
FOSTER WHEELER ENVIRONMENTAL CORPORATION

November 14, 2003
FW-NRC-ISF-03-0248

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Subject: FOSTER WHEELER ENVIRONMENTAL CORPORATION
IDAHO SPENT FUEL (ISF) FACILITY
SUBMITTAL OF AMENDMENT NO. 3 TO LICENSE APPLICATION
DOCKET NO. 72-25
TAC NO. L23389

Dear Sir or Madam:

This letter transmits an amendment to Foster Wheeler Environmental Corporation's (FWENC's)
license application to construct and operate an Independent Spent Fuel Storage Installation.
FWENC's original license application was submitted on November 19, 2001. By letter dated
March 14, 2002, (James R. Hall to Ronald D. Izatt), the Nuclear Regulatory Commission (NRC)
formally accepted this license application and the application is currently under review by the
NRC staff.

This amendment to the license application is a result of two activities:

1. By letter dated June 4, 2003, (James R Hall to Ronald D. Izatt), the NRC submitted a
second round request for additional information (RAI), based on their review of the
license application and supporting technical documents. FWENC responded to these
RAIs via letters, FW-NRC-ISF-03-0198 and 0199, both dated August 28, 2003. As a part
of that response, FWENC committed to make certain revisions to the license application
and supporting documents.

2. FWENC internal document reviews and design completion efforts have resulted in the
need for certain revisions to the license application and supporting documents.

This amendment includes revisions to the following:

* License Application (ISF-FW-RPT-0127) Revision 3
* Safety Analysis Report (ISF-FW-RPT-0033) Revision 3
* Emergency Plan (ISF-FW-PLN-0021) Revision 2
* Environmental Report (ISF-FW-RPT-0032) Revision 3
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TEL: 973-630-8000 FAX: 973-630-8025



Document Control Desk -2-
FW-NRC-ISF-03-0248
November 14, 2003

The amendment package contains a summary that describes the specific changes to each
document along with revised pages. Revised pages include change bars in the margins to
indicate the specific portions of the text affected. The package also includes page update
instructions for each document along with a list of currently effective pages to aid in
maintenance of your copies.

This letter is being submitted by Donald I. Rogers, Jr., on behalf of Foster Wheeler
Environmental Corporation, and under the delegation of authority from Stephen C. Guzy,
FWENC Executive Director, ISF Project. This delegation of authority was provided to the NRC
by letter dated March 12, 2003.

If you have any questions, please contact Ronald Izatt, ISF Facility Project Manager, at
(509) 372-5808 or James Saldarini, ISF Facility Licensing Manager, at (509) 372-5870.

Sincerely,

Donald I. Rogers, Jr.
Executive Vice President and
Chief Operating Officer
Tetra Tech FW, Inc.

DIR/jlw

Enclosure: Amendment 3 to the ISF Facility License Application (one original and two
copies)

cc: James R. Hall, SFPO Project Manager (NRC) (eighteen copies)
Matthew Blevins, Environmental Project Manager (NRC) (one copy)
Bruce S. Mallett, Region IV Administrator (NRC) (w/o enclosure)
Stephen C. Guzy, FWENC Executive Director, ISF Project (one copy)
ISF Project File (one copy)
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FOSTER WHEELER ENVIRONMENTAL CORPORATION

OATH AND AFFIRMATION FORM

STATE OF NEW JERSEY )

COUNTY OF MORRIS )

Donald 1. Rogers, Jr. being duly sworn, deposes and states that he is the Executive Vice President and
Chief Operating Officer of Tetra Tech FW, Inc., representing Foster Wheeler Environmental Corporation
(FWENC), the licensee applicant, herein; and that the statements made in this document are true and
correct to the best of his knowledge, information, and belief, and that he is authorized to execute and file
this document on behalf of said applicant.

This oath and affirmation form is being submitted by Donald 1. Rogers, Jr. on behalf of FWENC, and
under the delegation of authority from Stephen C. Guzy, FWENC Executive Director, ISF Project. This
delegation of authority was provided to the NRC by letter dated March 12, 2003.

Donald I. Rogers, Jr.
Executive Vice President and Chief Operating Officer

Tetra Tech FW, Inc.

On this day personally appeared before me, Donald 1. Rogers, Jr., to me known to be the individual who
executed the foregoing instrument, and acknowledged that he signed the same as his free act.

GIVEN under my hand and seal this _4 7_ Day of November ,200 3 .

//

/ Caroline A:FI6rio -

Nota$P;iblic in aidfoithe State of

ISr Forn: SF-L-0002-2. Ret. 2,
_ _ -_

New Jersey

cirone A. Florio
Notary Public State of New Jersey
Commission Expires 10121/2004



FOSTER WHEELER ENVIRONMENTAL CORPORATION

OATH AND AFFIRMATION FORM

STATE OF

COUNTY OF

NEW JERSEY )
)

)
MORRIS )

Donald 1. Rogers, Jr. being duly sworn, deposes and states that he is the Executive Vice President and
Chief Operating Officer of Tetra Tech FW, Inc., representing Foster Wheeler Environmental Corporation
(FWENC), the licensee applicant, herein; and that the statements made in this document are true and
correct to the best of his knowledge, information, and belief, and that he is authorized to execute and file
this document on behalf of said applicant.

This oath and affirmation form is being submitted by Donald I. Rogers, Jr. on behalf of FWENC, and
under the delegation of authority from Stephen C..Guzy, FWENC Executive Director, SF Project. This
delegation of authority was provided to the NRC by letter dated March 12, 2003.

Donald 1. Rogers, Jr.
Executive Vice President and Chief Operating Officer

Tetra Tech FW, Inc.

On this day personally appeared before-me, Donald 1. Rogers, Jr., to me known to be the individual who
executed the foregoing instrument, and acknowledged that he signed the same as his free act.

GIVEN under my hand and seal this 4 7' Day of November ,200 3 .

/ Caroline A. Florio
SF FoI...I- . 2

Notary Public in and for the State of

IS15 Form: ISF-LW002-2, Rev. 2,

New Jersey

Caroline A. Floto
Notary Public State of New Jersey
Commission Expires 10/2112004



Update Instructions
Idaho Spent Fuel Facility

Docket No. 72-25

Document Title:
Document No.:
Revision No.:

License Application
ISF-FW-RPT-01 27
3

_II
6'->'It'4?:'"Remove Page(s) Insrt Pa ges( )

License Application

iand ii i and ii
1 through 4 1 through 4
15 and 16 15 and 16
23 and 24 23 and 24
31 and 32 31 and 32

Appendix C - Proposed Decommissioning Plan

3 and 4 3 and 4
15 through 18 15 through 18
23 and 24 23 and 24
27 and 28 27 and 28

Appendix D - Proposed Technical Specifications

29 and 30 29 through 30b
B-13 through B-16 B-13 through B-16
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Description of Changes
Idaho Spent Fuel Facility

Docket No. 72-25

Document Title: License Application
Document No.: ISF-FW-RPT-0127
Revision No.: 3

Emm~~ I. ." .r ml S.

License Application

i Updated page numbering in Table of Contents
1 Added reference to NRC approval of Quality Program Plan
2 Updated FWENC corporate address and revised applicant business

discussion consistent with FWENC response to Round 2 RAI 10-1';
Updated FW Ltd. number of employees and revenues generated in
2001/2002; updated FWENC corporate location

3 Clarified the parent company of FWENC and guarantor of FWENC's
obligations under the contract consistent with FWENC's response to
Round 2 RAI 10-2; updated references to more recent corporate financial
statements; updated listing of principal officers and directors of FWENC
consistent with FWENC's response to Round 2 RAI 10-1; provided new
anticipated construction and operation start dates; revised text to indicate
that DOE has made the initial lump sum payment to FWENC

4 Corrected text to indicate that FWUSA is FWENC's parent company
consistent with FWENC's response to Round 2 RAI 10-2; clarified the
manner in which capital construction costs will be recovered consistent
with the responses to Round 2 RAI 10-5 and Round 1 RAI 10-2; Added
references to the DOE Statement of Intent to provide decommissioning
funding assurance and to the FWENC request for an exemption from the
decommissioning funding assurance requirements consistent with
FWENC's response to Round 1 RAI 13-2; identified FWENC Executive
Director for ISF Project and provided contact information consistent with
FWENC's response to Round 2 RAI 10-1; revised the corporate affiliation
of the ISF Facility Manager

15 Added reference to NRC approval of Quality Program Plan

1 RAI numbers refer to FWENC responses to NRC Round 2 Request for Additional Information (letter
FW-NRC-ISF-03-0198 dated August 28, 2003) and to NRC Round 1 Request for Additional Information
(letter FW-ISF-03-0010 dated January 22, 2003).
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Description of Revisions
License Application
Revision 3

Page 2 of 2

JI -EIT t . . ; I& I
23 Added references to the DOE Statement of Intent to provide

decommissioning funding assurance and to the FWENC request for an
exemption from the decommissioning funding assurance requirements
consistent with FWENC's response to Round 1 RAI 13-2

31 and 32 Updated list of references

Appendix C - Proposed Decommissioning Plan

4 Changed "tank" to "tanks" to reflect the addition of a second waste
storage tank

15 and 18 Editorial clarification - changed "Waste Processing Area" to "Solid Waste
Processing Area" consistent with terminology used in other licensing
documents

23 Added references to the DOE Statement of Intent to provide
decommissioning funding assurance and to the FWENC request for an
exemption from the decommissioning funding assurance requirements

I consistent with FWENC's response to Round 1 RAI 13-2
27 Updated list of references

Appendix D - Proposed Technical Specifications

29 Inserted the word "design" in the title of Section 4.2.1
30, 30a, Added new Section 4.3.3 consistent with the response to Round 2 RAI
and 30b 5-7 (and Attachment 5-7-1); added tabulation of exceptions to Codes and

Standards. Code exceptions taken from SAR Section 4.7.1 and 8.2.2.1;
added reference to tabulation of Transfer Cask code exceptions being
added to Appendix A of the Safety Analysis Report (Transfer Cask code
exceptions as noted in response to Round 2 RAI 5-7); revised
corresponding Sections 4.3.1 and 4.3.2 consistent with SAR sections
referenced above

B-14 Corrected the location of criticality monitors
B-16 Revised nomenclature to "Solid Waste Processing Area" to be consistent

with terminology used throughout the SAR
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List of Effective Pages
Idaho Spent Fuel Facility

Docket No. 72-25

Document Title: License Application
Document No.: ISF-FW-RPT-0127

*Revision No. -__-_--___ -_;_:;'_-__--D___I;_i;
November 19, 2001

1 November 8, 2002
2 March 28, 2003
3 November 14, 2003

P.~~~~~~~~00 a ; J l~ @p t' wLS; x> <to -L' <19f~E- -;-23-4f #tRevision No; l ; -I
3

ii 0
1 3
2 3
3 3
4 3
5 0
6 0
7 0
8 0
9 0

10 0
1 1 0
12 0
13 0
14 0
15 3
16 0
17 0
18 0
19 0
20 0
21 0
22 0
23 3
24 0
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List of Effective Pages
License Application
Revision 3

Page 2 of 5

25 0
26 0
27 0
28 0
29 0
30 0
31 3
32 3

Appendix A - Request for Exemption from Seismic Design Requirements

A-1 0
A-2 0
A-3 0
A-4 0
A-5 0
A-6 0
A-7 0
A-8 0
A-9 0
A-10 0

Appendix B - Operator Training and Certification Plan

0
ii 0
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 1
9 0

10 0
11 0
12 0
13 2
14 1
15 0
16 0
17 0

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



List of Effective Pages
License Application
Revision 3

Page 3 of 5

IV

19 0
20 0

Appendix C - Proposed Decommissioning Plan

0
ii 0
1 0
2 0
3 0
4 3
5 0
6 0
7 0
8 0
9 0
10 0
11 0
12 0
13 0
14 0
15 3
16 0
17 1
18 3
19 0
20 0
21 0
22 0
23 3
24 0
25 0
26 0
27 3
28 0

Appendix D - Proposed Technical Specifications

Title page 0
i 1 2
1 1 0
2 1 2
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List of Effective Pages
License Application
Revision 3

Page 4 of 5

3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0
1 0

12 0
13 0
14 0
15 0
16 0
17 0
18 1
19 0
20 0
21 0
22 0
23 0
24 0
25 0
26 0
27 1
28 0
29 3
30 3
30a 3
30b 3
31 0
32 0
33 0
34 0
35 1
36 0
37 2
38 0
39 1
40 0
B-i 1
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List of Effective Pages
License Application
Revision 3

Page 5 of 5

mm=tM-- - � --. 1- -.- � - - -1
| Page -; Rvisio No -a

B-ii 1
B-11
B-2 1
B-3 1
B-4 I
B-51
B-6 1
B-7 1
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B-1 1
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APPLICATION FOR LICENSE TO CONSTRUCT AND OPERATE
AN INDEPENDENT SPENT FUEL STORAGE INSTALLATION

1.0 GENERAL AND FINANCIAL INFORMATION

1.1 APPLICATION FOR LICENSE

In accordance with the requirements of Title 10, Code of Federal Regulations, Part 72 (10 CFR 72),
Foster Wheeler Environmental Corporation (FWENC) hereby submits this License Application to
construct and operate an Independent Spent Fuel Storage Installation (SFSI) at the site of the Idaho
National Engineering and Environmental Laboratory (INEEL) located in Butte County, Idaho (Ref. 1).
The proposed facility is named the Idaho Spent Fuel (ISF) Facility.

This application for the proposed ISFSI contains information required by the provisions of 10 CFR 72,
Subpart B and was prepared using the guidance provided in U.S. Nuclear Regulatory Commission (NRC)
Regulatory Guide 3.50, Standard Forimat and Content for a License Application to Store Spent Fuel and
High-Level Radioactive Waste (Ref. 2). This application consists of the following:

a) License Application, SF-FW-RPT-0127.

b) Technical information and Safety Analysis Report (SAR) required by 10 CFR 72.24 provided as
a separate document titled, Safety Analysis Report, ISF-FW-RPT-0033.

c) A request for specific exemption from the seismic design requirements of 10 CFR 72.102(f)(1),
provided as an appendix to this License Application.

d) A training program as required by 10 CFR 72.192 provided as an appendix to this License
Application, Operator Training and Certification Plan, 1SF-FW-PLN-003 1.

e) Security information as required by 10 CFR 72, Subpart H, provided as a separate document
titled, Physical Protection Plan, ISF-FW-PLN-0029. This is being submitted under separate
cover.

f) A decommissioning plan as required by 10 CFR 72.30 provided as an appendix to this License
Application, Proposed Decommissioning Plan, SF-FW-PLN-0027.

g) An emergency plan as required by 10 CFR 72.32 provided as a separate document titled,
Emergency Plan, SF-FW-PLN-0021.

h) An environmental report as required by 10 CFR 72.34 provided as a separate document titled,
Environmental Report, ISF-FW-RPT-0032.

i) Proposed technical specifications required by 10 CFR 72.26, Contents ofApplication: Technical
Specifications, and 10 CFR 72.44, License Conditions, provided as an appendix to this License
Application, Proposed Technical Specifications, SF-FW-RPT-0034.

FWENC has previously submitted a description of the FWENC quality assurance program as required by
10 CFR 72.24(n) via letter dated March 31, 2001 (Ref. 3). A revision of the Quality Program Plan was
subsequently submitted to the NRC on April 10, 2002 (Ref. 13). This plan was approved by the NRC on
September 3, 2002 (Ref. 14). The Quality Program Plan, ISF-FW-PLN-0017, describes the quality
assurance program that directs quality-related activities for the ISF Facility.
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1.2 APPLICANT

The name of the applicant is Foster Wheeler Environmental Corporation.

The principal address is:

Foster Wheeler Environmental Corporation
Perryville Corporate Park
Clinton, New Jersey 08809-4000
908-730-4000 (Telephone)
908-730-4149 (Facsimile)

1.3 DESCRIPTION OF BUSINESS OF APPLICANT

FWENC is an indirect wholly owned subsidiary of Foster Wheeler Ltd., a Fortune 500 company in
business for more than 00 years. Foster Wheeler has provided services to the U.S. Department of Energy
(DOE) and its predecessor agencies for the past 40 years. Foster Wheeler Ltd. is ISO 9001 certified and
FWENC is the first U.S. environmental firm to be ISO 14001 certified for all offices and project sites.
Engineering News-Record consistently ranks Foster Wheeler among the top five environmental
contractors in the nation.

On March 7, 2003, FWENC sold a substantial portion of its assets to Tetra Tech FW, Inc. The contract
with the DOE for the Spent Nuclear Fuel Dry Storage Project (Contract No. DE-AC07-OOD 13729) was
not transferred to Tetra Tech FW, Inc. as a part of the asset sale. FWENC continues to be responsible for
the execution of the project and retains the authority and responsibility for the licensing, construction, and
safe operation of the SF Facility and for regulatory compliance.

FWENC's assets that were sold now operate under the name Tetra Tech FW, Inc., a wholly owned
subsidiary of Tetra Tech, Inc. Tetra Tech FW, Inc. specializes in providing environmental management
services to the Federal government, and also provides hazardous and nuclear waste management, and
other engineering and technical services to solve complex problems for government and commercial
clients.

In order to ensure the continuity of the execution of the work, FWENC has seconded the key former
FWENC project team members, under an arrangement with Tetra Tech FW, Inc., whereby these
individuals report to and are under the supervision of FWENC managers.

Foster Wheeler Ltd. is an international organization that provides engineering services and products to a
broad range of industries, including the petroleum and gas, petrochemical, pharmaceutical, chemical
processing, and power-generation industries. These services include design, engineering, construction,
and procurement, as well as project management, research, plant operation, and environmental services.
The company supports the global marketplace with engineering centers strategically positioned around
the world. Foster Wheeler Ltd., has more than 8,900 employees worldwide and had annual revenues of
approximately $4.0 billion in both 1999 and 2000, and approximately $3.5 billion in both 2001 and 2002.
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1.4 LEGAL STATUS AND ORGANIZATION
/

Foster Wheeler Environmental Corporation (FWENC) is an indirect wholly owned subsidiary of Foster
Wheeler Ltd. FWENC is a corporation organized and existing under the laivs of the State of Texas with
its principal office located in Clinton, New Jersey. The address of FWENC is provided in Section 1.2.
FWENC submits this application on its own behalf and is not acting as an agent or representative of any
other person or organization. Foster Wheeler USA Corporation (FWUSA), another indirect wholly owned
subsidiary of Foster Wheeler Ltd., is the parent company and the guarantor of FWENC's obligations for
the Spent Nuclear Fuel Dry Storage Project under the contract with the DOE.

Foster Wheeler Corporation Summary Annual Report for 2002 provides an overview of the company and
its subsidiaries, its officers and board of directors, and financial highlights. This report can be obtained
from the Foster Wheeler website at http://wwv.fwc.com. Additional information regarding Foster
Wheeler Ltd. and the company's reorganization can be found in the various U.S. Securities and Exchange
Commission Form 10-K filings for the company, which can also be accessed through the company's
website.

The current principal officers of FWENC are listed below. All are citizens of the United States. These
individuals may be contacted at the principal address for FWENC provided in Section 1.2.

Officer Title
Bernard H. Cherry Chairman, President & CEO

Clifton J. Crumm II Vice President

Ryan J. Esko Treasurer

Lisa Fries Gardner Secretary

Gerardo F. Chanco Assistant Treasurer

John A. Doyle, Jr. Assistant Secretary

Peter A. Turchick Assistant Secretary

Rakesh K. Jindal Director of Tax

The current directors of FWENC and their citizenship are presented below. Addresses for these
individuals can be obtained by contacting FWENC at the principal address provided in Section 1.2.

Director Citizenship
Bernard H. Cherry United States
Thomas R. O'Brien United States

1.5 FINANCIAL QUALIFICATIONS

The ISF Facility will be constructed at the INEEL in Butte County, Idaho. Construction of the SF
Facility is anticipated to begin after receipt of the NRC License in 2004. Operations are anticipated to
commence in 2006.

FWENC will design, construct, and initially operate the ISF Facility under contract with the DOE (Ref.
4). The DOE maintains a current copy of this contract on the DOE Idaho Operations Office website. The
contract is available for viewing at http://www.id.doe.gov/doeid/psd/SNFDSPContract.htm. In
accordance with the contract, the DOE has made an initial lump sum payment to FWENC based on
achievement of a specific milestone prior to start of construction. FWENC is responsible for funding the
construction and initial operation of the ISF Facility. FWENC estimates that the construction costs
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associated with the ISF Facility will be approximately $114 million, based on 1999 dollars. FWENC's
parent company, FWUSA, will provide the necessary interim funding of these activities, pending
milestone payments to FWENC by the DOE.

Once the ISF Facility is operational, the DOE will make payments to FWENC on an amortized basis
during the transfer and storage of the first 800 fuel handling units (FHUs)l of Spent Nuclear Fuel (SNF).
These amortized capital construction costs total approximately $114 million and are expected to be
recovered quickly, within the first few years of operation. In addition to the amortizing payments, the
DOE will also make payments for the transfer and storage of the remaining SNF at specific unit prices for
each SNF type. The total payments inclusive of all fuel types are approximately $31 million.

Also, in accordance with the contract, post storage operation and maintenance of the facility is optional.
The DOE has the contractual option (pending necessary license transfer) to assume responsibility for the
facility after the initial fuel handling, packaging, and storage operations. Should DOE desire that FWENC
continue as the licensee during the post storage operations phase of the project, the contract provides for
DOE payments to FWENC of approximately S 1.85 million per year.

Furthermore, in accordance with the contract, the DOE retains the ownership of the SNF and remains
financially responsible for the eventual decontamination and decommissioning of the ISF Facility. In this
regard, DOE has submitted a Statement of Intent to provide ISF decommissioning funding assurance
(Ref. 15). In addition, FWENC has requested a related exemption from the SFSI decommissioning
funding assurance requirements (Ref. 16). In support of this license application, FWENC has prepared a
Proposed Decomissioning Plan that presents the estimated cost, funding methodology, and plans for
ensuring availability of funds associated with the decommissioning of the ISF Facility. The facility will
be decommissioned following transfer of the spent nuclear fuel to a national geologic repository. Any
operation beyond the expiration date of the original license in approximately 2024 would require an
extension of the license in accordance with 10 CFR 72.42, Duration of license; renewal. FWENC
estimates the cost of decommissioning at S23 million, based on 2001 dollars.

1.6 COMMUNICATiONS

Mr. Stephen C. Guzy serves as the FWENC Executive Director for the project (Ref. 17). He may be
contacted at the principal address for FWENC provided in Section 1.2.

The key individuals responsible for the preparation of this license application are:

Ronald D. zatt ISF Facility Manager
Randal J. Roberts Deputy Project Manager
James C. Saldarini Licensing Manager

It is requested that communications pertaining to this application be sent to:

Ronald D. zatt, ISF Facility Manager
Tetra Tech FW, Inc.
3200 George Washington Way, Suite G
Richland, Washington 99352
(509) 372-5808 (Telephone)
(509) 372-5801 (Facsimile)

A fuel handling unit (FHU) is a contractually defined term used to provide for the accounting of partial fuel
elements. For intact SNF, one FHU is equal to one fuel element.
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6.0 QUALITY ASSURANCE PROGRAM

Activities associated with design, fabrication, construction, testing, operation, modifications, and
decommissioning of the structures, systems, and components of the SF Facility are conducted in
accordance with a quality assurance program as described in the Quality Program Plan, ISF-FW-PLN-
0017. FWENC will ensure that the provisions of the Quality Program Plan and its implementation are
understood by the personnel involved in its execution. This program is applied to the design,
procurement, construction, testing, operation, modification, and decommissioning, if applicable, of ISF
Facility structures, systems, and components important to safety. Adherence to this program assures
compliance with the requirements of 10 CFR 72, Subpart G.

FWENC previously submitted the QPP to the NRC via letter dated March 31, 2001(Ref. 3). A revision to
the Quality Program Plan was subsequently submitted to the NRC on April 10, 2002 (Ref. 13). This plan
was approved by the NRC on September 3, 2002 (Ref. 14). The FWENC Nuclear Quality Assurance
Program is described in Chapter 11 of the SAR.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
License Application

Rev. 0
Page 16

THIS PAGE INTENTIONALLY LEFT BLANK.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 3
License Application Page 23

10.0 DECOMMISSIONING PLAN

In accordance with the contract between DOE and FWENC for the construction and operation of the ISF
Facility, the DOE retains responsibility for the ultimate decommissioning of the facility (Ref. 4). DOE
has submitted a Statement of Intent to provide SF decommissioning funding assurance (Ref. 15) and
FWENC, in turn, has submitted a related exemption request (Ref. 16) from the ISFSI decommissioning
funding assurance requirements of 10 CFR 72.30(c). To support planning for this effort, FWENC has
prepared a cost estimate for decommissioning and included this estimate in the Proposed
Decommissioning Plan.

The Proposed Decommissioning Plan, SF-FW-PLN-0027, provides the information required by 10 CFR
72.30, Financial Assurance and Recordkeeping for Decommissioning. The proposed plan for
decommissioning addresses the decontamination and dismantling of equipment and structures, and site
restoration. The first phase, decontamination and dismantling, will begin after all SNF has been
transferred from the SF Facility. The Site Restoration Phase will begin immediately after the
decontamination and dismantling is complete. A final decommissioning plan will be submitted prior to
the start of decommissioning work in accordance with 10 CFR 72.54(d).
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2.0 DESCRIPTION OF PLANNED DECOMMISSIONING ACTIVITIES

The three decommissioning alternatives described in NUREG-0586 (Ref. 5) are as follows:

* DECON - equipment, structures, and other portions of a facility and site containing radioactive
contaminants are removed or decontaminated to a level that permits the termination of the license
shortly after cessation of facility operations.

* SAFSTOR - the facility is placed and maintained in a condition that allows it to be safely stored
and subsequently decontaminated to levels that permit the termination of the license.

* ENTOMB - radioactive contaminants are encased in a structurally long-lived material, such as
concrete. The entombed structure is appropriately maintained, and continued surveillance is car-
ried out until the radioactivity decays to a level that permits the termination of the license.

The decision concerning which alternative to implement will be made during the decommissioning plan-
ning phase. The decision will be based on many factors, including:

* physical condition of equipment and structures over a long-term period

* optimization of radiological aspects

* environmental impacts of the project

* existence of technical resources

* availability of waste management and disposal facilities

* costs

* public opinion

To minimize the impacts on both the environment and the community, it was decided that the best alter-
native for presentation in the conceptual decommissioning plan is DECON. As such, the proposed ap-
proach to decommissioning the SF Facility is to decontaminate equipment and building surfaces,
demolish and completely remove the building, and free release as many items as possible for recy-
cling/salvage. The design of the facility, the selected construction materials, and the aggressive preventive
and protective methods used during the operating life (i.e., "start clean, stay clean" concept) will mini-
mize the amount of actual decontamination required during decommissioning. Therefore, a majority of
building surfaces and some equipment should be released for unrestricted use.

Equipment and surface decontamination methods have been chosen to minimize secondary wastes and
ensure the maximum amount of free-releasable items without unnecessarily inflating costs. By operating
under the "start clean, stay clean" concept, the disposal of large amounts of radiologically contaminated
materials at the end of plant life is avoided. This is important because wholesale disposal places an un-
necessary burden on the nation's waste handling system and increases the potential for the public to be
exposed to radiologically contaminated wastes.
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2.1 DECOMMISSIONING OBJECTIVE, ACTIVITIES, TASKS, AND SCHEDULES

2.1.1 Decommissioning Objective, Activities, and Tasks

2.1.1.1 Introduction

Planning for decommissioning the ISF Facility began in the design phase using As Low As Reasonably
Achievable (ALARA) principles and incorporating specific design features that would facilitate decom-
missioning. These design features focus on reducing the residual radioactive inventory, the time required
to perform decommissioning tasks, the time personnel must spend in high-contamination areas, and the
generation of radioactive waste.

ISF Facility features that improve the decommissioning process include:

* compartmentalizing the various ISF Facility processes, including maximizing the amount of sup-
port equipment located outside the radiological control area (RCA)

* applying protective coatings on concrete and steel surfaces in areas that may become contami-
nated

* providing ready access to the liquid storage tanks

* minimizing the amount of potentially contaminated equipment directly embedded in the concrete
floors, walls, or ceilings (e.g., piping)

* minimizing the amount of piping inside tanks

Decommissioning activities will begin with the cleanout of the Fuel Packaging Area. Systems will be
vacuumed or flushed, as appropriate, to remove any residual materials, and contaminated filters will be
removed from equipment for safe disposal. These techniques will reduce worker exposure.

As required by facility operation procedures, a complete history of materials processed through the Trans-
fer Area and facility maintenance activities will be maintained along with accounts of spills and clean-up
actions. This historical record will be available for making needed revisions to the decommissioning plan
before final decommissioning operations begin.

Written maintenance records, including complete descriptions of spills and operational records will be
maintained for the decommissioning and will lead to more efficient practices. Characterization will be
easier since the history of spills, equipment replacements, and facility maintenance will be known.
Shortly before the conclusion of the operations, these records will be reviewed and the information will
be incorporated into the final decommissioning plan. Decommissioning operations will then commence.

Decommissioning of the ISF Facility is divided into two broad phases: (1) decontamination and disman-
tling and (2) site restoration.

The decontamination and dismantling phase will begin after all spent nuclear fuel has been transferred
from the ISF Facility to the geologic repository. Major activities that will occur during this phase include:
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Mixed waste is waste that contains both a hazardous waste component regulated under Subtitle C of the
K> Resource Conservation and Recovery Act and a radioactive component consisting of source, special

nuclear, or byproduct material regulated under the Atomic Energy Act. Facility procedures provide guid-
ance for the minimization, control, and storage of mixed waste in accordance with Environmental Protec-
tion Agency (EPA) and NRC regulations. The use of potentially hazardous materials in radiological
controlled areas will be minimized by ISF Facility procedures.

3.5.2 Radioactive Waste Disposal

Packaging, storage, and shipment of radioactive waste generated during decommissioning will be con-
trolled by facility procedures. Facility procedures include requirements for:

* sorting and segregating radioactive waste and processing it to an acceptable form

* classifying radioactive waste in accordance with U.S. Department of Transportation (DOT) and
NRC requirements

* packaging and labeling radioactive waste in accordance with DOT and disposal site criteria

* storing radioactive waste

* shipping radioactive waste in accordance with DOT and NRC requirements

3.5.3 Waste Disposition Categories, Quantities, and Disposition

The preliminary waste disposition categories/plan, waste volumes, and decommissioning cost estimates
presented in this proposed decommissioning plan are based on the assumptions listed below, which will
be confirmed during site characterization activities.

The cost estimate does not include the cost of the decontamination activities that will take place during
the operation of the ISF Facility; that cost is included in the operations costs. Decontamination of areas
before servicing is captured in the maintenance costs.

The cost estimate includes the cost of gross decontamination (terminal clean out) of contaminated areas
prior to the commencement of dismantlement.

Concrete

* It is anticipated that no more than 0.5 inch of concrete will need to be removed from the concrete
surfaces inside the Fuel Packaging Area, FHM, and Solid Waste Processing Area and managed as
low-level radioactive waste.

* The port plugs and hoist well plug will be managed as low-level radioactive waste.

* The remainder of the concrete and embedded rebar will be provided with enough protection by
protective coatings and preventive decontamination measures used during operations that it can
be decontaminated using standard wiping, washing, and vacuuming during decommissioning ac-
tivities. This concrete will be disposed of as construction debris.
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Structural Steel

* Except for steel inside the Fuel Packaging Area, structural steel will be decontaminated if neces-
sary and then handled as construction debris.

* Steel inside the Fuel Packaging Area will be handled as low-level radioactive waste and recycled
as radioactive scrap (e.g., metal melt process or volume reduction).

Equipment

* The liquid radioactive waste storage tanks will be recycled as radioactive scrap

* Piping will be flushed, dismantled, and disposed of as low-level radioactive waste

* Equipment inside the Fuel Packaging Area will receive gross decontamination to reduce the dose,
and be disposed of as low-level radioactive waste.

* Equipment inside the solid waste handling area will receive gross decontamination to reduce the
dose, and be disposed of as low-level radioactive waste.

* Exhaust components for heating, ventilation, and air-conditioning (HVAG) systems upstream of
the final HIEPA filters and supply components for HVAC systems downstream of the local -IEPA
filters and the HEPA filters will be packaged as low-level radioactive waste. The use of efficient
packaging methods at the ISF Facility will reduce the volume of this waste; other methods of vol-
ume reduction will be evaluated during revisions to the decommissioning plan.

* All other equipment will be surveyed as necessary, and if free released, sold as clean scrap or dis-
posed of as construction debris.

Electrical Items and Equipment

* Electrical items (e.g., cable, conduit, fittings) and equipment (e.g., motors) inside the Fuel Pack-
aging Area will be handled as low-level radioactive waste.

* Other electrical items and equipment will be sold as clean scrap or disposed of as construction
debris.

Special Items

* Forklift batteries are not expected to be classified as radioactive waste but will be handled on a
special-case basis.

* Uninterruptible power supply (UPS) batteries are not expected to be classified as radioactive
waste but will be handled on a special-case basis.

* Miscellaneous contaminated liquids (including hydraulic fluids, oils, and grease) may be ad-
sorbed and disposed of as low-level radioactive waste

* Hydraulic fluids, oils, and grease will be disposed of in a commercial waste incinerator.

It is anticipated that the waste and debris generated from the decommissioning of the ISF Facility will fall
into the categories defined and discussed below.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 1
Proposed Decommissioning Plan Page 17

Category A-1. Heavy Non-Contaminated Metals

Category A-I consists of metals that are not contaminated or can readily be decontaminated to free-
release levels. Examples from the ISF Facility are structural steel members and larger pieces of equip-
ment.

There will be an estimated 1175 tons of Category A-I materials that can be free-released for reuse or
recycling.

Category A-2. Heavy Contaminated Metals

Category A-2 includes process equipment and dense steel items that may be suitable for recycling as
radioactive scrap.

There will be an estimated 309 tons of Category A-2 materials that may be recycled as radioactive scrap.

Category B-I. Non-Contaminated Metals

Category B-l includes most of the process equipment and supporting services, such as electrical compo-
nents and parts of the HVAC systems. Although much of this equipment will not be contaminated, it
would not be economical to reuse or recycle it. This material will be disposed of as construction debris.

There will be an estimated 242 tons of Category B-l materials that will be disposed of in a construction
debris landfill.

Category B-2. Contaminated Metals

Category B-2 consists of contaminated process-related equipment. This equipment will be packaged and
shipped for disposal as low-level radioactive waste because it probably would not be economical to
decontaminate and survey it for free release. The use of efficient packaging methods at the ISF Facility
will reduce the volume of this waste. Other methods of volume reduction will be evaluated during revi-
sions to the decommissioning plan.

There will be an estimated 30 tons of Category B-2 materials that will be disposed of as low-level radio-
active waste.

Category C-I. Non-Contaminated Concrete

Category C-I includes the structural concrete and rebar at the ISF Facility. These materials will not be
contaminated and will be disposed of in a construction debris landfill.

There will be an estimated 24,420 tons of Category C-l materials that will be disposed of in a construc-
tion debris landfill.
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Category C-2. Contaminated Concrete

Category C-2 includes the 0.5-inch-thick layer that will be removed from concrete surfaces in the Solid
Waste Processing Area and the Fuel Packaging Area. It also includes the Fuel Packaging Area port plugs
and hoist well plug. This material will be disposed of as low-level radioactive waste.

There will be an estimated 12 tons of Category C-2 materials that will be disposed of as low-level radio-
active waste.

Category D-1. Non-Contaminated Miscellaneous Materials

Category D- I includes a variety of materials, such as miscellaneous cardboard, paper, plastic, wood,
strapping, non-asbestos insulating materials, plumbing fixtures, flex connections, interior doors, window
panes/glass, polyethylene, non-asbestos personnel protective equipment (PPE), non-asbestos prefilters,
empty material containers, non-asbestos water filters, polyvinyl chloride (PVC) piping, acoustic ceiling,
gypsum material, partitions, and incandescent bulbs (lamps). There will be approximately 14 tons of
Category D-2 materials that will be disposed of as construction debris.

Category D-2. Contaminated Miscellaneous Materials

Category D-2 includes a variety of contaminated materials, such as miscellaneous cardboard, paper,
plastic, wood, strapping, non-asbestos insulating materials, plumbing fixtures, flex connections, interior
doors, window panes/glass, polyethylene, non-asbestos PPE, non-asbestos prefilters, empty material
containers, non-asbestos water filters, PVC piping, acoustic ceiling, gypsum material, partitions, and
incandescent bulbs (lamps). The largest component in this category will be the strippable coatings re-
moved from non-concrete building and equipment surfaces. Stripped paint coating will be contaminated
(its function is to remove contamination) and will be disposed of as low-level radioactive waste.

There will be an estimated 36 tons of Category D-2 materials that will be disposed of as low-level radio-
active waste.

Category E. Special Materials

Category E materials contain potentially hazardous wastes; these materials include paint remover, hydrau-
lic fluid/oil/grease, acid, and fluorescent bulbs. Category E materials will be collected and disposed of in
an appropriate manner as radioactive waste, mixed waste, or construction debris.

It is estimated that only a small quantity, less than one cubic meter, of this waste will be generated during
the decommissioning phase. For estimation purpose, one ton of Category E low-level radioactive waste
was considered.

Category Olher

These materials include 10,000 gallons of decontamination solution that will be disposed of as low-level
radioactive waste and nearly 2000 tons of concrete and rebar from the support facility that can be dis-
posed of in a construction waste landfill.
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shall endeavor to give this contract a high priority within its appropriatedfinds for each
year of contract performance; provided, however, that nothing in this contract shall be
considered to bind or otherwise obligate te Congress to appropriate finds sufficient to
cover the contract requirements.

DOE has submitted a Statement of Intent to provide ISF decommissioning funding assurance (Ref. 13)
and FWENC, in turn, has submitted a related exemption request (Ref. 14) from the ISFSI decommission-
ing funding assurance requirements of 10 CFR 72.30(c).

The DOE maintains a current copy of this contract on the DOE Idaho Operations Office website. The
contract is available for viewing at http://wwv.id.doe.gov/doeid/psd/SNFDSPContract.htm.

7 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Proposed Decommissioning Plan

Rev. 0
Page 24

THIS PAGE INTENTIONALLY LEFT BLANK.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 3
Proposed Decommissioning Plan Page 27

7.0 REFERENCES

1. DOE-ID (2000), ContractAwtard and Notice to Proceed, Contract No. DE-AC07-00ID13729,
Spent Nuclear Fuel Dry Storage Project, U.S. Department of Energy, Idaho Operations Office,
Idaho Falls, Idaho, May.

2. DOE, Conceptual Plan for Decommissioning the INEL TMI-2 Independent Spent Fuel Storage
Installation, Rev. 0, Submitted as Part of TMI-2 ISFSI License Application, Docket No. 72-20,
U.S. Department of Energy, Idaho Operations Office, Idaho Falls, Idaho.

3. U.S. Nuclear Regulatory Commission (2000), NUREG-1 575, Multi-Agency Radiation Survey and
Site Investigation Manual (MARSSIM), Washington, D.C.

4. Title 10, Code of Federal Regulations, Part 72, Licensing Requirements for the Independent
Storage of Spent Nuclear Fuel and High-Level Radioactive Waste, Washington, D.C.

5. U.S. Nuclear Regulatory Commission (1988), NUREG-0586, Final Generic Environmental
Impact Statement on Decommissioning Nuclear Facilities, Washington, D.C.

6. U.S. Nuclear Regulatory Commission (1992), NUREG/CR-5849, Manualfor Conducting Radio-
logical Surves in Support of License Termination, Washington, D.C.

7. Title 10, Code of Federal Regulations, Part 20, Standards for Protection Against Radiation,
Washington, D.C.

8. U.S. Nuclear Regulatory Commission (1994), NUREG-1500, WForking Draft of Release Criteria
for Decommissioning, Washington, D.C.

9. U.S. Nuclear Regulatory Commission (1974), Regulatory Guide 1.86, Termination of Operating
Licenses for Nuclear Reactors, Washington, D.C.

10. TLG Engineering (1986), Guidelines for Producing Commercial Nuclear Power Plant Decom-
missioning Cost Estimates, AIF/NESP-036.

11. DOE (1994), Decommissioning Handbook, DOE/EM-0142P, U.S. Department of Energy, Wash-
ington, D.C.

12. Title 10, Code of Federal Regulations, Part 73, Physical Protection of Plants and Materials,
Washington, D.C.

13. DOE-ID Letter INTEC-PSF-03-006 dated March 24, 2003 from Warren E. Bergholz, Jr. to the
NRC, Idaho Spent Fuel Facility Docket 72-25 Statement of Intent

14. Letter dated April 2, 2003, from Ronald D. zatt (FW-NRC-ISF-03-0079) requesting an exemp-
tion from decommissioning funding requirements.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Proposed Decommissioning Plan

Rev. 0
Page 28

THIS PAGE INTENTIONALLY LEFT BLANK.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



License Application

Appendix D
Proposed Technical

Specifications

Idaho Spent Fuel Facility

Docket No. 72-25

ISF-FW-RPT-0034

g FOSTER WHEELER ENVIRONMENTAL CORPORATION



Codes and Standards
4.2

4.0 DESIGN FEATURES

4.2 Codes and Standards

The following are the governing codes for the 1SF Facility storage component design:

Storage Component Applicable Codes Editions / Application
Important to Safety Years Design Fabrication

STORAGE TUBE ASME Boiler and Pressure Vessel Code 1998 with
(B&PVC), Section II 2000

addenda
ASME B&PVC, Section III, Division 1, Yes Yes
Subsection NCA, NC, and Appendix F
ASME B&PVC, Section V

ASME B&PVC, Section IX
ISF CANISTER ASME B&PVC, Section 11 1998 with

2000
ASME B&PVC, Section 111, Division 1, addenda
Subsections NCA, NB, Appendix F Yes Yes

ASME B&PVC, Section V

ASME B&PVC, Section IX |
ISF Basket ASME B&PVC, Section 11, 1998 with No. In

2000 accordance
ASME B&PVC, Section 1II, Division 1, addenda Y with 1SF
Subsections NCA, NF, NG, & Appendix F es Quality

Program

4.2.1 Alternatives to Design Codes, Standards, and Criteria

No alternatives to the codes listed in 4.2 above have been used in the design of the ISF Facility

4.2.2 Construction/Fabrication Alternatives to Codes, Standards, and Criteria

Proposed alternatives to the codes listed in 4.2 above may be used when authorized by the
Director of the Office of Nuclear Material Safety and Safeguards or designee. The request for
such alternatives should demonstrate that:

1. The proposed alternatives would provide an acceptable level of quality and safety, or

2. Compliance with the specified requirements of the codes listed in 4.2 above would result in
hardship or unusual difficulty without a compensating increase in the level of quality and
safety.

Requests for alternatives shall be submitted in accordance with 10 CFR 72.4
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SPENT NUCLEAR FUEL Handling Equipment
4.3

4.0 DESIGN FEATURES

4.3 SPENT NUCLEAR FUEL Handling Equipment

4.3.1 ISF Facility Cranes and Trolleys

The components classified to be important to safety of the Cask Receipt Crane, the Fuel
Handling Machine, the Canister Handling Machine, the Cask Trolley, and the Canister Trolley
shall meet the requirements of NUREG-0554, "Single Failure Proof Cranes for Nuclear Power
Plants", and NUREG-06 12, "Control of Heavy Loads at Nuclear Power Plants". These are
considered supplemental requirements to the base code, Crane Manufactures Association of
America Specification #70 (CMAA 70).

Other exceptions to CMAA 70 are tabulated below.

4.3.2 Lifting Devices

All lifting devices used to raise or lower SPENT NUCLEAR FUEL shall be designed in
accordance with ANSI N14.6 - 1993, "Special Lifting Devices for Shipping Containers
Weighing 10,000 Pounds (4500 kg) or More".

Other exceptions to ANSI N 14.6 are tabulated below.

4.3.3 Peach Bottom Transfer Casks

The original design standard for the Peach Bottom transfer cask was 10 CFR 71. The original
fabrication criteria were contained in a set of detailed drawings and construction specifications
prepared by Battelle Memorial Institute (BMI) and furnished to the cask fabricator. The BMI
SAR for the Peach Bottom transfer casks contains six specifications and procedures that are
referenced on the drawings. One or these six specifications and procedures cited ASME Section
VIII Unfired Pressure Vessels 1962 Edition and Section IX Welding Qualification 1962 Edition
for the welding of austenitic stainless steel and clad stainless steel by the Metallic Arc Process
and the TIG process. ASTM is cited for base metals and filler metals within this same
procedure. The assembly basis was the set of detailed drawings and construction specifications.

The exceptions to Codes and Standards for the existing transfer casks are tabulated in Appendix
A Table A4.7-4 to the Safety Analysis Report.

j FOSTER WHEELER ENVIRONMENTAL CORPORATION

30 

Rev. 3

30 Rev. 3



SPENT NUCLEAR FUEL Handling Equipment
4.3

4.0 DESIGN FEATURES

Exceptions to Codes and Standards

System, Structure, or Component: Cask Receipt Crane, Cask Trolley, Canister Trolley,
Fuel Handling Machine, Canister Handling Machine

Reference Code or . .
Standard Code or Standard Requirement Exception, Justification &

Section/Article Compensatory Measures
. ~~~~NUREG-0554 and NUREG-0612Crane Manufacturers Various haEGeen ind NdtE

Association of have been Invoked and take
America Specification precedence over CMAA 70
#70 (CMAA 70) where applicable. NUREG-0554

and NUREG-0612 contain
additional guidance provided by
the NRC with respect to cranes.

Crane Manufacturers Section 3.2 Welding, 3.2.1 All Welding is in accordance with
Association of welding and designs and AWS DI.l "Structural Welding
America Specification procedures shall conform to the Code - Steel". NUREG-0554
#70 (CMAA 70) current issue of AWS D14.1, cites use of portions of AWS

"Specification for Welding DI.].
Industrial and Mill Cranes"

Crane Manufacturers Section 1.7 Design Stresses, Lifting devices that are load
Association of 1.7.1 ... All other load carrying carrying parts are designed,
America Specification parts shall be designed so that the fabricated, tested, and inspected
#70 (CMAA 70) calculated static stress in the in accordance with ANSI N14.6

material, based on rated crane in lieu of the CMAA 70 criteria.
capacity, shall not exceed 20 NUREG-0612 defines the use of
percent of the published average ANS N14.6 for special lifting
ultimate strength of the material. devices. ANSI N 14.6 requires a

safety factor on ultimate strength
of the material of 5 on non-
critical loads and 10 on critical
loads that do not have redundant
load paths.
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SPENT NUCLEAR FUEL Handling Equipment
4.3

4.0 DESIGN FEATURES

Exceptions to Codes and Standards (Cont.)

System, Structure, or Component: Cask Receipt Crane, Cask Trolley, Canister Trolley,
Fuel handling Machine, Canister Handling Machine (Cont.)

Crane Manufacturers Section 1.4 Runway, ... The Anchor bolts are in accordance
Association of runway rails should be standard with AISC, Manual of Steel
Anerica Specification rail sections or any other Construction, 9th Edition.
#70 (CMAA 70) commercial rolled sections with CMAA 70 does not provide an

equivalent specifications of a explicit code or standard. The
proper size for the crane to be NRC recognizes the use of AISC
installed and must be provided for structural anchor bolts.
with proper rail splices and hold-
dovn fasteners.

System, Structure, or Component: Special Lifting Devices used with the Fuel Handling
Machine

Reference Code or Exception, Justification &
Standard Code or Standard Requirement Compensatory Measures

Section/Article

ANSI N14.6 - 1993 Sections 4.3.5 Positive means of A friction grip device is used to
attachment to the fuel under load handle Peach Bottom Core 2,
in all handling positions and 7.1 b instrumented TRIGA, and
Single failure proof design LWBR loose rod fuels. The

handling features on the Peach
Bottom Core 2 fuel element have
been removed and the other two
fuels do not contain specific
handling features. The fuel
handling operations in question
will occur within the FPA
confinement barrier, and the fuels
will be packaged and stored in a
manner consistent with NRC
requirements for failed fuel.
Under these conditions, dropping
a fuel element will not result in
unacceptable dose consequences
during handling or storage.
Therefore, these exceptions are
considered acceptable.
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SURVEILLANCE SR 3.3.1.1
REQUIREMENTS

This SR requires verification of the type of SPENT NUCLEAR FUEL contained in
the DOE transfer cask before the cask is allowed to be moved into the Transfer
Tunnel. Since physical inspection of the fuel is not possible in the Receipt Area, this
verification is performed by reviewing the DOE-supplied documentation
accompanying the transfer cask.

SR 3.3.1.2

This SR provides visual verification that all fuel packages handled in the FPA at one
time are of the same type.

REFERENCES ISF Facility Safety Analysis Report, Section 3.3
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3.3 CRITICALITY CONTROL SYSTEM

Criticality Monitoring System3.3.2

BACKGROUND

APPLICABLE
SAFETY ANALYSIS

LCO

The criticality monitoring system is a subsystem of the radiation monitoring system
that employs dedicated gamma radiation detectors in the Operating Gallery and
Canister Closure Area (CCA) to detect rapidly rising radiation levels that are
consistent with the onset of criticality during the movement of SPENT NUCLEAR
FUEL.

The criticality monitoring system alarm setpoints are high enough to minimize
alarms from sources other than criticality and low enough to detect the minimum
criticality event of concern. Setpoints for monitors are based upon modeled
radiation fluxes, the position of monitors, the distance between monitors and
potential sources, and the shielding effects of nearby equipment.

The criticality monitoring system must be OPERABLE as specified by the
Surveillance Requirements to ensure that a critical condition does not go
undetected during fuel movement in the Fuel Packaging Area.

APPLICABILITY

ACTIONS

Because all fuel handling operations outside of the Fuel Packaging Area involve
containers that prevent critical geometries, the requirement for criticality monitoring
system availability is limited only to LOADING OPERATIONS when SPENT
NUCLEAR FUEL is actually in the FPA.

A.1

If the criticality monitoring system is not OPERABLE, LOADING OPERATIONS are
immediately halted to prevent further unmonitored fuel movement.

A.2

Once LOADING OPERATIONS are suspended, no additional SPENT NUCLEAR
FUEL movement is permitted until the criticality monitoring system is again
OPERABLE.

SURVEILLANCE
REQUIREMENTS

SR 3.3.2.1

This Surveillance Requirement ensures that the criticality monitoring system is
qualitatively checked to provide reasonable assurance that is functioning properly
prior to the start of fuel movement in the FPA and every 24 hours thereafter. These
checks continue while SPENT NUCLEAR FUEL is present in the FPA.

SR 3.3.2.2

To provide greater assurance of proper criticality monitoring system operation
beyond that afforded by the CHANNEL CHECK required by SR 3.3.2.1, this SR
provides for an annual CHANNEL FUNCTIONAL TEST, the first of which to be
performed within 7 days before the initial commencement of LOADING
OPERATIONS.

REFERENCES ISF Facility Safety Analysis Report, Chapter 5
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3.4 FUEL PACKAGING AREA CONFINEMENT BOUNDARY

Heating, Ventilation, and Air Conditioning (HVAC) System3.4.1

BACKGROUND

APPLICABLE
SAFETY ANALYSIS

LCO

Proper operation of the HVAC system is necessary to establish airflows that
prevent the spread of contamination throughout the ISF Facility as well ensure that
all ventilation air leaving the facility is filtered and monitored.

In addition to establishing habitable conditions within the ISF Facility, the HVAC
system limits the likelihood for contamination migration by establishing ventilation
zones of different air pressures. The highest pressures are in areas least likely to
become contaminated while areas with a greater potential for contamination have
lower pressures. This arrangement causes air to flow from the least contaminated
areas to the more contaminated ones, thereby limiting the spread of radioactive
particles. The area of lowest pressure is the Fuel Packaging Area (FPA) where the
potential for contamination is highest. All airflow from the FPA passes through a
series of HEPA filters and is monitored for radioactivity before its release to the
outside atmosphere.

Establishing that the HVAC system is OPERABLE (as defined by the
accompanying Surveillance Requirements) ensures that confinement boundaries
are in place and that necessary contamination filtering equipment is available.

APPLICABILITY

ACTIONS

The generation of airborne contamination is most likely in the FPA during fuel
packaging because it involves a variety of manipulations with bare nuclear fuel.
Consequently, this LCO is applicable during LOADING OPERATIONS.

A.1

LOADING OPERATIONS involve the movement of unshielded fuel elements within
the FPA and present the most likely source of contamination. Halting these
operations when the HVAC system is not available minimizes the potential for
contamination production and migration.

A.2

As a further preventive measure against the spread of contamination from more
heavily contaminated areas, this Required Action directs the closing of all
confinement boundaries. The Completion Time of 1 hour allows this to be done in
a prompt and controlled manner.

A.3

This Required Action requires local air monitoring at various points within the ISF
Facility. This ensures that facility personnel are aware of areas having airborne
contamination levels in excess of permissible limits.

SURVEILLANCE
REQUIREMENTS

SR 3.4.1.1

This SR requires verification that I FPA exhaust fan is running prior to and during
LOADING OPERATIONS. This ensures that the FPA is maintained at a negative
pressure to prevent the spread of contamination. It also ensures that airflow from
the FPA passes through HEPA filters to remove particulates and is monitored prior
to release to the environment. The requirement to verify fan operation every 24
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hours ensures that operators are aware of HVAC system status and serves as a
backup to installed instrumentation and alarms.

SR 3.4.1.2

A critical function of the HVAC system is the ability to filter radioactive particulates
before they enter the environment. An excessively low differential pressure across
the HEPA filter bank indicates the presence of a punctured filter. An excessively
high differential pressure indicates a blocked filter. This SR requires verification
that the filter bank differential pressure is within a range that shows all filters are
functioning effectively.

SR 3.4.1.3

This SR establishes requirements for the condition of major penetrations into the
FPA to ensure that confinement is established whenever SPENT NUCLEAR FUEL
is present.

When fuel enters the FPA for packaging, it moves through the normally closed
cask port separating the FPA from the Transfer Tunnel. With the port plug
removed, an inflatable seal closes the gap between the cask and the port and
serves as a confinement boundary to prevent the spread of contamination. The
seal also maintains proper ventilation flow by preventing direct airflow from the
Transfer Tunnel to the FPA, thereby bypassing the FPA inlet HEPA filter.

Packaged fuel exits the FPA through the normally closed canister port and into the
canister trolley for transfer to the Canister Closure Area. An inflatable seal, similar
to the one at the cask port, closes the gap between the canister and the canister
port, providing the same confinement and ventilation control as the cask port seal.

Neither waste port has an inflatable seal comparable to those associated with the
cask and canister ports. Consequently, the SR prohibits opening either of ports
while LOADING OPERATIONS are in progress unless SPENT NUCLEAR FUEL in
the FPA is in designated storage locations. Opening a waste port provides direct
communication between the FPA and the Solid Waste Processing Area that is not
within the confinement boundary. The risk of contamination migration is minimal,
however, because the HVAC continues to maintain the FPA under a negative
pressure and no fuel handling is in progress.

REFERENCES ISF Facility Safety Analysis Report, Section 4.3.1
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Table of Contents

Xin, XIII, xv, Updated page numbering in Table of Contents
and xvi I

Chapter 1

Revised description of liquid waste processing system to note the addition
of a second waste storage tank, changes to the liquid drainage system for

1.3-4 the personnel safety shower, and to note that a pump is provided for
waste water transfers; also revised description of mobile services
contractor for consistency with other SAR sections

Figure 11 1 Revised boundaries of construction laydown area consistent with FWENC
Figur 1.1-1 letter FW-NRC-ISF-03-0149 dated June 4, 2003, from Ronald D. lzatt

Chapter 2

Tabl 23-16 Corrected predicted maximum storm precipitation data (existing table data
Table 2.3-16 is a duplicate of Table 2.3-7 (historical data))

Chapter 3

Added solidified filter liquids and band saw cutting fluid to the list of onsite
3.1-6 generated solid waste

3.3-8 Revised terminology to reflect current design (replaced "Direct Digital
3.-8 Control System" with "Process Monitoring Control System")
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3.3-10
through
3.3-12

Deleted reference to specific versions of MCNP computer code in main
body of SAR consistent with response to Round 2 RAI 8-31 and deleted
discussion of calculated upper safety limit (redundant to discussion
provided in Appendix 4A)

Revised wording to be consistent with the location of the criticality
3.3-13 monitoring instrumentation for the FPA (instrumentation is located outside

of the FPA)

Generalized the reference to the MCNP computer code since specific
3.7-3 version numbers are no longer identified in SAR Chapter 3 consistent with

response to Round 2 RAI 8-3 and deleted reference to CCC-200A/B (code
version not used for analyses described in the Safety Analysis Report)

Table 3.3-1 Deleted reference to transfer cask internal fuel containers as aconfinement barrier consistent with response to Round 2 RAI 4-1 0

Table 3.3-3 Deleted reference to O-rings for the DOE Transfer Cask consistent with

response to Round 2 RAI 5-6

Table 3.3-8 Revised to reflect the addition of a second liquid waste storage tank

Chapter 4

iv Updated page numbering in Table of Contents

4.2-10 Editorial revision - inserted reference to additional figure (4.2-1) for clarity

4.2-42 Revised factor of safety against overall buckling consistent with currentdesign calculations

4.2-50 Clarified discussion of thermal analysis modeling of the Canister Trolley
Cask and revised terminology for consistency

4.2-56 Changed text consistent with criticality analyses contained in Appendix 4A

Corrected to indicate that HEPA filters will be disposed of in "waste
4.3-3 containers" vs. "solid waste boxes" since containers other than boxes may

be used (e.g., waste drums)

' RAI numbers refer to FWENC responses to NRC Round 2 Request for Additional Information (letter
FW-NRC-ISF-03-0198 dated August 28, 2003) and to NRC Round 1 Request for Additional Information
(letter FW-ISF-03-0010 dated January 22, 2003)
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4.3-4
Revised list of areas included in Zone 3 to include the ramp corridor and
FHM Maintenance Area shield door jack screw enclosure, for
completeness

4.3-5 and Corrected description of HVAC operation to indicate that the Operators
4.3-7 Office, change room, and corridor operate at a slight negative pressure

Reworded to clarify that a smoke detector is not physically located in the
4.3-8 FPA (FPA is covered via a sample line to the smoke detector located in

the FHM Maintenance Area)

4.3-9 Reworded description of tornado dampers for clarity

4.3-11 Clarified discussion of HVAC system operation during waste transfers
4.3-11 from the FPA to the SWPA

4.3-13 Revised description of loads on the UPS consistent with current design

4.3-15 Revised wording to reflect the addition of a second liquid waste storage
tank

4.3-24 Added the charge face cover plate, encasts, and Storage Area fixed
4.-24 ventilation to the list of ITS SSCs in this fire zone for completeness

4.3-27 Editorial revision - changed terminology for consistency with other SAR
Sections

4.3-28 and Relocated paragraph discussing power transformer and revised
4.3-29 description consistent with Revision 4 to the Fire Hazards Analysis and

SAR Section 8.2.4.4

4.3-35 Revised text to indicate that there are steel shield doors in the concrete
wall separating the FHM Maintenance Area and the FPA

Clarified wording to indicate that the FPA sump is located on the first floor;

4.4-1 and added description of floor drain in FHM Maintenance Area; deleted
4.4-2 description of steel hatch cover (no longer included in design - hatch will

be recessed to provide necessary headroom); clarified description of
drainage in Transfer Tunnel; and editorial revisions

4.7-25 and Revised terminology for consistency and added references to the canister
4.7-26 heater module and canister cleaning module for completeness
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4.7-29 Added ISF Canister cleaning to the list of activities that may be performed
in the Storage Area for completeness

4.7-33 Added canister cleaning module operation to the list of Canister Cask
functions for completeness

Revised maximum number of crushed Peach Bottom fuel elements
4.7-118 required to reach revised criticality upper safety limit to reflect revised

criticality calculation

Deleted reference to specific versions of MCNP computer code in main
4.7-119 and body of SAR consistent with response to Round 2 RAI 8-3; revised text to

4 a7n120 be consistent with revised Peach Bottom fuel criticality calculation; added
4.7-120 discussion of neutron poisons (samarium trioxide and gadolinium

phosphate) consistent with response to Round 2 RAI 4-1

4.7-121 Revised to include discussion of the potential drop of a DOE TRIGA fuel
through bucket containing up to 30 TRIGA elements and to reflect revisions to the
4.7-122 criticality calculations and upper safety limits consistent with response to

Round 2 RAls 8-4; and editorial corrections

Generalized the reference to the MCNP computer code since specific
4.8-2 version numbers are no longer identified in SAR Chapter 4 consistent with

response to Round 2 RAI 8-3

Table 4.2-65 Changed to reflect revisions to criticality analyses (see description ofchanges to Appendix 4A)

Corrected maximum loads for several lifting devices and revised function
Table 4.7-6 description of Lifting Device 3 to delete reference to lifting of DOE TRIGA

Canisters

Table 4.7-31 Revised to reflect revisions to the criticality calculations and upper safety
through limits consistent with response to Round 2 RAI 8-4

Table 4.7-33

Drawing revised to reflect revisions incorporated during architectural
e4.2-1 review; changes primarily associated with direction of door openings,

Figure reorienting direction Liquid Waste Transport Tanker Loading Area, and
updating name of Liquid Waste Storage Tank Area

Drawing revised to reflect revisions incorporated during architectural
Figure 4.2-2 review; changes primarily associated with providing additional detail
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Figure 4.2-9 Drawing revised to reflect revisions incorporated during architectural
review; changes primarily associated with providing additional detail

Figure 4.3-3 Updated figure to reflect design changes and updated ventilation flowrates as a result of calculation revisions

Figure 43-4 Updated figure to reflect design change (deleted louver in FPA) and
updated ventilation flow rates as a result of calculation revisions

Figure 4.3-5 Updated figure to reflect design change and corrected position of dampers

Figure 4.3-6 Revised figure to reflect revised contamination control zones

Figure 4.3-7 Revised figure to reflect revised contamination control zones

Figure 4.3-11 Deleted one of the three Transfer Area HVAC Make-up Air MCCs as the
facility design only requires two

Added Non Emergency Communications System as UPS load (consistent
Figure 43-12 with text discussion in Section 4.3.7.2); deleted Facility Interlock Panel as

Fig. this panel is no longer included in design; facility interlocks are part of the
applicable component control circuitry and are not separately powered

Figure 4.3-13 Updated figure to reflect design changes in fire protection consistent withRevision 4 of the Fire Hazards Analysis

Figure 4.3-14 Updated figure to reflect design changes in fire protection consistent with

Revision 4 of the Fire Hazards Analysis

Figure 4.3-15 Updated drawing to provide additional level of detail

Figure 4.7-7 Updated drawing to provide additional level of detail

Figure 4.7-11 Figure revised to reflect changes in Cask Port Seal design

Figure 4.7-12 Figure revised to reflect changes in Canister Port Seal design
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4A-iv and Updated page numbering in Table of Contents
4A-v

4A-1 Revised specified upper safety limit consistent with response to Round 2
4A-1 RAI 8-3

4A-3 Revised results of criticality calculations and discussion of uranium loading
consistent with response to Round 2 RAls 8-1 and 8-2

Deleted reference to samarium trioxide discs from Table 4 consistent with
4A-4 response to Round 2 RAls 4-1 and 8-1 and revised uranium loading

consistent with response to Round 2 RAI 8-2

Revised fuel atom densities in Table 5 to reflect revised uranium loading
4A-7 consistent with response to Round 2 RAI 8-2

4A-8 Deleted reference to samarium trioxide discs from Table 5 consistent withresponse to Round 2 RAls 4-1 and 8-1

4A-9 and Revised results of criticality calculations and discussion of uranium loading
4A-10 consistent with response to Round 2 RAls 8-1 and 8-2

Deleted reference to samarium trioxide discs from Table 7 consistent with
4A-1 1 response to Round 2 RAls 4-1 and 8-1; revised discussion of uranium

loading consistent with response to Round 2 RAI 8-2

Revised fuel atom densities in Table 8 to reflect revised uranium loading

4A-14 and consistent with response to Round 2 RAI 8-2; deleted reference to4A 1 nd samarium trioxide discs from Table 8 consistent with response to Round 2
4A-1 6 RAIs 4-1 and 8-1; revised discussion of uranium loading consistent with

response to Round 2 RAI 8-2

Revised upper safety limit and estimated number of TRIGA fuel elements
4A-46 required to reach the upper safety limit consistent with response to

Round 2 RAI 8-4

4A-55 Specified version of MCNP code used for criticality safety calculation
consistent with response to Round 2 RAI 8-3

Revised upper safety limit and estimated number of TRIGA fuel elements
4A-56 required to reach the upper safety limit consistent with response to

Round 2 RAI 8-4
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4A-64 and
4A-64a

Revised results of criticality calculations and discussion of uranium loading
consistent with response to Round 2 RAls 8-1 and 8-2; revised specified
upper safety limit consistent with response to Round 2 RAI 8-3; deleted
reference to samarium trioxide discs from Table 2 consistent with
response to Round 2 RAls 4-1 and 8-1

4A-64b Revised fuel atom densities in Table 3 to reflect revised uranium loading
consistent with response to Round 2 RAI 8-2

Deleted reference to samarium trioxide discs from Table 3 consistent with
4A-64d response to Round 2 RAls 4-1 and 8-1; deleted table note and revised text

related to uranium loading consistent with response to Round 2 RAI 8-2

Revised upper safety limit and estimated number of crushed Peach
4A-74 and Bottom fuel elements required to reach the upper safety limit consistent

4A-75; with response to Round 2 RAI 8-3 and revised criticality calculations;
4A-77 revised the criticality calculation to use MCNP4C and to remove excessive

through conservatism from the previous model (e.g., the use of more graphite
4A-81 moderator/reflector than was physically available in the fuel elements);

revised material density data consistent with current design calculations

Revised bias discussion for MCNP4B2 and added new bias discussion for

4A-139 MCNP4C for Section 5.0, Critical Benchmark Experiments, consistent withresponse to Round 2 RAls 8-3 and 8-4 (note: response to RAI 8-4
through incorrectly reported the upper safety limit for MCNP4B2 as 0.91340 due to

a typographical error, the correct value of 0.9130 is incorporated in this
SAR revision)

Chapter 5

iii Updated Table of Contents to reflect heading rewording

v Figure 5.1-18 deleted (operations depicted no longer performed)

5.1-2 Revised discussion of radiological receipt survey to allow performance
inside Cask Receipt Area consistent with response to Round 2 RAI 4-8

5.1-7 Revised operational sequence for removal of TRIGA fuel from the Transfer
5.-7 Cask consistent with response to Round 2 RAI 5-14

.1-15 Removed TRIGA fuel cans as a monitored waste, since TRIGA fuel cans
5.1-15 will not be removed from Transfer Cask and will be returned to DOE-ID
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5.1-16 and
5.1-17

Revised operational discussion of new canister receipt to reflect changes
in lifting fixture designs; included in change was deletion of reference to
Figure 5.1-18 (operations depicted no longer performed) and standardized
nomenclature for canister lifting cage

5.1-24 Deleted reference to DOE TRIGA canister which will no longer be lifted
5.-24 into the FPA (see response to Round 2 RAI 5-14)

Revised number of TRIGA fuel elements required to reach the upper
5.1.25 safety limit consistent with response to Round 2 RAI 8-4; revised

5..25 discussion of removal of TRIGA fuel from the Transfer Cask consistent
with response to Round 2 RAI 5-14

Revised number of TRIGA fuel elements required to reach the upper

5.1-27 safety limit consistent with response to Round 2 RAI 8-4; revised numberof crushed Peach Bottom elements consistent with revised criticality
calculations

Revised design dose limit on Canister Trolley cask shielding due to
5.2-11 redesign of heaters (canister heating module resulted in reduced shielding

5.-1 thickness); clarified the discussion of the Canister Trolley interlock with
Cask Trolley position

5.3-3 Revised terminology of "liquid waste system" and "solid waste system" to
"liquid waste processing system" and "solid waste processing system"

Revised text to reflect addition of second liquid waste storage tank
5.6-1 consistent with response to Round 2 RAI 14-1

Table 51-2 Revised number of TRIGA fuel elements required to reach the upper
safety limit consistent with response to Round 2 RAI 8-4

Corrected Cask and Trolley locking pin interlock logic to require FHM to be
Table 5.4-1, either east or west of respective ports; corrected locking pin release logic
Sheet 1 of 2 for Canister Trolley in Storage Area position to require CHM umbilical

stored; these revisions are consistent with response to Round 2 RAI 3-1

Figure 51-1 Updated drawing to reflect Architectural Review that resulted in numerous
Figure 5.1-1 changes (e.g., added additional level of detail)

Updated figure to reflect removal of TRIGA fuel from PB Cask consistent
Figure 5.1-9 with response to Round 2 RAI 5-14
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Figure 5.1-17 Figure revised to reflect new canister lifting cage design and method of
handling new fuel canisters

Figure 51-18 Figure deleted based on revised canister lifting cage design and method of
Fig. handling new fuel canisters

Figure 51-19 Figure revised to reflect new canister lifting cage design and method of
Fig. handling new fuel canisters

Figure 51-25 Revised figure to reflect changes in offloading TRIGA fuel from Transfer
igure 5.1-25 Cask consistent with response to Round 2 RAI 5-14

Chapter 6

Revised text to reflect addition of second liquid waste storage tank (refer
6.1-2 to Round 2 RAI 14-1); added one additional source of liquid waste and

6.-2 specified that the Liquid Waste Storage Tank Area sump is transferred to
the 5000-gallon tank

6.1-3 Revised text to reflect addition of second liquid waste storage tank (refer
6.-3 to Round 2 RAI 14-1)

6.2-1 and Revised text to reflect addition of second liquid waste storage tank (refer
6.2-2 to Round 2 RAI 14-1)

Revised text to reflect addition of second liquid waste storage tank and a
transfer pump, and included details associated with inputs for each tank
(refer to response to Round 2 RAI 14-1); corrected design and fabrication

6.3-1 requirement to API-620 for liquid waste storage tank; deleted sump
through discussion of future area of FPA, which has been redesigned to be

6t3-4 consistent with other sumps; deleted discussion of segmented trenches in
6.-4 Transfer tunnel that was redesigned to have six sumps (three in Transfer

Area and three in Cask Decontamination Zone); corrected dose rate at
which filters are replaced to be consistent with Section 6.3 (revised dose
rate was in response to Round 1 RAI 14-3)

Corrected maximum weight of waste to be handled (Shippingport tube
bundle 3315 pounds); corrected discussion of canisters that will be
cleaned or sectioned in FPA (previous wording described contact handling

6.4-1 which does not occur in FPA); references to cutting table revised to band
saw to be consistent with design; deleted "chain" from description of
overhead hoist; also corrected tipping hopper capacity to be based on
component producing maximum cable tension
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6.4-2

Standardized nomenclature to "band saw" when referring to "saw" in FPA;
corrected maximum weight of waste to be handled; revised maximum
length of small canister weight; revised term "wastebasket" to
"wastebucket" to be consistent with design documents; deleted "chain"
from description of overhead hoist; removed reference to radiological
control area as it was not relevant to description

6.4-5

Deleted radiological enclosure from discussion of solid waste processing
system specialty equipment, since equipment does not provide this
function (function is provided by SWPA room design); also, crusher was
removed from discussion of drum compactor; maximum waste component
weight was increased to 3315 pounds to reflect weight of Shippingport
tube bundle; also corrected tipping hopper capacity to be based on
component producing maximum cable tension; Operating Procedure
discussion revised to delete reference to Quality Program Plan and
provide correct references

6.4-6 Revised solid waste discussion to include transfer pump filter

6.4-7 Revised Table to include Transfer Pump Filter

6.6-1 Corrected reference 6-6 to API-620 consistent with revision made on
page 6.3-3

Table 6.3-2 Revised flow rate of Operations Area Decontamination Drench Hose in
response to Round 2 RAI 14-1

Revised figure reflects design changes to Liquid Waste Processing
Figure 63-1 (addition of second tank, addition of transfer pump and mobile processing

Figure 6.3-1 unit) consistent with response to Round 2 RAI 14-1; revised figure to
reflect design changes in sump configurations

Figure updated to reflect current design; added second Liquid Waste
Figure 6.3-2 Storage Tank (refer to response to Round 2 RAI 14-1) and design change

of Solid Waste Area bifold door (opens into Solid Waste Area)

Chapter 7

ii Updated Table of Contents to reflect change of table title

7.3-1 Deleted "controlled access area" from list of items shown of Figures 7.3-1
7.-1 and 7.3-2, since this information was not contained on the figures
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7.3-3

Revised design dose limit on Canister Trolley cask shielding due to
redesign of heaters (canister heating module resulted in reduced shielding
thickness)

7.3-4 Deleted reference to specific version of MCNP as discussed in response
through to Round 2 RAI 8-3; revised shielding discussion of Cask Receipt Area

7t3r6 shielding analysis (Transfer Cask loaded with TRIGA fuel) as consistent
7.-6 with the response to Round 2 RAls 7-4and 11-2

7.3-10 Corrected nomenclature to FHM Maintenance Area and added liquid
waste filters to discussion of dose contributors

Corrected discussion associated with criticality monitors. Monitors are
7.3-11 physically located near the exterior walls of the FPA as shown on

Figure 7.3-7

Revised discussion of Solid Waste Area to clarify it consists of SWPA and
7.4-3 SWSA; also corrected text on location of compactor to agree with

Figure 7.3-1

Revised discussion associated with counting instrumentation to reflect that
7.5-3 instrumentation may either be onsite or available through a subcontracted

service

Deleted statement that "Daily" checks of fixed instruments would be
performed since some instrumentation may not require daily checks;

7.5-4 broadened the discussion on the storage of instruments to include
designated locations, rather than limit their storage to the health physic's
office; also deleted the requirement to ship instruments to vendor for
maintenance or repair, to allow capability for onsite servicing

Editorial changes to correct nomenclature; also expanded the reason for
7.6-2 conducting to survey to detect presence of contamination instead of

restricting the survey to "hot particles"

Table 7.2-6 Photon production rates updated to reflect revised calculated values

Table7.2-7 Values for neutron spectrum revised consistent with the response to
Round 2 RAI 7-1

Updated values for photon intensity spectrum based on revised
Table 7.3-1 calculations; deleted peaking factors from table consistent with response

to Round 2 RAI 4-4
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Table 7.4-2
Revised table values and modified layout in response to Round 2 RAI 11-1
(note: waste operations dose summaries have been revised from those
provided in Round 2 RAI 11-1 to correct errors in annual dose results)

Figure 7.3-1 Updated drawing to reflect additional non-radiological control areas

Figure 7.3-5 Revised figure to include additional labeling of equipment and structures

Fig u r 73 0Updated drawing to reflect Architectural Review that resulted in numerous
Figure 7.3-10 changes (e.g., added additional level of detail)

Figure 7.3-11 Figure revised to reflect modified shielding/source term modeling
and 7.3-12 consistent with response to Round 2 RAls 7-4 and 11-2

Chapter 8

8.1-10 Revised number of crushed Peach Bottom elements consistent with
8.-10 revised criticality calculations

8.1-11 and Revised text associated with canister heating system to reflect design
8.1-12 change to make this a canister heater module

8.1-15 Revised text to be more specific by referring to the SWPA in lieu of a
8.-15 radiological enclosure

8.1-22 Revised reference to SWPA to call it a controlled area rather than aradiological enclosure

8.1-23 Replaced generic term radiological enclosure (or enclosure) with SWPA to
8.-23 provide more specificity

Revised description of Operating Gallery (Fire Zone 3) and Workshop
8.2-19 (Fire Zone 4) to identify that these areas have ITS SSCs associated with

specific walls

8.2-22 and Changed "Liquid Waste Storage Area" to "Liquid Waste Storage Tank
8.2-24 Area"

8.2-31 Updated discussion to include additional liquid waste storage tank (refer toresponse to Round 2 RAI 14-1)

8.2-32 Updated discussion of Canister Trolley to reflect modification that addedheater module (insert liner with heaters)
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Table 8.1-1,
Sheet 1 of 3

Revised repair of canister heater to reflect design change to a heater
module that can either be repaired or replaced

Chapter 9

Added discussion of March 7, 2003 FWENC seconding agreement with
9 1 1 Tetra Tech FW, Inc., consistent with changes made to the License

9.-1 Application; clarified organizational design responsibilities and updated
project related reporting relationships

9.1-2 Updated reporting relationship of ISF Facility Manager

9.1-3 Clarified duties and responsibilities of Configuration Manager

9.1-4 Updated organizational and subcontractor design responsibilities

9.1-5 Added Tetra Tech FW, Inc. as one of the project design organizations

9.1-6 Identified Tetra Tech FW, Inc. as an ASME-certified design organization

9.1-8 Updated reporting relationships

9.1-13 and Clarified project related responsibilities and updated reporting
9.1-14 relationships

9.8-1 Revised Reference 9-9 to Tetra Tech FW, Inc. ASME Quality Assurance
9.8-1 Plan (RDO-Tt-PLN-0003)

Figure 9.1-1 Updated reporting relationships

Figure 9.1-3 Added Tetra Tech FW, Inc. as one of the project design organizations

Appendix A

A-ii Updated Table of Contents to reflect addition of Section 4.7.3.3.2 and
through revisions to Section 8.2.1.2, and added Table A4.7-3 consistent with

A-iv response to Round 2 RAI 5-2

A-0 Removed discussion of evaluation status of TRIGA fuel packaging
consistent with response to Round 2 RAI 5-14

A-2 Revised to include accident events consistent with response to Round 2
RAI 5-18

A-3 Included reference to EDF 4190 consistent with supplemental response to
Round 2 RAI 5-16 (FWENC letter FW-NRC-ISF-03-0249)

A-4 Clarified that the two transport trailers can be used with either PB-1 or PB-
2 consistent with response to Round 2 RAI 1-1
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A-5 Revised to reflect uniform use of confinement barrier consistent with
response to Round 2 RAI 4-10

A-6 Revised to reflect SNF confinement barriers consistent with response to
A-6______ Round 2 RAI 4-10

Revised to reflect uniform use of confinement barrier consistent with
A-7 response to Round 2 RAI 4-10; updated instrumentation section to reflect

current DOE plans consistent with response to Round 2 RAI 4-9
Revised to reflect current DOE plans for routine inspections consistent

A-9 with response to Round 2 RAI 3-2; revised to reflect uniform use of
confinement barrier consistent with response to Round 2 RAI 4-10

A-10 and Clarified the intent of the historical discussion by using past tense in lieu of
A- 1 present tense; revised to reflect no usage of O-rings and bolt material

consistent with responses to Round 2 RAIs 5-6 and 5-2
Incorporated mechanical properties of the cask materials and a discussion

A-12 on exceptions to ASME Code consistent with responses to Round 2 RAls
5-2 and 5-7

A-1 6 Revised to reflect current design information consistent with responses to
through Round 2 RAls 5-20 and 15-1 (Attachment 15-1-1); added new Section to

A-20 include a discussion of coatings consistent with response to Round 2
A-20 RAI 5-1

Revised to clarify criticality discussion consistent with response to Round
A-21 2 RAI 17-1; removed discussion of TRIGA fuel handling operations within

the FPA consistent with response to Round 2 RAI 5-14
A-25 Updated instrumentation section to reflect current DOE plans consistent

with response to Round 2 RAI 4-9
Revised shielding results to consistent with responses to Round 2 RAls 5-

A-26 8 and 11-2; revised shielding results to be consistent with response to
Round 2 RAI 7-4

Revised to reflect no usage of O-rings consistent with responses to Round
A-27 2 RAI 5-6; corrected minimum off-normal temperature to be -400 F instead

of 26' F
Corrected minimum off-normal temperature to be -40 F instead of -26' F;

A-28 revised to reflect current DOE plans consistent with the responses to
Round 2 RAI 4-9 and 1-1

Revised to clarify the two drop scenarios consistent with response to
A-31 Round 2 RAI 15-1; revised to reflect uniform use of confinement barrier

consistent with response to Round 2 RAI 4-10

Revised to reflect uniform use of confinement barrier consistent with
A-31a response to Round 2 RAI 4-10

A-32 and Revised to clarify status of DOE's TRIGA fuel containers consistent with
A-33 response to Round 2 RAI 5-14
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A-35 Revised to reflect uniform use of confinement barrier consistent with
A-35_____ I response to Round 2 RAI 4-10

A-37
Revised revision levels of references A-2 and A-3 consistent with
responses to Round 2 RAls 4-13 and 5-14. Added new reference A-8
consistent with supplemental response to Round 2 RAI 5-16

Table A4.7-1 Revised weights associated with new A36 steel top lid consistent withTable_______ response to Round 2 RAI 4-12
Table A4.7-2 Revised material information for lid bolts and clarified if materials are
Table________ original, replacement, or new consistent with response to Round 2 RAI 5-2

Tbl A4.73 New table which provides mechanical properties of the transfer cask
able A4.7-3 materials consistent with response to Round 2 RAI 5-2

Table A4.7-4 New table which provides exceptions to Codes and Standards for the
Transfer Casks consistent with the response to Round 2 RAI 5-7

Figur A Provided current revision level of DOE drawing consistent with responses
Figure A-S to Round 2 RAls 1-2 and 5-9

Figure A6 Provided current revision level of DOE drawing consistent with response
Figure A-6 to Round 2 RAI 5-9
Figures Provided current revision level of DOE drawing consistent with response

A-17, 18 and to Round 2 RAI 4-10
21

Figures Provided current revision level of DOE drawing consistent with response
A-27,28, 31 to Round 2 RAI 5-14

and 31a
Figure A-35 Provided current revision level of DOE drawing consistent with response

Figure A-35 to Round 2 RAI 1-2
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1.3.2.3 Radiation Monitoring System

The radiation monitoring and alarm systems:

* warn operating personnel of direct radiation, including criticality, and airborne radioactivity
levels above set limits

* provide local and remote alarms for selected monitors

* ensure that the inlet duct to the HEPA filters downstream of the FPA is monitored for airborne
radioactivity before reaching the primary filter

* provide for monitoring of Transfer Cask internal atmosphere

* provide for continuous stack monitoring to detect radioactive particulate in the HVAC air exhaust
stream

* provide for stack discharge sampling for gamma radiation

Dedicated criticality monitoring is provided in the second floor operating gallery and CCA. Although
engineered features and administrative controls are implemented to preclude an inadvertent criticality
event, area criticality monitors are used to trigger an alarm.

Continuous air monitors measure the general level of airborne material in work areas and detect potential
breakthrough of the HEPA filters downstream of the FPA. Record sampling is performed at the exhaust
stack. Record samplers provide an accurate count of airborne particulate activity over a period of time by
drawing ambient air at a knovn volumetric rate through a small-pore filter, capturing the particulate
matter. These filters are periodically removed and sent to a laboratory for analysis.

1.3.2.4 CCTV Monitoring System

CCTV monitoring is installed in areas where remote operations are performed and direct visual inspection
is not practical. The CCTV monitoring system may also be used to supplement visual inspection in
operations areas where viewing is limited. During repackaging, the CCTV system allows for visual
verification of canister and fuel element identification as well as providing a means to maintain a visual
record of the verification.

The CCTV monitoring system also provides for general surveillance of the Storage Area.

