
VIRGINIA ELECTRIC AND POWER COMPANY
RICHMOND, VIRGINIA 23261

November 19, 2015

U. S. Nuclear Regulatory Commission Serial No. 15-369F
ATTN: Document Control Desk NLOS/TJS R0
Director, Division of Spent Fuel Storage and Transportation Docket No. 72-16
Office of Nuclear Material Safety and Safeguards License No. SNM-2507
Washington, DC 20555-0001

VIRGINIA ELECTRIC AND POWER COMPANY
NORTH ANNA POWER STATION INDEPENDENT SPENT FUEL STORAGE
INSTALLATION
PROPOSED TECHNICAL SPECIFICATION CHANGE REQUEST REGARDING
STORAGE OF INCREASED MAXIMUM ENRICHMENT AND BURN-UP FUEL IN A
MODIFIED TN-32B STORAGE CASK
SUBMITTAL OF SUPPLEMENTAL INFORMATION

On August 24, 2015, Virginia Electric and Power Company (Dominion) requested an
amendment (NRC Accession No. ML15239B251) in the form of revisions to the
Technical Specifications to License Number SNM-2507 for the North Anna Power
Station (NAPS) Independent Spent Fuel Storage Installation (ISESI). The proposed
amendment would allow storage of spent fuel in a modified TN-32B bolted lid cask as
part of the High Burn-up Dry Storage Cask Research and Development Project
sponsored by the Department of Energy (DOE) and the Electric Power Research
Institute (EPRI).

On November 13, 2015, NRC Senior Project Manager John Nguyen requested the
items provided in the attachment to this letter referenced in the submittal discussed
above. One of the items requested was the TN-32 Updated Final Safety Analysis
Report, Revision 6, dated April 2014. This document was previously submitted to the
NRC by AREVAITN as an attachment to AREVA/'TN letter E-37975 dated April 16,
2014. The AREVAITN letter can be found on ADAMS (Accession Number
MLI41 08AD25).
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If you have any questions or require additional information, please contact
Mr. Thomas Szymanski at (804) 273-3065.

Sincerely,

Mark D. Sartain

Vice President - Nuclear Engineering

COMMONWEALTH OF VIRGINIA)

COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and Commonwealth
aforesaid, today by Mark 0. Sartain, who is Vice President - Nuclear Engineering, of Virginia Electric and
Power Company. He has affirmed before me that he is duly authorized to execute and file the foregoing
document in behalf of that Company, and that the statements in the document are true to the best of his
knowledge and belief.

,'4
Acknowledged before me this .• .day of A/v _r",2015.

My Commission Expires: /o? / l]b

CRtaIG Duli SLYI Commonwealth of Virginia
IReg. # 7518653 •

My Commission Expires December 31, 201k i

Commitments made in this letter: None

Attachment 1: Requested Information Related to HBU Cask
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cc: U.S. Nuclear Regulatory Commission (wlo attachment)
Region II
Marquis One Tower
245 Peachtree Center Avenue, NE Suite 1200
Atlanta, Georgia 30303-1257

NRC Senior Resident Inspector (w/o attachment)
North Anna Power Station

Mr. John N. Nguyen (wI attachment)
Senior Project Manager
U. S. Nuclear Regulatory Commission
Two White Flint North
Mail Stop T4B34
11545 Rockville Pike
Rockville, Maryland 20852-2738

Mr. J. E. Reasor, Jr. (w/o attachment)
Old Dominion Electric Cooperative
lnnsbrook Corporate Center, Suite 300
4201 Dominion Blvd.
Glen Allen, Virginia 23060

State Health Commissioner (w/o attachment)
Virginia Department of Health
James Madison Building - 7 th Floor
109 Governor Street
Room 730
Richmond, Virginia 23219
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Serial No. 15-369F
Docket No. 72-16

ATTACHMENT I

Requested Information Related to HBU Cask:

• North Anna Power Station, Units 1 & 2, Independent Spent Fuel Storage Installation (ISFSI)
Safety Analysis Report, Revision 8.02, 11116115

* Letter from AREVA I TN documenting submittal of TN-32 Updated Final Safety Analysis
Report (UFSAR), Revision 6, 04116114 (ML14108AD25)

* Letter from AREVAI/TN documenting material density of the B4C rod material, 11/17115

* SCALE Criticality Safety Analysis Model Input File

North Anna Power Station ISFSI

Virginia Electric and Power Company
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REVISION SUMMARY

Revision 8.02--11/16/15

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

2.5.2.2, 2.5.2.4 (new), 2.5.2.4.1 (new), Revised the TN-32 dry storage cask spacing
2.5.6 Refs, 4.1, 4.2.1 requirement.
[NAPS-ICR-20 15-002]

Revision 8.01-10/15/14

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

4.4.3, 5.1.3.3, A. 1.4, A1.10 Update reflects the thermal analysis during
[NAPS-ICR-2014-0011] recoating of the exterior of TN-32 Casks at the

ISFSI.

Revision 8--06/2014

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

Figure 1-1, Figure 1-2, 2.5.1, 2.5.1.5, Update adds description of an alternate
2.5.1.5.1, 2.5.1.6, 2.5.1.7, 2.5.1.9, 2.5.4, 2.5.5, transport route to the Independent Spent Fuel
2.5.6 Refs, Figure 2-3, Figure 2-8, Figure 2-9, storage Installation.
Figure 2-18 (new), Figure 2-19 (new),
Appendix 2A, 4.1, 4.3.2, Figure 4-1,
Figure 4-4, 5.1.1.1, 5.4
[NAPS-ICR-20 10-001]

4.4.5.4 (new), 4.4.6 Refs Update added section to reflect the installation
[NAPS-ICR-20 12-001] of new seismic instrumentation.

Revision 7--06/2010

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

9.5 Revises description of Notification of Unusual
[IN 2008-002] Event to reflect new Emergency Action Level

classification for damage to a loaded SSSC
confinement boundary.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR RS -2

Revision 6--06/2008

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

1.1, Figure 1-2 Describes the addition and location of the
[IN 2006-001l] second storage pad.

2.1.3, 2.1.4, 4.4.1.3 Editorial package.
[.IN 2008-00 1]

Revision 5--06/2006

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

1.5, 9.1.1, 11.1 Incorporated references to the recently
[IN 2004-001 ] implemented Topical Report DOM-QA- 1.

The Dominion Nuclear Facility Quality
Assurance Program Description is based on
ANSI/ASME NQA-l-1994 and will be
maintained as a separate, single document for
Dominion facilities.
[10 CFR 50.54(a)]

7.6, 7.7 Updated the description of the health physics
[IN 2004-002] program to include dosimetry placed on the

ISFSI perimeter fence and clarified the
description of the environmental monitoring
program.

A.I.1 Deleted the description of the original TN-32
[IN 2003-007] cask protective cover design.

Revision 4--0612004

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

Figures 2-9 & 4-4 Removed the fence and gate symbols
[IN 2000-002] incorrectly shown around the service water

pump house.
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Revision 4--0612004 (continued)

Changes
Made under the provisions of 10 CFR 72.48

except where indicated in brackets.Section

3.3.4.1, 3.3.4.2, 3.3.4.3, 3.3.5, 3.3.7,
Tables 3-1 & 3-2, 4.2.3.3, 5.1.2, 5.1.3.1,
5.1.3.4, Tables 5-3 & 5-4, Chapter 6, 7.2.1,
7.2.2, 7.2.3, 7.3.2, 7.3.2.1, 7.3.2.2, 7.3.4, 7.4,
7.4.1, 7.5, Tables 7-1, 7-2, 7-3, 7-4, 7-5, 7-6,
7-7, 7-8, 7-9, 7-10, 7-11, 7-12, 7-13, 7-14,
7-15, & 7-16, Figures 7-2, 7-3, 7-4, & 7-5,
8.2.10.2, 8.2.10.3, 8.2.11, Table 8-1, 9.1.1.4,
9.1.4, Table 10-2, A.I.1, A.1.2, A.1.3,
A.1.3.1, A.1.4, A.1.8, A.1.8.1, A.1.9, A.I.10,
Tables A.I-1, A.1-2, & A.1-3, Figures A.I-l,
A.1-2, A.1-3, & A.1-4
[IN 2002-002 & IN 2003-002]

Updated the shielding, criticality, thermal, and
accident evaluations associated with the
increased initial enrichment of 4.30 weight
percent U235 and the increased assembly
average burnup of 45,000 MWD/MTU.
[10 CFR 72.56 License Amendment]

4.1, 7.1.1, 7.1.2, 7.3.1, 7.4, Figure 7-1 Added locked security personnel access gates
[IN 2003-00 1] to the ISFSI perimeter fence.

4.4.1.2, Figure 4-14 Placed a cask pedestal in the cask loading area
[IN 2003-005] of the spent fuel storage pool.

4.4.5.3, 5.2 Revised organizational title of the Shift
[IN 2003-006] Manager.

11.1 Made editorial correction to correctly refer to
[IN 2003-004] QA Program Topical Report Table 17.2-0.

A. 1.1 Identified the analyses in Chapters 4 & 6 of
[IN 2002-004] the TN-32 FSAR, Rev. 0, that were added to

the North Anna ISFSI SAR.

A.I.1 Provided bolt torque ranges for the TN-32
[IN 2002-005] casks.

