loaded 
batch <normal operation) or full core offload. For 
abnormal operation, the full core offload is 
assuned to occur 36 days after the ®St recent 
refueling shutdown. Intact fuel assenblies nust 
have at least five years decay times before they 
are consol !dated . 

. 

.kO!ITilents ( 8 ' b) 

See submittals(158,393) 

• 
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Quest i ons[Reauests (a, b) 

QUESTICll 2 <Ausust 21. 1986):<390> (contd) 

• -, 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE:(393) (cont'd) 

SI.JIIIl3rv of Normal Operation Heat 
Generation 

1. Unconsolidated fuel asserrblies, 
all 3 years operating time: 
(5) 1t3·core batches (150 hours, 
1,2,3 and 4 years decay time) 
(Total 362 asserrbl ies) 

2. Unconsolidated d111189ed fuel 
asserrblies, assl.llled 2 years time: 
10 asserrtllies (1 year decay time) 

3. Consolidated fuel, all 3 years 
operating time:(19) 1/3·core 
batches, (5 to 23 years decay 
time) (Total 1376 assenbl ies) 

Maximum Heat Load 

SUllllarv of Abnormal Operation Heat 
Generation 

Btu/h 

12.59 X ttf' 

0.17 X 106 

2.41 X 106 

15.17 X 10° 

!t!U!l 

1. Full core offload, all 150 hours 27.94 X to6 
decay time: (3) 1/3·core batches 
<3,2, and 1 years operating time> 
(Total 217 asserrblles) 

2. unconsolidated fuel assenblies, 7.27 x tal' 
al t 3 years operating time: (5) 
1/3·core batches (36,401,766,1131, 
and 1496 days decay time) (Total 
362 assenblies) 

3. Ullconsol idated d111189ed fuel assem· 0.15 X tal' 
blies, assumed 2 years operating 
time: 10 asserrblies <1 year plus 
36 days decay time) 

4. Consolidated fuel, all 3 years 2.41 X tal' 
operating time: (19) 1/3-core 
batches (5 to 23 years decay time; 
effect of additional 36 days is 
negligible) 
(Total 1376 assenbl ies) 

Maximum Heat L6ad 37.77 X 10° 

• 

Conments (a, b) 
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Ouestions/ReQUests(a,b) 

OUESTTON 2 (August 21. 1986):<390> (contd) 

ON 3 (August 21. 1986l:'nu1 Provide the results 
OOL calculations including hypotheses (assurptions) 
o develop conservative t~rature conditions in 

assemblies. 

• • 

TABLE G.l. (contd) 

RespOnses(a,b) 

The above heat loads are based on the spent fuel 
stored in the pool at the end of the plant life and 
therefore will not be exceeded. 

RESPONSE:C393) The spent fuel pool holds storage 
racks carprised of cells for the Millstone unit 
No. 2 spent fuel assemblies. The CEPOOL computer 
code was used in the analysis of the spent fuel 
pool thermal hydraulics. Using the flow network 
method, this code predicts temperatures, velocity, 
and coolant quality within each cell. Each cell 
has an internal flow resistance and is comected to 
its neighbors at the cell inlet through cross flow 
resistance. A constant axial pressure drop is 
maintained across the flow network by the entire 
pool. Coolant in the fuel region, l4X"' transfer
ring heat from the fuel, heats 1..p and becomes 
lighter than the non-fuel region. The difference 
in coolant densities in these two regions creates a 
natural circulatlon loop to direct flow from the 
non-fuel region (do...-,comer) to the fuel region 
(riser) thereby creating a natural circulation flow 
loop for ren"'val of heat from the fuel. 

The conservative method for evaluation of the fuel 
cooling in the Millstone Unit No. 2 analysis 
focuses on a row of cells containing the center 
cell farthest from the pool walls, thus maximizing 
the hydraulic resistance between the center eel l 
and the downcaner (see attached Figure 1). 
Furtherrore, it is conservatively assuned in the 
analysis that cooling flow is provided only by the 
section of the downcomer adjacent to the row of 
cells. Hence, thennal hydraulic conditions derived 
from CEPOOL's flow network are conservative 
relative to the actual pool conditions where cross 
flow from adjacent rows of cells in the lower 
plerun can occur. The row of cells considered in 
the design calculations is analyzed assuming that 
it is loaded to capacity with the hottest fuel 
(i.e., minini.Jll discharge time from the reactor) and 
including a 1.55 radial peaking factor with a 10X 
ackHtional l.l"'certainty allowance in the heat rates. 

\.lhen a box of consolidated fuel is stored in a fuel 
cell of a rack, a water gap exists between the cell 
wall and the consolidation box (see attached 
Figure 2). Thus, coolant can bypass the fuel rods 

"' 

Conments(a,b) 

See subnittal (393) for Figure 1 
and Table 1. 

• 
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cuestions/Requests(a,b> 

CUEST!O~ 3 {August 21. 1986):(390) (cont'd) 

OUEST!ON 4 (August 21, 1986):<390) Indicate the maximun 
fuel pin cladding teJ!llerature you determined together . 
with a srurple calculation used to derive this terrpera
ture. Include any hypotheses (assurptions) used. 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE:<393> (cont'd) 

within the box and flow through the gap. Alt heat 
generated by the fuel within the box is assuned to 
be removed by the coolant flowing through the box. 
However, the coolant density change associated with 
this heat removal is also assuned to exist as 
driving pressure for the bypass flow through the 
box/cell wall gap. This introduces conservatism 
into the analysis since no credit is taken for heat 
removal from the fuel by lateral heat transfer to 
the coolant in the box/cell wall gap. 

The attached Table 1 shows the results of CEPOOL 
calculations for three cases. The cases are: 
1) row of intact fuel, 2) row of consolidated fuel, 
ard 3) worst coobination of intact and consolidated 
fuel (intact fuel in all cell locations except the 
center cell which contains consolidated fuel). 

These cases were analyzed at normal and accident 
conditions. ~onmal operation comprises water 
temperature of 150"F at the base of the racks ard a 
mininun pool depth of 23 feet of water above the 
fuet. Accident conditions assune that, as a result 
of toss of external cooling, r::oolant is evaporated 
to a minifiU'II pool depth of 10 feet of water above 
the racks and that the racks are blocked by a 
dropped fuel consolidated canister. Water tenpera
ture at the base of the racks is assuned to be 
212"F under accident corditions. 

As can be seen from the results presented in 
Table 1, the maxiJI'Un r::oolant terrperature for the 
cases of all consolidated fuel and mixed storage of 
consolidated and intact fuel are Less than the tase 
of all intact fuel for both normal operation and 
accident conditions. Therefore, with respect to 
thermal hydraulic perfonmances, consolidated 
storage of spent fuel is no worse than the storage 
of freshly discharged intact fuel assemblies. 

RESPONSE:(393) AssUlling the worst possible 
scenario, where boiling occurs along the whole 
length of fuel, the maxinun fuel pin cladding 
temperature is calculated using an equation 

Comnents<a,b) 

See sutrnittal. (393) 
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Questi ens/Requests (a,b) 

OUESTJO~ 4 {August 21. 1986):<39Dl (cont'd) 

• • 

TABLE G.!. (contd) 

Respon..§.eS(a,b) 

RESPONSE: CZ99) (cont 'd) 

provided by McAdarrn(a) for low pressure boiling 
water. This equation is for use in the fully 
developed nucleate boiling: 

q/A = 0.074 (.6.T)3.86 30<p<100 psi a 

The maxinun local heat flux for freshly discharged 
fuel is: 

{ 

97.6 k\.1/assembty X 3412 Btu/Kw-hr zl 
q/A = 176 rod/assel!bly x 136.7 x 1' ~ 0.~4 in. ~ = 

144 in. /ft 

q/A = 1442 Btuth-ft2 

Thus, substituting and solving for the film !J.T, 

.6.T = 12.9•f 

The maxinun fuel pin cladding temperature is 253•F 
at the base of the fuel rack.s. This cladding 
temperature is far below temperatures typically 
encol'ltered by the fuel cl!ring residence fn the 
reactor (653.F). 

The critical heat flux to cause departure fran 
rucleate boiling (DNB) can be eJtimated using the 
expression developed by Zuber(a • This critical 
heat flux at spent fuel p::ool thermal hydraulic 
conditions is calculated to be 433,000 Btu/h·ft2 
which is nuch ~arger than the maxinun heat flux 
(1442 Btu/h-ft ) from even freshly discharged spent 
fuel. Therefore, DNB will not occur, and the 
asst.rrption of rucleate boiling provides a conserva
tive estimate of the maximum cladding temperatures • 

" 

Conments (a,b) 
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auestions/Requ~~ts<a,bl 

QUEST!~ 5 <Ausust 21. 1~6J:(390) Provide the dimen
sions of the BORAFLEX™(d inff5t shown in Figure 4.4a of 
your May 21, 1986 subnittal( ) which appears to have 
been omitted. What q.Jality control measures

2
will be used 

to assure the boron-10 Loading of 0.03 gill/em? 

QUESTION 6 <August 21. 198~H~390) Definition 1.39 on 
page 1.8 of this sl.bmittal > describes "Storage 
Pattern" 10hich is used to limit placement of consolidated 
fuel assemblies in Technical Specification LCO 3.9.20, as 
fol!O'ols: 

"STORAGE PATTERN" 

"1.39 The Region II spent fuel racks contain a cell· 
blocldng device in every fourth raclc location for 
criticality control. This fourth location will be 
referred to as the blocked Location. A STORAGE 
PATTERN refers to a blocked location and adjacent and 
diagonal Region II celt locations surro1.r1ding the 
blocked location." 