1.3.2.5 Integrated Data Collection System

The integrated data collection system (IDCS) is a computer-based system capable of monitoring,
recording, and reporting data provided by systems throughout the ISF Facility. The IDCS receives data,
displays it for use by system operators, and records it to permanent storage media and/or enters it into
standardized reports as required by operations. The IDCS has no operational control functions and does
not replace the data available locally at points of operation throughout the facility.

1.3.2.6 Radioactive Waste Processing Systems

The SF Facility includes two radioactive waste systems: a solid waste processing system for processing
original DOE SNF canisters and process-generated waste, and a liquid waste processing system for
handling and storing liquids generated from decontamination activities.
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1.3.2.6.1 Solid Waste Processing System

The solid waste processing system is in the waste area, a sub-area of the Transfer Area. This system
provides the necessary equipment for the handling and packaging activities (size reduction, consolidation,
and segregation) for radioactive solid wastes. Solid radioactive waste is transferred to the DOE for
disposal.

Primary waste includes canisters (of carbon steel, aluminum, or stainless steel) used to deliver SNF to the
ISF Facility. The solid waste processing system includes the capability to cut these canisters into smaller
sections for packaging.

Process-generated waste consists of paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner
debris, welding materials, and HIEPA filters.

1.3.2.6.2 Liquid Waste Processing System

Decontamination activities will generate relatively small amounts of liquid radioactive waste. A personnel
safety shower may also generate decontamination water. The liquid waste processing system handles and
stores liquid waste prior to delivery to an approved disposal facility.

Local sumps collect decontamination water. This liquid is then transferred by either gravity drain or a
mobile pump unit to a liquid waste storage tank. Filter cartridges installed in the mobile pump unit will
be changed as required and transferred to the Waste Processing Area for disposal as solid radioactive
waste. A mobile services contractor will treat the soluble portion of the liquid waste in the liquid waste
storage tanks, using mobile equipment as required. A pump is provided to transfer liquid waste between
the storage tanks or to a mobile treatment services contractor. The mobile treatment service contractor
treats the liquid waste, if required, and transports it as low specific activity waste for off-site processing or
disposal.

1.3.2.7 Fire Protection System

The fire protection system consists of both active and passive components. Passive components include
structural items such as firewalls and fire doors, which provide a physical barrier between fire areas and
allow for safe egress from the facility. Active components include:

* fire water supply

* fire hydrants

* sprinkler systems

* fire standpipes and hose stations

* portable fire extinguishers

* fire dampers

The INTEC site provides the fire-water supply to the SF Facility.
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Figure 1.1-1
Location of the ISF Facility
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Table 2.3-15
Design Basis Tornado

ISF Site

Maximum wind speed (mph) 200

Rotational speed (mph) 160

Maximum translational speed (mph) 40

Pressure drop (psi) 1.5

Rate of pressure drop (psi/sec) 0.6
.T9oo�
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Table 2.3-16
Predicted Maximum Storm Precipitation Amounts (inches)

During 1-Hour Period During 24-Hour Period

January 0.18 1.08

February 0.18 0.96

March 0.17 0.61

April 0.24 1.51

May 1.00 1.78

June 1.15 1.73

July 0.24 1.33
August 0.45 1.44

September 0.55 1.55

October 0.34 1.12
November 0.25 1.02

December 0.23 1.18

Table based on data reported in TMI-2 ISFSI SAR (Ref. 2-1).
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reflector module contains rods of stacked unenriched nonfissile ThO2 pellets clad in 0.832-inch zircaloy-4
tubes. The modules contain no control components.

There are 9 Reflector IV modules, 3 of which are clamped. The number of rods within the modules varies
between 152 and 228, and the weights vary between 4933 and 5200 pounds. There are 6 Reflector V
modules, I of which is clamped. The number of rods within the modules is either 129 or 166 with weights
from 4028 to 4204 pounds. Each reflector module, whether intact or clamped, resides in its own storage
canister. Unlike the Peach Bottom and TRIGA fuels, each Shippingport fuel rod contains helium initially
pressurized to 1 atmosphere. The total gas volume for each rod is 2.7 cubic inches.

Chapters 4 and 8 discuss the maximum fuel temperatures that occur during fuel handling and storage
under normal, off-normal and accident conditions.

3.1.1.4 Decay Heat

To determine the decay heat output of each type of fuel to be stored, FWENC used ORIGEN2, a widely
used computer code that estimates the inventory of fission products, activation products, and actinides of
nuclear fuel at any point in its lifetime (Ref. 3-6). Each ORIGEN2 run requires the input of detailed data
for the fuel core composition and the power history of the reactor. In particular, nuclear cross-section
libraries for each fuel type are required for the particular reactor.

The DOE applied ORIGEN2 to determine an initial radionuclide inventory for each fuel type. With this
information, FWENC further decayed the fuels beyond July 1, 2004, the earliest anticipated date for fuel
handling operations at the SF Facility. ORIGEN2.1 was used to adjust the activities of each of the
actinides, activation products, and fission products to yield an isotope activity-specific decay heat value.
The code then summed those values to provide the decay heat per SNF element or module. Figure 3.1-9
through Figure 3.1-13 depict decay heat as a function of time per element for each type of fuel stored at
the SF Facility. TRIGA fuels exhibit the highest degree of variation from the averages presented;
individual TRIGA elements can generate up to 2 W/element decay heat.

3.1.2 GENERAL OPERATING FUNCTIONS

3.1.2.1 Overall Facility Operation

Operations are organized into four general categories, each associated with a particular area of the
facility. These are: ) cask receipt and movement, 2) fuel packaging, 3) canister closure operations, and
4) canister storage. Cask receipt takes place in the Cask Receipt Area, fuel packaging in the Fuel
Packaging Area (FPA), canister closure operations in the Canister Closure Area (CCA), and canister
storage in the Storage Area. The four areas are interconnected by a Transfer Tunnel, which is used to
move casks and canisters from one area to another during operations. A fifth area for the handling of
onsite generated waste is discussed in Section 3.1.2.3. A summary description of operations is found
below, followed by a more detailed description of specific activities in each major area of the ISF
Facility.

Fuel receipt begins at the facility boundary security fence. The transfer cask is off-loaded inside the Cask
Receipt Area and transported by the cask trolley to the FPA. At the FPA cask port, the transfer cask is
opened to allow the fuel receipt canister to be removed. These fuel receipt canisters are opened, and the
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fuel elements removed, inspected, inventoried, and placed into new baskets and storage canisters. These
loaded canisters are then transported inside the shielded, seismically qualified canister trolley to the CCA
where the canister closure welds are made, and the canister is vacuum dried, inerted with helium, and
helium leak tested. With the helium inerting, helium leak testing, and nondestructive testing of the
canister closure welds complete, the canister is ready for storage.

The loaded canister is transferred from the CCA to the Storage Area using the same canister trolley. At
the port in the Storage Area, the loaded canister is handled using the canister handling machine (CHM)
and placed into a storage tube location inside the storage vault. The vault provides passive natural
convection cooling. Air enters the vault and decay heat from the fuel causes the air to rise, where it is
directed upward through annular gaps around the tubes, exiting to the charge face floor. No active
systems are required to maintain the airflow.

3.1.2.2 Transportation

SNF enters the ISF Facility in the transfer cask aboard a transporter that moves the fuel from the nearby
INTEC facility. The transfer cask is not certified in accordance with 10 CFR 71 because the entire
movement occurs within the DOE INEEL site and does not use public roads or transportation routes
(Ref. 3-7).

Once received, the spent fuel moves through the facility via the Transfer Tunnel on either the cask or
canister trolley. The cask trolley receives the transfer cask and transports it on rails from the Cask Receipt
Area into the Transfer Tunnel to the FPA cask port. It also returns the empty transfer cask to the Cask
Receipt Area. The canister trolley delivers an empty canister and basket assembly to the FPA from the
CCA. It then receives the loaded basket assembly at the FPA canister port, delivers it to the CCA, and
delivers the sealed canister to the Storage Area load/unload port where it is retrieved by the CIIM. The
canister trolley includes a shielded cask and jacking system that allows it to be elevated into the
appropriate ports and limits radiation streaming in the Transfer Tunnel.

3.1.2.3 Onsite Generated Waste

Both liquid and solid waste are generated as part of spent fuel storage operations. Solid waste consists of
primary waste (DOE fuel canisters, miscellaneous container waste, etc.) and process-generated waste
such as paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner debris, welding materials,
high-efficiency particulate air (iEA) filters, and solidified filter liquids or band saw cutting fluid. The
waste is compacted as appropriate and packaged for offsite disposal by the DOE. No long-term storage of
solid waste occurs within the facility.

The liquid waste results from decontamination activities in the Transfer Tunnel, CCA, workshop, and
Solid Waste Processing Area. A personnel safety shower in the Operations Area may also generate liquid
waste. A mobile treatment service contractor treats the liquid waste if required and transports it as low
specific activity waste for offsite disposal.

More detailed discussions of solid and liquid waste handling are found in Sections 3.3.7.2 and 3.3.7.3,
and Chapter 6.
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Additional HEPA filters installed in other areas protect supply and exhaust ductwork from contamination
and to restrict backflow through the supply ducts should the downstream rooms become pressurized.

HEPA filters are installed immediately upstream of the exhaust air discharges to the exhaust stack. These
filters are the final filtration point for removing radioactive particles from the exhaust air. Each final filter
unit consists of one stage of pre-filters followed in series by two stages of HEPA filters. The HEPA
filters, housed in metal enclosures, are Type B nuclear grade and meet the requirements of ANSI N509
and ANSI N510 (Refs. 3-33 and 3-34). Isolation dampers are installed between parallel banks of HEPA
filters to facilitate filter changes. Instrumentation on the filter housing monitors temperatures, flow rates,
and differential pressures (dust loading). Injection and sample ports accommodate in-place aerosol
efficiency tests.

Typical design operating conditions for HEPA filters are 90'F, 90 percent relative humidity, and 1.3
inches w.g. differential pressure at 1500 cfm.

3.3.2.2.11 Minimum Performance of Other Radioactivity Removal Equipment

The ductwork does not act as removal equipment, but it is integral to the overall HVAC system function
and meets the requirements discussed below.

Supply ductwork serving zones 1 and 2 is fabricated and installed in accordance with SMACNA's high-
pressure duct construction standards due to the pressures involved (Ref. 3-35). All ductwork is galvanized
steel with a minimum -inch duct liner for thermal insulation.

Exhaust ductwork serving zones I and 2 is fabricated and installed in accordance with ERDA 76-21 (Ref.
3-36), ASME N509, and SMACNA's high-pressure duct construction standard. Ductwork design is based
on high (Class 2) contamination levels in the ductwork between the FPA and the final HEPA filters,
moderate (Class 3) contamination levels in all other areas, and an operating mode in which the exhaust
system is shut down in case of an accident. Ductwork from the FPA to the final HEPA filters is welded
construction (Class 4) due to potential contamination. Ductwork from the final HEPA filters to the
exhaust stack is welded construction due to the pressures involved.

3.3.2.2.12 Minimum Performance of Dampers and Instrumented Controls

Dampers in ductwork serving zones 3 and 4 are, as a minimum, commercial-quality (Class D)
construction in accordance with ERDA 76-21. Dampers in the supply ductwork serving Zones I and 2
are, as a minimum, commercial-quality (Class D) construction with the exception of the isolation dampers
on the intermediate HEPA filters, which are industry-quality (Class C, Group 1-A) construction. Dampers
in the exhaust ductwork serving zones I and 2 are industrial-quality (Class C) construction with the
exception of the isolation dampers for the FPA HEPA filters, which are ASME N509 (Class A, Group I)
construction.

Tornado dampers installed at ductwork penetrations into the FPA automatically close in the event of a
tornado. These dampers are designed to prevent the release of contamination due to pressure differentials.

Radiation monitoring devices on the exhaust stack and the recirculating heating and cooling units initiate
alarms locally and in the operations monitoring area if airborne radiation exceeds allowable levels.
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A Process Monitoring Control System (PMCS) controls and monitors HVAC systems throughout the
facility. The PMCS permits centralized programming, monitoring, alarm annunciation, and trending of
the HVAC processes. It also transmits data to other systems such as the fire detection, radiation
monitoring, and site security systems.

The HVAC system employs electric controls and actuators for all control functions. Analog and digital
field devices gather data for system control, status, monitoring, and alarm. Input data include
temperatures, pressures, flow rates, damper and valve positions, and equipment status. The PMCS control
algorithms manipulate this data and send digital output signals to electric damper and valve actuators,
variable frequency drives, silicon controlled rectifiers, and similar output devices for corrective action.
The HVAC system uses no pneumatic control devices.

3.3.3 Protection by Equipment and Instrumentation Selection

3.3.3.1 Equipment

Key equipment specifically selected to provide protection to the SNF is summarized in Table 3.3-3.
Key subsystems or components for key equipment are provided along with the key design criteria.
Additional design criteria and further discussions of subsystems and components are provided in
Chapters 4, 5, and 8.

3.3.3.2 Instrumentation

The instrumentation and controls for significant SSCs are described in Section 5.4. In accordance with
10 CFR 72.122, the controls philosophy for ITS designated equipment prohibits any single failure to
either cause a loss of safety function or to impair the mitigation of a failure event (Ref. 3-1). All control
systems with single-failure-proof requirements are implemented using redundant controls that prohibit a
single failure from affecting the ability of the system to perform its safety function. Typically redundancy
will be accomplished through the use of two control channels, which are electrically independent and
physically separated to the extent necessary for each channel to remain uninfluenced by equipment
failure, short circuit, overload, or fire on the opposing channel.

Instrumentation requirements to support the key equipment listed in Table 3.3-3 are provided in Table
3.3-4.

3.3.4 Nuclear Criticality Safety

10 CFR 72.124 requires that spent nuclear fuel storage facilities be designed for criticality safety,
incorporate appropriate methods of criticality control, and include criticality monitoring systems where
spent nuclear fuel is handled or stored. For typical commercial fuels, these requirements are to be met by:

* Ensuring that at least two unlikely, independent and concurrent or sequential changes must occur
in the conditions essential to nuclear criticality safety before a nuclear criticality accident is
possible;

* Including margins of safety for nuclear criticality parameters that are commensurate with the
uncertainties in the data and methods of analysis;
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* Basing designs on the use of favorable geometry, permanently fixed neutron absorbing materials,
or both; and

* Including criticality monitoring and alarm systems in areas where spent nuclear fuel is handled
and/or stored.

Commercial fuels typically consist of low enrichment (2.5% to 8%) 235U in a U0 2 matrix. Large numbers
of small U02 pellets are loaded into long narrow zirconium alloy tubes, which form the fuel cladding.
Each tube, or rod, is seal welded and placed into an array along with 00 or more similar rods.

The fuels to be stored at the 1SF Facility differ from commercial fuels in several ways that could
potentially impact criticality safety.

* TRIGA Fucl. TRIGA fuel elements consist of a UZrH slug, containing 8 to 9 weight percent
uranium enriched to 20% 235U. This slug is placed between two solid graphite reflectors and
loaded into a stainless steel or aluminum outer shell that forms the fuel element cladding. The
higher enrichment, UZrH fuel composition and relatively small size (approximately 30 inch total
length) make the TRIGA elements more reactive than typical commercial fuels.

* Peach Bottom Fuel. Peach Bottom fuel elements consist of small microspheres of uranium
carbide enriched to over 93% 235U, embedded into solid annulus-shaped graphite compacts. These
annular compacts are loaded onto a central graphite spine that runs the length of the fueled region
of the element. An upper and lower graphite reflector is placed above and below the fueled
region. A pyrolytic carbon sleeve holds the element together and acts as the outer cladding.
Although the Peach Bottom fuel contains a higher enrichment than typical commercial fuels, the
wide dispersion of the fissile material within the element and its carbon composition make it less
reactive than typical commercial fuel. The key concern with the Peach Bottom fuel is the
relatively low initial strength and possible embrittlement of the graphite sleeve as compared to
typical metallic fuel claddings; therefore, unfavorable geometries could potentially be created by
structural failure of the fuel element.

* Shippingport Reflector Modules. Shippingport Fuel Reflector Modules are similar in design to
commercial fuel assemblies, with the key difference that the assemblies contain ThO2 pellets
instead of U02 pellets. As there is no initial fissile material loading, and very little in-breeding of
233U during reactor operations, the Shippingport Reflector assemblies do not pose criticality
concerns.

The ISF Facility has used standard criticality control methods in the design basis for the facility,
incorporating additional analyses and evaluations as appropriate to deal with the unique nature of the
fuels to be handled and stored. In particular, the SF Facility design:

* Ensures that at least two unlikely, independent and concurrent or sequential changes must occur
in the conditions essential to nuclear criticality safety before a nuclear criticality accident is
possible. Criticality evaluations specifically considered fuel handling events particular to the
unique fuel types to be stored to ensure that the double-contingency criteria would be achieved.
These included analyzing criticality scenarios involving structural failure of the Peach Bottom
elements.

7 FOSTER WHEELER ENVIRONMENTAL CORPORATION



l_ I 

ISF FACILITY Rev. 0, 3
Safety Analysis Report Page 3.3-10

* Includes margins of safety for nuclear criticality parameters that are commensurate with the
uncertainties in the data and methods of analysis. Calculations have been performed using an
industry-standard computer code (MCNP), benchmarked to fuels that are similar to the those to
be handled at the ISF facility. The results of the calculations incorporate appropriate margins for
uncertainty and bias in ihe calculations based on these benchmarks. Burnup of these fuels was not
credited in the calculations for maintaining criticality safety.

* Ensures favorable geometry to prevent criticality. The design of fuel handling and storage areas
incorporates engineered features to ensure that favorable geometries are maintained during
handling and storage conditions. Permanently fixed neutron absorbing materials present in the
storage containers to meet repository requirements are not credited in the ISF Facility criticality
safety calculations.

* Includes appropriate criticality monitoring and alarm systems.

Criticality safety analyses that consider the above features required by 10 CFR 72.124 have demonstrated
that there are adequate safety margins for handling and storage operations involving the specific fuel
types present at the ISF Facility.

3.3.4.1 Control Methods for Prevention of Criticality

The control methods for prevention of criticality are based on either limitation of the amount of fissile
material or engineered features. Criticality safety of the system does not rely on the use of burnup credit.
Criticality safety of the system does not rely on the use of burnable or fixed neutron absorbing materials
(poisons).

Five design criteria are applied to the SNF from arrival at the ISF Facility to storage in the concrete vault.
Table 3.3-5 summarizes where each design criteria is considered. Chapter 4 provides the detailed
discussion of the design as well as the criticality considerations.

3.3.4.2 Error Contingency Criteria

The multiplication factor (kff), including all biases and 2a uncertainty does not exceed 0.95 at a 97.5
percent confidence level under all credible normal, off-normal, and accident conditions.

3.3.4.3 Verification Analyses

The criteria used for establishing the verification of models or programs used in the criticality analyses
are provided below.

3.3.4.3.1 Verification Analyses Associated with the Existing DOE Transfer Cask(s)

Criticality safety features of the DOE transfer cask are described in Appendix A, Safety Evaluation of the
DOE-Provided Transfer Cask.

Verification of the criticality analysis for the DOE Transfer Cask is addressed in Appendix A.
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3.3.4.3.2 Verification and Validation of Computing Techniques

The verification of the mathematical models embedded in the computer code was acceptably tested to
ensure that the design analysis application is acceptable. Validation is intended to demonstrate that
software has been properly coded, installed on a computer, and performs the intended functions for a
given set of input. Validation of the reliability of the computer programs used for performing safety
calculations is assured by comparing the calculation results for identical cases between computers and
periodically for identical cases on the same computer. Computers using the same version of the MCNP
Monte Carlo code (Ref. 3-37) and the ENDF/B library (Ref. 3-38), have been shown to provide the same
results. The specific version of the MCNP code used for various criticality safety calculations is
identified in Chapter 4, Appendix 4A.

The objective of the validation activity is to determine the difference between the experiment kenf (usually
kff=l .0000) and the keff calculated for the experiment, and using this to determine the lower confidence
band on the data. This is then used to set the maximum safe calculated kff for a safety analysis.

The computational method combining the MCNP code using the ENDF/B-VI cross section library has
been validated for calculations for several different fissile materials. These materials include plutonium
experiments with 240Pu no greater than 8 weight percent, fully enriched uranium experiments with 235U
about 93 weight percent in uranium, and 233U experiments. Additional highly enriched uranium (HEU)
experiments, intermediate enriched uranium, and 233U experiments have been added to the original HEU
database to represent the ISF fuel in determination of the bias of the computational method and the
subcritical limit. The subcritical limit is based on the validation results of the code and cross sections used
on the computers performing criticality safety calculations. Since the spent fuels committed to the ISF
program are differently configured than the earlier experiments, the additional evaluated experiments
were added to the experiment data set to show that the safety limit is not compromised by including
experiments appropriate to the ISF fuel with the original data set.

Code validation is required to meet several national standard and quality assurance requirements. National
Standard ANS 8.1 requires that calculation methods used for criticality safety analysis be validated and
that any bias must be determined by correlating the calculations to experimentally determined results
(Ref. 3-39). Several sources exist for determining safe limits for handling fissile material outside of
reactors, but these provide limits only for simple systems and are normally limited to single bounding
conditions. Such limits are often too restrictive to be practical or economical. In order to provide less
restricting limits, many fissile material operations can be shown to be safe with higher limits than found
in these standard references by using two or more bounding conditions. It is not normally possible to
determine such safe limits to an operation without using a flexible, validated computational method that is
capable of performing calculations involving complex geometry and compositions.

Experiments used in this validation study are taken from experiment evaluations or input databases
developed by the International Criticality Safety Benchmark Evaluation Program (ICSBEP) (Ref. 3-40).
These experiments, along with a discussion of their appropriateness as benchmarks for the types of fuels
associated with the SF Facility, are provided in Section 5.0 CriticalBenchmarkExperinients of
Chapter 4, Appendix 4A. Using this data source has several advantages. Because the evaluations are peer
reviewed, both within the authoring organization and by an independent technical reviewer, workup of
basic data is not required and the chances of error are minimized. Using the input database also minimizes
the chances of errors in input for a specific computer code. Selected experiments have been obtained from
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reviews of the available evaluations. In the original ISF project validation, a total of 128 HEU
experiments with 235U weight percents in uranium of 89 or greater were taken as input listings from either
the input database, or (because input listings for all cases were not available in the database) from input
listings in individual evaluations. Although the earlier evaluations contained listings of all cases
developed in the evaluations, later evaluations contain only examples. If any cases were not found in
either source, no attempt was made to develop the input for those cases because a sufficient number of
cases was obtained from those available. All input listings were reviewed to ensure that they accurately
reflected the reported data and were modified when necessary. The calculations have all been
standardized at a total of 800,000 neutron histories calculated for each of the cases that have been
identified.

The experiments included fissionable material compositions ranging from hydrogen-to-fissile-atom ratio
(H/Fissile) equal to 0 (metal) to H/Fissile equal to 2800 (very dilute solutions). Experiments with close
reflectors of thick water, thick concrete including partial reflectors, and thin stainless steel were included.
Shapes included spheres, cylinders, and slabs, and two-dimensional arrays of cylindrical tanks and three-
dimensional arrays of cylinders as part of the data set. Some evaluated experiments that had interfaces of
strong neutron absorbing material were excluded because it was considered that these experiments might
incorrectly bias results intended to be applied to systems without neutron absorbers.

The calculated kens and method used to determine the bias are shown in Section 5.0 of Chapter 4,
Appendix 4A.

3.3.5 Radiological Protection

ISF Facility design, administrative control, and personnel training provide the necessary radiological
protection to maintain public and occupational doses As Low As Reasonably Achievable (ALARA)
during transfer and storage of SNF and associated high level radioactive material.

Design personnel use ALARA checklists to ensure the implementation of ALARA philosophy in the ISF
Facility design. The checklists serve as tools in aiding design personnel to consider features that may be
included to reduce worker exposure and enhance the overall safety of the SF Facility.

Chapter 7 provides further details on design and procedural considerations for radiation protection for
public and occupational doses resulting from the ISF Facility operations.
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3.3.5.1 Access Control

The peripheral fence enclosing the ISF Facility defines the boundary of a restricted area that limits access
for the purpose of protecting individuals against risks of exposure to radiation and radioactive materials.
The restricted/exclusion area boundary is shown in Figure 4.1-1.

Access to the restricted area is granted only to authorized persons. The SF Facility Physical Protection
Plan describes the methods and devices used to control access to the restricted area, including detection,
assessment, and response to unauthorized access.

From the boundary of the restricted area, a controlled area extends to the limits of the NEEL site. The
controlled area boundary coincides with the NEEL site boundary and is consistent with the controlled
area boundary established by the DOE for the nearby TMI-2 ISFSI (Ref. 3-14). FWENC exercises control
over this area via agreements with the DOE.

Table 3.3-6 summarizes the criteria for radiological protection design applicable for the restricted and the
controlled areas.

3.3.5.2 Shielding

Maintaining radiation doses ALARA is an ISF Facility design constraint. The design accommodates
ALARA considerations through the use of concrete and steel structures. Where these structures are not
sufficient to provide protection, the design provides for additional measures such as dedicated shielding
or remote operation.

An estimate of collective doses (in person-mrem) per year in each area and for major operations is
provided in Chapter 7.

3.3.5.3 Radiological Alarm Systems

Radiological monitoring and contamination control at the SF Facility ensure that radiation exposure and
release limits prescribed by 10 CFR 20 are not exceeded (Ref. 3-41). Monitoring employs, as appropriate,
fixed area radiation monitoring (ARM) instrumentation and continuous airborne monitoring (CAM)
instrumentation.

Fixed ARM instrumentation is located in key areas of the facility. ARMs are generally in frequently
occupied areas with the potential for unexpected increases in dose rates and in remote locations where
there is a need for local indication of dose rates before personnel enter the area. Alarm setpoints are
established by evaluating the nominal area dose rate. A typical setpoint could be twice the nominal
background dose rate or it may be a fixed area dose rate that triggers an alarm to notify personnel if
exceeded. The alarm is visual and audible locally with a corresponding signal to the lDCS. ARMs may
also trigger local and facility interlock alarms.

Dedicated criticality monitoring is provided for the Fuel Packaging Area by detectors located on or near
the exterior walls. The criticality alarm trip point is high enough to minimize alarms from sources other
than criticality and low enough to detect the minimum accident of concern. The setpoints for criticality
monitors are based on critical exposure levels, monitor position, and the distance between monitors and
potential sources.
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Air sampling and monitoring is required by 10 CFR 20.1703(a)(3)(i) to evaluate airborne hazards
whenever respiratory protective equipment is used to limit intakes in accordance with 10 CFR 20.1702
(Ref. 3-4 1). Air sampling and monitoring is also performed in situations where respiratory protection is
not required but the airborne radioactivity level can fluctuate and early detection of airborne radioactivity
could prevent or minimize intakes. A CAM is installed in occupied areas where facility personnel without
respiratory protection are likely to be exposed to a concentration of radioactivity in air exceeding 40
derived air concentration (DAC) hours in a day or where there is a need to alert potentially exposed
workers to unexpected increases in the airborne radioactivity levels. CAMs are used to detect
breakthrough of the HEPA filters dovnstream of the FPA.

Each CAM is configured with a setpoint appropriate to its primary function. For CAMs that monitor
occupied work areas, the setpoint is some level of activity above the established background. Typical alert
and alarm setpoints are 10 and 33 percent of DAC, respectively. A CAM alarm in a work area prompts an
evacuation of the immediate area per administrative procedures. Response to an alarm is determined by
administrative procedures. For CAMs that monitor the discharge air downstream of the HEPA filters from
the FPA, a setpoint is assigned that indicates breakthrough of the filters and prompts maintenance
activity.

Record sampling and continuous air monitoring is performed at the exhaust stack. Collection and analysis
of the filters is a manual procedure and there are no interlocks or alarms associated with the record
sampler. In the event that laboratory results indicate above-normal activity, administrative procedures
determine the appropriate response actions. The CAMs that monitor stack releases have alarm setpoints
that will indicate potential radiation releases. Typical alert and alarm setpoints are 50 and 100 percent of
the 10 CFR 20 Appendix B, Table 2 effluent concentrations daily limit above background, respectively.

3.3.5.4 Proximity to Other Nuclear Facilities

The ISF Facility is adjacent to INTEC which contains several individual nuclear facilities. These
facilities, along with others located several miles away, are described in Chapter 2. A design criterion of
the ISF Facility requires that the cumulative annual wvhole body dose equivalent to any individual located
at the controlled area boundary not exceed 25 mrem. This criterion complies with the requirements of 10
CFR 72.104.

3.3.6 Fire and Explosion Protection

Explosions internal and external to the ISF Facility are not considered credible, as described in Chapter 8.
Fire protection design features of the facility comply with 10 CFR 72.122 as described belov (Ref. 3-1).

ITS SSCs are typically robust devices that are largely impervious to the types of fires considered credible
for the ISF Facility. Where the performance of a safety function depends upon control instrumentation,
e.g., a limit switch, the design employs redundant circuits that are independent and physically separated.

Where practical, equipment within the facility is constructed of noncombustible and heat-resistant
materials. Fire barriers contain a fire at its point of origin and prevent its spread to adjacent areas.
Operating procedures minimize the amount of combustible material within the facility by establishing
housekeeping standards and restricting the use of flammable consumables. For example, the amount of
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Table 3.3-1
Radioactive Material Confinement Barriers by ISF Area

Fuel Location Confinement Barriers SAR Section
DOE Transfer Cask DOE transfer cask(s) 3.3.2.1.1

Fuel Packaging Area Concrete walls of the FPA and FHM maintenance area, shield 3.3.2.1.2
windows, port plugs (cask port, canister port, waste port, and
process waste port) portions of the FPA HVAC system, as
shown in Figure 4.3-5, through confinement wall service
penetrations, the FHM maintenance personnel shielded access
door, roof penetrations for lifting rods associated with the
FPA/FHM maintenance shield door, hoist well, and inflatable
seals between the bottom of the cask port and the cask or
between the inside diameter of the canister port and the
components of the canister cask when the port plugs are
removed. In addition, those portions of systems that penetrate
the FPA confinement barrier (e.g., breathing air system) such
that a breach of the system boundary could result in a release
path from the FPA, shall also considered as part of the FPA
confinement boundary.

ISF Canister (prior to Lower assembly of the ISF Canister, Basket, and Shield Plug. 3.3.2.1.3
closure weld
completion)

ISF Canister ISF Canister 3.3.2.1.4
(closure weld
complete ISF
Canister not in
Storage Tube)
Storage Tube Storage Tube and ISF Canister 3.3.2.1.5

I
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Table 3.3-2
Criteria for the Design of Ventilation and Off-Gas Systems

for Normal and Off-Normal Conditions
Sealed ISF Canister

Existing DOE Unsealed ISF Sealed ISF in Sealed Storage
Criteria Transfer Cask Fuel Packaging Area Canister Canister Tube

A. Airflow patterns Cask Receipt Area FPA (Zone 1), FHM Transfer Tunnel and Transfer Tunnel and Storage Area (Zone 3)
and velocity with (Zone 3) and Transfer Maintenance Area CCA are in use (both CCA (both are in Zone is in use.
respect to Tunnel (Zone 2) are in (Zone 1), and HEPA are in zone 2). 2) and Storage Area The ISF canisters and
contamination use filter room (Zone 2) are (Zone 3) are in use. storage tubes are each
control Cask is closed during in use. ISF canister is sealed sealed.

normal and off-normal The FPA is a primary during normal and off- Storage Area is a
conditions contamination control normal conditions. radiologically clean
Cask Receipt Area is a zone. The room area.
radiologically clean pressures in this zone
area will be maintained at

the maximum negative
values with respect to
atmosphere so the
airflow will always be
inward towards the
contamination
enclosure.

B. Minimum Cask Receipt Area FPA room pressure is Transfer Tunnel room Transfer Tunnel and Storage Area operates
negative pressures operates at (-) 1.10 inch of water. pressure is (-) 0.40 CCA room pressures at atmospheric
at key points in the atmospheric pressure FHM Area pressure is inch of water. CCA are not design criteria pressure.
system to maintain (-) 1.00 inch of water. room pressure is (-) for this operation
proper flow control During normal 0.15 inch of water. because the ISF

operations this is an These areas are canister is sealed.
unoccupied area. provided with sufficient

outside air to dilute
airborne radionuclide
concentrations and to
maintain the prescribed
room pressures.

C. Interaction of No interaction with an Airflow through at least Airflow through at least No interaction with an No interaction with an
off-gas systems off-gas system and the two sets of HEPA two sets of HEPA off-gas system and the off-gas system and the
with ventilation ventilation system filters then to exhaust filters then to exhaust ventilation system. ventilation system.
systems stack stack
D. Minimum filter No filters required Roughing filters and Roughing filters inside No filters required No filters required
performance with intermediate filters in CCA for weld fumes
respect to FPA Final filters in HEPA
particulate removal Intermediate filters filter room
efficiency and between roughing Fabric filter removal

maximum pressure ~~~~filters and final filters. factor .

Final filters in HEPA HEPA filter removal
filter room factor 0.01
Fabric filter removal Maximum HEPA d/p: 4
factor: 0.1 in wg
HEPA filter removal
factor: 0.01
Maximum HEPA dp: 4
in wg
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Table 3.3-2
Criteria for the Design of Ventilation and Off-Gas Systems

for Normal and Off-Normal Conditions
Sealed ISF Canister

Existing DOE Unsealed ISF Sealed ISF In Sealed Storage
Criteria Transfer Cask Fuel Packaging Area Canister Canister Tube

E. Minimum No other radioactivity Backdraft dampers, Backdraft dampers, No other radioactivity No other radioactivity
performance of removal equipment barometric dampers, barometric dampers, removal equipment removal equipment
other radioactivity and HEPA filters are and HEPA filters are
removal equipment utilized whenever utilized whenever

necessary to prevent necessary to prevent
flow reversal due to flow reversal due to
accidental room accidental room
pressurization. pressurization.

F. Minimum No dampers or other Supply dampers: No dampers or other No dampers or other Fixed louvers located
performance of instrumented controls Commercial quality instrumented controls instrumented controls on the exterior walls
dampers and (Class D) construction. No dampers or other
instrumented Exhaust dampers: instrumented controls
controls industrial quality (Class

C) construction
Primary HEPA isolation
dampers: ASME N509
(Class A, group 1)
construction.
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Table 3.3-3
Key Equipment Selected to Provide Protection to the Spent Nuclear Fuel

Equipment Name Key Equipment Items Key Design Criteria
Existing DOE transfer cask Cask Design criteria pertaining to the DOE transfer cask
(Use of Peach Bottom cask) are described in Appendix A.

Trunnions See Appendix A.

Cask receipt crane Crane NUREG-0554, Single-Failure-Proof Cranes at
Nuclear Power Plants; CMAA-70

Lifting devices ANSI N14.6

Cask trolley Trolley NUREG-0554, Single-Failure-Proof Cranes at
Nuclear Power Plants; CMAA-70

Fuel handling machine Crane NUREG-0554, Single-Failure-Proof Cranes at
Nuclear Power Plants; CMAA-70

Lifting devices ANSI N14.6 (see note below)_

ISF canisters, baskets, and Baskets ASME Section , Division 1, Subsection NG
other internal components Shield plug ASME Section III, Division 1, Subsection NF
(see note below) Impact plates ASME Section 1II, Division 1, Subsection NF

Canister ASME Section 1II, Division 1, Subsection NB

Lifting attachments ANSI N14.6
Canister trolley Trolley NUREG-0554, Single-Failure-Proof Cranes at

Nuclear Power Plants - CMAA-70

Jacking system ANSI N14.6

Canister handling machine Crane NUREG-0554, Single-Failure-Proof Cranes at
Nuclear Power Plants - CMAA-70

Lifting devices ANSI N14.6

Storage tube Two seal rings for ANSI N14.5
bclted closure lid

Storage tube ASME Section III, Division 1, Subsection NC
Concrete storage vault Storage vault ACI 349

Note: Due to the physical configuration of some of the fuels to be handled in the FPA, not all lifting
devices will meet all applicable requirements of ANSI N14.6. Exceptions to certain fabrication
requirements are taken for the ISF baskets. See Section 3.4 for further discussion.
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Table 3.3-8
Radioactive Waste Treatment Criteria and Implementation Method

Implementation Method

Waste Treatment
Criteria Gaseous Waste Liquid Waste Solid Waste

Reduction in volume Gaseous waste inside the FPA, Limited sources of water in Contaminated solid materials are cut
Transfer Tunnel, and CCA passes radioactivity contaminated areas. or compressed to reduce their
through filters to concentrate the volume.
airborne particulate.

Control of releases of Control of releases is provided by Control of releases is provided by Contamination level is checked and
radioactive materials collection in filters and the welded collection in filters, use of watertight required decontamination is
during treatment construction of the HVAC ductwork. piping and fittings, and storage tanks. performed in the FPA. Both the FPA

and Solid Waste Processing Area
have HEPA filter systems.

Conversion to solid Filters concentrate the airborne Filters concentrate the particulate in Not applicable
forms particulate. the liquid.
Suitability of product Contaminated filters are stored and Contaminated filters are stored and Contaminated materials are stored in
containers for storage or shipped in drums that meet storage or shipped in drums that meet storage or drums, shielded drums, or a waste
shipment to a disposal or shipment requirements. shipment requirements. Liquid waste bin inside the Solid Waste Area.
storage site is stored onsite in tanks meeting API Storage containers meet INEEL's

codes and is transported offsite in RRWAC before use.
DOT-approved tankers.

Safe confinement during Filters are stored inside storage Liquid is stored in the liquid waste Solid waste is in the FPA, Solid
onsite storage drums. tanks. Waste Processing Area, or in drums

in the Solid Waste Storage Area.

Monitoring during onsite In-line and final filters have monitors Areas containing liquid waste have Solid Waste Processing and Storage
storage to demonstrate associated with them. monitors. Areas and FPA have monitors.
safe confinement
Final decontamination, In-line and final filters are periodically Liquid waste tanks are filtered Solid waste storage bin and storage
retrieval, and disposal of replaced. Final decontamination, periodically and disposed barrels are periodically removed and
stored wastes during retrieval, and disposal of filters and approximately once per year. Final replaced with empty containers. Final
decommissioning HVAC ducts will take place during decontamination, retrieval, and decontamination, retrieval, and

decommissioning. disposal of liquid waste tanks and disposal of the solid waste storage
associated piping will take place bin and storage barrels will take
during decommissioning. place during decommissioning.
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Figure 4.2-7 and Figure 4.2-8 show the 1SF canister and basket assemblies used to store the various SNF
types at the SF Facility.

4.2.3.1 Function

The overall function of the spent fuel storage system at the 1SF Facility is to provide confined, shielded,
and criticality safe interim dry storage of the SF canisters and their fuel contents for up to 40 years at the
ISF Facility. Specific functions for each storage system component are provided below.

The storage vault:

* provides radiological shielding from the stored SNF

* provides tornado missile protection to the stored SNF

* provides a seismically stable structure to support the storage tubes

* provides labyrinth shielded inlet and outlet ducts as part of the passive natural convection cooling
system for the stored SNF

* maintains the storage tubes in a fixed subcritical array

* transmits the loads from the storage tubes to the soil

The storage tube:

* provide a secondary confinement barrier for the stored SNF

* provide a dry, inert atmosphere that will prevent degradation of the stored SF canister

* complete the vault shielding by incorporating a tube plug

* provide a heat transfer interface between the SF canister and the vault cooling air system in order
to remove the decay heat from the stored SNF

* maintain the stored SF canisters in a fixed subcritical array during normal, off-normal, and
accident conditions of storage

* transfer the loads from the 1SF canister to the storage vault structure

During storage, the ISF canister, impact plate, and SF basket assembly:

* provide the primary confinement barrier for the stored SNF (ISF Canister only)

* provide a dry, inert atmosphere that will prevent degradation of the stored SNF

* provide a means of handling the stored SNF into and out of the storage tube

* provide a heat transfer interface between the stored SNF and the storage tube in order to remove
the decay heat and thereby maintain the stored SNF at acceptable temperatures

* maintain the stored SNF in a fixed subcritical array in all conditions of storage

* transmit the loads from the SNF to the storage tube
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4.2.3.2 Components

4.2.3.2.1 Description of the Storage Vault

The storage vault is a reinforced concrete structure between the Cask Receipt Area and the Transfer Area
as shown on1 Figures 4.2-1 and 4.2-9. There are two separate storage vault modules in the vault structure,
designated vault I and vault 2. Vault I is positioned west of vault 2. The adjacent Transfer Tunnel is
structurally part of the vault structure, but is not considered a functional part of the vault storage system.

The storage vault modules are enclosed over their top surface by the Storage Area building, which
provides a weatherproof enclosure for canister transfer operations using the CHM. The Storage Area
building is described in Section 4.7.3.1.5.

The storage vault system provides storage for 18-inch and 24-inch diameter ISF canisters placed in
storage tubes. The storage tubes are designated 1 8-inch and 24-inch diameter because they are sized to
accept the 1 8-inch or 24-inch diameter SF canisters, but the actual internal diameters of the storage tubes
are larger than their designated labels. The tube arrays are shown in Figure 4.2-3. Table 4.2-1 provides the
number and size of the storage tube assemblies in each vault module.

The vertical loads from the storage tubes are transmitted through the base of the storage tube to support
stools bolted to the vault floor slab. Storage tube vertical loads include dead weight of the storage tube
and canister, and dynamic loads due to canister handling and seismic effects. The storage tubes do not
apply any vertical loads to the charge face structure. The lateral loads from the storage tubes are
transmitted at the top end through the charge face encast into the charge face structure, and at the bottom
end through the support stool into the vault floor slab. Storage tube lateral loads are primarily due to
seismic events. The charge face structure transmits the storage tube lateral loads to the vault walls and
from there into the vault foundation.

The spacing of the storage tube array is detennined by the structural requirements of the charge face
structure. The ligament between adjacent storage tubes provides the beam section properties needed for
the charge face structure to span the vault. The charge face and the support stool provide the upper and
lower positioning for the storage tube creating a fixed anay, which is used in the thenmal, shielding and
criticality analyses.

The foundation slab under the vault modules, and both the external and internal dividing walls, are
nominally 3 feet thick. The charge face structure is 2 feet, 6 inches thick. A parapet wall runs above the
north and south edges of the vault to form the runway beam structure for the CHM and a foundation for
the structural steel of the Storage Area building.

The vault structural elements are designed of reinforced concrete to provide:

* radiation shielding (see Section 7.0 for the vault shielding assessment)

* structural and seismic stability without loss of function

* tornado protection for the stored SNF

The vault foundation slab is designed to support the load of the vault modules, including structural
weight, facility operations, and off-normal and accident conditions.
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Spacer Plates. Refer to Table 4.2-23, Peach Bottom ART ISF Basket - 316L Spacer Plate Stress Results,
for the stresses in the end spacer plates and Table 4.2-24, Peach Bottom ART SF Basket - 17-4 Ph
Spacer Plate Stress Results, for the stresses in the central spacer plates.

Fuel Support Tubes. Refer to Table 4.2-25, Peach Bottom ART SF Basket - Fuel Support Tube Stress
Results.

Gadolinium Phosphate Storage Tube. Refer to Table 4.2-26, Peach Bottom ART SF Basket -
Gadolinium Phosphate Storage Tube Stress Results.

Basket Lid. Refer to Table 4.2-27, Peach Bottom ART SF Basket - Basket Lid Stress Results.

Top Plate. No significant membrane or bending stresses are imposed on the top plate, as this plate is well
supported by the lid and top spacer plate. Bearing stress at the contact area with the lid support pins and
shear stress caused by the fuel tubes during vertical seismic accelerations are summarized below.

Bearing Stress during normal storage is 21.5 ksi; comparing this with the allowable stress of 47.25 ksi
provides a FOS of 2.20. Shear Stress resulting from vertical seismic loads is 0.147 ksi; comparing this
with an allowable of 26.02 ksi provides a FOS of 177.

Base Plate. The principal load case for the base plate is during lifting; results from this analysis are
included with the load path items below. During normal operation and the seismic load case the base plate
stresses are bounded by the spacer plate results.

Other Lifting Load Path Items. Refer to Table 4.2-28, Peach Bottom ART 1SF Basket - Load Path
Items Stress Results. The lifting load path items are analyzed to the reduced stress limits of ANSI 14.6
with a dynamic factor of 1.15 applied to the masses.

TRIGA Baskets

Component Structural Stress Results. The structural stress results for each basket component for the
TRIGA SF basket are summarized in the following tables. The tables compare the calculated stresses
against the code allowable stresses. The safety margin in the design is expressed as a FOS against ASME
code requirements. FOS is defined as ASME code-allowable stress divided by calculated stress (or
capacity divided by demand). Therefore, FOS greater than 1.0 are required to demonstrate compliance to
code stress requirements.

Tie Bars. Refer to Table 4.2-29, TRIGA ISF Basket - Tie Bar Stress Results.

Lid Support Pins. Refer to Table 4.2-30, TRIGA SF Basket - Lid Support Pins Stress Results.

Spacer Plates. Refer to Table 4.2-31, TRIGA SF Basket - Spacer Plate Stress Results.

Fuel Support Tubes. Refer to Table 4.2-32, TRIGA ISF Basket - Fuel Support Tube Stress Results.

Gadolinium Phosphate Storage Tube. See Table 4.2-33, TRIGA SF Basket - Gadolinium Phosphate
Storage Tube Stress Results.
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Basket Lid. Refer to Table 4.2-34, TRIGA ISF Basket - Basket Lid Stress Results.

Top Plate. Refer to Table 4.2-35, TRIGA ISF Basket - Top Plate Stress Results.

Base Plate and Support. Refer to Table 4.2-36, TRIGA ISF Basket - Base Plate and Support Stress
Results.

Other Lifting Load Path Items. Refer to Table 4.2-37, TRIGA ISF Basket - Load Path Items Stress
Results. The lifting load path items are analyzed to the reduced stress limits of ANSI 14.6 with a dynamic
factor of 1.15 applied to the masses.

Shippingport Reflector Rod Basket

Component Structural Stress Results. The structural stress results for each basket component for the
Shippingport Reflector Rod basket are summarized in the following tables. The tables compare the
calculated stresses against the code allowable stresses. The safety margin in the design is expressed as a
Factor of Safety (FOS) against ASME code requirements. FOS is defined as ASME code-allowable stress
divided by calculated stress (or capacity divided by demand). Therefore, FOS greater than 1.0 are
required to demonstrate compliance to code stress requirements.

Tie Bars. Refer to Table 4.2-38. Shippingport Reflector Rod ISF Basket - Tie Bar Stress Results. In
addition to the assessment of the individual tie bars a buckling check has been carried out for the basket
structure as a whole. For the most severe case, the seismic case, the FOS is calculated at 21.5 against
overall buckling.

Spacer Plates. Refer to Table 4.2-39, Shippingport Reflector Rod ISF Basket - Spacer Plate Stress
Results.

Fuel Support Tubes. Refer to Table 4.2-40, Shippingport Reflector Rod ISF Basket - Fuel Support Tube
Stress Results.

Basket Lid. Refer to Table 4.2-41, Shippingport Reflector Rod ISF Basket - Basket Lid Stress Results.

Top Plate. Based on the large FOS calculated in the top plate for the vertical seismic load case, the
stresses resulting from the normal deadweight conditions are insignificant. The resultant stresses on the
top plate from the vertical seismic load case are summarized below.

Primary membrane stress is 1.55 ksi; comparing this with the allowable stress of 91.84 ksi provides a
FOS of 59.2. Primary membrane plus bending stress is 6.12 ksi; comparing this with the allowable stress
of 137.8 ksi provides a FOS of 22.5. Shear stress is 0.27 ksi; comparing this with an allowable of 55.1 ksi
provides a FOS of 204.

Base Plate. Refer to Table 4.2-42, Shippingport Reflector Rod ISF Basket- Base Plate Stress Results.

Other Lifting Load Path Items. Refer to Table 4.2-43, Shippingport Reflector Rod ISF Basket - Load
Path Items Stress Results. The lifting load path items are analyzed to the reduced stress limits of ANSI
14.6 with a dynamic factor of 1.15 applied to the masses.
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source. Because the thermal conductivity of the fill gas is lower than that of the fuel assemblies, the
maximum temperatures obtained are conservative. The thermal conductivity is selected to represent either
helium or air at a specified pressure.

ISF Basket Components

The ANSYS models of the ISF baskets were constructed from 20-noded thermal brick elements. As the
baskets are symmetric in the axial direction, only a section of the basket was modeled, consisting of half
the thickness of a spacer plate together with half the gap between the spacer plates. The full circle of the
spacer plate was modeled to facilitate the thermal stress analysis of the spacer plate and other canister
components. The resulting centrally located section gives a conservative result because the heat loss that
occurs from the canister ends is neglected.

The basket voids are modeled as gas. Heat transfer through the gas is modeled by conduction. Heat
transfer by radiation and convection has not been considered in this model, which provides a conservative
analysis.

The fuel support tubes are located concentrically in the holes in the spacer plates. The clearance gaps
between the support tubes and spacer plate and between the canister and spacer plate are filled with gas.

Canisters

The ANSYS model of the canister is the same as that used for the structural analysis in Section 4.2.3.3.1.
The steady state canister temperatures have been calculated for representative and bounding heat sources
of 40 watts and 120 watts. For the long canisters both heat sources have been applied uniformly over a
canister length of 100 inches. For the short canisters the 40-watt heat source has been applied uniformly
over two 15-inch canister lengths, representative of that for TRIGA fuel. There is no representation of any
basket structure within the canister.

Fuel Packaging Area

Fuel Operations and Monitoring Station. The heat producing components within the various incoming
DOE canisters are distributed uniformly within the cross section area of the canisters. The fuel and
contents of each of the incoming DOE canisters have been modeled as a single cylindrical gaseous region
with a uniform volumetric heat source over the height occupied by the active length of the fuel. Because
the fuel components and the basket are metals (oxides or carbides) they have a greater thermal
conductivity than does the canister fill gas. Initially the canisters have their original gas fill, but after
opening, the medium will be air. Air has the lower value of thermal conductivity, and this has been used
for the calculations. This modeling methodology results in a conservative prediction for the maximum
fuel, basket and reflector component temperatures within the DOE canister.

The smaller diameter DOE canisters, containing Peach Bottom and TRIGA fuels, are located within an
adapter that rests within the bench vessel at the fuel operations and monitoring station. This is an encast
within a concrete shield region that is nominally 3 feet thick. The larger diameter DOE canisters,
containing the Shippingport reflector modules and loose rods, rest directly within the bench vessel. The
heat transfer from the DOE canister to the adapter and to the bench vessel is modeled by convection
through the air annuli and by thermal radiation across the concentric surfaces. The heat is then conducted
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through the concrete and transferred off the outside of the concrete by natural convection to the confined
air below the FPA workbench level. The confined air also receives heat from other fuel storage and
handling stations. The confined air then transfers the heat to the workbench by natural convection, and the
workbench top surface then transfers the heat by natural convection to the FPA HVAC system. The heat
transfer route from the DOE canister to the HVAC air has been modeled by hand calculations as a 1-
dimensional steady state system.

Fuel Bucket Operations Station. Only the individual TRIGA shipping buckets are removed from the
DOE canister and loaded into the fuel bucket operations station. The heat transfer processes within this
station have been modeled using the same approach as employed at the fuel operations and monitoring
station. The model assumes a uniform volumetric heat source within the air-filled fuel bucket. Heat
transfer occurs in the radial (horizontal) direction from the fuel bucket to the side plates, to the bench
vessel and then to the confined air below. The radial heat transfer is by conduction in the air, except for
the heat transfer off the outside of the bench vessel by natural convection. No vertical (axial) heat transfer
direct to the ventilation system air has been included. The heat transfer route from the TRIGA fuel bucket
to the HVAC air has been modeled by hand calculations as a -dimensional steady state system.

Fuel Loading Stations. The FPA has three fuel loading stations where the individual fuel elements are
loaded into baskets. Fuel Loading Stations I and 2 have a large bench vessel and can accommodate 18-
inch baskets using an adapter sleeve or 24-inch baskets without an adapter. Fuel Loading Station 3 has a
smaller bench vessel and can accommodate the 18-inch baskets used for Peach Bottom I ART fuel. The
heat transfer methodology used at the fuel loading stations is the same as that for the vault storage area,
but with the canister replaced by the adapter sleeve, if used.

Fuel Decanning Station. The methodology employed in modeling the Peach Bottom fuel and its can at
the decanning station is the same as that employed at the fuel bucket operations station. The radial
barriers to heat transfer are the fuel liner, inner can, outer can, adapter sleeve, and bench vessel.

Canister Trolley Cask and Canister Closure Area

The maximum steady state temperatures within the canister trolley cask will occur while the cask is
jacked up into the CCA. In this position a 3-foot-high section of the cask is within the concrete roof of the
transfer tunnel. To ensure that the results are conservative, it has been assumed that there is no heat loss
from any part of the cask above the level of the transfer tunnel roof. Canister heat that is passed radially
into the cask from above the level of the transfer tunnel roof will be conducted down through the cask
steel shielding into the transfer tunnel area, before being transferred to the HVAC air environment in the
Transfer Tunnel.

The natural convection heat transfer that occurs across the air gaps between the inside wall of the canister
heater module and the canister, and between the outside wall of the canister heater module and the inside
surface of the canister cask, were modeled using surface effect elements. The thermal radiation that
occurs across these air gaps was modeled using a radiation matrix utility. Neither the canister lifting cage
nor the canister heater module elements were represented explicitly in the model.

The natural convection heat transfer and thermal radiation from the outside surface of the canister trolley
cask to the ambient transfer tunnel air environment was modeled using surface effect elements. The
applied heat transfer coefficient was temperature dependent and based on a laminar natural convection
correlation.
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The scope of this section is a description of 1) the criticality models, and 2) the criticality evaluations and
results for storage and transfer operations within the Storage Area. Additional information on criticality
evaluations and operational controls for the ISF Facility are provided in:

* Appendix 4A to the SAR, Criticality Models

* Appendix A to the SAR, Safety Evaluation of DOE-provided Transfer Cask

* SAR Section 4.7.3.4, Criticality Evaluation for Spent Fuel Handling Operations

* SAR Section 5.1.3.1, Criticality Prevention

* SAR Chapter 8, Accident Analysis

The criticality evaluations for the ISF Facility fall into one of three categories:

Evaluation of normal fuel handling sequences. Fuel configurations that are known to occur during
routine storage operations are analyzed to ensure that the planned geometry, separation, and material
inventories will be safe during normal facility conditions.

Evaluation of off-normal and accident scenarios. Postulated off-normal and accident scenarios are
evaluated to ensure that two unlikely, independent, and concurrent or sequential changes in geometry,
separation, or material inventory are required before k~ffexceeds 0.95.

Evaluation of bounding cases. Due to the nature of fuel handling and storage operations, it is difficult to
postulate all potential combinations of geometry, separation, and material inventory. To ensure that the
conditions that could lead to a criticality for ISF Facility operations are well understood, "bounding"
cases have been developed to identify the combinations of geometry, material inventory, and
reflection/moderation that are required to achieve kfr= 0.95 at the ISF Facility. In some instances, these
bounding cases are used to evaluate the consequences of accident or off-normal conditions.

Criticality models developed to examine each of the three fuel types under the above conditions are
provided in Appendix 4A to the SAR. The MCNP4 computer code (Ref. 4-18) described in
Section 3.3.4.3.2 was used for each of the analyses.

By a combination of their basic pellet design and their reactor operations exposure, the Shippingport
reflector modules are not enriched, and the lack of appreciable amounts of fissile material means that
criticality safety is ensured without further limitations on geometry. The handling, transfer, and storage of
Shippingport modules and loose rods do not present any limitations with regard to criticality safety. The
increase in reactivity of Shippingport reflector modules due to neutronic coupling with the other two
types of fuels is bounded by other cases involving just the other two types of fuels. Therefore, no further
criticality evaluations involving Shippingport fuel are provided.

Normal Storage Area Operations

When fuel arrives at the Storage Area port, the fuel has been repackaged into the appropriate ISF basket
and canister configurations. The canister closure operations have taken place and the canister is ready to
be placed into the storage tube. Sections 4.2.3.2.4, 4.2.3.2.3, and 4.2.3.2.2 describe the physical design of
these baskets, canisters, and storage tubes, respectively.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 3
Safety Analysis Report Page 4.2-56

The normal operational case in the Storage Area is to have the ISF canisters stored in the storage tubes.
Several configurations of TRIGA and Peach Bottom canisters were evaluated. The results of these
analyses are summarized in Table 4.2-65. Each of these configurations has a k~ff less than the 0.95 design
criteria limit.

A handling operation that can occur in the normal condition is an ISF canister in the CHM passing over
an ISF canister in the storage tube. The results of the criticality evaluations for a TRIGA canister over a
TRIGA, and a Peach Bottom canister over a Peach Bottom canister, are shown in Table 4.2-65. The
various combinations of Shippingport, Peach Bottom, and TRIGA were not modeled since they are
bounded by the more reactive TRIGA-over-TRIGA configurations.

Storage Area Criticality Control During Off-Normal and Accident Events

Shippingport and Peach Bottom fuels do not require the ISF baskets to maintain geometric control of the
fuel during off-normal or accident conditions. The TRIGA fuel does require the ISF basket to maintain
geometric control of the fuel during off-normal or accident conditions. Section 4.2.3.3.2 discusses the
structural analyses of the ISF canister internals and summarizes the results.

The CHM is designed as a single-failure-proof crane and the associated lifting devices are designed to
ANSI N 14.6. Therefore, accident scenarios involving a loss of geometry control or fuel separation due to
dropping an ISF Canister are not credible, as two unlikely, independent and concurrent or sequential
events are required to drop the canister.

Storage Area Bounding Analyses

To envelope unforeseen off-nonnal or accident conditions within the storage area, a parametric study was
performed that investigated the effects of fully flooding and fully moderating the array of fuel canisters in
the Storage Vault. Although this scenario is not considered a credible event, it served to demonstrate the
limits of criticality safety for the storage configuration. The results of this analysis are presented in Table
4.2-65. For an infinite array of Peach Bottom fuels, k~ff= 0.50 under this scenario. For a Storage Vault
fully loaded with TRIGA fuel, k~ff= 0.82. A mixed fuel infinite array, fully flooded and moderated,
yielded k~ff= 0.84. All of these results meet the design criteria of kff< 0.95.

4.2.3.3.8 Chemical and Galvanic Evaluation

Loss of Corrosion Resistance

ISF Canister Interior Conditions

The internal atmosphere of the ISF canister during storage is specifically designed to prevent degradation
of the fuel and the ISF canister internal structure. Vacuum drying and inert gas filling processes are
performed to ensure that the canister internal atmosphere contains less than 2500 ppm oxidizing gases and
less than 1300 ppm water content. This meets the requirements of NUREG 1536, Section 8, Subsection 5.
The ISF canisters are vacuumed down to a pressure of I Torr. The canister is held in vacuum for at least 2
hours. The fuel is deemed dry if the pressure rises at a rate of less than 10 Torr per hour. The canister is
then filled with helium and the lid wveld is leak tested. Upon passing the leak test, the canister is evacuated
then backfilled for the second time to provide an inert atmosphere for the fuel. The canister vent plug is
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radioactive particulate from the air leaving this area. These filters reduce the number of filter change-outs
and the associated dose rate for the final filters in the HEPA filter room. These filters also serve as a
passive confinement barrier during off-normal and accident conditions.

Transfer Area Exhaust Filtration System

FPA Filter Units. HEPA filters are installed on the exhaust ducts leaving the FPA. These filters are
located inside the FPA and are designed to facilitate replacement using the manipulators. These filters
will act as pre-filters to protect the downstream ductwork from contamination. Isolation dampers are
provided to isolate these filters during filter changes. Filter changes will be performed remotely using a
manipulator controlled from the operating gallery. The HEPA filters inside the FPA will not require filter
efficiency testing since they are only being used as pre-filters. The FPA exhaust duct will be provided
with an isokinetic sampler, external to the FPA, to assist in determining the condition and efficiency of
FPA exhaust filters.

Intermediate Filter Units. Additional HEPA filters are provided in other areas to protect supply and
exhaust ductwork from contamination and to restrict backflow through the supply ducts should the room
ever be pressurized. Filter efficiency test ports are provided on the intermediate filter units.

Final Filter Units. A set of HEPA filters is located immediately upstream of the point where the exhaust
air discharges to the stack. These filters are considered the final filtration point for removing radioactive
particles from the exhaust air. Each filter unit consists of one stage of pre-filters followed in series by two
stages of HEPA filters. HEPA filters will be type B, nuclear grade and shall meet the requirements of
ASME N509 and ASME N5 10. Filters are housed in metal enclosures. Bag-in/bag-out techniques will be
utilized as the means for filter replacement. Isolation dampers are located between parallel banks of
HEPA filters to facilitate filter changes. Instrumentation is provided on the filter housing for monitoring
temperatures, flow rates, and differential pressures (dust loading). Injection and sample ports are provided
for performing in-place filter efficiency tests.

Filter Change-Outs. The exhaust fans are designed for HEPA changes when the particulate loading on
the filters reach levels that generate a differential pressure of 4-inches-water. When the differential
pressure across the filter reaches this level the filters will be changed. Exhaust HEPA filters in the FPA
will be changed when the dose associated with the filter reaches 250 mrem/hr or 4-inches-water,
whichever occurs first. The 250 mrem/hr action level on the filter will ensure that the 500 mrem/hr limit
on the waste containers is not exceeded. Dose rate measurements associated with the internal FPA filters
are described in Section 7.3.4. Refer to Section 6.4.4 for a detailed discussion regarding the waste
characteristics and volumes associated with the filters.

Ductwork

Supply ductwork serving airborne contamination control Zones I and 2 will be fabricated and installed in
accordance with SMACNA high-pressure duct construction standards due to the pressures involved.
Ductwork will be galvanized steel with duct liner for thermal insulation. Exhaust ductwork serving Zones
I and 2 will be fabricated and installed in accordance ERDA 76-21, ASME N509, and SMACNA high-
pressure duct construction standard. Exhaust ducts are sized to maintain sufficient transport velocities to
prevent particulate contaminants from settling out of the air stream.
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Ductwork design is based on high (Class 2) contamination levels in the ductwork between the fuel
packaging area and the final HEPA filters, moderate (Class 3) contamination levels in other areas, and an
operating mode in which the exhaust system is shutdown in case of an accident. Ductwork from the FPA
to the final HEPA filters will be welded construction (Level 4) due to potential contamination. Ductwork
from the final HEPA filters out through the stack will be welded construction due to the pressures
involved. Ductwork in other areas will be non-welded construction (Level 2) unless welded construction
is required due to pressures and routing. This ductwork will be fabricated and installed per SMACNA
high-pressure duct construction standard.

Exhaust Stack

The exhaust stack is nominally 38 inches in diameter and approximately 80 feet high. The stack diameter
was selected based on fan pressure and discharge velocity requirements. The exhaust height was
calculated in accordance with the ASHRAE Handbook, Fundamentals lo Ensure that Exhaust Re-
Entrainment in the HVAC Systen Intake Air Does Not Occur. Plume dispersion modeling was performed
based on these parameters to ensure that radiation levels at the ISF Facility controlled area boundary do
not jeopardize public health and safety. The exhaust stack features an isokinetic sampler and sample
ports. Sample ports are located 90 degrees apart, a minimum of eight stack diameters above the inlet to
the stack and a minimum of two stack diameters below the outlet. The exhaust stack is classified NITS.
However, it is designed to withstand the effects of a seismic event to ensure that it does not fail and
adversely affect ITS SSCs in the vicinity.

Airborne Contamination Control Zones

Airborne contamination control zones throughout the ISF Facility ensure that radioactive contamination is
minimized and controlled. The ISF Facility is divided into four airborne contamination control zones, as
shown in Figure 4.3-6 and Figure 4.3-7, based on varying degrees of potential contamination. These
zones consist of an inner (primary) airborne contamination control zone where highly radioactive
materials are processed; surrounded by an intennediate (secondary) airborne contamination control zone
where some potential for radioactive release may exist; surrounded by an outer (tertiary) airborne
contamination control zone where there is little potential for radioactive release; surrounded by the
radiologically clean ancillary areas. Decreasing pressures between airborne contamination control zones
maintain the airflow inward towards the primary airborne contamination control zone.

Zone I (Confinement Barrier) includes the FPA and FHM Maintenance Area. Air pressures in this zone
are maintained at the maximum negative values with respect to atmosphere so that air flows toward this
confinement barrier.

Zone 2 includes the operating gallery, workshop, CCA, SWPA, Solid Waste Storage Area, Liquid Waste
Storage Tank Area, HEPA filter room, Transfer Tunnel, and cask decontamination zone. Air pressures in
this zone are positive with respect to Zone I and negative with respect to Zone 3 and ambient pressure.
This ensures that air flows from this zone towards the primary confinement barrier.

Zone 3 includes the Storage Area, Cask Receipt Area, and the following rooms in the Transfer Area:
Operators Office/Equipment Room, change room, corridor outside Operators Office, New Canister
Receipt Area, electrical room, HVAC exhaust room, ramp corridor and FHM Maintenance Area shield
door jack screw enclosure. Contamination is not expected in these areas. These areas operate at
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atmospheric pressure (with the exception of the Operators Office, change room, and corridor, which
operate at a pressure slightly lower than atmospheric pressure).

Zone 4 Radioactivity will not be present in ancillary areas such as the Operations Area. The offices in the
Operations Area are maintained at a pressure slightly higher than atmospheric pressure due to their
proximity to the Transfer Area. Other ancillary areas are maintained at atmospheric pressure.

Cask Receipt Area

The Cask Receipt Area is located in Zone 3. The HVAC system flow diagram for the Cask Receipt Area
is shown in Figure 4.3-1. The Cask Receipt Area is a radiologically clean area that operates at
atmospheric pressure and is normally occupied during cask receipt and cask shipping operations. This
area is heated and ventilated to ensure that the temperature is maintained above 32F (minimum operating
temperature for the cask receipt crane) and to provide moderate comfort for operations personnel. Unit
heaters, wall-mounted exhaust fans, and wall-mounted intake dampers maintain design temperatures
inside the area. Cask handling operations are suspended if the temperature in the Cask Receipt Area is at
or below 320F.

The ventilation system also removes diesel fumes from the building when a truck is being loaded or
unloaded. This is accomplished with a separate, dedicated fume collection system that captures diesel
fumes at the exhaust pipe of the truck and directs these fumes to the outside of the Cask Receipt Area.

Storage Area

The Storage Area is located in Zone 3. The HVAC system flow diagram for the Storage Area is shown in
Figure 4.3-2. The Storage Area exhaust fans are not required to ensure adequate decay heat removal from
the stored SNF. The Storage Area fixed building ventilation includes the sixteen inlet vents in the
concrete storage vault walls, the annular gaps between the storage tubes and the charge face encast, and
the six fixed louvers in the Storage Area building walls that permit airflow to support natural convection
through the storage vaults. Figure 4.3-8, Figure 4.3-9 and Figure 4.2-4 show the fixed inlet and exhaust
vents and louvers in the storage vault walls and Storage Area building. Additional information on the
cooling features of the storage vaults is in Section 4.2.3.2.

The Storage Area building is a steel-framed metal-panel building that covers the storage vaults. This area
is radiologically clean and operates at atmospheric pressure. It is normally occupied during storage vault
loading and monitoring operations. The area is heated and ventilated to ensure that the CHM is operated
above the minimum operating temperature of 320F and to provide moderate comfort for operations
personnel. Canister handling operations are suspended if the temperature in the Storage Area building is
at or below 320F. Electric radiant heaters, wall-mounted exhaust fans and wall-mounted intake dampers
maintain design temperatures in the area.

The storage vaults in the lower level of the Storage Area are radiologically clean, because of the double-
confinement barrier features of the storage tubes and canisters. These vaults operate at atmospheric
pressure and are not occupied. Due to the high radiation levels inside the storage vaults, there are no
personnel access features (i.e., doors or access ports) to these areas. Supplemental heating in this area is
not required. The SF canisters, storage tubes, charge face, and vault structure have been designed for a
minimum temperature of -40'F to account for off-normal winter temperatures.
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The ventilation fans in the upper level of the Storage Area are for personnel comfort. The fans and heaters
inside the Storage Area building are thermostatically controlled to start and stop to maintain temperature
within operating limits.

Transfer Area

The Transfer Area is located in several zones. The Transfer Area HVAC system services the following
areas (or rooms):

* FPA

* FHM Maintenance Area

* CCA

* operating gallery

* workshop

* HEPA filter room

* Transfer Tunnel

* Liquid Waste Storage Tank Area

* SWPA

* Solid Waste Storage Area

* cask decontamination zone

Transfer Area supply and exhaust air flow diagrams, nominal operating differential pressures, and flow
quantities are shown in Figure 4.3-3 and Figure 4.3-4, respectively. The Transfer Area is served by a
once-through system consisting of a central make-up air handling unit, final exhaust HEPA filters, and
exhaust fans. One-hundred-percent redundant supply and exhaust fans facilitate maintenance and provide
backup capability. The Transfer Tunnel including the cask decontamination zone also includes stand-
alone recirculation air handling units in each of these two areas to augment heating, cooling, and air
filtration. These units reduce the size of the central air-handling unit and the required exhaust air flow
rate. The unit in the decontamination zone receives make-up air from the Cask Receipt Area. Both units
are provided with individual HEPA filters and continuous air monitors (CAMs).

Outside supply air entering the air handling unit is filtered before being introduced into the Transfer Area.
In certain areas, backdraft dampers and barometric dampers prevent flow reversal due to accidental room
pressurization. Additionally, HEPA filters are installed in the supply air system to the FPA, FHM
Maintenance Area, Solid Waste Storage Area, and SWPA to prevent the spread of contamination should a
flow reversal occur in these areas. Fire dampers and tornado dampers are provided at ductwork
penetrations into the FPA and FHM Maintenance Area. A fire damper is provided at the ductwork
penetration to the CCA.

Exhaust air leaving the FPA passes though HEPA filters installed within the FPA, before merging with
the common exhaust duct. The common exhaust air passes through two stages of HEPA filtration before
being discharged to the atmosphere. A variable frequency drive on the exhaust fan increases fan speed to
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maintain a constant exhaust flow rate as particulate collects on the final HEPA filters. A variable
frequency drive on the supply fan modulates fan speed as pressure control dampers open and close.

Operations Area

The Operations Area is located in Zone 4. The Operations Area is a radiologically clean area and operates
at a pressure slightly higher than atmospheric pressure. It is cooled, heated, and ventilated to maintain a
comfortable working environment and provided with enough fresh air for odor, moisture, and pressure
control. Unit heaters, wall-mounted exhaust fans, and wall-mounted intake dampers are provided in the
HVAC supply room, the storage room and the mechanical equipment room to maintain design
temperatures inside these areas.

Miscellaneous Areas

The New Canister Receipt Area, electrical room, storage room, and HVAC exhaust room are served by
individual heating and cooling units in each room. Room air is recirculated and outside air is not
introduced directly into these areas. The units in the electrical room and the HVAC exhaust room are
designed for year-round cooling due to the large amount of heat generated by motors and electrical
equipment. Unit heaters offset the extra heat loss through open roll-up doors. The rooms are maintained at
atmospheric pressure.

The battery room is ventilated to exhaust battery fumes. A packaged cooling/heating unit serves the
battery room. Tempered outside air is introduced into the room to make up exhaust air. A separate fan
exhausts to the outside to ensure a constant supply of fresh make-up air in this room.

The operators office, change room, and corridor are served by a separate heating and cooling unit. The
central make-up air-handling unit furnishes ventilation and pressurization air. This area is maintained at a
slightly negative pressure relative to atmosphere.

Equipment rooms are heated and ventilated to protect equipment and to provide moderate comfort for
personnel. Unit heaters, wall-mounted exhaust fans, and wall-mounted intake dampers are provided in the
HVAC supply room, the storage garage, and the mechanical equipment room to maintain design
temperatures inside these areas.

4.3.1.1.2 Operating Characteristics

The HVAC system is designed to operate continuously throughout the year. System capacities meet or
exceed the requirements for filtration, ventilation, heating, and cooling under normal operating
conditions. The main supply and exhaust fans serving the Transfer Area include redundant backup fans to
allow for periodic maintenance and duty cycling between fans and to ensure reliable performance of the
HVAC system. Occupied areas in the secondary airborne contamination control zone are designed for a
minimum of four air changes per hour. Room pressure controls are described in Section 4.3.1.2.
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Normal Operating Conditions

Table 4.3-1 provides the indoor design parameters under normal operating conditions for the areas in the
ISF Facility. The rationale and description of the normal ambient design conditions are provided in
Section 3.2.5.1.6.

Off-Normal Conditions

Failure of the HVAC systems could result in temperature changes in various areas of the ISF Facility
reaching levels shown in Table 4.3-2 due to heat gains from solar, conduction, and internal heat loads
unique to each area. These off-normal temperatures are based on normal site ambient maximum and
minimum temperature conditions, as provided in Section 3.2.5.1.6. These temperatures are conservative,
as they are based on steady-state heat transfer assumptions and do not take into account transient effects
due to changes in outside air temperature and sun position over time. They also do not account for
diminishing magnitude of heat transfer as inside temperature approaches outside temperature. Within
hours of a failure of the HVAC system (assuming that it was not the result of a loss of off-site power),
personnel would take action to secure lights and motors, which contributes to undesirable heat loading.

Accident Conditions

The HVAC system is not required to operate during design basis accidents. Portions of the system
passively ensure that the confinement barriers of the FPA and FHM Maintenance Area are maintained
during off-normal and accident conditions. Figure 4.3-5 schematically depicts the ITS and seismic
boundaries of the HVAC system that penetrate the confinement barrier of the FPA and FHM Maintenance
Area. Specific ITS functions of the HVAC system under external natural events and a fire event are
provided below.

Fire Event

Although they are located in a room that is equipped with both fire suppression and detection systems, the
active components (i.e., fans) of the HVAC system are not credited in the mitigation of a fire event.
HVAC ductwork that penetrates the confinement barrier of the FPA and FHM Maintenance Area
provides a minimum -hour fire barrier to prevent fires outside the confinement barrier from spreading
into the FPA or FHM Maintenance Area.

Smoke detectors in the FPA system exhaust duct and in the FHM Maintenance Area will shut down the
Transfer Area supply and exhaust fans and close the electro-thermal link fire dampers in the supply and
exhaust ductwork if smoke is detected from a fire inside the confinement barrier or the in-cell HEPA
filters. This will minimize the spread of radioactive material outside the FPA. These dampers can also
close due to high temperature if the fire event is in an area outside the FPA or FHM Maintenance Area, to
prevent the fire from spreading into the confinement barrier. Low combustibility air filters will be utilized
throughout the facility in accordance with UL 586 and UL 900 (Refs. 4-28 and 4-29). The final HEPA
filters will have fire detectors and a deluge suppression system. Refer to Section 4.3.8 for a complete
discussion of the fire protection and detection systems at the ISF Facility.
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Tornado Event

The HVAC system is not required to mitigate the effects of a design basis tornado. However, portions of
the HVAC system provide a confinement barrier for the FPA and FHM Maintenance Area, as shown in
Figure 4.3-5. The tornado pressure boundary is the roof, walls, and floor of the FPA and FHM
maintenance area. The HVAC ducts penetrating this boundary are provided with spring-actuated tornado
dampers designed to activate at a differential pressure exceeding normal operating values and to seal
properly up to a differential pressure of 1.5 psi per NRC Regulatory Guide 1.76 (Ref. 4-30). The FPA
supply tornado damper meets ASME AG-I gas-tight criteria (Ref. 4-3 1). The tornado dampers are
provided with locking devices to keep them closed after the tornado passes. The locking device is
manually disengaged to return the dampers to service. Tornado dampers are installed as close to the
primary confinement shield wall as practical and are protected from tornado missiles.

Seismic Event

The HVAC system is not required to function during or after a seismic event. The seismic switch
described in Section 4.3.2 will de-energize the 1SF Facility electrical distribution system including the
Transfer Area supply and exhaust fans and local ventilation fans in the Cask Receipt Area and Storage
Area buildings. Portions of the HVAC system that perform confinement barrier functions are designed to
withstand the effects of the design earthquake. Figure 4.3-5 shows the seismic boundary. Ductwork that is
considered ITS is designed to survive the effect of a design basis accident and continue to perform its
required ITS function. A "breakaway"joint is provided at the ITS/NITS ductwork interface to protect the
ITS ductwork.

Flood Event

The HVAC system is not required to mitigate a design basis flood and will be manually shut down if a
flood occurs. HVAC equipment on the lower elevations of the ISF Facility could be submerged by
floodwaters. The exhaust HEPA filters housings and connecting ductwork on the first floor of the
Transfer Area are designed for airtight operation at pressures in excess of negative 0 inches water.
However, during a flood event, the lower door seals are approximately 31 inches below the maximum
probable flood (MPF) elevation. Therefore, the exhaust HEPA filters may have water damage. Before
restarting the HVAC system after a flood, the interior of the housings will be inspected, cleaned, repaired,
and leak tested. The filter elements will be changed and aerosol tested. Portions of the HVAC system that
form a confinement barrier are above the MPF elevation. Therefore, the FPA and FHM Maintenance Area
are protected from a design basis flood by the supply HEPA filters and in-cell exhaust HEPA filters.

4.3.1.1.3 Maintenance

The main supply and exhaust fans serving the transfer area are considered high maintenance items and
will be provided with 00-percent redundant backup fans to allow periodic maintenance and duty cycling.
The final HEPA filters will consist of multiple, modular air-cleaning units stacked one on top of the other.
The system will be designed so that one air-cleaning unit can be isolated for filter replacement, and a
clean unit brought on line without diminishing either the capacity or function of the entire system.
Intermediate HEPA filters located on exhaust ducts serving primary and secondary confinement zones,
will be provided with a spare HEPA filter to allow filter changes without having to shut the system down.
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Instrumentation will be provided to facilitate maintenance, surveillance testing, and troubleshooting.
Filter efficiency test ports will be provided on HEPA filters outside the FPA to allow regularly scheduled
testing of the filters. Systems will be designed to minimize radiation exposure to operating personnel
during maintenance on potentially contaminated equipment.

Access will be provided for maintenance and replacement of structures and components with less than a
40-year life span. Operations manuals, instruction books, and as-built drawings will be provided to permit
testing, maintenance, and repair of components. Operations and maintenance personnel will receive
training on the HVAC system and major pieces of equipment, with additional training on HVAC control
systems.

4.3.1.2 Safety Considerations and Controls

HVAC system ductwork and components that provide the confinement barrier for the FPA and FHM
Maintenance Area are classified ITS. The ITS boundary for this barrier is depicted on Figure 4.3-5. The
fixed inlet vents in the storage vault concrete walls and the exhaust louvers in the Storage Area are
classified ITS because they support natural circulation through the storage vault. Items that provide the
confinement barrier are designed to maintain their integrity during accident events. Tornado dampers
provide pressure protection for the HEPA filters. The tornado dampers will be protected from missile
impact.

The remainder of the HVAC system is classified NITS. However, the main supply and exhaust fans
serving the Transfer Area must be reliable to ensure that SNF handling operations are not affected.
Therefore, 1 00-percent redundant backup fans are provided to allow for periodic maintenance and duty
cycling. The effects of loss of filter integrity are minimized through the use of local intermediate filters,
pre-filters in the final HEPA housings, and dual HEPA filtration sections in series in the final HEPA
housings.

The Transfer Area supply and exhaust fans and battery room HVAC are connected to the standby motor
control center (MCC), which can be energized by the standby diesel to ensure ventilation to these areas
following a loss of offsite power. The HVAC control system will restart these fans automatically once the
MCC is re-energized by the standby diesel generator after a power failure to maintain differential room
pressures and continue filtration. However, during a power failure the heating and cooling units shut
down and room temperatures may eventually equalize with the ambient outdoor temperature until offsite
power is restored.

The automated HVAC control system used at the ISF Facility is connected to the uninterruptable power
supply (UPS) to provide pressure and temperature control during a power failure and to facilitate the
orderly restart of the HVAC system once power is restored. The Transfer Area supply and exhaust fans
are fed from the standby MCC, which is powered by the standby diesel generator during a power failure.
During an off-site power failure, these fans will restart automatically and continue to run to maintain
differential room pressures. The HVAC automatic control system is powered by a UPS to ensure orderly
restart of the HVAC system once unit power is restored.

The ventilation system has smoke detectors and fire dampers to shut off fans and protect wall openings in
the event of fire. Ductwork penetrations into the FPA have heat-activated fire dampers with electro-
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thermal links that close to confine a fire in the FPA and prevent the spread of contamination through the
ductwork. Additional information relating to the fire protection system is provided in Section 4.3.8.

Room and area design pressures are maintained by keeping te volume of exhaust air constant while
varying the volume of supply air. The total volume of supply air is less than the total volume of exhaust
air, resulting in negative pressures relative to atmospheric pressure (except for occupied areas such as the
Operations Area, which has positive pressures). Supply fans are interlocked with exhaust fans and will
not run unless the exhaust fan is running. Redundant supply and exhaust fans are interlocked to prevent
simultaneous operation. An automated HVAC control system monitors room pressure, initiates alarms,
and automatically shuts down the supply fan if a positive pressure is detected in either a primary or
secondary airborne contamination control zone. The make-up and exhaust systems maintain the design
pressure differential between rooms. The automated HVAC control system maintains this differential
regardless of transient effects caused by changes in atmospheric pressure, wind speed and direction
(except tornadoes), doors opening and closing, and routine maintenance procedures.

During fuel transfer into and out of the FPA through the cask and canister port, confinement barriers and
area pressures are maintained by inflatable seals. An inflatable seal integral to the port engages the casks
and canisters before removal of the port plugs. During fuel transfer through the cask and canister ports the
confinement barrier includes the DOE transfer cask and the SF canister. Benefits of using inflatable seals
at these ports during fuel transfer include:

* continuously maintaining the confinement barrier

* eliminating fluctuations in airflow

* eliminating fluctuations in area pressures

* contamination control

Before waste is transferred out of the FPA through the canister waste port or the process waste port, a
shroud is placed on the underside of the respective port to minimize HVAC flow leakage and thus
maintain proper differential pressure between the FPA and the SWPA. This ensures that the boundaries
between the contamination control zones are maintained. If there is SNF in the FPA, the waste ports will
not be opened unless the following conditions are met:

* cask port is closed with the cask port plug installed

* canister port is closed with the canister port plug installed

* SNF in the FPA is in a designated storage location

* HVAC system is operating

* If the HVAC system becomes inoperable, waste transfer operations are suspended and the waste
ports are replaced. Both waste ports must be installed before commencing fuel-handling
operations.

Refer to Section 4.7.2.3 for a detailed discussion of the confinement barrier.
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4.3.2 Electrical Systems

The electrical systems include power distribution, and instrumentation and controls. This section
describes the major components, key operating characteristics, and safety considerations of the electrical
systems.

4.3.2.1 Major Components and Operating Characteristics

4.3.2.1.1 Power Distribution System

The electrical power distribution system, except for the seismic switch, is classified NITS and is not
credited for mitigating any design basis accidents. The electrical distribution system is designed to de-
energize during seismic events to ensure that the fuel handling equipment is in a known safe state. The
sensors and circuits that perform this function are classified ITS.

The electrical power distribution system is shown on Figure 4.3-1 0. Electrical power to the ISF Facility is
supplied from a utility source at 13.8 kV. A stepdown transformer converts the power to 480V, and the
480V switchgear distributes the power throughout the ISF Facility.