A. 1.1, Appendix A. 1 Attachment 1 Added explanation of the use of TN-32 casks
[IN 2002-003] designed and fabricated to TN-32 Final Safety

Analysis Report, Revision 0.

A.I1.1, Appendix A. 1 Attachment 4 Incorporated additional analyses regarding
[IN 2002-006] TN-32 cask gap between center basket rails.

A. 1.2 Added allowance for the storage of a fuel
[IN 2003-003] assembly with rod clips.
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Revision 3--06/2002

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

4.4.5.1, 8.2.5.1 Clarified the description of the placement of
[IN 2001-001] fire extinguishers at the ISFSI site as well as

the availability of fire fighting equipment and
personnel.

5.1.1.1 Changed cask receipt procedure consistent
[.N 200 1-005] with the North Anna Power Station Updated

Final Safety Analysis Report.

9.2.2.1 Deleted incorrect testing requirements for
[IN 2002-001] electrical and communications systems.

A. 1.1, Appendix A. 1 Attachment 1 Incorporated the modified TN-32 cask lid bolt
[IN 2001-003] analysis.

A.I1.1, Appendix A. 1 Attachment 3 Modified the TN-32 cask protective cover and
[IN 200 1-002] overpressure system.

A. 1.7, Appendix A. 1 Attachment 2 Incorporated structural analyses for missile

[IN 2000-00 1] impacts on TN-32 casks.

Revision 2

Changes
Made under the provisions of 10 CFR 72.48

Section except where indicated in brackets.

3.1.1, A. 1.2 Added information on the storage of burnable
[IN 99-01] poison rod assemblies and thimble plug

devices in TN-32 casks. [10 CFR 72.56
License Amendment]

A.1.1 Revised the description of the weld in the
[IN 99-02] neutron shield outer shell of TN-32 casks.

A. 1.1 Clarified the location of borated aluminum
[IN 99-03] plates in the fuel basket of TN-32 casks.
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Revision 1

Changes
Made under the provisions of 10 CFR 72.48

except where indicated in brackets.Section

3.1.1, 3.3.6, 4.2.1, 4.4.4.1, 4.5, Table 4-1,
Chapter 6, 7.2.2, A.I.1, A.1.2, A.1.5, A.1.6,
Appendix A.1 Attachment 1
[IN 98-03]

Delete references to fuel insert components,
clarify the maximum capacity of the backup
diesel generator fuel tank, update as-built
parameters of the concrete pad, add 120V
circuit description, clarify the status of cask
handling equipment, delete statement that
emergency actions are neither credible nor
postulated to occur, discuss operational
practices to prevent weather-driven spread of
contamination, add 1129 and Co6 ° inventories
per assembly, incorporate TN-32 lid bolt
analysis, add TN-32 Cask Sliding and
Tip-over Analysis, and add Evaluation of
Tornado Missiles.

A. 1.1 Include fillet weld as an alternative to the
[IN 98-0I1] groove weld for the fuel basket.

A. 1.3 Add discussion of dose rate and exposure
[IN 98-02] estimates.
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Chapter 1 INTRODUCTION AND GENERAL
DESCRIPTION OF STORAGE SYSTEM

1.1 INTRODUCTION

Discharged spent fuel assemblies from the North Anna Power Station, Units 1 and 2 are
currently stored in a spent fuel pool common to both Units. The spent fuel pooi provides for

interim storage of 1737 fuel assemblies in high density storage racks. Typically, 64 spent fuel

assemblies are discharged from each Unit about every 18 months. Section 3.1..1 provides a
description of the spent fuel. Additional information on the fuel design is available in Section 4.2

of the North Anna Power Station Updated Final Safety Analysis Report (UESAR).

Based on the current fuel management strategy and refueling outage schedule, the spent fuel

pool will lose the capacity for single unit full core discharge in late 1998. Storage capacity in the

pooi will be completely exhausted in 2000, therefore, additional spent fuel storage capacity is

needed. To support this need, sealed surface storage casks (SSSCs) have been chosen for use at an

Independent Spent Fuel Storage Installation (ISFSI) at the North Anna site.

The North Anna ISFSI is designed to store all the anticipated spent fuel resulting from the

operation of the North Anna Power Station Units 1 and 2 in excess of that which can be stored in
the spent fuel pool, or approximately 1824 fuel assemblies. Construction of the North Anna ISFSI

is scheduled to begin in June 1997 and the first SSSC should be placed at the ISFSI in

August 1998.

The North Anna ISFSI is located within the site boundary of the North Anna Power Station,

which is owned 88.4% by Virginia Electric and Power Company (Virginia Power) and 11.6% by

the Old Dominion Electric Cooperative. Virginia Power is responsible for operations at the

Station.

This SAR is primarily directed towards analyzing the safety aspects of SSSC handling and

storage once the SSSCs have been lifted by the cask transporter, and how the safety requirements

in 10 CFR 72 are satisfied. Handling of the SSSCs inside the Fuel and Decontamination Buildings

and cask crane bay is performed in accordance with the operating license for the North Anna

Power Station under 10 CFR 50, however, these operations are also described in this SAR.

This SAR indicates that up to three concrete storage pads could be used at the North Anna

ISFSI and were intended to store vertical, metal SSSCs. An additional pad, to be used under a
10 CFR 72, Subpart L general license, was installed in place of the original Pad 2. The ISFSI site

plans described in this SAR have been updated to reflect the new configuration of the ISFSI site
with this additional pad.

1.2 GENERAL

The North Anna site comprises approximately 1043 acres in Louisa County, Virginia. The

ISFSI is located near the center of the site, approximately 2000 feet southwest of the protected
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area for North Anna Units 1 and 2. Figure 1-1 shows a general layout of the North Anna site.

North Anna Power Station Units 1 and 2 consist of two closed-cycle pressurized water

reactors (PWR) provided by Westinghouse. Operating licenses were issued by the NRC in

April 1978 and August 1980 for Units 1 and 2, respectively. Unit 1 started commercial operation

in June 1978 and Unit 2 in December 1980. A complete description of the power station is

provided in the North Anna Power Station UFSAR, NRC dockets 50-338/339.

The North Anna ISFSI consists of three concrete storage pads on which the loaded SSSCs

are placed. The storage pads will be built in sequence, as needed, and in an order which minimizes

radiation exposures. The storage pads will be surrounded by a security fence and a nuisance fence.

Another fence will enclose the perimeter of the ISFSI site (hereinafter referred to as the ISFSI

perimeter fence).

1.3 GENERAL STORAGE SYSTEM DESCRIPTION

The North Anna ISFSI uses SSSCs to store fuel irradiated at the North Anna Power Station.

Typically, the SSSCs are large cylindrical vessels capable of storing up to 32 unconsolidated PWR

fuel assemblies. The SSSCs are made of carbon steel, stainless steel, or cast iron. They are about

16 feet long and 8 feet in diameter, have walls several inches thick and weigh 100 to 125 tons

fully loaded. The fuel is stored in a helium atmosphere and held in place by a basket or rack.

Figure i1-2 shows the general arrangement of the North Anna ISFSI.

The loading and preparation of an SSSC takes place within the Fuel and Decontamination

Buildings of the North Anna Power Station. The SSSC is loaded under water in the spent fuel

pooi where a lid is positioned on the SSSC prior to lifting it out of the water. Water in the SSSC is

removed, the interior is further dried under vacuum and then filled with helium. Following

decontamination of the outer surface, the SSSC is placed in a transporter outside the

Decontamination Building. The SSSC is then transferred to the ISFSI, where it is emplaced on

one of the three storage pads.

The SSSCs are totally passive systems, with natural convection cooling sufficient to

maintain safe fuel clad temperatures. The SSSC walls provide adequate shielding, and no

radioactive products are released under any credible conditions.

1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS

SSSCs to be used in the North Anna ISFSI are designed and fabricated by other

organizations and will be purchased by Virginia Power. The SSSC suppliers are responsible for
SSSC fabrication, testing, and delineation of specific SSSC requirements, if any. Information

related to the qualifications of the SSSC suppliers is contained in the Topical Safety Analysis

Reports referenced in Section 1.5.
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Site preparation and necessary construction will be performed by Virginia Power's Site

Services Department, using specialty subcontractors, as required.

1.5 MATERIAL INCORPORATED BY REFERENCE

Detailed information describing the SSSCs is provided in the SSSC Topical Safety Analysis

Reports referenced in Appendix A, Table A-i of this Safety Analysis Report (SAR). General

references to the SSSC Topical Safety Analysis Reports are made in sections of this SAR, as

needed, to supplement information contained in the SAR. Each SSSC type is described in a

sub-appendix of Appendix A. Also, the sub-appendices provide SSSC-specific information not

contained in the SSSC Topical Safety Analysis Reports. The combination of this SAR, including

appendices, and any one of the reports describing the SSSCs (one per type of SSSC) provides all

the information described in Regulatory Guide 3.62 (February 1989), Standard Format and

Content for the Safety Analysis Report for Onsite Storage of Spent Fuel Storage Casks.