In order to clarify this definition, it is recolll!lended 
that the word "all" be added prior to the word 
"adjacent." Further, it should be noted that the 
words, "all adjacent and diagonal" include celts in 
adjacent modJles if that is your intention. Confirm 
that this is the case. 

' 

TABLE G.!. (contd) 

ResPOnses <a,b) 

~(393) The dimensions of the BOO:AFLEX 
~on (neutron> material are 141 + 1/4, -1/8 
!S long by 8-1/8 :t 1/16 inches wide, by 0.110 :t 

0.007 inches thick. This material is encapsulated 
within two, 0.029-inch thick sheets of stainless 
steel, of eq...~ivalent length and width, spot-welded 
together to form a corrposite (i.e., sandwich). 
This conposite, in turn, becomes an integral 
corrponent of the spent fuel poison box asserrDly. 

The manufacturer of the BOROFLEX material has in 
place a quality control progra"Jl which meets the 
requirements of ANSI N-45.2 and 10 CFR 50 Appendix 
B. The manufacturing process is controlled by a 
series of strict internal manufacturing and testing 
procedures which meet these requirements. In 
ad::lition, the vendor has been audited by Contlustion 
Engineering and several other utilities and vendors 
to ensure their carpl i ance with these requirements. 

RESPONSE:C393) The words "adjacent and diagonal" 
were intended to include those cells sharing a eel l 
wall with the cell containing the blocking device 
and those cells which, while not sharing a cell 
wall, directly touch the corners of the cell 
containing the blocking device. The total arrange
ment includes nine cells, the center cell contain
ing the blocking device and the eight cells 
surrOU'lding the center eel l. The cells that 
constitute a STORAGE PATTERN that do not have a 
blocking device installed may in fact be included 
in more than one STORAGE PATTERN. 

h'e propose that Technical Specification Definition 
1.39 be modified to read as follows: 

"1.39 The Region II spent fuel racks contain a 
cell blocking device in every fourth rack 
Location for criticality control. This fourth 
location will be referred to as the blocked 
location. A STORAGE PATTERN refers to a blocked 
location ard all adjacent and diagonal Region II 
cell locations surrol.flding the blocked loca
tion." 

The attached revised page 1-8 reflects incorpora
tion of this change. 

COIIIIlents (a,b) 

See submittals.<158,393) 

see submitta1<393> for revised 
page 1-8. 
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Questions/Requests(a,b) 

QUESTION 9 (August 21. 1986):<390> Technical Specifica
tion 4.9.18 refers to Figure 3.9-1 for fuel enrichment 
and burnup in order to permit placement of a spent fuel 
asserrbly in Region II of the spent fuel pool yet it is 
not contained in the sl.bnittat. Page 3/4 9.23 of the 
present Technical Specification contains Figure 3.9-1, 
which is i?T~Mcal to Figure 3.9·3 of the May 21, 1986 
submittal. Please make suitable corrections to 
correct this apparent discrepancy. 

QUESTION 10 (August 21. 1986>:(390) Describe the means 
utilized to maintain control over the spent fuel stbas
semblies in order to ensure against premature consolida
tion of spent fuel asserrbl ies, and maintain a proper 
storage condition after consolidation has taken place. 

QUESTION 11 (August 21, 1986):<390 > In response to the 
NRC staff's Safety Evaluation Report dated Noverrber 22, 
1985, you noted that an anen::tnent request, targeted for 
July 1986, would be prepared to restrict plant operation 
in event both spent fuet pool cooling trains are not 
available. Please provide the latest sched.Jle for 
receipt of this amenctnent . 

• • 

TABLE G.!. (contd) 

Responses<a,b) 

RESPONSE:<393> Page 3/4 9-23 of the existing 
Technical Specification for Millstone Unit No. 2 
contains Figure 3.9-1, which is titled "MINIMLM 
REQUIRED FUEL ASSEMBLY EXPOSURE AS A FUNCTION OF 
INITIAL ENRICIIHENT TO PERMIT ST<l'tAGE IN RE~\gM 11." 
Figure 3.9-3 of the May 21, 1986 submittal > is 
titled, 'MINIKJM REQUIRED FUEL ASSEMBLY EXPOSURE AS 
A FUNCTION OF INITIAL ENRICHMENT TO PERMIT STORAGE 
IN REGION II AS CONSOLIOATED FUEL." The attached 
Figure 3 is an "overlay" of Figure 3.9-1 and 3.9-3 
10hich serves to demonstrate the differences in the 
two figures. The inclusion of two figures rather 
than one 10as based on the decision that separate 
figures dealing 10ith two distinct operations, 
1) storage of intact spent fuel asserrbties in 
Region II vs. Region I, and II) storage in 
Region II of spent fuel as consolidated fuel, would 
cause Less confusion for personnel involved in 
these aspects of the process. 

RESPONSE: <393> Proced.lres wiLL be written to 
address the questions ard concerns raised. The 
current plant procedure for placing a fuel assenDly 
into a Region 11 rack will be expanded and utilized 
for identifying the candidate asserrbl ies for the 
consol fdation operation. Since the Engineering 
Forms associated with establishing the bur111.4' of 
the fuel assel!blies are retained for the life of 
the plant, they also permit identification of the 
candidate fuel asserrbl i es in Region II that have 
achieved S·year decay. All candidate asserrblies 
will be taken from Region II of the spent fuel 
pool. 

RESPONSE: C393> The amend'nent request to restrict 
plant operation in the event both spent fuel pool 
cooling trains are not available was sul::rnitted to 
the NRC staff Septei!Der 26, 1986. 

' 

Cooments(a,b) 

See sul::rnittal <393> for Figure 3. 

See sul::rnittal.c393) 

See sul::rnittal.<393) 

• 
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Questi on.§LR~CJh.lg§.tll. (a' b) 

QUEST I ON 12 CAugust 21 . 1986): (390) What is the magni
tude of the difference in calculated reactivity between 
the 12-group KENO· IV calculations (used for benchmarking) 
and the 16·group DOT-2W calculations (used for consol i
dated fuel calculations) and how was this acco111ted for 
in the fuel rack calculations? What organization per
formed these calculations and htlat is their previous 
experience? 

QUESTION 1 ~ 1 (August 27, 1986):(391) Reference 2, 
page 19, C S S lists ASTM-A240 and ASTM-A479 as materials 
for the "il ~~nt fuel racks while Reference 1, 
page 4-6, 5 lists ASTM·A240 and ASTM-A276. Please 
explain the difference. ASTM-A276 is not listed in the 
reviewer's ASTM specifications nor is it an ASME code 
material under the normal corresponding SA-276 designa· 
tion. 

' 

TABLE G .I. (contd) 

Responses (a, b) 

RESPONSE:(393) Carb.Jstion Engineeril'ig (C-EJ per
formed the consolidated fuel calculations, using a 
DOT-II model benchmarked against KENO-IV and 
KENO·V. The differences in calculated reactivity 
between a 123-gro~..p KENO-IV model and the DOT model 
were evaluated by C-E, and were considered to be 
ins igni fi cant. 

The following table for an infinite-array triangu
Lar pitch critical experi'Pf~S (Ref. 3-1 of the 
I icense amerdnent request )) carpares KENO-V, 
KENO-IV, and DOT results versus m.ntler of energy 
groups: 

INFINITE ARRAY MULTIPLICATION FACTORS 
No. of 
~ KENO-V KENO-IV OOT·II 

123 -- 1.114 ± 0.004 
50 1.115 ± 0.005 1.111 ± 0.003 
27 1.128 ± 0.005 1.112 ± 0.004 
16 1.117± 0.005 1.110 ± 0.004 1.11n 

The finite-array ICENO-V 16·group model calculated a 
multiplication factor of 0.996 :1: 0.002 for a 
critical experimen~ ~~ef. 3-1 of the License 
amerdnent request< 5 ) with a geanetry eq..~ivalent 
to the consolidated fuel rack geometry. 

RESPONSE:C26) The material I isting of Secti?!fs~)b 
on page 4-6 of the License amendnent req..~est 
is not cooplete. section 4.b should have read, 
"ASTM-A276 or ASTM-A479," to be consistent with the 
material shown on page 4-42 of the license unend
ment req..~est. ASTM-A276 was an option that was 
considered for use in fabrication of the spent fuel 
racks, however, ASTM-A276 was not used. The 
docUllentation packages and material certification 
provided with the spent fuel racks show that 
ASTH-A240 plate and strip and ASTM-A479 shapes and 
bar were used in fabrication. Both ASTM-A240 and 
ASTM-A479 are ASME code materials. 

Corrments(a,b) 

See suhnittals. (158,393) 

See subnittals. (26,158) 
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Questi ons/R!!(l~Jests (a ,b) 

QUESTION 3.1.2 (August 27. 1986>:<391> Reference 1, 
page 4·11 calls out 3000 psi concrete for construction 
material for the spent fuel pool/auxiliary building. 
Three pages later, 4800 psi concrete is listed as a 
concrete material p!'"operty for the mathematical roodel. 
Reference 3, page 26, calls out 3000 psi concrete for 
pool material. Please explain the apparent conflict. 

QUESTION 3.1.3 (August 27. 1986):(391) Reference 2, 
Section 4.2, starting on page 20, discusses a rather 
extensive test program to be used in conjunction with the 
analysis of the Spent Fuel Rack System but the testirQ 
program and the use of resul ti~ data are not addressed 
in the SAR (Reference 1). Please discuss as the testing 
p:lrtion seemed to be an important step in doing a 
reliable analysis of the Spent Fuel Rack System. 