The ISF substation is within the security fence, northeast of the Transfer Area, as shown in Figure 4.1 -1.
The step-down transformer, standby diesel generator, and switchgear are at the substation. MCCs are in
the electrical room on the first floor below the operating gallery. The UPS equipment is in the battery
room adjacent to the electrical room. The ISF Facility standby diesel generator provides backup power to
specified loads if the main utility source becomes unavailable.

A seismic switch, consisting of seismic sensors in conjunction with redundant load interrupter switches
installed in the 13.8 kV feed to the stepdown transformer will automatically de-energize the normal and
standby power supply and initiate a signal to prevent the standby diesel generator from starting. Local
power sources will continue to provide power to essential instrumentation and equipment.

The power distribution system includes the following major components:

* Unit Substation. The unit substation consists of a main stepdowvn transformer, switchgear, and
metering. The stepdown transformer is oil-filled, 13.8 kV, 480/277V delta/wye-grounded, with a
rated capacity of 3750 kVA. The transformer meets Factory Mutual Standard FM Loss
Prevention Data Sheet 5-4 (Ref. 4-32) requirements. The switchgear distributes the power to the
MCCs in the facility electrical room. The unit substation is in the switchyard.

* Standby Generator. Standby power is provided by a 500-kW diesel generator with fuel tank and
automatic transfer switch. The generator fuel tank is sized to provide a minimum of 24 hours of
generator run time. Longer run times can be obtained by bringing in additional fuel from offsite.
The automatic transfer switch will switch from line power to generator power automatically, and
may be set to manual or automatic switchback upon return of line power. The generator complies
with NFPA 70, National Electrical Code Article 702, Optional Standby Systems (Ref. 4-33). The
standby generator is in the switchyard.

* Motor Control Centers. Five MCCs provide the primary power distribution in the SF Facility.
Three MCCs provide power to the major facility equipment. During a design basis seismic event
or loss of line power, power to these MCCs is interrupted. The standby MCC provides power to
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selected equipment and systems as shown in Figure 4.3-11. During loss of line power, the standby
generator supplies power to the standby MCC, and during a design basis seismic event, power is
interrupted. A spare MCC is provided for future use. The MCCs are in the electrical room.

* Seismic Switch. The seismic switch consists of sensors to detect a design basis seismic event and
pad-mounted, load interrupter switchgear that interrupt power to the step-down transformer and
prevents the standby diesel from starting. The sensors are tri-axial force balanced accelerometers
calibrated to detect the ground response within an adjustable frequency ( Hz to 15 Hz) and to
trip at an adjustable magnitude (0.05g to 0.5g). Each set of accelerometers consists of three units
arranged in an X-Y-Z axis configuration. There are three of these sets, and two-out-of-three
voting logic is implemented to reduce the likelihood of spurious trips. The seismic switch is
powered by a dedicated uninterruptable power supply (UPS). When a design earthquake event is
detected, the redundant load interrupters open and interrupt power to the step-down transformer.
A signal is sent to prevent the diesel generator from starting or to trip the diesel if it is already
running. The switches remain open until manually reset in accordance with facility operating
procedures. The seismic switches and the load interrupter switchgear are in the electrical
switchyard.

* Uninterruptablc Pover Supply. The UPS conditions the electrical power and provides a "clean"
source for those electrical components sensitive to power surges and system fluctuations. The
UPS is an on-line banery-backed system that provides constant power under normal conditions
and continues to provide power in loss-of-power events for a minimum of 90 minutes. The loads
connected to the UPS, shown on Figure 4.3-12, include emergency stop circuits, non-emergency
communication system, canister closure area personal computer, radiation monitoring, HVAC
automatic control system, CCTV and the integrated data collection system (IDCS). The UPS is
rated at a minimum of 25 kVA capacity and is in the battery room.

The power distribution system is designed for normal, off-normal, and design basis event conditions.
Under most conditions, the power distribution system is fully functional and systems that require
electrical power are supplied. In certain off-normal or design basis event conditions, the power
distribution system is allowed to experience controlled interruption, and facility electrical equipment and
systems enter a passive, safe state. To implement this design, commercial power is received from a single
feed from the NEEL power grid, and divided into three sources to power the facility, each with its own
characteristics.

The normal source is supplied directly from the unit substation and distributed to the four normal MCCs.
The normal source is interrupted upon loss of utility power or a design basis seismic event. If power is
interrupted by the seismic load interrupters, it will stay off until manually reset. If power is lost for other
reasons, the normal MCCs will be automatically re-energized when power is restored. Controls for
individual equipment are designed to remain off until an operator restarts them. The loads connected to
the normal source are designed to enter a safe state on loss of power and remain safe until power resumes.

The normal/standby source is supplied from the unit substation and routed through the standby generator
automatic transfer switch before distribution to the standby MCC. Under normal conditions, the automatic
transfer switch is aligned to the unit substation. Upon loss of power, the standby generator will
automatically start and the automatic transfer switch will align to generator power. The generator w ill
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take a short time to come up to speed before being placed online; therefore, loads on the normal/standby
source will experience a momentary loss of power.

The normal/UPS source is derived from the normal/standby source, and routed through the UPS before
distribution via the UPS distribution panel. Under normal or loss of utility power conditions, the
normal/UPS source receives power from the unit substation or the standby generator. Power is passed
through the UPS, ensuring that ilhe UPS batteries are fully charged and that power is conditioned to
remove any incoming surges or spikes and distributed to selected loads.

There is no emergency power system in the ISF Facility, which implements a "fail safe when de-
energized" philosophy. Equipment and systems are designed to enter a passive, safe state on1 loss of power
and stay safe until normal conditions are restored. The systems or components that require emergency
power have local battery packs.

4.3.2.1.2 Instrumentation and Controls

Key instrumentation and control systems include the radiation monitoring system, the HVAC control
system, the IDCS, and the facility interlocks.

Radiation Monitoring System. The radiation monitoring system includes criticality monitoring, area
radiation monitoring, continuous air monitoring, record sample air monitoring, and personnel
contamination monitoring. The radiation monitoring system for the ISF Facility is described in Section
7.3.4.

Hreating, Ventilation, and Air Conditioning Controls. The HVAC control system employs a direct
digital controller to monitor operating parameters, adjust system performance, and issue status and alarm
signals. The 1HVAC control system is powered from the normal/UPS source. Additional information on
the HVAC control system is provided in Section 4.3.1.

Integrated Data Collection System. The IDCS provides centralized acquisition, processing, and storage
of ISF Facility data. The IDCS receives data from the following sources:

* Major equipment provides system status signals such as power on or equipment fault. Equipment
fault is an indication that one or more equipment faults have been triggered or that the equipment
is outside its normal operating parameters, such as an end-of-travel limit svitch tripped without
identifying the exact fault condition. Specific information is available at the equipment operating
consoles.

* Radiation monitors provide discrete signals indicating when a set point has been exceeded, and in
selected cases, a continuous analog signal indicating the monitored radiation level.

* The fire alarm system provides an input indicating the occurrence of any off-normal fire
detection/suppression condition.

* The HVAC control system provides status information on key HVAC system parameters. The
interface to the DCS is for status information only. The HVAC system is controlled from the
dedicated HVAC digital control system.
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* The liquid waste collection system provides a high-level indication for each of the storage tanks.

The IDCS is powered from the normal/UPS source. The IDCS is in the operations monitoring room.

Facility Interlocks. The ISF Facility interlock system coordinates control signals between systems and
components. Each status or alarm signal produced by one SSC and required by the operating logic of a
second SSC is defined and managed by the facility interlocks. It is a distributed system without central
equipment or a primary location. Facility interlocks are described in Chapter 5, Operation Systems.

4.3.2.2 Safety Considerations and Controls

The SF Facility's "fail safe when de-energized" philosophy ensures that fuel handling equipment enters a
passive, safe state upon loss of power, by providing mechanical safety features independent of the
electrical systems. This allows the power sources, the associated distribution equipment, and most of the
electrical control systems to be classified NITS. However, the seismic switch and associated components
are classified ITS to ensure equipment is de-energized during a seismic event. The seismic switch
interrupts power from the normal and normal/standby sources at the onset of a design basis seismic event,
thus forcing the fuel handling equipment into a passive, safe state. The seismic sensors are configured to
provide a positive signal to the load interrupter switchgear. Upon actuation of the switch (two-out-of-
three voting), the positive signal is interrupted, resulting in both load interrupter switches opening.
(Redundant load interrupters are provided in the event one fails to open.) This configuration is
independent of the power supply to the seismic sensors or seismic line switch, because a power failure
will result in a spurious trip of the load interrupter switches instead of a failure to trip. The seismic
sensors, the seismic load interrupters, and the connections to the power feeds are ITS.

4.3.3 Air Supply Systems

There are two types of air supply systems at the ISF Facility: (1) compressed air, and (2) breathing air.
The compressed air and breathing air systems are not used to operate any of the fuel handling equipment
and are not credited for accident mitigation. The compressed air system is classified NITS. With the
exception of the breathing air piping that penetrates the confinement boundary to the FHM Maintenance
Area (including the outside isolation valve), the breathing air system is classified NITS. The breathing air
supply line from the isolation valve through the wall to the FHM Maintenance Area is classified as ITS
since they are part of the FPA confinement boundary.

4.3.3.1 Compressed Air

Compressed air is required for building operations, maintenance activities, and operation of pneumatic
tools inside the SF Facility. An air compressor and associated equipment are in the mechanical
equipment room. There are compressed air connections throughout the facility where operations and
maintenance activities occur. These areas include:

* Cask Receipt Area

* mechanical equipment room
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* workshop

* Operators Office and Equipment Area

* operating gallery

* HEPA filter and HVAC exhaust room

* New Canister Receipt Area

* Solid Waste Storage Area

* SWPA

* Liquid Waste Storage Tank Area

* Transfer Tunnel

* CCA

The compressed air system boundaries are limited to the ISF Facility. The system boundary extends from
the upstream side of the air compressor inlet filters to the piping and the service air connections (i.e.,
shutoff valves or hose quick disconnects) throughout the facility.

Air pressure is indicated at various points throughout the system, with a "compressed air trouble" alarm in
the control monitoring station. The compressed air system also incorporates check valves upstream of the
air receiver to prevent blowdown of the receiver when the compressor unloads. The compressed air
system relies on the HVAC system to provide adequate ventilation for compressor air intake in the
mechanical equipment room. The compressed air system operates on 480 VAC electrical power for the
compressor and 230 VAC for the air dryer.

The major components of the compressed air system are an air compressor, aftercooler, refrigerant dryer,
air receiver, coalescing filter, and service header. The compressed air system is designed to supply dry
compressed air. Nominal operating pressure is 100 psig. The compressor is a single-stage, reciprocating,
commercially available compressor. It is complete with an air-cooled aftercooler and a relief valve to
protect from over-pressurization. The compressor is designed in accordance with ASME B19.3, Safety
Standard for Compressors for Process Industries (Ref. 4-34).

The compressor can be started or shut down either manually or automatically. Automatic compressor
start-up and shutdown is by low- and high-pressure signals from the air receiver. The compressor controls
also provide for compressor load/unload, based on air receiver pressure, with automatic shutdown after
running unloaded for a period of time.

The compressor motor is a standard three-phase motor having a National Electrical Manufacturers
Association (NEMA) T-frame. The motor starter includes thermal relays to protect the motor windings
and has a NEMA-rated enclosure. The air receiver has a capacity of 400 to 600 gallons. The receiver is
designed and fabricated to the requirements of ASME Boiler and Pressure Vessel Code, Section Vil,
Division 1.

The compressed air system piping is designed in accordance with ASME B31.9, Building Services Piping
(Ref. 4-35) and ASME B3 1.1, Poiver Piping (Ref. 4-36).
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credible combustible material on either side of the opening will ensure adequate protection from fire
propagation. The small annular gap (1/4 inch) around each storage tube through the 2-1/2 foot thick
charge face provides a circuitous path that mitigates the postulated fire hazard from the second floor
storage area. A low combustible loading would occur in the storage vaults even if the single largest Class
B fluid container inventory from the second floor storage area entered through the annular gaps. No
credible ignition source exists in the storage vaults. As a result of the inaccessibility and lack of a credible
fire hazard in the storage vaults, fire detection or fire sprinklers are not provided in this area.

4.3.8.1.3 Fire Area 3 - Remaining Areas

Fire Area 3 consists of the remaining ISF building structures, diesel generator area, Visitor Center, Guard
House, Administrative Center, Storage Warehouse, switchyard area, and general yard area. The SF
building structures included in Fire Area 3 consists of 15 fire zones; each of the remaining
structures/areas are included in a single fire zone for the yard area. This fire area boundary isolates Fire
Areas I and 2 from exposure fire hazards, minimizes the potential for radiological releases, and separates
low but significant fire loading zones from these areas.

Cask Receipt Area (Fire Zone 1)

The Cask Receipt Area is a tall, single-story, steel-frame structure on the south side of the Storage Area
and is attached to the Transfer Tunnel. The structure has a non-combustible construction with no fire
rating on the exterior walls. ITS SSCs in this area include the DOE transfer cask, cask trolley, and 155-
ton hoist used to move the transfer cask to the cask trolley.

The postulated fire loading in the Cask Receipt Area is associated with transport vehicle receipt and
hoist/crane handling of the DOE transfer cask for movement into the Transfer Tunnel (Fire Area 1).
Administrative controls on the quantity of materials in this area limit the potential fire loading. The
postulated combustibles consist of Class A and B materials that constitute a low combustible loading. The
I-hour fire-rated barrier between this area and the Transfer Tunnel south wall will ensure adequate fire
protection from this fire loading. Fire detection is located in this area. Automatic dry pipe fire suppression
is provided in this area.

Administrative controls will ensure that the transport vehicles or other flammable-fueled vehicles will be
either excluded from the area or administratively limited in fuel capacity. The DOE transfer cask and cask
trolley are inherently fire resistant and will not be adversely affected by a postulated diesel fuel or lube oil
fire. The fire resistance of the DOE transfer cask is described in Appendix A.

The structural supports for the 155-ton hoist will be protected by 1 -hour fire proofing at the floor level up
to a height determined by the Fire Hazards Analysis (FHA) to ensure that direct flames will not overheat
the ITS structural elements. The postulated diesel fuel spill will drain to the west side of the structure,
because of floor slope, and collect in a trench provided to contain these fluids. The postulated fire could
temporarily bum around the DOE transfer cask, cask trolley, or structural support members for the 155-
ton hoist, but would quickly pool in the drainage trench. Postulated lube oil spills between the cask trolley
rails would run along the rail slots and minimize the size of the spill by confinement to the narrow rail
slots. The separation by drainage to the trench or within the rail slots will further minimize the heating
affect of this postulated fire. In addition, the volume of the Cask Receipt Area will ensure that significant
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heating of structures above this floor-based fire will not occur, due to the relatively small size of the
postulated worst-case fire.

Second Floor Storage Area (Fire Zone 2)

The second floor Storage Area is an upper-level, single-story, steel-frame structure between the Cask
Receipt Area and the Transfer Area above the storage vaults. The structure has a fire-resistive
construction for the first 9 feet of wall elevation. The remainder of the structure is steel-framed non-
combustible construction with no fire-rated barriers except the floor, addressed in the Storage Vaults
description. ITS SSCs in this area include the CHM and SNF canisters during transfer operations to the
storage vaults. ITS SSCs also include the charge face cover plate, encasts, and Storage Area fixed
ventilation.

The postulated fire loading in the second-floor Storage Area is associated with CHM operation.
Administrative controls on the quantity of materials in this area limit the potential fire loading. The
postulated combustibles consist of Class A and B materials that constitute a low combustible loading. The
I-hour fire-rated barrier between this area and the Transfer Tunnel (Fire Area 1) and storage vaults (Fire
Area 2) will ensure adequate fire protection from this fire loading. Fire detection is located in this area.
Automatic fire suppression is not provided due to the radiological considerations associated with this
area.

The worst-case postulated fire in this area is from high flashpoint lubricants in various machinery. The
CHM structural material heat capacity and seismic structural integrity ensure that this fire loading will not
adversely affect the ITS function of the CHM. The spent fuel canister will be in the CHM during transport
in this area, and therefore will not be exposed directly to a postulated fire.

Operating Gallery (Fire Zone 3)

The operating gallery is a second-floor, steel-frame structure in a two-story building that is U-shaped
around the east end of the FPA (Fire Area 1). The structure has a non-combustible construction with no
fire-rated exterior walls. The floor is a I-hour fire-rated barrier over the electrical room, battery room,
HEPA filter room, and HVAC exhaust room; and the walls separating this area from the FPA are rated as
describe in the Fire Area 1 description. ITS SSCs in this zone are associated with the wall to the FPA and
are described in the discussion for that area.

The postulated fire loading in the operating gallery is associated with operations activity from this area.
Administrative controls on the quantity of materials in this area limit the potential fire loading. The
postulated combustibles consist of Class A materials that constitute a low combustible loading. The I-
hour fire-rated walls separating this area from the FPA (Fire Area 1) will ensure adequate fire protection
from this fire loading. Both fire detection and automatic fire suppression are provided in this area.

Workshop (Fire Zone 4)

The workshop area is a second-floor, steel-frame structure in a two-story building adjacent to the south
wall of the FPA (Fire Area 1). The overall structure has a non-combustible construction protected with a
I-hour fire barrier rating in this fire zone. ITS SSCs in this zone are associated with the wall to the FHM
maintenance area boundary, including the personnel shielded access door, which is included in Fire Area
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adjacent rooms and the Transfer Tunnel/Canister Closure Area isolates this low fire-load zone from ITS
K> components in Fire Area I and material located in the adjacent radiological storage area.

The postulated fire loading in the newv canister receipt area is associated with canister receipt operations.
Administrative controls on the quantity of materials in this area limit the potential fire loading. The
postulated combustibles consist of Class A materials that constitute a low combustible loading. The I -
hour fire-rated barrier between this and surrounding areas will ensure adequate fire protection from this
fire loading. Both fire detection and automatic fire suppression are provided in this area.

Liquid and Solid Waste Areas (Fire Zones 11, 12, and 13)

The liquid and solid waste areas include the Solid Waste Storage Area (Fire Zone 11), the SWPA (Fire
Zone 12), and the Liquid Waste Storage Tank Area (Fire Zone 13). The liquid and solid waste areas are a
single-story, part steel-frame/part concrete structure at grade level on the west side of the Transfer Tunnel
(Fire Area 1). The steel structure is non-combustible construction with -hour fire rating in this fire zone.
The reinforced concrete structure is fire resistive construction with a minimum 3-hour fire rating for the
structural components. No ITS SSCs are in this zone, but part of the walls and ceiling do frame boundary
with the FPA and tunnel. The barriers surrounding the Liquid Waste Storage Tank Area, Solid Waste
Processing Area, and Solid Waste Storage Area are 1-hour fire-rated, based on the contents and the
potential for radiological releases. The walls and doors between the three fire zones that make up this area
are not fire rated.

The postulated fire loading in the liquid and solid waste area is associated with waste processing
equipment and miscellaneous dry combustibles. Administrative controls on the quantity of materials in
this area and the use of flammable storage cabinets limit the potential fire loading. The postulated
combustibles consist of Class A and B materials that constitute a medium combustible loading in Fire
Zones 11 and 12. Fire Zone 13 has a low combustible loading. The -hour fire-rated barrier between these
zones and surrounding areas will ensure adequate fire protection from this fire loading. Both fire detection
and automatic fire suppression are provided in these areas.

Operations Area (Fire Zones 14 and 15)

The Operations Area is a two-story, steel-frame structure on the west end of the FPA (Fire Area 1) and
the liquid and solid waste areas. The structure has a non-combustible construction with no fire rating on
the exterior walls. The walls separating this zone from the first and second floor of the Transfer Area are
I -hour fire-rated. No ITS SSCs are in this zone. Providing fire rating for the barriers separating these
zones from Fire Area 1, liquid and solid waste areas, and the second floor of the operating gallery isolates
this medium fire-load zone from adjacent ITS components.

The postulated fire loading in the operations area is associated with administrative and record keeping and
health physics activities. Administrative controls on the allowable quantity of materials in this area and
the use of flammable storage cabinets limit the potential fire loading. The postulated combustibles consist
of Class A and B materials that constitute a medium combustible loading. The 1-hour fire-rated barrier
between this area and the remainder of the facility will ensure adequate fire protection from this fire
loading. Both fire detection and automatic fire suppression are provided in this area.
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ISF Facility Yard Area (Fire Zone 16)

The general yard area surrounds the other structures and the switchyard area within the ISF Facility site
boundary fence. The concern for this area is a wildfire from outside the facility creating a fire hazard for
the ITS SSCs. The ISF Facility site features provided to mitigate the concern from a range fire are
discussed in Section 8.2.4.4.

The general yard area includes several structures to be discussed separately: the diesel generator area,
Guard House, Visitor Center, Administration Center, Storage Warehouse, and switchyard area.

The diesel generator area is in the switchyard area over 20 feet northeast of the ISF building. No building
structure is associated with the diesel generator package. This area does not contain ITS SSCs. The fuel
oil supply for the diesel engine driver is approximately 1000 gallons, and is directly under the diesel
engine/generator set in a double-wall tank in accordance with NFPA 30 (Ref. 4-40). The distance
separating this component from the ISF building and the fuel oil tank design standards ensure that an
exposure fire hazard is not created.

A transformer is located in the switchyard area northeast of the Operating Gallery. No building structure
is associated with the transformer and this area does not contain ITS SSCs. The transformer contains
approximately 600 gallons of oil. The type of oil is classified as "Less Flammable" per Factory Mutual
Data Sheet 5-4, Transformers. The transformer is separated from the ISF Building by approximately
28 feet.

The Guard House is over 200 feet west of the ISF building. This building does not contain ITS SSCs. The
building has no fire-rated barriers. The building is a small office area and will contain various amounts of
Class A combustibles. The distance separating this structure from the ISF building ensures that an
exposure fire hazard is not created, in accordance with NFPA 80A (Ref. 4-41). Fire detection is provided
for this structure.

The Visitor Center is over 200 feet west of the ISF building. This building does not contain ITS SSCs.
The building has no fire-rated barriers. The building is generally open for display areas and will contain
various amounts of Class A combustibles. The distance separating this structure from the ISF building
ensures that an exposure fire hazard is not created, in accordance with NFPA 80A. Fire detection is
provided for this structure.

The Administration Center is over 50 feet west of the ISF building. This building does not contain ITS
SSCs. The building has no fire-rated barriers. The building will contain office spaces with a moderately
high Class A combustible fire loading. The distance separating this structure from the ISF building
ensures that an exposure fire hazard is not created, in accordance with NFPA 80A. Fire detection is
provided for this structure.

The Storage Warehouse is over 50 feet northeast of the ISF building. This building does not contain ITS
SSCs. The building has no fire-rated barriers. The distance separating this structure from the SF building
ensures that an exposure fire hazard is not created, in accordance with NFPA 80A. Fire detection is
provided for this structure.
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The switchyard area is an outside area where the ISF Facility power supply transformer and diesel
generator area (addressed separately) are approximately 20 feet from the northeast corner of the operating
gallery. This area contains a seismic switch system classified ITS.

The seismic switch system is ITS during an earthquake and does not provide a safety function during
other postulated events. If an earthquake is postulated to occur that directly results in a fire in this area,
the seismic switch system will have performed the safety function before it is exposed to the hazards of a
subsequent fire. If a fire occurs first, a subsequent earthquake need not be postulated. Therefore, no fire
protection is necessary to ensure that the seismic switch system can perform the intended safety function.

4.3.8.1.4 Design Code Compliance

The following lists various fire water system components and their respective codes.

* sprinkler systems designed in accordance with NFPA 13 (Ref. 4-42)

* standpipe and hose stations designed in accordance with NFPA 14 (Ref. 4-43)

* INTEC fire pumps and water supply tanks provided in accordance with NFPA 20 (Ref. 4-44) and
NFPA 22 (Ref. 4-45), respectively

* fire hydrants and water mains designed and installed in accordance with NFPA 24 (Ref. 4-46) and
American Water Works Association specifications

* portable fire extinguishers provided in accordance with NFPA 10 (Ref. 4-47)

* fire protection equipment including the sprinkler systems, standpipe and hose connections in the
ISF Building, yard hydrants, ISF Facility underground fire main loop, and all associated
components maintained in accordance with NFPA 25 (Ref. 4-48)

* fire detection systems designed in accordance with NFPA 72 (Ref. 4-49)

* lightning protection designed and installed in accordance with NFPA 780 (Ref. 4-50)

* ISF building occupancy classification in accordance with the Uniform Building Code
(International Conference of Building Officials) (Ref. 4-51)

4.3.8.2 System Description

The fire protection system consists of monitoring, detection, alarm, suppression, and extinguishing
systems to protect the area or equipment from damage by fire. It includes the following major features:

* fire protection water supplies, yard mains, and hydrants

* automatic wet and dry sprinklers

* standpipes and hose stations

* fire and smoke monitoring, detection, and alarm systems

* fire barriers, seals, and penetrations

* smoke removal

* offsite fire department support
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The fire protection system components provide comprehensive protection against fire hazards throughout
the facility, with the greatest emphasis on the risk of fire in the component's immediate location.

The SF Facility is designed so that ITS SSCs do not require electrical power to perform their safety
functions. Therefore, no unique features are provided to protect the electrical power and control cabling
from fire exposure, other than that normally provided by a non-combustible construction type and
administrative controls to limit the potential fire loading in ITS areas of the facility.

4.3.8.2.1 Fire Protection Water Supply

The ISF Facility fire water supply system is provided by the existing INTEC main water distribution
system, a raw water system independent of the potable water system. It consists of two deep well pumps,
water storage tanks, fire pumps, make-up pumps, distribution piping, and isolation valves. The fire water
system is classified NITS.

The INTEC fire water supply system is designed to be fully redundant. The storage tanks can be filled by
either deep well pump, and each water storage tank and fire pump can support the maximum water
demand rate. The fire water storage system consists of two 60-foot diameter by 40-foot high, seismically
qualified water storage tanks. These tanks supply both the fire water distribution system and the raw
water system storage tanks. When the water level drops in the raw water tanks, a signal is transmitted to
the deep well pumps to start. The deep well pumps fill the fire water storage tanks to the point where the
tanks overflow into a standpipe that supplies the raw water tanks. INTEC use of the raw water system
continually circulates water through the fire water tanks, thereby maintaining the fire water temperature
well above freezing during the winter. A minimum of 450,000 gallons is reserved in each of the fire water
storage tanks for firefighting purposes. This minimum supply exceeds the postulated largest expected fire
water flow rate in accordance with NFPA 13 for a period of 2 hours, including a 500 gpm allowance for
manual hose streams at the ISF Facility.

Each INTEC fire water storage tank has an associated fire pump and pump house. The fire water storage
tanks and pump systems are independent, but supply a common water distribution system. Each fire pump
is rated for 2500 gpm at 125 psi and is powered by a diesel driver. Equipment associated with the fire
water pump trains is UL listed and FM approved.

The INTEC fire water distribution system static pressure is maintained by two electric make-up pumps
rated at 300 gpm at approximately 160 psi. These pumps are designed to minimize pressure fluctuations
on the system and are not required to maintain system operability. These pumps prevent minor system
pressure fluctuations from unnecessarily starting the larger fire pumps and causing premature wear on the
main fire pumps. One make-up pump maintains the static pressure of the main water distribution system
at approximately 135 psi when there is little demand on the system. If the water pressure in the main
water distribution system drops to approximately 125 psi, the second make-up pump starts. If the pressure
in the main water distribution system continues to drop and reaches approximately 120 psi, the fire pump
sequential timers start.

There is a sequential timer in each of the fire pump control panels. The sequential timer starts when the
pressure in the main water distribution system drops to approximately 120 psi. A pressure of
approximately 140 psi must be developed to stop and reset the sequential timer. If the main water
distribution system pressure has not recovered to greater than approximately 140 psi within 30 seconds,
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subassemblies. Some subassemblies may not require strip-down, but this decision is based on the results
of inspection as dismantling proceeds. Maintenance activities are performed in accordance with
operations and maintenance procedures in conjunction with approved facility drawings.

4.3.9.1 Major Components and Operating Characteristics

This section describes the major components and operating characteristics of the primary ISF Facility
maintenance systems. These systems include the following:

* Storage Area maintenance hoist

* FHM and PMS

* FHM Maintenance Area

* CHM maintenance equipment

* Transfer Tunnel Trolley maintenance area

* Workshop Area

Maintenance features associated with the CHM are described in Section 4.7.3.

4.3.9.1.1 Storage Area Maintenance Hoist

The Storage Area maintenance hoist is a 1 -ton capacity overhead electric wire-rope hoist system that
runs along a monorail hoist beam built into the roof structure of the Storage Area. This hoist operates in
the Storage Area along the centerline of the Transfer Tunnel. It handles parts for the CHM during
maintenance operations and other equipment used during Storage Area maintenance activities. It also
raises and lowers equipment through the CHM maintenance hatch. The Storage Area maintenance hoist
consists of the following components:

* 1 0-ton capacity overhead electric wire rope hoist assembly and trolley

* monorail hoist beam

* power supply and control collectors, support brackets, and festooning

4.3.9.1.2 FHM and PMS

The FHM is mounted on rails in the FPA and FHM Maintenance Area. The PMS is mounted on the FHM
trolley. It is used primarily to assist in latching and delatching lifting devices in the FPA. It can also assist
with maintenance work in the FPA, such as removal and replacement of equipment and in-cell HEPA
filters. Additional information regarding the FHM and PMS is provided in Section 4.7.3

4.3.9.1.3 FHM Maintenance Area

The FHM Maintenance Area is at the west end of the FPA, separated by a thick concrete wall and steel
shield doors. The FHM Maintenance Area is shown in Figure 4.3-15. The opening between the FPA and
the FHM Maintenance Area is T-shaped to allow passage of the FHM and PMS through steel shield
doors.
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A 2-ton crane is installed in the overhead of the FHM Maintenance Area to provide for the removal,
maintenance, or replacement of FHM parts. A hoist well is incorporated into the floor of the FHM
Maintenance Area to allow access to the SWPA below to facilitate removal and replacement of
components needed to maintain the FHM. A shielded personnel access door provides access into the
FHM Maintenance Area from the workshop. Stairways and platforms inside the FHM Maintenance Area
provide access up to the FHM level.

4.3.9.1.4 CHM Maintenance Equipment

Maintenance equipment is provided for routine maintenance of the CHM. The CHM is located in the
storage area over the transfer tunnel for maintenance as this provides a clear working floor area and the
use of the overhead 10 ton capacity maintenance hoist.

The major components and operating characteristics of the CHM are discussed in Section 4.7.3. Non-
standard operations for this system are described in Section 5.2.2.1.1.

The main CHM maintenance equipment items are:

* maintenance trolley for removing the nose and turret base castings from the rotating turret

* setting jig for targeting die TV camera

* hydraulic stud tensioning kit

* turret jacking equipment

CHM Maintenance Trolley. The CHM maintenance trolley enables initial site assembly and subsequent
removal for maintenance, if needed, of the following subassemblies:

* nose casting and shield skirt

* lower shield casting

* intermediate shield casting

* transition shield casting

The maintenance trolley assembly consists of a fabricated steel frame supported at each corner by a
swivel wheel assembly. One side of the frame is removable to allow access for the trolley assembly
around the CHM shield skirt. On the upper side of the frame are three screw jacks to raise and lower the
assemblies into position.

Setting Jig for Targeting the TV Camera. This jig is used to target the cross wires of the TV camera
image on the center of the CHM nose bore, at the level of the top of the tube plug lifting pintle. With the
CHM over the maintenance pit, the jig is bolted to the underside of the nose and the camera cross wires
targeted on to the bulls eye that is located in the center of the jig. This procedure can be repeated at
regular intervals for confirmatory purposes or after alignment camera maintenance activities.

iIy(lraulic Stud Tensioning Kit. This is commercial equipment used for controlled tightening of the long
studs in the turret cask shielding sections and preloading the sewing ring bearing studs. The equipment is
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4.4 DECONTAMINATION SYSTEMS

4.4.1 Equipment Decontamination

Equipment may require decontamination to reduce personnel radiation exposure. Equipment requiring
radioactive decontamination may be decontaminated in place or by moving it to an area specifically
designed for such decontamination processes. Major facility areas where equipment decontamination may
be needed are equipped with necessary services. Decontamination processes will include methods such as
vipedown with dry or dampened towels or rags, bottle water, or water spray. More aggressive methods

may be employed on a case-by-case basis, depending on the value of the item (either monetary or for
plant operation) and the desired endpoint.

4.4.1.1 Major Decontamination Systems

FWENC anticipates that four facility areas will require routine equipment decontamination services: (1)
FHM Maintenance Area, (2) Transfer Tunnel, (3) CCA, and (4) SWPA. Non-routine decontamination
activities may be required at any location (radiation areas) in the facility. A liquid collection sump is built
into the FPA first floor for use during decontamination and dismantling of the total facility or the FPA.
Blind flanges and removable spool pieces outside the area shielding walls will isolate the sump discharge
lines from the liquid waste collection system.

FHM Maintenance Area

The FHM Maintenance Area is on the second floor of the FPA at the west end of the fuel handling area,
as shown on Figure 4.2-2. This area is separated from the FPA by a shield wall and steel shield doors. The
shield wall extends above the floor and includes a t-shaped slot to allow passage of the FHM into this area
for maintenance. The shield door can be closed after the FHM is moved into this area, to allow personnel
to access this area even if SNF is present in the FPA.

This area will also be used to maintain or repair other equipment from the FPA that can be brought into it
by the FHM. A hoist well in the floor of the FHM Maintenance Area allows access to the SWPA below.
Workers can remove smaller items to the adjacent workshop. Concrete surfaces and joints of this area are
sealed to minimize the absorption of radioactive contamination and to aid in facility decontamination.

Cranes and other equipment will normally be decontaminated by manual wipedown using dampened
towels and rags. Water or mild decontamination solution spray may be used to facilitate decontamination.
Such waste will be disposed of as solid waste material. A limited quantity of free liquid (mainly water)
will be allowed in this area. Liquids will be adsorbed and disposed of as solid waste, or transferred to the
Liquid Waste Storage Tank Area. A floor drain, connected to the 5000-gallon liquid waste storage tank,
will be plugged until decontamination and decommissioning.

Transfer Tunnel Cask Decontamination Zone

The Cask Decontamination Zone, shown in Figure 4.2-1, is in the south section of the Transfer Tunnel
and is defined by the outer and inner doors of the Transfer Tunnel. The CHM maintenance hatch is in the
ceiling of the Cask Decontamination Zone. The concrete surfaces and joints in this area are sealed to
minimize the absorption of radioactive contamination and to aid in facility decontamination. There are
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three sumps near the north end of this area to support decontamination operations. The sumps can be
pumped to the 5000-gallon liquid waste storage tank for processing.

The Cask Decontamination Zone is used to decontaminate external surfaces of the empty DOE transfer
cask and the cask trolley before movement into the Cask Receipt Area, thus preventing the potential
spread of contamination into the "clean" Cask Receipt Area. This cask is expected to be decontaminated
by manual wipedown with dampened rags or towels.

The sumps allow the use of a larger quantity of water and additional portable equipment for
decontamination. This would be performed as a special process requiring special implementation approval.

Transfer Area

There are three sumps near the south end of the Transfer Tunnel to support decontamination operations.
The sumps can be pumped to the main liquid waste storage tank for processing.

Canister Closure Area

The CCA is on the second floor of the Transfer Area, as shown in Figure 4.2-2. This area is
predominantly a "clean" area and is used for automatic welding of the canister lid to a loaded ISF
canister, and for drying, purging, and inerting the SF canister with helium.

The principal decontamination operation in this area is decontamination of the canister weld prep area
before automatic welding. Dampened rags or towels will be used for wipedown. They may be dampened
with either water or mild decontamination solution available in the area in small quantities.

Solid Waste Processing Area

The SWPA is on the first floor, west side of the Transfer Area, as shown in Figure 4.2-1. The floors and
walls are sealed to minimize absorption of contamination and aid in cleanup and decontamination at the
end of a waste processing campaign.

Radioactively contaminated material items such as towels, rags, and spray bottles from ISF Facility
operations is received in this area for volume reduction, packaging and shipping. In addition, there is a
sump pit, which can be used with a pump to send wastewater to the Liquid Waste Storage Tank Area.

4.4.1.2 Safety Considerations and Controls

As discussed above, the floors and walls of areas where decontamination activities are perfonied are
sealed to minimize contamination retention. Engineered features to minimize exposure and contamination
spread also include drainage control, curbing, and floors sloping to local sumps or drains. Using ALARA
principles, radiation exposure to workers during decontamination activities will be minimized by both
administrative and engineered controls. Before decontamination activities begin, the surrounding area and
item to be cleaned will be evaluated to identify radiation levels, specific administrative controls, and
needed personnel protective equipment.

4.4.2 Personnel Decontamination

Under normal operating conditions, personnel are not likely to be contaminated. However, if a worker
becomes contaminated, a decontamination shower is provided on the second floor of the Operations Area.
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* Provide temporary storage capability for SNF arriving at the SF Facility before packaging into
ISF canisters

* Provide shielding to workers in the operating gallery and surrounding office and maintenance
areas due to direct radiation from the SNF being handled in the FPA

* Provide a physical personnel barrier to prevent unauthorized or inadvertent entry to prevent
worker exposure to very high radiation dose rates

* Provide an area to perform remote SNF handling operations

* Provide a shielded area to permit maintenance and repair activities on the FHM

4.7.3.1.4 Canister Closure Area

Canister Closure Area Description

The CCA, shown in Figure 4.7-15 and Figure 4.7-16 provide a controlled area to perform canister closure
activities, which include welding, purging, vacuum drying, inerting, inspections, and testing.

The CCA is a reinforced-concrete room approximately 22 feet wide by 40 feet long and 27 feet high,
located immediately north of the FPA. The Transfer Tunnel runs below a portion of the CCA to allow the
canister trolley to be positioned under the floor for access to the CCA port. The CCA building is
structurally part of the FPA and is located within the Transfer Area of the SF Facility.

Adjacent to the CCA is an operations office and equipment room where operators monitor canister
closure operations, and where the vacuum drying and helium fill equipment is located. A large
observation window between the operators office and the CCA allows operators to view the automatic
welding, vacuum drying, helium fill, and leak detection sequences while remaining outside of the
immediate CCA working area. Use of remotely operated equipment reduces the dose burden to the
operators.

The CCA contains the following major components:

* canister vertical storage rack containing new ISF canister body assemblies and a canister lifting
cage

* canister lifting cage

* canister handling equipment

* canister cleaning module

* canister welding system

* vacuum dry, helium fill and leak detection system

* new SF canister lid assembly storage racks

* CCA port and cover plate

* new canister port and cover plate
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Canister Closure Area Activities

The following activities are perforred in the CCA:

* receiving and staging new empty ISF canister and ISF basket assemblies

* installing new empty ISF canisters into the canister trolley via the CCA port

* maintenance on the canister heater module and canister cleaning module

* removing ovality from the ISF canister lower subassembly before welding the ISF canister upper
subassembly

* welding the ISF canister upper subassembly to the lower subassembly after SNF is loaded into
the 1SF canister

* performing non-destructive examination on the closure weld

* vacuum drying the loaded canister

* inerting the canister with helium gas

* fitting threaded vent plug into canister vent port

* seal welding the canister vent plug

* performing non-destructive examination on the vent plug seal weld

* performing helium leak testing on the canister closure weld and vent plug seal weld

New Canister Operations

New ISF canisters are delivered to the ISF Facility from the fabricators in a new canister crate and placed
into storage at the SF Facility warehouse. The empty ISF canisters and baskets are moved horizontally
from the warehouse to the CCA using the new canister cart. When the new canister cart is positioned
under the CCA new canister port and the loading bay outer doors are closed, the new canister port can be
opened. The canister lifting cage and the CCA crane are used to raise the canister and basket from the
horizontal to vertical position and up into the CCA. The ISF canister shield plug and lid assembly are
lifted into the CCA separately from the canister body assembly. The ISF canister body assemblies are
stored in vertical racks inside the CCA.

After tile canister trolley has transported a loaded canister to the Storage Area, it returns to the CCA to
collect an empty canister. The new ISF canisters are placed into the canister lifting cage to facilitate
transfer of the canister into the canister cask. The canister cask is prepared to receive the new canister by
removing the cask and canister funnels, and the collet system (described below). This exposes the lifting
cage that had been used to place the previous canister into the canister cask. This cage is removed and the
canister heater module is inspected before lowering in the new ISF Canister. A spacer stool is used in the
canister heater module to accommodate short ISF Canisters.

After placing the new ISF canister into the canister cask, the upper lifting equipment is detached from the
lifting cage and the canister cask collets are fitted. The internal diameter of the new ISF canister body
assembly adjacent to the lid weld is trued up using the collets. This removes ovality from the bore of the
canister body to ensure that the lid assembly fits correctly. The anti-contamination seals are fitted to the
protruding portion of the canister and the cask shield ring and basket funnel are fitted.
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Storage Area Building Activities

The following activities are performed inside the Storage Area building:

* Transfer loaded canisters from the Transfer Tunnel via the load/unload port to the Storage Area
vault using the CHM

* Cleaning of storage canister exterior (if radiological contamination is detected while the ISF
Canister is in the CHM)

* Transfer loaded canisters from one storage tube into another storage tube using the CHM

* Transfer loaded canisters from a storage tube to the load/unload port using the CHM

* Prepare storage tubes or the load/unload port for CHM operations

* Closure of storage tubes or load/unload port after CHM operations

* Leak testing a storage tube

* Evacuating and helium filling a storage tube

* Installing a tamper indicating device on the loaded storage tube for SNF accountability purposes

* Monitoring storage tube conditions during storage

* Maintenance of the CHM

After the ISF canister closure is completed at the CCA, the canister trolley travels south along the
Transfer Tunnel to the Storage Area load/unload port. Once the trolley is positioned under the Storage
Area load/unload port, a locking pin is deployed to prevent inadvertent movement of the canister trolley
during transfer of the ISF canister to the CHM in the Storage Area. The canister trolley jacks the canister
cask up to prepare for removal of the canister. Jacking the canister cask positions the shielded cask close
to the ceiling of the Transfer Tunnel, thereby minimizing direct radiation inside the tunnel when the
canister is lifted into the CHM.

The CHM located in the Storage Area is used to remove the Storage Area load/unload port plug allowing
access to the canister cask that is positioned below the Storage Area charge face floor. The CHM lowers the
canister grapple onto the ISF canister until the grapple is seated on the canister. The grapple jaws are closed
and the ISF canister is hoisted out of the canister cask and into the CHM turret cask. Because there is no
shielding in the area above the storage vault, the CHM provides the required shielding and protection of the
canister until it is placed into the concrete shielded vault area below the charge face of the Storage Area.

The CHM travels to the designated storage tube location using its on-board TV camera navigation system.
The CHM removes the shield plug from the storage tube and lowers the ISF canister down into a storage
tube. The CHM re-installs the storage tube plug into the storage tube. The shield plug lifting pintle is
removed and the storage tube lid is installed, bolted down. The storage tube is evacuated and filled with
helium. Leak checks are performed to ensure the storage tube vent port dual metal seal rings have sealed
properly. Finally, the charge face cover plate is installed and bolted down to protect the storage tube
assembly from potential tornado damage.

The CHM is also used to remove an 1SF canister from a storage tube. SF canisters will be removed at the
end of the storage campaign for offsite shipment. ISF canisters may also need to be removed from a

V j ... storage tube for operational reasons (e.g., if a problem were to develop with a storage tube lid seal).
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Removal of an ISF canister from a storage tube is the reverse operation to loading the tube. Before the
CHM can remove the ISF canister, the storage tube will be vented to reduce the internal helium pressure
to atmospheric pressure, the lid bolts undone, and the storage tube lid removed. The lifting pintle is fitted
to the storage tube plug. The CHM can now position itself over the storage tube by lining up with the
shield plug lifting pintle target. The storage tube shield plug is removed and the canister grapple lowered
to engage the ISF canister in the tube. The CHM hoists the ISF canister out of the storage tube and takes
it to its next location.

Storage Area Building Performance Objectives

The performance objectives of the Storage Area building are:

* provide a weather-protected area over the storage vaults to prevent rain or snow from entering
and to minimize the effect of wind during canister handling operations

* maintain structural integrity of the primary steel structure during postulated tornadoes and
earthquakes to prevent collapse

* provide a flov path to support natural circulation flow from the storage vaults to the outside
through the fixed louvers in the walls of the storage area building

* provide a temperature-controlled environment that will maintain the CHM temperature above
320 F to permit continued SNF handling operations

* minimize outside debris from blocking the cooling air ventilation ports in the charge face of the
storage vaults

* provide a level of comfort to operations personnel by the use of ventilation and heating inside the
area

* provide adequate lighting to facilitate canister handling operations

* provide an area for performing maintenance on the CHM

* provide an area for storage of equipment and systems that are required to support SNF storage
operations

* provide a physical boundary to ensure personnel safety during canister handling operations

4.7.3.2 Components for Fuel Handling Operations

Components for SNF handling operation are discussed in relative order from SNF receipt to storage. In
addition, this section addresses other major components that are used to support SNF packaging activities.

4.7.3.2.1 Cask Receipt Crane

The CRC, shown in Figure 4.7-1, is used to lift the 35-ton DOE transfer cask from the transportation
vehicle and lower it onto the cask trolley. The CRC is rated at 155 tons. The CRC is a fixed, single-
failure-proof hoist in accordance with of NUREG-0554. A special lifting device, shown in Figure 4.7-17,
is used to lift the DOE transfer cask from the transport vehicle and place it on the cask trolley. The lifting
device is designed in accordance with ANSI N 14.6. The CRC is operated by a pendent from the floor of
the CRA.
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4.7.3.2.3 Canister Trolley

The canister trolley, shown in Figure 4.7-4, incorporates two major components. The canister cask is
attached permanently to the canister trolley and is not removed during SNF handling operations. The
canister cask can be raised and lowered within the trolley using a jacking system and can accommodate
the three sizes of ISF canisters (18-inch short, 18-inch long, and 24-inch long).

Canister Trolley. Includes the trolley frame, wheel base platform, wheels, seismic restraints, actuated
locking pin system, and canisterjacking system. The canister trolley performs the following functions:

* transfers new SF canisters containing empty SNF baskets and shield plug from the CCA to the
FPA

* transfers SF canisters containing SNF, SNF baskets, and shield plug from the FPA to the CCA

* raises the canister cask to the required working level at the canister port, CCA port, and Storage
Area load/unload port

* transfers sealed ISF canisters containing SNF from the CCA to the Storage Area load/unload port

Canister Cask. Includes the shielded housing for the ISF canister, the canister heating system, and the
canister 'rounding' equipment. The canister cask performs the following functions:

* provides means to remove the ovality of the weld preparation area of the SF canister assemblies
before transferring the new ISF canister to the ISF canister port

* supports the SF canister assembly during the final closure weld process (including vacuum
drying, weld inspection, and pressure/leak test)

* provides radiation shielding during the transfer and final closure weld operations

* provides heating of the canisters to facilitate canister welding and vacuum drying

* provides a suitable mating surface for the inflatable seal at the ISF canister port, below the FPA

* houses the canister cleaning module (if exterior contamination is detected on an SF Canister
while in the CHM)

When discussed throughout the SAR, the term canister trolley is meant to imply the entire assembly
(trolley and cask) unless otherwise stated.

The canister trolley is fabricated from a carbon steel framework mounted on four wheels to form a base
platform. Mounted on the base platform is a carbon steel fabricated framework to support a jacking
system and guide for the canister cask. The canister trolley runs on the same steel rails as the cask trolley
inside the Transfer Tunnel. The canister trolley wheels are protected from jamming by track debris
deflector plates mounted close to the rail in front and behind of each wheel module. The canister trolley
design prevents the trolley from being derailed during normal operations, a seismic event, or an impact
event. In the event of a wheel or axle failure, the trolley fall is limited to 1 inch. The jacking points enable
the replacement of a vheel/axle module with a fully loaded canister in place on the canister trolley within
the Transfer Tunnel. The wheel modules are capable of being replaced at any position within the Transfer
Tunnel.

The normal travel sequence of the canister trolley is from the CCA to the FPA, back to the CCA and
finally to the Storage Area. During maintenance, the canister trolley can also be moved into the Transfer
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Tunnel Cask Decontamination Zone. At the designated loading and unloading positions, the canister
trolley is locked in position using a locking pin system to prevent movement during a seismic event. The
locking pin extends from the base platform of the trolley and fits into an engineered cavity in the floor to
lock the canister trolley in position. The locking pin is design to fail as-is during a loss of power. This
design ensures that the canister trolley will remain locked in position if a seismic event should occur
while SNF transfer operations or canister closure operations are occurring. The design incorporates
manual recovery features to allow extension or retraction in the event of a failure.

The control console for the canister trolley is located in the CCA operations room. A camera system
installed within the Transfer Tunnel provides video pictures of the canister trolley to the operator during
operations. The canister trolley has two operating speeds, creep, and normal. The creep speed is one foot
per minute and the normal operating speed is 10 feet per minute. The canister trolley moves along the
Transfer Tunnel by driving a pair of wheels using an onboard electric motor gear unit. The motor gear
unit has an electromagnetic brake and clutch. Upon loss of electrical power, the brake fails in a safe state
to stop canister trolley motion. The brake incorporates an emergency release feature that allows the brake
to be released for recovery of the canister trolley following power failure.

Electrical power is derived from the normal electrical distribution system. An electrical power and control
cable reeling system is mounted on the canister trolley with the fixed position of the cable in the Transfer
Tunnel beneath the CCA. As the canister trolley moves away from the CCA, cable pays out at a constant
tension and is laid in a tray. As the canister trolley moves toward the CCA, the cable reeling system
automatically re-winds the cable back onto the reel with a cable diverter ensuring even layering of the
cable on the reel.

Proximity sensors located within the Transfer Tunnel provide accurate position indication and positioning
for the canister trolley. The sensors are also used to provide operational interlock functions to the PLC.
Over travel of the canister trolley is prevented by end of travel shunt limit switches that are hardwired into
the drive contactor control circuit. The limit switch is hard wired in series with the supply to the drive on
the canister trolley and is capable of breaking the full load current of the motor. Refer to Chapter 5 for
additional details on controls and interlocks.

In the event of a canister trolley overrun beyond the interlocks, motion is stopped by bumpers mounted to
the extreme ends of the canister trolley, which react against rail mounted end stops at one end and against
the cask trolley at the other end.

A cask jacking system comprised of multiple, inverted translating screw actuators are mounted on the
canister trolley framework. A braked motor gear unit drives the screw actuators. Suspended from the
screw actuators is the canister cask. The canister cask provides shielding along the length of the canister.
The shielding along the length of the canister is in two parts with the top of the shielding sufficiently
below the canister/lid interface to allow for lid welding and canister ovality removal. The interface
between the two parts is stepped in order to prevent any radiation shine paths at the joint, and bolted
together. The bottom part of the shielding is designed to house the canister lifting cage assembly. The top
part of the shielding is designed to accept the rounding equipment. The function of the rounding
equipment is to remove any ovality from the canister while it is in the cask. To facilitate handling the
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* Calculate the maximum nose unit displacements, due to translation and rotation of the CHM, in
order to be able to demonstrate that the canister will not lock-up between the turret and storage
tube during transfer. Also to ensure that the clearance between the nose and charge face precludes
the nose hammering the charge face during an earthquake;

* Calculate the reaction forces on the trolley and bridge wheels and seismic restraints for use in the
design;

* Calculate the forces and moments on the nose unit and turntable bearings for use in the design of
the base locking pin and turret locking pin mechanisms;

* Calculate the forces and moments in the cask body and plug hoist shielding bolted joints for use
in the detail design;

* Calculate the forces and moments in the main bridge beam and end carriage bolted joints for use
in the detail design;

* Calculate the forces and moments in the main bridge beam under the trolley; used to determine
the local stresses in the main bridge beams top flange due to the trolley wheel loads;

* Calculate the maximum seismic stresses in the turret rotate festoon support structure.

The analysis produced separate lists of static loadings due to the I g vertical static weights of the
components for the three trolley positions. This was used as input for the normal operating load cases.
Additional runs with g horizontal loadings were applied and scaled to produce the forces and moments
induced by the bridge and trolley acceleration inertias and the buffer collision deceleration loads.

The plus/minus dynamic seismic loads were calculated separately and added or subtracted to the static
loads to give the worst case loading, e.g. maximum bridge and trolley wheel loads were obtained by
adding static plus seismic and maximum uplift at the wheels by subtracting static minus seismic.
Calculated stresses were compared with the NOG- I allowable stress limits and were less than the code
permissible values.

The response spectrum analysis indicated a slack rope condition for the canister hoist. In accordance with
the requirements of NOG-4154, a non-linear time history analysis of the rope system was performed. This
yielded a peak rope load that was less than the bounding value of 4g (I g static + 3g seismic) which was
used for the structural calculations.

Summary of Results

Table 4.7-30 provides a summary of the lowest factors of safety that are derived from the structural
calculations for the main structural components. It is the seismic loading (Load Case 4.1) that generates
the highest loads and stresses in the main structural components of the CHM.

Factor of safety is defined as the ratio of allowable stress extracted from the applicable code to the
calculated stress. A value of 1.0 or above signifies that the component meets the structural code
requirement. The design is found to be compliant with code requirements.
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4.7.3.4 Criticality Evaluation for Spent Fuel Handling Operations

The general approach to evaluating the criticality safety of the SNF within the ISF Facility is to follow the
fuel through the facility during each major operation.

The design criteria for nuclear criticality are provided in Section 3.3.4, Nuclear Criticality Safety. The
basic requirements are ) k~ff shall not exceed 0.95 for any in-process or storage fuel array under normal,
off-normal, or accident conditions, and 2) spent fuel handling, packaging, transfer and storage systems
must be designed to ensure that, before a nuclear criticality accident is possible, at least two unlikely,
independent, and concurrent or sequential changes have occurred in the conditions essential to nuclear
criticality safety.

The scope of this section is a description of I) the criticality models, and 2) the criticality evaluations and
results for fuel handling and packaging operations outside of the Storage Area. Additional information on
criticality evaluations and operational controls for the SF Facility are provided in:

* Appendix 4A to the SAR, Criticality Models

* Appendix A to the SAR, Safety Evaltation of DOE-provided Transfer Cask

* SAR Section 4.2.3.3.7, Criticality Evaluation [for storage operations]

* SAR Section 5.1.3.1, Criticality Prevention

* SAR Chapter 8, Accident Analysis

The criticality evaluations for the ISF Facility fall into one of three categories:

Evaluation of normal fuel handling sequences. Fuel configurations that are known to occur during
routine fuel handling and packaging operations are analyzed to ensure that the planned geometry,
separation, and material inventories will be safe during normal facility conditions.

Evaluation of off-normal and accident scenarios. Postulated off-normal and accident scenarios are
evaluated to ensure that two unlikely, independent, and concurrent or sequential changes in geometry,
separation, or material inventory are required before keff exceeds 0.95.

Evaluation of bounding cases. Due to the nature of fuel handling and packaging operations, it is
impossible to postulate all potential combinations of geometry, separation, and material inventory. To
ensure that the conditions that could lead to a criticality for ISF Facility operations are well understood,
"bounding" cases have been developed to identify the combinations of geometry, material inventory, and
reflection/moderation that are required to achieve krf= 0.95 at the ISF Facility. In some instances, these
bounding cases are used to evaluate the consequences of accident or off-normal conditions.

As an example, a scenario has been analyzed to understand the bounding condition for loose material by
considering the "crushing" of intact fuel elements into a uniformly homogenized mass.

The scenario (described in Section 3.2 of Appendix 4A to the SAR) is an attempt to bound the postulated
accident event of the drop of a full DOE-transfer cask loaded with Peach Bottom fuel. Under the scenario
described, the material from greater than 21 Peach Bottom fuel elements homogenized, packed into a
sphere, and reflected by graphite is required before k~ff approaches 0.95. These conditions cannot be
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achieved in the ISF Facility. A maximum of 18 Peach Bottom core 1 elements will be shipped to the ISF
Facility in the DOE transfer cask; however, these elements are individually canned, and are overpacked in
a transfer basket. If the cask (or transfer basket) is dropped during transfer, separation and geometry
control are not lost due to the individual containment of each fuel element. Peach Bottom core 2 fuel
elements are not individually canned; however, a maximum of 12 Peach Bottom core 2 fuel elements will
be shipped to the SF Facility in any single cask. Therefore, there is insufficient material to achieve
kiter> 0.95. Nevertheless, this bounding case has been used to demonstrate that under unforeseen off-
normal or accident conditions involving the DOE transfer cask, nuclear criticality safety controls are
adequate to ensure that a criticality does not occur.

Criticality models developed to examine each of the three fuel types under normal, off-normal, accident,
and bounding conditions are provided in Appendix 4A to the SAR. The MCNP4 computer code
(Ref. 4-18) described in Section 3.3.4.3.2 was used for each of the analyses.

Although neutron poisons are present in certain fuel types and storage canisters, FWENC has not credited
neutron poisons for criticality control. An optional feature of TRIGA fuel elements is the inclusion of
thin samarium trioxide discs, both above and below the active fuel region and a portion of the TRIGA
elements to be stored at the SF Facility will contain such discs. These discs comprise a total samarium
trioxide volume of 2.6 cm3 (approximately 20 grams) per fuel element prior to burnup. After burnup,
some small quantities of samarium and gadolinium are also present within the fuel meat as fission
products (approximately 1.5E-05 and 7.7E-04 grams per element, respectively, based on the TRIGA fuel
source term decayed to July 1, 2004). No credit is taken for these neutron poisons in the criticality
analyses presented in Appendix 4A.

FWENC has also opted to place approximately 3.6 kg of gadolinium phosphate in powder form into a
stainless-steel tube inserted into each TRIGA fuel storage basket as described in SAR Section 4.2.3.2.4,
"Description of ISF Basket Assembly." This gadolinium phosphate powder has been added in order to
meet the DOE's acceptance criteria for the geologic high-level waste repository and is not necessary for
criticality control during interim storage at the ISF Facility. With the exception of the comparative
analysis of stainless steel vs. aluminum clad TRIGA fuel elements described in Section 2.7 of
Appendix 4A, the gadolinium phosphate has not been credited in the criticality analyses presented
Appendix 4A.

By a combination of their basic pellet design and their reactor operations exposure, the Shippingport
reflector modules are not enriched, and the lack of appreciable amounts of fissile material means that
criticality safety is ensured without further limitations on geometry. The handling and packaging of
Shippingport modules and loose rods do not present any limitations with regard to criticality safety. The
increase in reactivity of Shippingport reflector modules due to neutronic coupling with the other two
types of fuels is bounded by other cases involving just the other two types of fuels. Therefore, no further
criticality evaluations involving Shippingport fuel are discussed.

4.7.3.4.1 Cask Handling Operations

This section discusses normal, off-normal/accident, and bounding criticality evaluations performed by
Foster Wheeler to support the use of the DOE transfer cask. Additional information regarding this
government-furnished equipment is provided in Appendix A to the SAR, Safety Evahlation of DOE-
provided Transfer Cask. The results of these analyses are summarized in Table 4.7-3 1.
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Normal Cask Handling Operations

Cask handling operations begin with the receipt of the DOE transfer cask at the ISF Facility. The cask
transport configuration and relevant analyses are described in Appendix A to the SAR.

Once it is received, the loaded DOE Transfer Cask is removed from the transport trailer using the cask
receipt crane, and placed on the cask trolley. The fuel remains within the cask, with the cask lid bolted in
place during this entire process.
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Once the transfer cask is placed on the cask trolley, it is moved to the Cask Decontamination Zone within
the Transfer Tunnel. There, the cask lid bolts are removed, and a cask adapter holds the cask lid in place
during subsequent operations. The cask trolley then moves the transfer cask down the Transfer Tunnel to
the FPA for unloading.

Throughout this operating sequence, the normal cask transport geometry is maintained, and criticality
calculations performed for the transport configuration remain valid. For the maximum fuel inventory case
(18 canned Peach Bottom core I fuel elements), kfr is calculated to be 0.33. For 90 TRIGA elements (the
maximum number of TRIGA elements to be shipped in the DOE Transfer Cask, as specified in Section C,
Attachment C-A-D of Contract No. DE-AC07-OOID 13729), krr is calculated to be approximately 0.38.

Although the Peach Bottom and Shippingport fuels do not require the DOE container to maintain
geometric control of the fuel during normal handling operations, TRIGA fuel is anticipated to require the
DOE container to remain intact to maintain geometric control. This is discussed further under Cask
Handling Bounding Crihicality Analyses belov.

Cask Handling Criticality Control During Off-Normal and Accident Events

As noted above, the Shippingport fuel does not require the DOE container to maintain geometric control
of the fuel during normal, off-normal, or accident events; however, the Peach Bottom and TRIGA fuels
do require the container to remain intact to maintain geometric control and separation.

The cask receipt crane is designed as a single-failure-proof crane, and the associated lifting devices are
designed to ANSI N 14.6. Section 4.7.3.3.4 provides the structural analyses and summaries of results for
the cask receipt crane. The DOE transfer cask trunnions meet ANSI N 14.6 criteria (see Appendix A of the
SAR). Therefore, accident scenarios involving a loss of geometry control or fuel separation due to
dropping the DOE transfer cask in the Cask Receipt Area are not credible, as they require two unlikely,
independent and concurrent or sequential events to occur.

The cask trolley is designed to the applicable single-failure-proof criteria of NUREG-0554 and NUREG-
0612. The requirements of these design criteria serve to prevent the cask from being dropped or
overturned during handling in the Transfer Tunnel. The structural analyses for the cask trolley are
presented in Section 4.7.3.3.5. Transport accident conditions analyzed for the DOE transfer cask are
anticipated to bound nonmal, off-nonmal, and accident loads imparted to the DOE transfer cask and fuel
by accidents involving the cask trolley. Therefore, accident scenarios involving a loss of geometry or fuel
separation due to dropping the DOE transfer cask within the Transfer Tunnel are not credible, as they
require two unlikely, independent and concurrent or sequential events to occur.

Cask Handling Bounding Criticality Analyses

To envelope unforeseen off-normal or accident conditions during cask handling operations, parametric
studies were performed to simulate loss of geometry control under accident conditions. These studies
investigated the effects of: 1) crushing Peach Bottom fuel elements into a homogeneous, graphite
moderated sphere; 2) close-packing Peach Bottom fuel elements; and 3) close-packing TRIGA fuel
elements. Although none of these scenarios are considered credible events, they serve to demonstrate the
limits of criticality safety for cask handling operations.
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The results of these analyses are presented in Table 4.7-31. A reff of 0.95 is not approached with up to 21
Peach Bottom elements under the "crushed fuel" scenario. This is nine elements more than the amount of
fuel to be shipped in any single cask load of Peach Bottom core 2 fuel. Under the close-packed scenario, a
keff of 0.55 is achieved with 37 Peach Bottom elements - over twice the amount of Peach Bottom core I
fuel received in any single cask shipment. For TRIGA fuel, keff approaches the upper safety limit of
0.9130 with 45 elements, assuming the elements are close-packed and reflected.

4.7.3.4.2 Fuel Packaging Area Operations

This section discusses normal, off-normal/accident, and bounding criticality evalutions relevant to fuel
handling operations conducted within the FPA. The results of these analyses are summarized in Table
4.7-32. As noted above, Shippingport fuel handling operations are bounded by the conditions described
for Peach Bottom and TRIGA fuels. Therefore, Shippingport fuel handling activities are not described.

Normal Fuel Packaging Area Operations

Fuel packaging operations begin with unloading the fuel from the DOE transfer cask and placing the inner
DOE fuel containers into temporary storage locations within the FPA. In the case of TRIGA fuel, the
DOE TRIGA canister is opened while still inside the DOE Transfer Cask. DOE TRIGA fuel buckets,
each containing a maximum of 30 TRIGA elements, are removed one at a time and transferred into the
FPA. The DOE TRIGA canisters themselves are not removed from the DOE Transfer Cask. The DOE
fuel containers and their related safety analyses are described in Appendix A of the SF Facility SAR.

Once in the FPA, DOE fuel containers containing Peach Bottom and TRIGA fuels are opened, and the
fuel elements removed and packaged into the ISF baskets. During this process, no more than one fuel
element is transferred at any given time. Once the ISF basket is filled, a lid is placed onto the basket and
locked into place. The basket is then lifted and placed into an ISF Canister. Worktable operations may
involve the handling of fuel fragments, single intact elements, or multiple intact elements. These fuel
configurations are bounded by the "crushed" element and close-packed scenarios summarized in Table
4.7-32. Handling operations within the FPA are limited to a single fuel type at any given time.

The handling operations described above involve a number of different geometries, including close-
packed groupings of fuel elements (symbolizing baskets of fuel, or single elements in close proximity to a
basket of fuel), and arrays of fuel element groupings (symbolizing baskets of fuel in close proximity to
each other). The cases analyzed to represent these normal fuel packaging operations and their results are
summarized in Table 4.7-32. In all cases, kerr remains below 0.95.

Fuel Packaging Area Criticality Control During Off-Normal and Accident Events

The design of the FPA, and operations conducted within the FPA, incorporate numerous features that
serve to provide geometry control and separation. These features are described in detail in Section 5.1.3.1.

In most instances, fuel handling operations within the FPA are carried out using the FHM hoist, a single-
failure-proof hoist that meets the requirements of NUREG-0554 and NUREG-0612, using single-failure-
proof lifting devices that meet the requirements of ANSI N 14.6. Some of the DOE fuel containers have
not been demonstrated to meet the requirements of single-failure-proof lifting devices and some fuel
elements (e.g., Peach Bottom core 2 elements) do not have a lifting feature that allows for positive
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engagement with a single-failure-proof device. Dropping a DOE fuel canister is discussed in
Section 8.2.2.1, and dropping of a single fuel element is discussed in Section 8.1.2.4. As discussed
above, the DOE TRIGA fuel buckets, containing a maximum of 30 TRIGA elements, are handled within
the FPA. The DOE TRIGA fuel buckets have not been demonstrated to meet the requirements of single-
failure-proof lifting devices. The potential consequences of the drop of a DOE TRIGA fuel bucket are
bounded by the following analysis of unconfined TRIGA elements with reflection by concrete on three
sides.
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Although fuel elements are to be placed into designated, controlled locations, it is possible to place fuel
elements in close proximity to each other outside of these locations by violating administrative controls,
or, in the case of TRIGA fuel, a drop of a single DOE TRIGA fuel bucket containing up to 30 TRIGA
elements may be postulated.

To investigate the consequences of these events, several scenarios were analyzed for both the Peach
Bottom and TRIGA fuels. These include:

* Two closely packed groupings of 18 Peach Bottom elements side-by-side. This analysis simulates
two DOE inner fuel containers placed near each other outside of a controlled location. In this
scenario, ken was calculated to be 0.39. (Refer to Appendix 4A, Section 3.1 PEACH BOTTOM
SIDE-BY-SIDE ARRAYS OF 18 ELEMENTS EACH. Section 3.1.2 contains the value of 0.39.)

* Two TRIGA ISF baskets of 54 elements each placed side-by-side. This analysis simulates two
TRIGA ISF baskets placed near each other outside of a controlled location, and bounds dropping
a single TRIGA element in close proximity to or on top of baskets of TRIGA fuel. In this
scenario, kff was calculated to be 0.57. (Refer to Appendix 4A, Section 2.2 TRIGA ISF
BASKETS SIDE-BY-SIDE. Section 2.2.2 contains the value of 0.57.)

* Unconfined TRIGA elements reflected on three sides by concrete. This analysis was performed
to determine the maximum number of TRIGA fuel elements that can be safely handled in an
uncontrolled, unconfined condition within the ISF without exceeding criticality limits. This
analysis shows that up to 45 TRIGA fuel elements can be placed in a hexagonal array with
concrete reflection on three sides (simulates grouping fuel elements in a comer) before the upper
criticality safety limit is reached. (Refer to Appendix 4A, Section 2.5 TRIGA WITH THREE
SIDES OF CONCRETE REFLECTION.)

* A closely-packed grouping of 19 Peach Bottom fuel elements. This analysis simulates dropping a
Peach Bottom element onto or alongside a DOE inner fuel container full of Peach Bottom fuel. In
this scenario, kerr was calculated to be 0.34. (Refer to Appendix 4A, Section 3.3 PEACH
BOTTOM ELEMENTS IN STORAGE CANISTER. On page Appendix 4A-92, the table labeled
"D: Fuel Elements Dry, Reflected, with no Water Between Elements, 0.1 cm Separation Edge to
Edge Between Elements" contains the value of 0.34 for 19 elements.)

* Twelve "crushed" Peach Bottom fuel elements, homogenized into a uniform mass, packed into a
sphere, and reflected by graphite. This analysis bounds dropping a Peach Bottom core 2 elements
back into the DOE inner fuel container during unloading operations, crushing the remaining 11
elements within the container. In this scenario, without water moderation, kdff+ 2o was calculated
to be 0.4154. (Refer to Appendix 4A, Section 3.2 CRUSHED PEACH BOTTOM FUEL
ASSEMBLIES MODERATED WITH GRAPHITE. Appendix 4A Figure 32 shows a curve of kenr
versus number of assemblies in a sphere.)

Fuel Packaging Area Bounding Criticality Analyses

The bounding scenarios evaluated for the FPA are the same as those described above for Cask Handling:
I) crushing Peach Bottom fuel elements into a homogeneous, graphite moderated sphere; 2) close-
packing Peach Bottom fuel elements; and 3) close-packing TRIGA fuel elements. These evaluations are
discussed above under Cask Handling Bounding Criticality Analyses, and their results summarized in
Table 4.7-32.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 2, 3
Safety Analysis Report Page 4.7-123

4.7.3.4.3 Canister Handling and Closure Operations

This section discusses normal, off-normal/accident, and bounding criticality evaluations relevant to
canister handling and closure operations conducted within the Transfer Tunnel and CCA at the ISF
Facility. The results of these analyses are summarized in Table 4.7-33. Canister Handling operations
within the CHM are addressed by the analyses described in Section 4.2.3.3.7.

Normal Canister Handling and Closure Operations

Canister handling operations involve the transfer of a single SF Canister within the canister trolley from
the FPA to the CCA, the welding of the canister in the CCA, and transfer of the sealed canister to the
Storage Area. These activities are bounded by the analyses for a single SF Canister. The results of these
analyses are summarized in Table 4.7-33. In no case does kcff approach 0.95.

Canister Handling Criticality Control During Off-Normal and Accident Events

The design of the ISF Canister, and operations conducted within the Transfer Tunnel and the CCA,
incorporate numerous features that serve to provide geometry control and separation. These features are
described in detail in Section 5.1.3.1.

The canister trolley is designed to the applicable single-failure-proof criteria of NUREG-0554 and
NUREG-0612. The device used to jack the I SF Canister into the CCA meets ANSI N14.6. The
requirements of these design criteria serve to prevent the ISF Canister from being dropped or overturned
during handling in the Transfer Tunnel. The structural analyses for the canister trolley are presented in
Section 4.7.3.3.6. Therefore, accident scenarios involving a loss of geometry or fuel separation due to
handling events within the Transfer Tunnel are not credible, as they require two unlikely, independent and
concurrent or sequential events to occur.

Canister Handling Bounding Criticality Analyses

The bounding analyses for Canister Handling are the same as those described for Storage Area
operations: fully flooded and fully moderated infinite arrays of canisters. These bounding analyses are
described in Section 4.2.3.3.7, and the results summarized in Table 4.7-33. The results of these analyses
demonstrate that rff remains below 0.95.
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Table 4.2-65
Value of keff for Various Storage Area Configurations(3)

Normal Bounding Analysis')l
Fuel Type Desc. Ref. #2 kff Desc. Ref. #(2) keff

1 ISF canister with 1 0 3.3 0.22
elements

Peach Bottom 2 ISF canisters end to 3.3 0.22 Infinite array flooded 3.4 0.50end
Infinite array of ISF 3.4 0.46
canisters

1 ISF canister with 2
baskets of 54 elements 2.4 0.57
each
2 ISF canisters end to Storage vault fullyTRIGA end 2.4 0.58 loaded with SF 2.3 0.82

canisters and flooded
Storage vault fully
loaded with ISF 2.3 0.71
canisters

ISF canisters of TRIGACanisters of TRIGA and
Mixed Vault IS canisters of TRGA 3.5 0.53 Peach Bottom fuel in 3.5 0.84

in the storage array flooded ragearr

(1) Off-normal and accident conditions are addressed by the Bounding data.

(2) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality
Models.

(3) The Shippingport fuel does not represent a criticality hazard as described in Appendix 4A to the
SAR, Criticality Models Section 4.1.

I
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Table 4.7-6
Fuel Handling Machine ITS Lifting Devices

Lifting Device Max. Load
Device No. Type (Ibs) Function

1 1 8375 Provides a load path between the FHM hook and the Cask Lid,
Cask Port Plug, Canister Port Plug, Process Waste Port Plug,
Canister Waste Port and Monitor Shielding Cover.

2 2 4460 Provides a load path between the FHM hook and the DOE Baskets
that are lifted from the bottom of the basket. The baskets contain
Peach Bottom I fuel.

3 3 2600 Provides a load path between the FHM hook and the DOE Canister
containing Peach Bottom 2 fuel elements.

4 4 213 Provides a load path between the FHM hook and the Peach Bottom
1 Fuel Cans.

5 4 105 Provides a load path between the FHM hook and the individual
Peach Bottom 1 Fuel Elements.

6 6 84 Provides a load path between the FHM hook and the individual
Peach Bottom 2 Fuel Elements.

8 4 4351 Provides a load path between the FHM hook and the Peach Bottom
and Shippingport ISF Fuel Baskets.

11 4 167 Provides a load path between the FHM hook and the broken fuel
element with fuel can from the de-caning station to the worktable.

12 3 3625 Provides a load path between the FHM hook and the ISF Peach
Bottom Basket Handling Sleeve.

13 2 7900 Provides a load path between the FHM hook and the Shippingport
Storage Liner.

14 1 5200 Provides a load path between the FHM hook and the Shippingport
Fuel Module.

15a 5 16 Provides a load path between the FHM hook and the Shippingport
Reflector Fuel Rods (external gripper)

15b 5 16 Provides a load path between the FHM hook and the Shippingport
Reflector Fuel Rods (internal gripper)

16 3 378 Provides a load path between the FHM hook and the TRIGA Fuel
Bucket.

17a 5 7.5 Provides a load path between the FHM hook and the instrumented
TRIGA Fuel Element.

17b 4 7.5 Provides a load path between the FHM hook and the non-
instrumented TRIGA Fuel Element.

18 4 1005 Provides a load path between the FHM hook and the ISF TRIGA
Fuel Rod Basket.

T910t

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Safety Analysis Report Rev. 0

-

Table 4.7-7
Area Load Combinations

Load Combination
Off -_______-__ Accident Conditions _

Primary Load Case Normal Normal Earthquake Tornado Temperature Flood
Dead Load X X X X X X

Live Load X X X X X X

Soil Pressure X X X X X X

Wind Load X

Normal Thermal X X X X
Seismic Load(1) X

Tornado Wind<') X 
Tornado Pressure(1 ) X

Tornado Missile(') X

Accident Thermal (2) X

Flood Load X

(1)
(2)

T9110

Not evaluated for roof and wall panels and secondary steel (e.g., girts and purlins)
Not evaluated for steel structures
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Table 4.7-30
Canister Handling Machine Structural Components Factors of Safety

Lowest Factor of Safety (1) Seismic
CHM Component Loadings (Load Case 4.1)

Bridge Girders 2.50
Bridge End Tie 1.08
Trolley Frame 1.41
Turntable 2.28
Canister Hoist Drum and Drive System 1.45
Hoist Ropes 1.19
Canister Grapple 1.30

(1) Factor of Safety = (Allowable Stress . Actual Calculated Stress)

I

T9175
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Table 4.7-31
Value of keff for Fuel in DOE-provided Transfer Cask

Normal Bounding Analysis 2 )

Fuel Type Desc. Ref. #° ke Desc. Ref. #" k0

21 Crushed elements 3.2 0.57
Peach Bottom 1 DOE canister with 18 3.3 0.33 37 Close-packed

canned PB-I elementselmns33 05

TRIGA I~ DOE canister with 90 45 closed-packed 25 09
TRIGA elements in 3 levels of 2.1 0.38 elements in a corner 2.5 0.91

_ _ _ _ _ _ _ _ _ _ 3 0 e a ch_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(1) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality
Models

(2) Appendix A, Safety Evaluation of DOE-Provided Transfer Cask, describes the analyses to be
performed for transfer cask off-normal and accident conditions

I
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Table 4.7-32
Value of keff for Fuel in FPA(2)

Fuel Normal Off Normal Accident Bounding Analysis
Type Desc. Ref. #l) keff Desc. Ref. #() keif Desc. Ref. VI) keni Desc. Ref. 1) ke

2 baskets with 18 2 baskets with 18 21
elements each 3.3 0.33 elements each 3.3 0.54 Crushed 3.2 0.57

end to end _______placed side by side 12Crse 32 05
Peach 1 DOE canister 3c3 0.33 18et crushed 3.2 0.42
Bottom with 18 elements 33 03 8eements with f uel 37

- additional element 3.3 0.34 elements Close 3.3 0.55
1iSF canister 3.3 0.22 added to 1 side Pack

with 10 elements

1 basket with 54 2.4 0.57 30
elemen-s- 2 baskets of 54 elements 45 in a

TRIGA 1 canister with 2 elements each 2.2 0.79 (dropped See _ corner, 2.5 0.91

obas 2.4 0.57 placed side by side TRIGA bounding hex
elements eachbuetlaic

(1) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality Models

(2) The Shippingport fuel does not represent a criticality hazard as described in Appendix A, Section 4.1.
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Table 4.7-33
Value of keff for Various ISF Storage Canisters

Normal Bounding Analysisll
Fuel Type Desc. Ref. #12) kff Desc. Ref. #(2) keff

Peach Bottom 1 canisterwith 10 3.3 0.22 Infinite canister array 3.4 0.50
elements flooded
1 canister with 2 Storage vault fully loaded

TRIGA baskets of 54 elements 2.4 0.57 with ISF canisters and 2.3 0.82
each flooded

Shippingport 1 canister with 1 4.1 0.19 Infinite rod array flooded 4.1 0.65
______ ______ assem b ly I__ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

(1) Off-normal and accident conditions are addressed by the bounding data
(2) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality

Models
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Figure 4.2-1

General Arrangement, First Floor
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Figure 4.2-2
General Arrangement, Second Floor

,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
100
100

0
D
0
D

0I

3010t-1-1_-Fig 4.2-2 11107/03 11:57 AM 9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



lSg rACILITY R 0,
Safety Analysis Report Rev. 0, 3

Figure 4.2-9
Location of Storage Area Relative to Transfer Area
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Figure 4.3-3
Transfer Area Supply System

,.x
a -~ f - , - . r I t nt- - .r - ._- I - I -

o s s s c n n $.C ' - . -, It t i r C*lO t i*@~ I Irt _ _ t.I
8 r

(5 -t * * -

a n -crIM

ff -- t' -l

"0 -

;
LES

[1

,_I
-1 "R

- -

o t. ttrw a "

01 It CD C r.

e -tG Cm

.COo"

as Yr~

Dt rse r

M " ,&:- j I Sm C-m ~ - 1?w

_:- I -- - ~-~ a - t- : . e - ~ -
f l1 M r I t -4- r , - .

1 I " ti,,el "-!D

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION
31002-1-5_Fig 4.3-3



'SrACILITY
Safety Analysis Report

(
Rev. 0, 3

Figure 4.3-4
Transfer Area Exhaust System
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Figure 4.3-5
HVAC Confinement Barrier Schematic For Fuel Packaging Area
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Figure 4.3-6
First Floor Airborne Contamination Control Zones
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Figure 4.3-7
Second Floor Airborne Contamination Control Zones
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Figure 4.3-11
ISF Facility Standby MCC One-Line Diagram
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Figure 4.3-13
Fire Protection - First Floor
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Figure 4.3-14
Fire Protection - Second Floor
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Figure 4.3-15
Transfer Area Section
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FIGURE 4.7-7
Storage Area Looking North
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FIGURE 4.7-1 1
Cask Port Seal
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FIGURE 4.7-12
Canister Port Seal
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1.0 INTRODUCTION

The purpose of this report is to provide a summary of criticality calculations performed for the ISF
Facility to demonstrate compliance with the ISF SAR Table 3.3-5, "Control Methods for Prevention of
Criticality."

This appendix covers the fuel handling process as it flows through the ISF. The fuel is received in a DOE
transfer cask and is moved to the fuel packaging area (FPA). In the FPA the fuel is removed from the
transfer cask and placed in ISF containers that ultimately end up in the storage tubes of the storage area
(SA) portion of the facility. Analyses are performed for the credible events within the ISF Facility. There
are also normal fuel handling events that are analyzed such as loading a cask or placement of fuel
canisters into storage tubes.

There are three basic fuel types analyzed: TRIGA fuel, Peach Bottom Fuel, and Shippingport reflectors.
The analyses are developed such that the double contingency principle is not violated.

Sections 2 through 4 summarize key information from the criticality calculations performed for the SF.
Section 2 covers the six criticality calculations written for TRIGA fuel, Section 3 addresses five
calculations for the Peach Bottom Fuel and Section 4 covers the single calculation written for the
Shippingport reflector fuel. Each calculation is contained in a separate subsection for the section
addressing that fuel type. For example, key information from the calculation for "Two DOE Canisters
Loaded with 90 TRIGA Elements" is summarized in Section 2.2 because Section 2 addresses TRIGA
fuel.

Both credible and non-credible scenarios were analyzed. Credible scenarios were explicitly modeled to
determine krff for comparison against the design basis multiplication factor of 0.95. As discussed in
Sections 5.2 and 5.3, upper limits ranging from 0.9130 to < 0.9304 for calculated keff were established
to account for bias and uncertainty, depending on the fuel type and code used for analysis. These cases
included routine handling, packaging, transfer and storage scenarios. Non-credible scenarios were
analyzed to determine the bounding quantity of fissile material that results in an effective multiplication
factor of 0.95. These non-credible scenarios included:

* TRIGA elements with three sides of concrete reflection

* Crushed Peach Bottom fuel assemblies moderated with graphite

* Reflector rods in an infinite array

Each subsection consists of the following information which was extracted from the criticality
calculations:

I ) Purpose of the calculation

2) Summary of results

3) Description of the spent fuel loading

4) Description of the model

5) Material densities used in the models
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6) Summary of calculation methodology

7) Description of fuel loading and other contents optimization

8) Detailed summary of the criticality calculation results

9) List of references applicable to that calculation.
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2.0 TRIGA FUEL

2.1 TRIGA, PEACH BOTTOM, AND SHIPPINGPORT FUELS IN THE PEACH
BOTTOM TRANSFER CASK

The TRIGA, Peach Bottom, and Shippingport fuels are transferred to the ISF Facility by the DOE. The
DOE-supplied Peach Bottom Transfer Cask is used for these transfers. Information pertinent to the Peach
Bottom transfer cask delivery system (fuels, internal packaging for the fuels, transfer cask) may be found
in Appendix A to the Safety Analysis Report.

Section 4.7.3.4 Criticality Evaluation for Spent Fuel Handling Operations of Appendix A discusses the
criticality evaluations for the respective fuels while they are inside the closed Peach Bottom transfer cask.

2.2 TRIGA ISF BASKETS SIDE-BY-SIDE

2.2.1 Criticality Evaluation

A MCNP analysis vas performed to show that two TRIGA fuel baskets side-by-side in the Fuel
Packaging Area would remain subcritical.