The following documents, which are already on file with the NRC, are referenced

throughout this SAR:

1. North Anna Power Station Units 1 and 2, Updated Final Safety Analysis Report, NRC
dockets 50-338 and 50-339.

2. North Anna Power Station Units 1, 2, 3 and 4, Environmental Report, submitted
March 15, 1972.

3. North Anna Power Station, Emergency Plan.

4. Dominion Nuclear Facility Quality Assurance Program Description, Topical

Report DOM-QA-l1.

5. Surry Power Station, Independent Spent Fuel Storage Installation, Safely Analysis Report.
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Chapter 2 SITE CHARACTERISTICS

2.1 GEOGRAPHY AND DEMOGRAPHY OF SITE SELECTED

2.1.1 Site Location

The location of the Independent Spent Fuel Storage Installation (ISFSI) is approximately

2000 feet southwest of the North Anna Power Station Units 1 and 2 protected area and within the
boundaries of the North Anna site (see Figure 1-]1). The ISFSI occupies approximately 11 acres.

The North Anna site is located in the north-central portion of Virginia in Louisa County.

The site is on a peninsula on the southern shore of Lake Anna at the end of State Route 700. The

earth dam that creates the lake is approximately 5 miles southeast of the site. The North Anna

River flows southeasterly, joining the South Anna River to form the Pamunkey River

approximately 27 miles southeast of the site.

The largest community within 10 miles of the site is the Town of Mineral (Louisa County),

which had a 1990 population of 452 persons, and is approximately 6 miles west-southwest of the

site. The community of Louisa, which had a 1990 population of 1088 persons, is approximately

12 miles to the west of the site. Figure 2-i shows the general location of the site and the

surrounding localities within 10 miles.

Regionally, as indicated in Figure 2-2, the site is approximately 40 miles north-northwest of

Richmond; 36 miles east of Charlottesville; 22 miles southwest of Fredericksburg; and 70 miles

southwest of Washington, D.C. Interstate highways 95 and 64, the two principal highways serving

Richmond, pass within 16 miles east and 16 miles southwest of the site, respectively.

The approximate coordinates of the ISFSI are:

Latitude-Longitude Universal Transverse Mercator

380 3.8' N - 770 47.5' W 4,215,900 mnN - 255,100 mE; Zone 18S

2.1.2 Site Description

The North Anna site property comprises 1803 acres, of which approximately 760 acres are

covered by water. The site boundary is shown in Figure 2-3. Virginia Power owns, in fee simple,

all of the land within the site boundary, both above and beneath the surfaces, including those
portions of the reservoir and waste heat treatment facilities (cooling lagoons) that lie within the

site boundary. The controlled area is all of the area within the site boundary. Virginia Power also

owns, in fee simple, all land outside the site boundary that forms the reservoir and the cooling

lagoons up to their expected high-water marks. The Station and all supporting facilities including
the reservoir, cooling lagoons, earthen dam, dikes, railroad spur, and roads constitute

approximately 13,775 acres.

The site plan for the North Anna ISFSI and its relative location to the North Anna Power

Station are presented on Figure 2-3. Consistent with Section 2.1.2.1 of the North Anna Power
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Station UFSAR, the restricted area for the ISFSI is the North Anna site boundary. The controlled

area boundary is also the site boundary. As shown on Figure 2-3, the minimum distance to the

controlled area boundary from the ISFSI is approximately 2500 feet and occurs in the southwest

sector relative to the ISFSI.

Since the controlled area for the North Anna ISFSI is wholly within the property lines for

the North Anna site, Virginia Power has full authority to determine all activities including the

exclusion and the removal of personnel and property. No activities unrelated to operation of the

North Anna Power Station or the ISFSI are permitted within the controlled area.

The topography in the site region is characteristic of the central Piedmont Plateau with a

gently undulating surface varying from 200 to 500 feet above sea level (see Figure 2-7). The

surrounding region is covered with forest and brushwood interspersed with an occasional farm.

The land adjacent to the reservoir is becoming increasingly residential as the land is developed.

Figure 2-8 shows the topography in the vicinity of the ISFSI. Drainage of surface water at

the ISFSI will be provided by channels to a small creek to the south and west. The area inside the

ISFSI perimeter fence will be graded level. Areas not needed for ISFSI operations will be seeded

with grass, while areas needed for ISFSI operations will be covered with course gravel. The areas

surrounding the west, south and east sides of the ISFSI perimeter fence will remain forested.

Based on this description, the potential for erosion at the ISFSI is small, and the potential for

forest fires exists only outside the ISFSI perimeter fence.

2.1.3 Population Distribution and Trends

Cities within 50 miles of the site are shown on Figure 2-2. Section 2.1.2 of the North Anna

ISFSI Environmental Report, contained in the ISFSI Reference Document Manual, provides

detailed information on population projections.

2.1.4 Use Of Nearby Land and Waters

The North Anna site is located in a predominantly rural area of Louisa County, Virginia. In

Louisa County and the four adjacent counties of Spotsylvania, Orange, Hanover and Caroline, an

average 42.5% of the total county acreage is used for agriculture. Approximately 38% of the

508,443 agricultural acres in these five counties is cropland, 15% is pastureland, and the balance

is woodland. Principal crops are barley, tobacco, corn, wheat, hay and soybeans. Poultry, livestock

and dairy products are also major agricultural products of the area and represent the greatest share

of the area's cash farm income.

Section 2.1.2.3 of the North Anna ISFSI Environmental Report, contained in the ISFSI

Reference Document Manual, provides information on recreational activities on Lake Anna.

Section 2.2.1 that follows provides information on industrial activities in the area.
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2.2 NEARBY INDUSTRIAL, TRANSPORTATION, AN]) MILITARY FACILITIES

2.2.1 Description

Currently, there are none of the following facilities within 5 miles of the North Anna site:
military bases, manufacturing plants, chemical plants and storage facilities, airports, major
railroad lines, major water transportation routes or oil and gas pipelines. Also, there are no mining

activities within 5 miles of the site.

There are no significant industrial activities within 5 miles of the site. Based on trends of

industrial growth and projected population figures, it is not expected that any major industrial
expansion will occur in this area.

Roads within 10 miles of the site are shown on Figure 2-1. Virginia Route 208 and

US Route 522 are the major transportation routes serving the site area that pass within 5 miles of

the site, however, there are no specific data on the types and quantities of products and materials

transported on these roads.

State Route 700, east from State Route 652, is the only land access to the North Anna site. It
ends at the site west boundary. No chemicals or cargo are expected to be transported on this

portion of Route 700 unless the chemicals or cargo are used by the North Anna Power Station.

The railroad line closest to the site is the line owned by CSXT. It passes through the towns

of Louisa, Mineral, Fredericks Hall and Bumpass; its closest approach to the site is approximately

5.5 miles southwest. A spur line connects the site with this line.

There are only two airports within 10 miles of the site: Lake Anna (Rest-A-While) Airport
and Cub Field. The Louisa County Airport is located 11 miles west-southwest of the site.

Operations at these airports involve light aircraft. None of these airports are expected to grow

significantly in the foreseeable future. Section 2.2.1.6.2 of the North Anna Power Station UFSAR
includes a discussion of airways over the site.

2.2.2 Effects of Potential Accidents

The only sources of explosion and formation of flammable vapor clouds are explosive

materials/chemicals carried by truck traffic.

The largest possible explosive load routinely transported contains 8500 gallons of gasoline

(set by highway weight limits). Based on an analysis in Section 2.2.2.1.1 of the North Anna

Power Station UFSAR, if this amount of gasoline were to explode at the closest point to the site,

1.5 miles on State Route 652, a peak overpressure of 1 psi would be experienced approximately
1900 feet away from the point of explosion. The overpressure experienced by the SSSCs 1.5 miles
away from the explosion would be significantly less than 1 psi.
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2.3 METEOROLOGY

Meteorology at the North Anna Power Station is described in Section 2.3 of the North Anna
Power Station UFSAR. Information from the UESAR concerning meteorology is summarized and
supplemented below.

2.3.1 Regional Climatology

The climate of the site is basically modified continental. The summers are warm and humid
while winters are generally mild. The Blue Ridge Mountains to the west act as partial barriers to

winter storms, modifying their intensity as they move across the rolling Piedmont to the Tidewater

region adjacent to the Atlantic Ocean.

Climatic characteristics are illustrated in Figure 2-4 through Figure 2-6 which show daily
average temperatures, daily extreme temperatures, and the probability of an extreme 1-mile wind

passage for Richmond, Virginia. Temperatures in the site region rarely exceed 950F or fall below

loop.

Rainfall averages approximately 44 inches per year around the site region and is fairly well
distributed throughout the year, with the exception of the months of July and August, when

thunderstorm activity raises the monthly totals to approximately 5 inches. Tropical storms may

also contribute significantly to precipitation during the late summer and fall. Records indicate that

the maximum rainfall during a 24-hour period was 8.79 inches, which occurred in August 1955.

Snowfalls of 4 inches or more occur an average of once per year. Snow usually only remains
on the ground from 1 to 4 days at a time. Richmond averages 14.6 inches of snow per year.

Tornadoes are infrequent in Virginia. In the period from 1916 through 1987, only

65 tornadoes were reported within a 50-mile radius of the North Anna site (Reference 1). This
averages to less than one tornado per year within this radius. Based on statistical methods
proposed by Thom (Reference 2) and as described in detail in Section 2.3.1.3.2 of the North Anna
Power Station UFSAR, the probability of a tornado striking a point within the 50-mile radius is
3.25 × 10.5 per year, or a recurrence interval of 30,800 years.