' • 

TABLE G. I. (contd) 

ReSRQ!]Ses {a,b) 

RESPONSE:(26) The construction mater'ial used for 
the Millstone Unit No. 2 spent fuel pool is called 
out as 3,000 psi, 28·day strength concrete. The 
actual test cylinder concrete compressive strengths 
were obtained for the spent fuel pool structure. 
The test reports showed that the concrete had an 
actual minimum 90·day compressive strength of 4,800 
psi. The value of 4,800 psi was therefore used in 
concrete strength calculations. Per ACI 349, the 
appropriate strength relilction factors were also 
used in the calculations to account for, among 
other things, variations in material strengths of 
the construction material. 

RESPONSE:<26l Three different series of structural 
tests were conducted on a prototype consolidated 
fuel storage box (CFSB) to obtain static and 
dynamic properties of the box ard fuel rods for 
incorporation in the computer models. As the name 
irrplies, CFSBs are the boxes in which fuel rods are 
stored in the spent fuel racks after consolidation. 
The test series were: 

1. Static load·deflection tests to measure the 
lateral stiffness of the box with fuel rods. 

2. Static compressive tests on a short box section 
to measure the local wall stiffness of the box. 

3. Forced vibration tests on a loaded box in air 
and in water to measure natural frequencies, 
roode shapes, critical darrping ratios, excitation 
forces, and magnification ratios. 

Results of the tests were evaluated and correlated 
with the analytical models to obtain a computer 
model of the CFSB loaded with fuel rods. 

.; 

Corrments(a,b) 

See sub:nittals. (26,158) 

see subnittals. <26 •158) 
Tables 1 and 2 ard Figures 1·5 
a~e in f2g response sub-
ml ttat. > 
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Ouestions/Requests(a,b) 

QUESTIO" 3. 1.3 CAusust 27. 1986):<391 > (cont'dl 

• ' 

TABLE G.l. (contd) 

Responses(a,b) 

RESPONSE:< 26l (cont'd) 

LATERAL LOAD DEFLECTION TEST 

The objective of this series was to obtain the 
static deflection characteristics of the CFSB when 
slbjected to push-pull lateral load cycles applied 
at the center of the span. A full-length prototype 
was specifically fabricated for the test and was 
pin-s~ported at each end. It stood vertically on 
the test stand and was filled with depleted fuel 
rods on a triangular pitch. Two fuel rod c~c
tion ratios were tested, 378 rods Loaded in rows of 
18 (tight corrpaction) ard 352 rods in the same 
configuration (intennediate corrpaction, i.e., 2:1 
consolidation). 

FORCED VIBRATION TEST 

The objective of this series was to identify the 
vibrational characteristics of the consolidated 
fuel storage box in air ard in water .,en loaded 
with fuel rods at three different corrpaction 
ratios, and also when empty. The test CFSB and the 
fuel rod configurations were the same as in the 
lateral load deflection test, and the compaction 
ratios were: tight (378 rods), intermediate (352 
rods) and loose (306 rods). The third conpaction 
ratio was included because the fuel rods were 
expected to affect vibration darrping, whereas they 
had practically no effect on static deflections of 
the CFSB. 

Parameters of interest were the CFSB's natural 
frequencies, associated mode shapes and modal 
critical darrping ratios. These parameters were 
determined over a wide range of sinusoidal and 
constant displacement excitations induced through 
the lower s~rt pin. Furthermore, the required 
forces and the strain distributions along the CFSB 
were measured for each response. 

Conrnents(a,b) 
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Questi ons/ReQ.Jests <a,b) 

QUESTION 3.1.3 (August 21, 1986):<391) (cont'd) 

' • 

TABLE G .1. (contd) 

ResQQOses (a, b) 

RESPONSE:(2b) (cont'd) 

LOCAL STIFFNESS TEST 

The objective of this series was to obtain the 
local stiffness property characteristics of the 
consolidated fuel storage box when loaded with fuel 
rods. Two conpaction ratios were tested, namely 
tight (378 rods) and intermediate (352 rods). For 
this purpose, short sections of the CFSB, filled 
with depleted fuel rodlets, were compression-tested 
in a horizontal position at several load increments 
in a tensile test machine. Load versus deflection 
characteristics were obtained for the upper end, 
mid-section and lower end of the CFSB. The upper 
and lower ends included the toclting cover and the 
box floor, respectively. 

Loading was applied to the upper surface of the box 
as a transverse line load in the center of the 
length for the mid-section, and at the upper and 
tower ends. The box section deformations were 
measured by the tensile machine extensometer and by 
dial indicators. CFSBs in the spent fuel raclts are 
not supported at their upper ends. The upper end 
test section was therefore cantilevered from the 
tensile machine support plate in order to include a 
beam mode effect in the measured deformation and 
stiffness characteristics of the ~per end. After 
completion of all three types of local stiffness 
tests in the elastic region, the three types were 
repeated, extending loads beyond the linear range. 
The plastic range was characterized either by a 
plateau on the load versus 
deflection curve or by large formations of the box 
walls. 

, 

Conments(a,b) 
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auestions/Requests(a,b) 

QUESTION 3.1.3 (August 27. 1986):<39 1> (cont'd) 

• ' 

TABLE G.l. (contd) 

Respenses(a,b) 

RESPONSE: <26> (cant 'd) 

CONSOLIDATED FUEL STORAGE BOX MOOEL 

A CESHOCK model was developed to simulate the 
structural characteristics of the consolidated fuel 
storage box (CFSB) loaded with fuel rods in water. 
The CFSB model properties were developed in steps, 
First, the static lateral load deflectiOil test data 
were evaluated and analyzed to identify the static 
stiffness, shape and bolrldary conditions of the 
CFSB as tested. A static model was derived with 
stiffness obtained directly from the CFSB 
structural dimensions, and the calculated results 
were coopered with the test results. In the next 
step, the structural weight and hydrodynamic 
effects were added to obtain a looped-mass dynamic 
model of the CFSB and fuel rods. Results calcu
Lated with this model were then carpared with data 
from the forced vibration test. 

MODEL-TEST CORRELATION RESULTS 

The results of the LateraL Load def teet ion and 
forced vibration tests were compared as described 
in the following paragraphs with calculations using 
the CFSB roodel. Data from the CFSB local stiffness 
test were used to derive elements in the combined 
storage rack and CFSB model to simulate impacting 
between the CFSB and the spent fuel storage rack. 

Lateral Load Deflection Test 

Statistical analyses of the test data were per
formed and average deflection shapes of the 
defonned consolidated fuel storage box obtained. 
The data were analyzed in categories related to the 
compaction ratio and the maxinun displacement value 
(i.e., small or Large deformation ranges). It was 
found that the number of fuel rods and the magni
tude of the displacement did not significantly 
affect the box stiffness. The stiffness of the 
CFSB and fuel rods appears to be primarily a 
function of the structural dimensions and material 
of the box alone. Figure 1 coopares static 
displacements calculated with the computer model 
and the test data. Two calculated displacement 
curves are shown, one for a CFSB sinply supported 

Corrments(a,bJ 
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Questions/~ests(a,b) 

QUESTION 3.1.3 (August 27. 1986):<391 > (cont'd) 

• 

TABLE G. I. (contd) 

Responses<a,b) 

RESPONSE: <26> (cant 'd) 

the rods. The rods do not provide any significant 
stiffness contribution. 

Table 1 carpares fl rst mode test and roodel frequen
cies. The agreement is good. The size of the test 
tank did not have a large effect on the first mode 
freq..~ency of the CFSB. During the testing, it was 
noticed that tank vibrations occurred at the secord 
resonance near 30 Hz. Similarly, it was observed 
that the !-beam strong-back vibrated near the third 
resonance of about 40 Hz. Since typically seismic 
motions do not exhibit amplified response greater 
than 25 Hz, the emphasis in this study was placed 
on the first mode of vibration. 

Time history model simulations of some test 
sequences were also conducted to compare responses 
of other q.Jantities, such as darrping, base reaction 
force and displacement. A corrparison of test and 
model parameters for one such simulation is 
included in Table 2. It can be seen fran Figures 2 
ard 3 that darrping varies more than frequency with 
the input arrplitude. Therefore, in the model 
simulation of a particular test, the damping value 
frotll the individ.Jal test should be applied in the 
modeL When this was done as shown in Table 2, the 
agreement of the model and test data was excellent. 

consolidated Fuel Storage BoJI Local Stiffness Test 

Short sections of the consolidated fuel storage boJI 
containing fuel rods were each subjected to a 
transverse Line load on the uppermost wall while 
resting horizontally on a flat surface. Deflec
tions at various locations on the CFSB walls were 
measured as a f~r~ction of Load. In one test, the 
Load was applied at the end of the section. In the 
first of these two tests, the box section under the 
Load line included the CFSB floor, and the test 
measured the local stiffness of the Lower erd of 
the CFSB. In the second of the two tests, the box 
section under the load I ine included the CFSB 
cover, and the test measured the local stiffness of 
the upper end of the CFSB. 

Cooments(a,b) 
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Quest i onsLRequo:>sts (a' b) 

QUESTION 3.1.3 (August 27, 1986):(391) (cont'd) 

QUESTION 3.2.1 (August 21. 1986>:<391 > The Basis for 
Limiting Condition for Operation 3.9.6, 3/4.9.7, "Crane 
Travel · Spent Fuel Storage Building," states that, 
"specific analysis has been performed for the drop of a 
consolidated fuel storage box on an intact fuel assem· 
bly." Wtlere is the analysis? 