2.2.2 Discussion and Results

TRIGA fuel will be received and handled in the Fuel Packaging Area of the ISF facility. No more than
90 fuel elements will be shipped to the ISF facility per delivery in the Peach Bottom cask. In the FPA the
TRIGA fuel elements will be packaged into SF baskets each holding 54 TRIGA fuel elements.

MCNP4C calculations were performed to demonstrate that two TRIGA fuel baskets side-by-side would
remain subcritical. The configuration is non-credible because only one fuel-handling machine is present
in the FPA. Correspondingly, only one TRIGA fuel basket could be moving in the FPA at any given
time. Two baskets would not pass side-by-side due to engineering controls and administrative practices.
However, because the TRIGA canister contains two TRIGA baskets this analysis was performed to
substantiate the inherent safety of fuel handling practices in the FPA.

The keff result for two TRIGA baskets passing by side-by-side in air is given in Table 3.

Table 3
Criticality Analysis Results for TRIGA Baskets Side-by-Side

Description | ke | C keff + 2 |

TRIGA fuel baskets side-by-side; dry; no 0.5669 0.0006 0.5681
gadolinium phosphate

2.2.3 Spent Fuel Loading

Stainless steel clad TRIGA fuel containing a 235U loading of 43.875 grams was used in these calculations.
A basket of stainless steel clad fuel elements thus contains 2.37 kg of 235U and two baskets full of fuel
would contain 4.74 kg of 235U.
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2.2.4

2.2.4.1

Model Specification

Description of Calculation Model

The model was developed using one full TRIGA basket with a reflecting surface beside it to simulate an
adjacent second basket. Figures 6 and 7 provide graphical representation of the side-by-side basket
configuration.

Table 4 summarizes the modeled properties of the significant components used in this calculation.
Modeled properties are derived from DOE fuels reference documents and ISF design documents for the
specific components (basket, canister, etc).

Table 4
Modeled Properties for TRIGA Fuels

Parameter Dimension, cm
Fuel Element Configuration-

Fuel Element Length 73.406
Fuel Meat Length 38.100
Fuel Meat Outer Radius 1.822
Cladding Inner Radius 1.822
Cladding Outer Radius 1.877
Reflector Length 8.687
Reflector Outer Radius 1.822

ISF Basket Configuration -
Basket Length 118.186
Basket Outer Radius 21.400
Basket Tube Outer Radius 2.223
Basket Tube Inner Radius 2.060
Lifting Plate Thickness 4.445
Bottom Plate Thickness 3.175

I

TRIGA fuel as modeled contained approximately 9-weight percent uranium enriched to 20% in 235U,
resulting in uranium loadings of 43.875 grams for 2 35U and approximately 176 grams for 2 3 8 U. Each
element has 2,088 grams of zirconium and a hydrogen-to-zirconium ratio of 1.70.
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2.2.4.2 Regional Densities

Table 5 summarizes the material atom density compositions used in this calculation.

Table 5
Material Compositions

Isotope Atom Density
(atoms/b-cm)

UZrHj. 7 Fuel
H 0.06261
Zr 0.03683
U-235 0.0002828
U-238 0.001117

Graphite [2.62 g/cc]
C | 0.1313615

304 Stainless Steel [7.9 glcc]
C 0.000316872
Mn-55 0.001731948
P-31 0.000061439
S 0.000044512
Si 0.001693931
Ni-58 0.005242194
Ni-60 0.002019273
Ni-61 0.000087784
Ni-62 0.000279832
Ni-64 0.000071306
Cr-50 0.000755354
Cr-52 0.014566245
Cr-53 0.001651695
Cr-54 0.000411142
Fe-54 0.003403421
Fe-56 0.053426429
Fe-57 0.001233849
Fe-58 0.000164203

-316L Stainless Steel 8.027 glcc]
Mn-55 0.00175386
Si 0.00171536
Ni-58 0.00672489
Ni-60 0.00257096
Ni-61 0.0011131
Ni-62 0.0035363
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Table 5 (continued)
Material Compositions

Isotope Atom Density
(atoms/b-cm)

Ni-64 0.00008964
Cr-50 0.00068439
Cr-52 0.01319803
Cr-53 0.00149638
Cr-54 0.00011131
Mo 0.00125539
Fe-54 0.00333374
Fe-56 0.0518255
Fe-57 0.00118658
Fe-58 0.00015821

630 Stainless Steel [7.75 g/cc]
C 0.000271999
Mn-55 0.000849531
P-31 0.000060272
S 0.000043667
Si 0.001661768
Ni-58 0.002165330
Ni-60 0.000834077
Ni-61 0.000036260
Ni-62 0.000115587
Ni-64 0.000029453
Cr-50 0.000614260
Cr-52 0.011845385
Cr-53 0.001343172
Cr-54 0.000334344
Cu-63 0.002032098
Cu-65 0.000905733
Fe-54 0.003620167
Fe-56 0.056828874
Fe-57 0.001312427
Fe-58 0.000174660
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2.2.5 Criticality Calculations

2.2.5.1 Calculation Methodology

MCNP4C was used to calculate kcffto demonstrate that two baskets of TRIGA fuel passed side-by-side in
the Fuel Packaging Area would remain safely subcritical. A basket of TRIGA fuel was modeled in air
and a reflective surface inserted to simulate another TRIGA fuel basket passing by resulting in a side-by-
side configuration. Water moderation was not included in the model as the lag storage areas and the fuel
handling equipment are all above the maximum expected flood elevation. Although the TRIGA fuel
basket is designed to contain a gadolinium phosphate neutron poison in the center position, this neutron
poison was omitted from the calculation.

2.2.5.2 Fuel Loading and Other Contents Optimization

Baskets were loaded with stainless steel clad TRIGA fuel that contained a 43.875-gram 235U fuel loading.
Each element had approximately 9-weight % total uranium enriched to 20% in 235U.

2.2.5.3 Criticality Results

The side-by-side configuration would not present any nuclear safety concern in that the computed
keff+ 2c; was 0.5681, well below any upper safety levels. This configuration remains safely subcritical.

2.2.6 References

Characterization of TRIGA Fuel, N. Tomsio, ORNL/Sub/86-22047/3, GA-Cl 8542, October 1986.

2.3 STORAGE VAULT FULL OF TRIGA FUEL

2.3.1 Criticality Evaluation

An analysis was performed to show that a Storage Area vault fully loaded with TRIGA fuel would be
critically safe.

2.3.2 Discussion and Results

The Storage Area is composed of two independent vaults. Vault I contains a total of 102 storage tubes,
72 18-inch tubes and 30 24-inch tubes. Vault 2 contains a total of 144 tubes, all of them 18-inch tubes.

MCNP4C calculations were performed to determine the klf of vault 2 of the Storage Area completely
filled with TRIGA fuel canisters. Vault 2 can hold a total of 144 ISF TRIGA canisters (15,552 fuel
elements). This approach is conservative since current plans are to place only 1 canisters of TRIGA fuel
in the Storage Area, with the remaining positions filled with less reactive fuel.

For conservatism, a fully flooded vault calculation was included in the analysis. Additionally, an
evaluation was conducted in which the water density was altered from full density down to 0.2 g/cc in
increments of 0.2 g/cc. The highest value for krff + 2a of 0.8153 was obtained in the fully flooded
condition. Table 6 summarizes the results of all the calculations performed in this evaluation.
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Table 6
Criticality Analysis Results for a Fully Loaded Storage Vault

Description Density (glcc) | kef k af + 2 cr

Baseline Case, Dry - 0.7124 0.0009 0.7142 

Flooded 1.0 0.8135 0.0009 0.8153

0.8 0.7942 0.0009 0.7960

0.6 0.7676 0.0007 0.7690

0.4 0.7294 0.0008 0.7310

0.2 0.6797 0.0009 0.6815

2.3.3 Spent Fuel Loading

Stainless steel clad TRIGA fuel containing a 235U loading of 43.875 grams was used in these calculations.
A basket of stainless steel clad fuel elements thus contains 2.37 kg of 235U and a canister 4.74 kg of 235U.
Vault 2 of the ISF facility when fully loaded with TRIGA fuel would contain approximately 683 kg of
2 3 5

u.

2.3.4

2.3.4.1

Model

Description of Calculation Model

The Storage Area of the ISF facility is composed of two independent vaults. Vault I contains a total of
102 storage tubes and vault 2 contains a total of 144 storage tubes.

For the purposes of modeling the actual configuration of the Storage Area, vault 2 was selected because
the configuration contains more canister locations for TRIGA fuel, the most reactive fuel type to be stored
in the facility. The MCNP model was a stainless steel canister inserted in each of the 144 tube locations,
with each canister containing two TRIGA fuel baskets one atop the other. Figures 8 through 10 provide
graphical representation of the baskets, canister, and configuration within the storage tube.

Table 7 summarizes the modeled properties of the significant components used in this calculation.
Modeled configurations are derived from reference documents and ISF project references for the specific
components (basket, canister, etc).
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Table 7
Modeled Configuration for TRIGA Fuels

Parameter Dimension, cm
Fuel Element Configuration

Fuel Element Length 73.406
Fuel Meat Length 38.100
Fuel Meat Outer Radius 1.822
Cladding Inner Radius 1.822
Cladding Outer Radius 1.877
Reflector Length 8.687
Reflector Outer Radius 1.822

ISF Basket Configuration
Basket Length 118.186
Basket Outer Radius 21.400
Basket Tube Outer Radius 2.223
Basket Tube Inner Radius 2.060
Lifting Plate Thickness 4.445
Bottom Plate Thickness 3.175

ISF Canister Configuration
Canister (Short) Length 300.626
Canister Outer Radius 22.86
Canister Inner Radius 21.908

ISF Storage Tube Configuration
Storage Tube Length 624.84
Storage Tube Outer Radius 25.400
Storage Tube Inner Radius 24.448

I

TRIGA fuel as modeled contained approximately 9-weight percent uranium enriched to 20% in 235U,
resulting in uranium loadings of 43.875 grams for 235U and approximately 176 grams for 238U. Each
element has 2,088 grams of zirconium and a hydrogen-to-zirconium ration of 1.70.

I

A dry basket, canister, and storage tube were used as a baseline calculation based on the assumption that
water is not able to penetrate the confinement boundaries as the canister-storage tube interface or the
basket-canister interface. For conservatism, the Storage Area was modeled with the most reactive fuel
type (TRIGA) and the vault, storage tubes, and canisters flooded.
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Figure 8
MCNP Model of Two Stacked TRIGA Baskets
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Figure 9
MCNP Model of Two Stacked TRIGA Baskets in ISF Canister
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Storage Tube
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Lower Basket
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Figure 10
TRIGA Fuel Canisters in ISF Vault Storage Tubes

2.3.4.2 Regional Densities

Table 8 summarizes the material atom density compositions used in this calculation.

Table 8
Material Compositions

Isotope 1 Atom Density
________I (atomslb-cm)

UZrH,. 7 Fuel
H 0.06261
Zr 0.03683
U-235 0.0002828
U-238 0.001117

Graphite [2.62 glcc]
C J 0.1313615

304 Stainless Steel [7.9 g/cc]
C 0.000316872
Mn-55 0.001731948
P-31 0.000061439
S 0.000044512
Si 0.001693931
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Table 8 (continued)
Material Compositions

Isotope Atom Density
(atomslb-cm)

Ni-58 0.005242194
Ni-60 0.002019273
Ni-61 0.000087784
Ni-62 0.000279832
Ni-64 0.000071306
Cr-50 0.000755354
Cr-52 0.014566245
Cr-53 0.001651695
Cr-54 0.000411142
Fe-54 0.003403421
Fe-56 0.053426429
Fe-57 0.001233849
Fe-58 0.000164203
. 316L Stainless Steel 8.027 g/ccj
Mn-55 0.00175386
Si 0.00171536
Ni-58 0.00672489
Ni-60 0.00257096
Ni-61 0.0011131
Ni-62 0.0035363
Ni-64 0.00008964
Cr-50 0.00068439
Cr-52 0.01319803
Cr-53 0.00149638
Cr-54 0.00011131
Mo 0.00125539
Fe-54 0.00333374
Fe-56 0.0518255
Fe-57 0.00118658
Fe-58 0.00015821

630 Stainless Steel [7.75 g/cc-
C 0.000271999
Mn-55 0.000849531
P-31 0.000060272
S 0.000043667
Si 0.001661768
Ni-58 0.002165330
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Table 8 (continued)
Material Compositions

Isotope Atom Density

Ni-60 0.000834077
Ni-61 0.000036260
Ni-62 0.000115587
Ni-64 0.000029453
Cr-50 0.000614260
Cr-52 0.011845385
Cr-53 0.001343172
Cr-54 0.000334344
Cu-63 0.002032098
Cu-65 0.000905733
Fe-54 0.003620167
Fe-56 0.056828874
Fe-57 0.001312427
Fe-58 - 0.000174660

I
2.3.5 Criticality Calculations

2.3.5.1 Calculation Methodology

The MCNP code was used to determine the effective multiplication factor for a fully loaded vault (vault
2) of TRIGA fuel. A total of 144 storage tubes were modeled each holding I canister of 2 TRIGA
baskets.

The vault was modeled in a dry configuration followed by a fully flooded condition included the storage
tubes and canisters. Variable moderator density was input into the model to evaluate the sensitivity of kerr
to these changes. Full density water was used first and then lowered to a density of 0.2 g/cc in 0.2 g/cc
increments.

2.3.5.2 Fuel Loading and Other Contents Optimization

Canisters were loaded with stainless steel clad TRIGA fuel that contained a 43.875-gram 235U fuel
loading. Each element had approximately 9-weight % total uranium enriched to 20% in 235U.
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NAME ISOTOPE Atornlb-cm ELEM SUM MAT SUM ITEM

24Cr Cr53 0.001496

24Cr Cr54 0.000373 0.01575132

28Ni Ni58 0.006725

28Ni Ni6O 0.002571

28Ni Ni6 0.000111

28Ni Ni62 0.000354

28Ni Ni64 8.96E-05 0.00985043

42Mo 0.001255 0.00125539

25Mn Mn55 0.001754 0.00175386

14 Si 0.001715 0.00171536 0.08683039

2.4.5 Criticality Calculations

2.4.5.1 Calculational Methodology

The MCNP code (MCNP4B2, Monte Carlo N-Particle Transport Code System) was used to determine the
k-ff for a single dry canister loaded with 108 TRIGA fuel elements, for two loaded canisters placed side-
by-side and for two loaded canisters placed end-to-end. The dry canisters were nominally reflected with
one inch of water as a standard practice to allow for minor reflection from the building surfaces and
equipment. A single canister and two canisters placed end-to-end were also reflected by 12 inches of
water. In addition, two flooded canisters placed side-by-side were reflected by 12 inches of water. The
MCNP models used are depicted in Figure I I through Figure 20.

2.4.5.2 Fuel Loading and Other Contents Optimization

A single TRIGA ISF canister contained 108 TRIGA fuel elements for a total of 4.74 kilograms of 235U.
Two canisters passed side-by-side or end-to-end contained a total of 9.48 kilograms of 235U for each
configuration. These fuel loadings and configurations address the maximum reactivity conditions for the
TRIGA canister. The nominal TRIGA fuel element fissile material content specified in the SF Contract
(39g 235U) was adjusted to account for variations in post-I 964 fuel elements to provide the most reactive
and bounding source term for criticality analysis. Manufacturing variations resulted in a higher uranium
content and a greater H:Zr atom ratio.

2.4.5.3 Criticality Results

These calculations show that a single dry SF canister loaded with 108 TRIGA fuel elements with a
I-inch water reflector is subcritical, with a kff+20 equal to 0.5741 (Case 9-1). The use of nominal
reflection (equivalent to one inch of water) to allow for minor reflection from the building surfaces and
equipment is standard practice. If a single dry canister is reflected with 12 inches of water, the kff+2 a
value increases to 0.6063 (Case 9-2), which is also safely subcritical. A 12-inch water reflector was used
to represent a maximum reflection for the canister.
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Two dry canisters loaded with 108 TRIGA fuel elements each and passed side-by-side with a -inch
water reflector will remain safely subcritical, with a keff+2a equal to 0.6056 (Case 9-3). Two dry
canisters passed end-to-end with a I-inch water reflector also remain subcritical, with a k~ff+2o value of
0.5755 (Case 9-5). If two dry canisters passed end-to-end are reflected with 12 inches of water, the kff
+2a value increases to 0.6060 (Case 9-6), which is also safely subcritical. Cases 9-5 and 9-6 provide an
indication of the sensitivity of the effective neutron multiplication to the water reflector thickness.

If two canisters passed side-by-side are assumed to be flooded and reflected with 12 inches of water, the
keff+2a value increases to 0.8405, which is still safely subcritical. The SA and FPA design minimizes the
possibility for any appreciable amount of water to enter these areas. Therefore, conditions analyzed in the
flooded and reflected scenario are considered unlikely events to occur in either the SA or the FPA. The
results of these calculations are summarized in Table 9.

2.4.6 References

Characterization of TRIGA Fuel, N Tomsio, ORNL/Sub/86-22047/3, GA-C 18542, October 1986.

2.5 TRIGA WITH THREE SIDES OF CONCRETE REFLECTION

2.5.1 Criticality Evaluation

A criticality evaluation was performed to determine the maximum number of TRIGA fuel elements that
can safely be handled in an uncontrolled, unconfined, and unmoderated condition in the ISF facility
without exceeding criticality limits. In determining the maximum number of TRIGA fuel elements needed
for critical conditions, the fuel was assumed to be reflected on three sides with concrete and reflected on
three sides with one inch of water to account for minor reflection from the building surfaces and
equipment. As described in theAccidentAnalysis subsection of SAR Section 8.2.5.3, Flood, the FPA is
designed to prevent the ingress of floodwater. Additional design features that ensure the FPA is free of
water include no water systems located in the FPA and the work bench (operating deck) elevation (4938
feet -6 inches) positioned above the maximum probable flood elevation (4920.71 feet).

2.5.2 Discussion and Results

These calculations show that the subcritical kfr+ 2a upper safety limit of 0.9130 will be reached with 45
TRIGA fuel elements in a hexagonal array and more than 53 elements in a square pitch array. The results
of these calculations are summarized in Table 12 and Figure 21.
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NAME ISOTOPE atomlb-cm ELEM SUM MAT SUM ITEM

24Cr Cr52 0.013198

24Cr Cr53 0.001496

24Cr Cr54 0.000373 0.01575132

28Ni Ni58 0.006725

28Ni Ni60 0.002571

28Ni Ni6l 0.000111

28Ni Ni62 0.000354

28Ni Ni64 8.96E-05 0.00985043

42Mo 0.001255 0.00125539

25Mn Mn55 0.001754 0.00175386

14 Si 0.001715 0.00171536 0.08683039

80 0.045796 0.04579602 Port conc
(2.3 glcc)

14Si 0.01662 0.01661971

1 H 0.013742 0.01374227

13 Al 0.001745 0.00174537

20 Ca 0.001521 0.00152063

11 Na 0.000964 0.00096396

19 K 0.000461 0.00046053

26 Fe Fe54 2.05E-05

27 Fe Fe56 0.000318

28 Fe Fe57 7.29E-06

29 Fe Fe58 9.72E-07 0.00034722

12 Mg 0.000114 0.00011398

6 C 0.000115 0.00011532 0.08142501

1 H 0.066856 0.06685577 water

8 0 0.033428 0.03342788 0.10028365

2.5.5

2.5.5.1

Criticality Calculations

Calculational Methodology

The MCNP4B2 code was used to determine the keff for various numbers of unmoderated and reflected
arrays of TRIGA fuel elements. These values were used to determine the maximum number of assemblies
that may be safely handled i ithout presenting a criticality problem.

I
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2.5.5.2 Fuel Loading and Other Contents Optimization

Each TRIGA fuel assembly used in these calculations contained 43.875 grams of 235U. The nominal TRIGA
fuel element fissile material content specified in the ISF Contract (39g 235U) was adjusted to account for
variations in post-1964 fuel elements to provide the most reactive and bounding source term for criticality
analysis. Manufacturing variations resulted in a higher uranium content and a greater H:Zr atom ratio.

Since there is no restriction on the geometry of the pile of fuel it was assumed that the fuel could collect
in a corner of the cell, which would provide full concrete reflection on three sides. The reflection on the
other three sides was taken to be nominal, equivalent to once inch of water, as is standard practice to
allow for minor reflections from the building surfaces and equipment. Therefore, analyses were made
with TRIGA fuel in a concrete corner, unmoderated, and reflected on the other three sides by one inch of
water. Calculations were made for the fuel with a hexagonal pitch. This was expected to be the most
reactive configuration, but calculations were also made with a square pitch because the fuel can be
modeled with more tightly reflecting material.

2.5.5.3 Criticality Results

These calculations show that the subcritical kefr+ 2o upper safety limit of 0.9130 will be reached with 45
TRIGA fuel elements in a tightly packed dry hexagonal array reflected by one inch of water that is in a
corner of the FPA. It will take 53 elements to reach the limit with the fuel packed in a square pitched
array. Therefore, the hexagonal limit is controlling. Table 12 and Figure 21 summarize these results.

2.5.6 References

Characterization of TRIGA Fuel, N Tomsio, ORNLUSub/86-22047/3, GA-C 18542, October 1986.

2.6 BASKETS WITH TRIGA ELEMENTS IN THE FUEL PACKAGING AREA

2.6.1 Criticality Evaluation

This evaluation was made with MCNP (MCNP4B2) to determine whether two baskets containing TRIGA
fuel elements will remain safely subcritical if they are passed side-by-side in the 1SF Fuel Packaging Area
(FPA).

2.6.2 Discussion and Results

These calculations show that 2 dry ISF storage baskets loaded with 54 TRIGA fuel elements each, and
passed side-by-side in the FPA, remain safely subcritical, with a keff+ 2o equal to 0.6273. The use of
nominal reflection (equivalent to one inch of water) to allow for minor reflection from the building
surfaces and equipment is standard practice. The keff+ 2o value drops to 0.5332 with no water reflector.

If the ISF baskets are assumed to be flooded, the keff+ 2a value increases to 0.8543 with a 12-inch water
reflector, which is still subcritical. The possibility of these conditions existing is considered very unlikely
because as described in the Accident Analysis subsection of SAR Section 8.2.5.3 Flood, the FPA is
designed to prevent the ingress of floodwater. Additional design features that ensure the FPA is free of
water include no water systems are located within the FPA and the work bench (operating deck) elevation
(4938'-6") is above the maximum probable flood elevation (4920.71 feet). Also, the basket does not
contain an external shell to hold the water.
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If the baskets are assumed to be flooded, the ker + 2o value increases to 0.8543 with a 12-inch water
reflector, which is still safely subcritical. The possibility of these conditions existing in the FPA is
considered very unlikely because there is no water available in the facility and it is located above the
maximum 100 year floodplain. Also, te basket does not contain an external shell to hold the water.

Table 15 summarizes the results of these calculations.

2.6.7 References

Characterization of TRIGA Fuel, N Tomsio, ORNL/Sub/86-22047/3, GA-C 18542, October 1986.
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2.7 TRIGA BASKET OF STAINLESS STEEL CLAD ELEMENTS VERSUS
ALUMINUM CLAD ELEMENTS

2.7.1 Criticality Evaluation

The keffvalue of stainless steel clad TRIGA fuel wvas computed and compared against a similar
configuration of aluminum clad TRIGA fuel to determine the more reactive of the two fuel systems.
MCNP4C was used to determine kefrof the two systems. The more reactive fuel type was subsequently
used in the other criticality safety evaluations.

2.7.2 Discussion and Results

TRIGA fuel was modeled in a filly loaded ISF TRIGA fuel basket configuration. This arrangement
consists of 54 fuel elements per basket. Each fuel configuration (stainless steel clad and aluminum clad)
was analyzed in both a dry state and fully flooded environment. Full density water was used as the
moderator and reflector in the fully flooded cases.

TRIGA fuel baskets in a dry environment served as the baseline for this analysis. Stainless steel clad fuel
elements in the dry environment configuration resulted in a computed kfrr+ 2a of 0.4871. A similar
configuration of aluminum clad fuel elements had a calculated kfgr+ 2a of 0.2804, just over 50% of the
computed value for the stainless steel clad fuel element system.

Although the kff values for the flooded scenarios were notably higher, the difference between the two
systems was not as large. The highest kff was recorded for the fully flooded stainless steel clad TRIGA
fuel basket. In this case, kj1r+ 2a was calculated to be 0.8030. A flooded basket of aluminum clad
TRIGA fuel had a calculated kff + 2a of 0.7488.

The analysis demonstrated that stainless steel clad fuel is the more reactive of the tvo fuel types and vas
the more conservative selection used for other calculations supporting the criticality safety evaluation.
Results are summarized in Table 1.

Table I
Single TRIGA Basket Reactivity Analysis Results

Description kenf keff + 2a

Stainless-steel-clad TRIGA elements in dry basket. 0.4851 0.0010 0.4871

Stainless-steel-clad TRIGA elements in flooded basket. 0.7990 0.0020 0.8030

Aluminum-clad TRIGA elements in dry basket. 0.2790 0.0007 0.2804

Aluminum-clad TRIGA elements in flooded basket. 0.7470 0.0009 0.7488

2.7.3 Spent Fuel Loading

Stainless steel clad TRIGA fuel contained a 235U loading of 43.875 grams. Aluminum clad TRIGA fuel,
on the other hand, had a nominal 235U loading of 36 grams. A basket of stainless steel clad fuel
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elements thus contained 2.37 kg of 235U, while a full basket of aluminum clad TRIGA fuel elements
contained 1.94 kg of 235U.

I

I
2.7.4

2.7.4.1

Model

Description of Calculation Model

The MCNP model of the TRIGA fuel basket is shown in Figures 1 and 2. Table 2 summarizes the
modeled properties of each fuel element. As previously mentioned, the basket configuration was the
same for both the stainless steel TRIGA fuel system and the aluminum clad fuel system. Variations in the
fuel loading, enrichment, and slight changes in geometry were the only differences between the two
models.

Table 2
Modeled Configuration for TRIGA Fuels

Parameter Aluminum Clad Stainless Steel

Fuel Element Length (cm) 70.51 73.406
Fuel Meat Length (cm) 35.560 38.100
Fuel Meat Outer Radius (cm) 1.791 1.822
Cladding Inner Radius (cm) 1.791 1.822
Cladding Outer Radius (cm) 1.867 1.877
Reflector Length 10.033 8.687
Reflector Outer Radius (cm) 1.791 1.822

I

For this evaluation the gadolinium phosphate neutron poison was not removed from the center of the
basket. Removal of the poison was not necessary because the calculations were merely a comparative
analysis of the reactivity of a stainless steel clad fuel element configuration against the reactivity of an
aluminum clad fuel element configuration. Most important was that the two configurations were identical
alloving for direct comparison of the end result. This criterion was met by setting up the model to be a
fully loaded 1SF TRIGA basket including the gadolinium phosphate.

2.7.4.2 Regional Densities

Both the stainless steel and aluminum clad fuel types have an UZrH, fuel matrix, where the subscript x
represents the H:Zr (hydride) ratio. Table 3 summarizes the material compositions for materials used in
these calculations.
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Table 3
Material Compositions

Atom Density
Isotope (atomslb-cm)

UZrH1 .o Fuel
H 0.0381337
Zr 0.0381337
U-235 0.0010166
U-238 0.0002574

UZrH 1.7 Fuel -
H 0.06261
Zr 0.03683
U-235 0.0002828
U-238 0.001117

Graphite [2.62 glcc]
C | 0.1313615

Gadolinium Phosphate [5.0 g/cc]
Gd-52 2.38779E-05
Gd-54 0.000260269
Gd-55 0.001766966
Gd-56 0.002443904
Gd-57 0.001868447
Gd-58 0.002965637
Gd-60 0.002609856
P-31 0.011938957
0-16 0.047755827

: 304 Stainless Steel [7.9 glcc] :
C 0.000316872
Mn-55 0.001731948
P-31 0.000061439
S 0.000044512
Si 0.001693931
Ni-58 0.005242194
Ni-60 0.002019273
Ni-61 0.000087784
Ni-62 0.000279832
Ni-64 0.000071306
Cr-50 0.000755354
Cr-52 0.014566245
Cr-53 0.001651695
Cr-54 0.000411142
Fe-54 0.003403421
Fe-56 0.053426429
Fe-57 0.001233849
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Table 3 (continued)
Material Compositions

Atom Density
Isotope (atomslb-cm)

Fe-58 0.000164203
316L Stainless Steel 8.027 g/cc]

Mn-55 0.00175386
Si 0.00171536
Ni-58 0.00672489
Ni-60 0.00257096
Ni-61 0.0011131
Ni-62 0.0035363
Ni-64 0.00008964
Cr-50 0.00068439
Cr-52 0.01319803
Cr-53 0.00149638
Cr-54 0.00011131
Mo 0.00125539
Fe-54 0.00333374
Fe-56 0.0518255
Fe-57 0.00118658
Fe-58 0.00015821

630 Stainless Steel [7.75 gcq]
C 0.000271999
Mn-55 0.000849531
P-31 0.000060272
S 0.000043667
Si 0.001661768
Ni-58 0.002165330
Ni-60 0.000834077
Ni-61 0.000036260
Ni-62 0.000115587
Ni-64 0.000029453
Cr-50 0.000614260
Cr-52 0.011845385
Cr-53 0.001343172
Cr-54 0.000334344
Cu-63 0.002032098
Cu-65 0.000905733
Fe-54 0.003620167
Fe-56 0.056828874
Fe-57 0.001312427
Fe-58 0.000174660
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2.7.5 Criticality Calculations

2.7.5.1 Calculation Methodology

The MCNP code was used to detennine the effective multiplication factor for a basket full of TRIGA fuel
with stainless steel cladding and a basket containing aluminum clad fuel. The resulting values were used
to determine which fuel type, either the stainless steel clad fuel or the aluminum clad fuel, was the more
reactive of the two fuel types. Each basket configuration was evaluated in a dry configuration and then
fully flooded and reflected.

2.7.5.2 Fuel Loading and Other Contents Optimization

Stainless steel clad TRIGA fuel elements evaluated contained a 43.875-gram 235U fuel loading. Each
element had approximately 9-weight % total uranium enriched to 20% in 235U. Aluminum clad elements
contained a nominal 36-gram 235U fuel. Each aluminum-clad element had 8.0 weight % total uranium
enriched to 20% in 235U. Hydrogen-zirconium ratios were 1.7 and 1.0 for stainless steel clad ahd
aluminum clad fuel elements, respectively.

A water moderator and reflector was added to the baseline dry model to ensure the presence of a
moderator would also demonstrate that stainless steel clad fuel was the more reactive fuel type.

2.7.5.3 Criticality Results

These calculations show that the stainless steel clad fuel elements are the more reactive fuel system. The
highest kcff+ 2a value of 0.8030 was obtained for stainless steel clad fuel elements in a fully moderated
and reflected 1SF basket configuration. In contrast the fully flooded ISF basket configuration containing
aluminum clad fuel produced a kff + 2a value of 0.7488. Dry configurations produced an even wider
variation in kff values.
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3.2 CRITICALITY CRUSHED PEACH BOTTOM FUEL ASSEMBLIES
MODERATED WITH GRAPHITE

3.2.1 Criticality Evaluation

FWENC performed bounding calculations to determine the k~ff of graphite moderated Peach Bottom fuel,
assuming that all the fuel and graphite in multiple fuel elements was crushed. The FWENC analyses
assumed that the fragmented fuel assemblies formed a graphite reflected sphere. These FWENC
calculations determined the number of crushed/shattered fuel assemblies that are needed to reach the
criticality safety limit of kefr+ 2a < 0.95.

The DOE also performed criticality analyses for the Peach Bottom fuel. Although DOE assumed that the
Peach Bottom fuel was rubblized, they did not consider the non-mechanistic separation of graphite from
the fuel and subsequent redistribution as a sphere surrounding the fuel material.

3.2.2 Discussion and Results

The results of these calculations show that in the crushed condition, assumed geometry, and a mix density
of 2.14 glcm3, significantly more than 21 assemblies can be crushed before the limit set by the validation
study of kefr + 2c < 0.9304 is approached. A density of 2.14 g/cm3 corresponds to UC2 and ThC2 fuel
compacts and could only be produced if all the broken fuel pieces were highly compressed into a solid
spherical fuel/graphite mass. Such compression would require an external force, but no such force is
present. Therefore, this scenario is only hypothetical in nature.

The DOE analyses, which assumed that the fuel is rubblized into a homogenous mixture, required greater
than 18 Peach Bottom fuel elements to achieve a keff of greater than 0.95. Since no more than 18 Peach
Bottom fuel elements will be transferred to the ISF Facility in a single fuel container, no criticality
concern has been identified.

3.2.3 Spent Fuel Loading

Spent fuel loading is the same as described in Section 3.1.3.

3.2.4 Model Specification

3.2.4.1 Description of Calculational Model

The Peach Bottom Core I fuel compacts consisted of carbides of uranium enriched to 93.15 % 235U at the
beginning of life and thorium, uniformly dispersed as coated particles in a graphite matrix. The total
carbon within the carbide substrates was between 1% and 16%, by weight. The pyrolytic carbon-coated
particles were between 21 0 and 595 gm in diameter, with a coating thickness of 55 pm.

The fuel region of a Peach Bottom fuel element is composed of 30 fuel compacts (disks). For this model
the graphite in the fuel compacts was evenly homogenized with the fuel. The homogenized mixture was
modeled as a sphere with a volume equivalent to that of the fuel compact cylinders. The remaining
graphite mass in the fuel elements was assumed to form a reflecting shell surrounding the
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homogenized fuel/graphite sphere. The sphere size was varied from a volume equal to that from 3
assemblies to that from 21 assemblies. Figure 30 illustrates a Peach Bottom fuel element. Figure 31
shows the MCNP model that was used to support the analysis.

As described in Appendix A, Section 4.7.1.2.2 Peach Bottom Core 2 Packaging, the Peach Bottom Unit I
Core 2 fuel elements have been in dry storage at INTEC. They are transferred in a dry Peach Bottom
transfer cask. Thus, during normal and off-normal conditions the fuel is in a dry condition. In the case of
the accident condition involving a flood the maximum probable flood elevation is 4920.71 feet and the
cask bottom is at elevation 4920.5 feet (refer to SAR Section 3.2.2.4 Flood Protection). In addition, the
Peach Bottom I Core 2 packaging involves the use of three steel liners (the outer Cask Liner - see Figure
A-8 and A-9, the middle Canister Overpack - see Figure A-8, and the inner IFSF Fuel Storage Can - see
Figure A-25) that each has a welded bottom plate to the cylindrical portion of the liner. Each of these
liners prevents water from entering from the bottom portion of the respective liner.

However, in order to assess the sensitivity of the modeled system to additional moderation, calculations
were run assuming a 30.5 cm (12-inch) layer of water surrounding the outer graphite reflector. Each base
configuration was run both with and without the presence of this additional water reflector.

Table 21 summarizes the modeled configuration.

I

Table 21
Modeled Configuration

(Uses fuel and graphite material available from 3, 6, 9, 12, 15, 18, and 21 elements)

l ~~~Dimensions
Region |Material (glcc) (cm)

Homogenized Fuel and Graphite Description
Solid Sphere UC2 and ThC2 and OR = 15.2 (for 3 element model)
(Fuel and Graphite (2.14) OR = 29.1 (for 21 element model)
Graphite) Sphere size was varied from a volume equal to that from 3

assemblies to that of 21 assemblies
Graphite Reflector Sphere Description':'

Graphite Graphite (1.85) IR = 15.2 (for 3 element model)
Reflector OR = 25.4 (for 3 element model)
surrounding IR = 29.1 (for 21 element model),
Solid Sphere OR = 48.5 (for 21 element model)

Sphere size was varied to account for change in size of solid
sphere and volume of additional graphite available from fuel
element components

Additional WiterRefiector' >'- ' -
Outer Sphere Water (1.00) 30.5 (layer surrounding outer graphite reflector shell)
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Figure 30
Peach Bottom Fuel Element
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l ~~~~~~~~~UC2 Fuel in
Graphite

Graphite

I D 9 0

Figure 31
MCNP Geometry for Homogenized Peach Bottom Fuel Surrounded by Graphite

Reflector I
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3.2.4.2 Regional Densities

The input data for the size and composition of the microspheres and fuel /graphite mixtures was taken
from DOE/SNF/REP-041 and Contract Attachment C-A-A. In addition GA-C l 8525, ORNL/Sub/86-
22047/2 shows that there are 33 kg of carbon per element. This additional carbon was assumed to form a

I reflecting shell surrounding the homogenized fuel/graphite sphere.

The MCNP material densities used in these calculations follow in Table 22.

Table 22
Material Densities

Fuel (UC2IThC2IC)
Density = 2.14_glcc

Material Weight Percent Atom Density
_____ _____ ____ _____ ____ _____ _____ ____ _____ ____(atom s/b-cm )

Th-232 15.00 8.332E-04
U-235 2.79 1.531 E-04
U-238 0.15 7.872E-06

Carbon 82.06 8.805E-02
Carbon

Density = 1.85 gcc

Atom DensityMaterial Weig ht Percent (atoms/b-cm)

C 100.00 1.314E-01
K)-

The fuel/graphite density was calculated to be 2.14 g/cm3 based on the mass of fuel and carbon present in
the compacts. The 2.14 g/cm3 could only be produced if all the broken pieces were highly compressed
into a solid mass, and there is no mechanism for that to happen. This represents a limiting case.

3.2.5

3.2.5.1

Criticality Calculations

Calculational Methodology

The MCNP Monte Carlo radiation transport program, MCNP4C, Monte Carlo N-Particle Transport Code
System, CCC-700, Radiation Safety Information Computational Center, Oak Ridge National Laboratory,
was used for the criticality calculations. The kff was determined for graphite moderated Peach Bottom
fuel in a spherical configuration (see Figure 31) with the MCNP code.
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3.2.5.2 Fuel Loading and Other Contents Optimization

Spent fuel loading is the same as described in Section 3.1.3.

3.2.5.3 Criticality Results

The results of these calculations, both with and without additional reflection by water, are shown in Table
23 and Figure 32. The results show a moderate sensitivity to the addition of reflecting material (i.e.,
water) surrounding the outer graphite shell. However, the calculated values of kff did not approach the
upper safety limit, even when 21 fuel elements were assumed to be crushed and reconfigured into a
spherical configuration and additional moderation provided by an outer layer of water.

3.2.6 References

Attachment C-A-A, "Fuel and Fuel Package Description", to DOE Contract DE-AC07-OOID13729.

GA-C1 8525, ORNL/Sub/86-22047/2, Characteristics of Peach Bottom Unit I Fuel, R. P. Morissette et al.,
October 1986.
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Table 23
Reactivity from the Fuellgraphite in the Indicated Number of Assemblies Homogenized

into a Sphere, with a graphite reflector

No Water Reflection

Assemblies per
Sphere keff 0 k.f + 2

3 0.1151 0.0003 0.1157

6 0.2399 0.0004 0.2407

9 0.3368 0.0005 0.3378

12 0.4142 0.0006 0.4154

15 0.4757 0.0006 0.4769

18 0.5273 0.0007 0.5287

21 0.5702 0.0006 0.5714

With Additional Water Reflector (12 inch)

Assemblies per
Sphere ken a keff + 2

3 0.3266 0.0005 0.3276

6 0.4326 0.0005 0.4336

9 0.5092 0.0006 0.5104

12 0.5708 0.0006 0.5720

15 0.6193 0.0006 0.6205

18 0.6597 0.0007 0.6611

21 0.6959 0.0007 0.6973
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_-# No WaleR Refire

0 5 10 15

Equivalent Number of Elements

20 25

Figure 32
Peach Bottom keff (keel + 2co shown) as a Function of Equivalent Number of

Elements (Homogenized Fuel/Graphite in a Sphere)
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3.3 PEACH BOTTOM ELEMENTS IN STORAGE CANISTER

3.3.1 Criticality Evaluation

The purpose of this calculation is to determine the reactivity of the Peach Bottom spent fuel elements in
the ISF storage canister configuration as a function of spacing between the elements and as a function of
moderation and reflection. The results of these calculations will be used in a nuclear criticality safety
assessment for handling the Peach Bottom spent fuel elements in 1SF Facility.

3.3.2 Discussion and Results

The criticality analyses for moderated conditions with the 18 elements in a hexagonal array and 0.1 cm
separation distance edge to edge shows that 18 Peach Bottom fuel elements will have a maximum kfrr+
2a = 0.913 for full density water between the fuel elements. Hexagonal arrays of Peach Bottom fuel
elements ranging from 6 to 37 fuel elements were analyzed.

3.3.3 Spent Fuel Loading

Spent fuel loading is the same as described in Section 3.1.3.

3.3.3.1 Description of Calculational Model

The number of Peach Bottom fuel elements was varied from 6 to 37 and the analyses were done with and
without moderation and reflection for these criticality analyses. The number of fuel elements was varied
by removing the fuel elements from an outer surface of the hexagonal model. As an example, four
elements along one surface were removed to change the MCNP model for 37 elements (Case 26C-1), to
the model for 33 elements (Case 26C-2). Figure 33 illustrates a Peach Bottom fuel element. Typical Peach
Bottom arrays used in these analyses are shown in Figures 34, 35, 36 and 37. The fuel elements and the
graphite reflector and spine were modeled both dry and containing entrained water (saturated). Table 24
summarizes the modeled configuration.

Fuel compact composition types A and C in Table 29 were used for the criticality analyses to make the
Type 11 fuel elements which are the majority of the fuel elements, as shown in Table 30. As shown in
Table 29 and 30, Type 11 fuel is the combination with the maximum amount of U235 and the minimum
amount of thorium, rhodium, or poison in the spines. It is therefore the most reactive element.
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Infinite Array of Shippingport Reflector Pins
Water Moderated, Post-Irradiation
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Figure 58
keff as a Function of Triangular Pitch for Infinite Array of Water Moderated

Shippingport Reflector Rods, nominal +la uncertainty shown
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5.0 CRITICAL BENCHMARK EXPERIMENTS

The validation process was used to determine biases for calculating the kern of fuel element systems.
Therefore, the experiments selected as benchmark cases included U(17)02 annular rods and TRIGA Mark
11 Reactor fuel in water (IEU experiments), Rover fuel which had HEU in thorium in a graphite matrix,
HEU and ZrH rods in water, Oralloy cubes in water, and SPERT-D plate fuel elements in water. These
cases were selected because they represent the range of fuel to be repackaged and stored at the 1SF
Facility.

Described in more detail below, these configurations were varied enough in fuel, material, and
moderation that they were considered adequate validation for calculating a number of fuel handling and
accident conditions.

5.1 BENCHMARK EXPERIMENTS AND APPLICABILITY

Water-Moderated U(17)02 Annular Fuel Rods without Absorber and with Gadolinium or Calcium
Absorbers in 6.8-cm-Pitch Hexagonal Lattices at Different Temperatures IEU-COMP-THERM-
002]

These experiments were critical approach experiments using stainless-steel-clad U02 fuel rods ( 7 weight
percent 235U) in a water-filled tank. Lattice arrangements were comprised of one ofthree forms ofthe
fuel rod, which created either a configuration with an absorber element (Gd or Cd) or with no absorber
element. Evaluated experiments contained no absorber element. Fuel elements were constructed of two
sets of concentric stainless steel tubes. The first set consisted of concentric cylinders with outside
diameters of 2.40 cm and 2.92 cm with a wall thickness of 0.03 cm and an overall length of 60.6 cm.
Uranium dioxide filled the interstitial space between the two cylinders. The second set of tubes was
similar to the first with the exception of having 3.66 cm and 4.18 cm. Fuel rod parts were placed into a
stainless-steel tube with an outer diameter of 4.58 cm. Lattice arrangements were investigated at room
and raised temperatures. These experiments allowed evaluation of temperature effects on the reactivity of
latticed fuel element systems.

TRIGA Mark II Reactor: U(20) - Zirconium Ilydride Fuel Rods in W'ater with Graphite Reflector
IIEU-COMP-THERM-0031

Selection of these critical experiments for the validation allowed for the evaluation of an arrayed system
of TRIGA fuel elements in the presence of a water moderator. At 28 inches in length (15 inches of fuel
meat), 1.478 inches in diameter, and clad by stainless-steel (SS-304), the fuel elements are nearly
identical to those modeled in SF Facility analyses. Fuel elements in the experiment are slightly higher in
total uranium loading (12 weight percent U vs. 8.5 weight percent U) than the ISF Facility fuel; however,
each is enriched to 20% in 235U. The fuel is a homogenous mixture of uranium and zirconium hydride
(ZrH) with a H:Zr ratio of 1.60 according to manufacturer documentation. Overall, the physical
characteristics, geometry of the problem, and moderator material make this an excellent validation
problem set for the TRIGA fuel type.

Graphite and Water Moderated NRX-A3 and NRX-A4 Assemblies IIEU-COMP-THJERM-002]

Consisting of a fuel type commonly referred to as Rover fuel, these experiments are critical experiments
of hexagonal graphite rods containing highly enriched uranium moderated and reflected by water. Each
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NRX-A fuel element was a nominally 52-inch-long hexagonal graphite cylinder with a 0.870-inch
diagonal, containing 19 uniformly spaced longitudinal holes. Distributed uniformly within the graphite
matrix were pyrolytic-graphite-coated uranium dicarbide beads. With an enrichment of 93.15 weight
percent 235U, the Rover fuel possesses fuel characteristics very similar to those of Peach Bottom fuel. The
experiments consist of various arrays of the NRX-A4 and NRX-A3 fuel intermixed in predefined
geometric patterns. As in the case of Peach Bottom fuel, the hexagonal Rover is an unclad fuel element.
Overall, these experiments were judged excellent as a representative group of critical experiments
satisfactory to validate determination of k~fr for Peach Bottom fuel.

Water-IMtoderated hexagonally Pitched Double Lattices of U(80%)0 2 + Cu Fuel Rods and
Zirconium Hydride Rods [HEU-COMP-THERMI-0071

Selected as a benchmark experiment for validation of parameters similar to TRIGA fuel, these critical
experiments contain water-moderated hexagonally pitched lattices with highly enriched (approximately
80% 235U) fuels rods of cross-shaped cross-section. Included in the lattice along with the fuel rods were
several zirconium hydride rods. Although higher in enrichment than TRIGA fuel, the double lattices
allowed for evaluation of the reactivity effects of varying zirconium hydride parameters.

Intermediate Heterogeneous Assembly with Highly Enriched Uranium Dioxide (96% 235U) and
Zirconium Hydride Moderator HEU-COMP-MIXED-003; Formerly IIEU-COMIP-INTER-001 

These experiments wvere performed to investigate the criticality safety of a highly enriched fuel system
(approximately 96% in 235U) in the presence of a zirconium hydride moderator and beryllium reflector.
Safety drums in the configuration contained a natural boron carbide poison. The experiment was selected
for analysis based on the presence of ZrH as moderator and a chance to evaluate the effects of an absorber
poison.

Lattices of Oralloy Cubes in Water [IEU-MET-THERMI-0031

These experiments were conducted using cubic or nearly cubic lattices of oralloy cubes immersed in a
tank of water. Oralloy denotes uranium enriched to approximately 93%, very similar to the enrichment of
the Peach Bottom fuel. Water moderation and reflection were also strong contributors for selection of this
fuel system as a benchmark experiment.

SPERT-D Aluminum-Clad Plate Type Fuel in Water, Dilute Uranyl Nitrate, or Borated Uranyl
Nitrate

Several critical configurations involving SPERT-D fuel elements were used in experiments performed to
determine specifications for storage, transport, and chemical processing of SPERT-D fuel. Twenty-two
plates containing on average 304.46 g 235U made up the fuel system configuration. The core was enriched
to 93.17%, with the uranium-alloy being 23.8 weight percent uranium. Each individual plate contained
on average 13.93 grams, with individual plate loadings varying between 13.2 grams and 14.7 grams.
Selected benchmark experiments were moderated and reflected with demineralized water.
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5.2 RESULTS OF BENCHMARK CALCULATIONS USING MCNP4B2

5.2.1 Experiment Descriptions

A combination of 55 EU and HEU critical experiments were selected for use in determining the
calculation bias for the MCNP4B2 computer code system. The bias value was subsequently used in the
computation of the upper safety limit (USL) for any calculation performed with MCNP4B2. Table 45
gives a brief summary and number of the critical experiments selected.

5.2.2 Validation Approach

The data from the criticality experiments do not meet the necessary test results for a statistically normal
data distribution. Therefore, a non-parametric approach based on NUREG/CR-6698 guidance was used to
develop the final USL for calculations using MCNP4B2. Determination of the confidence level is based
on the number of experiments available in the dataset population. The confidence level, f3, is calculated
using the following equation:

P = 1-q

where, q = the desired population fraction (normally 0.95) and n = the number of data in one data sample.

The confidence level computed is to be applied to 95% of the dataset population. Substitution of 0.95
into the equation and replacing n with 55 (the number of critical experiments in the dataset), results in a
confidence level calculated to be 0.9405 or 94.05%.

A 95% confidence level is required by guidance documents (NUREG-1567, Section 4.5.3.5, Criticality).
Therefore, an additional margin of safety will be added in the computation to ensure that the selected USL
provides the necessary confidence level.

For non-parametric data analysis the combination of bias and bias uncertainty, KL, is calculated by
subtracting the uncertainty and a non-parametric margin (NPM) from the lowest observed kfr value of the
dataset. The NPM is added to account for small sample sizes. For confidence levels greater than 90%,
the NPM is "0" as provided in Table 2.2 of NUREG/CR-6698. Removal of NPM reduces the equation for
KL to the lowest value of keff minus the uncertainty.

The USL is then calculated by subtracting a subcriticality margin from KL. An additional term may be
added in the safety evaluation if it is intended to operate outside the area of applicability. Before actually
computing the confidence level and the USL, certain parameters were plotted to assess the presence of
trends in the data. Figures 59 and 60 illustrate kff plotted against the independent variables 235U
enrichment and average neutron lethargy causing fission, respectively. No clear trends exist in the data
population as shown in these figures. An attempt to fit trend lines to the data produced very low R2

values, symptomatic of a poorly fitting trend line. Therefore, the conclusion was drawn that the area of
applicability term in the USL calculation could be set to 0 based on the fact that the calculations to be
performed with MCNP4B2 would not be evaluating systems with parameters outside the area of
applicability. A minimum subcritical margin (Asm) is used in the calculation of the USL to ensure
subcriticality of the system being analyzed. The value of this subcritical margin may vary under different
circumstances; however, standard practice assumes a value of 0.05.
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For systems that will be evaluated using the MCNP4B2 computer code, the definition of the USL will be
modified as follows:

USL = KL - ASM - ASF

where the ASF term is an additional safety factor that vill be applied to compensate for the fact that the
confidence level was calculated to be 94%. This safety factor will be assigned the very conservative
value of 0.02.

5.2.3 Summary of Results

Calculated kef results are listed in Table 46 along with the benchmark kefr results, and a normalized kef-
value. At times it is necessary to make an adjustment to the calculated keff if the critical experiment was at
other than a critical state (i.e., slightly supercritical or subcritical). Taking a ratio of the calculated ken-
value to the benchmark keff value accomplishes this normalization process. Normalized values were
subsequently used in determination of the USL. Individual standard deviation values are included as well
for the calculated k~i-f results.

Using the equation above and substituting in the appropriate values produces the following result for the
USL:

USL = KL-ASM - ASF

USL = (0.9840 - 0.0010) - 0.05 - 0.02

USL = 0.9130

5.3 RESULTS OF BENCHMARK CALCULATIONS USING MCNP4C

5.3.1 TRIGA Fuel

Criticality experiments were selected from the International Handbook of Evaluated Criticality Safety
Benchmark Experiments [Handbook] as the basis of the validation for TRIGA fuel. The Handbook data
is used preferentially because these benchmarks are well described for criticality safety purposes and
because descriptions are subject to an extensive peer review. In all cases, these experiments were either
remodeled based on their description, or models developed by others were checked to ensure that
modeling techniques and input are comparable to this evaluation's methodology.

The validation of MCNP4C resulted in distinct upper safety limits for TRIGA and Peach Bottom fuel
types. Both evaluations employed a statistical approach to derivation of the upper safety limit to be used
in criticality calculations. The validation methodology for TRIGA fuel is described in this section and for
Peach Bottom is described in the section that follows.

5.3.1.1 Experiment Descriptions

The 72 critical experiments selected for use in this evaluation were comprised of three main categories:
lattice experiments, reactor configuration experiments, and square pitched array experiments. Table 47
gives a brief summary and number of the critical experiments selected. The experiments covered a wide
range of parameters representative of storage configurations.
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5.3.1.2 Validation Approach

Validation of the MCNP computer code is required by the criticality safety standard ANSI/ANS-8.I. The
criterion to establish subcriticality safety margins is prescribed in ANSI/ANS-8.17, as follows:

k, • kc - Ak, - Ak, - Aki

where:

k = calculated allowable maximum multiplication factor, kff, of system being evaluated for all normal
or credible abnormal conditions or events

k = mean k~ff that results from calculation of benchmark criticality experiments using particular
calculation method. If calculated ktnfvalues for criticality experiments exhibit trend with
parameter, then kc shall be determined by extrapolation based on best fit to calculated values.
Criticality experiments used as benchmarks in computing kc should have physical compositions,
configurations, and nuclear characteristics (including reflectors) similar to those of system being
evaluated

Ak, = allowance for: (a) statistical or convergence uncertainties, or both, in computation of k,, (b)
material and fabrication tolerances, and (c) geometric or material representations used in
computation method [uncertainty in the value of k3j

Akc = margin of uncertainty in kc which includes allowance for: (a) uncertainties in critical experiments,
(b) statistical or convergence uncertainties, or both, in computation of kc, (c) uncertainties resulting
from extrapolation of kc outside range of experimental data, and (d) uncertainties resulting from
limitations in geometrical or material representations used in computation method [uncertainty in
the value of kc]

Ak = arbitrary margin to ensure subcriticality of k,

Setting Akin to 0.05 and substituting AP for Akc, the above equation can be rewritten as:

k, < k - Ak, - AP - 0.05

kc can be rewritten as -(I-k,) which allows the substitution of J for (1-kc), which is the bias. Substitution
of terms results in further reduction of the equation to:

k, < -( -kc) - k - - .05

Or

k, < I- - k - A - 0.05

Finally, the equation can be reduced to a final form that applies the bias and uncertainties to the kff of the
system being analyzed. The modified equation appears as:

kjff+ Ak, + P + AP < 0.95
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5.3.1.3 Summary of Results

The keff results for the experiments along with their associated uncertainty are shown in Table 48. The
overall average and standard deviation of these 72 cases is 0.9894±0.0062. The average Monte Carlo
error (statistical convergence) is ±0.0015 for the 72 cases. Uncertainty resulting from limitations of
geometrical modeling is taken to be 0.0 based on the fact that the MCNP models are three-dimensional,
fully explicit representations (no homogenization) of the experiment geometry. Experiment error is
conservatively taken to be ±0.0001 so that the criticality can then be represented as 1.0000±0.0010.

Average difference between code calculated and the critical condition is = I - 0.9894 = 0.0 106. The
uncertainty in the bias, accounting for the statistical convergence and the uncertainty in criticality is
(0.00622 - 0.00152 + 0 .0 0 1 0 2)1n = 0.0061. For 72 samples of criticality, the 95/95 one-sided tolerance
factor can be taken as 2.065 [Table 2.1, NUREG/CR-6698]. The result is a 95/95 one-sided uncertainty
in the bias, AP, of 2.065 x 0.0061 = 0.0126. The equation from above may now be written as:

keff + Ak, + 0.0106 + 0.0126 < 0.95

If the worst-case mechanical and material tolerances are used to calculate k, the value of Ak, can be taken
as 0 and an upper safety limit (USL) can be extracted as:

USL = 0.95 - 0.0106- 0.0126

Or

USL = 0.9268

5.3.2 Peach Bottom Fuel

5.3.2.1 Experiment Descriptions

The 58 critical experiments selected for use in this evaluation were comprised of three main categories:
lattice experiments, reactor configuration experiments, and square pitched array experiments. Table 49
gives a brief summary and number of the critical experiments selected for Peach Bottom fuel. The
experiments covered a wide range of parameters representative of storage configurations.

5.3.2.2 Validation Approach

Validation of MCNP4C for use in calculating kff for Peach Bottom fuel systems was performed using a
non-parametric analysis as described in NUREG/CR-6698. This analysis results in determination of the
degree of confidence that a fraction of the true population of data lays above the smallest observed value.
An equation for the percent confidence that a fraction of the population is above the lowest observed
value reduces to:

P = I qn

where:

q = the desired population fraction (normally 0.95)

n = the number of data in one sample
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Information extracted from this equation and evaluation is then used to determine KL, which represents
the combination of bias and bias uncertainty:

KL = lowest k~ff - a (uncertainty of lowest kff) - NPM (non-parametric margin)

The non-parametric margin is a value that is added to account for variability in results that may result
from the use of small sample sizes. A table of recommended values is provided in NUREG/CR-6698,
Section 2.4.4.

As discussed in the previous validation sections, calculation of the upper safety limit includes a
conservative safety margin, or margin of subcriticality (- Asm) as it is called in NUREG/CR-6698. With
this in mind the upper safety limit (USL) may be computed as follows:

USL = KL - Am

5.3.2.3 Summary of Results

Table 49 shows that 58 critical experiments were included in the validation of keff for Peach Bottom fuel
systems. The kff results for the experiments along with their associated uncertainty are shown in
Table 50. Thus, the number of data points in this sample set, n, is equal to 58. Setting q equal to 0.95 and
plugging in n 58 resulted in the following calculated value for 13:

1 = I - (0.95)58

13=0.9490

13=94.9%

The above calculation indicated that there was a 94.9% confidence that 95% of the population lies above
the smallest value in the dataset. A 94.9% computed value for 13 was used as the entering argument to
Table 2.2, Non-Parametric Margins, found in Section 2.4.4 of NUREG/CR-6698. For a degree of
confidence of >90% the correlating non-parametric margin is 0. Thus, the final term in the calculation of
KL would be taken as 0 and the calculation of KL wivas reduced to the lowest value of k~ff in the sample set
minus its associated uncertainty.

Dividing the calculated kff value by the experimental kff value normalized experiment results that
exhibited slightly supercritical or subcritical behavior. A k term was then computed that measured the
deviation of the normalized k~ff value from 1.0000.

Evaluation of the dataset indicated that the lowest normalized kff value of the 58 experiments was 0.9908
with an associated uncertainty of 0.0012.

In the determination of an upper safety limit a standard practice is to assign a value of 0.05 for the margin
of subcriticality. As an additional conservative measure the Ak term associated with a keff of 0.9908 was
summed with 0.05 to produce a margin of subcriticality equal to 0.0592. Analysis of Peach Bottom fuel
systems was then assigned the following upper safety limit:

USL = (0.9908 - 0.0012) - 0.0592

Or

USL = 0.9304
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Table 45
Benchmark Experiment Descriptions for Validating MCNP4B2 Code

Number of Number of
Selected Available

Experiment Experiments Experiments Description of Criticality Experiments

17 wt% 235U stainless-steel-clad fuel rods in
IEU-COMP-THERM-002 2 6 6.8-cm hexagonal-pitched lattices; gadolinium

or cadmium absorber element (if present)

20 wt% 235U TRIGA Mark I reactor; zirconium
IEU-COMP-THERM-003 2 2 hydride fuel rods in water; graphite reflector;

12 w/o uranium concentration

Hexagonal graphite rods containing highly
HEU-COMP-THERM-002 25 25 enriched uranium moderated and reflected by

water, uranium enriched to 93.15 wt % 2 U.

HEU-COMP-THERM-007 3 3 Hexagonally pitched double lattices, U(80)0 2,ZrH rods, water moderated and reflected.

HEU-COMP-INTER-001 1 6 96% 235U, zirconium hydride moderator,beryllium reflector, water moderated

Nearly cubic and cubic lattices of oralloy 1Oy),
HEU-MET-THERM-003 5 7 water moderated and reflected, various 2 U

enrichments (94%).

Lattices of SPERT-D fuel elements, uranium
HEU-MET-THERM-006 18 23 enriched to 93.17%, cladding 0.02 in thick,

water moderated and reflected.

Total 56 72
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Table 46
Calculation Results for 56 Critical Experiments

Case ID Calculated kf Uncertainty (caIc) Benchmark keff Normalized kff

ICT0201 0.9959 0.0008 1.0014 0.9945

ICT0202 1.0009 0.0008 1.0019 0.9990

ICT0301 0.9988 0.0009 1.0006 0.9982

ICT0302 1.0061 0.0009 1.0046 1.0015

HCT0201 1.0080 0.0010 1.0011 1.0069

HCT0202 1.0134 0.0010 1.0011 1.0123

HCT0203 1.0132 0.0010 1.0011 1.0121

HCT0204 1.0152 0.0010 1.0011 1.0141

HCT0205 1.0150 0.0009 1.0011 1.0139

HCT0206 1.0157 0.0009 1.0011 1.0146

HCT0207 1.0153 0.0009 1.0011 1.0142

HCT0208 1.0157 0.0008 1.0011 1.0146

HCT0209 1.0152 0.0008 1.0011 1.0141

HCT0210 1.0148 0.0008 1.0011 1.0137

HCT0211 1.0140 0.0010 1.0011 1.0129

HCT0212 1.0113 0.0010 1.0011 1.0102

HCT0213 1.0157 0.0009 1.0011 1.0146

HCT0214 1.0146 0.0009 1.0011 1.0135

HCT0215 1.0178 0.0008 1.0011 1.0167

HCT0216 1.0164 0.0008 1.0011 1.0153

HCT0217 1.0213 0.0008 1.0011 1.0202

HCT0218 1.0151 0.0011 1.0020 1.0131

HCT0219 1.0102 0.0010 1.0020 1.0082

HCT0220 1.0156 0.0009 1.0020 1.0136

HCT0221 1.0141 0.0009 1.0020 1.0121

HCT0222 1.0142 0.0009 1.0020 1.0122

HCT0223 1.0136 0.0010 1.0008 1.0128

HCT0224 1.0147 0.0010 1.0008 1.0139

HCT0225 1.0124 0.0010 1.0008 1.0116

HCT0701A 0.9969 0.0009 1.0000 0.9969
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Table 46 (continued)
Calculation Results for 56 Critical Experiments

Case ID Calculated k.ff Uncertainty (calc) Benchmark kff Normalized kff

HCT0702A 0.9946 0.0009 1.0000 0.9946

HCT0703A 0.9943 0.0009 1.0000 0.9943

HC10105 1.0019 0.0009 1.0000 1.0019

HMT0303 0.9812 0.0009 0.9826 0.9986

HMT0304 0.9881 0.0009 0.9876 1.0005

HMT0305 1.0028 0.0010 0.9930 1.0099

HMT0306 0.9733 0.0010 0.9889 0.9842

HMT0307 0.9867 0.0010 0.9919 0.9948

HMT0601 0.9970 0.0010 1.0000 0.9970

HMT0602 0.9987 0.0010 1.0000 0.9987

HMT0603 1.0019 0.0009 1.0000 1.0019

HMT0605 0.9987 0.0009 1.0000 0.9987

HMT0606 0.9975 0.0009 1.0000 0.9975

HMT0607 0.9975 0.0008 1.0000 0.9975

HMT0608 0.9924 0.0008 1.0000 0.9924

HMT0609 0.9946 0.0008 1.0000 0.9946

HMT0610 1.0043 0.0010 1.0000 1.0043

HMT0611 1.0047 0.0009 1.0000 1.0047

HMT0612 1.0041 0.0008 1.0000 1.0041

HMT06138 1.0292a 0.0009 1.0000 1.0292a

HMT0614 0.9933 0.0008 1.0000 0.9933

HMT0615 0.9904 0.0008 1.0000 0.9904

HMT0616 1.0058 0.0009 1.0000 1.0058

HMT0617 1.0015 0.0009 1.0000 1.0015

HMT0618 1.0032 0.0010 1.0000 1.0032

HMT0619 0.9916 0.0007 1.0000 0.9916

* HMT0613 was reported to be high by the evaluator with no explanation. As a result, it was not used to compute the bias
for this class of materials.
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Table 47
Benchmark Experiment Descriptions for Validating MCNP4C for TRIGA Fuel

Number of Number of
Available Selected

Experiment Experiments Experiments Description of Criticality Experiments
-80 alo 235U U02 stainless-steel-clad fuel rods

HEU-COMP- 5 3 in an aluminum matrix in clusters of square-
THERM-011 pitched 21x21 lattices; lattice pitch value of 14

mm; cluster distance varied from 0 to 5.6 cm

-80 a/o 235U U0 2 stainless-steel-clad fuel rods
HEU-COMP- 5 2 in an aluminum matrix in clusters of square-
THERM-012 pitched 18x18 lattices; lattice pitch value of 14

mm; cluster distance varied from 0 to 5.6 cm
-80 a/o 235U U0 2 stainless-steel-clad fuel rods

HEU-COMP- 4 2 in an aluminum matrix in clusters of square-
THERM-013 pitched 14x14 lattices; lattice pitch value of 14

mm; cluster distance varied from 1.4 to 5.6 cm
-80 a/o 235U U02 stainless-steel-clad fuel rods

HEU-COMP- in an aluminum matrix in clusters of square-
THERM-014 4 2 pitched 10x10 lattices; lattice pitch value of

19.8 mm; cluster distance varied from 0 to
5.94 cm

IEU-COMP- 17 w/o 235U stainless-steel-clad fuel rods in
THERM-002 6 6 6.8-cm hexagonal-pitched lattices; gadolinium

or cadmium absorber element (if present)

IEU-COMP- 20 w/o 235U TRIGA Mark II reactor; zirconium
THERM-003 2 2 hydride fuel rods in water; graphite reflector;

12 w/o uranium concentration
2.35 w/o 235U U0 2 aluminum clad fuel rods inLEU-COMP- 8 8 2.032-cm square-pitched arrays; water-
moderated

LEU-COMP- 4.31 w/o 235U U0 2 aluminum clad fuel rods in
THERM-002 5 5 2.54-cm square-pitched arrays; water-moderated

2.35 w/o 235U U02 aluminum clad fuel rods inLEU-COMP- 23 22 1.684-cm square-pitched arrays; water-
moderated, gadolinium water impurity
4.31 w/o 235U U02 aluminum clad fuel rods inLEU-COMP- 20 20 1.892-cm square-pitched arrays; water-
moderated, gadolinium water impurity

Total 82 72 Q<- :it.-; - '
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Table 48
Kenf and Uncertainty Results

Uncertainty
Case k I (a) ker + 2a

HEU-COMP-THERM-011
hctl Ia 0.987 0.0009 0.9890
hctl b 0.990 0.0008 0.9920

hctllc 0.991 0.0009 0.9923
HEU-COMP-THERM-012

hctl2a 0.990 0.0011 0.9926
hctl2b 0.988 0.0009 0.9902

HEU-COMP-THERM-013
hctl3a 0.991 0.0009 0.9928
hctl3b 0.992 0.0010 0.9944

HEU-COMP-THERM-014
hctl4a 0.998 0.0009 0.9997
hctl4b 0.997 0.0009 0.9991

IEU-COMP-THERM-002
ict2a 0.994 0.0007 0.9957

ict2b 1.000 0.0008 1.0011
ict2c 1.000 0.0007 1.0012
ict2d 1.003 0.0007 1.0047
ict2e 0.994 0.0007 0.9958
ict2f 0.996 0.0007 0.9971

IEU-COMP-THERM-003
ict3a | 1.000 0.0003 ] 1.0001
ict3b J 1.005 0.0003 1.0053

LEU-COMP-THERM-001
Icti a 0.995 0.0018 0.9985

Ictlb 0.997 0.0015 0.9995
Icti c 0.995 0.0015 0.9976
Ictld 0.998 0.0015 1.0007
Ictle 0.993 0.0017 0.9959

Ictif 0.996 0.0016 0.9995

Ictig 1.001 0.0015 1.0035
Ictl h 0.992 0.0016 0.9949
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Table 48 (continued)
Keff and Uncertainty Results

l | U~ncertainty|
Case kff j (a) j keff + 2a

LEU-COMP-THERM-002
lct2a 0.994 0.0017 0.9970
lct2b 0.996 0.0019 1.0002
lct2c 0.993 0.0018 0.9964

Ict2d 0.995 0.0020 0.9987
Ict2e 0.995 0.0017 0.9988

LEU-COMP-THERM-003
lct3a 0.986 0.0020 0.9902
lct3b 0.985 0.0017 0.9887
Ict3c 0.982 0.0018 0.9857
lct3d 0.985 0.0017 0.9880
Ict3e 0.987 0.0018 0.9910
Ict3f 0.984 0.0015 0.9872
Ict3g 0.986 0.0019 0.9898
Ict3h 0.988 0.0019 0.9916
Ict3i 0.980 0.0016 0.9827
Ict3j 0.980 0.0017 0.9829

Ict3k 0.984 0.0017 0.9870

lct3l 0.982 0.0016 0.9854
Ict3m 0.982 0.0018 0.9857

lct3n 0.983 0.0016 0.9864

lct3o 0.984 0.0017 0.9878

Ict3p 0.983 0.0018 0.9869
lct3q 0.982 0.0017 0.9857

Ict3r 0.982 0.0017 0.9850

lct3s 0.981 0.0017 0.9845
Ict3t 0.984 0.0014 0.9867

Ict3u 0.982 0.0016 0.9855
lct3v 0.993 0.0017 0.9962
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Table 48 (continued)
Keff and Uncertainty Results

Uncertainty
Case |_k__ I (a) J k + 2a

LEU-COMP-THERM-004

lct4a 0.990 0.0017 0.9932

Ict4b 0.989 0.0019 0.9927

lct4c 0.989 0.0021 0.9932

Ict4d 0.990 0.0020 0.9943

lct4e 0.989 0.0020 0.9925

Ict4f 0.987 0.0020 0.9906

Ict4g 0.990 0.0018 0.9933

lct4h 0.989 0.0018 0.9930

Ict4i 0.988 0.0022 0.9928

lct4j 0.996 0.0019 0.9999

ict4k 0.984 0.0019 0.9875

Ict4I 0.978 0.0021 0.9825

lct4m 0.986 0.0018 0.9896

Ict4n 0.982 0.0021 0.9863

lct4o 0.987 0.0017 0.9900

lct4p 0.986 0.0018 0.9896

Ict4q 0.985 0.0023 0.9892

Ict4r 0.984 0.0019 0.9877

Ict4s 0.986 0.0019 0.9900

lct4t 0.984 0.0017 0.9877
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Table 49
Benchmark Experiment Descriptions for Validating MCNP4C for Peach Bottom Fuel

Number of Number of
Available Selected

Experiment Experiments Experiments Description of Criticality Experiments
Cans in variously sized arrays containing

HEU-COMP-MIXED-001 26 7 enriched uranium dioxide (UO2), 93.15 wt%235U enrichment, cans arranged in variously
sized arrays.

Hexagonal graphite rods containing highly

HEU-COMP-THERM-002 25 25 enriched uranium moderated and reflectedby water, uranium enriched to 93.15 wt %
23su.

Highly enriched solutions of uranyl nitrate
IUO2(NO3)2] and uranyl fluoride [U0 2F2],

HEU-SOL-THERM-005 17 8 3 5U enrichments ranging from 87.4% to
93.2%, H/235U values ranging from 99.3 to
276.
Highly enriched (89.0 wt% 235U) uranium in

HEU-SOL-THERM-025 18 18 uranyl nitrate solutions, solution heights
varied from experiment to experiment.

Total 58 <<<-age. _ [-;- a. -,- Jolt .________________' *___
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Table 60
Keff and Uncertainty Results

Uncertainty |
Case k( (a) keff + 2o

HEU-COMP-MIXED-001

hcmlb.o 1.0089 0.0011 1.0111
hcmld.o 0.9899 0.0010 0.9919

hcmlk.o 1.0005 0.0010 1.0025
hcmln.o 0.9948 0.0011 0.9970

hcmlq.o 1.0151 0.0016 1.0183

hcmlx.o 1.0058 0.0015 1.0088

hcmly.o 1.0086 0.0016 1.0118

HEU-COMP-THERM-002
hct2a.o 1.0013 0.0017 1.0047

hct2b.o 1.0170 0.0018 1.0206

hct2c.o 1.0157 0.0016 1.0189

hct2d.o 1.0212 0.0018 1.0248

hct2e.o 1.0195 0.0015 1.0225

hct2f.o 1.0188 0.0017 1.0222
hct2g.o 1.0186 0.0015 1.0216

hct2h.o 1.0190 0.0013 1.0216

hct2i.o 1.0188 0.0016 1.0220

hct2j.o 1.0180 0.0015 1.0210

hct2k.o 1.0169 0.0017 1.0203
hct2l.o 1.0154 0.0018 1.0190

hct2m.o 1.0208 0.0016 1.0240

hct2n.o 1.0222 0.0018 1.0258
hct2o.o 1.0208 0.0017 1.0242
hct2p.o 1.0198 0.0015 1.0228

hct2q.o 1.0214 0.0014 1.0242

hct2r.o 1.0154 0.0018 1.0190

hct2s.o 1.0177 0.0018 1.0213

hct2t.o 1.0179 0.0016 1.0211
hct2u.o 1.0183 0.0016 1.0215
hct2v.o 1.0149 0.0011 1.0171

hct2w.o 1.0152 0.0020 1.0192

hct2x.o 1.0206 0.0015 1.0236

hct2y.o 1.0185 0.0015 1.0215
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Table 50 (continued)
Keff and Uncertainty Results

l | Uncertainty
Case kef I (a) kft + 2cr

HEU-SOL-THERM-005
hst5a.o 1.0004 0.0011 1.0026

hst5c.o 1.0098 0.0011 1.0120

hst5d.o 1.0083 0.0011 1.0105
hst5f.o 1.0034 0.0013 1.0060
hst5h.o 0.9908 0.0012 0.9932
hst5i.o 1.0089 0.0012 1.0113

hst5m.o 0.9997 0.0011 1.0019
hst5p.o 1.0033 0.0010 1.0053

HEU-SOL-THERM-025
hst25a.o 1.0007 0.0008 1.0023
hst25b.o 0.9984 0.0008 1.0000
hst25c.o 0.9952 0.0008 0.9968
hst25d.o 1.0015 0.0008 1.0031
hst25e.o 1.0031 0.0009 1.0049
hst25f.o 1.0094 0.0007 1.0108
hst25g.o 1.0146 0.0008 1.0162

hst25h.o 1.0100 0.0008 1.0116

hst25i.o 1.0056 0.0008 1.0072
hst25j.o 1.0097 0.0008 1.0113
hst25k.o 1.0104 0.0008 1.0120
hst25l.o 1.0110 0.0008 1.0126

hst5in.o 1.0167 0.0008 1.0183

hst25n.o 1.0101 0.0008 1.0117

hst25o.o 1.0028 0.0008 1.0044

hst25p.o 1.0157 0.0008 1.0173
hst25q.o 1.0084 0.0008 1.0100

hst25r.o 1.0048 0.0007 1.0062
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Figure 59

Kesf vs. U-235 Enrichment for Critical Experiments

Keff vs. U-235 Enrichment
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Figure 60

1(eff vs. EALF for Critical Experiments

Keff vs. Energy of Average Neutron Lethargy Causing Fission
Many Fuel Types
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5.0 OPERATION SYSTEMS

This chapter summarizes the Idaho Spent Fuel (ISF) Facility operations. Section 5.1 provides a summary
of the operations associated with the receipt, handling, and storage of the spent nuclear fuel (SNF) at the
ISF Facility. The systems directly relied on to perform these operations are described in Section 5.2.
Other operating systems for the remainder of the facility are discussed in Section 5.3. Instrumentation and
control features associated with operation control, monitors, and alarms are summarized in Section 5.4.
Section 5.5 discusses how control areas are designed to permit occupancy, and the actions to be taken to
operate the installation safely under normal and off-normal conditions. Section 5.6 discusses the
analytical sampling methods available to verify that facility operation is in accordance with design. The
operation systems provide safe control of fuel handling and storage systems, in accordance with 10 Code
of Federal Regulations (CFR) 72.122(j) (Ref. 5-1).

Fuel receipt, handling, and storage at the ISF Facility are subject to the requirements of the ISF license
issued in accordance with 10 CFR 72.

5.1 OPERATION DESCRIPTION

This section provides an overview of operations associated with the receipt, handling, and storage of the
SNF at the SF Facility. Figure 5.1-1 illustrates the general arrangement of the SF facility areas and
equipment. Figures are provided to facilitate understanding of the process. Facility activities involving
SNF fall into one of four "modes" defined in the Technical Specifications (TS): receipt operations,
loading operations, canister handling, and storage operations.

Receipt operations begin when the SNF is received at the ISF Facility and include movement of the DOE
transfer cask into the Cask Receipt Area; offloading the cask onto the cask trolley, installation of the cask
adapter remote release lid restraint, moving the cask through the outer tunnel door into the Cask
Decontamination Zone, venting and sampling the transfer cask atmosphere, and removal of the transfer
cask lid bolts. The transfer cask is then moved below the FPA cask port and the cask port inflatable seal
is inflated. Receipt operations end, and loading operations begin, when the cask adapter's first remote
release lid restrain is disengaged.

Loading operations begin when the first remote lid restraint of the cask adapter is disengaged. Loading
activities include activities to remove, inventory, inspect, and repackage the fuel into SF baskets;
transferring the loaded ISF basket into the SF canister in the canister trolley; and moving the loaded ISF
canister to the Canister Closure Area (CCA). Loading operations continue in the CCA with the welding of
the ISF canister lid, non-destructive examination (NDE) of the weld, vacuum drying and inerting the ISF
canister, and leak rate testing. Loading operations end and canister handling begins after the ISF canister
has met TS limits.

Canister handling includes moving the sealed SF canister through the Transfer Tunnel to the Storage
Area; transferring of the canister from the canister trolley to the canister handling machine (CHM);
placing the SF canister into the storage tubes; closing, and inerting the storage tubes; and leak rate
testing. Canister handling ends, and storage operations begin, when the storage tube has met TS limits.

Storage operations include the periodic surveillances required by TS. The facility license does not contain
provisions for transfer of fuel offsite or termination of storage operations.
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At any one time, ISF operations can involve any combination of the four TS-defined modes. A more
detailed description of the activities associated with each of these four modes is provided in Section 5.1.1.

The ISF Facility functions to confine the radioactive material and prevent the release of radioactive
particulate to the environment above radiological limits prescribed in Chapter 7. Radioactive material at
the ISF Facility is confined by physical barriers and ventilation system design features. Physical barriers
such as containers (e.g., canisters and casks), pipes, walls, floors, ceilings, windows, doors, and seals
prevent the spread of radioactive material. In addition, the ventilation system ensures that air flows from
areas of low potential contamination to areas of higher potential contamination and finally to areas of
likely contamination. Chapter 4 provides additional information on confinement boundaries. For the SNF,
the ISF canister provides the first level of confinement and the storage tube provides the second level of
confinement during storage.

5.1.1 Narrative Description

SNF receipt, loading, handling, and storage operations at the ISF Facility are described in this section
based on the four operational modes outlined in Section 5.1. Flowsheets showing major activities are
provided as Figures 5.1-22 through 5.1-28.

5.1.1.1 Receipt Operations

This section describes the methods and general sequence for the following receipt operations:

* acceptance of SNF shipment

* receipt of DOE transfer cask

* movement of transfer cask into Cask Decontamination Zone

* movement of transfer cask to FPA

The following sub-sections provide an overview of the operations listed above. The process is illustrated
in Figure 5.1-2 and Figure 5.1-3.

5.1.1.1.1 Acceptance of SNF Shipment

Before a shipment of SNF is accepted, shipping papers are reviewed to verify that: (1) the DOE transfer
cask contains only one type of SNF (i.e., Peach Bottom, TRIGA, or Shippingport), and (2) the SNF to be
received is of the same type as may be present in the FPA. This shipping paper review ensures that only
one type of SNF will be present in the FPA at any one time, to meet TS SNF limits and fuel handling
program limits. Before accepting the first shipment of a given type of SNF, the review also ensures the
FPA has been configured to handle the type of SNF to be received.

Security inspections are conducted before allowing the DOE transfer cask and DOE transporter on site.
Radiological receipt surveys may either be conducted prior to site entry or after arrival in the Cask
Receipt Area. When the inspection and survey activities are complete, the SNF shipment is accepted, and
the transfer cask is moved to the Cask Receipt Area.

5.1.1.1.2 Receipt of DOE Transfer Cask

The DOE transporter is backed into the Cask Receipt Area. With the transfer cask positioned under the
cask receipt auxiliary crane, the transfer cask restraints and impact limiters (if used) are removed. Next,
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5.1.1.2.5 TRIGA Fuel Specific Packaging Activities

Background Information

The following describes the packaging arrangement for TRIGA fuel to be received from DOE. Section
4.7.1.2.4 of Appendix A to the SAR, Safety Evaluation of the DOE-ID Provided Transfer Cask, provides
a more complete description of the ISF Facility receipt arrangement of TRIGA fuel.

The TRIGA fuel elements received at the ISF Facility are either aluminum or stainless steel clad. Up to
five individual TRIGA fuel elements may be contained in a five position standard TRIGA fuel can (refer
to Appendix A, Figure A-38). Up to six of these five position standard TRIGA fuel cans can be placed in
a TRIGA fuel bucket (refer to Appendix A, Figure A-31). Neither the five position standard TRIGA fuel
cans nor the TRIGA fuel buckets have lids. The TRIGA fuel buckets will be placed in three tiers in the
DOE fuel canister (Appendix A, Figures A-27 and A-28). A canister gap plug (Appendix A, Figure A-39)
is placed on the top of the upper TRIGA fuel bucket and the DOE fuel canister lid installed. The DOE
fuel canister is placed inside an Overpack. The Transfer Cask employs a liner for the TRIGA transfers to
limit radial movement during transfer. Appendix A, Figure A-4 provides an overview of the TRIGA
transfer packaging arrangement. Once the fuel elements are removed from the DOE canister, the fuel
cans, TRIGA fuel buckets, and canister gap plug are normally returned to DOE for reuse, but may be
processed as radioactive solid waste.

An ISF canister will contain two loaded TRIGA baskets (one on top of the other).

Normal Operations

Before packaging activities for the TRIGA fuel begin, the appropriate FPA configuration (Figure 5.1-9
and Figure 5.1-10) is established and the Transfer Cask lid is removed as discussed in Section 5.1.1.2.1.
The Overpack lid, DOE fuel canister lid, and canister gap plug are removed in sequence and placed inside
the FPA for later return to DOE. With these components removed, access to the TRIGA fuel buckets is
now available. The TRIGA fuel buckets are removed one tier at a time (each bucket contains up to 30
TRIGA fuel elements) and are placed either in a fuel loading station bench vessel or the fuel bucket
operations station (refer to Figure 5.1-9 or 5. 1-10).

The FHM is used to lift a fuel element from the open-ended fuel can for inspection, and recording of
pertinent fuel identification information. The fuel element is then placed in the ISF TRIGA basket. This
process is repeated until both SF baskets are full, the TRIGA fuel bucket is empty, or the designated
waste stations are full.

* If both SF baskets are full, the ISF basket locking lids are placed onto the basket and are locked
in place, and the baskets are loaded into an ISF canister similar to the process for Peach Bottom I
fuel.