Richmond averages 37 thunderstorm days per year with a quarter of these typically

occurring in July. Cloud-to-ground lightning strike data within an approximate 10-kilometer

radius of the site region was analyzed for the ten year period of 1984 to 1993. Results indicate a
minimum yearly strike frequency of 1.1 strikes per square kilometer in 1992 and a maximum
yearly strike frequency of 3.9 strikes per square kilometer in 1988.

2.3.2 Local Meteorology

2.3.2.1 Data Sources

Meteorology in the North Anna Power Station site area was evaluated as part of its

Operating License application review. Data acquired by the National Weather Service and
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summarized by the Environmental Data Service (Reference 3) were used to determine the
normals, means, and extremes of temperature and precipitation applicable to the North Anna site

region.

Temperature extremes for Richmond, Virginia are shown in Figure 2-5. In August 1918 a

record high of 107°F was recorded and in January 1940 a record low of -120F was recorded. The

extreme temperatures used as the design criteria for the SSSCs, -20°F and 115°F, were selected

because they exceed the recorded temperature extremes.

The design solar insolation values for casks stored at the ISFSI are adapted from

10 CFR 71.71(c). The insolation values are 800 gm-callcm2 for flat surfaces and 400 m-callcm2

for curved surfaces applied over a 12-hour daylight period. These insolation values may be

averaged over a 24-hour period for long-term thermal analyses.

Joint frequency distributions of wind speed and horizontal atmospheric stability for both the

lower and upper tower levels are presented in Tables 2.3-9 and 2.3-10 of the North Anna Power

Station UJFSAR. In addition, the joint frequency distribution of lower level wind speed and

vertical atmospheric stability are presented in Table 2.3-i11 of the North Anna Power Station

UFSAR. The distributions are for Stability Classes A through G as defined in Regulatory

Guide 1.23.

2.3.2.2 Topography

The North Anna Power Station site and exclusion area consist of approximately 1043 acres

located in the north-central portion of Virginia in Louisa County beside Lake Anna. The site

region is characterized by gently rolling terrain that rises to an average height of 50 to 150 feet

above Lake Anna and is cut by the North Anna River. The topography in the site region is
characteristic of the Central Piedmont Plateau, which has a gently undulating surface that varies

from 200 to 500 feet above sea level.

Figure 2.3-24 of the North Anna Power Station UFSAR is a map showing detailed

topographic features within an 8-kilometer (5 mile) radius centered on the site area.

2.3.30Onsite Meteorological Measurement Program

The North Anna Power Station will also provide meteorological monitoring for the ISFSI.

A detailed description of the meteorological monitoring program is provided in Section 2.3.3 of

the North Anna Power Station UFSAR. Data from this program, however, will not be used to

estimate offsite concentrations of airborne effluents from the ISFSI, as no credible mechanism for
the release of airborne effluents has been postulated.

As illustrated in Figure 2.3-25 of the North Anna Power Station UFSAR, the ISFSI is

located approximately 3500 feet from the primary meteorological tower, with the service water
reservoir and the Units 1 and 2 discharge canal between the ISFSI and the tower. Based on the
analysis in Section 2.3.3.6 of the Surry Power Station ISFSI SAR, the separation between the
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North Anna ISFSI and the meteorological tower, and the intervening topography and other heat

sources, no effect is expected on the tower from the heat source represented by a fully loaded

ISFSI.

2.3.4 Diffusion Estimates

2.3.4.1 Basis

No routine or accidental releases are planned or postulated as a result of ISFSI operation.

Nevertheless, X/Q values have been calculated which can be used to estimate radiological doses

from the accidental release analyzed in Section 8.2.10.

2.3.4.2 Calculations

Five years of meteorological data from 1989 through 1993 were used to calculate dispersion

factors (X/Q) for use in the dose assessment of accident airborne releases. Wind speed, direction,

distance from the ISFSI to the North Anna Power Station site boundary, and atmospheric stability

class (based on the temperature gradient determined from instrumentation at the 10 meter and the

158.9 foot elevations) serve as inputs to the dispersion model described in Regulatory

Guide 1.145 (Reference 4).

Table 2-1 provides the X/Q values at the site boundary for an instantaneous accidental

release from the ISFSI. Time-dependent X/Q values are not provided since routine releases are

neither planned nor anticipated. The X/Q values provided in Table 2-1 represent the most limiting

X/Q values to members of the public with the SE sector having the greatest X/Q at 1100 meters

from the ISFSI to the site boundary. According to the dispersion model, the topographical features

surrounding the North Anna site are such that the X/Q values monotonically decrease with

distance from the site boundary. Therefore, the limiting dose to members of the public will occur

at the site boundary in the SE sector and dose to members of the public will decrease as the

distance from the site boundary increases.

2.3.5 References

1. Storm Data, National Oceanic and Atmospheric Administration, National Weather Records

Center, Environmental Data Service, Asheville, North Carolina.

2. H. C. S. Thom, "Tornado Probabilities," Monthly Weather Review, Vol. 91, Nos. 10-12,
pp. 730-736.

3. Richmond, Virginia 1987 Local Climatological Data, Annual Summary With Comparative
Data, National Oceanic and Atmospheric Administration, National Weather Records Center,

Environmental Data Service, Asheville, North Carolina.

4. U. S. NRC Regulatory Guide 1.145, Atmospheric Dispersion Models for Post Accident

Consequence Assessments at Nuclear Power Plants, Revision 1, November 1982, Reissued
February 1983.
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2.4 HYDROLOGY

The data and analyses in this section were obtained from the material presented in
Section 2.4 of the North Anna Power Station UFSAR (References 1 & 2). In addition, hydrologic
data for the period from 1971 to 1993 were also reviewed. No severe event occurred from 1973 to
the present which exceeded the maximum flood on record that has occurred on the North Anna
River. The subsurface hydrology section includes site specific data produced as a result of the

ISFSI site soils investigation, and follow-up monitoring.

2.4.1 Hydrologic Description

2.4.1.1 Site and Structures

The general site grade for the ISFSI is at Elevation 311 feet msl. This grade varies
somewhat to permit proper drainage. The top elevation of the storage pads will be at
311'.5 feet msl. Areas outside of the ISFSI generally slope to the south, towards Lake Anna. There

is an ISFSI access road to the west of the ISFSI which is graded from Elevation 332 feet msl to
Elevation 311 feet msl into the site. Site grade is above the probable maximum flood level, as

discussed in Section 2.4.2.2. There are no above-ground enclosed structures associated with this

facility.

2.4.1.2 Hydrosphere

Regional topography and characteristics are shown on Figure 2-7. The region surrounding

the North Anna Power Station site is characterized by gently rolling terrain that rises to an average
height of 50 to 150 feet above Lake Anna and is bisected by the North Anna River. The
topography in the site region is characteristic of the Central Piedmont Plateau, which has a gently
undulating surface that varies from 200 to 500 feet above sea level.

An earth dam approximately five miles southeast of the site forms Lake Anna, which

extends approximately 17 miles along the old North Anna river bed. The lake and waste heat
treatment facility cover a surface area of 13,000 acres and contain approximately 100 billion
gallons of water.

The ISFSI site is located more than 60 feet above normal lake level elevation, and 45 feet
above the flood elevation assumed to occur due to the Probable Maximum Flood postulated to

occur on Lake Anna. The terrain near the ISFSI site varies from Elevation 336 feet msl northwest
of the ISFSI to Elevation 250 feet msl near the lake.

The North Anna River rises in the eastern slopes of the southwestern mountains in the
Appalachian Range near Gordonsville, Virginia, flows into the Lake, and then continues along a
southeasterly course to its confluence with the South Anna River 5 miles northeast of Ashland,
Virginia, where the Pamunkey River is formed. The Pamunkey River continues on a general
southeasterly course to West Point, Virginia, where it is joined by the Mattaponi to form the York

River. The York River flows into the Chesapeake Bay approximately 15 miles north of Hampton,

Virginia.
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The North Anna River drains a watershed of 343 square miles above the dam. The dam is
located approximately 4 miles north of Bumpass, Virginia and approximately 0.5 mile upstream
of Virginia Route 601. The nearest United States Geological Survey (USGS) stream gauging
station on the North Anna River was at the bridge at Virginia Route 601. This stream gauge had
been operating from October 1978 to January 1997. There have also been gauges located at

Doswell and Hart Corner, Virginia, approximately 15 miles downstream from the dam. These
gauges have provided coverage since 1929. The current USGS gauge at Hart Corner monitors
flow over a watershed of approximately 463 square miles. Table 2-2 summarizes the records at
these gauging stations and tabulates basic stream flow data for the dam site, which have been

estimated using the gauge records as a guide for years prior to 1971, and the Partlow gauge data

for years after 1977.

No river control structures exist on the North Anna River other than the dam described

above.

There is one industrial user of water on the North Anna River downstream of the dam, Bear
Island Paper. Company, and this facility is located approximately 26 miles from the North Anna

Power Station. There are no known industrial users of water on the Pamunkey River until it
reaches the York River some 60 miles downstream at West Point, where a large pulp and paper
manufacturing plant is located. There is one known potable water withdrawal on the North Anna
River, the Hanover County Treatment Plant near Doswell. This plant is located approximately

24 miles downstream from the power station.