• • 

TABLE G .I. (contd) 

ResPQI:lses (a, b) 

RESPONSE: (26) (cont 1d) 

The test results showed that the behavior of the 
CFSB is complicated under this type of load end 
that it exhibits a greet variation in stiffness 
values. At high toads, local yielding or buckling 
of the box walls occurs. This is depicted by the 
drastic changes in the stiffness values. At the 
bottom and ~r sections, an increased load can be 
attained because of the support provided by the end 
fixtures. In general, the overall stiffness values 
are significantly higher .than the CFSB stiffness in 
the beam mode exhibited in the lateral load deflec· 
tion test. In the beam mode, the CFSB supported 
its ends end loaded at the center exhibits a stiff· 
ness of about 16,600 lb/in. The local CFSB stiff· 
ness testing shows values from 100,000 to 300,000 
lb/in. CFSB i~Jl>C!Ct stiffnesses for the consoli
dated fuel storage box were derived from these 
values. Because the measured stiffness varfed with 
the applied load level, the actual stiffness values 
to be used in fuel rack seismic BMlysis for CFSB 
impacting were based upon the site specific seismic 
excitation. 

RESPONSE;<26> An analysis was performed by 
Coob.Jstion Engineering (C·E) ..t.ich considered the 
drop of a ful t y loaded consot ida ted fuel storage 
box onto a stored intact fuel assesrbly. The total 
drop height for such an accident is twenty-eight 
(28) inches to the top of the fuel assenbly. A 
nonlinear rwlti-spring/mass model (Figure 6) of a 
fully loaded consolidated fuel storage box dropping 
twenty-eight (28) inches onto the top of a stored 
fuel assembly was developed. 

The CESHOCK computer code was used to perform a 
dynamic nonlinear analysis to determine the maxitrun 
inpact load in the stored fuel assenbly due to the 
drop. The result of that analysis was a maxiiiUil 
impact force in the stored fuel assarbly of 100,000 
lb. 

The calculated peak impact load was then statically 
applied to the fuel assarbty to assess its struc
tural integrity. Assuning no lateral deformation 
results in the entire impact load axially 

.; 

Conrnents(a,b) 

~ 
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tluest ions/Requests (a • b) 

QUESTION 3.2.1 (August 27, 1986):<391> (cont'dl 

CUESTION 3.3.1 (August 27, 1986):(391) Reference 2, 
Section 1.4, page 7, discusses a reactivity meter to be 
used for determination and verification of burnup. This 
is not menti011ed in the SAR's discussion of reactivity 
determination for storage of spent fuel. Please explain. 

:eptember 22, 19861:<391 > Because many fuel 
will have been involved in the reconsti· 

sembly, it is likely activated crl.d will be 
released from some fuel rods and adlere to some other 
rods. Show how an increase in dose rates from such crl.d 
will be precluded when consolidated asserrblies are 
returned to storage in the spent fuel pool. 

~ 

TABLE G. I. (contd) 

Responses(a,b) 

RESPONSE:<26) (cont'd) 

compressing the fuel assembly with the guide tubes 
compressing first until the ultimate stress of 
80,000 psi is reached. This ultimate guide tlbe 
stress is reached at a load of 37,840 lb. The 
remaiOOer of the 100,000 lb load is carried by the 
fuel rods as the grid cage crushes and the load is 
applied directly to the top of the fuel rods. A 
load of 148,750 lb was calculated to be required to 
produce the yield stress of 25,000 psi in the fuel 
rods. Since this load is greater than 100,000 lb, 
the fuel rods will not yield, arK! the analysis 
demonstrated that the stored fuel assembly is 
capable of absorbing the kinetic energy of the drop 
with no fuel rod failures. 

RESPONSE:(26) The reactivity meter discus~~ in 
section 1.4, page 7, of the March 30, 1984 
letter, as stated in the letter, is a state-of-the· 
art device which is still urder developoent. The 
engineering design reviews are still ongoing. The 
determination and verification of burnup is cur· 
rently controlled actninistratively and the descri
bed reactivity meter is not required for determina
tion of reactivity for the storage of spent fuel. 

RESPONSE: <28> The potential dose rate consequence 
from crud redepositing on fuel surfaces in insig· 
nificant for three reasons. First, the dose rate 
from crud is a very small fraction of the overall 
dose rate relative to the fission procl.Jcts in the 
fuel. SecoOO, since the object of concern is the 
overall dose rate approximately 40 feet away, it is 
irrelevant whether crud is transferred from one rod 
to another. And third, nearly all of the crud 
released will be filtered during the consolidation 
process rather than redeposited on other fuel rods. 
The fuel consolidation system contains an elaborate 
filtration system to control and contain any dis· 
persion of crud released from the fuel rods or fuel 
assembly. The filtration system is designed to 
capture the crud at the point of release so as not 
to at low the crud to spread to any area of the fuel 
pool. 

Conments(a,b) 

See subnittals<26, 158) 

See subnittal. <28> 
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aues ti ons/ReQUests (a,b) 

QUEST!Ot.l 1 (Septenber 22. 1986):(392) (cont'd) 

QUESTION 2 CSepterrber 22, 1986):<392> Describe the meth
odology that will be used to preclu::le spent fuel pool 
water fr<Xll becoming highly contaminated if fuel rod 
rupture occurs (e.g., close capture clean.Jp system with 
filters appropriately shielded), ard the method used for 
identifying rods that are most likely to rupture. 

• 

TABLE G.!. (contd) 

Resoonses(a,b) 

The fittration system consists of twO irdividual 
filtration skids, each with a 250 gpm flow rate, 
with an in-line strainer at the purp inlet to pro
tect the p..r1p from any large debris. Downstream of 
the punp are two additional stages of parallel 
filters to minimize filter usage, thereby holding 
down the volume of waste products. 

The filter system is manifolded to all shrouded 
locations where any fuel rod motion will occur. 
This manifold ard shrouded system provides downward 
flow in each station. The fi Iter system is sized 
to ensure sufficient velocity at the tooling-to· 
workstation interface to entrain and fi Iter any 
released crud before it can be dispersed within the 
work area. 

RESPONSE:< 28l The shrouded workstations and posi
tive filtration systems [described in the above 
response to Question 1 (SepterrDer 22, 1986)] will 
preclude the spent fuel pool water from becoming 
highly cont1111inated if a fuel rod rt..ptures. The 
first stage of the filtration system is a strainer 
element which will capture large particles. The 
second and third stages are pleated paper elements 
which can capture particles in the low micron 
range. Further, each filter system is also vented 

~ 

Corrments(a,b) 

See submittat.< 28 > 

-
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Questions/Requests(a,b) 

QUEST! ON 2 <September 22. 1986): (contd) 

QUESTION 3 (September 22. 1986):C392> Provide all data 
(mathematical models, parameters, codes and techniques 
used) that were used in the calculational model devised 
to determine the increase in dose rates in the spent fuel 
pool area due to a buildup of radionuclides in the pool 
water (page 5-4, Attachment 2>. 

TABLE G.!. (contd) 

Respohses (a, b) 

RESPONSE: (contd) 

and connected to the plant off-gas handling system. 
In the event of a rod r~ture, one would only ex
pect the release of insohble, gaseous rJJcl ides 
(principally Kr-85). The multiple rod pulling tool 
is fully shrou::led al'k:l vented to the plant off-gas 
system. This feature accounts for the collection 
and disposal of any released fission gases. At 
Millstone Unit No. 2, the consolidation system will 
be operated in the spent fuel pool cask laydown 
area. The cask laydo...-. area gate wi l I be in place 
during consolidation operations, such that any 
uncontrolled conta'Jlination will be confined to this 
work area. The system filters are located on skids 
adjacent to the bottom of the workstation frame. 
The filters are therefore covered by the full 
height of the fuel pool water. Filter change-out 
will be accarpl i shed lllderwater, thus providing 
adeq..~ate shielding. 

Prior to consolidation, all candidate fuel assem
blies will be pre-inspected with the consolidation 
system TV caneras to review the condition of the 
exterior rows of rods. Arrt fuel assenblies fourd 
to have defects will not be consolidated. 

Calculations have been performed to 
-~-~ ...... _ the incremental dose at certain areas 
around the spent fuel pool due to the proposed in
crease in spent fuel pool capacity. The dose was 
first calculated with the pool filled to its 
present capacity and then predicted for the pool 
filled to its proposed capacity. A model has been 
developed to estimate the pool's activity using 
fuel information avai table fran ORIGEN cooputer 
rllls generated for the heat toad calculations. The 
model included the following parameters. 

1. Li = Leakage is isotope i into the pool fran 
each cycle, in JL.Citsec. 

2. f = purification flow constant, in sec·1. The 
constant can be obtained by dividing the 
purification flow rate by the pool volume. 

3. Ai =decay constant of isotope i, in sec-1. 

Corrments(a,bl 

See sul:rnittat.C28) 



"' N 
N 

Questions/Requests(a,b) 

QUESTION 3 (Septerber 22. 1986): (contd) 

• 

TABLE G.!. (contd) 

Responses (a, b) 

RESPONSE: (contd) 

4. 1 = fraction of nuclide in the p.~rification 
system discharge header (If DF=100, then"'(= 0.01. 
If OF= 10, "'{"' 0.1.). 

5. t = time slbseq..~ent to pool insertion, in sec. 

6. Ni = activity of each nuclide in the pool, in 
SLCi. 

Using the above parameters, it can be seem that the 
time rate of change of activity in the pool is 
given as: 

ctH = Li - O.i • f - ""fF) Ni 
dt 

The LeaKage rate, Li, may be defined as: 

Li = Da;Nfi 

where D =Fraction of fuel which leaks (i.e., 
faiLed fuel : 1X). 

ai " Leak rate coefficient for isotope i. 
Nfi ::: curries of isotope i in the fuel. 