* If the TRIGA fuel bucket is empty, the empty bucket and fuel cans are moved from the fuel
bucket operations station to the TRIGA fuel bucket storage rack, and another TRIGA bucket is
moved to the fuel bucket operations station.
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Waste monitoring and decontamination operations conducted in the FPA are discussed in
Section 5.1. 1.5.2, Primary Waste Monitoring, Decontamination, Size Reduction in FPA.

5.1.1.2.6 Shippingport Fuel Specific Packaging Activities

Background Information

Three configurations of Shippingport fuel will be received - loose reflector rods, reflector type IV
modules, and reflector type V modules. All three types will be received in Shippingport stainless steel
liners with a bolted closure head. The loose reflector rods are contained in a tube bundle of welded
stainless tubes inside a liner. Each reflector module is positioned in a liner with internal supports, spacers,
and guides.

The ISF canister and fuel loading activities are different for each of the types of Shippingport fuel. Type
IV and V reflector modules are placed in an individual ISF canister with an integral internal basket. Since
the ISF canister is held in the canister trolley cask, the type IV and V modules will be directly loaded into
the ISF canister positioned under the FPA canister port.

The number of loose reflector rods to be packaged will fit into one ISF canister. The loose reflector rods
will be placed in an ISF basket in the FPA, which will then be loaded into the ISF canister using the same
process as Peach Bottom and TRIGA fuel. Once the loose reflector rods or reflector modules are
removed, the Shippingport liners, internals, and tube bundle will be processed as radioactive solid waste.

Normal Operations

Before packaging activities for the Shippingport fuel begin, the appropriate FPA configuration (Figure
5.1-1 1 and Figure 5.1-12) is established, and a Shippingport liner is placed in the fuel basket operations
and monitoring station. If Shippingport loose rods are to be packaged, an ISF basket is positioned in the
designated fuel loading station.

The Shippingport liner closure head is unbolted, removed, and placed in the DOE fuel basket lid park
station.

* If a type IV or V module is contained in the liner, the SF canister trolley is positioned at the
canister port, the seismic locking pin engaged, the inflatable seal inflated, the canister port plug
removed, and the ISF canister shield plug removed. Using the FHM, the type IV or V module is
removed from the Shippingport liner, visually inspected, and pertinent fuel identification
information is recorded. The reflector module will then be placed in the SF canister, the shield
plug installed, and the canister moved to the CCA for closure activities following standard
protocols. The Shippingport liner and internals will then be monitored, decontaminated, or
sectioned before transfer from the FPA to the SWPA as discussed in Section 5.1.1.5.2, Primary
Waste Monitoring, Decontamination Size Reduction in FPA.

* If loose reflector rods are contained in a liner, each loose rod is removed, inspected, inventoried,
and placed in the ISF basket. When all loose rods are removed from the tube bundle, the basket
lid is replaced and locked, and the ISF basket placed in the ISF canister. The shield plug is
installed and the canister moved to the CCA for closure activities following standard protocols.
The Shippingport liner and tube bundle will be processed as waste.
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* primary waste monitoring, decontamination and size reduction in FPA

5.1.1.5.1 Return Empty Transfer Cask to DOE

Figure 5.1-4 provides an overview of activities for returning the transfer cask to DOE. If there is an empty
DOE SNF basket in the FPA awaiting return to DOE, the transfer cask is visually verified empty. Then
the empty SNF basket is placed in the transfer cask. The transfer cask lid is then replaced, the remote
release lid restraints are engaged, and the FPA cask port plug installed. With the cask port plug in
position, the inflatable seal and transfer cask no longer form part of the FPA confinement boundary. The
cask port seal is then deflated, and the cask trolley seismic locking pin is retracted. Next, the inner tunnel
door is opened, the cask trolley is moved to the Cask Decontamination Zone, and the inner tunnel door is
closed.

In the Cask Decontamination Zone, the transfer cask lid bolts are installed, and the cask is surveyed and
decontaminated, as needed. HVAC will be shifted to allow for equalization of pressure and the outer
tunnel door is opened. The cask trolley is moved to the Cask Receipt Area, the outer tunnel door is closed,
and HVAC restored to normal differential pressure requirements.

In the Cask Receipt Area, the cask adapter hold-down features are released, and the cask adapter and cask
lid lifting device are removed from the transfer cask. The cask receipt crane is secured to the cask, the
seismic restraint is released, and the cask is lifted from the cask trolley to a height sufficient to clear the
transporter. The cask trolley is moved from under the cask, the transporter is moved into position, and the

-- cask is lowered onto the transporter. The transfer cask is then detached from the cask receipt crane, the
transfer cask shipping restraints and impact limiters (if provided) are secured, and the transfer cask is
returned to DOE.

5.1.1.5.2 Primary Waste Monitoring, Decontamination, Size Reduction in FPA

Background

Primary waste (i.e., DOE canisters and lids, Shippingport liners, internals, and closure heads, Peach
Bottom I fuel and salvage cans, and TRIGA fuel cans and buckets) generated in the FPA is monitored
before it is moved to the SWPA. A sodium iodide monitor is provided for this purpose. When not in use,
this monitor is kept in the monitor calibration and park station presented in Figure 5.1-5 through Figure
5.1-12.

Waste Monitoring

Before primary waste is transferred to the SWPA, the fuel basket operations and monitoring station is
configured for waste monitoring. The shield cover is moved from its park station and assembled over the
fuel basket operations and monitoring station ("monitoring station"). For the Peach Bottom cans, a
monitor adapter sleeve is removed from its park station and fitted into the shield cover. The shield cover
and monitor adapter sleeve assembly provides a shielded station to receive, support, and shield the
various fuel cans, canisters, and liners during monitoring.

After the waste is moved to the monitoring station, the monitor is removed from the its park station and
an end stop is adjusted for the desired monitoring depth (dependent on fuel can, canister, or liner length).
Tile monitor is then lowered into the shield cover and monitor adapter sleeve assembly until its shielding
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engages with the shield cover. This arrangement both shields and aligns the monitor. Readings are taken
as it is lowered to the end stop position. Readings may also be taken as the monitor is withdrawn from the
container.

Decontamination, Size Reduction, and Packaging

If dose readings are less than waste packaging limits (as defined in Chapter 6), the waste will be
transferred to the SWPA through the canister waste port or the process waste port, as applicable.

If dose readings are greater than waste packaging limits, dry decontamination will generally be conducted
after the monitor is removed. Some difficult-to-decontaminate items, such as DOE canister lids and liner
closure heads, may be placed directly into shielded drums for disposal.

Decontamination is conducted either in the monitoring station or on the worktable, depending on the
primary waste type. Decontamination in the monitoring station may also be performed using dry brushes
or other decontamination tools manipulated by the PMS, MSMs, or FHM. Decontamination on the
worktable will generally involve use of the down-ender and rotate machine (to position the containers),
saw (to remove the container bottoms), and the rodding attachment (to decontaminate the container
interior).

After decontamination, remonitoring is conducted to determine the effectiveness of the decontamination
effort. Based on these readings, additional decontamination and monitoring cycles may be performed, or
the waste may be returned to the worktable for sectioning and placement into shielded drums for disposal.

5.1.1.5.3 Receipt and Storage of New ISF Canisters/Baskets

This section describes the receipt and storage of new ISF canisters and baskets (both 18-inch and 24-inch
diameter). Figure 5.1-17 illustrates these activities.

Upon receipt, new canisters and baskets are placed in protected storage and QA/QC inspected for
conformance. The canisters are brought into the new canister receipt area for subsequent movement into
the CCA. Since the new canister port must be opened to move canisters from the new canister receipt area
into the CCA, the CCA port and outside doors of the new Canister Receipt Area are closed before
opening the new canister port. This minimizes the air flow between the transfer tunnel, CCA, and new
canister receipt area.

Using the CCA crane, the new canister port cover plate is removed. Next, the canister lid and shield plug
are lifted into the CCA. A top plate, lifting ring, and bottom bucket are attached to the canister to provide
a lifting point and support. The top plate protects the canister lid mating surface from damage. Using a
coordinated movement of crane and fork lift truck, the canister is turned to the vertical position and lifted
through the new canister port into the CCA. Once in the CCA, the canister is moved to a storage rack and
secured.

5.1.1.5.4 Preparation of New ISF Canisters for Fuel Loading

New canisters must be prepared for fuel loading (see Figure 5.1-19 and Figure 5.1-20). Canister
preparations include placing the ISF canister in a canister lifting cage, moving the canister and
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canister lifting cage into the canister cask, and preparation of canister for fuel loading. Since the canister
has no external lifting points, the canister lifting cage is needed to place the canister in tile canister cask.

As new ISF canisters are needed, the canister cask trolley is positioned under the CCA port and the
canister cask is raised to just below the CCA port cover plate. This minimizes airflow between the
transfer tunnel and CCA w hen the CCA port cover plate is removed. The CCA port cover plate is
removed and the canister cask is raised through the CCA port.

The upper part of the canister cask is disassembled to allow removal of the empty canister lifting cage and
replacement with a new canister and canister lifting cage. This disassembly entails removal of the canister
funnel, shield ring, and canister collet assembly. The canister funnel provides personnel shielding and a
surface to facilitate removal of a loaded SF canister. The cask shield ring also provides radiological
shielding. The collet assembly performs several functions: (I) it centers the canister in the canister cask,
(2) reduces ovality of the canister (to facilitate subsequent weld operations), (3) retains the canister in the
cask when the SF basket and shield plug are removed, and (4) provides personnel radiological shielding
when the canister is loaded with fuel.

After these assemblies are removed, the empty canister lifting cage is removed, and a new ISF canister
and canister lifting cage is placed in the canister cask (see Figure 5.1-19). The upper part of the canister
cask is then assembled for subsequent loading of fuel into the SF canister (see Figure 5.1-20). The
canister collet assembly is replaced and the canister lid is checked for fit. The shield ring is replaced and a
basket funnel is fitted. The basket funnel, similar to the canister funnel, provides a smooth surface to
facilitate removal and replacement of ISF baskets, and also provides personnel shielding. The ISF basket
and shield plug are individually moved in and out of the canister (exercised) to ensure proper clearance.
Once these activities are complete, the canister trolley cask is lowered to just below the CCA port and the
CCA port cover plate is replaced. The canister trolley cask is then completely lowered into the transfer
tunnel.

5.1.1.6 Non-Standard Operations

The ISF Facility operating systems provide various methods and operational sequences for recovering
from non-standard operational sequences.

For each anticipated condition, a brief explanation of the recovery methods and corrective actions that
may be required is provided in this section.

The recovery operations associated with the following off-normal events are described below:

* FHM recovery

* FPA shield doors recovery

* faulty canister replacement (unload)

* faulty tube plug replacement

* movement of ISF canister from storage tube to new storage tube
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* worktable operations - stuck fuel element with fuel can or can sleeve stuck to fuel element

* worktable operations - broken fuel element in fuel can

* worktable operations - broken fuel element

5.1.1.6.1 Fuel Handling Machine Recovery

The FHM hoist, trolley, and bridge are designed to operate following the design earthquake (DE). In the
event of a DE with a fuel element or other equipment engaged on the FHM hook, the seismic switch
described in Section 4.3.2 will de-energize the FHM electrical power supply. The hoist, trolley, and
bridge mechanical brakes will be applied. On a loss of power, the load will remain suspended from the
hook until electrical power is restored and FHM operation is resumed.

The FHM hoist, trolley, and bridge are designed to operate following the failure of any single component.
With a single failure of a hoist component, the redundant hoist component will continue to operate until
the load is positioned in a secure location and the FHM is repaired. With a single failure of a bridge or
trolley component (including wheel or axle), the remaining drive motors are capable of moving the
disabled bridge or trolley to a position where the load can be secured and the FHM moved to the FHM
Maintenance Area for repairs.

Although the PMS is not designed to operate following the failure of any single component, it is expected
to retain some functionality. If a failure prevented the PMS from disengaging a load from the hook, the
FIM would be positioned where the load could be disengaged using the MSMs, before traversing to the
FHM Maintenance Area for repairs. If the PMS telescopic mast was not sufficiently retracted to pass
through the doors to the FHM Maintenance Area, the MSMs could be used to dismantle sections of the
PMS.

5.1.1.6.2 Fuel Packaging Area Shield Doors Recovery

If the FHM requires maintenance, it will be moved to the FHM Maintenance Area. Two shield doors
(shown in Figure 4.7-18) provide radiological isolation between the FPA and the FHM Maintenance
Area. If these doors fail to close, the following recovery actions will be performed:

* If the upper shield door fails to close, recovery equipment is provided to manually jack the door
closed from the roof of the Transfer Area.

* If the lower shield door fails to close, recovery equipment is provided to manually engage the
screw actuators and push the door closed from the workshop area.

5.1.1.6.3 Faulty Canister Replacement (Unload)

If a loaded ISF canister is damaged, fails to meet weld closure or TS limits, or is contaminated on external
surfaces greater than packaging limits, it may require repackaging the SNF and placing it in a new ISF
canister. The procedure is essentially the reverse of the canister loading procedures, with modifications to
add steps to dispose of the canister.

The canister lid is removed with a rotary cutter or grinder, the cask shield ring and basket funnel are
reinstalled, and the loaded ISF canister is lowered from the CCA into the Transfer Tunnel. The faulty
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Number of Fuel Elements. Bounding criticality evaluations were performed for each of the fuel types to
identify the maximum number of fuel elements and fuel arrangements that could be allowed such that kff
would not exceed 0.95. Both dry and flooded conditions were evaluated in order to address normal, off-
normal, and accident conditions. These cases are summarized in Table 5.1-2. Detailed discussions of the
criticality models are in Appendix 4A to the SAR, Criticality Models.

Mass of Loose Mlaterial. While discussed in the following sections for the purposes of bounding the
criticality safety case, rubblizing entire fuel elements is unlikely. A scenario was analyzed to understand
the bounding conditions for loose material. The evaluation relates to the unlikely evolution of intact fuel
elements into a uniformly homogenized mass.

Criticality analyses described in Appendix 4A to the SAR, indicate that material from 14 Peach Bottom
fuel elements, homogenized, packed into a sphere, and reflected by graphite are required before kff
approaches 0.95, thereby establishing the upper bound.

Shipments of Peach Bottom Core 1 fuel to the SF Facility consist of 18 individually canned elements
over-packed in a transfer basket. If the canister is dropped during transfer from DOE, separation and
geometry are maintained between the potentially fractured fuel elements, and criticality is not a concern.

Shipments of Peach Bottom Core 2 fuel to the SF Facility consist of 12 un-canned elements enclosed in a
transfer canister. If a canister full of Peach Bottom 2 elements is dropped during transfer from DOE, it is
unlikely that the fractured fuel element fragments will form into a homogeneous sphere. However, if such
a sphere could be created, it would remain sub-critical with kff less than 0.93.

Both Peach Bottom Core I and Core 2 elements will be repackaged into ISF baskets capable of handling
up to 10 elements. Insufficient fissile material exists to create a concern over fractured assemblies. A
homogeneous sphere often Peach Bottom elements will have a kff of 0.91.

For other Peach Bottom handling scenarios, only one element will be handled at a time.

Physical Separation of Sets of Fuel Elements. One method of criticality control is to ensure through
engineered features that fuel elements cannot be physically arranged in configurations that result in kff
exceeding 0.95.

Geometric Control Provided by Basket Structure or N\orkstation Vessel. One method of criticality
control is to ensure through engineered features of the ISF baskets or FPA workstation vessels that fuel
elements cannot be physically arranged in configurations that result in keff exceeding 0.95.
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5.1.3.1.1 Fuel in DOE-Provided Transfer Cask

The principal design features, procedures, and special techniques that provide limitations on the amount
of fissile materials and engineered safety features when the fuel is in the DOE-provided transfer cask are
provided in Appendix A to this Safety Analysis Report.

5.1.3.1.2 Fuel in Fuel Packaging Area

No Mixing of Fuel Types

No mixing of fuel types is achieved through the following special techniques and procedures.

Procedure. The contract requires a fuel manifest to be provided to FWENC with each shipment. This
document is prepared under the DOE Quality Assurance program. Completion, checking, and approval of
this manifest will serve to identify inadvertent mixing of fuel types. The manifest will be reviewed and
accepted by FWENC.

Procedure. The fuel repackaging is planned as three separate campaigns. The FPA is configured
differently for each of the three fuel types. When the transfer cask is opened, if the DOE packaging is not
consistent with the fuel type shown on the manifest, the fuel transfer operation will cease. The transfer
cask will be bolted closed and returned to the DOE.

Number of Fuel Elements

The number of fuel elements in the FPA is controlled through the following special techniques, principal
design features, and procedures.

Special Techniques. As noted in Section 3.1.1.3, the Shippingport reflector fuel contained no fissile
material at beginning of life. As described in Appendix 4A to the SAR, Criticality Models, the amount of
enrichment that occurred during reactor operations results in this fuel containing insufficient fissile
material to reach a kff of 0.95. Flence, there is not a limit on the amount of Shippingport fuel in the FPA
with respect to maintaining subcriticality.

Principal Design Feature. The FPA is designed to be free of water. No operations involving water are
associated with fuel handling operations within the FPA.

Principal Design Features. The FPA workstation vessels are configured for each of the three fuel
repackaging campaigns.

Cover lids are placed on unused bench vessels to eliminate inadvertent usage. In the case of TRIGA fuel
the height and diameter of the workstations are adjusted for a TRIGA SF basket or DOE TRIGA
bucket(s).

Procedure. The configuration and number of BCVs in the FPA physically limit the number of fuel
elements that may be present.
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Mass of Loose Fissile Material

See Section 5.1.3.1.3, Waste from Fuel Elements in the Fuel PackagingArea.

Physical Separation of Sets of Fuel Elements by Engineered Features

The DOE vill transfer te Shippingport fuel in 1) existing reflector modules type IV and V steel
structures and 2) 127 loose rods in a container. The DOE will transfer the Peach Bottom fuel in ) a
basket with 18 individually canned Peach Bottom elements, 2) a canister containing up to 12 loose Peach
Bottom elements, or 3) a canister containing broken pieces up to the equivalent of 8 intact fuel elements.
The DOE will transfer up to 90 TRIGA elements in a canister that contains 3 layers of 1 bucket each.
Each bucket contains 6 cans with up to 5 elements per can.

Special Techniques. During the Shippingport repackaging campaign criticality control is due to the
radionuclide composition of the fuel. Therefore physical separations of sets of fuel elements are not
required.

Principal Design Features. Design features were provided to prevent dry intact fuel elements from
coming into direct contact. The maximum number of elements to maintain keyf less than 0.95 is 45 TRIGA
or 37 Peach Bottom elements.

As noted above, during the TRIGA repackaging campaign the DOE plans to transfer up to 90 elements per
transfer cask by having them in three buckets, each containing 30 elements. The fuel basket operations and
monitoring station is configured to hold a maximum of three TRIGA buckets at a time. The fuel bucket
operations station is configured to hold only one TRIGA bucket at a time. The fuel is loaded a rod at a time
from the fuel bucket into an SF basket that can contain up to 54 elements. The ISF basket is a tube-and-
disc arrangement that provides the spacing between elements to ensure that kff is less than 0.95 during the
loading sequence. Upon removal of the first fuel bucket from the DOE canister, a cover lid is placed on top
of the workstation containing the 30-element fuel bucket(s), to physically separate the partially loaded ISF
basket and the other tvo locations with fuel. A cover plate is not placed on the fuel bucket operation
station or the ISF basket during unloading/loading since the designs provide adequate neutronic separation.

The Peach Bottom ISF baskets hold either 10 or 7 elements. Therefore, both of these SF basket
configurations are below the 37 element limit.

Geometric Control Provided by ISF Basket or Work Station Vessel

Special Techniques. As noted above, subcriticality of Shippingport fuel is maintained by the fuel
composition without the need for geometric control.

Principal Design Features. The TRIGA basket design provides space for 54 elements. Geometric control
of the spacing between fuel elements is required to maintain subcriticality. The structural analysis in
Chapter 4 demonstrates that the SF basket maintains its configuration during the various normal, off-
normal, and accident load conditions.

Principal Design Features. The Peach Bottom basket holds either ten or seven elements. Maintaining
geometry control vithin the SF basket is not a requirement to maintain subcriticality.
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5.1.3.1.3 Waste from Fuel Elements in the Fuel Packaging Area

No Mixing of Fuel Types

See Section 5.1.3.1.2, Fuel in Fuel Packaging Area.

Procedure. As part of the maintenance performed for each of the separate fuel repackaging campaigns,
equipment and locations that could contain waste from fuel elements will be cleaned if a build up of
radioactive contaminants is observed.

Number of Fuel Elements

Special Techniques. Based upon WAPD-TM-1601, Preparation of LTYBR spent Fuelfor Shipment to
ICPPfor Long Term: Storage, Section 3.9.4, no significant through-clad rod defects are expected for the
Shippingport reflector rods (Ref. 5-3).

Procedure. Only intact TRIGA elements are to be transferred by the DOE. If broken TRIGA elements
are identified, the can will be moved to the worktable and the broken fuel element pieces will be moved to
the ISF basket.

Broken Peach Bottom fuel will be handled as described in Sections 5.1.1.6.7, and 5.1.1.6.8.

Mass of Loose Fissile Material

Special Techniques. For the three fuel types, the separation from the fuel matrix is considered unlikely
based on the manufacturing processes associated with the respective fuel matrix.

Procedure. Predefined load paths will be used to move the fuel. These paths will be visually observed for
fuel fragments and loose material.

Procedure. Periodic house cleaning can take place during a fuel loading campaign to eliminate the build-
up of the amount of observed loose material.

Physical Separation of Sets of Fuel Elements by Engineered Features

Special Techniques. The DOE will transfer the fuels in containers that will serve to keep tile fuel
fragments and loose material in known locations until they are removed on the worktable and repackaged
into subcritical configurations.

Geometric Control Provided by ISF Basket or Work Station Vessel

Principal Design Features. The inside diameter of the ISF basket tubes is less than that required to
maintain a subcritical cylinder of uranium-water-graphite in the unlikely event that the uranium separates
from the fuel matrix and consolidated at the same location in the tube.

Principal Design Features. The surfaces of the bench, worktable, and sump are flat sloping surfaces and
the bottoms of the bench vessels are flat. These surfaces are not conducive to forming a spherical shape
for loose material.
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5.1.3.1.4 Fuel in ISF Canister

No Mixing of Fuel Types

See Section 5.1.3.1.2, Fuel in Fuel PackagingArea.

Number of Fuel Elements

Special Techniques. As noted above, subcriticality of Shippingport fuel is maintained by the fuel
composition without the need for geometric control.

Principal Design Feature. The SF baskets for TRIGA and Peach Bottom fuels are tube-and-spacer type
designs that limit the number of fuel elements that can be inserted.

The TRIGA ISF basket can contain up to 54 elements. Since this is greater than the 45-element bounding
limit for elements in dry contact, engineered design features are required to maintain subcriticality. These
features are described below.

The Peach Bottom ISF baskets contain either seven or ten elements. These are less than the 37 (dry as
packed), 18 (flooded and 0.1 cm separation edge to edge), and 21 (crushed and homogenized) element
bounding cases identified above.

Mass of Loose Fissile Material

Special Techniques. For the three fuel types, the separation from the fuel matrix is considered unlikely
based on the manufacturing processes associated with the respective fuel matrix.

Physical Separation of Sets of Fuel Elements by Engineered Features

Principal Design Features. The tube, bottom plate, and top plate of the SF basket prevents fuel element
fragments from moving outside the tube.

Geometric Control Provided by ISF Basket

Principal Design Features. The TRIGA SF basket design provides the spacing between fuel elements
and the structural integrity during normal, off-normal, and accident conditions to maintain subcriticality
of the TRIGA fuel.

Geometric control is not required for the Shippingport and Peach Bottom ISF baskets in order to maintain
the subcriticality of the fuel.

5.1.3.1.5 Loaded ISF Canister in Storage Tube and Storage Vault

In normal operations a sealed ISF canister within the CHM may pass over a storage tube containing
another ISF canister, or ISF canisters will be set in adjacent storage tubes. Off-normal operations and
accident conditions are defined in Chapter 8.
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No Mixing of Fuel Types

Fuel types are not mixed within individual ISF canisters. See Section 5.1.3.1.2, Fuel in Fuel Packaging
Area.

Number of Fuel Elements

Principal Design Feature. The ISF basket and canister designs provide upper limits on the number of
fuel elements that must be considered in te criticality evaluations.

Mass of Loose Fissile Material

See Section 5.1.3.1.4, Fuel i ISF Canister.

Physical Separation of Sets of Fuel Elements by Engineered Features

Principal Design Features. The ISF canister is not breeched during normal, off-normal, or accident
conditions. Therefore, the physical separation of sets of fuel elements among canisters is provided for by
the design.

Geometric Control Provided by ISF Basket or Storage Tube

Principal Design Features. The spacing betveen the storage tubes precludes significant neutronic
interaction among the ISF canisters.

5.1.3.2 Chemical Safety

Hazardous chemical usage is minimized at the ISF Facility. Although some facility systems, such as
HVAC and electrical systems, use chemicals (e.g., antifreeze, refrigerants, corrosion inhibitors,
transformer fluids, fuels) ISF Facility systems do not employ significant quantities of hazardous
chemicals that require special process safety analytical consideration. Incidental quantities of hazardous
chemicals will be handled in accordance with MSDSs, and typical industrial safety precautions or
procedures.

5.1.3.3 Operation Shutdown Modes

As discussed in Section 5.1.1, fur basic operational modes encompass ISF Facility activities defined in
the Technical Specifications. As noted previously, facility activities are likely to result in being in
multiple modes at any one time. In general, ISF systems are designed to fail as is on loss of power;
therefore, shutdowns under normal or off normal conditions do not require special equipment or
procedures to place the facility in a safe shutdown condition.

5.1.3.3.1 Shutdown of Receipt Operations

Activities associated with receipt operations may involve both planned and unplanned shutdowns.
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Jacking Attachment. The jacking attachment is basically a machine screw linear actuator operated via a
worm and wheel gear set. At its maximum extension, the jack is just long enough to push a fuel element
clear of the fuel can baffle pipe. The jacking attachment operates by an electrotorque multiplier that is
controlled between fixed stops. The electrotorque controller allows the operator to pre-set the stalling
torque. In use, the controller will also act as a torque monitor. A fall in the torque readout indicates when
a stuck fuel element is free.

Rodding Attachment. The rodding attachment operates on a rack-and-pinion principle. The rack is fixed
along the length of the rod and the pinion is mounted within the rod support. Rotation of the pinion
traverses the rod, which pushes a broken fuel element clear of the fuel can and into the new broken fuel
element container.

Off-Normal or Accident Conditions. The worktable equipment is designed to fail as is during a seismic
event. The worktable control systems are de-energized during a seismic event.

5.2.1.2.10 Canister Trolley

Operational safety is provided during normal, off-normal, and accident conditions.

Normal Conditions. The PLC defines slow zones on either side of the canister trolley fuel transfer
programmed positions. In these defined zones, the PLC limits canister trolley movement to creep speed.
Control console status and alarm indications and video cameras allow operators to correctly control the
canister trolley.

Canister cask shielding is designed to maintain less than 100 mR/hr. Operations are administratively
restricted when the ambient temperature is below 321F or above 1 04'F to ensure that the trolley is not
operated outside of its design limits.

To prevent equipment damage, PLC interlocks prohibit the canister trolley from south travel (i.e., toward
the cask trolley) unless the cask trolley is in a position beyond the path of travel (e.g., canister trolley
cannot travel to canister port position unless the cask trolley is at either the cask receipt position or decon
position). PLC interlocks also prohibit travel of the canister trolley to and from the Cask Decontamination
Zone unless the inner tunnel door is fully open.

The seismic locking pin must be fully engaged to enable the FHM or CHM hoist when the FHM or CHM
is above a fuel transfer port. This prevents fuel transfer unless the canister trolley is properly positioned
and seismically restrained. A safety interlock prohibits release of the seismic locking pin with the canister
trolley in the canister port position if the FHM hoist is over the canister port. This prevents SNF damage
from potential trolley movement during fuel transfer operations. A similar safety interlock prohibits
release of the locking pin when SNF transfer is to occur through the storage area load/unload port using
the CHM.

Off-Normal or Accident Conditions. The cask jacking system design ensures that if a single component
fails, the canister cask position remains as is. Manual features are provided to safely lower the canister
cask and allow replacement of the failed component. Length of travel of the canister cask while raising
and lowering is also controlled by limit switches.
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If the canister trolley's axle breaks, the drop is limited to inch, which keeps the canister trolley from
tipping over. End of travel limit switches prevent overtravel of the canister trolley. Trolley motion is also
stopped by rail end stops and bumpers.

Seismic design features are provided. The canister trolley has uplift restraints to secure the canister trolley
to the rails during a seismic event. The canister trolley control system is de-energized during a seismic
event. All electrical circuits fail safe on loss of electrical supply and brakes engage.

5.2.1.2.11 Bench Containment Vessels

Operational safety is provided by the design features of the BCVs.

Normal Conditions. BCVs are sized to prevent inserting enough fuel elements to achieve critical
conditions or for TRIGA fuel, loading is designed so that fuel cannot be placed in it unless a TRIGA
basket is present. Unused BCVs are covered to prevent foreign material from getting into the BCV. No
off-normal or accident conditions have been identified for the BCVs.

5.2.1.2.12 ISF Canister Welding System

Operational safety is provided. The welding system control and supply unit is fitted with an emergency
stop button that can be locked in the off position. A second emergency stop button is mounted in the
CCA.

Normal Conditions. The canister welding system is remotely operated, to minimize the time personnel
are near a canister loaded with fel. To further limit exposure, the welding fixtures for the ISF canister lid
(and the canister connection tool described below) are placed on the lid before placing the lid on a
canister. Detection and audible alarms are provided to warn the operators of accumulation of welding
gases.

Off-Normal or Accident Conditions. The welding system control and supply unit is fitted with an
emergency stop button that can be locked in the off position. A second emergency stop button is mounted
in the CCA. The welding equipment will automatically de-energize in a seismic event.

5.2.1.2.13 Vacuum Dry, Helium Fill, and Leak Check System

Operational safety is provided during normal, off-normal and accident conditions.

Normal Conditions. The storage canister is designed to handle the differential pressure associated with
near-absolute vacuum. Thus, no safety feature is required to limit the vacuum. The vacuum pumps
exhaust through HEPA filters to prevent the spread of contamination.

The vacuum dry and helium fill system has a pressure relief device set to less than design pressure, to
protect the canister from failure of helium pressure regulators. A CCTV enables the operator to view
system operations remotely. The helium backfill system will use helium with a specified purity of at least
99.995 percent to minimize oxidation and degradation of the SNF. Administrative controls prevent
operation of the equipment when temperatures in the CCA are below 320F, to ensure that the canister vent
plug is fully withdrawn before vacuum dry or helium fill operations.
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5.3.1.2.2 Major Components

Major components of the system include the unit substation, a 500 kW standby diesel generator, MCCs, a
seismic switch, and UPS. A seismic switch, consisting of seismic sensors in conjunction with redundant
load interrupter switches is installed in the 13.8 kV feed to the stepdown transformer. When a seismic
event is detected, this switch opens the load interrupters to isolate the normal and normal/standby power
sources to the facility. The switch also initiates a signal to prevent te standby diesel generator from
starting.

5.3.1.2.3 Design Description

The electrical power distribution system is designed to de-energize during seismic events to ensure all
fuel handling equipment is in a known safe state. With the exception of the seismic switch, the
distribution system is not required to operate during or after design basis accidents and is classified as
"not important to safety". The seismic switch is relied upon in a seismic event, and is classified as
"important to safety".

5.3.1.2.4 Safety Criteria and Assurance

Requirements for the design, fabrication, erection, maintenance and testing of the electrical distribution
system ITS SSCs are described in the Quality Program Plan. Periodic surveillance of the seismic switch
will be performed as required by plant maintenance procedures.

5.3.1.2.5 Operating Limits

Although the balance of the electrical distribution system is classified as "not important to safety",
operation of the seismic switch ensures the facility responds as designed in a seismic event.

5.3.1.3 Integrated Data Collection System (IDCS)

The IDCS is described in Section 4.3.2.1.2.

5.3.1.4 Liquid Waste Processing System

The liquid waste processing system is described in Section 6.3.

5.3.1.5 Solid Waste Processing System

The solid waste processing system is described in Section 6.4.

5.3.1.6 Radiation Monitoring System

The radiation monitoring system is described in Section 7.3.4.

5.3.1.7 Fire ProtectionlCommunication System

The fire protection system and communications and alarm systems are described in Sections 4.3.7 and
4.3.8.
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5.3.1.8 Compressed Air System

The compressed air system is described in Section 4.3.3. 1.

5.3.1.9 Breathing Air System

The breathing air system is described in Section 4.3.3.2.

5.3.1.10 Potable Water Supply System

The potable water system is described in Section 4.3.5.

5.3.1.11 Sewage Treatment System

The sanitary waste system is described in Section 4.3.6.

Section 4.3 provides information on auxiliary systems including the ITS portions of the 1IVAC and
electrical power distribution systems. Chapter 6 discusses the liquid and solid waste systems. The
radiation monitoring and criticality monitoring systems are discussed in Sections 4.3 and Chapter 7.

5.3.2 Component/Equipment Spares

Spare equipment items are not required for the safe continued operation of the facility. If spares are not
immediately available for continued operations, the affected portion of the facility will be shut down until
repairs are implemented. Consistent with good management practice, spares will be maintained for some
items to provide for continued operations.

Because the main supply and exhaust fans serving the FPA are important to the ISF facility mission,
I 00-percent redundant backup is provided to allow for periodic maintenance and duty cycling. The
inventory of spare parts will be determined based on balancing manufacturers' recommended spare parts
lists, component delivery times, and other commercial considerations.

Generally, items requiring periodic or preventative maintenance or calibration are located in lower dose
rate areas. For example, differential pressure instruments for the FPA exhaust HEPA filters are outside
the area; exhaust blowers and the CHM are in low dose areas; and air compressors, chillers, and air
handling units are outside the radiologically controlled area.

If the item cannot be physically located in a low dose area, provisions are provided to separate the source
of ionizing radiation from the equipment. For example, the FPA lights and the MSMs may be removed
and then repaired or replaced from the external (radiologically cold) side of the areas shield walls. The
FHM and PMS are moved to the FHM Maintenance Area for preventative and corrective maintenance.
The FHM Maintenance Area is separated from the FPA by a concrete shield wall and a shield door.
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5.6 ANALYTICAL SAMPLING

Analytical sampling is not required to verify that operation of the ISF Facility is within prescribed limits.
The methods used to verify operations within prescribed limits include:

* general area radiation and airborne radioactivity monitoring

* area specific radiation surveys

* effluent release monitoring

* sampling of transfer cask atmosphere

General area and airborne radioactivity monitoring are discussed in Section 7.3. Section 7.5 discusses the
methods, frequencies, and plans for conducting radiation surveys. Section 7.6 describes the program for
monitoring and estimating the contribution of radioactive materials to the environment.

Section 5.1.1 describes the sampling of the DOE transfer cask atmosphere.

Helium will be provided by a vendor with accompanying documentation to verify purity meets the
requirements for helium backfill gas. 1SF procedures and quality assurance requirements will verify
vendor documentation prior to use of fill gas.

Liquid waste will be sampled and levels of radioactive material contained in the liquid waste storage
tanks shall be evaluated. Concentration will be limited to minimize radiation exposure and keep levels
within any limits imposed by processor. The ISF will have all liquid waste processed and disposed of by
vendor.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Safety Analysis Report

Rev. 0
Page 5.6-2

THIS PAGE INTENTIONALLY LEFT BLANK.

j FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Safety Analysis Report Rev. 0, 3

Table 5.1-2
Bounding Criticality Evaluations

Dry as packed Flooded

Type of Fuel No. of elements Optimum Spacing keff No. of elements Optimum Spacing keff
Shippingport Reflector Infinite array of In contact with each 0.18 Infinite array of rods 1 inch 0.65
Modules for Type IV and V pellets other
TRIGA (SS Clad Post 65) 45 (hexagonal In contact with each 0.91 90 (3 sealed cans In contact and cross 0.55

array) other with 30 each) shape array
Peach Bottom Core 1&2 37 0.1 cm separation 0.55 18 0.1 cm separation 0.92

edge to edge _ edge to edge

I
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Table 5.4-1 Sheet I of 2
Major Component Interlocks and Functions Classified ITS

Interlock Description Interlock Logic Function
Cask Receipt Crane
Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event

Overspeed Stops cask receipt crane hoist if overspeed is Prevent SNF Movement with failed
detected equipment

Uncommanded Motion Stops cask receipt crane hoist if hoist motion is Prevent SNF Movement with failed
detected without an operator command equipment

Cask Trolley
Locking Pin Release Prohibit (Cask Prohibit disengagement of seismic locking pin Prevent damage to SNF during transfer if
Port) in cask port position unless FHM bridge is east seismic event occurs.

or west of the cask port.
Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event

Fuel Handling Machine

Ultimate Up Trips FHM hoist at ultimate up hoist position Prevent FHM damage

Overspeed Stops FHM hoist motion on overspeed Prevent SNF movement with failed
equipment.

Broken Hoist Shaft Stops FHM hoist motion on broken hoist shaft Prevent SNF movement with failed
equipment.

FHM Cask Port Prohibit Prohibit FHM hoist operation in cask port Prevent SNF transfer unless trolley
position unless cask trolley in position with seismically restrained.
locking pin engaged.

FHM Canister Port Prohibit Prohibit FHM hoist operation in canister port Prevent SNF transfer unless trolley
position unless canister trolley in position with seismically restrained
locking pin engaged

Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event

Canister Trolley

Locking Pin Release Prohibit Prohibit disengagement of seismic locking pin Prevent damage to SNF during transfer if
(Canister Port) in canister port position unless FHM bridge is seismic event occurs.

east or west of the canister port.

Locking Pin Release Prohibit Prohibit disengagement of seismic locking pin Prevent damage to SNF during transfer if
(Storage Area) in storage area load/unload position unless seismic event occurs.

CHM has completed fuel transfer activities as
indicated by CHM umbilical in the stowed
position.

Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event

Worktable
Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event
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Table 5.4-1 Sheet 2 of 2
Major Component Interlocks and Functions Classified ITS

Interlock Description Interlock Logic Function
Canister Handling Machine
CHM bridge and trolley travel The CHM bridge and trolley travel is prohibited Prevent damage to canister

unless the canister hoist is fully raised when in
canister mode or maintenance mode.

CHM bridge and trolley seismic The seismic clamps cannot be released unless Reduce damage during seismic event
clamps the canister hoist and the tube plug hoist are at

an appropriate raise limit or shield skirt fully
raised.

CHM Turret Rotation The CHM turret is prohibited from rotating Prevent damage to canister
unless the canister grapple is at the upper limit
when in canister mode or maintenance mode.

CHM Locking Pins release The turret and base locking pins are prohibited Prevent damage to canister
from releasing unless the canister grapple is at
the upper limit when in canister mode or
maintenance mode.

Hoist Control The hoist is prohibited from operation unless Prevent damage to canister, reduce
tle bridge and trolley seismic clamps are fully damage during seismic event
set and the locking pins are fully set.

Hoist Speed Hoist speed is limited to <6.3 ft/min. Prevent damage to canister

Hoist Raise Hoist cannot be raised: above limit, above Prevent damage to canister, prevent drop
seating zone with jaws not locked, with no load of canister
on grapple and weight above limits, with load
above limit.

Hoist Lower Hoist cannot be lowered if weight is below Prevent slack rope condition
minimum weight

Grapple Operation The CHM grapple jaws are prohibited from Prevent drop of canister
opening while carrying a load or not supported
in a seating zone.

Mode Changes The CHM is prohibited from changing modes Prevent drop of canister
unless the canister cavity is empty and the
tube plug cavity is empty.

Umbilical Condition The canister hoist cannot be operated at Prevent damage to canister, reduce
load/unload port position unless canister trolley damage during seismic event, and
in position, locking pins set and canister cask minimize radiation exposures during
fully raised.(1) canister removal from canister trolley.

Seismic Isolates electric power in seismic event. Stop SNF operations in seismic event

(1) Only the Canister Trolley pins set interlock is ITS.I
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Figure 5.1-1
General Arrangement of Areas
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Figure 5.1-9
Fuel Packaging Area Configuration

TRIGA Fuel
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Figure 5.1-17
Receipt and Storage of New ISF Canister
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Figure 5.1-18

FIGURE DELETED
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Figure 5.1-19
Placement of New ISF Canister Into Canister Cask
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Figure 5.1-25
TRIGA Fuel
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6.0 GENERATED WASTE CONFINEMENT AND MANAGEMENT

6.1 ONSITE WASTE SOURCES

Spent nuclear fuel (SNF) receipt and repackaging activities are scheduled to be completed during the first
3 years of 1SF Facility operation. Subsequent to the initial receipt and repackaging of SNF, there will be
minimal generation of radioactive waste during SNF storage operations. The generation of gaseous,
liquid, and solid low-level radioactive waste during SNF receipt and repackaging operations is discussed
below.

Liquid and solid low-level radioactive waste is controlled under SF Facility procedures and will be safely
contained until disposal in accordance with applicable regulations. The Idaho National Engineering and
Environmental Laboratory (INEEL) has facilities to dispose of solid waste. Small volumes of liquid
radioactive waste that may be generated will be collected and transported to a licensed disposal facility.
Radioactive gases released within the ISF Facility are drawn through the facility's heating, ventilation,
and air conditioning (HVAC) system. The HVAC system provides filtration of the gaseous effluent to
remove airborne particulates and discharges the effluent through a monitored release point to ensure that
these effluents do not exceed the limits of 10 CFR 20 or 10 CFR 72.

The ISF Facility waste storage and management systems have been designed and will be operated so that
during normal operations and anticipated occurrences, () dose to the general public will not exceed
regulatory limits, (2) exposure to facility personnel is maintained As Low As Reasonably Achievable
(ALARA), and (3) the production of vaste and pollution is minimized. Records of accidental spills or
other unusual occurrences involving the spread of contamination in and around the facility will be
maintained in order to support future decommissioning activities.

6.1.1 Gaseous Waste

ISF Facility operations will not result in significant amounts of gaseous radioactive effluents. SNF
handled and stored at the SF Facility, as described in Section 3.1.1, consists predominantly of SNF that
has been in storage for long periods. Over 98 percent of the SNF (measured by the percentage of total
heavy metal) comes from the Peach Bottom and Shippingport reactors. These reactors ceased operation in
1974 and 1983, respectively. The remainder of the SNF comes from various TRIGA reactors and varies in
age. Thus, much of the radioactive gases generated within the SNF during reactor operations have
decayed. Remaining radioactive gases within the SNF have had ample opportunity to escape from the fuel
via migration from the fuel matrix and leakage from existing fuel cladding. However, it is possible that
initial SNF handling and packaging operations at the SF Facility could result in the release of small
amounts of additional radioactive gases. There are three locations inside the SF Facility where these
gases could be released:

* Transfer Tunnel during venting of the SNF transfer cask after its receipt from U.S. Department of
Energy (DOE)

* Fuel Packaging Area (FPA), where gas could be released from the fuel during SNF repackaging
operations

* Canister Closure Area (CCA), where gas could be removed from the canister during vacuum
drying activities
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The initial SNF receipt and repackaging operations are scheduled to occur during the first 3 years of
facility operation. Radioactive gases are not released during subsequent SNF storage operations. Once the
SNF is repackaged and placed into storage, it is contained within redundant confinement boundaries (i.e.,
the welded ISF canisters and the bolted, dual seal rings sealed storage tube assemblies). The storage tube
seals are periodically monitored to ensure continued seal integrity during storage.

Small quantities of hydrogen gas may be produced by the radiolytic decomposition of aqueous solutions.
The potential conditions for the production of hydrogen gas could exist; (1) in the liquid radioactive waste
storage tanks where small quantities of radioactive material may be present in an aqueous solution, or,
(2) in the SNF transfer cask where small amounts of moisture might be present along with the SNF.

The ISF Facility is equipped with a standby diesel generator for use during loss of normal electrical
power. However, this generator is located outside of the ISF Facility building and combustion products
produced during generator operation are discharged directly to the atmosphere and will not impact the ISF
Facility HVAC system.

6.1.2 Liquid Waste

Liquid radioactive waste may be generated at the ISF Facility during non-routine decontamination
activities, or as a result of sprinkler and firefighting water. The liquid waste processing system is designed
for the safe collection and temporary storage of waste. Collected liquid waste is then transferred to a
mobile services contractor, which delivers waste to a licensed treatment facility. The 1SF Facility does not
generate liquid radioactive waste during normal operations.

Typical decontamination operations involve only small amounts of water and wiping with cloth or paper
wipes. This method does not generate free liquid waste, and minimizes the potential for the spread of
contamination.

Liquid waste from non-routine activities may be collected at the following seven locations within the SF
Facility:

* personnel safety shower/eye wash located in the operation area, where water may be used for
washdown in a personnel emergency

* Solid Waste Processing Area (SWPA), where water may be used for decontamination of
equipment and components used in the solid waste processing system

* Transfer Tunnel, where water may be used for decontamination activities associated with the
trolleys, ISF Canister, and transfer cask, and where sprinkler discharge and firefighting water
collects

* CCA, where water may be used to decontaminate equipment or as part of non-destructive
examinations of ISF canister welds

* workshop, where water may be used for operational decontamination activities or eye washing in
a personnel emergency

* a sump located in the Liquid Waste Storage Tank Area that allows filtration and collection of
spilled or wash water to be transferred to the 5000-gallon liquid waste storage tank

* ventilation system exhaust stack condensate.
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Liquid waste collection facilities are also provided in other areas to facilitate future decontamination and
decommissioning activities.

Liquid waste generated inside the SF Facility is collected and stored in one of two liquid waste storage
tanks until disposed of by a mobile services contractor. The contractor transports the liquid radioactive
waste offsite for disposal and delivers filter/waste contaminants to an approved treatment/disposal facility
in accordance with local, state, and Federal transport regulations, including the requirements defined in
DOE Order 5480.3, Packaging and Transportation Safety and Title 49 CFR 173, Shippers-General
Requirements for Shipments and Packagings (Refs. 6-1 and 6-2).

6.1.3 Solid Waste

Most of the solid waste generated in the FPA is a result of repackaging the SNF. Typical solid waste
generated outside the FPA is process-generated waste and consists of paper, rubber, plastic, rags,
machinery parts, tools, vacuum cleaner debris, welding materials, and high-efficiency particulate air
(HEPA) filters. This process-generated waste is generated in areas such as the HVAC area, Cask Receipt
Area, Transfer Tunnel (including cask decontamination zone), and CCA. Solid waste generated inside the
ISF Facility is handled through the solid waste processing system located in the SWPA and disposed of in
accordance with DOE/ID- 10381, Idaho Aational Engineering and Environnental Laboratory (INEEL)
Reusable Property Recyclable Materials, and Waste Acceptance Crileria (RRWVAQ (Ref. 6-3).

The purpose of the solid waste processing system is to safely handle, package, and temporarily store solid
waste pending its transportation by the DOE. Handling and packaging activities may include size
reduction, consolidation, and segregation of radioactive solid wastes. The RRWAC identifies DOE
disposal packaging and shipping requirements. Waste is characterized and analyzed prior to requesting
shipment by the DOE to ensure it meets the waste acceptance criteria.

Solid waste is packaged for DOE shipment in either a disposal bin or drum. The disposal bin will be used
for the disposal of large pieces such as the original fuel canisters. Drums are used for the disposal of small
waste such as process-generated waste or waste that has been size-reduced in the FPA. The maximum
radiation limit that the RRWAC will accept for a waste container is 500 milliroentgen (mR)/hr at meter
from the container surface. In general practice, waste containers will be limited to less than 100 mR/hr on
contact.
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6.2 OFFGAS TREATMENT AND VENTILATION

6.2.1 Radioactive Gaseous Waste

As discussed in Section 6.1.1, due to the nature and condition of the SNF to be packaged at the SF
Facility, most radioactive gases that were readily releasable from the SNF have been released. Therefore,
there is no significant volume of releasable fission gases remaining in the SNF to be packaged at the ISF
Facility.

The HVAC system serves to prevent the accidental release of radioactive material to the environment and
to keep personnel exposure to radiological hazards ALARA. The design of the HVAC system is such that
air flows from areas of least potential contamination to areas of higher potential contamination. Gases that
are released within the 1SF Facility are passed through HEPA filters before being discharged through the
facility HVAC exhaust stack in order to remove airborne particulates and provide for monitoring of
gaseous effluents. Details of the ventilation and off-gas systems, including the portions of the system that
are important to safety (ITS), are discussed in Section 4.3.1, Ventilation and Off-Gas Systems.

SNF handling is conducted inside the FPA within the Transfer Area. HEPA filters are installed inside the
FPA in the exhaust ductwork to reduce the number of filter change-outs and the associated worker
radiation dose for the primary filters in the HEPA filter room. The HVAC supply and exhaust systems are
shown in Figures 4.3-3 and 4.3-4. The HEPA filters within the FPA will be replaced as required and
transferred to the solid radioactive waste system for disposal. These filters can be replaced using remote
handling equipment. The primary HEPA filters located in the HEPA filter room are replaced manually
based upon filter differential pressure readings or on local radiation dose rates. The radiation dose rates
for filter replacement will be administratively controlled to keep worker radiation exposure ALARA.

An evaluation of the potential radiological impacts of normal HVAC discharges during SNF handling and
packaging operations is presented in Section 7.6.3, Estimated Dose Equivalents. Based on the expected
radionuclide inventory of the SNF to be received at the ISF Facility, the primary gaseous radionuclides of
concern are 1291, 85Kr, and 3H. As shown in Section 7.6.3, the radiological impact of potential gaseous
effluents to the maximally exposed individual at the controlled area boundary is approximately 3x] 0-5
mrem/yr, a very small fraction of the dose limit to members of the public of 10 mrem/yr established in 10
CFR 20.1 101.

6.2.2 Non-Radioactive Gases

Liquid Radioactive Waste Storage Tanks

As discussed in Section 6.1.1, small quantities of hydrogen gas may be produced by the radiolytic
decomposition of aqueous solutions in the liquid radioactive waste storage tanks. Liquid wastes at the SF
facility are anticipated to contain about 0.01 pCi/ml of soluble radionuclides. The decay energy of these
radionuclides is generally less than 0.01 W/Ci. The ability of aqueous radionuclide solutions to generate
hydrogen gas has been extensively studied (Ref. 6-4), and "G-values" have been developed to relate
solution decay energy to hydrogen gas production. For beta and gamma irradiation of pure water
solutions, the G-value is 0.44 molecules/100 eV (4.57x10 8 mol/J). This value is anticipated to be
conservative for the ISF Project, because the liquid wastes will not be contaminated with significant
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amounts of organic materials (which tend to increase the G-value), and may contain other ionic species
that tend to depress the G-value (e.g., nitrates).

The hydrogen generation rate of an aqueous solution is given by the relationship:

(mol Gas per second)/mL Solution = (Solution Concentration)*(Decay Energy)*(G-Value)

Assuming a 0.01 Ci/ml solution concentration, a decay energy of 0.01 W/Ci [= Ix0 8 (J/s)/uCi], and the
above G value, the hydrogen production rate within the liquid radioactive waste tank will be about
4.57x10-'8 mol/sec-mI, or 1.02 x 10-13 Liters gas/Liter solution-sec at standard conditions (22.4 Liters
Gas/mol at atmospheric pressure and 2730K). At the highest normal operating temperature within the
liquid waste tank area of 90'F (305'K), this equates to 1.14xl 0-13 Liters gas/Liter solution-sec
[=(I.02x0-'3 )(305/273)]. This calculation is conservative, as it assumes all of the decay energy is used
for radiolysis of the water, and that none of this gas is soluble in the solution.

If the 5000-gallon (18,925 L) liquid waste storage tank contains 4999 gallons of liquid waste (8,921 L),
the gas generation rate would be 2.16x10-9 Liters gas/second [=(1.14xO-13)(18,921)], or 0.068 Liters
gas/year. To generate a flammable atmosphere within the waste tank (4 percent hydrogen), the solution
would need to generate 0.04 gallons (0.15 L) of hydrogen. Therefore, it would take approximately 2.2
years for the solution to generate enough hydrogen to form a flammable mixture in a completely full
waste tank with no ventilation. A similar analysis performed for the 500-gallon liquid waste storage tank
would demonstrate it would take approximately 22 years to generate a flammable mixture. Therefore,
because the tanks are passively vented, this is not considered a credible operational event and no
provisions for the control of hydrogen gas concentrations in the liquid radioactive waste storage tank are
necessary.

SNF Transfer Cask

SNF received at the ISF Facility is not expected to contain significant amounts of free water. 1-lowever,
moisture entrained in the SNF or the cask atmosphere could potentially provide a source of hydrogen
generation. During transfer cask receipt operations, the transfer cask internal atmosphere will be sampled
for acceptable flammable gas concentrations before removal of the transfer cask lid.
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6.3 LIQUID WASTE TREATMENT AND RETENTION

Liquid waste collects in local sumps in the Transfer Tunnel, CCA, SWPA, and Liquid Waste Storage
Tank Area. Liquid waste is transferred to one of two liquid waste storage tanks using the mobile pump
unit (MPU). Particulate matter is expected to be a significant contributor of radionuclide sources.
Therefore, the MPU includes a cartridge filtration unit. Filter housings are monitored and the filter
cartridges are disposed of as solid waste. Filters are changed based on the external dose rates on the
housings in accordance with ALARA principles. The filter cartridges are packaged in adsorbent and free
water is solidified using a solidification agent, if required.

Liquid waste generated in the workshop gravity drains directly to the 5000-gallon liquid waste storage
tank via piping (drain lines) from the decontamination sink and emergency eyewash station. Drains
include traps to eliminate the spread of contamination from fugitive emissions from the waste tank
through the drain lines and to maintain proper ventilation flow.

A sump near the emergency decontamination shower in the Operations Area locally collects personnel
decontamination liquid waste. This water gravity drains to the 500-gallon liquid waste storage tank.

To accommodate waste generated during future decontamination and dismantlement (D&D) activities, the
first floor of the FPA is sloped to a sump in the southwest corner of the area. Similarly, the fuel handling
machine (FHM) Maintenance Area is provided with a floor sloped to a sump at the southeast corner of the
area. Process water and drain lines are provided with flanges or plugs external to the walls of these areas.

The liquid waste system contains a transfer pump that can be used to transfer the contents from either of
the storage tanks to a tanker truck for off-site processing or disposal. The transfer pump may also be used
to transfer the stored liquid between storage tanks.

The 5000-gallon and 500-gallon liquid waste storage tanks collect and store the liquid radioactive waste for
transportation off site by a licensed mobile-services contractor. Tank sizes were based on assumed waste
generation rates and physical constraints (e.g., size of the Liquid Waste Storage Tank Area and volume of
waste that may be transported by tanker). The assumed generation rate results in a conservative volumetric
estimate because water is only used for non-routine decontamination activities. The waste will be
transported to a licensed facility for treatment or disposal. If necessary to meet transportation requirements
of 49 CFR 173, the wastewater will be treated onsite by a mobile-services contractor before transport of the
wastewater (Ref. 6-2). The complete liquid waste storage system is shown schematically in Figure 6.3-1.

A building ventilation exhaust grille near the storage tank overflow/vent lines provides ventilation for the
Liquid Waste Storage Tank Area.

After liquid radioactive waste transfer operations are conducted using either the MPU or transfer pump,
facility personnel manually check the dose rate on the particulate filter with hand-held radiation monitoring
equipment. When the dose rate is approximately 50 mR/h at 1 foot, SF Facility personnel change the
particulate filter. The used filters are bagged at the local sumps and then taken to the SWPA for temporary
storage. The filters may also be changed based on pressure differential across the filter media.

Rainwater run off, and snow and ice melt from the exterior of the ISF Facility, do not come into contact
with the interior of the facility; therefore, collection and storage of this liquid as radioactive waste is not
required.
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6.3.1 Design Objectives

The design life of the ISF Facility is 40 years. Components of the liquid waste storage system will be
maintainable over this lifespan; however, this may include long-term replacement of major components.
Maintenance requirements were minimized because the components may contact and retain radioactive
contamination.

The liquid waste storage system is protected from the external environment by the floor, roof, and walls
of the Liquid Waste Storage Tank Area. Based on the design criteria for the building, there are no normal
or off-normal wind loads inside the Liquid Waste Storage Tank Area. Anticipated dust levels are at or
below ambient conditions of 30 ug/m3. Little or no corrosive agents (liquid or gaseous) are expected. In
the Liquid Waste Storage Tank Area, the normal ambient temperature range is 50'F to 90'F and the
minimum/maximum operating temperature is 320F and 104'F, respectively.

The components of the liquid waste storage system are sized and designed for continuous storage or
intermittent duty for liquid radioactive waste operations. The equipment used for collecting liquid waste
materials is pneumatically powered. For the purpose of equipment design, radiation levels experienced by
the liquid waste storage system during operation are less than 20 mR/hr at I foot.

The liquid waste sumps, piping, transfer pump, and the MPU may retain radioactive particles. Design
considerations include sump, piping, and pump configurations, which minimize holdup of radioactive
material and personnel exposure. Operating procedures ensure that sufficient decontamination water is
used to mobilize the particulates in the piping system. In addition, the design includes the capability to
flush the system.

The liquid waste storage tanks will retain radioactive material. Design considerations include tank and
valve configurations that minimize entrapment of radioactive particles and minimize personnel exposure.
Operating procedures ensure that particles are mobilized when removing liquid.

The MPU and the transfer pump will concentrate radioactive particles on filter. media. Design
considerations include dose rates resulting from expected mass concentration of radioactive particles on
filter media. Periodic monitoring of dose rates on the filter media is conducted as a routine operation
when the equipment is in use.

Though not specifically designed to collect and treat sprinkler discharge and firefighting water, should a
discharge occur, this water collects in local sumps or the Transfer Tunnel. The water can then be
transferred to the collection tank, sampled, and shipped off site in the same manner as decontamination-
generated, liquid radioactive waste. Depending on the volume of discharge this process may be repeated
until the entire volume of discharged water has been collected and disposed of.

6.3.2 Equipment and System Description

The penetrations into the first floor future area of the FPA and the penetration into the FHM Maintenance
Area form a part of the confinement boundary and are ITS. None of the remaining liquid waste storage
system components perform ITS functions; therefore, they are classified not important to safety (NITS).

Process equipment includes cartridge type particulate filters, piping, a 5000-gallon and 500-gallon liquid
waste storage tank, a transfer pump, and the MPU. The locations of the liquid waste treatment equipment
are shown in Figure 6.3-2.
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Local sumps are integral to the concrete structure and coated with an architectural coating similar to the
coating used in the remainder of the area. The sumps are nominally 3 feet by 3 feet with a sloping bottom
to a flat spot with a maximum depth of I foot (the approximate volume is 40 gallons per sump). There are
also six sumps in the Transfer Tunnel (three in the Transfer Area and three in the Cask Decontamination
Zone).

The MPU is a cart- or skid-mounted system containing the MPU pump, cartridge filter, pressure gauges,
and associated piping components with an integral stainless steel drip pan. The MPU pump is an air-
operated, double-diaphragm pump (approximate maximum capacity of 20 gpm), which is operated using
facility service air. The pump is equipped with a discharge pressure gauge. The filter located on the MPU
is a nominal 10-micron cartridge filter contained within a stainless steel housing. The filter is equipped
with a differential pressure gauge. Piping components on the MPU are stainless steel, designed and
fabricated in accordance with ASME B3 1.3 (Ref. 6-5).

A 5000-gallon and 500-gallon, vertical, stainless steel liquid waste tank is located south of the SWPA and
west of the Transfer Tunnel. These tanks are designed and fabricated in accordance with API-620
(Ref. 6-6). The storage tank is equipped with an electrically operated agitator and a sampling point to
ensure that representative liquid waste samples can be collected for analysis.

The transfer pump, which is used to transfer the contents of liquid waste storage tanks, is a permanently
mounted, electrically powered pump with a minimum capacity of 86 gpm at 20 feet of head. The outlet
of the transfer pump is directed through a particulate filter cartridge that is fitted with a differential
pressure gauge.

us ' The Liquid Waste Storage Tank Area is below grade, providing an effective containment of 9700 gallons
in the event of a tank failure or spill. A sump for the Liquid Waste Storage Tank Area allows for the
collection and return of spilled waste or decontamination solutions to either tank.

A concrete pad with curb immediately south of the Liquid \Vaste Storage Tank Area serves as a loading
area for the liquid waste transport tanker.

6.3.3 Operating Procedures

Plant-specific maintenance and operating procedures for the liquid waste storage system are developed
and maintained by incorporating manufacturers' manuals and instructions for commercial items.
However, the overall operational procedure is part of the facility operations procedures and not a part of
the individual component operating procedures. Facility operating procedures will include appropriate
action limits based on tank level and dose rates to ensure that operations are ALARA and adequate tank
capacity is maintained.

6.3.4 Characteristics, Concentrations, and Volumes of Liquid Wastes

It is estimated that no more than 4700 gallons of liquid radioactive waste will be generated each year from
decontamination activities. This estimated annual volume was derived by assuming water usage in the
workshop operations area. Table 6.3-2 provides a breakdown of the activities and volumes of water
assumed for this estimate. The liquid waste physical characteristics consist of dilute aqueous solution of

-_ soluble radioactive isotopes, with the exception of 60Co, which will be either captured in a mobile liquid
waste pumping unit filter or transferred as particulate to a liquid waste storage tank.
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The liquid waste chemical characteristics are estimated to consist of soluble radioactive isotopes at a total
concentration of approximately 0.01 uCi/ml. Individual isotope concentrations in Ci/gm of solution are
presented in Table 6.3-1. It is likely that the gases 3H, 1291, and 85Kr will escape to some extent before
collecting in liquid waste; however, these gases have been included in liquid waste calculations for
conservatism.

The estimated volume of liquid radioactive waste generated relative to the amount of SNF received
during the 3 years of initial SNF receipt and packaging operation is shown below:

* year I = 160 gallons per metric ton of spent fuel

* year 2 = 174 gallons per metric ton of spent fuel

* year 3 = 122 gallons per metric ton of spent fuel

The estimated volume of liquid radioactive waste generated relative to the amount of spent nuclear fuel
received was derived by dividing the annual volume of liquid waste by the annual metric tones of SNF
processed. The annual metric tons of SNF processed were based on SNF technical data and fuel delivery
schedules as provided by the FWENC/DOE Contract (Ref. 6-7).

Radioactive decay within the water volume in the liquid waste storage tanks will not generate a
significant temperature difference relative to the surrounding air temperature.

6.3.5 Packaging

ISF Facility personnel change the particulate filter cartridges used on the MPU or transfer pump when the
dose rate is approximately 50 mRlhr at I foot. These filters are bagged at the point of use, then taken to
the SWPA for temporary storage. The filter cartridges are packaged in adsorbent and free water is
solidified using a polymer solidification agent.

6.3.6 Storage Facilities

Liquid radioactive waste is stored in the liquid waste storage tanks until transfer to the mobile services
tanker for transport to a licensed treatment disposal facility.

MPU and transfer pump filters are bagged at the point of use and taken to the SWPA for temporary
storage. No special storage area is needed other than that already provided for other process-generated
waste.
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6.4 SOLID WASTE

During operation of the ISF Facility, low-level solid waste is generated in several areas such as the FPA,
HVAC Area, Cask Receipt Area, Transfer Tunnel including canister decontamination zone, and CCA.
These wastes are collected and taken to the SWPA for processing in the solid waste processing system.
After processing through the solid waste processing system, site-generated, low-level solid waste is sent
to the RWMC. No Resource Conservation and Recovery Act (RCRA) mixed wastes are expected to be
generated at the ISF Facility. The DOE will dispose of this low-level solid waste at either INEEL onsite
facilities or other approved low-level waste disposal site.

The low-level solid waste generated at the ISF Facility is classified into three types: large canister waste,
small canister waste, and process-generated waste. The canister waste includes large and small canisters
used to deliver SNF to the ISF Facility. The Shippingport, Peach Bottom 2, and TRIGA fuel handling unit
(FHU) canisters and their internal components will be processed through the solid waste processing
system. The Peach Bottom I canisters will be returned to DOE. The Peach Bottom I cans will be
processed through the solid waste processing system. Process-generated waste includes other materials
generated in the process of operating the 1SF Facility.

Large Canister Waste

Large canister waste consists of carbon steel, aluminum, or stainless steel cylinders ranging from 18 to
25 inches in diameter and up to 158 inches long. In addition, Shippingport canister waste will contain
support rings, internal runners (flat bars), runner supports, a landing plate, and crush plates. One
Shippingport canister will contain a tube bundle and support plate. The weight of the largest single
canister and internal components (Shippingport tube bundle) is approximately 3315 pounds. The large
canister interior walls are surveyed in the FPA. Canisters that are above the predetermined dose limit are
placed aside for cleaning and/or sectioning in the FPA. A limit of 50 mR/hr is used to segregate canisters
in the FPA for cleaning and/or sectioning.

The large canister waste is moved from the FPA to the SWPA through the canister waste port. During
transfer of waste materials from the FPA to the SWPA, with a waste port open, the airflow path is
blocked to allow no more than a 2-inch gap in the annulus between the waste port and the object being
transferred. The exterior surfaces of the large canisters are surveyed by area monitors while being lowered
through the canister waste port. Additionally, the exterior walls of the large canisters are surveyed with a
hand-held monitor as they are removed from the tipping hopper.

The large canisters are placed in the tipping hopper, tipped horizontally by a winch, moved to the band
saw by an overhead rail-mounted chain hoist, sectioned with a semi-automatic band saw, moved manually
by a roller conveyor, and moved/placed by an overhead rail-mounted hoist into a steel disposal bin. The
Shippingport container components described above are removed from the canisters and clamped as a unit
for cutting in the saw. The waste port, tipping hopper, winch, band saw, roller conveyors, and waste bin
are enclosed within the SWPA.

The tipping hopper winch capacity is based on the waste component producing the greatest cable tension.
The band saw is designed to securely hold and efficiently cut the range of materials and sizes. The band
saw cutting methodology minimizes the spread of chips and dust. The band saw blade hood is fitted with
a hose connection for attachment to the local exhaust ventilation.
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The band saw is semi-automatic (i.e., the cutting operation and shutdown of the blade occur without
required operator attendance). The band saw self-contains the required cutting fluid, which is non-
flammable and aqueous-based. A port near the area of maximum expected particulate generation is
provided for fitting of a flexible hose for connection to the local HEPA-filtered exhaust ventilation
system. (Note: The cutting components discussed in this section require periodic decontamination with
water. The collection and processing of this water is discussed in Section 6.3.)

The roller-conveyors and hoists are capable of handling the largest single waste component weight, which
is approximately 3315 pounds. The capacity of each of the two hoists is 2 tons, including the manual
beam-mounted trolley.

Void space in the waste bins is filled if required by waste acceptance criteria, taking into account the
maximum final gross weight limit. The waste bins are surveyed, manifested, removed from the SWPA,
and taken to the INEEL RWMC. There is only one waste-containing waste bin in use at a time; this bin is
stored only within the SWPA until ready for transport to the INEEL RWMC.

Small Canister Waste

Small canister waste consists of carbon steel, aluminum, or stainless steel cylinders ranging from 4 to
5 inches in diameter and up to 143 inches long, and box sections of stainless steel up to 40 inches long.
The small canister interior walls are surveyed in the FPA. Canisters that are not to be contact-handled are
placed aside for cleaning and/or sectioning in the FPA. The exterior surfaces of the small canisters are
surveyed by area monitors while being lowered through the canister waste port. During transfer of waste
materials from the FPA to the SWPA, with a waste port open, the airflow path is blocked to allow no
more than a 2-inch gap in the annulus between the waste port and the object being transferred.
Additionally, the exterior walls of the small canisters are surveyed with a hand-held monitor as they are
removed from the wastebucket.

The small canisters are moved from the storage port in the FPA to the SWPA through the canister waste
port using a multiple-canister wastebucket. The small canister wastebucket is placed in the tipping
hopper, tipped horizontally with the winch, individual canisters moved to a band saw via overhead rail-
mounted hoist, sectioned with the band saw (if required), moved manually via roller conveyors, and
moved/placed by a second overhead rail-mounted chain hoist into a waste bin. After the small canisters
have been removed the wvastebucket is returned to the storage port in the FPA.

Void space in the waste bins is filled as described above for large canister waste processing. The waste
bin is surveyed, manifested, removed, and taken to the INEEL RWMC. There is only one waste-
containing waste bin in use at a time; this bin is stored only within the SWPA until ready for transport to
the INEEL RWMC.

Process-Generated Waste

Process-generated waste consists of paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner
debris, welding materials, and HEPA filters. Process-generated waste is accumulated frequently and
stored locally. Infrequently generated waste is bagged and taken to the Solid Waste Storage Area after
generation.
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Tile SWPA is on the ground level of the transfer building, directly west of the Transfer Tunnel and is a
radiologically controlled area. The Solid Waste Storage Area is on the ground level of the transfer
building, directly west of the Transfer Tunnel and north of the SWPA. These areas are used for
processing and storage of primary and process-generated waste. The SWPA and Solid Waste Storage
Area contain the specialty equipment associated with the solid waste processing system. The solid waste
processing system specialty equipment consists of an overhead, rail-mounted electric chain hoists, semi-
automatic band saw, roller conveyors, canister tipping hopper, drum compactor, area radiation monitoring
equipment, and an electrically powered forklift.

The capacity of the overhead hoists, including the manual, beam-mounted trolley is based on the heaviest
waste component. The hoists are capable of handling the largest single waste component weight, which is
approximately 3315 pounds.

The band saw is semi-automatic (i.e., the cutting operation and shutdown of the blade occur without
required operator attendance). The band saw self-contains the required cutting fluid, which is non-
flammable and aqueous-based. The band saw is designed to securely hold and efficiently cut the range of
materials and sizes. The band saw cutting methodology minimizes the spread of chips and dust. The band
saw blade hood is fitted with a hose connection for attachment to the local exhaust ventilation. The
volume of hydraulic fluids utilized is minimized.

The roller-conveyors are capable of handling the weight of the largest single waste component, which is
approximately 3315 pounds. The tipping hopper winch capacity is based on the waste component
producing the greatest cable tension. The drum compactor features include HEPA filtration and a liquid
collection system. Area radiation monitoring equipment is located in the SWPA. The forklift is
electrically operated and rechargeable.

6.4.3 Operating Procedures

A 50 mRlhr limit is used to determine if a canister can be transferred to the SWPA for sectioning and
packaging or if it will be kept in the FPA for cleaning and/or sectioning.

Plant-specific maintenance and operating procedures will be developed and maintained for the SWPA and
the solid waste processing system. Solid radioactive waste packaging procedures will be reviewed and
approved in accordance with Sections 7.5.3 and 9.4.1 of the ISF Facility SAR.

6.4.4 Characteristics, Concentrations, and Volumes of Solid Wastes

The estimated volumes of solid waste produced during each year of fuel packaging operation are provided
below. The volumes of low-level radioactive solid waste were derived from

1. Technical data on SNF fuel containers and fuel delivery schedules as provided by the FW'ENC/DOE
Contract (Ref 6-7),

2 Estimates of process-generated waste volumes, and

3 Waste processing experience with packing arrangements and waste container types.
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Process-generated waste volumes were developed by considering specific operations in each area.
Process-generated waste is produced in the Fuel Packaging Area, Cask Receipt Area, Cask
Decontamination Zone, Workshop, Canister Closure Area, HEPA Filter Room, Solid Waste Processing
Area, Liquid Waste Processing Area, and Operations Area. Table 6.4-1 provides characterization and
estimated annual activity of principal radionuclides in solid waste for a representative year.

Table 6.4-2 and Table 6.4-3 provide the estimated volume of primary and process-generated solid waste.

The maximum volume of primary waste expected to be produced in any one year is 4870 feet3 (138 M3).

Based on a 4-foot by 4-foot by 8-foot steel storage bin, it will take approximately 23 bins during each of
the first 2 years of operations and 39 bins during the final year to dispose of primary waste.

The estimated annual volume of process-generated waste expected to be produced at the ISF Facility is
1306 feet3 (37 M3 ) during each of the first 2 years of operations, and 988 feet3 (28 M3) during the final
year. Based on the use of 55-gallon drums for disposal, it will take approximately 178 drums to dispose of
the process-generated waste during each of the first 2 years of operation and 134 drums during the final
year (a 55-gallon drum holds approximately 7.35 feet3 [0.208 M3 ]).

HEPA filters from the FPA will be placed into shielded drums in the FPA and lowered into the SWPA.
HEPA filters from the other filter locations will be surveyed and then placed in either normal drums or
shielded drums depending upon the contamination level.

6.4.5 Characteristics, Concentrations, and Volumes of Solidified Wastes

The sources of solidified waste for the ISF Facility will come primarily from the liquid coolant for the
band saw used for solid waste reduction (refer to Section 6.4) and from the liquid waste retention tank
mobile pumping unit cartridge filtration unit (refer to Section 6.3).

The band saw, used for sectioning primary solid waste, uses a water-based coolant, which is circulated
through a particulate filter. It is estimated that the filter will be replaced four times per year, and the
coolant will be replaced once per year. The band saw coolant liquid is a non-flammable aqueous based
solution that will not result in mixed waste. The band saw coolant may be disposed of as liquid waste or
processed as solidified waste. Based on estimates of coolant and filter replacement, if the band saw
coolant is solidified this will result in 11 ft3 yr of solidified waste and the filters will generate an
additional 2 ft3/yr of solidified waste. The radiological source term for the liquid to be solidified is
assumed to be the same as the liquid waste (0.01 jiCi/ml) as discussed in Section 6.2.1.

The mobile pumping unit (MPU) and transfer pump each contains a cartridge filtration unit that removes
particulates during transfer or recirculation of the liquid waste storage tank contents. It is estimated that
the MPU filter will be replaced 4 times per year and the transfer pump once per year, resulting in an
estimated 2.5 ft3/yr of solidified waste The radiological source term for the contamination is based upon
the isotopic mixture of a Peach Bottom Core 2 fuel element (worst case source term).

The table below provides a summary of the annual volume of liquid waste to be solidified annually:
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Solidified Waste Source Volume

Band Saw Coolant Filters 2 ft3

Band Saw Coolant 11 ft3

Pumping Filters 2.5 f3

Total 15.5 ft3 I

As discussed in Section 6.1.3, solidified waste will be transported to the INEEL Radioactive Waste
Management Complex (RWMC) for disposal. In order to meet the RRWAC (Ref 6-3) acceptance criteria
the solidified waste must be reduced to less than 1% free liquid.

6.4.6 Packaging

The INEEL RRWAC contains a list of approved containers that may be used to ship waste to the RWMC.
FWENC will select containers from this list or obtain approval from the DOE for the use of other waste
containers to use for packaging and shipping waste from the SF Facility. After loading with solid waste,
the containers will be returned to DOE for permanent storage and disposal.

Solid waste is packaged and delivered to the RWMC in either a disposal bin or drum. The disposal bins
will be used for the disposal of large pieces such as the original fuel canisters. The drums are used for the
disposal of small waste such as process-generated waste. The maximum radiation limit that the RW`MC
will accept for a waste container is 500 mR/h at I meter from the container surface.

6.4.7 Storage Facilities

After a waste container is filled and manifested, the RWMC personnel are contacted to remove the waste
container. Personnel from the RWMC come to the SF Facility with the waste transport vehicle, and
FWENC personnel load the waste container onto the vehicle. RWMC personnel then remove the waste
from the site. After removal from the ISF Facility site, the waste containers are taken to the RWMC.

Waste containers remain inside the ISF Facility only temporarily, until they are removed from the SF site
and transported to the RWMC. Therefore, there is no need for long-term waste storage facilities at the ISF
Facility and no need to monitor for the effects of corrosion on waste containers.
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Table 6.3-1
Estimated Concentrations of Principal Radionuclides in Liquid Waste

Nuclide* Concentration (Cl/gm)
3H 1.11x10-09

85Kr 7.75x1 09
90Sr 1.33x101'0

soy_ 1.33x10-10

137cs 1.41x10-'0

137Ba 1.33x10-10

238Pu 1.57x10-12

* Concentrations of other radionuclides not listed < 1 pCi/gm
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Table 6.3-2
Annual Volume of Liquid Waste

Location Annual Usage Volume (Gallons) Basis

Workshop Sink 10 gpd x 365 days/yr = 3,650 Estimated

Workshop Eyewash 0.4 gpm x 15 min x 12/yr = 72 ANSI Z358.1/Estimated

Operations Area Decontaminafion 30 gpm x 10 min x 3/yr = 900 ANSI Z358.1/Estimated
Shower

Operations Area Decontamination 3.0 gpm x 15 min x 12/yr = 540 ANSI Z358.1/Estimated
Drench Hose

Total = 5,162
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Figure 6.3-1
Liquid Waste Processing System Process Flow Diagram
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Figure 6.3-2
Waste Area Layout
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7.3 RADIATION PROTECTION DESIGN FEATURES

Equipment and installation features of the 1SF Facility are provided in Chapter 4. This section discusses
key design features used for ensuring that occupational exposures to radiation are ALARA.

One of the 1SF radiological design goals was to ensure that personnel exposures are ALARA. Various
methods were used to evaluate installation design features ensure personnel exposures are ALARA. For
the SF, the design goal was achieved by following:

* Perform initial calculations for the various fuel configurations to determine initial doses

* Modify the shielding thickness and fuel configurations (i.e., placement of fuel in storage vault) as
necessary to maintain personnel exposures ALARA

* Reevaluate the design and results, as new information becomes available.

Following this process resulted in the design shielding thickness identified below:

Design Shielding
Area/Equipment Thickness Shielding Material

Transfer Tunnel (east wall) 3' Concrete
Transfer Tunnel (west/south wall) 3' Concrete
Fuel Packaging Area 4' Concrete
Storage Vault (walls) 3' Concrete
Storage Vault (charge face) 30" Concrete/steel
Canister Trolley 11" (radial shielding) Carbon steel
Canister Shield plugs 5" to 10" Stainless steel
Canister Handling Machine 12"14" Steel/Jabroc

This process works well for average doses and dose rates. There is still the potential for locally higher
levels, and periodic changes in work patterns. The calculations generally accounted for much of this, and
are considered conservative. As an added precaution, temporary shielding is available to further reduce
exposures as necessary.

Figure 6.3-2 provides a scaled layout showing:

* liquid waste storage tank area

* solid waste processing area

* solid waste storage area

Figure 7.3-1 through Figure 7.3-2 provides a layout showing:

* radiological control area designations

* location of health physics office, counting room, and decontamination shower

* location of spent fuel during storage/fuel packaging

I
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Figure 7.3-3 through Figure 7.3-8 show:

* location of CAMs, ARMs, and criticality monitors

* location of frisking stations and change areas

Figure 7.3-9 and Figure 7.3-1 0 show the shield wall dimensions for the facility.

7.3.1 Installation Design Features

The design considerations listed in Section 7.1.2 ensure that occupational exposures are ALARA and that
a high degree of integrity is obtained for the confinement of radioactive material. Key design features for
the facility are briefly discussed in the following subsections.

7.3.1.1 Access Control of Radiation Areas

Access to the ISF Facility is controlled in accordance with 10 CFR 72.106 (Ref. 7-6). The INEEL site
boundary establishes the controlled area boundary. The ISF site area fence (owner controlled fence)
establishes the restricted area to protect non-ISF personnel from undue risk from exposure to radiation
and radioactive materials in the ISF Facility.

In accordance with 10 CFR 72.104, the annual dose to an individual beyond the INEEL controlled area
boundary is less than 25 mrem. Access to radiologically controlled areas within the ISF Facility site area
fence, where there is potential for radiation fields to exceed 2 mrem/hr, is controlled by physical or
administrative controls. Physical controls include warning signs, beacons, access door interlocks, or key
locks. Administrative controls include the use of radiation work permits, ALARA job reviews, or stay-
time monitoring.

Radiologically controlled areas may require further designation as high or very high radiation areas
according to 10 CFR 20.1003. Access to these areas is controlled to preclude inadvertent and unnecessary
exposure. Access control features may include physical barriers, locked entryways, and audible and
visible alarm signals. Access to high and very high radiation areas is controlled in accordance with
regulatory position 2.4 of Regulatory Guide 8.38 (Ref. 7-7). Figure 7.3-1 and Figure 7.3-2 provide the
facility layout identifying the expected restricted areas and their classification (i.e., Radiological Control
Area, Radiation Area).

Figure 4.1-1 provides a site layout showing the ISF Facility restricted area. A fence to preclude ready
access to the radiologically controlled area surrounds the ISF Facility. Vehicle gates and personnel gates
are also identified in this figure.

7.3.1.2 Radiation Shields and Geometry

Fixed radiation shielding is integral to the ISF Facility design for reducing personnel exposure to
radiation. The main shielding features of the facility are described in the following paragraphs. Section
8.2.4.2 discusses off-normal and accident conditions associated with loss of shielding.

The Cask Receipt Area does not provide shielding. SNF is contained within the shielded Peach Bottom
transfer casks when being handled inside the Cask Receipt Area. Workers in the Cask Receipt Area will
be shielded from radiation during fuel transfer operations inside the Transfer Tunnel by shielding in the
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Transfer Tunnel and on the shielded canister trolley. The CHM and Storage Area vaults provide shielding
during canister transfer and storage.

The Transfer Tunnel provides a shielded route for the cask trolley to safely travel between the Cask
Receipt Area and the FPA, via the Transfer Tunnel decontamination and maintenance area. It also
provides the route for the canister trolley to safely travel between the FPA, the CCA, and the Storage
Area. The Transfer Tunnel east wall adjacent to the FPA is approximately 3 feet thick. The east wall
adjacent to the Storage Area vault is approximately 3 feet thick to provide the necessary radiation
shielding in case personnel need to access a trolley while SNF is in the FPA bench vessels or Storage
Area vault. The west wall of the Transfer Tunnel is 3 feet thick. During fuel transfer operations from the
cask into the FPA there is a small (2 inches) gap between the FPA port and the cask. The tunnel ceiling
and avalls minimize the dose rate in adjacent occupied areas by shielding radiation streaming through this
gap during fuel transfer. The tunnel is controlled as a high radiation area during fuel transfers.

The FPA and the FHM Maintenance Area are designed to minimize radiation exposure to operations and
maintenance personnel. The walls of the FPA are 4 feet thick, the north and south walls of the FHM are
4 feet thick, and the east and west walls are 3 feet thick to provide protection from gamma and neutron
radiation.

The Storage Area vaults provide radiation shielding from the SNF stored in this structure. The 3 foot
vails and 30 inch charge face are designed with thick concrete sections and design features to minimize

the radiation dose rates in adjacent areas that can be occupied by personnel at the 1SF Facility.

A shielded canister trolley is used to minimize operator exposure during canister closure operations and
canister trolley recovery maintenance in the Transfer Tunnel. The canister trolley has three primary
operating positions: CCA port, ISF canister port (below the FPA), and Storage Area load/unload port. At
each of these positions the onboard jacking system will jack the nose of the shielded cask into a recess in
the floor of each of the operational areas. This provides two benefits: 1) it alleviates the radiation
streaming that would occur if the SNF transfers were done in an unshielded position, and 2) it reduces the
open free area of the transfer port aperture and therefore minimizes the disturbance to the ventilation
system. The canister cask walls are II inch thick steel. The trolley shielding is designed to reduce
maximum exterior exposure rates at 1 foot to less than 100 mR/hr for recovery/repair operations. ITS
components located on the canister trolley or that may come near the cask are either radiation tolerant or
shielded to ensure adequate availability of the canister trolley and the control system.