2.4.2 Floods

The North Anna ISFSI is a flood-dry site due to the elevation Of the site with respect to

Lake Anna and the conservative design of storm drainage facilities within the local site area.
Local intense precipitation is the controlling case for storm drainage design.

2.4.2.1 Flood History

Floods due to precipitation on the watershed of the North Anna River are the only flooding

conditions applicable to historical consideration. Surges due to tropical systems, or tsunamis are

not applicable to this site. The site is also not influenced by tidal effects. Gauge records have been
available since the late 1920s at the USGS gauge near Doswell and in later years at Hart Corner

(Reference 3). In this time the most serious flooding on the North Anna River that occurred took
place in 1969 due to the remnants of Hurricane Camille (Reference 4). The second largest event

on gauged record was in 1972 with the passing of the remnants of Hurricane Agnes through the
watershed. Two smaller events occurred in 1928 and 1937 (Reference 5). The largest twelve
floods on gauged record are listed in Table 2-3.

The average annual flood on the North Anna River near Doswell is approximately 7000 cfs.
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2.4.2.2 Flood Design Considerations

A discussion of flood elevation levels compared to the ISFSI site is provided in

Section 2.4.1.2. A discussion of the analysis of the Probable Maximum Flood and its basis is

contained in Section 2.4.3 and Appendix 2A of the North Anna Power Station UFSAR. The

effects of local intense precipitation have been taken into account in the design of the storm

drainage system for the ISFSI site. Detailed discussion of this item is contained in Section 2.4.2.3.

2.4.2.3 Effects of Local Intense Precipitation

The ISFSI site is at a higher elevation than the surrounding area as shown on Figure 2-8.

The site is drained by gradual fine grading away from the storage pads, and a combination of
earthen, and concrete channels to the exterior of the site. The southern eight acres of the site are

drained by a system of earthen and concrete trapezoidal channels, and the remainder of the site is

drained via concrete culverts. This is shown on Figure 2-8. The drainage system was designed

using a 10-year storm rainfall intensity. Storm drainage channels were checked and provided with

additional depth to accommodate the 1 00-year storm (References 6, 7 & 8). These channels were

checked to confirm that adequate hydraulic capacity existed in the storm drain system, and that

the hydraulic grade line elevations were less than the top elevations of the storage pads. Since the

storage pads are located at the highest part of the ISFSI, severe flooding or hydrodynamic loading

due to floodwater is not credible based on the 100-year storm.

2.4.3 Probable Maximum Floods On Streams and Rivers

Based on information presented in Section 2.4.3 and Appendix 2A of the North Anna

Power Station UFSAR, the probable maximum flood on Lake Anna would result in a lake level of
264.2 feet msl at the Main Dam. The water level at the Power Station site was calculated to be

267.3 feet msl, including possible wave effects. The effects in the Sedges creek area of the Waste

Heat Treatment facility would be similar to that in the main lake, however, the wave effects would

be less due to decreased fetch. The ISFSI is sited at an elevation approximately 45 feet above the

postulated PMF lake elevation.

2.4.4 Potential Dam Failures (Seismically Induced)

As stated in Section 2.4.4 of the North Anna Power Station UFSAR, there are no dams in

existence on the North Anna River, other than the Lake Anna dam, either upstream or

downstream. The only impoundments in the area would be small farm ponds whose failure would

not produce any measurable effect on Lake Anna, the Lake Anna dam, or any safety-related

systems. Thus, because the ISFSI is at .a higher elevation than the station, the ISFSI is unaffected

by. flood levels due to seismically induced dam failures.

2.4.5 Probable Maximum Surge and Seiche Flooding

Surge and seiche flooding effects are considered in coastal or tidal areas where cyclonic

activity results in increased water levels. These increased levels ar~e due to the momentum of the

storm event and the reduction in volumetric flow area near the coast (References 9 & 10). The
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North Anna Power Station is approximately forty miles upstream from the confluence of the
North Anna river with the South Anna near Doswell. The Pamunkey River becomes tidal in the
region of the US 360 bridge approximately thirty-six miles downstream of this confluence. Surge
effects would dissipate with distance from the coast, available storage of floodwater, elevation
above sea level, etc. Therefore, surge flooding is not considered credible. Since the Power Station
and the ISFSI site are not within an enclosed or semi-enclosed bay or harbor, seiche due to free
oscillations is not applicable. Seiche due to forced oscillations is applicable primarily to coastal

situations and as stated previously, the ISFSI site is inland.

2.4.6 Probable Maximum Tsunami Flooding

Tsunami flooding is not a consideration for the North Anna site because of its inland

location (Reference 9).

2.4.7 Ice Flooding

As discussed in Section 2.4.1.2, the North Anna ISFSI is approximately 60 feet above the

normal level of Lake Anna. The formation of ice on Lake Anna would not have an effect on the
ability of the North Anna ISFSI site to drain properly.

2.4.8 Flooding Protection Requirements

The ISFSI is situated well above the maximum water level occurring on Lake Anna. As

stated in Section 2.4.1.2, the ISFSI site grade is 60 feet above the normal stillwater level of Lake
Anna. There are no special precautions that need to be taken to protect SSSCs on the storage pads.

2.4.9 Environmental

There are no liquid or gaseous releases that could result from operation of the North Anna

ISFSI.

2.4.10 Subsurface Hydrology

2.4.10.1 Regional Characteristics and Site Characteristics

The hydrologic boundaries of the North Anna Power Station site proper are Lake Anna on
the north and east, Freshwater Creek approximately three miles to the west, and Elk Creek

approximately four miles to the south. A description of groundwater conditions and 0nsite use are

discussed in Section 2.4.13 of the North Anna Power Station UFSAR.

The hydrologic boundaries of the North Anna ISFSI site consist of a tributary to Sedges
Creek to the west and south of the site, Canal A to the east, and Lake Anna to the north. The

closest distance to Lake Anna to the north is located near the Unit 2 intake structure which is
approximately 3000 feet away. The distance to Canal A is approximately 2500 feet to the east.
The closest distance to Lake Anna in the Waste Heat Treatment Facility is 1500 feet to the
southeast. A tributary to Sedges Creek, however, varies from less than 100 feet to the west of the
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ISFSI to 1000 feet directly to the south of the ISFSI. Figure 2-9 depicts the ISFSI and its location
with respect to the lake.

The elevation of rock surface varies at the ISFSI site from Elevation 272 feet msl to
Elevation 245 feet msl. The groundwater generally moves along this rock surface until it exits the
ground surface as springs, or into the lake. There are three permanent groundwater monitoring
wells that have been installed onsite, one upgradient and two downgradient. The average
groundwater elevation of the upgradient well is 296.3 feet msl. The average groundwater
elevation of the southwesterly downgradient well is 289.0 feet msl. The average groundwater

elevation of the southeasterly downgradient well is 280.3 feet msl. The average elevations cited

are based on a three month period in which the readings were taken. The southwesterly gradient is
approximately 0.01 ft/ft, and the southeasterly gradient is approximately 0.02 ft/ft. Using a
horizontal coefficient of permeability of 10-6 cm/sec, an estimate of the seepage rate is between

1.5 and 3.0 gal/day/ft near the ISFSI. Groundwater from below the ISFSI site will tend to migrate
towards the lake via springs, which will accumulate in the tributary stream to Sedges Creek. This

groundwater will eventually move into the lake at the Sedges Creek "ann" of the Waste Heat

Treatment Facility.

2.4.10.20Onsite and Offsite Water Use

Water for domestic use at the plant site is taken from groundwater wells. There are currently
seven wells in use at the Power Station. The closest of these to the ISFSI site is approximately
1500 feet away to the east near the North Anna Nuclear Information Center (NANIC).

The closest offsite well to the ISFSI site is in a residential area approximately 3500 feet

away to the south. As discussed in Section 2.4.10.1, the groundwater regime below the ISFSI site
will tend to move water to the tributary of Sedges Creek directly to the south of the site, and

eventually into the Lake. The wells in this residential area are drilled very close to the lake and the
effects of the presence of the lake (hydrostatic pressure), and distance from the site would

preclude any groundwater movement from the ISFSI to this location.

2.4.11 References

1. Site Environmental Studies, Proposed North Anna Power Station, Louisa County, Virginia,

Dames & Moore.

2. Site Environmental Studies, North Anna Power Station Proposed Units 3 & 4, Louisa County,

Virginia, Dames & Moore.

3. Water Resources Data for Virginia, U.S. Geological Survey Water-Data Reports, 1961

through 1993.

4. Flood of August 1969 in Virginia, U.S. Department of the Interior, Geological Survey, Water

Resources Division, 1970.
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5. Floods in Virginia, Magnitude and Frequency, U.S. Department of the Interior, Geologic
Survey, Water Resources Division, B. M. Miller, 1969.