After the fuel is placed in the spent fuel pool, 
the curies of an isotope in the fuel is governed 
only by the decay rate and leakage rate. 

N -N ,<Ai+Da)t 
fi - ofi i 

where Nofi is the Curies of isotope i in the fuel 
at the time the fuel is placed in the pool. 

and therefore, 

D ·N ·(Jdi + 011-)t [ 1 -(}.j + f- )f>t] 
. 111ofie 1 -e 

N1= .+f+)f 

--
The values of N0fi are available from the ORIGEN 
n11s. The teak rate coefficient of the isotopes 

~ 

corrments(a,b) 
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Questions/Requests(a,b) 

QUESTION 3 (September 22. 1986): (contd) 

QUESTION 4 (Septerrber 22. 1986>:<392 > Provide a table 
showing expected tritiun exposures due to the increased 
fuel storage capacity as the design maxirwm spent fuel 
pool water temperature increases from 120"F to 131"F 
(page 5·5, Attachment 2). 

' 

TABLE G.!. (contd) 

Responses<a,b) 

RESPONSE: (contd) 

were those for full power adjusted for cold fuel 
conditions. The activities of a rurber of n..rclides 
were calculated using the eq..~ation above, but the 
only two of significant value were those for 
cesiu:n-134 and cesiu:n-137. The concentrations of 
cobalt in the pool water were assumed to be: 

Cobalt-58:4.16 x 10"!'microcuries per milliliter 
cobalt-60:3.61 x 10· microcuries per milliliter 

This data was consistent with samples obtained from 
the spent fuel of an existing facility and were 
chosen in lieu of ORIGEN data, since review of the 
data from several facilities shows that the concen
tration of cobalt is not directly dependent on the 
nr..rrber of assemblies in the pool. Therefore, it 
was assumed that the concentration of cobalt 
defined above remains constant for every fuel cycle 
off-load introduced into the spent fuel pool. 

The pool size used is 25 feet by 42 feet by 38.5 
feet. The clearup flow rate used was 125 gallons 
per minute, and the decontamination factor of the 
pool cleanup system was assumed to be 10 cy = 0.1) 
for cabal t and 2 <"Y = 0.5) for cesiun. 

RESPONSE:< 28> The design maxinun pool water tern· 
perature under nonmal operation with the increased 
amoUlt of stored spent fuel increases from 122"F to 
131"F. This increase in spent fuel pool ten-pera
ture will result in a slight increase in the evap
oration rate from the spent fuel pool. Because the 
water evaporating is tritiated, the persoi'V'lel expo
sure from airborne tritiun in the area of the pool 
will increase correspondingly. 

Several models exist for predicting the rate of 
evaporation from pools open to the general envi· 
rorvrent. However, they all tend to predict 
evaporation rates for spent fuel pools which are 
IIJ.JCh higher than those which actually occur. 
Therefore, when calculating the evaporation rate 
for the spent fuel pool, the following assurptions 
were made: 

CoJIIIIents(a,b) 

See submittal.<2BJ 
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Questi ons/R!!Q,!ests (a,b) 

QUESTION 4 (September 22, 1986): (contd) 

WESTION 5 (September 22. 1986):(401) Your proposal 
(page 1·5) shows a total of 12n storage locations in
cluding 10 spare cells and 217 cells reserved for a full 
core offload. What is proposed for the remaining 69 
locations? 

TABLE G .I. (contd) 

ResPQOses (a, b) 

RESPONSE: (contd) 

•Because of high pool sweep flow rates directly 
above the pool, the yearly average air tenperatures 
and relative h1.111idity in the spent fuel pool 
building will not change as a result of small 
Increases in the spent fuel pool water temperature. 

•All other factors in the mathematical models 
used to predict evaporation rates remain lncl!anged. 

With these two aSSI.IIPtions, the new evaporation can 
be predicted as follows: 

New Evaporation= [Present Evaporation Rate] [Vn·v] 
Vp-v 

Vn ~ater vapor pressure at the new pool water 
temperature in inches of Hg. 

Vp ~ater vapor pressure at the present pool water 
temperature in inches of Hg . 

v ~ater vapor pressure in the air in inches of 
Hg. 

The dose conmitment from tritiun is currently below 
detectable levels (i.e., zero), and as such, no 
table of expected tritlun exposure exists. The 
calculated increase of 28X in tritiun exposure is 
based on evaporation at 122'F to 131"F and can only 
be given in relative terms because of the lack of 
baseline tritiun concentrations. The small in· 
crease of 28X will ensure that the dose commitment 
from tritiun remains below detectable levels. 

RESPONSE:<28> There are actuatly 1346 cell toea· 
tions in the spent fuel pool. The 69 cell loca
tions in q..~estion are blocked cells. These loca
tions will remain as blocked celts to accommodate 
the 3-out·of-4 storage pattern req..~ired to support 
the 5-year decay of intact fuel assenblies. Below 
is a breakdown of actual cell usage. 

-

Conment.s(a,b) 

See submittals.<28,158) 
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Questions/Requests(a,b) 

QUESTION 5 (September 22. 1986): (contd) 

QUESTIO~ <Decerrber 8. 1986>:<27> ~~ ~e2 response to 
Question 3.2.1 (August 27, 1986),< • >Northeast 
~uclear Energy Corrpany (~~ECO) assunes that r.o lateral 
deformation results from 100,000 lb load inpacting the 
fuel assembly. This asslJilltion is not justified and 
seems invalid since they have determined that the guide 
tubes are yielded due to the load. A random drop is 
likely to create an eccentric load and thus increase the 
likelihood of buckling occurring in the guide tubes and 
the fuel rods. In addition, crushed guide tubes could 
conceivably damage and exert Lateral loads on adjacent 
fuel rods. The response to the question is thus inade
quate. 

-

TABLE G .I. (contd) 

RESPONSE: (contd) 

10 spare cells 

(a b) Responses ' 

217 cells reserved for full core offload 
688 eel Is to contain consol !dated fuel 

*362 celts with intact asserrblies awaiting 5-year 
decay 

1277 total cells containing fuel 

*The 362 cells are broken down as follows: 

157 cells in Region I, containing intact 
asserrbl i es 

205 cells in Region II, contammg intact 
asserrbl ies, stored in a 3-out-of-4 pattern for 
an actual total of 274 cetls, 69 of which are 
blocked cells. 

This provides for: 

1277 total celts containing fuel 
69- cells in Region II that are blocked cells 

1346 - total cell locations. 

RESPONSE:< 27> Based on geometric constraints and 
avaitable maxii!Uil clearances, an eccentric drop of 
the consolidated fuel canister CCFC) is not possi
ble. Due to the length of the CFC (155'h in.), the 
length (10 in.) the CFC has to travel in the cell 
prior to irrpacting the fuel asserrbly, and the 
available clearances between the CFC and cell wall 
(max. clearance= 0,375 in.), a non-axial drop 
would result in rigid body rotation of the CFC. 
Rigid body rotation results in the CFC irrpacting 
the cell walls. An inpact onto the cell walls has 
been analyzed and found to be acceptable. An axial 
drop of the CFC onto a stored fuel assenbly will 
result in the floor of the CFC inpacting the t.pper 
end fitting posts of the fuel assembly. The C-E 
analysis considered this impact condition. 

COIRilents (a' b) 
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auestions/B~ts<a,b) 

QUESTION (DeceJrber 8, 1986): (contd) 

INQUIRY 1 <March 8, 1987):<23> Proposed Technical Spe
cification (TS) 3.9.19 would require that cardidate fuel 
asserrblies (for consolidation) must have decayed for at 
least 5 years. Please provide a justification for the 
proposed decay time in terms of the consolidation 
process. In this regard, you should provide a c001plete 
description of the consolidation process ard an as
sociated safety analysis. 

• 

TABLE G.!. (contd) 

ResQ9!'1ses (a, b) 

RESPONSE: (contd) 

The analysis performed by C-E evaluated the maxillUll 
dynamic irrpact load in the stored fuel assenbly due 
to a 28 in. drop of a fully loaded consolidated 
fuel storage box. The analysis was conservative 
because it did not talce credit for the following 
factors that red.Jce the magnitude and minimize the 
effect of lateral loading on the fuel rods: 

1. Under dynamic loading conditions the effective 
strength of the guide tube and fuel rod are 
increased. 

2. At any instant in time, the maxiJIUil inpact load 
is not distributed throughout the entire fuel 
asseJrbly. 

3. Significant fuel rod loading can only occur 
after the guide tube axial length is reduced by 
1.262 in. (i.e., the axial gap between upper end 
fitting and fuel rods is closed), and all the 
lateral gaps in a row of fuel rods and the gap 
between the fuel assembly and CFC are closed. 

4. Spacer grid cell wall deformation dissipates the 
lateral toad. The spacer grids fail in bending 
rather than buckling therefore minimizing the 
transfer of load to the fuel rods. 

5. Lateral deformation of the fuel storage cell 
wall dissipates the lateral load. 

6. The drop analysis of the consolidated fuel 
storage box neglected energy tosses occurring in 
the storage box. 

RESPONSE:(22) The proposed TS 3.9.19 reqUlnng 
that cardidate spent fuel assemblies (for con
solidation) have a 5-year decay time is not based 
on consolidation process considerations. 