The CHM is designed to ensure that dose rates to the operator and personnel on the floor of the Storage
Area remain ALARA during canister handling operational phases. The main cask body contains the
cavity for the ISF canister and provides radiation protection using steel (for gamma shielding), clad with a
layer of Jabroc for neutron shielding. The shield skirt and storage tube shield plug ensure that streaming
effects are minimized during transfer operations over the open fuel tube.

7.3.1.3 Control of Airborne Contaminants and Gaseous Radiation Sources

ISF Facility ventilation design features use engineered control to protect against airborne radioactive
material. Section 3.3.2.2, Ventilation and Off-Gas Systems, and Section 4.3.1, Ventilation and Off-Gas
Systems, provide details of the ventilation design.
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The ISF ventilation system is designed to confine contamination by filtration, maintain differential
pressures between confinement zones, and ensure that air flows from areas of low potential contamination
toward areas of high potential contamination. Heating and air conditioning components are designed to
provide environmental control that ensure that structures, systems, and components operate within
designed temperature parameters and interior temperature control for personnel comfort.

The system is designed to:

* prevent the accidental release of radiological hazards to the environment

* keep personnel exposure to radiological hazards ALARA

* control the spread of radioactive materials and controlling contamination between areas

* limit the spread of radioactive materials within the ventilation system

The ventilation system is designed to meet the 40-year operational life expectancy of the facility.
Components with a potentially shorter life are designed and installed to permit replacement with minimal
impact on operations and maintain personnel exposure ALARA. Provisions are made for the routine
maintenance of HVAC components to maximize their operational life.

7.3.2 Shielding

Fixed radiation shielding constitutes the primary method of reducing occupational exposure. Radiation
shielding design is based on the results of shielding analysis performed using a shielding calculation
methodology known to provide reliable and accurate results. The calculation method used was Monte
Carlo based analysis (MCNP). Shielding models were evaluated for the key facility features; each model
is discussed in the following subsections.

MCNP (Ref. 7-8) was selected as the primary code for evaluating shielding models associated with the
ISF, because of the need to accurately represent the complex geometric arrangements and the wide range
of materials that were needed to describe the models. It was determined that a Monte Carlo type of code
met this need, and MCNP is the most acceptable widely available code. It can perform these calculations
and provide the flexibility to accurately represent the conditions. Monte Carlo approaches also provide
the capability to accurately assess streaming problems typical of equipment handling with high radiation
sources. The other option, a point kernel type of calculation approach, does not provide the ability to
account for the complexity of the model. The point kernel type of code cannot model the combination of
complex geometry coupled with many different materials that are present in the models and it also cannot
perform streaming calculations. As a result of these calculational requirements, MCNP was chosen as the
primary code for performing the shielding analysis associated with the ISF project. Section 3.3.4.3.2
discusses the validation of the ICNP code relative to analysis performed in support of this SAR.

Table 7.3-1 provides a summary of the photon spectrum per energy level for the various fuel types that
will be received at the ISF Facility. The bounding source term used for the transfer cask-shielding model
was based on TRIGA fuel loading. The TRIGA source tern was selected because it results in the highest
dose rate (based on photon spectrum accounting for energy level and the number of fuel elements per
shipment).
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Each fuel assembly in the basket is modeled by MCNP to determine the number of photons emitted from
the assembly that reach the shielding surface (i.e. self-shielding in the fuel).

The MCNP vas used for the neutron dose rate calculations. Neutron capture provided by neutron
absorbing material was used when modeling the canister handling machine. Four inches of Jabroc 'N'
were included in the model to provide additional neutron shielding. The material composition of shielding
material used is provided in Table 7.3-2. MCNP uses the Monte Carlo method to theoretically duplicate a
statistically significant process, such as the interaction of nuclear particles with materials. Neutron
fluence-to-dose conversion factors were conservatively taken from ANSI/ANS6. 1. 1, Neutron and
Ganinma-ray Fluence-to-dose Factors. For the design temperature ranges presented in Chapter 3, the
shielding properties of the materials used for shielding will not be affected.

7.3.2.1 Cask Receipt Area

The Peach Bottom transfer cask will be used to transport the SNF to the ISF Facility. The transfer cask
wvas originally designed to shield irradiated and unirradiated fuel such that the radiation levels on contact
do not exceed 100 mrem/hr. Shielding analyses were performed to determine the axial and radial dose
rates when loaded with TRIGA fuel. The results of the shielding analysis show that the expected surface
dose rates are well below the Peach Bottom cask design criteria of 100 mrem/hr on contact. The peak
combined neutron/gamma, dose rate at 1 foot will be about 1 I mrem/hr.

The TRIGA fuel loading was modeled in a 5-element cluster representing the 5-position cans that will be
used to hold the fuel elements. Each can was then positioned radially to fill one of six positions in the
fuel bucket. A total of 3 buckets are to be placed vertically in the Peach Bottom cask for a total of 90
TRIGA fuel elements transported per shipment. When loaded into the cask the fuel meat centers are
located axially at 22 inches, 53 inches, and 84 inches from the bottom of the cask.

The Peach Bottom cask cavity wall of the inner shell is 0.25-inch-thick stainless steel. The lead shielding
contained between the inner and outer shell is 6.25 inches thick in the I I 0-inch center section, and 5.25
inches thick at the cask ends (approximately 30 inches at each end). The outer shell is 1.81-inch-thick
stainless steel. The top lid is modeled as 4-inch thickness of lead sandwiched between a 1.56-inch outer
stainless steel plate and a 1.5-inch inner stainless steel plate. Figures 7.3-11 and 7.3-12 depict the radial
and axial geometry modeled for the Peach Bottom cask.
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The following table provides the source and shielding geometry used to estimate the dose rates:

Peach Bottom Cask Shielding Geometry/Source Term
Source Strength 90 TRIGA fuel elements (3 layers of 30 each)

Shields Thickness (in) Material
Inner cask wall - side 0.25 Stainless steel
Lead - cask center 6.25 Lead

Lead - cask ends 5.25 Lead
Outer cask wall - side 1.81 Stainless steel
Inner cask wall - top 1.50 Stainless steel

Lead - cask top 4.00 Lead
Outer cask wall - top 1.56 Stainless steel

Note: the inner and outer wall thickness of the top and bottom are the
same and are, therefore, not listed separately

The results of the axial shielding analyses, summarized below, show that the calculated surface dose rates
are well below the Peach Bottom cask design criteria of 100 mrem/hr on contact.

Calculated Axial Dose Rates for Peach Bottom Cask with
90 TRIGA Fuel Elements

Axially from Top/Bottom
Distance (in) Top Bottom

(mrem/hr) (mrem/hr)

0 1.08 14.59
1 1.07 14.38
6 0.98 12.57
12 0.85 10.24
36 0.50 4.53

Dose rates at the top surface of the cask and beyond are relatively lower than the dose rates at the bottom
surface and beyond due to the proximity of the fuel elements to each of the surfaces, respectively. Figure
7.3-1 l and Figure 7.3-12 show that the fuel elements are essentially resting on the bottom of the cask,
while there is a rather large air gap between the upper bucket and the top of the cask. A certain amount of
self-shielding occurs in both directions but has a larger affect in the upward direction when coupled with
the air gap. Results above confirm the geometric effects of fuel loading on the axial dose rates.

The calculated radial contact dose rates for the transfer cask also remain below 100 mrem/hr. A summary
of the calculated dose rates is provided in the table below.
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Calculated Radial Dose Rates for Peach Bottom Cask with
90 TRIGA Fuel Elements

Axial Height from Cask Radially from Side
Bottom (in) Distance (in) (mrem/hr)

0 33.00

12 11.21
22 24 6.10

(Centerline of Lowest 36 3.78
Tier of TRIGA Fuel)

48 2.61

60 1.91

0 4.36
12 2.73

53 24 1.99
(Centerline of Middle 36 1.69
Tier of TRIGA Fuel)

48 1.63
60 1.40

0 4.36

12 2.23
84 24 1.33

(Centerline of Top 36 1.04
Tier of TRIGA Fuel)

48 0.83
60 0.69

As expected, the radial dose rate is higher in the lower portion of the Peach Bottom cask due to the
centerline of the fuel meat of the lower bucket being located at an axial height equivalent to this reduced
shielding thickness. As distance from the cask increases the dose rate drops off steadily.
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7.3.2.2 Fuel Packaging Area

The purpose of these analyses was to determine the dose rate on the far side of an FPA cell wall from a
TRIGA canister filled with 108 TRIGA fuel elements. The dose rates were calculated from the center of
the canister to a dose point 206 cm away (which is reasonably representative of the operator position
relative to the canister) through 2, 3, and 4-foot thick concrete walls. Based on the dose rates calculated, a
wall thickness of 4 feet was selected for the design of the FPA walls. The results of the calculations are
shown in the following table.

Dose Rates from TRIGA Fuel

Concrete Dose Rate
Thickness (ft) mremlhr

2 183
3 2.82
4 0.044

The TRIGA fuel was modeled in a canister with a 0.375 inch thick sidewall. The shield wall thickness
was varied from 2 to 4 feet of concrete. Figures 7.3-13 and 7.3-14 depict geometry modeled.

The following table provides the source and shielding geometry used to estimate the dose rates.

Fuel Packaging Area Shielding Geometry/Source Term

Source Geometry Cylindrical volume 28" length 18" diameter
Source Strength 54 TRIGA assemblies (1 canister)

Shields Thickness (inches) Material Source Shield Distance (inches)
Fuel canister 0.4 Stainless steel 0
Air gap 12 Air 0.4
Shield wall 48 Concrete 12.4
Exterior 60.4

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Safety Analysis Report

Rev. 0, 4, 2
Page 7.3-9

Dose Rates from Canister Trolley

Radial Distance from Cask
Surface (inches) Dose Rate (mremlh)

1 31
12 14
60 3
120 1

Storage Area7.3.2.5

The dose rate with a 5 by 5 grid of storage tubes containing TRIGA fuel was modeled to determine the
dose rate through various thicknesses of concrete. Figure 7.3-20 provides the geometry modeled. The
table below provides the calculated dose rates at I foot from a concrete wall of given thickness.

The following table provides the source and shielding geometry used to estimate the dose rates.

Storage Area Shielding Geometry/Source Term

Source Geometry Slab | 190" length 190" width
Source Strength 2700 TRIGA assemblies (25 canisters)

Shields Thickness (inches) Material Source Shield Distance (inches)
Fuel canister 0.4 Stainless steel 0
Air gap 12 Air 0.4
Shielding 36 Concrete 12.4
Exterior 48.4

I

The number of canisters to include in the model was determined by starting with a single canister I foot I
from the interior storage vault wall (closes storage location) and calculating the dose rate I foot from
exterior of the storage vault wall. Additional canisters were added forming a row until the contribution to
the dose point by additional canisters was minimal. A row of five canisters was found to provide the
maximum dose. Next a second row was added to the model making a 5 x 2 array and the same process
followed until a foot dose was reached where additional rows did not increase the calculated dose. A 5 x
5 array of canister was found to be the limiting number of canisters. The addition of additional rows did
not significantly contribute to the calculated dose.

Dose Rate 1 Foot from a Concrete Wall
with 25 Storage Tubes Holding TRIGA Fuel

Wall Thickness (feet) Dose Rate (mrem/hr)
1 59,886

3 15

The wall thickness of the storage area is designed to be approximately 3 feet of concrete. Initial shielding
calculations show that, by controlling the placement of loaded canister in the storage vault, an equivalent
reduction in the dose rate of that from a 4-foot wall will be achieved.
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7.3.2.6 Canister Handling Machine

' )tThe CHM is a fully shielded crane used to transfer loaded ISF canisters from the canister trolley to the
storage vault tubes. The CHM will be positioned over the storage vault tube location and the shield skirt
lowered to provide shielding during placement of the ISF canister into the storage tube. The CHM will
also be used in the future to remove ISSF canisters from the storage vault and transfer them to a transport
cask for offsite shipment.

The CHM wvas modeled using an ISF storage canister loaded with 108 TRIGA assemblies in two baskets
of 54 assemblies each. The dose rates were calculated radially outward from the side of the CHM on the
mid-plane of the upper basket of fuel. The following table provides the calculated dose rates at radial
distances from the CHM. Figures 7.3-21 and 7.3-22 depict the axial and radial geometry modeled.

Radial Dose Rates from CHM

Distance from CHM Dose Rate
Surface (cm) (mremlh)

2.54 5.02
30.48 2.39
152.44 0.52
304.80 0.21

The following table provides the source and shielding geometry used to estimate the dose rates.

Canister Handling Machine Shielding Geometry/Source Term

Source Geometry Cylindrical volume 56" length 18" diameter
Source Strength 108 TRIGA assemblies (2 canisters)

Shields Thickness (inches) Material Source Shield Distance (inches)
Fuel canister 0.4 Stainless steel 0
Air gap 4 Air 0.4
Metal Shielding 12 Stainless steel 4.4
Jabroc 4 Jabroc 16.4
Exterior 20.4

7.3.2.7 Waste Processing Area

Processing irradiated fuel results in the generation of radioactive waste materials that will ultimately be
processed in the SWPA. This area is designed to receive waste directly from the FPA, either through
ceiling waste ports or the hatch into the FHM Maintenance Area portion of the FPA, and from other areas
of the facility. Waste generated in the facility, other than in the FPA and liquid waste filters, is expected
to result in dose rates less than 5 mrem/hr and is not expected to pose personnel exposure concern. Waste
generated in the FPA (e.g., empty fuel canister) have the potential to pose an exposure concern to
personnel due to the possible presence of hot particles, fuel fleas, or residual crud in the empty fuel
canister that can produce high dose rates. Fuel canisters and other waste generated in the FPA will be
surveyed prior to transfer to the waste processing area. An administrative limit of 50 mrem/hr for waste
being transferred to the waste
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processing will be used to minimize personnel exposure during waste processing activities. This limit
along with the use of temporary shielding/shadow shielding will maintain worker exposure ALARA.

7.3.3 Ventilation

Section 3.3.2.2, Ventilation and Off-Gas Systems, and Section 4.3.1, Ventilation and Off-Gas Systems,
provide details of the ventilation design. These sections discuss:

* areas and equipment serviced by each system

* design limits selected for operation and the performance limits

* major components and operating characteristics

* room controls and confinement zones

* testing criteria

* criteria for filter change-out

The ventilation is designed to prevent spread of radioactive material and control contamination between
areas. Building air flows from areas of lower contamination potential to areas of higher contamination
potential. Filters (both roughing and HEPA filters) will be used to limit the spread of radioactive materials
in the ventilation system. Section 7.2.2 identifies the sources of radioactive material that may become
airborne.

7.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

Radiological monitoring and contamination control at the ISF Facility will be performed to ensure that
radiation exposure and release limits in 10 CFR 20.1301 are not exceeded (Ref. 7-3). Monitoring involves
the use, as appropriate, of fixed ARMs and CAMs. Fixed radiological instrumentation will be serviced by
the facility's uninterruptible power supply system and ensures operability of instrumentation if building
power is lost.

Criticality Monitors

Criticality monitors are solid-state area detectors that provide fast, accurate monitoring of total gamma
exposure rates and instantaneous rise times of exposure rates. These instruments are robust and can monitor
relatively high exposure rates for extended periods without damage to the instrument. Dedicated criticality
monitors are located near the exterior walls of the FPA to monitor conditions in the FPA (refer to Figure
7.3-7). The criticality monitoring system will have set points that will alarm on a gamma rate of rise or a
neutron dose threshold. This will allow the criticality monitoring system to energize clearly audible alarms
and visual signals if accidental criticality occurs. The guidance provided in ANSI/ANS8.3, Criticality
Alarm Systems, will be used to determine coverage, placement, response time, failure warning, detection
criteria, sensitivity, and testing requirements of the system. The CMS will not be seismically qualified.

Table 7.1-2 provides an estimate of the type and number of fixed monitors for the facility. Any reduction
or addition in the overall number of fixed instruments will be evaluated to ensure that fixed
instrumentation provides the monitoring necessary to maintain exposure ALARA. Placement of fixed
instrumentation will be optimized by modeling and evaluation of the physical surroundings (e.g., airflow
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patterns, shielding features). Figure 7.3-3 through Figure 7.3-8 identify the location of the facility CAS,
CAMs and ARMs.

Personnel Monitors

Personnel contamination monitors measure the exposure of personnel to radioactive contamination.
Handheld monitors and half-body contamination monitors and/or walk-through detectors are used. In
areas of frequent occupation, permanent detectors will be installed. In areas of infrequent occupation,
portable detectors are used as required.

Area Monitors

Fixed ARMs will be located in key areas of the facility, in frequently occupied locations with potential for
unexpected increases in dose rates, and in remote locations that require local indication of dose rates
before personnel enter the area. Alarm setpoints will be established by evaluating the nominal area
background dose rate. The setpoints will be set to a value greater than the nominal background dose rate
that will trigger an alarm if exceeded. A typical setpoint could be twice the nominal background dose rate,
or it may be a fixed area dose rale that, if exceeded, will trigger an alarm to notify personnel. The alarms
will be visual and audible locally, with a corresponding signal included in the IDCS. ARMs can trigger
local and facility interlock alarms and support configurable setpoints for personnel protection monitoring.

Air Monitoring

Air sampling and monitoring is required by 10 CFR 20.1 703(a)(3)(i) to evaluate airborne hazards
whenever respiratory protective equipment is used to limit intakes pursuant to 10 CFR 20.1702. Air
sampling and monitoring will also be performed in situations where respiratory protective equipment is
not required but the airborne radioactivity level can fluctuate and early detection of airborne radioactivity
could prevent or minimize intake of radioactivity. Air sampling and monitoring will be conducted in
accordance with the guidance in Regulatory Guide 8.25 (Ref. 7-10).

CAMs will be installed in occupied areas where facility personnel without respiratory protection could be
exposed to airborne radioactivity concentrations exceeding 12 derived air concentration (DAC) hours in a
week, or where there is a need to alert potentially exposed workers to unexpected increases in the airborne
radioactivity levels. CAMs also will be used to detect breakthrough of the Fuel Packaging Area HEPA
filters downstream of the FPA.

The Transfer Cask monitoring system will contain a CAM which is used for sampling the cask interior
atmosphere in the Cask Decontamination Zone of the Transfer Tunnel before the Transfer Cask lid is
removed.

Each CAM will be configured with a setpoint appropriate to its primary function. For CAMs that monitor
occupied work areas, the setpoint is a level of activity above the established background. Typical alert and
alarm setpoints are 10 percent and 33 percent of DAC, respectively. A CAM alarm in a work area will
instigate an evacuation of the immediate area per administrative procedures. Interlocks allow for
emergency egress for life safety purposes. Response to the alarm is determined by administrative
procedures.

For CAMs that monitor the discharge air downstream of the HEPA filter from the Fuel Transfer Area, a
setpoint has been determined that indicates breakthrough of the FPA HEPA filters, with the response of
instigating a maintenance cycle. Typical alert and alarm setpoints are 50 percent and 100 percent of the
10 CFR 20, Appendix B, Table 2 effluent concentration, respectively.

¶ FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 4, 3
Safety Analysis Report Page 7.4-3

vacuum drying/helium backfill system. During the vacuum drying, the trolley heaters will be energized to
aid in the removal of any moisture from the fuel and the canister interior. The CCA has 3 foot thick
concrete walls, floor, and ceiling. There are two floor ports in the CCA; one allows access to a vestibule
area for importing new canister and components, and the other accesses the Transfer Tunnel and the
canister trolley. Personnel radiation exposure in the CCA is a function of the canister loading. Anticipated
dose rates from a sealed canister of TRIGA fuel are 6 to 10 mrem/hr at the top of the canister. The dose
rates for Peach Bottom and Shippingport reflectors will be lower, as the active fuel region is farther from
the closure head and has more axial self shielding due to fuel assembly construction. Significant radiation
streaming could occur at the outer surface of the canister wihen the circularity collet is released. After
canister closure completion, the canister trolley will be lowered and moved to the Storage Area/Transfer
Tunnel access load/unload port.

Canister Storage

On the Storage Area operating deck, the Transfer Tunnel load/unload port plug will be removed and the
CHM will be positioned to retrieve a loaded canister from the canister trolley. The CHM grapples the
canister, raises it to the desired traveling elevation, rotates to close the canister chamber, raises the shield
skirt, and travels to the storage vault tube designated for the canister. The CHM will be positioned over
the storage vault tube location and the shield skirt will be lowered, the storage tube shield plug removed,
and the canister will be lowered into the storage tube. The CHM will then install the shield plug. After the
shield plug has been installed and the grapple raised, the skirt will be raised and the CHM moved to a
standby location so that personnel can complete the storage tube closure. The CHM operating platform is
above the top of the active fuel region of a loaded canister to reduce personnel exposure.

Storage tube closure will be accomplished by bolting a tube closure plate to the top of the tube, leak
checking the closure plate seal, and connecting the tube to the evacuation/backfill system via a valve and
connection on the closure plate. Upon completion of the helium backfill, the backfill system will be
disconnected and a seal plate placed over the connection location and its seals leak checked. The final
operation relating to canister storage is to install a steel tornado-missile protection cover over the top of
the tube assembly.

The low-level wastes generated as a result of facility operations will be initially accumulated in the
SWPA for processing and packaging. The Solid Waste Area is bounded by concrete walls with two
shielding wing walls dividing it into north and south areas (refer to Figure 7.3-1). The southern area
(SWPA) is isolated by a contamination control barrier as it is designed to receive wastes from the FPA via
two circular ceiling ports and support maintenance of the FHM via rectangular ceiling opening. This
portion of the SWPA contains size reduction equipment for non-compactable wastes. The northern
section (SWSA) has two personnel access doors (west and north walls) and a north wall rollup door for
large item shipping and receiving. Compactable wastes will be segregated from non-compactable wastes
and processed accordingly. The waste compactor facility is located in the northwest corner of this
northern section and is connectable to the southern portion via a passthrough in the wing wall so that
compactible wastes from the FPA and/or the CHM may be processed. Section 6.4, Solid Waste, describes
waste transfer and survey in the FPA to the Solid Waste Processing System.

Table 7.4-1 identifies potential radiation areas during fuel movement, storage, and waste processing
activities and estimated occupancy times. The time estimates are based on receiving an average of two
cask shipments from the DOE each week.
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Table 7.4-2 provides the estimated occupational dose from these operations. The general formula
described below was used for dose estimate calculations.

Person-mrem dose for task = (#vorkers)(frequency)(duration)(dose rate)

where,

#workers - the number of workers performing the task

frequency - how often the task will be performed (e.g., daily, weekly, etc.)

duration - the amount oftime taken to accomplish the task

dose rate - the dose rate at the worker location. (In some cases an occupancy factor correction has
been made, so that even though the worker is required for the operation, the worker is not
considered to be present full time. This factor is expressed as a reduced dose rate.)

The Cask Receipt Area, FPA Operating Gallery, and Storage Area operations dose rates are based on
values calculated for having a Peach Bottom cask loaded with TRIGA fuel or TRIGA fuel being
processed or handled in the other areas. The cask return values are based on returning a contaminated
Peach Bottom cask liner and basket assembly in the Peach Bottom cask. In this case, the dose rate from
the cask is negligible when compared to the shield leakage from TRIGA fuel stored in the storage vault
on the other side of the east tunnel wall. The CCA operations values are based on closing canisters of
TRIGA fuel, as this fuel has the fuel meat much closer to the top of the canister than either Peach Bottom
or Shippingport loaded canisters. SWPA size reduction operations are evaluated using the 50mrem/hr
maximum allowable contact dose rate for waste items being exported from the FPA. The shield walls of
the Operating Gallery and the Transfer Tunnel are assumed to be 4 and 3 feet thick, respectively.

The following assumptions were used in the preparation of the dose estimates associated with the
operation of the ISF.

* All tasks assume TRIGA fuel is being handled or stored (bounding photon flux per canister).

* The dose estimates are conservatively based on processing the maximum (bounding) dose rate
material for one year of operation under equilibrium conditions.

* The maximum fuel inventory in the FPA.

* Loaded storage vault tubes adjacent to the tunnel wall.

* Loaded storage vault tubes adjacent to an empty tube.

* SWPA work with a partially loaded waste box present.

* Dose rates in the SWPA are assumed to be principally from the material being processed and its
accumulation in filled or partially filled waste containers.

* Source (S) sizes are assumed to be large enough that a /R adjustment for distances out to S/2 is
appropriate and 1/R2 after that if not provided by the calculation.

* The frequency of operation is based on the assumption of receipt of five DOE fuel shipments per
month (1.25 shipments per week).
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Protective clothing used by facility personnel is located in the facility change rooms. Respiratory
protective equipment is also located in the facility change rooms.

The 1SF Facility has a personnel decontamination shower and several eye wash stations located
throughout the facility. Additional equipment for personnel decontamination and other contamination
control equipment, including spill control materials, will be available.

The ISF Facility does not have any fixed facilities for internal radiation monitoring, such as whole-body
counters, thyroid counters, or bioassay sample analysis equipment. If these types of services are required
ISF Facility personnel will utilize the same services as those used by INEEL personnel.

Portable air sampling equipment is available for use during work evolutions requiring the use of
respiratory protective equipment. Portable air sampling equipment will typically be of the "Golf Cart"
type with a telescoping "Goose Neck" for air sampling and can be used for the assay of both particulates
and gaseous radioiodine.

7.5.2.1 Requirements for Instruments

Instruments for measuring radiation will be used to:

* monitor radiation exposure levels
* monitor contamination levels and concentrations of airborne radioactivity to characterize

workplace conditions
* verify the effectiveness of physical design features and engineering, and administrative controls
* identify areas requiring postings

Radiation detection instrumentation has a sensitivity suitable for the required measurement
(e.g., instruments used to measure leak tests of a sealed source are able to detect concentrations less than
0.005 microcuries of the kind of radioactive material in the source).

Instruments used to measure radiation dose rates, levels of contamination, and concentrations of airborne
radioactivity in the field are given in Table 7.1-1. Equivalent instrumentation may be substituted.

Counting Instrumentation

The ISF Facility health physics program will have available onsite or through a subcontracted service the
following instruments to support facility personnel protection and to ensure that both exposures and
releases will be ALARA:

* HPGe analyzer for material protection measurements
* low-background alpha-beta radiation proportional or scintillation counter
* end-window GM counters
* a liquid scintillation counter for low energy beta (e.g., tritium) analysis

Instruments used in the low-background are provided in Table 7.1-1

Instrument Calibration

Portable equipment used to perform radiological surveillance will be calibrated at 6month intervals or
following repair, whichever occurs sooner. Stationary equipment used to perform radiological
surveillance will be calibrated annually or following repair, whichever occurs sooner. Other measuring
equipment will be maintained following manufacturer's recommendations.
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Airflow or volume-metering devices used with air samplers will be calibrated annually. Lapel air
samplers will be calibrated before use or after media change.

Instrument Checks

Instruments used to perform radiation surveys will be readily available and response-checked daily or
before operation by radiation protection technicians. When response checks are not feasible, such as with
instruments used to measure neutrons or tritium, compensatory actions have been established to ensure
proper instrument performance. Instruments that do not respond properly will be taken out of service until
they have been repaired and recalibrated. Battery checks will be performed each time an instrument is
used.

Checks of fixed instrumentation will be performed and ChiSquare evaluations will be performed as
applicable for the type of instrument. Fixed monitoring instrumentation will be included on the facility
maintenance schedule.

Instrument Selection

The ES&H Manager determines the type of instruments used at the facility. The ES&H Manager ensures
there is a sufficient number of the proper type instruments available in the event of instrument failure or
during periods of instrument calibration. The ES&H Manager maintains and controls the instruments in
use at the facility.

Instrument Storage, Calibration, and Maintenance Facilities

Health physics instruments will be stored in the health physics' office or at a designated location when
they are not in service. Minor instrument maintenance (e.g., replacing batteries) is performed by the
health physics organization. Instruments requiring major maintenance or calibration will be removed from
service. Major maintenance and calibration will be performed by the instrument vendor or
calibration/repair service prior to returning the instrument to service.

7.5.2.2 Radiological Surveys

Radiological surveys will be conducted for verification and documentation of radiation and contamination
levels to ensure personnel exposure is ALARA. Surveys document radioactive contaminant
concentrations and dose rates within controlled process areas and will be used to ensure that appropriate
protective measures are included in task planning. Information gained in such surveys is the basis for
preparing radiation work permits.

Radiological monitoring of radiation exposure levels, levels of contamination, and concentrations of
airborne radioactivity will be conducted to characterize workplace conditions, to verify the effectiveness
of physical design features and engineering and administrative controls, identify required PPE, and to
identify areas requiring postings.

Only trained and qualified personnel, using instruments that are properly calibrated and routinely tested
for operability, perform monitoring. Surveys for radiation, contamination, and airborne radioactive
materials will be performed as specified in implementing procedures and radiological work permits.
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7.6 ESTIMATED OFFSITE COLLECTIVE DOSE ASSESSMENT

The purpose of the environmental monitoring program is to demonstrate compliance with the dose limits
for offsite personnel. The dose limits are given in 10 CFR 72.104 as 25 mrem/year to the whole body,
75 mrem/year to the thyroid, and 25 mrem/year to any other critical organ (Ref. 7-6). The limits refer to
exposure from planned discharges, direct radiation, and radiation from other fuel cycle operations in the
region. The Idaho Department of Environmental Quality regulates the INEEL site in accordance with
40 CFR 61 Subpart H, Aational Emission Standards for Emissions of Radionuclides Other than Radon
from Department of Energy Facilities, which requires the SF Facility to comply with the dose limit of

0 mrem/yr to any member of the public from facility air emissions (Ref. 7-20).

The priority parameters monitored as part of the environmental program are the identity and concentration
of particulate radionuclides in the building ventilation air (i.e., exhausted through the stack). Other
parameters are the identity and concentration of radionuclides in ambient onsite air, direct exposure in the
outdoor portions of the site, and the identity and concentrations of radionuclides in site soil.

Environmental Measurements

Doses from stack exhaust will be determined by measuring the amounts of radionuclides emitted and
meteorological modeling. The effluent concentrations will be determined using an isokinetic sampler in
the facility stack and analyzing the activity of the various radionuclides collected. Modeling is based on
information from the National Oceanic and Atmospheric Administration (NOAA) Air Resources
Laboratory. The calculated offsite concentrations will be converted to doses based on dose conversion
factors developed in accordance with CRP 30, Limnitsfor Intakes of Radionuclides by Workers, and
standard inhalation rates (Ref. 7-15). Radiation dose rates at the perimeter of the site will be measured
directly using environmental TLDs.

Doses from ground level releases, if any, will be determined directly by measuring the concentrations of
radionuclides in the air at the site boundary. The calculated concentrations at the site boundary will be
converted to doses based on dose conversion factors developed in accordance with CRP 30 and standard
inhalation rates.

The analysis of soil samples may be necessary to assess the effects of a spill or the efficacy of cleanup
activities. Soil samples also will be taken as part of the eventual decontamination and dismantling of the
facility.

7.6.1 Effluent and Environmental Monitoring Program

INEEL Monitoring Program

The 1SF Facility specific environmental monitoring program, discussed below, vill continue through the
life of the facility. The results of the SF Facility radiological environmental monitoring program will be
reported to meet the 60day reporting requirement of 10 CFR 72.44 and the annual reporting requirement
of 10 CFR 61 Subpart H (Refs. 7-6 and 7-20).
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7.6.1.1 Gaseous Effluent Monitoring

An evaluation of the expected source term from the SNF to be received and processed at the ISF Facility
indicates the presence of particulate and gaseous radionuclides. The primary particulate radionuclides are
1 37 Cs/137mBa and 9OSr/90Y, and the primary gaseous radionuclides of concern are 1291, and 3H. Fuel
packaging operations conducted in the FPA are the predominant activities that could liberate any gaseous
isotopes. ISF Facility effluent monitoring consists of stack sampling for particulate radionuclides and
stack sampling for 291 and 3H.

A particulate sample will be collected weekly depending on the work in process, 1291 samples will be
collected biweekly and 3H samples collected monthly. Iodine samples will be collected on a silver zeolite
impregnated charcoal canister and 3H will be collected using a three-stage bubbler collection system.
Both of these sampling methods are proven methods for gas sampling. Action limits will be set at some
fraction of the 10 CFR 20 Appendix B Table 2 limits. Typical action limits are 50 and 100 percent of the
10 CFR 20, Appendix B, Table 2 value.

7.6.1.2 Liquid Effluent Monitoring

Liquid effluents will not be monitored at the ISF Facility, which is designed as a zero-discharge facility
relative to process generated liquids. The planned processes at the ISF Facility are inherently dry
processes that do not generate liquids with the exception of the planned decontamination station and
emergency eye wash stations and showers. Process liquids generated at the facility will be collected and
transferred to the liquid waste storage tanks. Periodically a liquid treatment vendor will be contracted to
dispose the collected liquid. Section 6.3, Liquid Waste Treatment and Retention, provides a discussion on
management process generated liquid waste.

7.6.1.3 Solid Waste Monitoring

Solid waste generated during SF Facility operations consists of spent PPE, metal, paper, rags, and other
consumable items. Process-generated waste will be packaged for disposal at the NEEL site.

Process waste generated in the FPA will be transferred to the SWPA via the process waste port. Before
empty canisters being transferred to the SWPA for size reduction and packaging, the canisters will be
surveyed to determine the presence of contamination that would present an ALARA concern during the
processing of the canisters.

Section 6.4, Solid Waste, discusses the procedure for managing site generated solid waste. Before waste
is transferred to the SWPA it will be surveyed using portable or fixed survey equipment to verify that the
administrative limit of 50 mremlhr is not exceeded.

7.6.1.4 Environmental Monitoring

Pre-Operational Environmental Radiation Monitoring Program

The ISF Facility will be constructed on a clean (i.e., non-contaminated) site adjacent to other INEEL
facilities. Construction activities will be performed by local craft without the need for radiological
controls. The anticipated annual dose to workers during construction of the ISF Facility from nearby
facilities is less than 0.32 mremiyr (Ref. 7-2 1).

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
Safety Analysis Report Rev. 0, 3

Table 7.2-6
Photon Production Rate (photons/sec) for a

Single Fuel Element or Fuel Module

Mean SH SH
Energy Type IV Type V

Group (MeV) PBC1 PBC2 Reflector Reflector TRIGA

1 0.010 9.946E+09 6.569E+12 1.839E+13 1.325E+13 5.478E+11

2 0.025 2.684E+08 1.335E+12 3.739E+12 2.723E+12 1.218E+ 11

3 0.038 6.829E+07 1.423E+12 3.777E+12 2.750E+ 12 1.199E+11

4 0.058 2.747E+09 1.246E+12 3.440E+12 2.504E+12 1.031E+11

5 0.085 6.848E+07 7.402E+11 2.165E+12 1.576E+12 6.282E+10

6 0.125 1.702E+07 5.191E+11 1.336E+12 9.731 E+11 4.381E+10

7 0.225 3.289E+07 6.318E+ 11 1.895E+12 1.380E+12 5.188E+10

8 0.375 5.561 E+07 2.622E+12 7.730E+11 5.627E+11 2.733E+10

9 0.575 7.906E+07 8.500E+12 2.174E+13 1.583E+13 6.770E+11

10 0.850 9.656E+06 9.782E+10 1.896E+ 11 1.380E+11 1.776E+10

11 1.250 3.641 E+06 9.270E+10 2.527E+11 1.840E+11 5.227E+11

12 1.750 1.144E+06 3.006E+09 1.324E+10 9.635E+09 1.975E+08

13 2.250 4.503E+02 2.363E+05 1.430E+06 8.456E+07 1.849E+08

14 2.750 1.963E+06 1.61 OE+09 9.319E+10 6.785E+10 1.890E+06

15 3.500 7.133E+01 4.888E+03 8.217E+02 5.982E+02 2.255E+05

16 5.000 2.879E+01 2.075E+03 1.509E+02 1.098E+02 3.590E+00

17 7.000 3.156E+00 2.375E+02 9.800E+00 7.135E+00 4.068E-01

18 9.000 3.523E-01 2.716E+01 6.21 OE-01 4.521 E-01 4.637E-02

Total photons/Assembly 1.330E+10 2.378E+13 5.780E+13 4.195E+ 13 2.296E+12
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Table 7.2-7
Neutron Spectrum (neutrons/sec) for

Peach Bottom and TRIGA Fuels

Energy
Group (MeV) Peach Bottom TRIGA

1 9.5- 10.0 2.31E+01 8.18E+00
2 9.0 - 9.5 3.45E+01 1.28E+01

3 8.5 - 9.0 5.12E+01 2.01E+01
4 8.0 - 8.5 8.46E+01 3.11 E+01

5 7.5 - 8.0 2.16E+02 4.83E+01
6 7.0 - 7.5 2.22E+03 7.42E+01
7 6.5 - 7.0 5.25E+03 1.13E+02

8 6.0 - 6.5 6.38E+03 1.71 E+02
9 5.5 - 6.0 7.21 E+03 2.58E+02
10 5.0 - 5.5 9.73E+03 3.82E+02
11 4.5 - 5.0 1.08E+04 5.65E+02
12 4.0 - 4.5 9.52E+03 8.18E+02
13 3.5 - 4.0 8.92E+03 1.17E+03
14 3.0 - 3.5 5.80E+03 1.64E+03
15 2.5 - 3.0 3.45E+03 2.25E+03
16 2.0 - 2.5 4.18E+03 3.OOE+03
17 1.5 - 2.0 5.14E+03 3.82E+03
18 1.0- 1.5 6.06E+03 4.56E+03
19 0.5- 1.0 6.82E+03 4.86E+03
20 0 - 0.5 8.63E+03 3.46E+03

Total - Element: 11.OOE+05 2.73E+04

Total - Canister: 1.00E+06 2.94E+06

Total - PB Cask: 1.81 E+06 2.45E+06

Volume TRIGA = 397.5 cc
Volume Peach Bottom = 4181.6 cc
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Table 7.3-1
Photon Intensity Spectra by Canister

Mean Peach Peach
Energy Bottom Bottom Shippingport Shippingport

Group (MeV) Canister1 Canister 2 Reflector (IV) Reflector (V) TRIGA

1 0.010 9.946E+09 6.569E+12 1.839E+13 1.325E+13 5.478E+11

2 0.025 2.684E+08 1.335E+12 3.739E+12 2.723E+12 1.218E+11

3 0.038 6.829E+07 1.423E+12 3.777E+12 2.750E+12 1.199E+11

4 0.058 2.747E+09 1.246E+12 3.440E+12 2.504E+12 1.031E+11

5 0.085 6.848E+07 7.402E+11 2.165E+12 1.576E+12 6.282E+10

6 0.125 1.702E+07 5.191E+11 1.336E+12 9.731 E+11 4.381E+10

7 0.225 3.289E+07 6.318E+11 1.895E+12 1.380E+12 5.188E+10

8 0.375 5.561 E+07 2.622E+12 7.730E+11 5.627E+11 2.733E+10

9 0.575 7.906E+07 8.500E+12 2.174E+13 1.583E+13 6.770E+ 11

10 0.850 9.656E+06 9.782E+10 1.896E+11 1.380E+11 1.776E+10

11 1.250 3.641 E+06 9.270E+10 2.527E+11 1.840E+11 5.227E+11

12 1.750 1.144E+06 3.006E+09 1.324E+10 9.635E+09 1.975E+08

13 2.250 4.503E+02 2.363E+05 1.430E+06 8.456E+07 1.849E+08

14 2.750 1.963E+06 1.610E+09 9.319E+10 6.785E+10 1.890E+06

15 3.500 7.133E+01 4.888E+03 8.217E+02 5.982E+02 2.255E+05

16 5.000 2.879E+01 2.075E+03 1.509E+02 1.098E+02 3.590E+00

17 7.000 3.156E+00 2.375E+02 9.800E+00 7.135E+00 4.068E-01

18 9.000 3.523E-01 2.716E+01 6.210E-01 4.521E-01 4.637E-02

Total photons I Assembly 1.330E+10 2.378E+13 5.780E+13 4.195E+13 2.296E+12

Assemblies / Canister 10 10 1 1 108

Total photons I Canister 1.330E+11 2.378E+14 5.780E+13 4.195E+13 6.497E+14
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Table 7.3-2
Compositions of the Materials Modeled

316 SS2 Density (glcc)= 7.92000x10+°°
Atom density

material Atom fraction Atoms/bcm
carbon 1 .59003x1 o03 1 .39609x104
55Mn 2.31750x1 002 2.03483x10-03

Silicon 2.26663x1 002 1.99017x1043

50Cr 9.06217x1043 7.95685x104
52Cr 1.74590x104' 1.53295x1 0 2

53Cr 1.97927x1 002 1.73786x1043

54Cr 4.92150x10-03 4.32122x1044
5"Fe 4.32897x1042 3.80096x1043

56Fe 6.84499x104' 6.01010x1042

57Fe 1.64137x1 042 1.44117x1 043

Atom dens. - 8.78029x1042

Concrete3 Density (glcc)= 2.40000x10+00
Atom density

Material Atom fraction Atoms/bcm
'1-1 1.34844x104' 1.03479x1 0 2

2 H 2.02305x1045 1.55249x1 0-06

10B 2.08755x1045 1.601 99x1 0
6

16o 5.66232x1 0-' 4.34526x1 o02

17o 2.26581x104 1.73878x1045

27AI 2.03673x1 002 1.56299x1043

Silicon 1.84648x10- 01 1.41699x1 0 2

Calcium 8.371 05x1 002 6.42394x1&43

5Fe 5.85922x104 4.49637x10 5

56 Fe 9.10860x10-03 6.98994x104
57Fe 2.08547x104 1.60039x1045

58Fe 2.78066x1045 2.13388x1 06

Atom dens. - 7.67400x1 o42

JABROC4 Density (glcc)= 1.3 0 00 0x10*x2
Atom density

Material Atom fraction Atoms/bcm
Hydrogen 4.62119x104' 4.62965x1 o42

Carbon 3.21879x104' 3.22468x1 0 2

N14 8.31659x104 8.33181x1045

N15 3.00860x106 3.01411 x1047

016 2.11930x104' 2.12318x10 2

Na23 2.8480x1043 2.85321x104
Calcium 3.88989x104 3.89701 x1045

Atom dens. = 1.00183x10 1

AIR Density (glcc)= 0.00029

Atom dens. = 1

LEAD Density (g/cc)= 11.4
Atom dens. = 1

1 Handbook of Chemistry and Physics, 5$ Edition, CRC Press
2 American Society for Metals, Metals Handbook, Ninth Edition, 1978 Volume 1 properties and selections: Irons

and Steels
3 ANSI/ANS6.41997, Nuclear Analysis and Design of Concrete Radiation Shielding for Nuclear Power Plants

4 Permuli Gloucester Limited publication 8.200/1, Typical Properties of Jabroc 'N', Permal: Gloucester Limited
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Table 7.4-2
Summary of Occupational Dose for Fuel Handling

Sheet I of 4
Operations

Effective
Average Total

Person Dose Individual Total Collective
Craft Craft Duration Rate Dose/activity Dose

Task (Type) (Number) (minutes) (mremlhour) (mrem) (person-mrem)

Cask ReceIpt (65 operitions per year)

Receive cask at Operator 1 60 1.3 1.3 1.3
security gate RPT 1 60 1.8 1.8 1.8

QA/QC 1 60 1.8 1.8 1.8
Security 1 60 0.6 0.6 0.6

Prep cask for Operator 2 141 3.29 7.7 15.5
transfer to trolley RPT 1 141 1.2 2.8 2.8

QA/QC 1 141 0.7 1.6 1.6

Position and tie Operator 3 90 2.6 3.9 11.7
down cask on RPT 1 90 2.6 3.9 3.9
trolley _

Prep cask for FPA Operator 3 40 6.6 4.4 13.2
unloading RPT 1 40 6.6 4.4 4.4

Exposure per cask receipt 59 person-mrem

Total annual exposure for cask receipts 385prson

Cask Return2(65 operatio sp y ar)

Survey and Operator 3 105 3.8 6.7 20
decontamination RPT 1 105 3.8 6.7 6.7

Operator 2 84 3.8 5.3 10.6
Prep cask for RPT 1 84 3.8 5.3 5.3

QA/QC 1 84 3.8 5.3 5.3

Operator 1 115 0.01 0.02 0.02
RPT 1 115 0.005 0.01 0.01

Cask dispatch OAIQC 1 115 0.02 0.04 0.04
Security 1 115 0.005 0.01 0.01

Exposure per Cask Return 48 person-mrem

Total annual exposure for Cask Returns 3120 person-mrem
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Table 7.4-2
Summary of Occupational Dose for Fuel Handling

Sheet 2 of 4
Operations

Effective
Average Total

Durto Person Dose Individual Total Collective
Craft Craft Duration Rate Doselactivity Dose

Task (Type) (Number) (minutes) (mrem/hour) (mrem) (person-mrem)

CCA. Operations (52 operations 'per yea r ,

Operator 1 35 3.2 1.9 1.9
Survey, RPT 1 35 1.6 0.9 0.9
decontamination, QAIQC 1 35 1.9 1.1 1.1
and weld prep

Weld Tech 2 35 1.2 0.7 1.4

Close cask Operator 1 203 1.4 4.7 4.7
RPT 1 203 0.3 1.0 1.0
QAIQC 1 203 0.3 1.0 1.0
Weld Tech 2 203 1.4 4.7 9.5

Trolley Prep Operator 2 18 6 1.8 3.6

Exposure per CCA Operation mrem

Total annual exposure for CCA Operations 1300 person-mrem

, ; '.:-, ' 'FPA Operating Gallery (52 operations per 'year)j ' . ._.;____._..

Fuel Transfer Operator 4 2100 0.05 1.8 7
Operations RPT 1 2100 0.02 0.7 0.7

Exposure per FPA Operation 8 person-mrem

Total annual exposure for FPA Operations 416 person-mremn

Storage Area Operations (52 operationsper 'er)

Retrieve canister Operator 2 96 0.4 0.6 1.3
from trolley RPT 1 96 0.3 0.5 0.5

Manual opening of Operator 2 17 0.9 0.3 0.5
storage tube RPT 1 17 0.4 0.1 0.1

CHM operation Operator 2 58 0.4 0.4 0.8

Operator 2 29 3.0 1.5 2.9
Manual closing of RPT 1 29 0.3 0.1 0.1

storagetube _QA/QC 1 29 1.6 0.8 0.8
Exposure per Storage Area Operation 7 person-mrem

Total annual exposure for Storage Area Operations 364 person-m rem
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Table 7.4-2
Occupational Dose for Fuel Handling Operations

Sheet 3 of 4
Summary of

Effective
Average Total

Duration Person Dose Individual Total Collective
Craft Craft Duration Rate Doselactivity Dose

Task (Type) (Number) (minutes) (mrem/hour) (mrem) (person-mrem)

Waste Area Ope ati ons

Size reduction large Operator 2 312 20/(2)1 104/(10.4)' 208(20.8) '
component RPT 1 312 101(1)' 521(5.2) 521(5.2)'
(60 operations per
year)

Size reduction small Operator 2 404 20/(2)' 1351(13.5)' 270/(27)'
component RPT 1 404 101(1)' 67.31(6.73)' 67.3/(6.73)1
(60 operations per
year)

Operate compactor Operator 2 200 3 10 20
(24 operations per RPT 1 200 1.5 5 5
year)

Waste Tank Operator 2 20 3 1 2
operations RPT 1 20 1.5 0.5 0.5
(4 per year)

36448 person-
mremr

Total annual exposure for Waste Area Operations (4194 person-

mrem)
Maintenance and Repair (52 operations per year) . _.-. -.. _;..___

Millwright 2 1050 1 17.5 35

Routine Operations Machinist 1 1050 1 17.5 17.5
Electronic 2 525 1 8.75 17.5
Tech

Exposure per Maintenance & Repair mrem

Total annual exposure for Maintenance & Repair m rem

Total dose for facility operations is calculated using estimates of Waste Area Operations with and without
temporary shielding. Dose value in parentheses shows dose rates estimated assuming temporary shielding
employed.
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Table 7.4-2
Summary of Occupational Dose for Fuel Handling

Sheet 4 of 4
Operations

Effective
Average Total

Person Dose Individual Total Collective
Craft Craft Duration Rate Doselactivity Dose

Task (Type) (Number) (minutes) (mrem/hour) (mrem) (person-mrem)

- RadioloicalControl52oerations ervea - - - .-a-. - -. -1 --- - - . ,- - - -w - --6w (52.opir-t per- !eairl ": ": -: - . t, --:

Routine Operations RPT 4 1050 0.5 8.75 35

Exposure for Radiological Control activities mrem

Total annual exposure for Radiological Control activities 1820 person-mrem
50943 person-

Total Annual Exposure for ISF Facility Operations mremr
(18689 person-

mrem)
' Total dose for facility operations is calculated using estimates of Waste Area Operations with and without

temporary shielding. Dose value in parentheses shows dose rates estimated assuming temporary shielding
employed.
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Figure 7.3-1
Facility Radiation Area Boundaries First Floor
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Figure 7.3-5
Monitoring Equipment Locations - Transfer Area, First Floor
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Figure 7.3-10
Transfer Area Shield Wall Dimensions
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Figure 7.3-11
Radial Model of TRIGA Fuel in a Peach Bottom Cask

,ask inner wall
0.25 inch stainless steel

Cask outer wall
1.81 inch stainless steel

Lead shielding
6.25 inch (center)
5.25 inch (upper/lower region)

TRIA fuel arrangement
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Figure 7.3-12
Axial Model of TRIGA Fuel in a Peach Bottom Cask

Cask inner wall
0.25 inch stainles

4.36 m

;s steel /
rem/hr Lead Shileding
1 5.25 inch (upper and lower section)

6.25 in h (center section)

-. 

11 1 I I q~ ii I1'-" -|1l 'I -1ll

Cask lid
4 inches lead between
stainless steel plates
(1.56 inch outer and 1.5
inch inner)

Cask outer wall
1.81 inch stainless steel

TRIGA canistei
30 elements pE
bucket

33 mrem/hr
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bound this scenario for the Peach Bottom fuel. The Shippingport reflector fuel rods were used to limit
neutron leakage from the core and do not contain enriched fissile material; therefore, this fuel type does
not require analysis. Because this event would occur in the FPA, dose rates to the operators are expected
to remain at normal operational levels due to the confinement provided by this area.

Recovery and/or Corrective Actions

Inappropriate transverse movement of the FHM would be identified visually and halted immediately by
the operators. If a fuel element were to fail during handling, operations would cease, and a recovery
procedure developed based on the event-specific conditions. Recovery actions would entail the recovery
and repackaging of the fuel for loading into an SF basket. The cause of the condition will be determined
and corrective action taken to preclude future occurrences under the SF Quality Program.

8.1.2.4 Drop of Fuel Element During Handling

Postulated Cause of Event

Single-failure-proof lifting arrangements are provided for the lifting and handling of the Peach Bottom I
fuel elements, non-instrumented TRIGA fuel elements, and Shippingport fuel modules. The Peach
Bottom 2 fuel, the instrumented TRIGA elements, and the Shippingport reflector rods use a friction-grip
lifting fixture. These friction grips are described in Section 4.7.3.2.10, Lifling Device Types S and 6.

The Shippingport reflector fuel rods were used to limit neutron leakage from the core and do not contain
enriched fissile material. TRIGA fuel elements are clad with metal (e.g., aluminum, stainless steel) that
protects the fissile material. Because the Peach Bottom fuel contains enriched fissile material and does not
have a protective metal cladding, it is postulated that a drop could occur during handling which would
bound any concern with the instrumented TRIGA elements or the Shippingport reflector rods. Before
storage at the INTEC, the top 18 inches of each Peach Bottom 2 fuel element including the lifting
attachment were cropped to fit the elements into the interim storage canisters. Removal of the top of the
elements does not damage the fuel portion or the remaining length of the element, but does remove the
means of providing a single-failure-proof lifting arrangement.

The Peach Bottom 2 fuel elements weigh approximately 84 pounds. A friction grapple will remove the
Peach Bottom 2 fuel elements from the transfer cask and load them into an ISF basket. However, because
this is not a single-failure-proof lifting arrangement, a drop of a Peach Bottom 2 fuel element onto either
the FPA worktable or back into the DOE transfer cask is postulated to occur.

Detection of Event

Operators would detect the fuel element drop event by direct observation during handling activities.

Analysis of Effects and Consequences

The maximum number of fuel elements that can be involved in this event is 13, assuming that a Peach
Bottom 2 element is dropped onto a full DOE canister that contains up to 12 elements of Peach Bottom 2
SNF. If it is assumed the dropped element falls intact across the top of the DOE canister, criticality is not
a concern due to a lack of neutronic coupling in this configuration. If it is assumed the element breaks
apart and drops into the canister, this configuration is bounded by the criticality model of placing a single
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additional element along side an array of 18 closely packed elements. Results of this configuration
indicate that kff remains below 0.95. If it is assumed the single element drops onto the work table or floor
and the element breaks into multiple small pieces, the criticality analyses show that greater than 21 Peach
Bottom 2 elements would have to be crushed and organized into a sphere surrounded and reflected with
I foot of water before the kff would approach 0.95. Therefore, postulated configurations for this event
will not result in a criticality concern. Offsite and onsite doses are expected to remain within normal
limits, because the event would occur within the FPA confinement area.

Recovery and/or Corrective Actions

If a Peach Bottom 2 fuel element were to drop, operations would cease, and a recovery procedure
developed based on the event-specific conditions. Recovery actions would entail the recovery and
repackaging of the fuel using the FHM hoist, PMS, worktable, and MSMs for loading into an ISF basket.
Cause analyses, as needed, and appropriate corrective actions would occur under the ISF Quality Program
to prevent recurrence.

8.1.2.5 Fuel Container Binding or Impact During Handling

Postulated Cause of Event

Impact of a fuel container in the FPA is postulated as a result of an operator inadvertently moving the
FHM into another piece of equipment or moving the FHM transversely with the fuel container partially
inserted in a fuel canister or fuel station. During handling activities in the FPA, it is postulated that a full
fuel container (DOE or ISF basket) could hit another piece of equipment when lowering the basket into an
FPA fuel station or ISF canister, or during transverse movement of the FHM. It is also postulated that a
full fuel container could experience binding during a lift. Binding could result from the introduction of
debris into the transfer cask or FPA fuel station, or misalignment of the FHM hoist (off-center lift).

Detection of Event

Operators would detect the impact event by direct observation during handling activities. Operators would
detect a binding event via observation of FHM load indication or activation of the overload or underload
interlocks during the lift.

Analysis of Effects and Consequences

As discussed in Section 8.1.2.3, the FHM is operated via a PLC to enforce transverse movement of the
FHM at creep speeds in the vicinity of FPA fuel stations and other activity areas. In addition, cross-travel
and long-travel motions are interlocked with the hoist to minimize either type of movement when the
hoist is below transport height. Therefore, transverse movement of a partially inserted fuel container
sufficient to cause damage is unlikely. In this event operators would halt movement of the FHM. The
consequences of this event are expected to be limited to local damage to the fuel container itself. Potential
failure of the DOE basket is described in Section 8.2.2. 1.

The FHM contains interlocks that prevent a lift from the cask trolley unless the trolley is properly
positioned and the locking pins are set, which will minimize the potential for binding. The FHM also
contains a load cell capable of determining loads to within ±1 50 pounds. The operators will monitor the
load indicator when raising containers loaded with spent fuel. Therefore, if significant binding were to
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occur, operators would recognize the increased load at the time of occurrence. In addition, the FHM load
cell will trip an interlock that prevents hoisting any load greater than 10,000 pounds. Binding of a fuel
container is not expected to cause significant damage to a fuel container.

This event occurs in the FPA, which provides confinement for the SNF. Although, localized container
damage may occur, the fuel integrity is not expected to be affected. Therefore, the retrievability and
criticality of the SNF is not affected.

Recovery and/or Corrective Actions

Recovery actions would include suspension of fuel handling activities, visual inspection of the fuel
container, and evaluation as necessary. Potential actions could include recovery and repackaging of the
fuel for loading into a new SF basket. The cause of the condition will be determined and corrective
action taken to preclude further occurrence under the ISF Quality Program.

8.1.2.6 Malfunction of ISF Canister Heating System

Postulated Cause of Event

This event is the postulated worst-case heating of the ISF canister by the canister heater module, resulting
from a failure to regulate the heating during vacuum drying, helium filling, or seal welding. The loss of
control on the canister heater module could be caused either by equipment failure or operator error.

Detection of Event

The canister heater module includes temperature monitoring, control, and an alarm on excessive heating
or loss of heating. Personnel monitor processing of the SF canister in the Canister Closure Area (CCA)
and out-of-specification temperatures would be noted either by instrumentation or personnel observation
before approaching the allowable process limits. Temperature monitoring is a key element in removing
moisture, providing the proper atmosphere, and ensuring that the canister is ready for closure operations.
The temperature of the canister is one of the controlled process parameters.

Analysis of Effects and Consequences

The canister heater module consists of electric heating elements used to heat the canister cask. Heat is
transferred from the heater to the SF canister and fuel by conduction, natural convection and radiation.
The heater design and the large mass of the canister cask ensure that heat-up rates are slow and that the
ISF canisters are not subjected to direct heat input or to localized hot spots. The normal canister
temperature range for the dry, fill and weld process is from 80'F to 1 000 F and the maximum allowable
clad temperature for the limiting fuel type (aluminum clad TRIGA fuel) is 4007F (Table 4.2-53).
Assuming the minimum operating temperatures in the transfer tunnel, and the carbon fuel essentially
saturated with water, the maximum heater size required to support required cycle times would be I OkW.
Assuming the maximum 10 kW heater, failure or improper operation of the heater would take
approximately 48 hours to reach the maximum allowable temperature for the limiting type of fuel. The
calculation conservatively assumes that the cask and fuel start at a steady-state temperature of 2080F and
the heater remains on until the fuel reaches 400'F. In the unlikely event of equipment failure, 48 hours
would be ample time to observe the condition and take corrective action to shut down the heater.
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This event involves no change to the fuel or structural integrity configuration. Therefore, there is no
change to the criticality, confinement, or retrievability of the SNF.

Recovery andlor Corrective Actions

The heater would be shut down upon indication of the improper heating of the SF canister by the canister
heater module. An analysis would be performed to determine the cause of the off-normal condition. The
reason for the high temperature would be identified as equipment failure or operator error. Repair,
equipment modification, or other corrective actions would be implemented as appropriate to prevent
recurrence of the event. There are no adverse radiological consequences from this postulated event.

8.1.2.7 Malfunction of ISF Canister Vacuum Drying/Helium Fill System

Postulated Cause of Event

The SNF is packaged in a new ISF canister in the FPA in preparation for dry storage. The canister
containing the fuel and associated structural/shielding components is transferred to the CCA for
installation and welding of the canister lid. The canister is vacuum dried and filled with helium before
final seal welding of the canister vent plug. The canister closure and seal welds are leak-tested and the
canister becomes the primary confinement boundary for the spent fuel. During canister vacuum drying
and helium backfilling, an equipment failure or operator error could result in inadequate drying, a canister
atmosphere with insufficient helium, or over pressurization of the canister with helium.

Detection of Event

The vacuum drying system includes instrumentation to monitor the canister pressure and temperature
throughout the vacuum drying process. Failure to achieve the required vacuum or fill pressure would be
noted immediately. Signals are processed and displayed by the vacuum dry/helium fill monitoring system
to visually indicate system status and parameters. Visual indications will alert operations personnel to
equipment or process failures or to inadequate parameters. The leak checking operation following final
canister seal welding will identify inability to maintain the required atmosphere.

Analysis of Effects and Consequences

The canister vacuum drying/helium fill system including the canister leak check is required to perform the
following functions:

* remove moisture from the loaded canister

* vacuum test to verify the canister interior is dry

* provide an inert atmosphere within the canister

* test the leak tightness of the canister lid weld, canister vent plug interim seal and final canister
vent plug seal weld

Failure to complete the canister evacuation and inert gas backfill, due to either equipment failure or
operator error, could result in an out-of-specification atmosphere in the storage canister, potentially
leading to canister oxidation or an increase in the peak fuel temperature. Oxidation of the interior canister
wall would be limited because of the small volume of oxidizing gas available and the materials of
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feet, which is considerably less than an open port. Failure of a seal during normal or off-normal
operations would not result in loss of area confinement, because air would continue to flow into the FPA
enclosure. The HVAC control system would sense a change in the differential pressure and would close
the supply dampers to maintain operating conditions. As each ISF exhaust fan is capable of approximately
23,800 cfm and the FPA exhaust system is designed to exhaust 5900 cfm, the available airflow through
the FPA would be a maximum of 1475 fpm. The waste ports do not have inflatable seals but open into the
enclosed SWPA in the waste area. Any contamination would remain within a controlled area of the 1SF
Facility. The SWPA doors must be closed before the waste transfer ports can be opened. The waste ports
are not opened if active fuel packaging activity is being performed in the FPA.

Opening the wrong transfer port with no cask or canister or no waste vessel in place could result in a
maximum opening of approximately 28 square feet. This would have a significant impact on the HVAC
system. When the port plug is first removed, room pressure may equalize until the HVAC control system
can re-establish the required differential. This could mean a momentary decrease in the velocity of the air
flowing through the port into the FPA. As the FPA exhaust system is designed to exhaust 5900 cfm, the
available airflow through the FPA would be a maximum of 210 fpm. Air leakage into the enclosure could
reduce the flow slightly but the airflow would be adequate to maintain a significant flow into the
enclosure minimizing the spread of contamination. At the minimum input air velocity, the most severe
consequence could be contamination of the areas immediately adjacent to the opening, but it would not
result in a significant release of radioactive material. The areas adjacent to the FPA ports are the transfer
tunnel, which is a controlled HEPA filtered environment, and the waste area enclosure, which is a
controlled area designed to handle potentially contaminated waste. The HVAC controls ensure that the
system airflow is adjusted to maintain the negative pressure differential.

Loss of confinement resulting from failure of an individual HVAC component is not considered likely as
the system and components are specifically designed to ensure that the confinement barrier remains intact
under postulated conditions and events. Redundant components are provided for the HVAC exhaust
system and failure of components such as ducts, dampers, seals etc., would be bound by the inadvertent
opening of a port described above. In the unlikely event of component or system failure, the design and
fabrication criteria for each component specifically address the features required to maintain confinement
barrier integrity.

This event involves no change to the fuel or structural integrity configuration. Therefore, there is no
change to the criticality or retrievability of the SNF.

Recovery and/or Corrective Actions

In the event of loss of the confinement barrier due to operator error, processing will be suspended, and the
barrier will be restored. Cause of the error will be determined and appropriate corrective actions taken. If
failure of a transfer port seal occurs, Transfer Area operations will be suspended, the facility put into a
safe configuration, the transfer port plug repositioned, and use of the port discontinued until the seal is
repaired or replaced. The adjacent areas will be checked for contamination and decontaminated if
necessary, using standard procedures. No significant release of radioactive material or increase in
exposure is anticipated.
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8.1.3 Fuel Storage Events

8.1.3.1 Binding or Impact of ISF Canister During Hoisting/Lowering Operations

Postulated Cause of Event

The ISF canister is lifted into the Storage Area from the canister trolley by the CHM, which also
transports and lowers the ISF canister into the appropriate storage tube. The ISF canister is lifted through
a port into the CHM and is lowered through the storage tube opening by the CHM. The potential for
binding or shearing of the ISF canister was considered in the design of the CHM and interface with the
canister trolley. Features on both the canister trolley and the CHM have been designed to ensure that
binding or shear of the ISF canister is not credible. The canister trolley and CHM must be seismically
restrained to satisfy an ITS interlock on the CHM that will allow the hoist to lift the ISF canister. The
CHM must be locked into position and another ITS interlock satisfied for the hoist to function and allow
lowering into a storage tube. Therefore, no movement of either the canister trolley or CHM is credible
while the ISF canister is being lifted into or lowered from the CHM through the port or storage tube
openings.

Impact of an ISF canister within the CHM is postulated as a result of operator error, via inadvertent
movement of the CHM into another piece of equipment improperly left on the operating floor. Control
devices and associated interlocks that are redundant have been provided to render end-of-travel or
building superstructure collisions not credible.

Detection of Event

Operators performing the handling activities would detect the impact event by direct observation.

Analysis of Effects and Consequences

The CHM weighs approximately 380 tons and is designed to withstand seismic events. The maximum
horizontal speed of the CHM is 40 fpm. The ISF canister within the CHM during transfer operations
weighs less than 10,000 pounds. There are no fixed structures within the operating range of the CHM
along the charge face. The largest moveable object is the CHM maintenance trolley that weighs
approximately 4.4 tons and is stored outside of the normal CHM travel path. A collision with the CHM
maintenance trolley, which has a mass of less than 1.5 percent of the CHM, would not cause a
deceleration sufficient to cause the SF canister to impact the interior of the CHM, due to the low
traversing speed of the CHM. The remaining equipment is manually positioned on the charge face and
weighs considerably less than the CHM maintenance trolley. None of these obstacles, if hit by the CHM,
would create a hazard for the ISF canister secured within the CHM.

This event involves no change to the fuel or structural integrity configuration. Hence, no change in
criticality, confinement, or retrievability of the SNF. There are no significant radiological consequences
from this postulated event.

Recovery and/or Corrective Actions

Recovery actions would include suspension of fuel handling activities and evaluation as necessary. The
cause of the condition will be determined and corrective action taken to preclude further occurrence under

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0
Safety Analysis Report Page 8.1-21

annular openings around the storage tubes would be detected by observation during storage operations or
routine surveillance. The frequency of this monitoring is based on identifying an overheating condition
caused by blockage of the vent air flow in sufficient time to take corrective actions. Partial blockage of
the building inlet or outlet vents or the annular vent openings sufficient to be of concern would be noted
well in advance of reaching maximum allowable fuel temperatures. Therefore, any significant partial
blockage would be readily detected by observation during routine surveillance activities with adequate
time to take corrective action.

Analysis of Effects and Consequences

The ISF fuel storage system is a vault configuration with co-located storage tubes rather than a more
typical cask on a storage pad. The ventilation system is designed with multiple separated and elevated
inlets, cooling paths around each storage position, and elevated exhaust vents. Multiple paths are
available for heat transfer in the event of individual path blockage. Design details of the storage area
ventilation system are provided in section 4.3.1. A scenario with blockage of half of the vent flow area as
defined in NUREG 1567 was not considered credible as an off-normal event with its associated
frequency. The off-normal event was defined as 25 percent blockage with 50 percent blockage considered
infrequent enough to be defined as an accident condition. Calculations have been performed for scenarios
with 50 percent blockage, which bound the lesser off-normal events. Vent blockage of 50 percent is
considered an accident event and is discussed in Section 8.2.4.1 as part of the adiabatic heat-up
evaluation.

This event involves no change to the fuel or structural integrity configuration. Therefore, there is no
change to the criticality, confinement, or retrievability of the SNF.

Recovery and/or Corrective Actions

Foreign materials partially blocking the inlet and outlet vents or the annular tube vents are easily observed
and manually removed. Blockage of exterior vents would be corrected from outside of the Storage Area
portion of the facility. No significant dose is anticipated. The annular vents are even more readily
available for visual observation; obstruction removal and normal housekeeping to allow for unobstructed
CHM operation will limit blockage to planned maintenance activities. The vents are routinely accessible
and the facility shielding is unaffected. For blockage resulting from personnel error, the cause will be
evaluated and corrective actions implemented to prevent recurrence as appropriate. There would be no
release of radioactive material and no radiological consequences.

8.1.4 Waste Handling Events

8.1.4.1 Breach of Waste Package in the Radioactive Waste Area

Postulated Cause of Event

The event considered is the breaching of a waste storage container within the Solid Waste Processing
Area (SWPA). The cause of this event could be failure of the container handling equipment, impact with
the forklift, the drop of an object onto a waste container, or operator error causing a drop or impact with
sufficient force to breach the container.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ISF FACILITY Rev. 0, 3
Safety Analysis Report Page 8.1-22

Detection of Event

Breach of the container would require impact to, or dropping of, the container during handling or
processing. The event would be readily observed and detected by the operator.

Analysis of Effects and Consequences

Solid waste is delivered from the FPA to the SWPA through the canister waste and process waste ports
that connect the two areas. During operations in either the FPA or SWPA, a port plug is in place to isolate
activities in either location. The FHM will be used to lower the radioactive waste into the SWPA. The
FHM is designed to be single-failure-proof, but the lifting devices are not. Therefore, drop of the
radioactive waste is postulated for this evaluation.

Radioactive waste dropped from the FPA would fall into the SWPA radiological enclosure. The waste
would be isolated and would not be released to the environment or other SF Facility areas. Operators are
not in the SWPA while the transfer port is open, so personnel are not affected. Observation, ARMs, and
routine monitoring of the SWPA would note any breach or any contamination above allowable limits
before further processing.

The bounding scenario within the SWPA would be an impact with the forklift used to transport the waste
container. The impact is assumed to have sufficient force to breach the package. Before this part of the
operation, the container is handled in an enclosed area with radiation monitors, and any spread of
contamination would be minimal. The relatively confined space to operate the fork lift and the limited
speed of the vehicle will minimize the potential for damage to the stored waste containers and processing
equipment. If an impact were to occur, the potential spread of contamination would be limited to the local
area of impact, as the SWPA is designed to control the spread of contamination, with features such as
isolation doors and controlled airflow. The consequences would be potential contamination rather than
exposure and would not exceed the dose levels routinely anticipated during clean up of the enclosed
SWPA work space.

A breach resulting from a drop of the container directly outside the SWPA when the waste containers are
being loaded onto the transport vehicle for offsite transportation and disposal was considered, as this
could result in contamination outside the ISF Facility. The drum containers to be used in the SWPA are
fabricated from 16-gauge steel with rubber-gasketed, bolted-ring lids. A steel box will be used for a bulk
container. The containers are required to meet U.S. Department of Transportation performance-based
standards. The dropping of the container during loading is bounded by these performance-based
requirements, and therefore will not result in a radioactive release.

This event involves no change to the fuel or structural integrity configuration. Therefore, there is no
change to the criticality, confinement, or retrievability of the SNF.

Recovery and/or Corrective Actions

If a waste container is breached, the container would be returned to the SWPA for repackaging. The
processing area is a controlled area. The facility radiological control procedures will be used to limit the
spread of contamination and perform cleanup. The circumstances of the event would be reviewed
according to the general administrative controls. The cause and any additional corrective actions
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would be identified and implemented to preclude further occurrences. Any contamination would be
cleaned up following procedures and controls and if necessary, the waste container would be replaced.
Decontamination procedures would be followed and contamination and ALARA controls specific to the
event would be implemented. No radiological consequences outside the ISF Facility are anticipated.

8.1.4.2 High Dose Rate to Radioactive Waste Area

Postulated Cause of Event

The event considered is the transfer of a high dose rate object into the SWPA. As a worst-case scenario, a
loaded fuel canister could inadvertently be moved from the FPA into the SWPA. This is unlikely as it
would require multiple failures of operational, engineering, and administrative controls and procedures. A
more likely scenario wvould be a high dose rate object attached to or included in a waste container that is
moved to the SWPA. Also, a high dose rate object could be dropped from the FPA through an open
transfer port into the SWPA. Any of the postulated events would be the result of multiple operator errors.
As the transfer port is closed during FPA fuel packaging operations, failure of equipment or SNF
components is not a credible cause of the event.

Detection of Event

Because of the higher radiation level, a high dose rate object in the SWPA would be detected by the
ARMs as soon as the object started into the waste enclosure. If the port was opened inadvertently, the
waste operator would note the plug removal and evacuate the area. If a fuel canister or object other than a
standard waste container were transferred or dropped it would be observable by the FPA operator as it
moved through the transfer port into the SWPA. If the radiation dose rate was above allowable limits, the
object would be detected by the routine monitoring performed before waste processing.

Analysis of Effects and Consequences

The consequence of moving a loaded fuel container into the SWPA is significantly more severe than any
other scenario, and represents the bounding condition. If a loaded fuel container was transferred into the
SWPA and contamination vas associated with the transferred container, the potential spread of
contamination would be limited to the SWPA. The SWPA is designed to isolate any radioactive material
on the components or equipment being processed as waste. There would be a significant increase in the
radiological dose rate as the fuel moved through the port into the SWPA. Fixed radiation alarms in the
SWPA would immediately alert facility personnel to the increase. No personnel would be in the waste
processing area during this postulated event, as operators are not allowed to be in the SWPA when any
waste transfer port is opened. If a port plug were inadvertently removed in preparation for a transfer,
personnel would immediately exit the area. In the event that the personnel did not leave or entered the
area during the event, the radiation monitor would provide a redundant back-up alarm alerting personnel
in the waste area to cease operations and leave. However, the inadvertent lifting of a waste port plug
would result in a significant impact to the HVAC system in comparison to the lifting of a transfer port
with its inflatable seal. There would be a change in the differential pressure and the supply dampers
would close to maintain operating pressures. The changes would alert the FPA operator to the event
before the lifting device was changed and the fuel was moved.
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Fuel packaging in the FPA is controlled by procedures to ensure that the correct process steps are
followed. Movement of the fuel by the FHM is controlled by pre selected logic paths, using specific
lifting devices, and no fuel processing is performed when the waste ports are open. Fuel in the FPA is
required to be secured in designated storage locations before opening the waste ports.

Waste containers are surveyed before transfer to the waste enclosure to ensure acceptable dose rates
inside of the container. Because of the controls and procedures required to move fuel within the FPA, the
inadvertent lowering of a high dose rate object into the waste area by any means other than in a waste
container is not considered a credible event. If a high dose object was inadvertently included in the waste
containers, it would be detected by the ARMs prior to full insertion into the waste area. As operators are
not allowed in the SWPA during transfer of waste into the SWPA radiological enclosure and the
incoming waste would be monitored prior to processing of the waste, there would be no personnel
exposure above acceptable anticipated limits. If the dose was too low to be detectable by fixed
instrumentation, it would be noted by routine monitoring performed per ISF procedures to ensure
acceptable levels for processing or in preparation for transferring the waste from the ISF Facility. A shield
wall is provided between the operator station and the entry port to provide operator shielding if required
after waste is received in the SWPA. The operator would follow pre-approved procedures to determine
the proper course of action. The exposure to the operator would not exceed acceptable levels because
routine monitoring would detect the unacceptable dose rates and procedures would not allow further
processing of the waste until the condition was corrected.

The administrative procedures and controls used for the operation of the FPA determine the sequence and
limit the activities that can be performed when the waste transfer port plug is removed. The SWPA
operations are performed and the ports are opened only when no fuel packaging operations are in process.
This eliminates the potential for dropping objects during the packaging activities. Additionally, each
location and movement of fuel containers is procedurally controlled to minimize canister mishandling.

This event involves no change to the fuel or structural integrity configuration. Therefore, there is no
change to the criticality, confinement, or retrievability of the SNF.

Recovery and/or Corrective Actions

Recovery procedures would be prepared specific to the event. These would be used to move the high dose
rate object from the SWPA back into the FPA and to perform any required cleanup. Dose rate above
allowable limits would require that the container or object be returned to the remote FPA for the required
corrective action. Circumstances of the event would be reviewed and the cause and any necessary
corrective actions would be identified and implemented. There would be no release of radioactive
material and no significant radiological consequences.

8.1.5 Other Events

8.1.5.1 Ventilation System Failures

Postulated Cause of Event

The event considered here is the failure of the SF Facility ventilation system. Failure could result from a
number of scenarios such as loss of power to the facility or system, component breakdown, control
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fire. Other contributors to the combustible loading include high flashpoint lubricants in various
machinery. The CHM is a massive structure that contains the grapple and ISF canisters; a postulated fire
within this area would not adversely impact the ITS function of these items, including the support rails.
The Storage Area fixed building ventilation is not susceptible to fire damage.

Fire detection is provided within this fire zone.

Operating Gallery (Fire Zone 3)

The operating gallery on the second floor does not contain ITS equipment, but does have ITS SSCs
associated with the walls of the FPA and the CCA (Fire Area 1). The operating gallery is separated from
the FPA and CCA by 1-hour fire rated barriers. In addition, the walls separating this zone from the
Workshop (Fire Zone 4) and the Operators Office and Change Area (Fire Zone 5) are -hour fire rated
barriers. The remaining walls are exterior facing walls with construction equivalent to UBC Type Il-N.
The space is used by personnel to operate the FPA manipulators and monitor progress of the packaging
process.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 1 -minute
equivalent fire duration. The -hour fire rating for the Fire Area I boundaries will not be adversely
impacted by this postulated fire.

Fire detection and full sprinkler protection are provided within this fire zone.

Workshop (Fire Zone 4)

The Workshop on the second floor does not contain ITS equipment, but does have ITS SSCs associated
with the walls of the FHM Maintenance Area (Fire Area I) including ITS components of the separating
barrier. The Workshop is separated from the FHM maintenance area by a -hour fire rated barrier,
including a door constructed in a manner equivalent to a 1-hour rated component. The wall between the
Workshop and the corridor to the west is concrete block and is 1-hour fire rated, including the associated
door. The vall between the Workshop and the operating gallery is gypsum and metal stud, and is -hour
fire rated, including the associated doors. The exterior wall is constructed of steel framed metal clad panel
protected with gypsum board for a I-hour fire rating. The floor is concrete on metal deck and the ceiling
is steel frame protected with gypsum, both maintaining a I-hour fire rating. This fire zone is enclosed by
1-hour fire rated barriers or components constructed in a manner equivalent to a 1-hour rated structure,
and uses construction equivalent to UBC Type Il-I-hour.

The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a I 0-minute
equivalent fire duration. The workshop area may contain materials that are radioactively contaminated; a
concern exists for the potential spread of contamination from a fire in this area. Therefore, this fire zone is
enclosed in a 1-hour fire rated boundary or equivalent construction.

Fire detection and full sprinkler protection are provided within this fire zone.
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Operator's Office and Change Area (Fire Zone 5)

The Operator's Office and Change Area on the second floor does not contain ITS equipment, but does
create an exposure fire hazard to the CCA, FHM Maintenance Area, and FPA (Fire Area 1). The
Operator's Office and Change Area is separated from the CCA, FHM Maintenance Area, and FPA by I-
hour fire rated barriers. The remaining room outer walls are gypsum on metal stud. The rooms open into a
walkway that connects the second floor operations area (Fire Zone 15) on the east side of the CCA with
the operating gallery (Fire Zone 3) on the west side of the CCA. The wall separating the second floor
operations area from this hallway is 1-hour fire rated. The wall separating the operating gallery from this
hallway is I-hour fire rated. The remaining walls are facing the exterior and are not fire rated.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, this fire zone is separated from Fire Area , Fire Zone 15, and
Fire Zone 3 by 1-hour fire rated barriers.

Fire detection and full sprinkler protection are provided within this fire zone.

Electrical Room (Fire Zone 6)

The electrical room on the first floor does not contain ITS equipment, but does create an exposure fire
hazard to the FPA, Transfer Tunnel, and CCA (Fire Area 1). The electrical room is separated from the
FPA, Transfer Tunnel, and CCA by -hour fire rated barriers on the south and west sides. The north side,
facing the exterior and the New Canister Receipt Area (Fire Zone 10), and the ceiling (concrete on metal
deck) are -hour fire rated, including the associated doors. The east wall, connecting to the battery room
(Fire Zone 7) is I-hour fire rated. This fire-rated arrangement protects the upper levels of the FPA and
CCA from this exposure fire hazard.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, this zone is separated from Fire Area I by a I-hour fire rated barrier.

Fire detection and full sprinkler protection are provided within this fire zone.

Battery Room (Fire Zone 7)

The battery room on the first floor does not contain ITS equipment, but does create an exposure fire
hazard to the FPA (Fire Area 1). The battery room is separated from the FPA by a I-hour fire rated barrier
on the southwest side. The north and east side, facing the exterior, the south wall (gypsum and metal
studs), and the ceiling (concrete on metal deck) are I-hour fire rated, including the associated door. The
west wall connecting to the electrical room (Fire Zone 6) is -hour fire rated fire rated. This fire-rated
arrangement protects the upper levels of the FPA from this exposure hazard.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, this zone is separated from Fire Area I by a -hour fire rated barrier.

Fire detection and full sprinkler protection are provided within this fire zone.
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UIEPA Filter Room (Fire Zone 8)

The HEPA filter room on the first floor does not contain ITS equipment, but does create an exposure fire
hazard to the FPA and Transfer Tunnel (Fire Area ). The HEPA filter room is separated from the FPA
and Transfer Tunnel by 1-hour fire rated barriers on the north and west sides. The south side, facing the
exterior, the east wall (gypsum and metal studs), and the ceiling (concrete on metal deck) are -hour fire
rated, including the associated doors. This fire rated arrangement protects the upper levels of the FPA
from this exposure hazard.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 1 0-minute
equivalent fire duration. Therefore, this zone is separated from Fire Area I by a -hour fire rated barrier.

Fire detection and full sprinkler protection are provided within this fire zone. In addition, the enclosed
HEPA filters within this area are protected by an automatic/manual deluge water spray system.

HIVAC Exhaust Room (Fire Zone 9)

The HVAC exhaust room on the first floor does not contain ITS equipment, but does create an exposure
fire hazard to the FPA (Fire Area 1). The HVAC exhaust room is separated from the FPA by a 1-hour fire
rated barrier. The west wall connecting to the HEPA filter room (Fire Zone 8) and north wall connecting
to the battery room (Fire Zone 7) are I-hour fire rated, including the associated door. The remaining walls
are exterior facing and are also -hour fire rated. This fire rated arrangement protects the upper levels of
the FPA from this exposure hazard.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, the direct exposure fire hazard is adequately protected against by the
I-hour fire barriers and no credible exposure hazard from fire spread to the upper levels is possible due to
the low fire loading within this area.

Fire detection and full sprinkler protection are provided within this fire zone.

New Canister Receipt Area (Fire Zone 10)

The New Canister Receipt Area on the first floor does not contain ITS equipment, but does create an
exposure fire hazard to the Transfer Tunnel and CCA (Fire Area 1). The New Canister Receipt Area is
separated from the Transfer Tunnel and CCA by -hour fire rated barriers. The south wall separating this
area from the Solid Waste Storage Area (Fire Zone 11) and electrical room (Fire Zone 6) is also 1-hour
fire rated. The remaining walls, ceiling and doors surrounding this area are not fire rated.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 1 5-minute
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire
barrier separation and the fire barrier envelope will minimize the potential for radiological releases from
this area.

Fire detection and full sprinkler protection are provided within this fire zone.
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Solid Waste Storage Area (Fire Zone 11)

The Solid Waste Storage Area on the first floor does not contain ITS equipment, but does present a
potential for radiological release from a fire within this area, as well as an exposure fire hazard to a
portion of the Transfer Tunnel (Fire Area 1). The Solid Waste Storage Area is separated from the Transfer
Tunnel by a -hour fire rated barrier. The remaining walls, ceiling and doors, excluding the south wall,
are -hour fire rated due to the potential radiological release concerns from a fire in this area. The south
wall and associated doors are not rated as they separate this area from an associated SWPA (Fire Zone
12).

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the -hour fire
barrier separation and the fire barrier envelope will minimize the potential for radiological releases from
this area.

Fire detection and full sprinkler protection are provided within this fire zone.