6. Drainage Manual, Virginia Department of Transportation, 1989.

7. Applied Hydrology, Chow, Maidment and Mays, 1988.

8. Open Channel Hydraulics, Chow, 1959.

9. Handbook of Coastal and Ocean Engineering, Vol. 1, Wave Phenomenon and Coastal
Structures, John B. Herbich, Editor.

10. Shore Protection Manual, Vol. 1, Coastal Engineering Research Center, Department of the
Army, 1984.

2.5 GEOLOGY AND SEISMOLOGY

2.5.1 Basic Geologic and Seismic Information

This section presents information developed from analysis of borings, laboratory tests and

additional bedrock exposures at the ISFSI site. The geology and seismology for the North Anna

Power Station as previously presented from the original plant licensing and other documents is

discussed in Section 2.5 and Appendices 2B, 2C and 3E of the North Anna Power Station

UFSAR. Also presented is a general update to Section 2.5 of the North Anna Power Station

UFSAR based on geologic information developed over the last 15 to 20 years, including a

reclassification of the basic Piedmont geologic nomenclature as a result of geologic mapping in

the Northern Virginia Piedmont.

The results of additional subsurface investigation, laboratory testing, and geotechnical

evaluation for areas south and east of Units 1 and 2 are summarized in a geotechnical report

(Reference 39). This report provides geotechnical information from additional borings completed
at locations along the alternate transport route.

2.5.1.1 Storage Site Geomorphology

The ISFSI site is contiguous with that of the North Anna Power Station, and is collectively

called the site hereinafter. The site is located within the Piedmont Plateau Province, which is

characterized by an undulating, rolling topography with as much as 100 feet of relief in the

general site area. The Piedmont Province is bounded on the east by the Atlantic Coastal Plain

Province, some 15 miles east-southeast of the site, and the Blue Ridge Province to the northwest,

some 40 miles distant from the site. Bedrock within the Piedmont is typically metasedimentary

and metavolcanic, with some plutonic granitic rocks. The bedrock typically is deeply weathered
into a saprolitic cover of up to 100 feet in thickness.

2.5.1.2 Geologic History of Storage Site and Surrounding Region

The ISFSI site is located within an area of the eastern North American craton that has
undergone extensive* tectonism since Precambrian time. This has resulted in a complex pattern of
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regional folding and faulting. Three of the periods of tectonism in the Paleozoic era were the
result of a collisional or accretionary tectonic style, While the last period of tectonism was

generally a continental rifting, or extensional style of deformation. This last period of tectonism in
the late Jurassic and early Triassic resulted in the formation of the numerous downfaulted Triassic
basins that exist along the eastern margin of North America, from Connecticut to Georgia.

2.5.1.3 Specific Structural Features of Significance

The ISFSI site lies adjacent to the North Anna Power Station upon a bedrock lithology

mapped previously (Reference 1), and shown in Figure 2-10, as hornblende gneiss. The

hornblende gneiss, which is the dominant lithology, is generally an interbedded sequence of

hornblende gneiss, biotite granite gneiss and granite gneiss. As shown in Figure 2-10, the

dominant lithology onsite is the interbedded hornblende gneiss/biotite granite gneiss/granite

gneiss sequence, with the massive granite gneiss unit being subordinate. Both units as mapped

onsite are part of the Ta River Metamorphic Suite, mapped and classified by Bobyarchick, et al.

(1981) (Reference 2). The Ta River occurs west of the Spotsylvania Lineament (a

northeast-southwest trending aeromagnetic lineament described below), and is generally
composed of amphibolites, amphibole gneiss anid minor biotite granite gneiss and schist units.

The dominant structural features noted during detailed geologic mapping at the site in 1973

(Reference 1) are shown in Figure 2-110. The site is located on the northwest flank of a
northeasterly trending, gently plunging (15 degrees) to the north, antiform. During the Paleozoic

era, these rocks were deformed repeatedly and resulted in the polydeformational expression seen

in the rocks today. Boundaries between the different units at the site were primarily affected by

flexural slip folding during that era as the antiform was forming. The resulting deformation along

one of these boundaries formed the Zone A Chiorite Seam that was the object of the very detailed
geologic investigation in 1973 because of its location relative to Units 1 through 4 of the

North Anna Power Station. Details describing this geologic investigation can be found in

Section 2.5.2.4 of the North Anna Power Station UFSAR.

The closest fault to the site other than that described above is located near Mineral, Virginia,

some six to seven miles west of the site. The fault has no surface expression and is known only

from exposures in underground mine workings near Mineral. The known length of the fault is

approximately 1000 feet, with a projected maximum length of several miles. If projected along its

strike of N20°E, it would pass approximately 4-1/2 miles northwest of the site (Section 2.5.2.4 of

the North Anna Power Station UFSAR).

The locations of recent borings drilled at the ISFSI site for purposes of developing

subsurface information for foundation design and for confirming bedrock geology characteristics
are shown on Figure 2-11. Figure 2-12 presents a subsurface cross-section of the bedrock and
overlying soils beneath the storage pads. The bedrock encountered in the core retrieved from the
borings confirms the previous bedrock mapping and interpretation made in 1973. Additionally,

fractures identified in the core were consistent in both frequency and general orientation relative
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to the core as those observed and mapped in the excavations for Units 3 and 4 and elsewhere
onsite in 1973. No structural zones similar to what was observed in Units 3 and 4 during the 1973
geologic investigation were observed in the core retrieved from the recent ISFSI borings.
Foliation observed in the core ranged from 35 to 50 degrees (interpreted to be dipping to the
northwest based on previous mapping onsite).

Details regarding the recovery and rock quality designation (RQD) values are contained in

Table 2-4. The boring logs and logs of the rock coring for the bedrock investigation, are provided

in Appendix 2A.

A brief description of structural features of significance is provided below. Additional
details regarding the site can be found in Section 2.5.3.1 of the North Anna Power Station

UFSAR.

1. Hylas Zone

In a section of the Piedmont and Triassic subprovince approximately 25 km west of
Richmond, and to the south-southeast of the site, lies the Hylas zone which trends roughly

northeast (Figure 2-13). This is a group of mylonitic rocks produced by late Paleozoic ductile
shearing of pre-existing biotite gneiss, granite gneiss, and amphibolite. The rocks west of the
Hylas zone (between Columbia and the Hylas zone), referred to as the Goochland complex,
are metamorphosed sedimentary and igneous rocks consisting of biotite gneiss and schist,

granite gneiss, amphibolite, and granite.

The Petersburg granite, a coarse-grained unit, bounds the eastern margin of the Hylas zone at
Hylas and northeastward to the Taylorsville Basin. It is a two-feldspar muscovite-biotite

granite with at least one poorly to moderately developed tectonic foliation. Emplacement of
the Petersburg granite occurred prior to the formation of the Hylas zone since field mapping

indicates mylonitic rocks are gradational into relatively unaltered granite (Reference 3).

Rocks in the Goochland complex west of the Hylas zone underwent at least two

deformations (D1, D2) prior to ductile shearing in the Hylas zone (D3). D3 was responsible
for a mylonitic foliation (Sc) and a later widely-spaced shear cleavage (Ss) to be formed in

rocks in the Hylas zone. At about 220 Ma, brittle deformation was superimposed on the

Hylas zone in the form of high-angle faulting and locally intense fracturing (D4) which is
probably equivalent to the Palisades disturbance of New England. D4 was associated
throughout the Piedmont with synchronous downwarping and dominantly continental

sedimentation to form a series of parallel Triassic basins represented locally by the
Richmond Basin. Northwest-oriented high-angle faults that apparently displace Triassic

sedimentary rocks are interpreted to have occurred prior to the Late Cretaceous
(Reference 3).

The Goochland complex underwent regional prograde metamorphism to amphibolite facies
(M1) and included D1 and D2; structural elements that compose these deformational events
consist mainly of oriented metamorphic minerals. Well-equilibrated microstructures seen in
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the gneiss suggest that the M1 peak persisted past D2. M1 is interpreted to have occurred

approximately 340 Ma. During the late Paleozoic time, D3 was accompanied by retrograde
metamorphism (M2) to greenschist facies in the Hylas zone. The Hylas zone may continue to
the north in the Brandywine area of the Coastal Plain as indicated by Cenozoic reverse
faulting 90 km along the strike of the Hylas zone (Reference 4). Current stress release

beneath the Coastal Plain may be influenced by the Hylas zone and analogous fault systems
throughout the Piedmont (Reference 2).

2. Stafford Fault System

Various field investigations of the upper Mesozoic and Cenozoic deposits of the Inner

Coastal Plain of Virginia between Washington, D.C. and Richmond, Virginia have revealed

evidence of faulting of Coastal Plain beds. In 1976 Newell and others (Reference 5)

recognized and described the Stafford fault system which is a series of end echelon, northeast
striking, northwest dipping, high-angle reverse faults that displace both the Apostolic rocks

of the Piedmont and the overlying Coastal Plain sediments. The Stafford fault extends for
more than 33 miles along the Virginia Fall Line and the northeast-trending reach of the

Potomac River. Mixon and Newell (1977) (Reference 6) believe that the position of the

Stafford fault system supports the hypothesis that the Fail Line and major river deflections
along it have been tectonically influenced (Reference 7).