The May 21, 1986 subnitta1C158J identifies that the 
thermal hydraulic design of the consolidated fuel 
storage box, as welt as the design basis heat load 

-' 

Conments(a,bJ 

See suDnittals. <22, 158) 
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Questions/Requests (a • b) 

INQUIRY 1 (March 6, 1967): (contd) 

INQUIRY 2 (March 9, 1987):<23 l Technical Specification 
(TS) 5.6.3 provides for a total of 1346 storage locations 
in the spent fuel poet. The practical limit for fuel 
storage is 1277 locations d.Je to the need to allow 5 
years for decay time of fuel assemblies prior to con
solidation. The remaining 69 locations would contain 
cell blocking devices. You should propose a revised TS 
5.6.3, limiting storage to 1277 locations, or justify the 
need for 1346 locations. 

~ 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE: (contd) 

for the spent fuel pool (with respect to 688 
consolidated boxes), is based upon the 5-year decay 
criterion. (Refer to submittal pages 1-1, 1-5, 
3-11 and Table 3.2-2). 

This informatifC is consistent with the March 30, 
1984 subnittal ) to the NRC on NNECO's Spent Fuel 
Disposition Plans for Millstone Unit No.2 and 
the Hay 17, 1984 Summary Meeting with the NRC in 
Bethesda, Maryland, as doc~n~ed in the NRC 
Minutes, dated June 4, 1984. c Furthermore, the 
NRC Minutes identify that the 5-year decay cri· 
terion was specifically discussed as a conservative 
design basis for the storage of consolidated spent 
fuel. 

Attached, for your information, is a copy of a 
system description on the consolidation process 
intended for use at Millstone Unit No. 2. Safety 
evaluations of this consolidation process are cur
rently being conducted. NNECO intends to sl.bmit 
the results of these evaluations to the NRC Staff 
when conplete. 

RESPONSE:C22) The referenced paragraJ:h 5.6.3 is 
the Capacity description that appears in the DESIGN 
FEATURES portion of the Technical Specifications. 
The purpose of this description is to delineate the 
actual J'Ulber of storage cells associated with the 
spent fuel racl:. inventory in the pool. This des· 
cription does not establish the spent fuel capacity 
of the pool which is determined by: 

1. A letter to the NRC Staff, dated May 21, 1986, 
which states the capacity as 1965 fuel as
senblies. 

2. Attachment 2 to the May 21, 1986 letter, which 
states on page 1·5 that the storage restrictions 
and thermal load restrictions il!pOsed by the 
cooling system establish the maxirrun spent fuel 
capacity of 1965 to be distributed as: 

Conments(a,b) 

See sul::rni tta Ls. (22, 158) 
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QuestionsjRequests(a,b) 

INQUIRY 2 (March 9, 1987): (contd) 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE: Ccontd) 

10 spare cells 
362 intact fuel asserrblies with less than 5·year 

decay 
217 reserved for full core offload 
688 celts containing consolidated fuel at 2:1 

(equivalent to 1376 intact fuel asserrblies) 

3. Attachment 1 to the May 21, 1986 letter, the 
proposed TS 3.9.20 establishes the storage 
configuration requirements surro!.flding the 
presence or abserx:e of the cell blocking device 
in Figure 3.9·2 of the submittal. 

If the cell blocking device is surrounded by 
consolidated fuel, it may be re100ved and a con· 
sol idated storage box placed in the cavity toea· 
tion. However, the cell blocking device's primary 
fll'lction is to prevent inadvertent usage of the 
blocked location when the area is oct!..pied by 
intact spent fuel asserrbt ies. 

Statement (2) above indicated that 362 intact 
asserrbl ies with tess than a 5·year decay conprised 
part of the total capacity. Specifically, 157 
intact assemblies would reside in Region I and 205 
intact assetrblies would reside in Region II, 
requiring 69 blocked locations to support the 
criticality bases for the assenblies in Region II. 

Therefore, in order for the total spent fuel pool 
capacity to support a total spent fuel assembly 
inventory of 1965, the total spent fuel reck 
capacity rust be 1346 (i.e., 1277 plus 69), as 
stated in DESIGN FEATURE Section 5.6.3. 

-· 

COOTIIents (a,b) 

• 
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C~g~tions/Requests(a,b) 

QUESTION (June 30. 1987>:(397) Describe any future 
planned expansion of on·si te spent fuel storage capacity 
(such as rod consolidation or dry storage) at Millstone 
Unit No. 2. 

TABLE G.!. (contd) 

Responses(a,b) 

RES~~~8·' 396 > In May 1986, a license amend
men~ S was submitted to the NRC requesting 
authorization to store consolidated spent fuel in 
the Millstone Unit No. t ~~nt fuel poot. 01 Jl.fle 
2, 1987, the NRC issued 3 a partial approval of 
this amendment request which would allow the 
storage of five (5) consolidated storage canisters 
to support the fuel consolidation hot demonstra
tion. The NRC is continuing to review the issues 
associated with the full-scale storage of consoli· 
dated fuel. IJhen full·scale storage is approved it 
will provide the increased storage capacity 
required to "bridge the time" unti I the Department 
of Energy begins to accept fuel under the Nuclear 
Waste Pol icy Act. 

The i~lementation of fuel consolidation at 
Millstone Unit No.2, total utilization of the 
existing spent fuel racks, together with improve~ 

ments in fuel design for longer cycle life, can 
provide for "in pool" storage of all refueling 
discharges and maintain full core reserve space to 
the year 2015 • 

Corrments(a,b) 

See submittals.<158,396) 
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Quest i ons/~ests (a,b) 

QUEST!Of.l 1 (October 30. 1987J:<400) The evaluation of 
August 11, 1987, indicates that a 3 x 3 tei11Jorary storage 
rack will be used for both intact and consolidated spent 
fuel. It is the NRC Staff's understanding that this rack 
was not included in the NRC Staff's review of con
solidated spent fuel storage authorized in the recent 
technical specification change approvaL Provide 
justification for use of this rack to safely store 
consolidated spent fuel and indicate if such an action 
will affect the existing technical specification. If so, 
propose the necessary technical specification change. 

• 

• • 

TABLE G.!. (contd) 

Responses(a,b) 

~(399) The NRC Staff•s undei'standing is 
ect with respect to the 3 x 3 tE!II'f'Orary storage 

rack not being a part of the recent technical 
specification change for the storage of consoli
dated spent fuel at Millstone Unit No. 2. 

The 3 x 3 temporary storage rack is considered part 
of the consolidation system and equipment utilized 
to perform batch processing of spent fuel in the 
cask laydown area. 

NNECO does not intend to take credit for the 
ad:titional storage locations in the 3 x 3 temporary 
rack as part of the avera Lt authorized timi t still 
under review by the NRC staff. 

The 3 x 3 temporary storage rack was analyzed by 
the same methcds as the spent fuel racks in the 
spent fuel pool for seismic/structural, criticality 
and thermal hydraulic considerations. 

Additionally, the materials and fabrication of the 
3 x 3 temporary storage rack conforms to the 
requirements of a Quality Assurance Category 1, 
Seismic Category 1 structure. The 3 x 3 temporary 
rack is classified as an ANS Safety Class 3 
ccmponent. 

• 
v 

' 

corrments(a,b) 

See sul:mittals. (157,398) 
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Cuestions/Requests(a,b) 

QUESTION 2 (October 30. 1987>:(400) According to the 
evaluation, the existing spent fuel pool platform crane 
Ojj l L be used for moving consolidated fuel storage boxes 
from the cask laydown area to the spent fuel pooL As 
the weight of a loaded consolidated fuel box is greater 
than the design capacity of the crane, explain in detail 
how the crane will be requal if i ed for this heavy loads 
hardl ing procedure. 

QUESTION 3 (October 30. 1987):<400 > Provide more 
detailed information regarding the criticality sen
sitivity analysis performed to determine the minimum 
nUTber of fuel rods that can be placed in the consol i
dated fuel storage box in order to meet the rack Keff 
Limit of 0.95, Consider both cases with and without the 
blocking device installed in the rack locations. 

If for any reason the storage box camot be loaded up to 
the minirrun allowed content, indicate ...tlat actions you 
have considered to ensure that IC ff limits are main-
tained. e 

• 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE:C399) An evaluation was performed which 
addressed the use of the existing spent fuel 
platform crane for the purposes of moving the 
consolidated fuel storage boxes from the Millstone 
Unit No. 2 Cask Laydown Area to the spent fuel 
poot. The spent fuel pool platform crane procure
ment, design, and testing documentation was 
reviewed. It was determined that excess design 
margins of safety existed on the load bearing 
components of the crane which enabled the consoli
dated fuel storage boxes to be safety handled. 

Each consolidated fuel storage box and the fuel 
hand! ing tool has a stbmerged weight of approxi
mately 2600 pounds. Prior to movement of the 
consolidated fuel storage boxes, a load test of the 
spent fuel platform crane was performed. The load 
test weight was 125 percent of the 2600 pounds 
equaling 3250 pounds in accordance with ANSI 
830.2-1983, "OVerhead and Gantry Crane Req..rire
ments." The toad test weight of 3250 poun:ls was 
suspended off the spent fuel platform crane and its 
load carrying capability was confirmed and verified 
by observing no loss of tift height during the 
test. A liquid penetrant test was performed on the 
crane hook and the crane was subjected to a visual 
inspection and operability test after the load 
test. All components were found to be satisfac
tory. 

RESPON~!.(399) On October 3 1986 NNECO stb
mitted I) a response to the

1

NRC si:aff question 
dealing with the reactivity effect of tess than a 
full consolidated storage box (less than 352 rods). 
(Reference, Docket No. 50-336: 812275, A05935.) 