SWPA (Fire Zone 12)

The SWPA on the first floor does not contain ITS equipment, but does present a potential for radiological
release from a fire within this area, as well as an exposure fire hazard to a portion of the Transfer Tunnel,
FPA, and FHM Maintenance Area (Fire Area 1). The SWPA is separated from the Transfer Tunnel, FPA,
and FHM Maintenance Area by 1-hour fire rated barriers. The remaining walls and ceiling with
associated shield plugs, excluding the north and south walls, are 1-hour fire rated due to the potential
radiological release concerns from a fire in this area. The north wall and associated doors are not rated as
they separate this area from an associated Solid Waste Storage Area (Fire Zone I1). The south wall and
associated penetrations are not rated as they separate this area from the Liquid Waste Storage Area
(Fire Zone 13), which is another potentially contaminated area.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the I-hour fire
barrier separation and the fire barrier envelope will minimize the potential for radiological releases from
this area.

Fire detection and full sprinkler protection are provided within this fire zone.

Liquid Waste Storage Tank Area (Fire Zone 13)

The Liquid Waste Storage Area on the first floor does not contain ITS equipment, but does present a
potential for radiological release from a fire within this area, as well as an exposure fire hazard to a
portion of the Transfer Tunnel (Fire Area 1). The Liquid Waste Storage Area is separated from the
Transfer Tunnel by a -hour fire rated barrier. The remaining walls, ceiling, and doors, excluding the
north wall, are I-hour fire rated due to the potential radiological release concerns from a fire in this area.
The north wall and associated penetrations are not rated as they separate this zone from the SWPA
(Fire Zone 12) which is another potentially contaminated area. The exterior wall on the south side is I-
hour fire rated to protect against exposure fire hazards from postulated vehicle fires outside this area as
described in the yard area (Fire Zone 16) discussion.
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The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 5-minute
equivalent fire duration. No combustible materials are normally associated with this fire zone, but
transient materials may be brought into the area and represent the only credible fire loading. Therefore,
the exposure fire hazard is adequately protected by the 1-hour fire barrier separation and the fire barrier
envelope will minimize the potential for radiological releases from this area.

Fire detection and flIl sprinkler protection are provided within this fire zone.

First Floor Operations Area (Fire Zone 14)

The first floor Operations Area does not contain ITS equipment, but does create an exposure fire hazard
to the FHM Maintenance Area support stricture (Fire Area 1) and the solid and liquid waste areas
(Fire Zones 11, 12, and 13). The entire east wall separating this fire zone from the Solid Waste Storage
Area, Liquid Waste Storage Area, and SWPA (Fire Zones 11, 12, and 13) is -hour fire rated. The ceiling
and exterior walls to the north, south, and west are not fire rated.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the I-hour fire
barrier separation along the east wall.

Fire detection and full sprinkler protection are provided within this fire zone.

Second Floor Operations Area (Fire Zone 15)

The second floor Operations Area does not contain ITS equipment, but does create an exposure fire
hazard to the FHM Maintenance Area (Fire Area 1). The second floor Operations Area is separated from
the FHM Maintenance Area by a I-hour fire rated barrier. The entire east wall separating this fire zone
from the transfer area second floor (Fire Zones 4 and 5) is -hour fire rated. The ceiling, floor, and
exterior walls to the north, south, and west are not fire rated.

The exposure fire hazard to Fire Area I from a worst-case fire loading amounts to less than a 45-minute
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire
barrier separation along the east wall.

Fire detection and fill sprinkler protection are provided within this fire zone. Small rooms and
inaccessible areas, such as an HVAC duct chase and cable chase, are not provided with suppression or
detection.

ISF Facility Yard Area (Fire Zone 16)

The SF Facility yard area contains the ITS seismic cutoff switch for power supplies in the switchyard
area. The switchyard containing the seismic switch is located approximately 20 feet northeast of the
Transfer Area of the ISF Facility at the closest point. A fire within this area could disable the seismic
switch, but it is required to perform its isolation function only during an earthquake, which is not
postulated to occur after a fire in this area. If an earthquake occurs first, then the seismic switch will
perform its isolation function before any postulated fire that may occur as a result of the earthquake.
Therefore, no fire-rated barriers are needed within this area to protect the seismic switch.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 2, 3
Safety Analysis Report Page 8.2-24

The remaining hazards in the ISF Facility yard area include possible exposure fire hazards to Fire Areas I
and 2 from structures and components in the yard area. The five types of fire scenarios considered are
structure fires, vehicle fires, diesel generator fuel fire, transformer fire, and a wildfire.

There are several support structures within the ISF Facility complex that do not contain equipment
classified as ITS. A fire at these structures could create an exposure fire hazard for the ISF Facility and
the associated ITS SSCs. The potential for a fire in the surrounding buildings to impact the ISF Facility
was assessed using the guidance in National Fire Protection Association (NFPA) 80A- 1996. The
surrounding buildings include the Guard House, Visitor Center, administration center, and storage
warehouse. These surrounding buildings were found to be adequately separated from the ISF Facility by
the minimum required separation distance. Based on this finding, there is no postulated adverse impact to
the ISF Facility from a fire in these surrounding structures.

The postulated vehicle fires are caused by the trucks used to deliver the spent fuel cask, process the liquid
waste, deliver the new canisters, or provide other support services. The delivery access paths generally
maintain a distance of 20 feet or more from the Transfer Area for vehicle traffic. However, access or
processing locations do exist at points where items are brought into the facility. Locations where vehicles
will routinely enter the ISF building have been addressed in the fire hazards discussion above for each
access point. The access points outside the facility that are bounded by the internal access evaluations are
the Cask Receipt Area and New Canister Receipt Area. The remaining access point is for liquid waste
processing outside of the Liquid Waste Storage Tank Area. The waste truck processing location maintains
at least 10 feet between a truck or fuel spill fire and the outer 1-hour fire rated wall of the Liquid Waste
Storage Tank Area. The area around the truck is bermed to contain any potential flammable liquid spill
and maintain the I 0-foot separation distance. The I 0-foot distance is typically sufficient to prevent flames
reaching the building under windy conditions, based on the angle of the flame and the height of the
building. The combination of a I -hour fire rated barrier and 10 feet of separation from a postulated
vehicle fire near the liquid waste storage area is adequate to protect against fire damage to this
radiologically controlled area.

The diesel generator area in the switchyard area does not contain ITS equipment, but does create a
potential exposure fire hazard to the ISF Facility. The potential explosion of the onsite diesel oil storage
tank is not considered credible because of the low volatility and high flash point of the fuel. Diesel is not
a flammable liquid but is classified as a Class 11 combustible liquid with a flash point between I 000F and
140'F. The fuel supply for the diesel generator is stored in a I 000-gallon double-walled Underwriters
Laboratory (UL) listed storage tank. The fuel storage meets NFPA 30-1996 guidelines for flammable and
combustible liquids storage. In addition, the separation distance from the diesel generator to the ISF
Facility is greater than 20 feet, which provides additional protection for the Transfer Area and any ITS
contents.

The transformer is located in the switchyard area and, as noted above, has the ITS seismic switch nearby.
The remaining hazard from a fire in this area is the potential exposure fire concern for the Transfer Area
located over 25 feet from the transformer. The transformer contains approximately 600 gallons of
transformer oil. The type of oil is classified as "Less Flammable" per Factory Mutual (FM) Data Sheet 5-
4 (2001). The minimum separation requirement per FM 5-4 for the transformer hazard is 25 feet for
unapproved fluids and less for FM approved fluids (Ref. 8-14). The separation distance of 25 feet meets
this minimum separation requirement and provides adequate protection of the ISF Facility from a
postulated transformer fire.
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The sequence of events include a probable maximum precipitation event consisting of a 48-hour general
storm, preceded 3 days earlier by an antecedent storm with a magnitude of 40 percent of the 48-hour
storm. The postulated precipitation events would cause overtopping flow across the dam. The overtopping
of the Mackay Dam is assumed to result in dam failure.

The PMF results in a flood elevation at the ISF Facility site of approximately 4921 feet, with water
velocities of approximately 1 to 3 feet per second. The PMF elevation exceeds the elevation of the floor
level for several facility areas. Details concerning the development of and basis for the PMF are discussed
in Section 2.4.

Accident Analysis

The effects of hydrostatic and hydrodynamic forces on potentially affected SF Facility SSCs were
considered in the design. In general, these forces are insignificant as compared to other normal, off-
normal, or accident loads on the affected SSCs. This evaluation concludes that the structural integrity of
the ISF Facility confinement boundary would be maintained.

As identified in Table 2.4-3, the calculated time for the PMF wave to reach the 1SF Facility is at least
13.5 hours. This provides sufficient time to implement preplanned flood control measures. These
measures include putting any on-going processing sequences into a secure configuration and securing
waste containers in the SWPA.

The Storage Area and the FPA are designed to prevent the ingress of floodwater. Penetrations and
construction joints that are below the PMF in these areas are sealed to provide leak-tightness. The
elevations of the various ISF Facility areas communicable with the floodwater and associated pathways
are as follows:

Outside Portal PMF Elevation
Area Elevation Elevations Above Area Floor
Cask Receipt Area 4913'- 2" Below PMF - 7'- 7"
Transfer Tunnel 4912' - 6" Below PMF - 8' - 3
Solid Waste Storage/SWPA 4917' -6" Below PMF - 3'- 3"
Liquid Waste Storage Tank Area 4915' - " Below PMF - 5'l 9"
HVAC exhaust room 4917' 6" Below PMF - 3'- 3"

Flooding hydrostatic forces have been considered in the equipment designs for these areas, so any uplift
will not damage equipment. Equipment such as the cask trolley, canister trolley, liquid waste storage
tanks, and building structures include the flooding loads in their design basis. I

In the event the PMF does occur, potential contamination from the above areas could possibly be
transported via the floodwater to the offsite boundary. Each potential contamination site is discussed
below.

Cask Receipt Area

* Transfer cask - Incoming transfer casks will have been verified to be clean from radioactive
contamination before receipt within the ISF Facility. Outgoing transfer casks will be
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decontaminated if any loose external radioactive contamination is identified by routine surveys.
The cask will remain sealed while in this area, so internal contamination will not be subject to
flood water conditions.

* General area contamination - This area is a clean area and will be maintained free of loose
radioactive contamination throughout the life of the ISF Facility. The cask trolley and transfer
cask delivery/removal transport will be maintained free of radioactive contamination down to
background levels.

Transfer Tunnel

* Peach Bottom cask - If contamination occurs while removing SNF from the cask, it will be
decontaminated before release from this area back to the Cask Receipt Area. The process steps in
the transfer tunnel are designed to minimize the potential for contamination. The normal
radiological controls will minimize the loose contamination potentially present during flood
conditions.

* Tunnel floor and walls - Normal radiological controls will monitor and remove loose radioactive
contamination on the floor and walls of this area.

* Cask trolley -Normal radiological control during processing and use of the trolley will monitor
and remove loose radioactive contamination on exterior surfaces of the trolley that could come in
contact with flood waters.

* Canister trolley - Normal radiological control during processing and use of the trolley will
monitor and remove loose radioactive contamination on exterior surfaces of the trolley that could
come in contact with flood waters. Some contamination may be present on the inside surface of
the canister heater module. Contamination of the inside surface of the canister is considered
unlikely. The lower elevation of this canister cask in the trolley is below the flood level when in
the lowered position. The design of the canister cask includes a water tight seal for any bottom
joints as well as the side joints to prevent flood water contact with the potentially contaminated
interior surfaces or the ISF canister.

Other areas where flooding may occur include:

* Liquid Waste Storage Tank Area

o General area contamination - The tanks, pipes, pumps, and valves within this area will be
leak tight to prevent the spread of contamination. Normal radiological control during
processing of liquid waste will monitor and remove loose radioactive contamination on
exterior surfaces of the equipment that may come in contact with flood waters.

* Solid Waste Storage Area

o Waste containers - The waste containers will be sealed and smeared for loose radioactive
contamination to ensure the containers are suitable for shipment. No loose contamination
will be present on the exterior of these containers that could act as a source term for
release during a flood event. The contaminated interior of the containers will not be
exposed to the flood waters.
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Table 8.1-1 Sheet of 3
Off-Normal Event Evaluated

Estimated
Section Dose Corrective Effects and

No. Description (mrem) Detection Cause Action Consequences

8.1.1.1 Misventing of Less than 10 Visual Operator error Decontaminate Increased dose
Transfer Cask mrem to inspection, or equipment area, determine inside Transfer

operator. fixed radiation failure. cause and Tunnel.
Negligible at monitoring, or implement
controlled area health physics corrective action.
boundary. monitoring.

8.1.1.2 Cask Drop Less No radiological N/A Not a credible N/A N/A
Than Design consequences. event.
Allowable Height

8.1.2.1 Attempt to Lower No radiological Visual Operator Determine cause No adverse
Fuel Container consequences. inspection, error. and implement consequences.
Into Occupied load indication, corrective action.
Fuel Station or trip of FHM

on slack rope.

8.1.2.2 Attempt to Load No radiological Visual Operator Determine cause No adverse
Fuel Element Into consequences. inspection, error. and implement consequences.
Full ISF Basket load indication, corrective action.

or trip of FHM
on slack rope.

8.1.2.3 Failure of Fuel No radiological Visual Operator error Cease Delay in operations
Element During consequences inspection or or equipment operations, while fuel recovery
Handling outside of FPA fixed radiation failure. recovery actions, is performed.

area. monitoring. determine cause,
and implement
corrective action.

8.1.2.4 Drop of Fuel No radiological Visual Friction Cease Delay in operations
Element During consequences inspection or grapple operations, while fuel recovery
Handling outside of FPA fixed radiation failure. recovery actions, is performed.

area. monitoring. determine cause,
and implement
corrective action.

8.1.2.5 Fuel Container No radiological Visual Operator error Cease Delay in operations
Binding or Impact consequences. inspection or or equipment operations, to replace ISF
During Handling FHM load malfunction. recovery actions, canister.

indication. determine cause,
and implement
corrective
actions.

8.1.2.6 Malfunction of No radiological Temperature Equipment Repair or replace Increase in fuel
ISF Canister consequences. monitoring. failure. canister heater temperature, but
Heating System module. no adverse

.__ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ consequences.
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I Table 8.1-1 Sheet 2 of 3
Off-Normal Event Evaluated

Estimated
Section Dose Corrective Effects and

No. Description (mrem) Detection Cause Action Consequences
8.1.2.7 Malfunction of No radiological Routine Operator error Repair Delay in

ISF Canister consequences. inspections. or equipment equipment, operations,
Vacuum failure. determine cause, possible increase
Drying/Helium Fill and implement in fuel
System corrective action. temperatures, but

no adverse
consequences.

8.1.2.8 Loss of Potential Routine Failure of port Repair Increased radiation
Confinement spread of inspections of seal, operator equipment, dose to onsite
Barrier particulate into HVAC error, or determine cause, personnel due to

adjacent areas operations, HVAC system and implement decontamination
of FPA. Non- fixed radiation failure. corrective action. efforts.
mechanistic monitoring, or
dose at the health physics
controlled area monitoring.
boundary is
less than 0.02
mrem. ()

8.1.3.1 Binding or Impact No radiological Visual Binding not Determine cause No adverse
of SF Canister consequences. inspection. credible. and implement consequences.
During Operator error corrective action.
Hoisting/Lowering may cause
Operations minor impacts.

8.1.3.2 ISF Canister Minimal dose Routine HVAC or other Decontaminate, Increased radiation
Extemal consequences inspection, equipment determine cause, dose to onsite
Contamination in from decon fixed radiation failures, poor and implement personnel due to
Excess of Limits efforts. monitoring, or housekeeping, corrective action. decontamination

0.1 DAC health physics or operator efforts.
monitoring. error.

8.1.3.3 Extended No radiological Visual Equipment Repair Increase in fuel
Operation with consequences. inspection. failure, equipment, temperature.
ISF Canister in operator error, determine cause,
CHM or loss of and implement

power. corrective action.

8.1.3.4 Malfunction of No radiological Visual Equipment Repair Increase in fuel
Storage Area consequences. observation of failure or equipment, temperature.
Vacuum instrumentation operator error. determine cause,
Drying/Helium Fill for pressure and implement
System indication. corrective action.

8.1.3.5 Partial Air No radiological Visual Snow, ice, or Clear Increase in fuel
Inlet/Outlet Vent consequences. inspection. windblown obstructions from temperature.
Blockage debris. inlet/outlet.

(1) Note that the reported dose is a bourding dose from the Maximum Hypothetical Accident (Section 8.2.4.5), no Off-Normal
event was evaluated.
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9.0 CONDUCT OF OPERATIONS

This chapter describes Foster Wheeler Environmental Corporation's (FWENC) organization and controls
for the design, construction, operation, and decommissioning of the Idaho Spent Fuel (SF) Facility.
Programs, policies, and procedures are implemented to ensure that ISF Facility activities are performed
safely, legally, and efficiently. This chapter summarizes administrative controls of the SF Facility,
including oversight, audits, assessments, reporting, and record keeping.

9.1 ORGANIZATIONAL STRUCTURE

This section discusses the organizational structures established for ISF Facility design, construction, pre-
operational testing, startup, operation, and decommissioning. Figure 9.1-1 through Figure 9.1-4 illustrate
these organizational structures. Section 9.1.1 discusses the corporate organization, relationships with
contractors and suppliers, and technical staffing. Section 9.1.2 discusses the SF Facility operating
organization.

9.1.1 Corporate Organization

FWENC is the SF Facility Licensee and retains full authority for the design, engineering, construction,
quality assurance (QA), testing, operation, and maintenance of the ISF Facility. The FWENC corporate
organization and its relationship to the SF Facility are shown in Figure 9.1-1.

On March 7, 2003, FWENC sold a substantial portion of its assets to Tetra Tech FW, Inc. As described in
Section 1.3 of the ISF Facility License Application (Ref. 9-1), FWENC has seconded key former
FWENC project team members, under an arrangement with Tetra Tech FW, Inc., whereby these
individuals report to and are under the supervision of FWENC managers. In addition, FWENC has
contracted responsibility for the performance of all project related ASME Code services to the Tetra Tech
FW, Inc., Richland, Washington, Operations Office, which is an ASME-certified design organization.

The financial capabilities for construction, operation, and decommissioning of the SF Facility are
presented in Section 1.5 of the License Application (Ref. 9-1).

9.1.1.1 Corporate Functions, Responsibilities, and Authorities

FWENC's Chief Executive Officer (CEO) is the corporate officer with overall responsibility for the ISF
Facility. The Executive Director, ISF Project, and the Director of Environmental, Safety and Quality
(ESQ) Programs support the CEO in implementing SF Facility operations.

The Executive Director, ISF Project, reports to the CEO and has overall managerial, technical, and
supervisory authority for ISF Facility activities associated with engineering, construction, and operations.

The ISF Facility Manager reports to the Executive Director, SF Project, and provides leadership and
overall direction and coordination for the facility. Section 9.1.2.2 provides additional discussion of ISF
Facility Manager duties and responsibilities.

The Director of ESQ reports directly to the CEO and has responsibility and authority for environmental
compliance, health, safety, and quality issues. The Director of ESQ is responsible for ensuring the
performance of the annual facility audit on the effectiveness of the ISF Facility Health Physics Program.
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The Director of ESQ may delegate the performance of this audit to a certified health physicist not directly
responsible for implementation of the ISF Facility Health Physics Program. The Environmental, Safety,
and Health (ES&H) Manager and Quality Manager support the Director of ESQ for ISF Facility activities.

The ES&H Manager reports to the Director of ESQ and is responsible for development of programs and
implementing procedures for environmental compliance, radiation, and industrial safety. Section 9.1.2.2.6
further discusses the ES&H Manager duties and responsibilities.
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The Quality Manager reports to the Director of ESQ and is responsible for developing, maintaining, and
overseeing implementation of the Quality Program Plan (QPP) (Ref. 9-2). This direct line to the CEO
ensures an appropriate level of independence from line management in the quality function, including
sufficient independence from cost and schedule issues. Individuals assigned to ensure effective execution
of the QPP have direct access to the levels of management necessary to perform this function, at any
location where activities under the QPP are being performed.

9.1.1.2 In-House Organization

This section describes the management and organizational relationships established for the design and
construction review, including QA functions. Figure 9.1-2 shows the key management positions and their
relationships to the Design and Construction Organization.

The ISF Facility Manager reports to the Executive Director, ISF Project, and has responsibility and
authority for the design and construction review for the ISF Facility. The significant areas of ISF Facility
Manager's responsibilities are listed in Section 9.1.2.2.1. The SF Facility Manager is also responsible for
ensuring that procedures, programs, and policies are developed, implemented, and maintained to ensure
that design and construction activities are performed consistent with the QPP.

The Safety Review Committee (SRC) is a multi-disciplinary review organization responsible for
reviewing modifications, plans, procedures, and other activities with elements classified important to
safety (ITS). The SRC reports to the ISF Facility Manager. Section 9.1.2.2.12 further discusses the SRC.

The Quality Manager has the authority and responsibility to verify the adequacy and implementation
effectiveness of the quality programs of the ISF Facility organization, including contractors and
subcontractors. The Quality Manager is responsible for overseeing the ISF Facility activities to ensure
that quality activities are implemented in accordance with the QPP and integrated with other facility
management, administrative, and oversight programs as appropriate. During design and construction, the
Quality Manager has the authority and responsibility to verify that ITS structures, systems, and
components (SSC) are designed, procured, fabricated, inspected, and tested in accordance with the QPP.
The Quality Manager has cease work authority for quality related issues.

The Chief Design Engineer is responsible for ensuring that:

* design activities are properly defined, planned, controlled, verified, and documented

* plans and procedures are developed, maintained, and implemented describing the design process,
design interfaces, design verification, and design changes

* applicable design specification requirements are correctly translated into drawings, procedures,
and instructions

* design documents (e.g., design specifications, design reports, code data reports, construction
specifications, drawings, specifications, reports, and calculations) have been properly prepared,
reviewed, approved, and certified (when required)

* analysis and design adequacy are independently verified, and for computational accuracy and
appropriate use of computer programs that perform analytical operations

* As Low As Reasonably Achievable (ALARA) considerations have been appropriately
incorporated into the ISF Facility design
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The Chief Design Engineer has authority for the following:

* Approves design procedures and submittals

* Assures certification of design documents

* Approves design staff assignments

Three principal subcontractors support the SF Facility design. Section 9.1.1.3 discusses their
responsibilities and oversight. During design and construction of the SF Facility, the technical staff
reports to the Chief Design Engineer, as described in Section 9.1.1.4.

The Configuration Manager reports to the SF Facility Manager and supports the Chief Design Engineer
by establishing and maintaining procedures and programs associated with configuration management.

The Configuration Manager's responsibilities include:

* controlling, maintaining, and implementing a configuration management program

* ensuring configuration management procedures have been properly prepared, reviewed, and
approved

* establishing, implementing, and maintaining the document control and records management
systems

The Configuration Manager has authority for the following:

* Approves configuration management procedures and submittals

* Approves configuration staff assignments

The Construction Manager reports to the SF Facility Manager and is responsible for performing
constructability reviews during initial design and subsequent modifications. During construction, the
Construction Manager oversees procurement and construction activities to ensure that the SF Facility is
constructed in accordance with design requirements. The Construction Manager is responsible for
oversight of the acceptance testing of SSCs before turnover to operations for pre-operational testing. The
Construction Manager is responsible for ensuring that construction and construction-related procurement
activities are performed in accordance with the QPP (Ref. 9-2).

The Construction Manager has authority for the following:

* Cease work (construction phase)

* Secure properly trained and experienced craft personnel

* Source and recommend vendors and suppliers

The ES&H Manager, during design, assists the Chief Design Engineer, to ensure that industrial safety
standards are incorporated into design. During construction, the ES&H Manager assists the Construction
Manager in establishing safety programs and has the authority and responsibility for conducting
assessments and audits to ensure that safety programs are effectively implemented. During construction
the ES&H Manager's functions include the review and qualification of subcontractors before performance
of onsite work. The ES&H Manager is responsible for providing results of these assessments and audits to
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the Director of ESQ, and requesting corporate support for resolution of related issues. The ES&H
Manager has authority for the following:

* Cease work

* Audit/surveillance of project ESH&Q performance

* Establish compliance with ES&H requirements

* Approves ES&H assignments

The Licensing Manager assists the ISF Facility organization to ensure that NRC regulatory requirements
are incorporated into the design and administrative programs. The Licensing Manager is responsible for
establishing procedures to ensure that the license basis documents remain consistent with facility
operation and design. The Licensing Manager has authority for the following:

* Cease work

* Approve licensing staff assignments

The Operations Manager is responsible for providing operations input and operability reviews on the
facility design during design and construction.

9.1.1.3 Interrelationships with Contractors and Suppliers

The ISF Facility is designed under the direct control and supervision of FWENC (the Licensee), with full
authority, responsibility, and accountability for project activities. FWENC has the lead design
responsibility. Four principal subcontractors will support ISF Facility design. The following table
summarizes subcontractor support responsibilities.

Company Responsibility
RWE NUKEM LTD. Transfer Area design
ALSTEC, Ltd. (ALSTEC) Storage Area design
Utility Engineering (UE) building steel, steel structures design, and balance-of-

plant design
Tetra Tech FW, Inc. Storage Tube and Canister design

In accordance with contractual requirements, a QA Program is established and maintained to ensure
quality oversight of subcontractors. The QA Program incorporates applicable elements of the
ASME/Nuclear Quality Assurance (NQA)-I 1994 Edition (with summer 1995 Addendum). Activities are
overseen in accordance with the QPP. The Tetra Tech FW, Inc., Storage Tube and Canister design is
conducted in accordance with an ASME nuclear certified QA program. An Authorized Nuclear Inspector
oversees the activities (Ref. 9-9).

As part of ISF Facility design and construction, equipment suppliers were contracted to provide ITS
SSCs. FWENC issued specifications to these suppliers to develop system and component design,
fabrication requirements, construction and installation details, and testing criteria. These activities are
overseen in accordance with the QPP (Ref. 9-2). The table below identifies major equipment suppliers.
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Company Equipment, System, Component
ALSTEC canister handling machine (CHM) turret
American Crane and Equipment Co. cask receipt crane
Ederer, Inc cask trolley, canister trolley, cask handling machine bridge and

trolley
Mid Columbia Engineering decanning machine
PAR, Inc fuel handling machine (FHM)
Hot Cell Services shield windows

Electrical, plumbing, and other specialty subcontractors will be used to complete ISF Facility construction
activities as appropriate. Subcontractors must be qualified to perform activities in accordance with the
QPP. Quality of work is ensured by routine oversight of activities by SF Facility construction
supervision and management and oversight in accordance with the QPP.

9.1.1.4 Technical Staff

This section describes the corporate technical staff under the direction of the Chief Design Engineer.
Figure 9.1-3 depicts the technical staff organization. Corporate technical staff and consultant support for
ISF Facility engineering, construction, and operation report functionally to the 1SF Facility Manager.
Section 9.1.2 discusses onsite staffing for the construction, pre-operational testing, and operation.
Corporate and consultant technical staff support must meet the qualification requirements for onsite
technical staff as provided in Section 9.1.3, Personnel Qualification Requirements.

The Chief Design Engineer retains design oversight of the entire facility and is supported by three project
engineers, with specific assigned responsibilities shown on Figure 9.1-3. Five discipline-area engineers
and Tetra Tech FW, Inc., Utility Engineering, RWVE NUKEM LTD., and ALSTEC support these project
engineers.

The Lead Civil Engineer is responsible for review and approval of the civil design associated with ISF
Facility structures. Responsibilities include preparation, review, and approval of the site seismic analysis,
structural drawings, calculations, and analyses to ensure compliance with applicable design codes.

The Lead Mechanical Engineer is responsible for review and approval of the mechanical design aspects
of the ISF Facility SSCs. These responsibilities include preparation, review, and approval of mechanical
drawings, calculations, and analyses including the thermal and stress analyses of the storage components
(e.g., 1SF canisters and storage tubes).

The Lead Nuclear Engineer is responsible for the preparation, review, and approval of analyses related to
criticality, nuclear decay heat generation, and radiation dose calculations.

The Lead Process Engineer is responsible for the preparation, review, and approval of the fuel and waste
handling processes, and ensures that the these processes are integrated with the design.

The Lead Electrical Instrument and Control Engineer is responsible for the preparation, review, and
approval of design activities associated with electrical distribution, instrumentation, and control systems.

Utility Engineering provides civil/structural design support for the steel structures in the Cask Receipt
Area, Transfer Area, and Storage Area. In addition, Utility Engineering provides design support for the

¶ FOSTER WHEELER ENVIRONMENTAL CORPORATION



I

ISF FACILITY Rev. 0, 3
Safety Analysis Report Page 9.1-6

heating, ventilation, and air conditioning (HVAC) systems. FWENC retains responsibility and approval
authority for the design. Utility Engineering's work is overseen by in-house review by FWENC
engineering staff in addition to the oversight required by the QPP (Ref. 9-2).

RWE NUKEM LTD., formerly AEA, is responsible for the FPA layout and for supporting development
of design requirements and specifications of SSCs used for receipt and handling of the received fuel,
including:

* cask trolley

* Transfer Area port plugs

* shield windows

* master/slave manipulators (MSM)

* special lifting fixtures (e.g., FHM lifting fixtures)

* FHM

* worktable and ancillary equipment

* canister trolley

FWENC retains responsibility and approval authority for the design specifications. The work performed
by RWE NUKEM LTD. is overseen by in-house review by FWENC engineering staff, in addition to the
oversight required by the QPP.

ALSTEC, formerly ALSTOM, is responsible for the design of the Canister Closure Area (CCA), storage
vault, ISF canister internals (baskets), and the design and fabrication of the CHM. FWENC retains
responsibility and approval authority for the design. ALSTEC's work is overseen by in-house review by
FWENC engineering staff, in addition to the oversight required by the QPP.

The ISF canisters and storage tubes are to be designed and fabricated to ASME Boiler and Pressure
Vessel Code Section III, Division I requirements (see Section 4.2.1). The work is to be performed by
Tetra Tech FW, Inc., in its Richland, Washington, Operations Office, which is an ASME-certified design
organization. An Authorized Nuclear Inspector will oversee ASME work performed by Tetra Tech FW,
Inc.

Qualifications of the ISF Facility technical staff are discussed in Section 9.1.3.

9.1.2 Operating Organization, Management, and Administrative Control System

This section describes the structure, functions, and responsibilities of the ISF Facility operating
organization. This description includes the ISF Facility onsite organization, personnel functions,
responsibilities, and authorities. The operating organization consists primarily of the onsite organization
shown in Figure 9.1-4.

9.1.2.1 Onsite Organization (Operations)

The SF Facility organization is set up along functional lines that integrate assigned responsibilities and
interrelationships of functional areas such as design, engineering, procurement, licensing, business,
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ES&H, quality, maintenance, and operations. Responsibilities and authorities of key personnel are
summarized in Section 9.1.2.2. ITS functions and responsibilities such as nuclear criticality safety, QA,
operations, health physics, maintenance, engineering, training and qualification, and emergency planning
and response are noted in the applicable position descriptions. Each functional area manager is
responsible for ensuring that personnel are properly qualified and authorized to perform assigned duties.
Figure 9.1-4 depicts the overall ISF Facility functional relationship.

The ISF Facility modes of operation are based on the spent nuclear fuel (SNF) handling activities, which
fall into the following four operational modes:

* receipt operations

* loading operations

* canister handling

* storage operations

Operations at the SF Facility can encompass any combination of these activities. Each operational mode
can be related to the confinement boundary provided for the SNF handling activities. For each operational
mode, minimum staffing levels are established. Each of these operational modes is discussed below.

Receipt Operations

Receipt operations include activities associated with handling the SNF while it is contained in a transfer
cask. Receipt operations begin when the transfer cask is received at the SF Facility, and end when the
first transfer cask lid bolt is detensioned. During receipt operations, the confinement boundary for the fuel
is the transfer cask. Minimum operational staffing during receipt operations will consist of one shift
supervisor and one equipment operator.

Loading Operations

Loading operations include activities associated with repackaging the fuel into SF canisters. Loading
operations exist whenever: (I) SNF is contained in a transfer cask without a fully tensioned closure lid;
(2) fuel is in the fuel packaging area; or (3) fuel is in an SF canister that has not completed its leak rate
acceptance test. During loading operations, the confinement boundary for the SNF consists of the SF
Facility structures and systems as described in Section 3.3.2. During loading operations the minimum
staffing include one shift supervisor, one certified operator, one equipment operator, and one radiation
protection technician.

Canister Handling

Canister handling operations exist when SNF is contained in an 1SF canister that has passed its leak rate
acceptance test and the ISF canister is not contained in a sealed storage tube. During canister handling
operations, the confinement boundary for the SNF is provided by the ISF canister structural integrity.
Minimum operational staffing during canister handling operations will be one shift supervisor.
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Storage Operations

Storage operations exist when an SF canister containing SNF is contained in a sealed storage tube.
During this mode of operation, the fuel is contained within a double confinement boundary, and decay
heat is passively removed by natural convection. With the ISF Facility in this configuration there will be
no active operations, and the minimum operational staffing will consist of one shift supervisor.

Adequate staffing levels will be maintained to ensure radiation doses for individuals remain below the
limits allowed by 10 CFR 20.1201(a). Section 7.4.1 provides a summary of the operational dose
assessments. Section 7.1 discusses the ISF Facility's commitment to an ALARA program and the
monitoring of personnel exposure to ensure compliance with administrative and regulatory limits.

9.1.2.2 Personnel Functions, Responsibilities, and Authorities

9.1.2.2.1 ISF Facility Manager

The ISF Facility Manager reports to FWENC's Executive Director, ISF Project, and provides leadership
and overall direction and coordination for the facility. The SF Facility Manager is responsible for the
safe overall operation of the ISF Facility in accordance with FWENC and ISF Facility policies and
programs and the NRC license. The ISF Facility manager shall hold line managers, including direct
reports, accountable for implementing necessary controls for safe performance of work in their area of
responsibility. The ISF Facility Manager's duties and responsibilities associated with facility design and
construction are provided in Section 9.1.1.2.

The SF Facility Manager or designee has the following responsibilities:

* establish and implement policies, programs, and procedures to ensure the safe, legal, and efficient
operation of the SF Facility

* establish and implement policies, programs, and procedures to ensure that the quality
requirements of the QPI' are achieved

* ensure that regulatory requirements, commitments, and required notifications to NRC and other
agencies are satisfied

* cease work activities associated with the ISF Facility and/or initiate emergency procedures in an
emergency or abnormal condition, and authorize resumption of work activities when the initiating
condition has been determined and corrective action has been taken to prevent recurrence

* certification of personnel to operate equipment and controls ITS in accordance with the Operator
Training and Certification Plan (Ref. 9-6)

* review and approve proposed facility modifications, procedural changes, and test to ensure they
do not require prior NRC approval in accordance with 10 CFR 72.48

* ensure that subordinate or delegated responsibilities, assignments, and authorities are understood
and implemented by ISF Facility staff

* ensure that adequate resources, staffing, and training are available to safely operate the ISF
Facility
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* verifying, through monitoring of ongoing activities and reviews of records, that ITS activities are
performed correctly and in compliance with governing procedures, standards, policies, and
regulations

* coordinating Corporate Quality and SF Facility Quality activities to ensure appropriate
oversight, in accordance with the required frequency

* developing, maintenance, and implementation of audit programs and schedules

* timely and appropriate feedback to functional area managers of the results of audits, surveillance,
inspections, and monitoring activities

The Quality Manager and quality personnel will notify the Shift Supervisor of any significant adverse to
quality condition pertaining to ITS SSCs, including operating and maintenance activities in progress.

9.1.2.2.10 Quality Engineers

Quality Engineers report to the Quality Manager and are responsible for conducting audits and
assessments of project quality affecting activities, conducting document reviews, reviewing
noncomformance report dispositions, and conducting quality program training.

9.1.2.2.11 Quality Inspectors

Quality Inspectors report to the Quality Manager and are responsible for performing independent
inspection of SSCs to ensure compliance with pre-established acceptance criteria.

9.1.2.2.12 Safety Review Committee

The SRC is responsible for reviewing and advising the SF Facility Manager and Executive Director, ISF |
Project, on matters relating to the safe storage of SNF. The SRC will consist of a minimum of a Chairman I
and three members. Alternates may be substituted for regular members. The Executive Director, SF
Project, will designate, in writing, the SRC Chairman, members, and alternates.

The SRC will meet at least once before receipt of SNF for storage at the SF Facility. The committee will
also meet at least once annually following receipt of fuel, and at any time deemed necessary by the ISF
Facility Manager or Executive Director, ISF Project. A quorum will consist of three regular members or
duly appointed alternates. At least one member of the quorum will be the Chairman or the Chairman's
designated alternate.

At a minimum, the SRC will:

* Advise the 1SF Facility Manager on matters related to safe storage of SNF.

* Perform or review audits of the following activities:

o Safety evaluations performed by Independent Safety Reviewers (ISR) for procedures, and
changes thereto, completed in accordance with 10 CFR 72.48. This review will normally
be completed after implementation of the affected procedure or procedure change.

o Safety evaluations for changes to SSCs ITS to verify that such changes do not require
prior NRC approval in accordance with 10 CFR 72.48(c). The review may be completed
after implementation of the change.
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o Conformance to provisions in the Technical Specifications and applicable license
conditions.

o Training and qualifications of ISF Facility staff.

o Implementation of programs required by Section 9.7 and Technical Specifications,
Section 5.

o Actions taken to correct deficiencies in equipment or controls ITS.

o Facility operations, modifications, maintenance, and surveillance related to ITS
equipment or controls to verify that these activities are performed safely.

o Other activities and documents as requested by the ISF Facility Manager.

* Advise the ISF Facility Manager and the Executive Director, ISF Project, of the result of any of
the above audits.

* Recommend to the ISF Facility Manager actions that will assist in the correction of identified
deficiencies.

* Notify the Executive Director, ISF Project, of any safety significant disagreement between the
SRC and the ISF Facility Manager within 24 hours.

The SRC will be responsible for review of:

* tests or experiments involving the safe storage of SNF that are not described in the SAR, to verify
that such tests or experiments do not require prior NRC approval in accordance with 10 CFR
72.48(c)

* proposed changes to the Technical Specifications or the license

* violations of codes, regulations, orders, license requirements, or internal procedures/instructions
that are important to the safe storage of SNF

* indications of unanticipated deficiencies in any aspect of design or operation of SSCs that could
affect safe storage of SNF

* significant accidental, unplanned, or uncontrolled radioactive releases, including corrective action
to prevent recurrence

* significant operating abnormalities or deviations from normal and expected performance of
equipment that affects safe storage of SNF

* the performance of the corrective action system

* internal and external experience information related to the safe storage of SNF that may indicate
areas for improving facility safety

Reports or records of these reviews will be forwarded to the SF Facility Manager within 30 days
following completion of the review.

9.1.2.2.13 Safety Revievs

Independent Safety Reviewers (]SR) are responsible for performing safety reviews on new activities and
on changes to existing activities. Persons knowledgeable in the area under review will perform these
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Appendix A
Safety Evaluation of DOE-ID Provided Transfer Cask

Summary

As stated in the ISF Facility Safety Analysis Report (SAR), Peach Bottom casks PB-1 and PB-2 (also
known as CA-SF-006 and CA-SF-005, respectively) will be used by DOE-ID and their support contractor
to transfer spent nuclear fuel (SNF) from Idaho National Engineering and Environmental Laboratory
(INEEL) dry fuel storage facilities to the 1SF Facility. The SNF transfer to the ISF Facility occurs solely
within the DOE-ID controlled boundaries of INEEL over a distance of approximately 500 yards and does
not involve the use of public roadways.

The analyses presented in this Appendix demonstrate the Peach Bottom transfer cask's ability to provide
geometry control, configuration control, and shielding of the SNF for all credible accidents during
transfer from the nearby INTEC to the ISF Facility. The Peach Bottom casks are government-furnished
equipment that is neither owned nor maintained by FWENC.

This Appendix is organized in the format of Nuclear Regulatory Commission (NRC) Regulatory Guide
3.48, Revision 1, Standard Fornat and Content for the Safety Analysis Report for an Independent Spent
Fuel Storage Installation or Monitored Retrievable Storage Installation (Dry Storage), issued
August 1989, and follows closely the main sections and subsections of the 1SF Facility SAR.
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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF
INSTALLATION

1.1 INTRODUCTION

The SF Facility to be constructed at the INEEL is described in the ISF Facility SAR. The purpose of the
ISF Facility is to repackage four types of SNF and to store the repackaged SNF until the geological
repository is available. The SNF will be transferred to the ISF facility by DOE-ID, using two existing
Peach Bottom casks (PB-I and PB-2). These casks and their associated transportation trailers are
provided by DOE-ID as government-furnished equipment under FWENC's contract with DOE-ID (Ref.
A-1). The DOE maintains a current copy of this contract on the DOE-ID website. The contract is
available for viewing at http:H/\\ sNv.id.doe.gov/docid/1sd/SNFDSPContract.htm. These casks are not
owned or maintained by FWENC.

The purpose of this Appendix is to demonstrate that the Peach Bottom casks meet the requirements of
10 CFR 72 for use as transfer casks. These casks will be used to transfer the four SNF types described
below:

a) Peach Bottom high-temperature gas-cooled reactor (HTGR) Core I

b) Peach Bottom HTGR Core 2

c) Shippingport light-water breeder reactor (LWBR) reflector modules and loose rods

d) Training, Research, Isotope Production, General Atomics (TRIGA) aluminum clad and steel clad
fuel

Section 3.1.1 of the ISF Facility SAR provides detailed physical and historical descriptions of the four
SNF types. Figures A-I through A-4 provide a pictorial description of the DOE-ID fuel transfer process.

When the ISF Facility is completed and operational, the SNF identified above will be transferred to it
from NTEC using the Peach Bottom casks. The SNF transfer will occur over a distance of approximately
500 yards along INEEL site roads. No public highways will be affected. Should an off-normal or accident
event occur during transfer of a loaded Peach Bottom cask to the 1SF Facility, the cask and contents can
be returned to the appropriate INTEC facility for unloading and inspection, as appropriate.

The fuel has either been placed, or will be placed, by DOE-ID in one of several different fuel type-
specific containers prior to being loaded in the Peach Bottom casks. Following receipt of the transfer cask
at the ISF Facility, the cask will be up righted, removed from its transportation trailer, and placed in the
ISF Facility cask trolley. Using the trolley, the cask will be moved underneath the Fuel Packaging Area
(FPA) fuel transfer port, the cask lid removed, and the DOE-ID fuel containers removed. After the fuel is
removed, the lid will be replaced and the Peach Bottom cask will then be moved back to the receipt area,
placed on the transportation trailer and returned to DOE-ID. This process is described in detail in Chapter
5 of the ISF Facility SAR.

The Peach Bottom casks are used only on the DOE INEEL site under DOE-ID's transportation and
packaging program. They are not licensed under either 10 CFR 72 or 10 CFR 71, although both casks
were fabricated under an NRC Certificate of Compliance (USA/6375/B(F) in the 1970's. DOE-ID has
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developed analyses that have been used to bound the SF Facility receipt and handling of the DOE-ID
Peach Bottom casks. The analyses and documents provided by DOE-ID include:

a) drop scenarios for the PB Casks and fuel containers (Ref A-2 through A-6 and A-8)

b) dose calculations for SNF drop accidents (Ref A-7)

c) shipping configurations for the SNF (Ref. A-9 through A- 2)

d) criticality safety evaluations (Ref A-13 and A-14).

This document constitutes Appendix A of the ISF Facility SAR, and each chapter follows the same
overall format as the SAR.

1.2 GENERAL DESCRIPTION OF INSTALLATION

1.2.1 Arrangement of Major Structures and Equipment

Details on the ISF Facility are provided in the ISF Facility SAR, Chapter 1. Information specific to the
Peach Bottom casks and the transportation trailer is provided below.

Figures A-5 and A-6 depict the PB-2 cask and its subcomponents. Figure A-7 depicts an alternate cask
lid that is used by DOE-ID for the Peach Bottom core I fuel transfers. Drawings for the PB-I cask are not
available from DOE-ID; however, the two casks have been confirmed by DOE-ID to be nearly identical,
with the exception of the distance between the top and bottom pairs of trunnions. DOE-ID performed
field verification of the PB-I and PB-2 cask configurations in conjunction with DOE-ID's preparation of
the cask safety analyses and the results of these field measurements are provided on Figures A-32 through
A-34.

Figures A-8 through A-10 document the DOE-ID design for a liner/overpack insert to be used for the
Peach Bottom Core 2 and TRIGA fuels. These fuels are stored at the Irradiated Fuel Storage Facility
(IFSF), located within the Idaho Nuclear Technology and Engineering Center (INTEC), in unsealed 18-
inch diameter containers. Since the FSF canister diameter is smaller than the cask inner cavity, an inner
liner/overpack is required to center and contain the IFSF canister within the Peach Bottom cask.

Figure A- I illustrates DOE-ID Trailer No. 71808 and its subcomponents. Trailer No. 71808 is a flatbed-
type transporter. This transporter will be used to transfer only the PB-I cask because of the difference in
trunnion locations between the two casks.

Figures A-12 and A-13 illustrate DOE-ID TrailerNo. E-71801, a 40-ton low-bed, or lowboy-type, trailer
and its subcomponents. This transporter can accommodate either a PB-I or the PB-2 cask since the
location of its front trunnion supports is adjustable to meet the dimensional requirements of either cask.

The Interface Control Diagrams (Figures A-I through A-4) depict the relationship between the casks and
the transporters.
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1.3 GENERAL SYSTEMS DESCRIPTION

1.3.1 Storage Systems

Not applicable to the DOE-ID Peach Bottom transfer cask.

1.3.2 Transfer Systems

1.3.2.1 Transfer Cask

The PB-I and PB-2 casks vill be used for onsite transfer of SNF from dry fuel storage facilities at the
INTEC to the SF Facility. These casks provide shielding and protection from potential hazards. The
casks were designed for a maximum payload weight of 10,000 pounds. The PB-2 cask and its
subcomponents are depicted in Figures A-5 through A-7. The casks vere originally designed to provide
sufficient shielding to ensure that dose rates resulting from shipping the Peach Bottom fuels were
maintained below 10 CFR Part 71 regulatory limits. Four lifting trunnions are provided for handling the
casks at the SF Facility. The upper two trunnions are intended for lifting the casks; the lower two
trunnions are used to pivot the casks about the lower cask cradle on the trailers. Additional design details
of the casks are provided in Section 4.7 of this Appendix.

1.3.2.2 Transfer Equipment

Two transport vehicles are planned to be used for onsite transfer of the Peach Bottom casks. Trailer No.
71808, a flatbed trailer (Figure A-1 1), or TrailerNo. E-71801 (Figures A-12 and A-13) can be used to
transport either PB-I or PB-2.

The petroleum fuel content of the transporter tractor used to place the trailers in the ISF Cask Receipt
Area will be administratively controlled to minimize the consequences of fire. Refer to the SF Facility
SAR, Chapters 4 and 8.

1.3.3 Auxiliary Systems

Not applicable to the DOE-ID Peach Bottom transfer cask.

1.3.4 System Operation

Transfer system operations for the four SNF types are depicted in the Interface Control Diagrams
(Figures A-1 through A-4).

1.3.5 Arrangement of Storage Structures

Not applicable to the DOE-ID Peach Bottom transfer cask.
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1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS

As stated earlier, the Peach Bottom casks are government-furnished equipment. The DOE-ID site support
contractor is responsible to DOE-ID for maintaining the Peach Bottom casks. The support contractor is
also responsible for loading the cask with SNF at INTEC, transferring the cask to the ISF Facility, and
returning the cask to the INTEC after the fuel has been unloaded.

1.5 MATERIAL INCORPORATED BY REFERENCE

This SAR appendix is self-contained and does not incorporate any topical reports or documents submitted
in other applications by reference.

2.0 SITE CHARACTERISTICS

This topic is addressed in the ISF Facility SAR Chapter 2.

3.0 PRINCIPAL DESIGN CRITERIA

3.1 PURPOSE OF INSTALLATION

This topic is addressed in the ISF Facility SAR Section 3.1.

3.2 STRUCTURAL AND MECHANICAL SAFETY CRITERIA

The DOE Transfer Cask is classified Important to Safety (ITS). Structural and mechanical transportation
safety criteria are established for geometry control, configuration control, confinement barrier, and shielding
of the SNF to ensure criticality safety and radiation protection are maintained. Postulated accidents
associated with movement of the transfer cask within the ISF Facility are considered to be of low probability
and consequences due to the slow speed of travel, short travel distance, and administrative controls and
procedures that will be in place during cask movement. Transfer accidents within the ISF Facility are
bounded by the analyses performed by DOE-ID to address the transfer from the fuel storage location within
INTEC to the SF Facility. The PB Cask designs, evaluations and procedures are summarized or referenced
in the appropriate sections of this Appendix. These summaries or references demonstrate that the PB casks
provides geometry control, configuration control, confinement barrier, and shielding of the SNF for all
credible accidents within the SF Facility during transfer from the nearby INTEC facility.

3.3 SAFETY PROTECTION SYSTEMS

3.3.1 General

This topic is addressed in ISF Facility SAR, Chapter 3.

3.3.2 Protection by Multiple Confinement Barriers and Systems

3.3.2.1 Confinement Barriers and Systems

Confinement barriers related to the Peach Bottom cask are discussed below. Additional discussion of ISF
confinement boundaries is provided in Chapter 3 of the ISF Facility SAR.
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3.3.2.1.1 Existing DOE-ID Transfcr Cask

The existing DOE-ID transfer casks serve as the SNF confinement barriers and system from the time the
DOE-ID transfer cask arrives at the 1SF site boundary until the transfer cask lid is removed and the
DOE-ID fuel containers are lifted from the cask into the SF Facility Fuel Packaging Area (FPA).

The SNF containers are loaded into the Peach Bottom cask at the NTEC for transfer to the 1SF Facility.
After loading the container in the cask, the cask lid is bolted in place. Within the 1SF Facility the
confinement barriers provided by the Peach Bottom cask are protected by the following facility design
criteria and features:

a) The Transfer Cask is handled with a single-failure-proof crane and lifting device while in the Cask
Receipt Area. These components meet the applicable requirements of NUREG-0554 (Ref. A-I 8),
NUREG-0612 (Ref A-19), and ANSI N14.6 (Ref A-20). This crane and its supports have been
designed to withstand credible accident loads, including seismic forces. Design criteria associated
with the Cask Receipt Area crane are discussed in detail in Chapters 3 and 4 of the SF Facility
SAR.

b) The cask is moved within the SF Facility using a cask trolley that meets the applicable
requirements of NUREG-0554, NUREG-06 12, and ANSI N 14.6 for the control of heavy loads.
This trolley has been designed to restrain the cask and prevent overturning under credible accident
conditions, including seismic loads. Design criteria associated with the cask trolley are discussed in
detail in Chapters 3 and 4 of the ISF Facility SAR.

c) The structure of the 1SF Facility Transfer Tunnel provides protection from credible accident
conditions, including seismic events, and tornado winds and missiles. Design criteria associated
with 1SF Facility reinforced concrete structures are discussed in detail in Chapters 3 and 4 of the
ISF Facility SAR.

The direct dose through the composite walls and lids of the existing DOE-ID transfer cask has been
considered in the estimate of the overall dose for workers at the ISF Facility. For the cask, worker dose
was estimated by a combination of the amount and type of fuel in a given shipment, the internal
packaging configuration and self-shielding within the cask, and the time between arrival of the cask at the
ISF Facility, unloading of the cask from the heavy haul trailer onto the cask trolley, and placement of the
cask trolley inside the Transfer Tunnel. The overall dose associated with 1SF Facility operations is
discussed in Section 7.4.1 of the SAR. A summary of the occupational doses for SF Facility fuel
handling operations, which includes transfer cask operations, is provided in Table 7.4-2 of the SAR.

Damage caused by postulated accidents and natural phenomena, related to the confinement barrier
provided by the Peach Bottom cask are considered to be bounded by the Peach Bottom cask and fuel
container drop analyses (Ref A-2 through A-6). A discussion of the credible Transfer Cask accidents is
presented in Section 8.2.2 of this Appendix.

DOE-ID performed dose calculations to predict the radiological consequences resulting from a SNF drop
accident (Ref A-7). This evaluation used the Radiological Safety Analysis Computer Program, RSAC-6
(Ref A-2 1), to calculate the dose for each accident scenario. Each of the four fuel types was evaluated
and the bounding dose rate at the ISF Facility Controlled Area Boundary (13,700 meters) was associated
with the dropping of a PB Cask containing 18 Peach Bottom Core I elements.
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In the dose evaluations for this bounding analysis, the following were assumed:

a) 25% of the fuel is assumed to have fractured or broken to the point that powder exists in the fuel
following the drop event.

b) An airborne release fraction of 0. 1% is assumed to have become airborne from the fuel that has
broken into powder.

c) The Peach Bottom cask was assumed to further limit the airborne release to 0.1%
d) The accident is assumed to occur outside at ground level
e) Class F meteorological stability class with a 1.04 m/s wind speed is used
f) A breathing rate of 3.33x104 m3/s is used
g) The individual at the Controlled Area Boundary remains for the entire plume duration.

The highest calculated dose was 2.19 x 10'5 rem TEDE which remains below the limits defined in
10 CFR 72 (Ref. A-I 5) for normal, off-normal and accident conditions.

3.3.3 Protection by Equipment and Instrumentation Selection

3.3.3.1 Equipment

Key DOE-ID transfer cask equipment that provides protection or confinement barriers to the SNF is listed
in Table A3.3-1. Principal design criteria are also presented in this table. Additional design criteria and
further discussions of subsystems and components are provided in Chapters 4, 5, and 8 of this Appendix.
Other key equipment that provides protection of the SNF in the ISF Facility is discussed in the ISF
Facility SAR, Section 3.3.

3.3.3.2 Instrumentation

The Peach Bottom casks are each fitted with four quick disconnect fittings. These are located within the
Peach Bottom cask trunnions (see Figure A-5). A pressure gauge may be inserted into the disconnect
fittings to determine if the cask has become pressurized during transfer.

3.3.4 Nuclear Criticality Safety

Nuclear criticality safety criteria are discussed in Section 3.3.4 of tile ISF Facility SAR.

Criticality safety evaluations have been performed by DOE-ID (Reference A-13 and A-14). These
evaluations bound the fuel types and shipping configurations that vill be used by DOE-ID to transfer the
SNF to the ISF Facility. Section 4.7.3.4 of this Appendix provides a summary of the results of these
analyses.

3.3.5 Radiological Protection

This topic is addressed in the ISF Facility SAR.

3.3.6 Fire and Explosion Protection

This topic is addressed in the ISF Facility SAR.

Hi
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3.3.7 Materials Handling and Storage

Not applicable to the Peach Bottom cask.

3.3.8 Industrial and Chemical Safety

Not applicable to the Peach Bottom cask.

3.4 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

The Peach Bottom Cask has been determined to be an Important to Safety system using the criteria
presented in Chapter 3 of the ISF Facility SAR.

3.5 DECOMMISSIONING CONSIDERATIONS

Decommissioning is addressed in the ISF Facility Proposed Decommissioning Plan (Ref A-17). As
government furnished equipment, DOE-ID is responsible for decommissioning of the Peach Bottom casks
if they have no further mission following the completion of onsite fuel transfers to the ISF Facility.

4.0 INSTALLATION DESIGN

4.1 SUMMARY DESCRIPTION

A summary of the ISF Facility installation design is addressed in Section 4.1 of the SF Facility SAR. A
description of the Peach Bottom transfer cask is discussed in section 4.7.1. 1.

4.2 STORAGE STRUCTURES

Not applicable to the DOE-ID Peach Bottom transfer cask.

4.3 AUXILIARY SYSTEMS

Not applicable to the DOE-ID Peach Bottom transfer cask.

4.4 DECONTAMINATION SYSTEM

Methods and systems for decontamination of the Peach Bottom casks at the SF Facility are addressed in
the ISF Facility SAR, Section 4.4.

4.5 TRANSFER CASK REPAIR AND MAINTENANCE

The SF Facility does not have shipping cask repair or cask maintenance facilities. Repair and
maintenance of this government furnished equipment will be performed by DOE-ID through its support
contractor. Repair and maintenance of the ISF Facility's cask lifting hardware is addressed in the ISF
Facility SAR, Section 5.1.3.5.
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4.5.1 Routine Inspection

DOE-ID will perform routine inspection requirements for the Peach Bottom cask in accordance with
DOE-ID's established inspection and maintenance program. Generic items for routine inspection include:

a) Visually inspect the cask exterior for cracks, dents, gouges, tears, or damaged bearing surfaces.
Particular attention is to be paid to the cask trunnions.

b) Visually inspect all threaded parts and bolts for burrs, chafing, distortion, or other damage.

4.6 CATHODIC PROTECTION

Not applicable to the DOE-ID Peach Bottom transfer cask.

4.7 SPENT FUEL HANDLING OPERATION SYSTEMS

4.7.1 Structural Specifications

Details on structural specifications for structures, systems and components (SSC) that interface with the
Peach Bottom cask are provided in Chapter 4 of the SF Facility SAR. The following sections focus on
the structural specifications for the Peach Bottom cask.

4.7.1.1 Peach Bottom Casks

The Peach Bottom casks were fbricated and maintained, under Certificate of Compliance (COC)
USA/6375/B(F (Ref A-23) for over-the-road shipment of radioactive material in accordance with
10 CFR 71. The COC for these casks expired on September 30, 1979. Figures A-5 and A-6 are the
assembly drawings for the PB-2 cask. The PB-I and PB-2 configurations were field verified in
conjunction with DOE-ID's preparation of the cask safety analyses and the results of these field
measurements are provided on Figures A-32 through A-34.

DOE-ID has performed analyses to demonstrate that the PB-I and PB-2 transfer casks will survive
credible handling accidents associated with the transfer of each of the four SNF from the nearby INTEC
(Reference A-2 through A-6, A-13 and A-14). These analyses, coupled with the discussion provided in
Chapter 8 of this Appendix, demonstrate that the Peach Bottom casks will provide the necessary geometry
control, configuration control, confinement barrier, and shielding of the SNF during transfer operations to
ensure that radiation protection and criticality safety requirements of the SF Facility are met.

Section 8.1 of this Appendix describes the off-normal events analyzed, while Section 8.2 describes the
credible accident scenarios associated with receipt and handling of the Peach Bottom cask at the ISF
Facility.
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Codes and Standards

Based on information contained in the original Safety Analysis Report submitted to the NRC in 1970
(Ref. A-16) resulting in the issuance of the COC (Ref A-23), the Peach Bottom casks welding procedures
were "essentially those of the American Society of Mechanical Engineers (ASME) Boiler and Pressure
(B&PV) Code Section Vill, Unfired Pressure Vessels, 1962 Edition, and Section IX, Welding
Qualifications, 1962 Edition."

Matcrials of Construction - Original Configuration

The following configuration information is from the original safety analysis report (Ref. A-I 6) submitted
to the NRC for licensing of the casks and information contained in the Safety Analysis Report for NEEL
on-site shipments using the Peach Bottom cask (Ref A-26). The original design layout of the PB-I
shipping cask for transporting irradiated Peach Bottom 1 reactor fuel elements is shown in Figure A-5.
The cask had a calculated loaded weight of 62,800 pounds when transporting Peach Bottom fuels. When
transporting the maximum contents payload of 10,000 pounds, the cask had a calculated loaded weight of
67,100 pounds. It has an outer diameter of 42.5 inches, and an overall length of 191.12 inches, including
impact limiters, and a width across the trunnions of 50.0 inches. The cask internal cavity is 26 inches
diameter and 159 inches long. Canned fuel elements were positioned within the cavity in fuel element
baskets.

The cylindrical cask body was constructed with a 0.25-inch, Type 304 stainless steel cavity liner, a
maximum of 6.25 inches of lead, a 1.50-inch mild steel outer shell, and a 0.25-inch Type 304 stainless
steel overlay. The cavity liner was seam-welded and polished to a No. 3 finish. It was welded at both ends
to offset cones, which formed cavities for the end closures. The lead is 5.25 inches thick from the bottom
of the cavity to 24.5 inches above the bottom; it is 6.25 inches thick from 24.5 inches above the bottom to
134.5 inches above the bottom; and it is 5.25 inches thick over the remainder of the length. Since lead
shrinks upon solidification, a patented fin arrangement was used to attach the lead to the inside of the
outer shell. The fins bridged tile gap between the lead and outer shell and enhance the transfer of heat. A
venting device for the head cavity prevents a buildup of excessive pressure from either moisture or lead
during a fire-temperature excursion. The stepped outer shell was constructed by welding three coaxial,
formed and welded, mild steel cylinders. The overlay was welded to the outer shell at the end of each
cylinder, and at cutouts around each trunnion. It was spaced from the outer shell by 1/16-inch spot welded
spacers on the outer shell, and served as a heat shield to inhibit lead melting during the hypothetical fire-
temperature excursion. A pressure relief plug in the overlay shell prevented a buildup of excessive
pressure from moisture.

Guide pins provided final alignment of the cover bolt holes with tapped holes in te ends of the cask
body. Twelve 1.25-inch diameter ASTM A325, cadmium-plated steel bolts secured each cover. A
silicone-rubber 0-ring gasket seal was originally used between the cask seat at each end to provide a
secondary containment system for the cask contents during shipment.

Heat rejection is accomplished by conduction through the cask walls and radiation and convection from
the cylindrical wall of the cask. The cask was designed to operate either wet or dry. For the purpose of
SNF transfers to the ISF Facility, all shipments will be dry.
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Four 8-inch diameter lifting and pivoting trunnions were welded to the outer shell. Each trunnion is
approximately 4.5 inches in length. A 0.5-inch thick Type 304 stainless steel patch plate was welded to the
outer shell at each trunnion for added strength, resulting in an effective trunnion length of 4 inches. The
trunnions permit raising the cask from the horizontal to the vertical position and vice versa with minimum
effort. They also served as a means of attaching the cask to the transport vehicle-mounting cradle. The
trunnions are hollow and provided protective housings for the drain valves, flush valve, pressure gauge,
pressure-relief valve, and valve exhaust filter. The pressure relief valve was set at the seal test pressure of
100 psig. Pipe plugs were used as seals for the pressure gauge, vent and drain lines. The open end of the
trunnion was covered with a 9-inch diameter, 0.5-inch thick plate attached with six fasteners.

The cask was mounted horizontally and handled during transport using all four trunnions in a structural
steel cradle that was designed to spread the load. Trunnion sockets on the vehicle-mounting cradle
support and secure the cask trunnions. They allowed rotation of the cask from the vertical to the
horizontal shipping position. One set of trunnion sockets was adjustable to accommodate changes in the
length of the cask due to temperature changes. Pads on the vehicle-mounting cradle provided additional
support to the cask when it was in the horizontal position.

An impact limiter was attached to each end with four of the tvelve 1.25-inch cover bolts in order to limit
the impact load on the fuel canisters during an accidental drop. The impact limiters were constructed by
welding a bundle of 2.5-inch nominal diameter by 18 gauge mechanical tubing between 0.25-inch Type
304 stainless steel plates and enclosing the bundle with a 0.0625-inch Type 304 stainless steel shell as
shown in Figure A-5. A 4-inch long skirt extended from the impact limiter over the cask for added
resistance to radial motion in a corner drop.

The top and bottom lids had 4 inches of lead sandwiched between two 1.50-inch Type 304 stainless steel
plates. The upper lid had a removable center plug, which allowed lifting rods to pass through for lifting
and supporting fuel bundles/canisters. This feature will not be used at the ISF Facility. The cask lids are
tapered to allow easier alignment in the conical recessed cask openings. The lids were secured to each end
of the cask with twelve bolts. Eight of the bolts fit into recesses in the cask lid, and the remaining four
bolts were used to attach the external impact limiters to the lids but also thread into the cask body. Four
other holes were also provided in the lids: two holes located 180 degrees apart, for seating of the cask
guide pins in the lids; and two holes located 180 degrees apart for attachment of lifting rings. The lids are
handled by a two-point pickup.

DOE-ID Transfer Cask Configuration for SNF Transfers to the ISF Facility

DOE-ID has indicated that due to the short transfer distance it is their intent to not use the impact limiters
for transfer to the ISF Facility. However, DOE-ID has indicated that the TRIGA fuel transfers may use the
impact limiters. The DOE-ID has also stated that the O-ring seals will not be used during fuel transfers to
the ISF Facility. The DOE-ID has performed a drop evaluation addressing the configuration without
impact limiters (Reference A-2). Additionally, for shipments of Peach Bottom Core I fuel canisters, the
top lid of the cask will be replaced. The replacement lid will be 6.25-inch thick, constructed of A36 carbon
steel (Figure A-7). For the fuel transfers to the SF Facility, the transfer casks will utilize ASTM A-276,
UNS 21800 Nitronic 60) bolts for the lids. Where impact limiters are not used, four new, shorter bolts
may be installed in the cover in place of those that originally held on the impact limiters.
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Table A4.7-1 contains nominal design dimensions and weights for the two Peach Bottom casks for both
the original and modified configurations. Table A4.7-2 contains information on the cask materials of
construction. Table A4.7-3 contains information on the mechanical properties of the cask materials. Field
measurements taken by DOE-ID of the Peach Bottom casks can be found on Figures A-32 through A-34.

Fabrication and Inspection

Based on information in the original Safety Analysis submitted to the NRC in 1970, the Peach Bottom
shipping casks were fabricated and inspected to the following Battelle Memorial Institute (BMI)
procedures and specifications:

* Cask Surface Finish Procedure 748-SF-801
* Welding Procedure for Cask Construction Procedure 748-WP-101 ("essentially those of the

American Society of Mechanical Engineers (ASME) Boiler and Pressure (B&PV) Code Section
VIII, Unfired Pressure Vessels, 1962 Edition, and Section IX, Welding Qualifications, 1962
Edition"). Based upon a review of the original Safety Analysis prepared by BMI, the 10 CFR 71
Certificate of Compliance (Certificate Number 6375) issued by the NRC, and drawings prepared
by BMI, a list of requirements from cited Codes and Standards was developed. Compliance or
exceptions to these requirements were also demonstrated. This review identified four specific
exceptions to the ASME Code. These four exceptions were with respect to the above welding
procedure (two material specifications and two electrode specifications that were not listed in the
1962 Edition of ASME). These exceptions, theirjustifications, and compensatory measures are
provided in Table A4.7-4.

* Liquid Penetrant Inspection 748-PT-201

*__- Hydrostatic Testing Procedure 738-HT-601

* Pouring Procedure for Lead Shielding 748-LP-1001

* Shielding Integrity Testing Procedure 748-GP-401

Features Covered by QA Program

The original construction and fabrication of the Peach Bottom cask was performed in accordance with the
construction specifications and procedures described in the original Safety Analysis Report submitted to
the NRC for application of a Certificate of Compliance (Ref. A-16). All Quality Assurance activities
associated with the DOE-ID-provided Peach Bottom transfer casks, and the SNF to be transferred therein,
will be performed by DOE-ID under DOE's Office of Civilian Radioactive Waste Management's Quality
Assurance Requirements and Description (QARD), DOE/RW-0333P (Ref A-24) which has been
approved for use by the NRC.

4.7.1.2 DOE-ID Inner Containers

The DOE Standardfor Hoisting and Rigging (Reference A-22) requires that all structural and mechanical
"below-the-hook" lifting devices pass a rated load test such that "the rated load capacity shall not be more
than 80 percent of the maximum load sustained during the test." Some of the DOE-ID fuel containers do
not have a redundant load path provided, nor have they been demonstrated to meet either the double
safety factor criteria identified in the guidance ofNUREG-0612, (Reference A-19). Forthose DOE-ID
fuel containers that do not meet the double safety factor criteria, the consequences of a drop event have
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been evaluated. Section 8.2.2.1 of this Appendix describes the credible accident scenarios associated with
receipt and handling of the fuel containers.

Because of the different storage locations and dates of transfer, the fuel elements from each source have
been packaged differently. A description of each of the inner containers follows.
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4.7.1.2.1 Peach Bottom Core 1 Packaging

Peach Bottom Core I fuel assemblies, shown in Figure A-14, were placed in sealed aluminum canisters
with stainless steel liners (Figure A-I 5) at the Peach Bottom Nuclear Station after removal from the
reactor. Failed Core I fuel assemblies were removed from the reactor with a stainless steel assembly
removal tool (ART), and both the tool and fuel element were placed in a sealed canister as shown in
Figure A-16. The sealed storage canisters were loaded and sealed in a helium atmosphere and then
checked for leaks. If leaks were detected, the entire canister and fuel element were then placed in a second
aluminum storage canister ("salvage canister," Figure A-I 6). A typical loaded storage canister weighs
about 150 pounds.

The fuel canisters were shipped to the INEEL in the Peach Bottom cask. Up to eighteen elements at a
time were positioned in the cask by means of a basket assembly (see Figures A- 17 and A-I 8). At INTEC,
an entire basket assembly loaded with fuel canisters was lowered into a below-grade drywell. A loaded
basket weighs a maximum of 5150 pounds. Forty-six basket assemblies are situated in individual
drywells. Removal and canning of the Peach Bottom Core I fuel resulted in a number of package types
(fuel canisters) that were loaded into the baskets.

Support Platefor Corroded Peach Bottont I Fuel Baskets - Since being placed in storage by the
DOE-ID, visual inspections using remote television cameras indicate that water has entered the interior of
the storage area, causing corrosion of the aluminum basket bottoms, sides of the baskets, and the tops of
the fuel canisters. Fairly large corrosion deposits have been visually recorded on the bottoms of the
handling baskets and fuel canister tops. It is assumed that all storage configurations have corroded to
some extent. To structurally reinforce the aluminum baskets for transfer to the ISF Facility, a new support
plate will be installed on the bottom of the existing aluminum baskets (new support plate is not required
for stainless steel baskets). The support plate prevents fuel cans from dropping through the corroded
basket bottoms in the event of failure. The support plate is connected to a rod that extends through the
center tube of the basket. Figures A-21 through A-24 illustrate the overall design and details of the
support plate and associated hardware. The connection is made using a remote tool to insert the rod
through the penetration in the cask top lid, through the center position of the basket, to the new support
plate beneath the basket into which it is threaded and torqued. The new rod also has a threaded lifting
fixture at the top, to which a lifting rod can be connected for transferring the fuel basket. The basket will
continue to be relied upon to provide lateral support for the canned elements. The support plate has a
diameter of 25 inches. It is fabricated of 0.75-inch Type 304 stainless steel plate. The support rod is made
of 0.625-inch Nitronic 60 and has a length of 153.5 inches.

4.7.1.2.2 Peach Bottom Core 2 Packaging

Peach Bottom Unit I Core 2 fuel elements are stored in unsealed steel canisters at the IFSF. The Core 2
SNF was packaged for shipment using canisters of the same type as those used for Core 1. However,
instead of placing the fuel into drywells similar to those used for the Core I fuel, all the Core 2 fuel was
stored in the IFSF. Since the IFSF storage canisters are approximately II feet in length and 18 inches in
diameter, once the fuel was received at INTEC, the graphite fuel elements were removed from the
aluminum canisters and the upper reflector section was cut from the top of each element. The resulting
cropped elements were stored up to 12 per FSF canister (nominal count is 12 per canister), and the
canisters were then placed into IFSF dry storage.
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Each shipment will contain up to a maximum of 90 standard stainless and/or aluminum clad TRIGA
elements.

As stated previously, the IFSF canisters containing the TRIGA fuel are not sealed and are smaller than the
cask cavity. An inner liner and overpack must be provided for the DOE-ID onsite transfers. Figures A-8
through A-10 show the design for this liner. This liner is intended for use in conjunction with the Peach
Bottom casks when transferring the TRIGA fuel in IFSF canisters.

4.7.2 Installation La-rout

This topic is addressed in the SF Facility SAR.

4.7.3 Individual Unit Descriptions

4.7.3.1 Functions of Fuel Handling Operational Area

Not applicable to the DOE-ID Peach Bottom transfer cask.

4.7.3.2 Components for Fuel Handling Operations

Not applicable to the DOE-ID Peach Bottom transfer cask.

4.7.3.3 Design Bases and Safety Assurance

Details on the design bases and safety assurances for SSCs that interface with the Peach Bottom cask are
provided in Chapter 4 of the ISF Facility SAR. The following sections focus on the design bases and
safety assurances for the Peach Bottom cask. Analyses presented are based on information provided by
DOE-ID that is relevant to the planned packaging and shipment configurations.

4.7.3.3.1 Structural Evaluation of Cask Trunnions in Accordance with NUREG-0612
Criteria

Purpose

The purpose of this evaluation is to determine the design safety factor with respect to ultimate strength of
the Peach Bottom Cask trunnions and demonstrate that they meet the guidance of NUREG-0612.

Criteria

NUREG-0612, Control of Heaiy Loads at Nuclear Power Plants (Ref. A-19), Section 5.1.6(3) Single-
Failure-Proof Handling Systems states:

Interfacing lifi points such as lifting lugs or cask trunnions should also meet one of thefollowing
for heavy loads handled in the area wi'here the crane is to be upgraded unless the effects of a drop
of the particular load have been evaluated and shors' to satisfy the evaluation criteria of
Section 5. 1:
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(a) Provide redundancy or duality such tat a single lift point failure vill not result ill
uncontrolled lowering of the load; lift points should have a design safetyfactor vith respect to
uhimate strength offive (5) times tahe maxinum combined concurrent static and dynamic load
taking the single lift point failure.

OR

(b) A non-redundant or non-dual lift point system should have a design safetyfactor often (10)
times the maxiiun combined concurrent static and dynanic load.

Peach Bottom Shipping Cask Information

The maximum package weight is conservatively assumed to be 65,000 (57,100 is the total cask weight
without impact limiters + 7,900 is the largest payload weight for use at the ISF Facility) pounds. The
trunnions have an outside diameter of 8 inches, and an inside diameter of 6 inches. The trunnion load is
applied 2.5 inches from the outer shell of the cask.

The material properties are taken from the Westinghouse Safety Analysis Report (Ref. A-26) and are
tabulated below:

V>

I

Material: Type 304 stainless steel

Components: Cavity Shell, Trunnions and Trunnion Plates, Outer Shell Overlay, End Plugs, Cask End Plates

Property 70°F 1()0F 200°F 300°IF 4000 F 5000F Units

S ultimate 75 66 62.5 59.0 57.5 Io, psi

S yield 30 _ 26 23.5 21.0 19.5 lo3 psi

E 28.3 _ 27.8 27.3 26.7 10 psi

a mean 8.46 8.79 9.00 9.19 104 / F

p 0.290 lb/in3

0.3

Where S ultimate = static ultimate strength (minimum), S yield = static yield strength (minimum), E = Young's
Modulus of Elasticity, a mean = coefficient of thermal expansion, p = density, u = Poisson's Ratio.

Evaluation

There are two pairs of trunnions on the Peach Bottom cask. One pair is used with a special lifting device
to rotate, lift and move the cask.

The lifting configuration is classified as a non-redundant or non-dual lift point configuration. Hence, the
I design safety factor of IO on ultimate strength is applicable.

Static Load on Tninnion

| W = 65,000 pounds (total weight of the package)

P = Static load to be supported on each trunnion

I P = 0.51I = 32,500 lb
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Dvnamic Load on Trunnion

Dynamic load takes into account inertia forces and uncertainties in allowing for other influences. To
account for dynamic influences a 15% increase in dead weight is assumed. The 15% factor is based on
guidance from Crane Manufacturers Association of America (CMAA-70, Specification 70, Specifications
for Top Running Bridge and Gantry Type Multiple Girder Electric Overhead Traveling Cranes
(Reference A-27).

PD = Dynamic load to be supported on each trunnion

PD=O.l5Ps =4,875 lb

Load on Trunnion

The load on the trunnion is the sum of the static and dynamic load.

P = Trunnion Load

P = P + PD = 37,375 lb

Geometric Information for Trunnion

Do = Outside diameter of trunnion = 8 inches

D = Inside diameter of trunnion = 6 inches

r = Trunnion outer radius = DJ2 = 4 inches

I = Moment of inertia of trunnion

(pD4 Di4) A (84 - 64) 174 n- ~~ - ~ ~~ -61 - 137.4 in4

64 64

A = Area of cross-section of trunnion

A_(D__-D ) = 7(82 62) in2
A = ____ = 21.99in

4 4

L = Distance from P to junction of trunnion and shipping cask = 2.5 inches

M = Moment at junction = P x L 37,375 lbs x 2.5 inches = 93,438 in-lbs

Maximum bending stress for trunnion

Mr; 93,438in-lbx4in 2
CTB = 1 137.4in4 2,720 psi
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Maximum shear stress for trunnion

P 37,3751b
-A - 219h 2 = 1,700 psi

{ ~ ~~~~~A 21.99in'

Maximum principal bending stress

The maximum trunnion principal stress (SI) is determined by combining shear stress and bending stress as
follows:

SI a-+[(M)2 +r2 )] 0 5 = 3,537psi

2 2
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Material properties

The maximum cask surface temperature at 100F ambient temperature is predicted to be 161 0F (with a
3850 Btu/hr internal heat load (Ref. A-26). For conservatism, use material properties of ultimate strength
at 2000F.

S, = 66,000 psi

Design Safety Factors

The design safety factor, ypu (ultimate), for the trunnions is:

(pu=S./Si= 18.6>10

Conclusions

The trunnions of the Peach Bottom shipping cask satisfy the design safety factors defined in NUREG-
0612 for a non-redundant or non-dual lift point configuration for a single-failure proof handling system.

4.7.3.3.2 Coatings

The transfer casks, original top and bottom lids, and bolts are uncoated. The exposed surfaces of the
transfer casks and original top and bottom lids are stainless steel and do not require any type of coating.

A second top lid, which is used in the transfer of Peach Bottom Core I fuel, is constructed from carbon
steel and does require the use of a coating. The surface of the carbon steel lid (Figures A-21 and A-22)
was prepared by glass beading and was coated with Keeler & Long white epoxy paint No. 3500, which is
Kolor-Poxy Self-Priming Surfacing Enamel (tem 40 on Figure A-2 1). Based on the vendor's website
information, the Keeler & Long No. 3500 product is one of a series of products that is classified as a
protective coating system for nuclear power plants Service Level 11, Il, and balance of plant.

With respect to use in the fuel transfer to the ISF Facility, the lid will be exposed to atmospheric
environments (air, rain, snow) and may be exposed to a potential temperature range of -300 F to 1630F.
The -301F corresponds to the lowest temperature during which DOE-ID plans to move fuel. The 1630F
corresponds to the maximum ambient air temperature expected to occur in the transfer tunnel or fuel
packaging area (refer to SAR Chapter 4 Table 4.2-50). The low-decay heat values of the fuels are such
that they will not heat the lid up to 630F.

The 1SF Facility fuel transfers are a series of dry transfers versus any type of wet fuel pool transfers. As
such, the coatings will be subjected to normal atmospheric environments. The Keeler & Long technical
datasheet for the No. 3500 Kolor-Poxy Self-Priming Surfacing Enamel identifies the temperature
resistance is 350'F. Hence, the coating is compatible with the range of potential environments.
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4.7.3.4 Criticality Evaluation for Spent Fuel Handling Operations

Chapter 4 of the ISF Facility SAR presents criticality evaluations that have been performed by FWENC.
The FWENC evaluations address handling and storage operations after the Peach Bottom transfer cask
has been opened in the Fuel Packaging Area (FPA).

The criticality analyses for the fuels when they are inside a closed Peach Bottom transfer cask were
provided by DOE-ID. These DOE-ID analyses are discussed in this Appendix.

Criticality analyses were performed by DOE-ID (References A-13 and A-14) to confirm that the transfer
configurations for each fuel type will result in a kff less than 0.95.

* A summary of the bounding criticality evaluations for each of the three fuel types in a Peach
Bottom transfer cask is provided in Table A5.] -2.

* No critical configuration was identified for the Shippingport reflector modules or reflector loose
rods that would be transferred in the Peach Bottom cask.

* For the Peach Bottom fuel the maximum number of elements in a given transfer cask is 18 (See
Sections 4.7.1.2.1 and 4.7.1.2.2 of this Appendix). Since 18 is less than the number of elements
identified In Table A5.1-2, no critical configuration is identified.

* For the TRIGA fuel, 90 elements are in a Peach Bottom transfer cask (See Section 4.7.1.2.4 of this
Appendix.). The DOE-ID criticality analyses show that a change in the transfer packaging
configuration is required in order to exceed a k~ff of 0.95.

For the TRIGA fuel, subcritical conditions are maintained by geometry and configuration control. TRIGA
fuel geometry and configuration are provided by the 5-position standard TRIGA fuel can (Figure A-38)
positioned within the TRIGA Bucket (Figure A-3 1). Three tiers of TRIGA Buckets are then positioned
axially within the Lighter Weight Storage Canister Assembly (Figure A-27). A Gap Plug (Figure A-39) is
then placed on top of the third TRIGA Bucket to fill the void in the Lighter Weight Storage Canister
Assembly. The criticality analysis performed by DOE-ID (Reference A-13) modeled the stainless steel
five-position standard TRIGA fuel can (Figure A-38) with 1.75-in diameter tubes. Credit is taken for the
geometry of the five-position standard TRIGA fuel cans. The tubes that make up the cans are assumed to
retain the fuel, and to remain centered on a circle of 2.977 in. minimum and 3.368 in. maximum diameter.
No credit is taken for the stainless steel material that composes the tube walls of the fuel cans. The cans
were modeled in an annulus, with the cans touching. This is closer than the actual configuration of cans
in the TRIGA bucket, but is conservative. The aluminum TRIGA bucket is neglected except that the cans
are positioned as if the bucket were present. The DOE-ID has performed two separate drop analyses of
the TRIGA fuel in the 5-position standard TRIGA fuel can (Reference A-3). The first represents a 27-foot
vertical drop with a bottom end orientation only. The second represents a 1 0-foot side drop. The
conclusions of the analyses are that the welds joining the end fixtures to the standard aluminum and
stainless steel TRIGA elements cannot be shown conclusively to remain intact during the two postulated
drops. Regardless of weld performance, the fuel cylinders themselves will be protected by the graphite
reflectors; will remain intact; and will remain confined to the individual tubes of the 5-position standard
TRIGA fuel can. The 5-position standard TRIGA fuel cans will sustain only minor deformation.

For handling operations within the ISF Facility, the dropping of the Peach Bottom transfer cask is not
considered to be a credible event (Refer to Sections 8.1.1.2 and 8.2.1.2 of this Appendix). Since no
credible event has been identified that would result in a change to the geometry or configuration of the
TRIGA fuel, subcritical conditions are maintained.
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Number of Fuel Elements

A control on the number of fuel elements in the transfer cask is achieved through the following special
technique.

Special Technique. As stated in Section 3.1.1 of the ISF Facility SAR, the Shippingport reflector
modules contained no fissile material at beginning of life. Further, as described in the SF Facility SAR,
Chapter 4, Appendix 4A, Criticality Models, the amount of enrichment that occurred during reactor
operations results in this fuel containing insufficient fissile material to reach a kff of 0.95 or greater.
Hence, there is no limit on the amount of Shippingport Reflector modules in the transfer cask with respect
to maintaining subcriticality. The number of Peach Bottom and TRIGA fuel elements that can be placed
in a transfer cask are limited by the design of the baskets and fuel containers that are loaded into the
transfer cask. The fuel packaging for each fuel type is discussed in Section 4.7.1.2 of this Appendix.