Fault movement along the Stafford system began as compressional deformation at least as

early as the Early Cretaceous. A detailed trench study of the Dumfries fault zone west of

Stafford, Virginia is of special significance: Ordovician slate, phyllite, and schist have been
thrust at a high angle over the lower Cretaceous Potomac Formation. Likewise, major

deformation occurred in the middle Tertiary and pre-Choptank time. There is as much as

1-1/2 feet of reverse fault offset at the base of the upland gravel in an artificial cut near the

US 1 highway bypass in south Fredericksburg, Virginia which indicates that at least some
Pliocene deformation occurred along the Stafford system. "Approximately 1.0 foot of fault

offset of the base of high-level Rappahannock River terrace deposits by the Fall Hill fault,

which is a major strand of the Stafford system, indicates middle to late Pliocene or, possible,

younger faulting." (Reference 7)

Mixon and Newell (1977) (Reference 6) noted the alignment of zones of compressional

faulting in the Maryland and Virginia Coastal Plain in linear zones of early Mesozoic
extensional faulting in the Piedmont and in the crystalline basement beneath the Coastal

Plain. The early Mesozoic extensional faults and the Coastal Plain compressionai fault zones
are, in turn, aligned with Paleozoic thrusts and shear zones in the underlying basement rock.

In Virginia, for example, the Stafford fault system is aligned with the border faults of the

early Mesozoic Farmville basin trend and with the Spotsylvania magnetic lineament

(Reference 5).
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During 1976, Dames & Moore (Reference 4) investigated the age and geologic origin of the
Stafford fault system, which approaches the site at its closed point, approximately .22 km
northeast in the vicinity of Fredericksburg. The detailed drilling, trenching and mapping
program demonstrated that the youngest identifiable fault movement on any one of the four
structures making up the Stafford fault system was pre-mid-Miocene in age, or more than
10 million years ago. Accordingly, the Stafford fault system is not capable in the meaning or

intent of Appendix A to 10 CFR 100.

3. Spotsylvania Lineament

The Spotsylvania lineament is a northeast-trending aeromagnetic anomaly that separates the
Ta River and Po River Metamorphic Suites. To the west of the lineament, and where the
North Anna Power Station is located, the Ta River rocks are characterized by linear, northeast
trending medium to high intensity anomalies; however, to the east of the lineament, the Po
River terrane is characterized by relatively lower intensity, north-trending anomalies.
Researchers believe that the Spotsylvania lineament represents a fault or system of faults to
explain its regional linearity. Microstructures and field data indicate that the Spotsylvania
lineament, if it represents a fault, formed during or before regional metamorphism
(Reference 2).

Inasmuch as the Spotsylvania lineament is directly on strike with a projected extension of the
Stafford fault system to the southwest, Dames & Moore (1977) (Reference 8) investigated
the minimum age of the Spotsylvania lineament (then known as Neuschel's lineament) by
categorizing and mapping the extent and continuity of a Pre- or Early Cretaceous erosion
surface across the extent of the lineament. Dames & Moore's findings were that the lines of
evidence discerned indicated a minimum age of movement of 100 million years (Early
Cretaceous) if the lineament were indeed a fault zone, and that it is not structurally related to
the Stafford fault system.

4. Mountain Run Fault Zone

The Mountain Run fault zone (MRFZ) is a regional feature approximately 75 km in length. It
is best defined as a physiographic feature, in the form of a northeast-trending linear
fault-scarp, in the Unionville, Virginia quadrangle. The northern end of the MRFZ forms part
of the southeast boundary of the early Mesozoic Culpeper basin. The scarp is "held up" by
phyllonite which extends over a width of at least 2-1/2 km to the southeast of the scarp. On
the northwest side of the scarp lies an alluvium-filled valley. The northwest side of this valley
is a narrow zone of faulted and sheared rocks that form the northwest boundary of the MRFZ.
Mapping indicates that the MRFZ extends from about the Mesozoic basin near the
Rappahannock River southwestward to near Charlottesville, Virginia (Reference 9).

On its southeast side, the MRFZ separates a thrust-faulted early Paleozoic (pre-440 Ma)
melange terrane from a phyllite, slate, and limestone unit that uncomformably overlies the
Precambrian Catoctin Greenstone; together these are considered as part of ancestral
(pre-400 Ma) North America. Therefore, the MRFZ is thought to be a suture which
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'juxtaposed a Cambrian island arc (Central Virginia volcanic-plutonic belt) and its associated

fault-imbricated back-arc basin (melange terrane) onto or against ancestral North America in

pre-440 Ma." In early Mesozoic time, part of the MRFZ was reactivated to partly delineate

the southeast boundary of the Triassic-Jurassic Culpeper basin. According to Pavlides (1986)

(Reference 9), there may have been additional local reactivation within the MRFZ during the

late Cenozoic time indicated by the recent (ca. 1986) discovery of a thrust fault within the
MRiFZ that offsets gravels of probably post-Pliocene age (Reference 9).

5. Giles County Zone

A series of five extensional faults were recently uncovered in new excavation for landfill

material adjacent to the New River in Giles County, 'Virginia, some 220 miles west-southwest

of the site (Figure 2-13). The faults strike about N500 E and dip either northwesterly or

southeasterly. The structures displace alluvial terrace deposits of suspected Tertiary or

Quaternary age. Seismic monitoring in this part of the Valley and Ridge Province over the

past 20 years indicate that earthquake foci are located at depths greater than 5 km

(Reference 10).

.2.5.1.3.1 Regional Geology

The predominant lithologies in the region surrounding the site include rocks of the Central

Virginia Volcanic-Plutonic Belt, the Ta River and Po River Metamorphic Suites and interlayered

mafic and felsic metavolcanic rocks. The Falmouth Intrusive Suite and the Quantico Formation

are rocks of the Central Virginia Volcanic-Plutonic Belt. The Falmouth Intrusive Suite is

composed of fine-grained to pegmatitic granite, quartz monzonite, granodiorite, and tonalite and

also consists of dike, sills and small plutons. This unit has been dated at about 300 to 325 Ma and

locally intrudes the Ta River Metamorphic Suite and the Quantico Formation. The Quantico

Formation is predominantly a slate and porphyroblastic schist. This unit contains gray to black,

graphitic, pyritic phyllite and slate (in the northern Piedmont) whose metamorphic grade

increases to the southwest to produce porphyroblastic staurolite-, kyanite-, and

garnet-biotite-muscovite schists. This unit reaches a thickness of up to 3000 feet. The Quantico

Formation is Ordovician in age and unconformably overlies older units in the northeastern

Piedmont. It is correlated with the Arvonia Formation to the southwest (Reference 11).

The Ta River Metamorphic Suite is a layered sequence which consists mainly of

greenish-gray to black, medium to coarse-grained, poorly to well lineated, massive to

well-layered amphibolite and amphibole-bearing gneiss and schist. Likewise, this suite contains

interlayered ferruginous quartzite, and minor biotite gneiss and schist, felsic volcanic rocks,

gabbro and granite. The amphibolitic rocks commonly contain quartz-epidote lenses and veins.

The grade of regional metamorphism increases from northeast to southwest along strike as does

the proportion of biotite gneiss and schist. Pavlides (Reference 12) correlated the Ta River with

the James Run and Chopawamsic Formations, and considered the Ta River to be a more

oceanward facies of a Chopawamsic island arc sequence, based on geologic and geochemical

factors. The Ta River is Cambrian in age. The Quantico Formation generally overlies the
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boundary between the Ta River and the Chopawamsic, obscuring the contact relationships

(Reference 11).

The Po River Metamorphic Suite, which lies to the east of the Ta River Metamorphic Suite,

is characterized primarily by biotite gneiss with lesser amounts of hornblende gneiss and schist.

Furthermore, pegmatoid and granitoid dikes are abundant. "The age of the Po River is uncertain,

but may be considered Proterozoic Z and (or) early Paleozoic based on its stratigraphic position

underlying the Ta River Metamorphic Suite and the Holly Corner Gneiss, both correlated with the

Lower Cambrian Chopawamsic Formation." (Reference 12)

Ferruginous quartzites, which are distinctive local marker units, locally delineate map-scale

structures in some places. "This lithology is recognizable in rocks of variable degree of

deformation and metamorphic grade; it has been mapped within the Ta River Metamorphic Suite

and within correlative unnamed interlayered mafic and felsic metavolcanic rocks to the

southwest"' (Reference 11)

2.5.1.3.2 Regional Tectonics

Since the time of the initial geologic investigation at the North Anna Power Station, two

major tectonic models have emerged to explain the evolution of the central and southern

Appalachians. The initial model was presented in 1972 by Hatcher, which proposed that the

eastern Piedmont volcanics (Charlotte, Caroline Slate, Raleigh, and eastern slate belts)

represented a late Precambrian to Early Ordovician island arc on the eastern edge of Laurentia.

An Andean-type orogeny during the Middle Ordovician-Sihurian was presumed to have formed by
westward subduction of oceanic crust. Collision with Africa, during Mid-Late Devonian to

Permian, resulted from continued westward subduction and produced the Acadian and

Alleghanian orogenies. Following Hatcher's model in 1972, Odem and Fullagar and Rankin

suggested models in which the Brevard zone along the Eastern Blue Ridge was a suture

(Reference 13).

In 1978, Hatcher revised his earlier model increasing the number of sutures from one to

three. Between 800 and 700 Ma, the basements of the Inner Piedmont and Charlotte/slate belts

were thought to be continental fragments rifted from Laurentia. From about 700 to 450 Ma,

subduction towards the west draped the outer fragment with Charlotte/slate belt volcanics.