The response provided at that time stated that the 
consolidation process permits the placement of 
sot id metal rods in positions where fuel rods are 
missing. For those instances where solid rods are 
not used, a limited nurber of fuel rods can be 
omitted based on the attathed Figure 1. Using 
Figure 1, the reactivity effect of tess than a full 
consolidated storage box can be established by 
determining the maximum number of fuel rods that 
can be omitted while maintaining Keff at 0.95 or 
tess. 

• 

Com11entsca,b) 

See submittals.C398,399) 

see submittatC 399> for Figure 1. 
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Quest i ons}Requests (a,b) 

QUESTION 4 (October 30. 1987);(400) The seismic analyses 
considered the maxilll.lll tipping displacement of the 
terrporary and other storage rack.s. Verify that the 
analysis for partially loaded racks has considered the 
case where all the cells along one edge of the racks have 
been loaded with consolidated fuel boxes while the other 
cells are empty. Confirm that unacceptable tipping of 
the rack. will not occur. 

In addition, provide information regarding the exact 
location of the feet of the racks with respect to the 
outermost storage celts. 

• ~ • 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE: (399) A seismic ana I ys is hils been 
performed that verifies that the maxinun seismic 
tipping displacement of the 3 x 3 temporary storage 
rack l.l'lder nonsyrrmetric loading conditions is 
acceptable. Specifically, one of the loading 
conditions considered was 3 consolidation storage 
boxes in an outside row while the other celts are 
enpty. For this case, the factor of safety against 
overturning for the SSE was determined to be 18. 

The 3 x 3 temporary storage rack has a picture 
frame base welded to a flat bottom plate. The 
3 x 3 temporary storage rack does not have any feet 
as is the case with the spent fuel rack.s that 
occ~..py the spent fuel pool. 

In addition, a seismic analysis has been perfori!Ed 
that verifies that the maxinun seismic tipping 
displacement of the spent fuel pool storage racks 
when loaded with consol !dated spent fuel in the 
"worst case" scenario is acceptable. The details 
an:l specifics of this analysis was provided to the 
NRC Staff in section 4 of our sl.bmittal dated May 
21, 1986

58
"storage of Consolidated Spent 

Fuet. 11 <1 > 

• 

Corrments (a' b) 

See submittals.<158,399) 
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Quest i ons/Reauests (a ,b) 

QUESTION 5 (October 30. 1987):<400 > Provide more 
detailed information to ensure that after pulling a row 
of rods from a spent fuel asseobly with the !Wltiple red 
pulling tool (MRPTJ that no rod will slip or drop from 
the grip of the tool. If, tor some reason (e.g., bent 
rod, swinging rod caused by forced cooling flow in the 
worl<: area, etc.), the rods in the MRPT cannot be deposi
ted in the interim transfer canister (lTC) chamels, 
indicate what actions would be taken during the con-
sol idation process. 

lt is the NRC Staff's understanding from your evaluation 
that rods from one assembly will be deposited into the 
lTC and then those rods 10i lt be moved from the lTC to a 
canso! idated fuel storage OOx. If so, provide more 
detailed information about the inner structure of the box 
which avoids movement or crossing of rods within the box 
when the rods from the second fuel assembly are inserted 
in the box. Describe the sequence of actions when 
loading the rods from the second assembly into the box. 

• 

TABLE G .I. (contd) 

Responses(a,b) 

RESPONSE:C399 > Retention of the rodS in the 
grippers is maintained by spring forces that hold 
the grippers dosed in the gripped position without 
other assistance. These gripping forces are set 
and tested Wring final HRPT asserrbly prior to 
starting consolidation activities. Cooi:lustion 
Engineering CC-E> provided the results of this 
testing by letter HP2-87-039, dated February 26, 
1987. Further, the rod slip detection system 
alarms and automatically stops all motion (hOist, 
X-Y table, etc.), if for some reason a slippage of 
a rod occurs. 

The MRPT moves 1..p and down within a shroud which 
acts to contain and guide the fuel rods at at l 
times. The grippers of the MRPT hold the upper 
ends of the rods in the original fuel asserrbly 
pitch. The fuel rod at ignnent bars at the bottan 
of the MRPT shroud maintain aligruoent of the rods 
in the original fuel assen'bly pitch during p..~lling, 
transfer by the X·Y table to the Interim Transfer 
Canister (lTC) and subsequent l01o1ering onto the 
lTC. Since the aligrvnent bars also act to gauge 
each rod for abnormalities inclL~ing oversize 
diameter, assurance is provided that each rod 
withdrawn fully into the HRPT shroud will fit into 
the nc. If for some other reason the rods cannot 
be inserted into the lTC, up to one full row of 
fourteen rods can be moved to the recovery/separa
tion station and deposited there for evaluation 
and/or recovery action. Unacceptable rods can be 
separated from good rods there and deposited in the 
da11aged rod station for eventual disposition back 
to spent fuel pool storage or off-site shipment. 

The ITC holds a full CoJ!Plement of 352 rods from 
two 14 x 14 fuel assenbties. All 352 rods are 
transferred at the same time to the consolidation 
storage canister. No storage canister inner 
structure is required with this design. A trans
ferable floor in the bottom of the lTC holds the 
weight of the rocls during the transfer and subse
quently becomes the bottom of the canso l i dati on 
canister. 

• • 

Coi!Jllents (a 'b) 

See submitta[_C399) 
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Quest i onsL~es ts (a,b) 

QUESTION 6 (October 30. 1987):<400) In Section 1.2 of 
the evaluation, permanent changes to the plant resulting 
from the fuel consolidation program are identified. 
Explain in more detail the following, 

(a) Repositioning of the brackets that support the level 
switch and ter11Jerature elements in the spent fuel 
pool. 

{b) The meaning of "the north 'sweep' plates on the 
spent fuel pool fuel hardling machine must be 
partially coped out." 

• ' 

TABLE G .I. (contd) 

Resoonses<a,b) 

RESPONSE: <399> The responses to (a)" and (b) are as 
follows: 

a) The strap brackets that support the level switch 
and temperature elements for the spent fuel pool 
are located on the southeast intermediate wall 
elevation 38'6", between the cask laydown area 
and the spent fuel pool. 

The fuel consolidation hoist south rait/bearing 
plate is also located on the intermediate watt 
elevation 38'6". 

In order to avoid interference with the rail/ 
bearing plate, the excess material on the strap 
brackets for the level switch and temperature 
elements were triJmled back at the ends. The 
modification did not diminish or alter the toad 
capacity of the bracket supports. 

b) The "sweep" plates are a nonstructural part of 
the undercarriage axle assembly on the spent 
fuel platform crane. The "sweep" plates ensure 
removal of any inadvertent objects on the rail 
while the platform crane is in movement. 

To install the consolidation hoist north 
rail/bearing plate on the 38• 6" elevation of 
the cask laydown area without interference, it 
was necessary to partially cope out the "sweep" 
plate at the edge of the section. 

The "sweep" plate will continue to ft.nction as 
designed because the plate section directly 
above the platform crane rei l was not affected 
by the modification. The modified section was 
at the edge of the "sweep'' plate where the 
interference existed with the north rail/bearing 
plate, 

• 

Conments(a,b) 

See subnittal. (399) 

• 
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Quest i 01'1s/B~qu_ests (a • b) 

QUESTION 7 (October 30, 1987):(400J In Section 7.2 of 
the evaluation, it is stated "fuel consolidation may be 
performed cant inuous l y .•• if the water terrperature in the 
cask Laydown area does not exceed 120"F." Provide 
information on the following: 

(a) How was this te"llerature limit established? 

(b) What is the te-nperature difference in cooling water 
between the lower inlet and upper outlet of the 
consolidated box in the work area? 

• 

TABLE G.!. (contd) 

Respon_ses (a, b) 

RESPONSE:C399) The responses to (a)" and (b) are as 
follows: 

a) The terrperature Limit for the consolidation 
process in the cask laydown area was established 
by utilizing the maxih'UII normal operating 
ten-perature of 120•F for the spent fuel pool, as 
defined in the Millstone Unit No. 2 FSAR, 
Section 9.5.3. 1. 

b) The tenperature difference in cooling water 
between the tower inlet and upper outlet of the 
consolidation storage canister in the work area 
is 18°F. The terrporary storage rack is a 3 x 3 
array of vertical cells capable of holding 
intact consolidated fuel for batch processing 
during the consolidation operation. At the 
completion of a consolidation cycle, the rack 
can contain up to five consolidation canisters, 
each full of rods fran two fuel asserrblies. The 
coolant tenperature rise determination in the 
canisters is based on a CEPOOL computer case for 
storage modJtes with "mouse hole" coolant flow 
openings. The mouse holes are located at the 
bottom of each eel l side wall to allow for 
coolant flow. The 18of temperature rise is 
calculated for the center consol !dation canister 
since for this case, the coolant must pass below 
the outermost canister in the rack to reach the 
center. 

Additionally, it should be noted thaf ~october 
22, 1986, NNECO sut:rnitted a response 3 > to the 
NRC Staff question dealing with the results of 
the CEPOOL calculations. (Reference, Docket No. 
50-336: 812297, AD6D07.) 

• • 

Corrrnents (a,b) 

See sut:rnittals.<393,399) 
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Quest i ons/ReQJests (a,b) 

QUESTION 8 (October 30. 1987):< 400) Provide information 
concerning the visual or other inspections of the fuel 
asserrbly to be consolidated in order to assure that no 
damaged rods will be pulled from the asserrbly. 

QUESTION 9 (October 30. 1987):<400> Provide information 
on the plans to test or demonstrate proper operation of 
the consolidation equipnent and procedures in their 
actual configuration prior to begiming the consolidation 
of spent fuel. 