Mass of Loose Fissile Material

Special Techniques. For the different fuel types, the separation of the uranium from the fuel matrix is
considered unlikely based on the manufacturing processes associated with the respective fuel matrix.
DOE-ID has performed analyses (Ref. A-14) to determine the mass of Peach Bottom Core 1 and Core 2
fuel required to achieve kff greater than 0.95. These analyses assumed the fuel elements were completely
rubblized. Assuming dry conditions greater than 18 elements of Peach Bottom Core I fuel and greater
than 12 elements of Peach Bottom Core 2 vere required to exceed a keff of 0.95. Since the Peach Bottom
Core 1 shipments are limited to 18 elements, and Peach Bottom Core 2 shipments will not exceed 12
elements, no special techniques are required. Shippingport reflectors and TRIGA elements must be intact
as part of the acceptance criteria for the DOE-ID preparing them for transfer. The cladding of the
Shippingport reflectors and TRIGA fuel elements prevent the occurrence of loose fissile material.

Physical Separation of Sets of Fuel Elements by Engineered Features and Geometric
Control Provided by DOE-ID Canister and Packaging Configurations

Special Technique. During the Shippingport repackaging campaign, criticality control is maintained by
the radionuclide composition of the reflector. Therefore physical separations of sets of reflector elements
and geometric control are not required.

Principal Design Features. The DOE-ID canister and packaging configurations for Peach Bottom and
TRIGA fuels are required to provide the necessary geometry control and configuration to ensure that
criticality safety requirements of the ISF Facility are met. DOE-ID has performed drop analyses on the
Peach Bottom cask (Reference A-2) as weell as the Peach Bottom cask containing Peach Bottom and
TRIGA fuel containers (References A-3, A-5, and A-6). The results of these analyses have shown that
the containers provide physical separation of all sets of fuel elements and maintain geometric control. For
the Shippingport reflector modules, there is insufficient fissile material for a criticality concern, therefore,
no design features are required.

5.1.3.2 Chemical Safety

Not applicable to the Peach Bottom cask.
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5.1.3.3 Operation Shutdown Mode

This topic is addressed in the ISF Facility SAR.

5.1.3.4 Instrumentation

The Peach Bottom casks are each fitted with four quick disconnect fittings. These are located within the
Peach Bottom cask trunnions (see Figure A-5).

5.1.3.5 Maintenance Techniques

The Peach Bottom cask is government equipment furnished by the DOE-ID. Its maintenance is controlled
by the DOE-ID and through DOE-ID's support contractor. Routine inspections performed on tile Peach
Bottom cask are summarized in Section 4.5 of this Appendix.

5.2 FUEL HANDLING SYSTEM

This topic is addressed in the ISF Facility SAR.

5.3 OTHER OPERATING SYSTEMS

Not applicable to the DOE-ID Peach Bottom transfer cask.

5.4 OPERATION SUPPORT SYSTEMS

Not applicable to the DOE-ID Peach Bottom transfer cask.

5.5 CONTROL ROOM AND CONTROL AREAS

Not applicable to the DOE-ID Peach Bottom transfer cask.

5.6 ANALYTICAL SAMPLING

This topic is addressed the ISF Facility SAR.

6.0 SITE-GENERATED WASTE CONFINEMENT AND
MANAGEMENT

The transfer of SNF to the ISF Facility in the Peach Bottom-I and Peach Bottom-2 casks will not create
any waste at the ISF Facility beyond those described in Chapter 6 of the ISF Facility SAR.

7.0 RADIATION PROTECTION

7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE
ALARA

This topic is addressed in the ISF Facility SAR.
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7.2 RADIATION SOURCES

This topic is addressed in the 1SF Facility SAR.

7.3 RADIATION PROTECTION DESIGN FEATURES

7.3.1 Installation Design Features

This topic is addressed in the ISF Facility SAR.

7.3.2 Shielding

The Peach Bottom cask is used to transfer the fuel to the 1SF Facility. The cask was originally designed to
shield irradiated and unirradiated fuel such that the radiation levels on contact do not exceed
200 mrem/hr. Shielding analysis was performed, as documented in Section 7.3.2 of the 1SF Facility SAR,
to determine the dose rates for handling TRIGA fuel. The TRIGA source term was selected because it
provides the bounding photon flux for all fuel types (see 1SF Facility SAR Section 7.3.2). This
configuration included the maximum 90 TRIGA elements that DOE-ID will transfer in the cask. The
results of the shielding analysis show that the expected surface dose rates are well within the Peach
Bottom cask design criteria of 200 mrem/hr on contact. The peak combined dose rate at contact will be
less than 33 mrem/hr.

7.3.3 Ventilation

Not applicable to the DOE-ID Peach Bottom transfer cask

7.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

This topic is addressed in the 1SF Facility SAR.

7.4 ESTIMATED ONSITE COLLECTIVE DOSE ASSESSMENT

This topic is addressed in the 1SF Facility SAR. The calculated dose rates within the 1SF Facility for the
Peach Bottom cask is 11.2 mrem/hr at 1 foot for the bounding TRIGA fuel.

7.5 HEALTH PHYSICS PROGRAMS

This topic is addressed in the 1SF Facility SAR.

7.6 ESTIMATED OFFSITE COLLECTIVE DOSE ASSESSMENT

This topic is addressed in the 1SF Facility SAR. The ISF Facility controlled area boundary is 13,700m
from the facility; therefore, dose rates at the offsite boundary are considered insignificant for normal
transfer activities. DOE-ID has performed offsite dose evaluations resulting from a cask drop accident
which was calculated to result in only 0.02 mrem TEDE (Reference A-7).
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8.0 ACCIDENTr ANALYSES

Credible off-normal events and accidents within the ISF Facility are discussed in the ISF Facility SAR.
Supporting analyses have been prepared by DOE-ID to address bounding off-normal events and accidents
specific to transfer operations associated with the Peach Bottom cask containing SNF. This chapter of the
Appendix discusses off-normal and accident conditions involving the cask that could occur within the ISF
Facility. The historical Peach Bottom cask safety analysis report (Ref A-16) for packaging and the
analyses performed by DOE-ID (References A-2 through A-14) have been incorporated into the off-
normal and credible cask-handling accidents that could occur at the ISF Facility discussed in the
following sections.

8.1 CASK OFF-NORMAL OPERATIONS AT ISF FACILITY

The following off-normal events are postulated and evaluated for the Peach Bottom casks at the ISF
Facility. These off-normal scenarios and their respective evaluations have been compared with the
DOE-ID analyses (References A-2 through A-14) to confirm that the DOE-ID analyses are bounding for
credible and postulated off-normal events at the ISF Facility involving the Peach Bottom cask.

8.1.1 Transfer Cask Events

8.1.1.1 Cask Pressurization

Misventing of a pressurized cask is evaluated in Section 8.1 of the SF Facility SAR. Additional
information on the impact of pressurization on the Peach Bottom casks follows.

Before transfer to the SF Facility, the transfer cask is loaded under atmospheric conditions. It is unlikely
that the transfer cask is capable of retaining an internal pressure since the O-rings will not be installed for
fuel transfers to the ISF Facility.

Pressure rise in the transfer cask during movement from the INTEC to the ISF Facility would result
primarily from heating of the transfer cask airspace from internal and external heat sources. A breech
during transfer of a DOE-ID fuel container could contribute to a limited additional pressure rise from the
gas used to backfill the container. However, due to the short transfer distance and container inspection
before transfer, failure is not expected. Due to the mass of the transfer cask and the relatively short
transportation time, significant pressurization of tile transfer cask is not expected under normal
conditions.

To determine a bounding off-normal cask pressure, the cask is assumed to be loaded at the off-normal
temperature of -40'F at atmospheric pressure. The Safety Analysis Report submitted with the application
for a Certificate of Compliance for the Peach Bottom Cask (Reference A-I 6) performed a thermal
evaluation of the cask assuming 1 30'F ambient air temperature, full solar insolation, and an internal heat
load of 14, 250 BTU/hr. Under these conditions, the average internal temperature of the cask was
calculated to be approximately 31 51F. These conditions are more extreme than will be encountered for
the ISF Facility transfers since the internal heat load is approximately an order of magnitude less than that
used in the application for a COC, and the off-normal ambient air temperature is only 101 'F. Using the
ideal gas laws, the internal transfer cask expansion from increasing the temperature from -401F to 31 51F
was estimated, to conservatively bound any realistic conditions for this configuration. The internal
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volume of the transfer cask for this temperature change is conservatively assumed to remain unchanged.
Using the ideal gas law:

(PV,)/Tr = (P2V2)fI 2; or P2 = ((T2V)/(TIV2)) x PI

Where: P = 14.7 psia or I atm; V = V2 = Units cancel; T, = -40'F or 2330 K; T2 = 3 5F
or 430.20 K

P2 = (430.2/233) x 1.0 atm = 1.85 atm or 12.5 psig

As discussed above this calculation is very conservative. Even under this very conservative evaluation
the pressure increase is significantly less than the 100 psig rating of the cask.

This event involves no change to the fuel or structural integrity configuration. Hence, there is no change
in criticality, confinement, or retrievability of the spent nuclear fuel.

8.1.1.2 Cask Drop Less Than Dcsign Allowable Height

This event is evaluated in Section 8.1 of the SF Facility SAR. Additional information on the impact of a
drop on the Peach Bottom casks follows.

Dropping the DOE-ID transfer cask during handling is not considered a credible off-normal event. The
cask receipt crane and interfacing lifting devices are designed in accordance with the guidance contained
in NUREG-0612 (Ref. A- 9). The cask receipt crane is designed in accordance with NUREG-0554,
Single-Failere-ProofCranes for Nluclear Powt'er Plants (Ref. A-I8). The cask lifting yoke that is used to
lift the cask from the transporter and loading into the Cask Trolley is designed as specified in ANSI
N14.6-1993 (Ref.A-20), with the more conservative design margins specified in NUREG-0612 applied.
The Peach Bottom cask trunnions are evaluated in Section 4.7.3.3.1 of this Appendix and are also
demonstrated to meet the single failure proof design margins specified in NUREG-0612. Therefore,
dropping the transfer cask during hoisting operations is not considered a credible event.

8.1.2 Fuel Packaging Events

8.1.2.1 Attempt to Lower Fuel Container Into Occupied Fuel Station

The postulated cause, detection, and analysis of this event are provided in the ISF Facility SAR. The
analysis identified a maximum impact deceleration force that may be applied to the fuel containers,
transported in the Peach Bottom cask. The DOE-ID containers were designed specifically for handling
and storing these fuels. ISF Facility operations associated with these containers will not introduce any
unusual handling hazards, and the DOE-ID containers are expected to maintain integrity and prevent
damage to the fuel during these off-normal events.
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8.1.3 Fuel Storage Events

Not applicable to the DOE-ID Peach Bottom transfer cask

8.1.4 Waste Handling Events

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.1.5 Other Events

8.1.5.1 Ventilation System Failures

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.1.5.2 Loss of External Power Supply for a Limited Duration

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.1.5.3 Off-Normal Ambient Temperatures

This event is evaluated in Section 8.1 of the ISF Facility SAR. Additional information on the impact of
off-normal ambient temperatures on the Peach Bottom casks follows.

The Peach Bottom casks are designed to withstand environmental extremes, including extended off-
normal ambient temperatures, without adverse effects to the fuel. The ISF cask-handling operations are
bounded by the DOE-ID transportation requirements and evaluations. The thermal analysis presented in
Safety Analysis for the Shipment of Peach Bottom No. I Irradiated Fuel Elements in Whitehead & Kales
Shipping Cask Model No. PB-1 (Ref. A-16) assumed a cask heat load of 14,250 Btu/hr decay heat plus
3540 Btu/hr insolation. Under normal conditions of transport with ambient air temperature between -40F
and 130'F were assumed for the analysis. To maximize the cask temperature extremes, the cask was
assumed to be exposed to direct sunlight when ambient air temperature was 130 0 F, and shade was
assumed when temperature was -40F. These temperatures bound the off-normal external air temperature
range of the ISF Facility (40F to I01IF). The calculated maximum temperatures in the Peach Bottom-I
cask were based on the highest ambient temperature (130'F with solar insolation):

hottest fuel canister temperature: 4500F

hottest basket temperature: 3750 F

cask outer shell temperature: 2400 F

cask outer overlay shell temperature: 2000 F

The Peach Bottom-I cask analysis assumes a cask is loaded with 19 Peach Bottom elements, each with a
maximum decay heat of 750 BtuAr. The maximum total heat load in the cask is then determined by
multiplying the number of fuel elements by the maximum per element decay heat rate. The maximum
cask heat load from the SNF is 14,25OBtu/hr (4176 watts). The Peach Bottom I basket structure is
fabricated from aluminum tubes and plates.
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This can be considered a bounding thermal analysis for the Peach Bottom-I cask when used to transfer
Peach Bottom I and 2 fuel, TRIGA aluminum or stainless clad fuel, and Shippingport reflector modules.

The thermal load of the Peach Bottom I cask when delivering SF fuel elements is shown in
Table A8.1-1.

The highest incoming heat load in the Peach Bottom I cask is 12 Peach Bottom Core 2 elements. At
approximately 40 watts, this is two orders of magnitude less than the maximum design heat load for the
Peach Bottom-] cask. Therefore the ISF fuel heat loads will not challenge the thermal and structural
performance of the Peach Bottom-i cask.

8.1.6 Radiological Impact From Off-Normal Operations

This topic is addressed in Section 8.1 and Table 8.1-1 of the SF Facility SAR.

8.2 ACCIDENTS

The following accidents are postulated and evaluated for the Peach Bottom casks at the ISF Facility.
These hypothetical accident scenarios and their respective evaluations have been compared with the
DOE-ID safety analyses to ensure that the DOE-ID input is bounded for all credible and postulated
accidents at the ISF Facility involving the Peach Bottom casks.

8.2.1 Transfer Cask Events

8.2.1.1 Vehicular Collision With Transporter

Cause of Accident

Collision of a vehicle with a Peach Bottom cask during transfer from the SF site boundary fence to the
Cask Receipt Area is postulated to occur as a result of human error. Impact of the transporter with the SF
Facility structure is addressed in Section 8.2 of the SF Facility SAR. Impact between the cask transporter
and another vehicle is discussed belov.

Accident Analysis

As discussed in Chapter 2 of the SF Facility SAR, the SF Facility is on a controlled site where vehicle
access is restricted. The closest public highway with uncontrolled access is approximately 10 miles from
the ISF. Roads closer to the SF are access controlled. Therefore, collisions with vehicles originating from
offsite are not postulated to occur.

Onsite SF traffic is minimal, and is administratively controlled during spent fuel transfer activities.
However, a vehicular collision with the DOE-ID Peach Bottom transfer cask transport vehicle could be
postulated. Any postulated accident would occur between the site fence and the facility entrance and
would be limited with respect to speed, frequency, and consequences by the short distance and the site
control procedures. The potential frequency and consequences would be conservatively bounded by
postulated transportation accidents during transit to the ISF site. The Peach Bottom casks were previously
licensed for over-the-road highway transport under COC No. USA/6375/B( )F (Ref A-23) and, as such,
wvere demonstrated to withstand postulated transportation accidents. The analyzed configuration included
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the use of the cask impact limiters. The safe transportation of the DOE-ID Peach Bottom transfer casks
without installed impact limiters has been demonstrated in the DOE-ID analyses (Reference A-2).

Radiological Consequences

The PB Cask drop evaluation discussed in Section 3.3.2.1.1 of this Appendix bound the radiological
consequences from this postulated event.

8.2.1.2 Transfer Cask Drop Scenarios

8.2.1.2.1 Transfer Cask Drop During Hoisting Operations

This accident is evaluated in Section 8.2 of the ISF Facility SAR. The evaluation of the cask trunnions to
NUREG-0612 criterion was presented in Section 4.7.3.3.1 of this Appendix. No additional analysis was
performed for this postulated ISF Facility cask drop since the lifting configuration described in the ISF
Facility SAR ensures that a drop is not credible, as summarized in Section 8.1.1.2 of this Appendix.

8.2.1.2.2 Transfer Cask Drop Off the Transport Trailer

The transport trailers for the transfer casks (Trailer No. 71801 and 71808) were not classified as important
to safety since they do not provide functions associated with confinement, criticality control, heat
removal, or protection of the fuel containers. In addition, no credible failure of a transport trailer has been
identified that would prevent the DOE-ID transfer cask from performing its important to safety functions
during spent fuel transfer to the ISF Facility.

As part of the original safety analysis prepared in support of the original COC (Ref A- 6), analyses of a
30-foot drop onto a hard-unyielding surface in end, side, and corner orientations were provided in order to
demonstrate the cask's performance in meeting 10 CFR Part 71 acceptance criteria. This analysis
included consideration of the dampening effect from impact limiters.

DOE-ID has provided an updated analysis for a Peach Bottom cask drop without impact limiters
(Reference A-2). The purpose of the analysis was to evaluate the capability of the cask structure to
maintain a confinement barrier for the enclosed contents during the drop scenarios considered. The DOE-
ID drop analysis was performed for tvo different cask configurations. The first configuration is Peach
Bottom Cask configured to transfer the Peach Bottom Core 2 fuels, Shippingport reflector modules, and
TRIGA fuels. The cask configurations for each of these are shown on Figures A-2 through A4,
respectively. The second Peach Bottom cask configuration is used to transfer the Peach Bottom Core I
fuel, which is shown on Figure A- 1. The worst-case cask loadings were used for each of these
configurations. For the first configuration, a Shippingport package weight of 10,000 pounds was
assumed. For the second configuration a 3260 pound loaded weight of the basket/canister assembly was
used. Three drop scenarios were selected by DOE-ID as bounding for the planned operations and
shipping configurations. These scenarios are:

a) A 27 foot drop using configuration I described above. This analysis was based on installation of
the original lead-filled lids retained with eight bolts in each lid.
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b) An 8 foot drop using configuration I described above. This analysis was based on installation of
the original lead-filled lids retained with eight bolts in the top lid and four bolts installed in the
bottom lid.

c) An 8 foot drop using configurations 2 described above. This analysis w~as based on installation of a
solid carbon steel top lid with eight bolts installed and the original lead-filled bottom lid with only
four bolts installed.

These above analyses were performed based on impact on an unyielding surface. DOE-ID also performed
analysis associated with a 10 foot drop onto a concrete surface. The results of these analyses concluded
that cask confinement barrier capability w~as maintained.
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8.2.1.3 Transfer Cask Tipovcr

This topic is addressed in the ISF Facility SAR.

8.2.1.4 Cask Trolley Collision Events

This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of
a cask trolley collision on the Peach Bottom cask follows.

The cask trolley is used to move the loaded cask into the SF Facility's Transfer Tunnel and to return the
empty cask to the Cask Receipt Area of the SF Facility. The cask trolley rides on rails. This limited
movement path prevents any credible impacts on the structural members or fixed location components.
However, the SF Facility's inner and outer Transfer Tunnel doors and canister trolley operate on the
same track, and therefore are potential impact sites during movement of the cask trolley. Proximity
sensors in the Transfer Tunnel provide positional information for control and operational interlock
functions and initiation of speed controller functions (deceleration, etc.) to facilitate accurate positioning
at each trolley stopping station. Over travel of the trolley is prevented by end-of-travel shunt limit
switches hardwired into the drive contactor control circuit. In addition, bumpers at each end minimize
impact against the canister trolley, rail-mounted end stops, or inadvertently closed doors. The cask trolley
is designed for impacts at velocities up to the maximum operating speed of 10 fpm without damage to the
trolley or cask. The cask trolley impact against the rail stops or canister trolley w'ill be minimized by
bumpers designed for an average rate of deceleration of 4.7 ft/sec2 (0.15 g) in accordance with CMAA 70
(Ref. A-27). The resulting stresses on the cask from this deceleration are well within the bounds of a
3-foot side drop previously analyzed by DOE-ID in the Safety Analysis for Shipment of LWBR Fuel in
the Peach Bottom BP-2 Cask from ECF to CPP (RefA-26). That analysis resulted in a "g" loading on
the cask of 41.5 g. The analysis demonstrated that the trunnion would partially crush but the cask outer
shell would not puncture, the impact would not result in a permanent bend in the shell, and the shell welds
would not yield. Thus a 0.15 g force that would result from a Cask Trolley collision event will cause no
significant damage to the cask.

8.2.2 Fuel Packaging Events

8.2.2.1 Failure of DOE-ID Fuel Container During Handling

This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of
a fuel container failure follows.

This accident consists of dropping a DOE-ID fuel container from the maximum height of the ISF
Facility's fuel handling machine (FHM) into the Peach Bottom cask, or onto the FPA floor. The loaded
DOE-ID fuel containers are handled by single-failure-proof lifting devices as described in Section 4.7 of
the SF Facility SAR. The structural integrity of the DOE-ID fuel container attachment points to the
suspension system, and capability to support the postulated loads have been analyzed by DOE-ID and
shown to be acceptable for loading into the Peach Bottom cask and transfer to the ISF Facility.
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The consequences of a drop event involving the DOE-ID fuel containers have been analyzed. At the ISF
Facility, lifting of these DOE-ID fuel containers only occurs from the Transfer Cask into the FPA or
within the FPA. A drop of a DOE-ID fuel container would not create a criticality concern as discussed in
Section 4.7.3.4 of this Appendix. The drop could result in damage to the fuel and the fuel container, but
the release of radioactive material would occur within the confinement barrier of the FPA, thereby
minimizing the release to the environment. Section 8.2.4.5 of the ISF Facility SAR provides a discussion
of the Maximum Hypothetical Accident Dose.

8.2.2.2 Drop of ISF Basket During Handling

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.2.2.3 Canister Trolley Movement in Raised Position

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.2.3 Fuel Storage Accidents

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.2.4 Other Postulated Accidents

8.2.4.1 Adiabatic Hleatup

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.2.4.2 Loss of Shielding

Postulated events that could impact shielding on the DOE-ID transfer cask include vehicular collision
with the transporter, transfer cask drop or tipover, fire and explosion, or tornado missile impact, all of
which are covered in subsections of 8.2 of this Appendix.

8.2.4.3 Building Structural Failure onto Structures, Systems, or Components

This accident is evaluated in Section 8.2 of the SF Facility SAR. Additional information on the impact of
building structural failure on the Peach Bottom casks follows.

Failure of the building structures is not considered credible due to natural phenomena or overstressing of
lifting mechanisms. However, the truck used for transporting the Peach Bottom casks containing SNF
could hit the Cask Receipt Area structure. ISF procedures limit the use and speed of vehicles within the
controlled area to minimize the potential for vehicle impact. A cask drop could result from an impact to
the structure with sufficient force to cause structure damage. The only scenario with a cask in the elevated
position, and with the potential for sufficient vehicle speed (and therefore sufficient impact energy),
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would occur while loading the empty cask on the truck for return. As there would be no SNF involved,
there would be no significant radiological consequences. A transporter impact event involving a loaded
cask could only occur while the cask was on the truck and the truck was being moved into the facility. In
this event, cask drop would be minimized and the fuel container would be protected by the transfer cask.
The scenario would be bounded by the cask drop accident analyzed by the DOE-ID (Reference A-2).
Once unloading of the cask begins, the truck moves slowly and in limited increments within the Cask
Receipt Area.

8.2.4.4 Fire and Explosion

This accident is evaluated in Section 8.2 of the SF Facility SAR. Additional information on the impact of
fire and explosion on the Peach Bottom casks follows.

For fire hazard evaluation purposes, the SF Facility is divided into three fire areas, each of which is
divided into multiple fire zones. Fire Area I, which includes the Transfer Tunnel through which the cask
passes, and Fire Zone 1 of Fire Area 3, which includes the Cask Receipt Area, are of primary concern for
cask operations. Fire and explosion hazards for the ISF Facility are discussed in depth in Section 8.2.4.4
of the ISF Facility SAR.

The worst-case fire loading in the areas of the SF Facility where the Peach Bottom cask is handled
amounts to less than a 30-minute equivalent fire duration. This is not a safety concern for the Peach
Bottom casks, as the original Peach Bottom cask safety analysis (Ref A-1 6) for the Peach Bottom fuels
demonstrated that the cask met the regulatory criteria of 10 CFR 71 for the hypothetical fire accident.
After exposure to a 14750F fire for 30 minutes, the maximum temperature of the lead shielding and inner
liner of the cask was 4260F. Since lead melts at 621F, no lead melt occurs and there is no loss of
shielding integrity. Because the maximum fire duration will be less than 30 minutes based on combustible
loading, the cask inner liner and fuel temperatures will be less than 4261F.

8.2.5 External Events

8.2.5.1 Loss of External Power for an Extended Interval

Not applicable to the DOE-ID Peach Bottom transfer cask.

8.2.5.2 Earthquake

This topic is addressed in the 1SF Facility SAR.

8.2.5.3 Flood

This topic is addressed in the ISF Facility SAR.

8.2.5.4 Extreme Wind

This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of
a tornado on the Peach Bottom casks follows.
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The design basis tornado is analyzed in Section 8.2 of the ISF Facility SAR. Two cases defined and
analyzed therein involve performance of the Peach Bottom casks to maintain a confinement barrier for the
SNF.

Case 1 - Outside Receipt Area

While a Peach Bottom cask is inside the ISF Facility site boundary but outside of the Cask Receipt Area, it is
subject to design basis tornado (DBT) winds, missiles and differential pressures. The Peach Bottom cask has
been analyzed to survive drops of up to 27 feet without loss of the cask confinement barrier. This analysis is
considered to bound the cases of overturning the cask/trailer by the DBT winds and the DBT missile loadings.

Case 2 - Inside Receipt Area, Peach Bottom Cask on Transporter, Unsecured with Impact Limiters
Removed

Case 2 assumes a Peach Bottom cask is on the transporter, but is within the Cask Receipt Area with the cask
tiedown attachments removed. As in Case 1, the confinement barrier is provided by the cask. DBT loadings
were utilized in the design of the Cask Receipt Area structure, therefore, this structure is assumed not to fail
and impact the DOE-ID transfer cask during this event. The impact of non-structural members of the Cask
Receipt Area (e.g., the sheet metal siding) is bounded by the Spectrum 11 missiles assumed in the analysis in
the ISF Facility SAR, Chapter 8. Therefore, analyses of the DBT loadings remain limited to the loadings
identified in Table 3.2-1 of the SF Facility SAR. The evaluations discussed above bound this configuration
as well.

8.2.5.5 Lightning

This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional infonnation on the impact of
lightning on the Peach Bottom casks follows.

The Peach Bottom casks will be briefly transiting from the ISF Facility gates to the covered Cask Receipt
Area. The casks will be resting on rubber-tired transporters during the time that they are outside the
facility. The rubber tires will insulate the cask and transporter from ground, thereby preventing a
significant surge of electrical current from passing through the cask body in the event of a lightning strike.

8.2.5.6 Accidents at Nearby Sites

This topic is addressed in the ISF Facility SAR.

8.2.5.7 Volcanism - Basaltic Lava Flow

This topic is addressed in the ISF Facility SAR.

8.2.5.8 Aircraft Impact

This topic is addressed in the ISF Facility SAR.

8.3 SITE CHARACTERISTICS AFFECTING SAFETY ANALYSIS

This topic is addressed in the ISF Facility SAR.
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9.0 CONDUCT OF OPERATIONS

Conduct of operations at the SF Facility is addressed in the ISF Facility SAR. Conduct of operations
specific to loading of the Peach Bottom casks at fuel storage facilities on the NEEL site and transfer to
the SF Facility site is under the DOE-ID jurisdiction. An overview of the operations associated with the
DOE-ID fuel transfer process is provided in Figures A-I through A-4.

10.0 OPERATING CONTROLS AND LIMITS

Operating controls and limits within the SF Facility are addressed in the ISF Facility SAR.

11.0 QUALITY ASSURANCE

Quality assurance relative to the SF Facility, and operations therein, is the responsibility of FWENC and
is described in the ISF Facility Quality Program Plan (Ref A-28). Quality assurance associated with the
DOE-ID provided Peach Bottom transfer casks, and the SNF to be transferred therein, is the responsibility
of DOE-ID. All work performed in support of this contract by DOE-ID and/or its support contractor is
being performed under the DOE Office of Civilian Radioactive Waste Management's QARD,
DOE/RW-0333P (Ref A-24), which has been accepted by the NRC for work performed under 10 CFR
Parts 60, 71, and 72.

With respect to the SNF, DOE-ID will provide a shipping manifest for each fuel shipment. The manifest
will be provided to FWENC for review as part of the onsite acceptance of the shipment. This manifest
will be prepared by DOE-ID under the established DOE QA Program (Ref A-24),
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Table A3.3-1
DOE-ID Transfer Cask Key Equipment Selected to Provide Protection to the Spent Nuclear Fuel

Equipment Name Key Equipment Items Key Design Criteria

DOE-ID transfer cask Cask 10 CFR 71 (January 1970) (per

(Government furnished equipment Ref. A-16)
- Peach Bottom casks PB-I and 3715 Watt internal heat source
PB-2) term (per Ref. A-16)

Welding procedures for cask
construction "are essentially those
of the ASME Boilers and Pressure
Vessel Code Section VIII Unfired
Pressure Vessels, 1962 Edition"
(per Ref. A-16)

Trunnions 10 CFR 71.31 (January 1970)
(support 3 times the loaded weight)
(per Ref. A-16)
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Table A4.7-1
Peach Bottom Cask Dimensions and Weights)

Overall length with lids 170 inches

Overall length with impact limiters 191 inches

Cask cavity length 159 inches

Outside diameter 42.6 inches

Cask cavity inside diameter 26 inches

Trunnion span 50 inches

Trunnion spacing (center-to-center) 12 f- O inches(2)

Trunnion outside diameter 8 inches

Trunnion length 4 inches

Cask lid thickness 7 inches (original configuration)

6.25 inches (new A36 steel top lid)

Cavity wall inner thickness 0.25 inches

Cask outer wall thickness 1.5 inches

Outer skin (cladding) thickness 0.25 inches

Lead shielding thickness 6.25 inches in central 110-inch section of cask length;
5.25 inches for 24.5-inch length from bottom of cavity at each
end
4.0 inches at each end lid (original configuration)

Impact limiter length (ea.) 9 inches

Lid bolt diameter 1.25 inches

Cask body weight 53,110 lb

Cask lid weight (ea.) 1,995 lb (original lead-filled design)

-1,841 lb (new A36 steel top lid)

Total cask weight (empty) 58,260 lb (original with impact limiters)

57,100 lb (original w/o impact limiters)

-56,946 lb (with new A36 steel top lid and w/o impact limiters)

(I) Dimensions from DOE-ID provided Peach Bottom cask design drawings in Figures A-5 through A-7 and
from Reference A- 16.

(2) PB-I and PB-2 actual dimensions have been field-verified by DOE-ID and are shown on Figures A-32
through A-34).

I

I
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Table A4.7-2
Peach Bottom Cask Construction Materials

Cask body Carbon steel, AISI 1025 (original material)
Cask body outer skin Stainless steel, Type 304 (replacement material)

Inner cavity shell Stainless steel, Type 304 (original material)

Trunnions Stainless steel, Type 304 (original material)

Trunnion reinforcing plates Stainless steel, Type 304 (original material)

Cask Top Lid #1I") 6.25" thick, carbon steel, Type A36 (INEEL design) (new
material)

Cask Top Lid 92(2) 4" lead sandwiched between two plates of 1.5" Type 304
stainless steel (original materials)

Cask Bottom Lid 4" lead sandwiched between two plates of 1.5" Type 304
stainless steel (original materials)

Cask closure lid bolts ASTM A-276, UNS 21800 Nitronic 60) (new material)

(I) Top Lid 1 to be used only with Peach Bottom Core I fuel canisters.
(2) Top Lid #2 to be used for all other fuel transfers.
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Table A4.7-3
Transfer Cask Materials Mechanical Properties

I I Temperature-F
Material Property Unit 70 100 200 | 300 |100 500

Cavi shil T nioi s and -Trnion Plates, End Plugs Cask- nd Plates (st'ain es eel "ortion of ti 'o inal <
s ssssl s's sndwi'ch'lids) (oiinalmate als ;Ouier S ell O rla (replaeme t n i Tp 304 Stainless eel'

S. I01 psi 75 66 62.5 59.0 57.5

SYI 010 psi 30 26 23.5 21.0 19.5

E 106 psi 28.3 27.8 27.3 26.7 26.1

a 10 4 /oF 8.46 8.79 9.00 9.19 9.37
P lb/in' 0.290

v 0.3
.g r Cask Outer Shell (onginaltrnate'ial).ASTM'A36_(AIS 02 ioSt el ied fodesi n po;)

S. 1 psi 55 -- 52.25 51.7

SY lOpsi 36 34.2 32.7 -

E 1o6 psi 29.0 28.13 27.55
a. 10-4 /°F 6.3 6.3
p lb/in3 0.283

v 0.3
-; . -,i - p Lid~i v aerial): AS'T; 36C: on Steel ___ __-_'_

SY ] 103 psi 36 [ _ I _ I
, &fi;~ '<1Lid olt inerte' ij AST A-276;'NS2 00(it ~nic';y -* . -N_ ;-_

Sy 103 psi 50.0

SU 103 psi 5.0
______________________ .~Gmma shilding origlin 1m al)::Cst Lead-- -4,~vj ~~~

S,, Io~, si 5.I
SY__ __ _ __1_ 03psi 1.0 _ _ _ _ _ _ __ _ _ _ _ _ _

E 106 psi 2.0

p lb/in3 0.41 .

,. ,.,<.;i', '>~' ''^s.T'y'peW304 Stainles'Steel Base Metals,& Electrode Mat rials as Specified in.?48-WP-101 i,- 
Bas Metal (originalh m als i<IK•, ^ Eiect odi Materiai ri"' I'

Type Material S, Material si
Ksi Ksi

(I) Plate ASTM A-167 TP 304 75.0 ASTM A-298 E-308-15 lime coated
(2) Pipe ASTM A-312 TP 304 75.0 80.0
(3) Bars ASTM A-276 TP 304 75.0 ASTM A-371 GR-308 (TIG Process) 80.0

(4) Plate ASTM A-240 TP 304 75.0 ASTM A-276-65 E-308-L 80.0
Tungsten electrodes are non-consumable and do ASTM B-297 EWTh-2 (tungsten) N A
not become part of a welded joint. _ _
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Table A4.7-4 Sheet I of 2
Exceptions to Codes and Standards for the Transfer Casks

Reference Code or Standard Exception, Justification &
Section/Article Code or Standard Requirement Compensatory Measures

ASME Section VIll 1962 Edition, (a) Material subject to stress due to ASTM A-167 is not listed in the
Subsection A General Requirements pressure shall conform to one of the 1962 Edition of ASME Section Vill
UG-5 General. specifications in Section 11 of the or Section II. ASTM A-167 had a

Code and shall be limited to those 1963 and 1969 edition. A review of
that are permitted in the applicable the Chemical Requirements (Table
Part of Subsection C, except as I) and Mechanical Property
otherwise permitted in Paragraphs Requirements (Table 2) for Type
UG-IO and UG-I 1. 304 in the 1969 Edition shows that

they are the same as for ASTM A-
240 TP304 in the 1962 Edition of
Section Vill. In addition, the
drawings have no specific call out
for ASTM A-167. Addendum 4
(dated August 14, 1974) of the
Safety Analysis Report provides
actual materials stress properties. No
further compensatory measures are
considered necessary.

ASME Section Vill 1962 Edition, (a) Material subject to stress due to ASTM A-276 is not listed in the
Subsection A General Requirements pressure shall conform to one of the 1962 Edition of ASME Section VIll
UG-5 General. specifications in Section 11 of the or Section 11. ASTM A-276 had

Code and shall be limited to those 1962, 1963, and 1965 editions. This
that are permitted in the applicable standard is for bar stock shapes. The
Part of Subsection C, except as only call outs for bar stock are on
otherwise permitted in Paragraphs drawings BMI Dwg. Nos. 0029 Rev
UG-10 and UG- 1. C, 0031 Rev C, and 0037 Rev A.

The bar stock does not function as
part of the pressure boundary or a
load path. No further compensatory
measures are considered necessary.

ASME Section Vill 1962 Edition, (a) Material subject to stress due to ASME A-371 GR-308 (TIG
Subsection A General Requirements pressure shall conform to one of the Process) is not listed in the 1962
UG-5 General. specifications in Section 11 of the Edition of ASME Section 11

Code and shall be limited to those electrode material. ASME Section If
that are permitted in the applicable 1962 Edition contains a specification
Part of Subsection C, except as for ASTM A-371. It lists ER-308. It
otherwise permitted in Paragraphs is assumed that the GR-308 is the
UG-10 and UG- 1. same as ER-308. No further

compensatory measures are
considered necessary.
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Table A4.7-4 Sheet 2 of 2
Exceptions to Codes and Standards for the Transfer Casks

Reference Code or Standard Exception, Justification &
Section/Article Code or Standard Requirement Compensatory Measures

ASME Section ViIl 1962 Edition, (a) Material subject to stress due to ASTM A-276-65 E-308-L is not
Subsection A General Requirements pressure shall conform to one of the listed in the 1962 Edition of ASME
UG-5 General. specifications in Section 11 ofthe Section 11 electrode material. As

Code and shall be limited to those noted above, ASME Section 11 1962
that are permitted in the applicable Edition does not contain ASTM A-
Part of Subsection C, except as 276. However, E-308-L is a standard
otherwise permitted in Paragraphs electrode used with other ASME
UG-IO and UG-l I. approved materials. No further

compensatory measures are
considered necessary.

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
SAR Appendix A

Rev. 3

THIS PAGE INTENTIONALLY LEFT BLANK. I

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY
SAR Appendix A

Rev. 0, 1

Table A5.1-1
Summary of Criticality Prevention for DOE-ID Provided Transfer Cask

Control Methods for Prevention of Criticalityl Fuel in DOE-ID Provided Transfer Cask

Limitation on the amount of Fissile Materials

No mixing of fuel types ST - Shipping schedule

P - Fuel Shipment Manifest, Separate fuel repackaging
campaigns

PDF- Configurations of DOE-ID Canisters and
Packaging

Number of fuel elements ST- Shippingport reflector module composition
PDF- Configurations of ISF Baskets

Mass of loose fissile material ST- Fuel manufacturing process

Engineered Safety Features
Physical separation of sets of fuel elements by ST- Shippingport reflector module composition
engineered features PDF - DOE-ID canister and packaging structural design

Geometric control provided by ST- Shippingport reflector module composition

PDF - DOE-ID canister and packaging structural design

Use of burnup credit Not used

Use of burnable or fixed neutron absorbers (poisons) Not used

ST - Special Technique

P - Procedure

PDF- Principal Design Feature
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Update Instructions
Idaho Spent Fuel Facility

Docket No. 72-25

Document Title:
Document No.:
Revision No.:

Emergency Plan
ISF-FW-PLN-0021
2

i.t . : .. Isa:;o
1-7 and 1-8 1-7 and 1-8

1-11 and 1-12 1-11 and 1-12
11-3 through 11-6 11-3 through 11-6
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Description of Changes
Idaho Spent Fuel Facility

Docket No. 72-25

Document Title:
Document No.:
Revision No.:

Emergency Plan
ISF-FW-PLN-0021
2

_M 3.0 0
1-7 Added "Solid Waste Storage Area" to list of sub-areas contained

within the Transfer Area for completeness and corrected capitalization
of "Transfer Area" for consistency

1-8 Editorial revision - changed "Liquid Waste Storage Room" to "Liquid
Waste Storage Tank Area" consistent with terminology used in the
Safety Analysis Report

1-12 Revised anticipated quantity of diesel fuel in Cask Receipt Area from
5 to 20 gallons consistent with Revision 4 of the Fire Hazards Analysis
and FWENC response to Round 2 RAI 15-31; changed reference to
electric "cart" to "forklift"

11-3 Revised description of drainage from personal shower to reflect
design revision (drainage will be by gravity drain)

11-4 Deleted sentence to correct description of alarm system; the CAMs
and ARMs do not send signals to the central alarm terminal

11-5 Editorial revision to use consistent terminology (Solid Waste
Processing Area, Solid Waste Storage Area, and Liquid Waste
Storage Tank Area)

11-6 Editorial revision to use consistent terminology (Liquid Waste Storage
Tank Area)

1 RAI numbers refer to FWENC responses to NRC Round 2 Request for Additional Information (letter
FW-NRC-ISF-03-0198 dated August 28, 2003).
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The ISF Facility consists of three major areas: 1) Cask Receipt Area, 2) Transfer Area, and 3) Storage
Area. Several sub-areas make up the Transfer Area: 1) Operations Support Areas, 2) Transfer Tunnel,
3) Fuel Packaging Area, 4) Canister Closure Area, and 5) Operating Gallery (see Figure 1-4 for facility
layout).

1.4.2 Major Areas at the ISF Facility

The Cask Receipt Area contains the cask receipt crane, an overhead gantry crane with an auxiliary hook
to move and handle transfer casks. This area is connected to other facility areas via the Transfer Tunnel.
The ISF Facility receives DOE transfer casks containing spent fuel baskets or canisters from INTEC in
the Cask Receipt Area. The cask receipt crane is designed to remove the transfer cask from the transport
vehicle and place it in the cask trolley. When the fuel basket has been removed from the cask, the cask
receipt crane moves the cask from the cask trolley to the transport vehicle for the return trip to INTEC.

The Transfer Area consists of portions of the Transfer Tunnel, Fuel Packaging Area, Canister Closure
Area, Operating Gallery, Solid Waste Processing Area, and Solid Waste Storage Area. The Transfer Area
is where fuel is unloaded from its shipping container, examined, and repackaged into an ISF canister.
Closure of the canister and drying of the fuel contained in the SF canister is also performed in the
Transfer Area. See Section 1.4.3 for more discussion of the Transfer Area.

The Storage Area is where the storage canisters of repackaged spent fuel are stored until transported to
the final geological repository. Each canister is placed in a storage tube in one of the two vaults. A
passive heat removal process allows heat from the fuel to be removed. The Storage Area houses the
canister handling machine (CHM), which is used to move the storage canisters into the storage tubes.

1.4.3 Sub-Areas

The Transfer Tunnel connects the Cask Receipt Area, Transfer Area, and Storage Area, incorporating
doors and floor plugs providing access to the various functional areas. The tunnel is also the route to the
Canister Closure Area. The Fuel Packaging Area, Canister Closure Area, and Storage Area are isolated
from the Transfer Tunnel by floor plugs in the various load and unload ports.

In the Transfer Tunnel, a cask trolley is used to move the DOE transfer cask from the Cask Receipt Area
to the Fuel Packaging Area of the Transfer Area. The spent fuel basket or canister from DOE is unloaded
from the transfer cask, moved into the Fuel Packaging Area through an unload port, and placed in a fuel
storage location inside the Fuel Packaging Area. Depending on the type of fuel delivered, an empty
canister may be placed in the Transfer Cask for return to the DOE. The transfer cask is then sent back to
the Cask Receipt Area following any necessary surveys and decontamination in the Decontamination and
Maintenance Area between the inner and outer Transfer Tunnel doors.

Also in the Transfer Tunnel, the Canister Trolley transfers a loaded storage canister from the Fuel
Packaging Area to the Canister Closure Area (for vacuum drying, helium backfill and seal welding) via
the Transfer Tunnel. After canister closure activities are completed the storage canister is moved to the
Storage Area, where it is placed in the designated storage tube in the Storage Area.

The Fuel Packaging Area is where the SNF is unloaded, inspected, and repackaged into a new canister.
The Fuel Packaging Area is equipped with remote-controlled manipulator arm assemblies and an
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overhead gantry crane with auxiliary hook for the movement and handling of fuel, canisters, and shield
plugs. The Fuel Packaging Area includes: ) four shielded ports complete with shielding plugs, 2) cask .
loading/unloading, 3) canister loading/unloading, 4) waste port, and 5) process waste port. The Transfer
Area also has an upper elevation away from the Fuel Packaging Area that is used for maintenance of the
fuel handling machine (FHM).

The Canister Closure Area is where storage canisters containing spent nuclear fuel are seal welded,
vacuum dried, and helium backfilled. The welds are inspected and tested and final leak tests are
performed before sending the sealed canister to the Storage Area. New canisters and baskets are received
through the New Canister Receipt Area and stored in the Canister Closure Area.

The Operating Gallery is around three sides of the Fuel Packaging Area, and is where operations
personnel remotely unload, inspect, and repackage the spent fuel into baskets for placement in the new
canisters.

The Administration Center is composed of offices in a trailer outside the ISF Facility.

The Operations Monitoring Area is a centralized location in the SF Facility Operations Area for
monitoring operational functions of the ISF Facility. This area also serves as the SF Facility Command
Post (ISF Facility CP).

The Solid Waste Processing/Storage Areas process radioactive waste and waste canisters, cans and
baskets.

The building ventilation and high efficiency particulate air (HEPA) iltration areas contain the
ventilation system supply (e.g., fans and ducting) and exhaust systems (e.g., HEPA filters, ducting, and
fans). Rooms include the heating, ventilation, and air-conditioning (HVAC) supply room, HEPA filter
room and HVAC exhaust room.

The Liquid Waste Storage Tank Area collects the facility's potentially contaminated water in a tank. A
contractor processes the water, filtering out radioactive material, into a clean water tank.

The Electrical Sivitchgear Room is the facility electrical supply panel area. The standby diesel generator
is located in an area outside of the Operations Area but inside the facility boundary.

1.4.4 ISF Facilities Outside Security Fence

The Visitor Center is the only SF Facility structure outside the ISF Facility security boundary. This
facility houses support functions and a Visitor Center. The Visitor Center, which is adjacent to the ISF
Facility but outside the security fence, also serves as the alternate or secondary ISF Facility CP and
alternate assembly point for responders, and serves as the primary assembly point for non-participants
during an emergency or evacuation. In the case of an INTEC-generated emergency, the SF Facility EC
may select an alternate location because the Visitor Center is nearer the INTEC and less protected than
the ISF Facility CP.
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ISF Chemical Location, Use, Notes
Argon compressed gas Canister Closure Area with bottles located in New Canister Receipt Area
anticipated 4 K bottles, Used for purging

1000 ft3. Argon bottles secured in Canister Receipt area instead of office area.

Helium compressed gas Canister Closure Area with bottles located in Canister Receipt Area
typically 4 K bottles, Used for backfilling

= 1000 ft3 Same as above.

Helium compressed gas Storage Area
typically 2 K bottles, Used for purging and backfilling
. 500 ft3 Bottles secured on movable cart

Miscellaneous Lubricants Various locations
and hydraulic fluids Analyzed in the Fire Hazards Analysis
quantities up to
approximately 150 gallons

Oxy-acetylene welding Various including Maintenance Shop by the Operating Gallery
anticipated 2 K bottles, Used for repairs

500 ft3 of each gas Not stored inside or near ISF Facility building
Bottle usage under controlled conditions
Bottle storage per OSHA 29 CFR 1910.253 for general industry and
1926.350 for construction activities

Flammable maintenance Maintenance Shop by the Operating Gallery and Transfer Tunnel
items Decontamination Area
highly dependent on Approved flammable storage cabinets
maintenance activity - Controlled quantities per Fire Hazards Analysis
anticipated volume
approximately 20 gallons
with much of this volume
normally stored in
approved fireproof
cabinets

Flammable non- Canister Closure Area
destructive testing Approved flammable storage cabinets
materials

Controlled quantities per Fire Hazards Analysis

Propylene glycol 1' floor HVAC supply area
anticipated 150 gallons on Chilled water anti-freeze
site Propylene glycol used in place of more hazardous ethylene glycol

Standard controls including personnel protective equipment (PPE)

R-22 Various locations including 1st floor HVAC supply area
(hydrochlorofluorocarbon) HVAC refrigerant
anticipated 325 lbs on site Preferred over R-12 and similar products (chlorofluorocarbons).

I

I
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ISF Chemical Location, Use, Notes
Sodium nitrite 1 st floor HVAC supply area
anticipated 25 gallons on Chilled water corrosion inhibitor
site Standard controls including PPE

Weed and pest control Use INEEL approved products and application systems
chemicals Pave or gravel entire ISF Facility area where possible, to minimize need
anticipated quantities for additional chemicals
indeterminate, volumes Use licensed pesticide applicators per IDAPA 02.03.03.001
maintained as low as
possible Use RRWAC Materials Exchange Program where possible

Liquid nitrogen Radiological laboratory
anticipated 25 gallons Analytical equipment cooling dewer

Standard controls including PPE
Diesel fuel Standby generator
anticipated 1000 gallons Separation distance from facility

Double hull
Collection pad

Diesel fuel Cask Receipt Area
anticipated 20 gallons Cask receipt delivery truck

Vclume limited
Truck meets DOT standards

Carbon monoxide Cask Receipt Area
source is internal Cask delivery truck exhaust
combustion engine, Use of electric forklift in New Canister Receipt Area and Solid Waste Area
volume not applicable prevent carbon monoxide buildup

Cask Receipt Area has truck exhaust system to vent fumes
Cask Receipt Area has carbon monoxide alarm

Transformer fluid Transformer pad
typically 600 gallons Must meet Factory Mutual (FM 5-4) criteria

No PCBs

Sulfuric Acid Battery Room and Local Uninterrupted Power System (UPS)
< EPA Reportable In batteries
Quantity and Threshold
Planning Quantity of 1000
lbs.

I

KY
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The INEEL Protective Force has a central alarm station inside the INTEC fence. The ISF Facility feeds
K> J alarms to this alarm station. This alarm station monitors the security alarms and provides for initial

notification and dispatch of protective force resources.

11.1.4.3 Local Community Dispatch Center

The county sheriff's department generally operates the local community dispatch centers. These facilities
coordinate police, fire, and emergency medical dispatching for the municipalities in their respective
service areas. Emergency communications to the local governments and coordination of emergency
services are provided by these dispatch centers. The WCC contacts these centers to notify local officials
of emergency events and to coordinate the use of emergency services, if necessary for response to INEEL
events.

11.1.5 Decontamination Facilities

A personnel decontamination shower is available on the second level of the Operations Area. It has a
single-stall personal shower that gravity drains to the radioactive waste water system. Areas for
assistance, clothing, and equipment are located near the shower. Field decontamination may also be
performed as necessary.

11.1.6 Medical Facilities

First aid equipment and minor medical supplies are available in the Operations Monitoring Area/lSF
Facility CP and in the Visitor Center alternate ISF Facility CP at a minimum (see 11.2.4.2).

11.2 EMERGENCY EQUIPMENT

The ISF Facility has emergency equipment that relates to the emergency operations performed at this
facility.

11.2.1 Command, Control and Communications Equipment

The INEEL emergency communication system is composed of alarms, telephone and radio networks
designed to maximize communication efficiency. Other sections of this document explain this equipment
including 11.1.4 Alarm Centers and 5.0 Notifications and Communications.

11.2.1.1 Decision Aids

Status boards are available in the SF Facility Primary and Alternate ECC for critical in-facility
information including security, criticality, radiological conditions, ventilation, effluent monitoring, fire
alarm status, accountability, and survey/repair status.

11.2.1.2 Primary and Backup Communications Systems

The primary communication systems include the telephone and radio systems. Operators have pagers for
direct communications. Cell phones are considered backup systems.

A combination alarm/public address system is used at the ISF Facility for regular and emergency
K.> announcements. This system allows for much greater flexibility than single alarm systems. The alarms are
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for criticality, fire, take cover, and evacuate. Alarm sounds are consistent with the nearby INTEC site
alarms to minimize confusion.

This system operates on a central terminal principle. Alarm sensors, such as fire and criticality send
signals to the central unit located in the telephone room and operations monitoring area. The central unit
evaluates the signal and, using a hierarchical approach, triggers appropriate alarms throughout the ISF
Facility, including out buildings and building exterior.

To hasten emergency response and notification, select signals are sent off-ISF site. Criticality and the
exhaust stack high radiation alarm are sent to INTEC. The INEEL Fire Department receives at least the
basic fire alarm signals including an alarm signal, trouble signal, and supervisory signal.

In addition to the above alarms, security alarms are also provided and sent to INTEC as described in the
Physical Protection Plan.

Additional information on Alarm Centers is provided in Section 11.1.4.2.

11.2.2 Consequence Assessment Equipment

11.2.2.1 Meteorological Equipment

The ISF Facility utilizes data supplied through the NOAA via the INEEL VIZ meteorological display
system. Meteorological data from 30 sites on the INEEL and several areas surrounding the NEEL are
distributed through the computer network. In addition to the computer network, INEELVIZ is backed up
by dedicated telephone lines, dial-in telephone lines with modems, and the INEEL radio system.

11.2.2.2 Radiological Site/Facility Monitoring Equipment

The ISF Facility will have portable radiation monitoring equipment for detection of alpha, beta, gamma,
and neutron radiation, sampling capability for airborne concentrations of particulate and gaseous
radioactive material, and sample evaluation equipment. In-facility area radiation monitors and effluent
samplers continuously monitor/sample selected ISF Facility spaces. Criticality detectors are also installed
in the 1SF Facility. Section 1 1.2.4.2 provides additional information.

11.2.3 Protective Action Equipment

The ISF Facility has various alarm equipment. The purpose of the alarm system is to monitor independent
process steps. While most facilities contain fire alarms and associated automatic suppression equipment,
only those facilities that store or utilize radioactive materials contain CAMs and/or remote area monitors
for radiation. Industrial hygiene monitoring required at the ISF Facility also contains associated alarms.
The ISF Facility also contains security monitoring and alarm systems. Section 11.2.1.2 provides
additional information.

Survey Team Staging Areas are located in the Operations Area near the ISF. Facility ECC for assembly,
briefing, and dispatching radiological and nonradiological survey teams. Portable instruments and
personnel protective equipment for field surveys are available at the radiologically controlled area access
point.
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11.2.4 Fire Protection Equipment

The ISF Facility has automatic fire sprinkler/fire suppression systems and manual fire alarm/system
initiation pulls in accordance with the Fire Hazards Analysis. In the event of a fire, these systems provide
detection, alarm, and suppression capabilities.

The 1SF Facility incorporates and maintains the fire protection/suppression equipment. Typical
distribution is listed below.

Detection/Protection/
Area Suppression System

Visitor Center (Alternate CP) Smoke Detectors
Manual Fire Alarms
Fire Extinguishers

Administration Center Smoke Detectors
Manual Fire Alarms
Fire Extinguishers

Security Guard House Smoke Detectors
Manual Fire Alarms
Fire Extinguishers

Cask Receipt Area Dry Pipe Sprinkler System
Smoke Detectors
Manual Fire Alarms
Fire Extinguishers

ISF Facility Areas including Wet Pipe Sprinkler System
ISF Facility CP Operations Monitoring Area Smoke Detectors
Operating Gallery Manual Fire Alarms
Electrical Switchgear Room Fire Extinguishers
HEPA Filter Room
HVAC Exhaust Room
Battery Room
New Canister Receipt Area Electrical Switchgear
Room
Solid Waste Processing/Solid Waste Storage Area
Liquid Waste Storage Tank Area

Storage Area Smoke Detectors
Manual Fire Alarms
Fire Extinguishers

Warehouse Smoke Detectors
Manual Fire Alarms
Fire Extinguishers
Dry Pipe Sprinklers

The INEEL maintains a fully equipped fire department. Three fire stations are located on site. Fire Station
No. I at the CFA (CF-161 ) serves as the headquarters station. Two satellite stations are located at TAN-
687 and ANL-W-759, respectively. All three stations have the necessary equipment to provide fire,
ambulance, and rescue services for onsite facilities. The INEEL maintains firefighting MOUs with off-
INEEL site agencies so that additional firefighting services and equipment may be requested from these
agencies, if required, in an emergency.
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11.2.4.1 Fire Extinguishers

Fire extinguishers are available at the following locations at a minimum; criteria are defined in the Fire
Hazards Analysis. The Fire Hazards Analysis location list takes precedence over this list. A map of fire
extinguisher locations is maintained in the ISF Facility CP and Visitor Center.

Fire Extinguisher
Type Fire Extinguisher Location
ABC Visitor Center

ABC Administration Center

ABC Security Guard House

ABC Warehouse

ABC Operations Area 1t Floor
ABC Operations Area 2nd Floor - Including

Operations Monitoring Area/ISF Facility CP

ABC Solid Waste Processing/Storage Area

ABC Liquid Waste Storage Tank Area
ABC Cask Receipt Area

ABC HEPA Filter Room
ABC HVAC Exhaust Room

ABC Storage Area
ABC Battery Room
ABC Electrical Switchgear Room

ABC New Canister Receipt Area

ABC Operating Gallery

11.2.4.2 First Aid Supplies/Stretchers (with Blankets)

The following is a typical list of first aid supplies available at the ISF Facility.

Equipment Location
Stretcher with blanket Operations Area

* 1st Floor
. 2nd Floor
Cask Receipt Area
Storage Area
Operating Gallery
Visitor Center

First aid kit, which includes gauze, tape, Operations Area
disinfectant, and saline solution . 1st Floor

. 2nd Floor
Cask Receipt Area
Storage Area
Operating Gallery
Visitor Center
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Chapter 2
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2-8 Added footnote addressing the impact of modification to the construction
laydown area boundaries on the cultural resources investigations contained
in Appendix B (Ref. FWENC letter FW-NRC-ISF-03-0149 dated June 4,
2003)

Chapter 3

3-3 Revised to note the addition of a second (500-gallon capacity) liquid waste
storage tank consistent with FWENC response to Round 2 RAI 14-11, and
to note that a pump is provided for liquid waste transfers between the tanks
or to a mobile services contractor; revised description of personnel safety
shower drainage; and revised description of Transfer Tunnel drainage to
reflect design change (replaced reference to segmented trenches" with
sumps")

3-4 Editorial corrections, corrected maximum length of metal canisters, and
added description of maximum weight of waste components

Chapter 4

4-2 Revised description of construction laydown area (Ref. FWENC letter FW-
NRC-ISF-03-0149 dated June 4, 2003)

1 RAI numbers refer to FWENC responses to NRC Round 2 Request for Additional Information (letter
FW-NRC-ISF-03-0198 dated August 28, 2003).

¶ FOSTER WHEELER ENVIRONMENTAL CORPORATION



List of Effective Pages
Idaho Spent Fuel Facility

Docket No. 72-25

Document Title: Environmental Report
Document No.: ISF-FW-RPT-0032

_ 0

it-/', .i-* 'f -' e isio DM i5 a'- ''.-__ '';' ;-- Di-- ;h>
0 November 19, 2001
1 November 8,2002
2 March 28, 2003
3 November 14, 2003

~-i.-1 ::age-' .. Rejjf Nov

ii 0
ii 0
iv 0
V 0
vi 0

ES-1 0
ES-2 0
1-1 0
1-2 0
1-3 0
1-4 0
2-1 1
2-2 1
2-3 3

2-3a 3
2-3b 3
2-4 1
2-5 I
2-6 0
2-7 0
2-8 3

2-8a 3
2-8b 3
2-9 0

2-10 0
2-11 0

7 FOSTER WHEELER ENVIRONMENTAL CORPORATION



I

List of Effective Pages
Environmental Report
Revision 3

Page 2 of 3

ipatm- :F i K)j'I. - .-,,-, t, --,. - �, �� � W,:�.., , I y -I I -- -;.t., ;--l.�:1.:%�'. 1, - "' ' -. ' ' ' ' " ' ;:.;.-- - .- -7 -. evislo , - 111,� 1, 'It. - t,4, , -�. � . .11 - , � ", , 2 �, 7".. - , -- . R' n Nd. ." .11 .
2-12 0
3-1 0
3-2 0
3-3 3
3-4 3
3-5 1
3-6 0
4-1 0
4-2 3
4-3 1
4-4 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __4_ _5_ _ _ 

4-6 0
4-8 0

5-1 1
5-2 2
5-3 0
5-4 0
6-1 0
6-2 0
6-3 2
6-4 2
6-5 2
6-6 2
6-7 2
6-8 0
7-1 2
7-2 0
8-1 2
8-2 1
9-1 1
9-2 1
9-3 1
9-4 0
10-1 1
10-2 1
10-3 1
10-4 0
11-1 1
11-2 0

FOSTER WHEELER ENVIRONMENTAL CORPORATION



List of Effective Pages
Environmental Report
Revision 3

Page 3 of 3

>ittt--t"1>''-'';'-Page - i;:: ::- Revision-
11-3 .
11-4 0
12-1 2
12-2 2
12-3 0
12-4 0

Table 2-1 2
Table 2-2 0
Table 2-3 0

Blank page (reverse of Table 2-3) 0
Table 3-1 2

Blank page (reverse of Table 3-1) 0
Table 5-1 0

Blank page (reverse of Table 5-1) 0
Figure 1-1 0
Figure 2-1 0
Figure 2-2 0
Figure 2-3 0
Figure 2-4 0
Figure 2-5 0
Figure 2-6 0
Figure 2-7 0
Figure 2-8 0
Figure 2-9 0
Figure 2-10 0
Figure 3-1 0
Figure 3-2 0
Figure 3-3 0
Figure 4-1 0
Figure 8-1 0

Appendix A 0
Appendix B Cover/Title page 0

Appendix B Errata (B-i) 2
Appendix B Errata (B-ii) 2

Appendix B 0

9 FOSTER WHEELER ENVIRONMENTAL CORPORATION



Environmental Report

Idaho Spent Fuel Facility

Docket No. 72-25

ISF-FW-RPT-0032

'g FOSTER WHEELER ENVIRONMENTAL CORPORATION



ISF FACILITY Rev. 0, 2, 3
Environmental Report Page 2-3

2.2 ECOLOGY

2.2.1 Terrestrial Ecology

The INEEL is in a cool desert ecosystem dominated by shrub-steppe vegetation. The area is relatively
undisturbed, providing important habitat for species native to the region. Vegetation and habitat on the
INEEL can be grouped into five types: shrub-steppe, native grasslands, modified ephemeral playas, lava,
and wetland-like areas (Figure 2-7).

The INEEL shrub-steppe vegetation, is dominated by big sagebrush and rabbitbush. Grasses found on the
INEEL include cheatgrass, Indian ricegrass, wheatgrass, and squirreltail. Herbaceous plants such as
phlox, wild onion, and milk vetch, and weeds such as Russian thistle, halogeton, and various mustards
occur on disturbed areas throughout the INEEL.

The results of the ecological assessment completed for the 1SF Facility are included as Appendix A,
Ecological Resources of the Idaho Aational Engineering and Em'ironmental Laboratory and Potential
Effects of the Independent Spent Fuel Facility 1. The INEEL supports wildlife typical of shrub-steppe
communities, including over 270 vertebrate species such as small mammals, pronghorn, deer, elk,
songbirds, sage grouse, lizards, and snakes. Threatened and endangered species of concern, and other
sensitive species known to occur on or near the INEEL were identified using the Idaho Department of
Fish and Game's guidelines. No state or Federally listed threatened and endangered species (Table 2-1)
are known to occur in the SF Facility site area.

2.2.2 Aquatic Ecology

In 1999, the U.S. Fish and Wildlife Service (USFWS) conducted a reconnaissance level wetland survey of
the INEEL for the Idaho High-Level Waste & Facilities Disposition Draft Environmental Impact
Statement (Ref. 2-3) and identified two areas that meet or potentially meet the criteria forjurisdictional
wetlands. These areas are at the Big Lost River Sinks and north of the TRA. There are no wetlands or
wetland-like areas in or adjacent to the INTEC, which includes the 1SF Facility site.

2.3 METEOROLOGY

The INEEL is on a mile-high area of the Eastern Snake River Plain in southeastern Idaho. Air masses
entering the Eastern Snake River Plain first cross a mountain barrier, precipitating much of their moisture.
Rainfall at the INEEL is light and the region has semi-arid characteristics. The local northeast-southwest
orientation of the Eastern Snake River Plain and bordering mountain ranges channels the prevailing west
winds so that a southwest wind predominates over the INEEL; the next most frequent winds come from
the northeast. The relatively dry air and infrequent low clouds permit intense surface solar heating during
the day and rapid radiational cooling at night, resulting in a large diurnal range of temperature near the
ground. Because of the moderating influence of the Pacific Ocean, most air masses flowing over this area
are warmer during winter and cooler during summer than air masses flowing at similar latitude in the

'Subsequent to the completion of the ecological resources review documented in Appendix A, the boundaries of the
construction laydown area were modified as described in FWENC letter FW-NRC-ISF-03-0149 dated June 4, 2003.
The author of the ecological review reviewed the modified boundaries and confirmed that the conclusions presented
in Appendix A were not affected. Safety Analysis Report Figure 1.1-1 shows the construction laydown area
boundaries as revised.
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more continental climate east of the Continental Divide. The Centennial and Bitterroot Mountain Ranges
keep most of the shallow but intensely cold winter air masses from entering the Eastern Snake River Plain
when they move south from Canada. Occasionally, cold air spills over the mountains. When this happens,
the cold air is held in the Eastern Snake River Plain by the surrounding mountains, and the INEEL
experiences low temperatures for periods of a week or longer.
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Through August 2000, the warmest temperature recorded at the NOAA Idaho Falls 46W station was
1 01 'F and the coldest was -470F.

About 27.6 inches of snow falls each year. The greatest snow depth observed on the ground at the CFA
was 22.3 inches. The maximum yearly total is 59 inches, and the smallest total is 6 inches. The greatest
24-hour snowfall was 9 inches. January and February average about 4 inches for a monthly maximum
snow depth. The ground is usually free of snow from mid-April to mid-November (Ref. 2-4).

The highest relative humidity is observed in the winter, when the average mid-day relative humidity is
about 55 percent. The lowest relative humidity is observed in the summer when the average mid-day
relative humidity is about 18 percent.

The average annual precipitation is 8 inches, and the yearly totals range from 4 to 14 inches. Maximum
observed 24-hour precipitation amounts to less than 2 inches.

NOAA records indicate that there have been a total of five funnel clouds and no tornadoes have been
sighted within the boundaries of the INEEL. NUREG/CR-4461, Tornado Climatology of the Contiguous
United States, identifies that the average probability of any tornado occurring in the region that includes
the INEEL is 6 x 10 7 ye' (return period of 1.66 x 106 years). Probability of a category F-2 (113 mph
winds) or greater is 1.69 x 107 yr-I (5.91 x 106 year return period). The maximum wind speed with a
probability of occurrence of I x 0,7 is 171 mph (Ref. 2-5).

The INEEL averages two or three thunderstorm days each month, from June through August. The BLM
Interagency Fire Center (Boise) operates a lightning detection system by which the location and number
of lightning strikes may be documented. Although the INEEL is surveyed by the system, no historical
statistics for the area have been compiled.

2.4 HYDROLOGY

2.4.1 Surface Hydrology

The INEEL is in the Pioneer Basin, a closed topographic depression on the Eastern Snake River Plain that
receives intermittent runoff from the Big Lost River, Little Lost River, and Birch Creek drainage basins.
No known perennial streams cross the Pioneer Basin, because the permeability of alluvium and
underlying rock of the basin causes the water to infiltrate into the ground. In addition, much of the water
from the tributary drainage basins is diverted for irrigation upstream of the INEEL. The largest stream,
the Big Lost River, enters the southern end of the INEEL from the west and, during exceptionally wet
years, flows in a large arc north to the foot of the Lemhi Mountain Range, where it ends in a series of
playas (sinks). The only other naturally occurring stream on the INEEL is Birch Creek, which enters from
the north. This stream is usually dry, except during heavy spring runoff when water may flow onto the
INEEL. The Little Lost River approaches the INEEL from the northwest through Howe and ends in a
playa on the INEEL (Figure 2-8).

Other than these intermittent streams, playas, and manmade percolation, infiltration, and evaporation
ponds, there is little surface water at the NEEL. Surface water that reaches the INEEL is not used for
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2.5.2 Seismic Information

The distribution of earthquakes at and near the INEEL from 1884 to 1999 clearly show that the Eastern
Snake River Plain has a low rate of seismicity, whereas the surrounding Basin-and-Range Province has a
fairly high rate of seismicity. The faulting and generation of earthquakes in the Basin-and-Range Province
is attributed to northeast-southwest directed crustal extension.

The markedly different late-Tertiary and Quaternary tectonic and seismic histories of the Eastern Snake
River Plain and the Basin-and-Range Province reflect the dissimilar deformational processes acting in
each region. Both regions are subject to the same extensional stress field (Refs. 2-9, 2-10, and 2-1 1);
however, crustal deformation in the Plain occurs through dike injection and, in the Basin-and-Range
Province, through large-scale normal faulting (Refs. 2-12, 2-13, and 2-14).

Major seismic hazards include the effects of ground shaking and surface deformation (surface faulting,
tilting). Other potential seismic hazards (e.g., avalanches, landslides, mudslides, soil settlement, and soil
liquefaction) are not likely at the INEEL because local geologic conditions are not conducive. Based on
the seismic history and geologic conditions, earthquakes greater than magnitude 5.5 (and associated
strong ground shaking and surface fault rupture) are not likely to be generated in the Plain. However,
moderate to strong ground shaking can affect the INEEL from earthquakes in the Basin-and-Range
Province. Patterns of seismicity and locations of mapped faults are used to assess potential sources of
future earthquakes and to estimate levels of ground motion at the INEEL.

The sources and maximum magnitudes of earthquakes that could produce the maximum levels of ground
motions at INEEL facilities include (Refs. 2-15 and 2-16):

* a moment magnitude 7.15 earthquake at the southern end of the Lemhi fault along the Howe and
Fallert Springs segments

* a moment magnitude 7.25 earthquake at the southern end of the Lost River fault along the Arco
segment

* a moment magnitude 5.5 earthquake associated with dike injection in either the Arco volcanic rift
zone or Lava Ridge-Hell's Half Acre volcanic rift zone, and the axial volcanic zone

* a background moment magnitude 5.5 earthquake in the Eastern Snake River Plain

* a background earthquake with magnitude up to 6.75 in the northern Basin and Range Province

The Lemhi fault is the Basin-and-Range Province normal fault closest to the ISF Facility (Figure 2-10).
Its paleoseismic characteristics and geometry indicate the potential for a moment magnitude 7.1
earthquake with an epicenter 14 miles from the SF Facility.

No capable faults have been identified in the ISF area, and no significant earthquakes have been recorded
or reported in this area.
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2.6 REGIONAL HISTORIC, ARCHAEOLOGICAL, ARCHITECTURAL, SCENIC,
CULTURAL RESOURCES

2.6.1 Archaeological Sites, Historic Structures, and Cultural Resources

The Idaho National Engineering Laboratory Mlanagentent Plan for Cultural Resources, Final Draft (Ref.
2-17) identifies cultural resources found at the INEEL. This inventory includes fossil localities that
provide important paleoecological background for the region and the numerous prehistoric archaeological
sites preserved in it. These latter sites, including campsites, lithic workshops, cairns, and hunting blinds,
are also an important part of the INEEL inventory. These sites provide information about aboriginal
hunting and gathering groups who inhabited the area for approximately 12,000 years. Archaeological
sites, pictographs, caves, and other features of the INEEL landscape are important to contemporary
Native American groups for historical, religious, and traditional reasons. Historic sites document use of
the area during the late 1800s and 1900s. These sites include the abandoned town of Powell/Pioneer;
Goodale's Cutoff, a northern spur of the Oregon Trail; and many small homesteads, irrigation canals,
sheep/cattle camps, and stage/wagon trails. Finally, important information on the development of nuclear
science in America is preserved in the many scientific and technical facilities within the INEEL.

The SF Facility is a new facility on vacant land that has been disturbed over the past five decades. An
inventory of the land conducted in 2001 revealed no historically significant facilities. The results of the
archaeological assessment completed for the ISF Facility are included as Appendix B, Cultural Resources
Investigations for the Idaho Spent Fuel Facility at the Idaho National Engineering and Environmental
Laborator 2. Because the site is highly disturbed, it is unlikely that archaeological resources are present.
However, should materials such as bones, obsidian debris, arrowheads, or charcoal-colored soil horizons
be encountered, the INEEL Cultural Resource Management Office will be consulted.

2.6.2 Native American Cultural Resources

Native American people hold the land sacred; to them the entire INEEL reserve is culturally important.
To the Shosione-Bannock Tribes, cultural resources include forms of traditional life ways and usage of
natural resources. These resources include both prehistoric archaeological sites, which are religiously or
culturally important, natural features, and air, plant, water, or animal resources with special significance.
These resources may be affected by changes in the visual environment (construction, ground disturbance,
or introduction of a foreign element into the setting), dust, or contamination. The INEEL is within a large
territory once inhabited by and still important to the Shoshone-Bannock. Plant resources on or near the
INEEL used by the Shoshone-Bannock are in Table 2-3 (Appendix B). Areas significant to the Shoshone-
Bannock include buttes, wetlands, sinks, grasslands, Birch Creek, and the Big Lost River.

Five Federal laws require consultation between Federal agencies and Native American tribes: the
National Environmental Policy Act, the National Historic Preservation Act (as amended), the American
Indian Religious Freedom Act, the Archaeological Resources Protection Act, and the Native American

2Subsequent to the completion of the cultural resources investigation documented in Appendix B, the boundaries of
the construction laydown area were modified as described in FWENC letter FW-NRC-ISF-03-0149 dated June 4,
2003. The author of the cultural resources investigation reviewed the modified boundaries and confirmed that the
conclusions presented in Appendix B were not affected. Safety Analysis Report Figure 1.1-1 shows the construction
laydown area boundaries as revised.
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\1_J Graves Protection and Repatriation Act. In accordance with these directives and DOE written Native
American policy (Ref. 2-18 and Appendix B), DOE at the INEEL has committed to additional interaction
and exchange of information with the Shoshone-Bannock Tribes of the nearby Fort Hall Indian
Reservation and is developing procedures for consultation and coordination, as outlined in the Idaho
National Engineering Laboratory Aanagement Plan for Cultural Resources, Final Draft (Ref. 2-17).
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3.5.2 Liquid Radioactive Waste Systems

The SF Facility liquid waste processing system will safely handle and store liquid radioactive waste
generated from various sources. These include liquid waste resulting from non-routine decontamination
activities, personal decontamination, and eye wash stations. The ISF Facility does not generate liquid
radioactive waste during normal operations.

Local sumps in the Canister Closure Area, Liquid Waste Storage Tank Area, and Solid Waste Processing
Area will collect liquid radioactive waste during non-routine decontamination activities. A mobile liquid
waste pumping unit will remove liquid waste from the sumps and discharge to drain piping connected to
the large (5000-gallon) liquid waste storage tank.

In the workshop, a radioactive decontamination sink and an eye wash will gravity-drain liquid waste to
the large liquid waste storage tank. The personnel safety shower in the Operations Area will gravity-drain
liquid waste from the shower and drench hose to the small (500-gallon) liquid waste storage tank.

Liquid waste in the Transfer Tunnel will be collected in sumps. A mobile pumping unit will remove it
from the sumps and discharge to drain piping connected to the large liquid waste storage tank.

Liquid radioactive waste from both the large and small storage tanks will be processed on site, if
necessary, and be transported to an approved disposal facility in accordance with local, state, and Federal
transport regulations. A pump is provided to transfer liquid waste between the storage tanks or to a mobile
services contractor. The 1SF Facility will not discharge liquid radioactive waste to the environment.

3.5.3 Gaseous Radioactive Waste Systems

The 1SF Facility has no processes that generate gaseous radioactive waste. However, during fuel
repackaging operations, interstitial fission gases inside the fuel matrix could potentially be liberated.

The potential for airborne particulate contamination exists at the ISF Facility. To minimize release of
airborne particulates, the ISF Facility is divided into four ventilation confinement zones:

* an inner (primary) confinement zone where highly radioactive materials are processed

* an intermediate (secondary) confinement zone where some potential for radioactive release may
exist

* an outer (tertiary) confinement zone w%here there is little potential for radioactive release

* radioactively clean ancillary areas

Decreasing pressures between confinement zones will maintain inward airflow from the clean ancillary
areas towards the primary confinement zone. High-efficiency particulate air (HEPA) filters in supply and
exhaust ductwork will prevent particulate backflow through supply ducts.

HEPA filters will be installed on the exhaust ducts leaving the inner (primary) zone. These filters will be
located inside the Fuel Packaging Area and act as pre-filters to protect the downstream ductwork from
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contamination. System description, instrumentation, flow diagrams, flow rates, and component capacities
for the heating, ventilation, and air conditioning (HVAC) system are presented in the SAR, Chapter 4,
Installation Design.

3.5.4 Solid Radioactive Waste System

The solid radioactive wastes at the ISF Facility fall into three categories: (1) large canisters, (2) small
canisters, and (3) process-generated waste. The SF Facility will use a solid waste processing system to
safely handle and package the waste for disposal by the DOE. The process flow diagrams and system
descriptions for the solid waste processing system are presented in the SAR, Chapter 6, Site Generated
chaste Confinement and.fanagemenit.

3.5.4.1 Large and Small Canister Processing

Large canister radioactive waste consists of metal canisters 18 to 25 inches in diameter and up to 143
inches long and canister internal components. The heaviest single waste component is the Shippingport
tube bundle, which weighs approximately 3315 pounds. Small canister radioactive waste consists of metal
canisters 4 to 5 inches in diameter and up to 143 inches long. After the canisters are emptied, the interior
walls of the canisters will be surveyed in the Fuel Packaging Area. The canisters that cannot be contact
handled will be set aside for cleaning and/or sectioning in the Fuel Packaging Area. The canisters will be
moved with the fuel handling machine from the Fuel Packaging Area to the Solid Waste Processing Area
through the canister waste port. The canisters will be tipped and moved to a cutting table to be sectioned
with an automatic band saw and placed in a disposal bin. The waste disposal bin will be surveyed,
manifested, and removed from the Solid Waste Processing Area. The waste will be disposed of by DOE
in the INEEL Radioactive Waste Management Complex or other approved low-level waste disposal site.

3.5.4.2 Process-Generated Waste Processing

Process-generated waste consists of paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner
debris, welding materials, and HEPA filters. Process-generated waste will be taken to the Solid Waste
Processing Area, where it will be consolidated, segregated, and, as applicable, compacted into 55-gallon
drums. As with the waste disposal bins, the drums will be prepared and transferred to the DOE.

3.5.5 Process and Effluent Monitoring

Process and effluent radiation monitoring for the ISF Facility includes criticality monitoring, area
radiation monitoring, radiation signature monitoring, continuous air monitoring, and record sample air
monitoring. Because there will be no liquid releases (see Section 3.5.2), the only effluent radioactive
release point will be the exhaust stack.

Continuous air monitors will be used to monitor the general level of airborne material in work areas, and
to detect breakthrough of the HEPA filters downstream of the Fuel Packaging Area. Each continuous air
monitor will be configured with a setpoint appropriate to its primary function. For continuous air
monitors that monitor normally occupied work areas, the setpoint will be 1/10 of the derived air
concentration. In addition to the exposure rate setpoint, each continuous air monitor will also monitor the
change in exposure rates, and an unduly rapid rise time in exposure will trigger an alarm. A continuous air
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4.0 ENVIRONMENTAL EFFECTS OF SITE PREPARATION AND FACILITY
CONSTRUCTION

This chapter addresses the effects of construction of the ISF Facility on the physical environment,
inhabitants, and socioeconomic conditions of the region.

4.1 LAND USE IMPACTS

ISF Facility construction will cause some physical changes to the land. These physical changes, their
effects on the site and affected offsite areas, and on the historic properties of the land are examined below.

4.1.1 Site and Vicinity

The ISF Facility vill be constricted on a previously disturbed site adjacent to the INTEC. Mobile
construction equipment will excavate the foundation and establish the facility grade. Explosives will not
be used to establish below grade areas. During construction, equipment delivering cement and other
construction materials will access the site.

Once construction begins, access to the completed SF Facility will be restricted in accordance with
Federal regulations (Ref. 4-1) until the facility is decommissioned. Site use will be restricted to activities
in support of facility operations. Therefore, the property will be unavailable for other uses such as
exploration of mineral resources. The environmental effect of restricting site availability is minor,
because it is within the 890-square-mile INEEL, and not accessible to the public.

The SF Facility will be constructed on the edge of the Big Lost River flood plain just southeast of the
main channel of the Big Lost River. The construction of the SF Facility will not affect the flood plain.

In the unlikely event of a flood-induced overtopping failure of the Mackay Dam, the SF Facility
construction site would likely be flooded (Figure 4-1). This probable maximum flood would result in
flooding of below grade foundations and the displacement of loose construction materials and soils.
Because it would take greater than 12 hours for the flood wave to reach the SF Facility construction site,
there will be sufficient time to take flood control measures (e.g., sand bagging the perimeter, moving
equipment to higher ground, staging sump pumps in below-ground areas).

Short-term impacts of construction activities will include environmental effects typical of a construction
effort. These impacts and plans for mitigating the impacts are described below.

Excavation and construction vehicles will generate fugitive dust - a total of about 15 tons of dust and
particulates over the construction period. These dusty conditions may continue until the bare areas are
covered with native grasses, gravel, or asphalt. Fugitive dust is of concern for several reasons:

* Safety - dust storms can severely restrict visibility for vehicular traffic at the ISF Facility site.

* Aesthetic and "good neighbor" concerns.

* Regulatory concerns - the Clean Air Act establishes a visual air pollutant requirement.
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Water will be used to mitigate construction dust. This is expected to reduce the estimated 15 tons of
fugitive dust and particulates to about 9 tons. This method is routinely and effectively used on
construction projects.

Construction vehicles and procedures will also generate noise, which can affect the construction workers,
workers at adjacent facilities, the public, and local wildlife. Workers at the site and at adjacent facilities
will use hearing protection devices as required by OSHA, to mitigate noise. Highway 20, the publicly
accessible point of the INEEL, is nearly 4 miles from the ISF Facility construction site, and the nearest
residences are about 11 miles from the SF Facility site boundary. These distances are sufficient to
mitigate the effects of construction noise on the public. Studies of the effects of noise on wildlife indicate
that intermittent noise levels over 100 dBA do not affect wildlife productivity (Ref. 2-21). Therefore, the
effects of noise on both humans and wildlife will be minor.

Lubricants and fuels for construction equipment will be present on the ISF Facility site. These fluids will
be stored in approved containers. Because quantity is limited by the size of containers, the impact of a
spill or occasional dripping is minor and can be addressed by the construction crew.

Vegetative cover on the ISF Facility site is less than five percent. Therefore, the potential of the
vegetation fueling a range fire is limited.

A construction fence will be erected to maintain control of construction materials and to restrict access to
only those who need to be in the area and who have personnel protection equipment (e.g., hard hats,
safety glasses, work shoes). A security fence will be built later in construction, and after construction is
completed, the construction fence will serve as an outer "nuisance" fence.

Roadways will be added within the ISF Facility site boundary. Only vehicle traffic for the ISF Facility
will use these roadways.

In sum, construction of the ISF Facility will physically change the 8-acre tract. Because the ISF Facility
site () is only a small portion of the 890-square-mile NEEL, and (2) has been previously disturbed, the
physical changes are minor. As outlined above, these changes will restrict land use and will have a small
impact during construction. Hovever, the restriction of land use does not affect the value of the land, as
this property is classified as least productive. The minor physical impacts from construction, such as dust,
risk of fire, and control of construction wastes, can be mitigated.

4.1.2 Transmission Corridors and Offsite Areas

The SF Facility, essentially an industrial facility, does not have an electrical transmission corridor for
power distribution. Electrical power for operations will be supplied from the INTEC distribution system.
ISF Facility power and the INTEC distribution system will be connected at the ISF Facility site boundary
through a small substation. The final leg of the connection will route underground supply cables
approximately 200 feet to the ISF Facility. Because the connection to the distribution system and routing
path to the ISF Facility are on the ISF Facility site, the impact of the transmission corridor is negligible.

A 10-acre plot east and northeast of the ISF Facility site will be used as a construction laydown area. Because
it is not part of the ISF Facility construction, the only construction activities here would be some grading and
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