• 

TABLE G.!. (contd) 

RespOtlses (a, b) 

RESPONSE: (399) ( 2~~ October 28, 1986; NNE CO sul:mit-
ted a response to the NRC Staff question 
dealing with the method used for identifying fuel 
rods that are most likely to rupture. (Reference, 
Docket 50-336: 812303, A06101.) 

The response provided at that time stated that 
prior to consolidation, all candidate fuel as-
serrbl i es wit l be screened ard preinspected with the 
consolidation system TV cameras to review the 
condition of the exterior rows of fuel rods. Any 
fuel rodstassenbl ies previously known to have 
defects or fot.nd to have defects will not be 
consolidated. Plant fuel history data will be 
employed to identify known problems that may relate 
to existing rod defects. 

RESPONSE:C399) The consolidation system cold 
demonstration was concl!cted in Decenber 1986 and 
the consolidation operating proced.Jre qualification 
checkout was performed in February 1987, both with 
the system and equipment in their actual complete 
configuration. Ad:litionally, prior to the Hot 
Demonstration, the on-site preoperational checkout 
of the system was performed with the equip-nent in 
its installed configuration in the cask laydown 
area at Millstone Unit No. 2. 

It should be noted that during the Decenber 1986 
Cold Deoonstration, an NRC representative was 
present and issued an internal report (Project No. 
M-43) to Mr. L. C. Rouse on what was witnessed 
during the test. 

The NRC representative present at the test was Mr. 
James f. Schneider, Advanced Fuel and Spent Fuel 
Licensing Branch, Division of Fuel Cycle and 
Material Safety . 

, 

Conrnents(a,b) 

See sul:mittals.<28,399) 

See sul:mittal.<399) 
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Quest i ons/ReQ.Jests (a,b) 

OUESTIO~ 10 (October 30, 19871:< 400> After removing the 
upper end fitting and fuel rods from the spent fuel 
asserrDly, provide information on how the end fittings, 
grid cages, and control rod guide tubes are lifted to 
their respective work. station. Describe in more detait 
the COIJ1:>HCting of the grid cages and control rod guide 
tubes including related operator exposure radiological 
considerations and how the compacted radioactive items 
will be stored. 

QUESTION 11 (October 30. 1987):<400> Concerning the 
filtration system, provide more detailed information on 
how the system is designed to avoid the dispersion of 
fuel pellets and other "heavy" debris in the pool should 
any rods break during the consolidation process. 

• 

TABLE G.!. (contd) 

Responses(a,b) 

RESPONSE:<399> The upper erxl fittin9 is cut free 
of the grid cage/guide tube asserrbly at the 
beginning of the process. It is then transported 
to a storage canister by a pneumatically operated 
lifting tool which attaches to the center guide 
tube ID by means of an exparx::ling collet. At the 
erx::l of the process, the lower end fitting is 
similarly cut free fran the grid cage/guide ttbe 
assembly and transported to the storage canister 
with a ~el.IMtic collet tool. The grid cage/guide 
tube assen'bly is also gripped by the center guide 
tube ID with a pneumatic collet tool and trans
ported to the canpactor in-feed chute for canpac
ting or may be returned to the terrporary storage 
rack. 

A hydraulically powered canpactor systematically 
shears sections of the grid cage/guide tube 
asserrbly and coopacts each section in three 
directions to form briquettes. The briq..~ettes are 
then placed into a storage canister for storage in 
the 3 x 3 temporary storage rack prior to being 
moved in the spent fuel pool for storage in the 
spent fuel racks. 

During the fuel consolidation operations at 
Millstone Unit No. 2, no significant change to the 
dose rates in the spent fuel pool area were 
experienced. Exposure Levels of the consolidation 
operators and utility persomel were consistent 
with routine fuel handling, repair, arx::l inspection 
operations of fuel assenblies. 

The present description of the 
system is in section 2.1.3 ~! g~e 

1DCFR50.59 Safety Evaluation subnitted 9 to the 
NRC dated August 11, 1987 (Docket No. 50-336, 
812563). 

It should be noted that each of the four work 
stations are fully shrouded such that any releases 
are contained and directly accessed by the filtra
tion system. 

• • 

(a b) 
Corrrnents ' 

See sutmittal. (399) 

See sul:tnittals. <398,399) 
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Quest i ons}Requests {a,b) 

QUESTION 12 (October 30, 1987):<400) The process and 
equipnent descriptions included in your evaluation appear 
to indicate that the plamed rod consolidation involves 
new techno logy. Provide references to earlier con soli da
tion tests or experience which support a conclusion of 
proven technology. 

TABLE G.!. (contd) 

(a b) 
ResPQnses ' 

RESPONse:<399) At the present time,·fuel rod 
consolidation is a proven technology that has been 
wet L dem::.nstrated in the roc lear indlstry as a safe 
controlled operation. 

The engineering ard tooling designs associated with 
the systematic handling of fuel rods are deeply 
rooted in the fuel reconstitution experiences that 
have been a proven technology for over ten years. 

Since 1982, the following fuel consolidation 
demonstrations have all been successful in es· 
tablishing that spent nuclear fuel can be con
solidated safely: 

Oconee/Westinghouse 
Ginna/U.S. Tool & Die 
Surry/Eii&G Idaho 
Hi llstone/CCI'Itlustion Engineering 
Prairie Island/Westinghouse 

Although the safe operation has been well demon· 
strated to elate, rod consolidation is an evolving 
technology that will req.Jire more focus and 
attention in the future to i~roving and enhancing 
the time motion, efficiency, and reliability of the 
system. 

(a) Holman, J. P. 1972. Heat Transfer, 3rd Edition, McGraw-Hill Book: Canpany, New York. 

Conrnents(a,b) 

See submittat.<399) 

(b) Counsil, w. G. March 30, 1984. Letter to J. R. Hiller, "Millstone Nuclear Power Station, Unit No.2 Spent Fuel Disposition Plans for Millstone 
Unit No.2." 

(c) Osborne, 0. B., (NRC). June 4, 1984. Letter to Northeast Nuclear Energy Carpany, "S1.J111Bry of Meeting with NNECO on Spent Fuel Disposition 
Plans for Millstone Unit No.2." 

(d) BCRAFLEX is a trademark: of Sisco Products, Inc • 

• • • • • • 



• 

• 

• 

• 

• 

• 

PNL -6739 
UC-812 

DISTRIBUTION 

No. of 
Copies 

OFFSITE 

12 DOE Technical Information Center 

OFFSITE 

R. Stein 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-30 
Washington, DC 20585 

K. A. Klein 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-32 
Washington, DC 20585 

C. Head 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-32 
Washington, DC 20585 

C. W. Conner 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-33 
Washington, DC 20585 

J. S. Finucane 
Energy Information Administration 
U.S. Department of Energy 
El-53 
Washington, DC 20585 

L. C. Rouse 
U.S. Nuclear Regulatory Commission 
Spent Fuel Storage Installation 
Division of Fuel Cycle and 

Material Safety 
Washington, DC 20555 

No. of 
Copies 

2 U.S. Nuclear Regulatory Commission 
Office of Nuclear Materials Safety 

and Safeguards 
Washington, DC 20555 
ATTN: F. C. Sturz 

J. P. Roberts 

W. R. Pearson 
Regulatory Applications Division 
U.S. Nuclear Regulatory Commission 
Mail Stop NL-007 
Washington, DC 20555 

C. Feldman 
U.S. Nuclear Regulatory Commission 
Office of Nuclear Regulatory 

Research 
Washington, DC 20555 

C. Matthews 
U.S. Department of Energy 
Oak Ridge Operations Office 
P.O. Box E 
Oak Ridge, TN 37803 

C. P. Gertz 
Waste Management Project Office 
U.S. Department of Energy 
P.O. Box 98518 
Las Vegas, NV 89193-8518 

2 U.S. Department of Energy 
Idaho Operations Office 
785 DOE Place 
Idaho Falls, ID 83402 
ATTN: M. Fisher 

S. T. Hinschberger 

K. G. Golliher 
U.S. Department of Energy 
DOE Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, NM 87115 

Distr-1 



No. of 
Copies 

M. Kunich 
U.S. Department of Energy 
P.O. Box 98518 
Las Vegas, NV 89193-8588 

4 T. W. Wood 
Battelle Memorial Institute 
Washington Operations 
2030 M. Street-NW 
Suite BOO 
Washington, DC 20036 

H. Shaw 
Was'te Package Task, NNWSI 
Lawrence Livermore National 

Laboratory 
P.O. Box 808 
Livermore, CA 94550 

2 Electric Power Research Institute 
P.O. Box 10412 
Palo Alto, CA 94303 
ATTN: R. F. Williams 

R. W. Lambert 

2 Science Applications International 
Corporation 

Valley Bank Center 
101 Convention Center Drive, 

Suite 407 
Las Vegas, NV 89198 
ATTN: W. B. Andrews 

R. Morissette 

No. of 
Copies 

T. A. Mozhi 
WESTON Technical Support Team 
955 L'Enfant SW 
8th Floor 
Washington, DC 20024 

ON SITE 

DOE Richland Operations Office 

C. E. Collantes 
D. C. Langstaff 

38 Pacific Northwest Laboratory 

W. J. Bailey (20) 
M. E. Cunningham 
J. M. Creer 
R. E. Einziger 
M. D. Freshley 
C. M. Heeb 
E. R. Gilbert 
A. B. Johnson, Jr. 
S. C. Marshman 
M. A. McKinnon 
H. D. Smith 
L. A. Strope 
C. N. Wilson 
Publishing Coordination 
Technical Library (5) 

Distr-2 

• 

• 

• 

• 