Concurrently, the oceanic basins between the Laurentian continent/Inner Piedmont and Charlotte

belt/slate belt fragments were closing, culminating in the Taconic Orogengy during the

Middle/Late Ordovician. Oceanic crust continued to subduct to the west beneath the

Charlotte/slate belt, which eventually closed the lapetan Ocean. Continental collision with Africa

took place in the AcadianlAlleghanian orogenies during the Late Paleozoic (Reference 13).

In 1980, Hatcher and Odom modified the 1978 model to include: Taconic collision between

the North American craton and the Piedmont fragment; Acadian collision between the

Piedmont-North American block and Avalonia; and the Alleghanian collision between Africa and

Avalonia (Reference 113).
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Coney and others (1980) established the suspect terrane concept which was formalized in
the western North American Cordillera. This concept initiated the beginning of a new tangent in
the development of Appalachian tectonic models. In 1982, Williams and Hatcher published a
paper on the accretionary history of the Appalachians, essentially discarding the model proposed
by Hatcher in 1978 for the southern and central Appalachians, but added several new terranes
thought to possibly be bounded by suture zones. Since that time, others have proposed that the

southern and central Appalachians are divided into numbers of micro-terranes each bounded by
possible sutures (Reference 13).

In 1982, Glover and others presented another model, different than the one proposed by
Williams and Hatcher, to explain the tectonic configuration of the Appalachians. They concluded

that the only suture in the Piedmont and the Blue Ridge of the central and southern Appalachians

is the Taconic suture, based on the ages of ductile deformation and metamorphism in the central
and southern Appalachians. The Taconic suture is found along the western boundary of the Kings
Mountain belt in North Carolina and extends into Virginia along the Western boundary of the

Charlotte belt and Chopawamsic volcanics. Likewise, Glover and others believe that other sutures,
of Acadian and/or Alleghanian ages, must lie under the Atlantic Coastal Plain or offshore in

basement rocks (Reference 13).

In 1987, Hatcher further revised the Hatcher and Odom (1980) model to include the

Penobscottian orogeny (early Cambrian to Early Ordovician) as an early stage in the collision of
the "Piedmont arc" with the North American craton (Reference 13). Additional details regarding

the regional tectonic characteristics of the area around North Anna Power Station can be found in

Section 2.5.2.4 of the North Anna Power Station UFSAR.

2.5.1.4 Large Scale Geologic Map

The locations of the structural feature discussed in Section 2.5.1.3 are shown in Figure 2-13.

2.5.1.5 Plot Plan and Site Investigations

Soil borings and laboratory tests were performed as part of the development of the

North Anna Power Station license application. The boring logs and site maps showing the boring

locations are contained in Appendix 2C of the North Anna Power Station UFSAR. Additional

borings and laboratory tests were performed in the area of the Service Water Reservoir. Results of
these borings and tests are contained in Appendix 3E of the North Anna Power Station UFSAR.

An investigation consisting of soil test borings, rock coring, and laboratory tests was performed at
the ISFSI site to identify and document site geotechnical conditions and to develop soil

parameters required for evaluation of design requirements. Two soil test borings were performed

in 2008 to support development of the alternate transport route. Results of the borings and rock
coring are contained in Appendix 2A and laboratory tests are contained in Appendix 2B of this

document.
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The geologic portion of the field investigation for the siting of the ISFSI at the North Anna

Power Station consisted of:

1. The logging and preparation of bedrock boring logs for eight borings, using standard
techniques; and

.2. Examination of weathered bedrock exposures in a borrow pit west of the North Anna Power

Station switchyard and close to a tributary arm of Lake Anna.

The purpose of the field geologic investigation was to ascertain the physical nature and

characteristics of the bedrock from the cores retrieved from the borings, as well as the limited

exposure afforded in the borrow pits, in order to compare them to previous onsite geologic

investigations in 1973 and 1974. The field geologic investigation was performed by a geologist

from Dames & Moore.

2.5.1.5.1 Field Investigation

At the direction of Virginia Power, eight borings (F-4 through F-il) were drilled in June

through July of 1994 at the proposed ISFSI storage pad locations as shown on Figure 2-11. The

borings were located in plan and elevations by Stone & Webster surveyors. Boring F-2, drilled in
April 1994 for a preliminary investigation and located at the North end of the center storage pad is

also included herein. In addition, Seven shallow borings designated P-1 through P-7 were drilled

along the original (main) transport route. The soil test borings were drilled by Froehling &

Robertson, Inc. (F&R) using a Central Mining Equipment (CME), Model 55 truck mounted drill

rig by mechanically advancing continuous flight hollow stem augers into the soil. At regular

intervals a standard 1.4-inch i.d., 2.0-inch o.d., 20-inch long split spoon sampler was driven into

the soil with a 140 lb hammer falling 30 inches in accordance with American Society for Testing

and Materials (ASTM) D1586 Standard Penetration Test (SPT) procedures (Reference 14). SPT

results provide an indication of compaction, strength and support capacity of the soil. SPT tests

were performed continuously to depths of 4.5 feet, from 6.0 to 7.5 feet, 9.0 to 10.5 feet, and at

five-foot intervals thereafter to spoon or auger refusal (rock). Disturbed split-spoon samples were

collected with each SPT and visually classified by a geotechnical engineer from Vilrginia Power.

The boring logs showing elevation and depth of samples, penetration resistances (blow count),

soil stratum description and Unified Classification, and groundwater information are contained in

Appendix 2A.

Where borings could no longer be advanced with standard soil boring equipment, rock was

cored. A water-cooled double-tube NX-size core barrel with diamond studded bit was used to
secure the rock cores. The core recovery from each five foot long run was examined and classified

by a geologist from Dames & Moore. The percent recovery, which is the ratio of the recovered

length to the total length of run, was calculated for each run. The RQD was also calculated for
each five-foot run. RQD is the ratio of the cumulative length of pieces of core greater than 4
inches long compared to the total length of run. RQD is an index to the soundness and quality of
the rock. Core recoveries and RQD values for all core runs are contained on the boring logs and

are provided in tabular form in Table 2-4.
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Split spoon samples are suitable for visual examination and classification (index) tests but
are not sufficiently intact for quantitative laboratory testing. Six relatively undisturbed samples
were obtained by forcing sections of 3-inch o.d., 16 gauge, steel tubing into the soil at the desired

sampling levels. This sampling procedure is described by ASTM Specification D-1587
(Reference 15). Each tube, together with the encased soil, was carefully removed from the
ground, made airtight, and transported to the laboratory. Locations and dePths of undisturbed

samples are shown on the boring logs. Five additional undisturbed samples were obtained by
pushing sampling tubes into the soil using a backhoe bucket.

Five monitoring wells were installed at locations across the site. These wells consist of

slotted well screens attached to 2-inch diameter PVC riser pipe. Filter sand was placed around the

screen and a bentonite seal was placed above the well Screen and sand. The annular space around

the pipe and soil above the seal was filled to the surface with cement grout. Logs of the

monitoring wells are also contained in Appendix 2A.

The locations o f the two soil test borings conducted by MACTEC Engineering and

Consulting, Inc. in April 2008 along the alternate transport route are shown in Figure 2-18. These

borings, designated B-713 and B-714, were each drilled to 20 feet depth. The borings were

advanced by a CME 550x drill rig using hollow-stem augers with 4.25-inch inside diameter and a

nominal 8-inch outside diameter. The soil was sampled using an SPT sampler at 2.5-feet intervals
to 15 feet depth, with a final sample being taken between 18.5 to 20 feet depth. The SPT was

performed using an automatic hammer, and was conducted in accordance with ASTM D 1586.

The recovered soil samples were visually described and classified by the MACTEC geotechnical

technician. Pocket penetrometer (PP) tests were performed in the field on the lower end of the

samples. No laboratory testing was performed on samples from these two borings, and no intact

samples were collected. All of the borings were backfilled with a cementlbentonite grout upon

completion.

2.5.1.5.2 Laboratory Testing

The following tests were performed on selected split spoon, bulk, and undisturbed samples.

Results of the test are contained in Appendix 2B:

ASTM Reference Test
Name of Test Standard No. Performed
Particle (Gradation) Size Analysis D422 and Dl140 16 and 17 "19

Atterberg Limits D43 18 18 3

Natural Moisture Content D22 16 19 19
Moisture Density Determination D1557 20 2
California Bearing Ratio (CBR) D1883 21 6

Consolidation Test D2435 22 3
Triaxial Shear Test D2850 23 2
Unconfined Compression Test D2166 24 5
Constant Head Permeability *D2434 25 1
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ASTM Reference Test
Name of Test Standard No. Performed

Note: 1 ASTM D2850 is the standard for the Unconsolidated Undrained Triaxial
Shear Tests. One Consolidated Undrained Shear Test with pore pressure was
also performed. Currently there is no ASTM standard for the Consolidated
Undrained Shear Test.

2.5.1.5.3 Borrow Pit Exposure

A borrow pit, located approximately 1000 feet west of the North Anna Power Station

switchyard (Figure 2-10), was used to provide fill for a number of onsite projects over the last five

to ten years. Its location in relation to a previously-mapped fold axis would have provided

additional confirmation of the presence of the fold axis and the interpreted bedrock geology from

saprolite exposures during the 1973 onsite geologic mapping.

During the onsite logging of the core retrieved from the ISFSI site borings, the borrow pit

was visited by the geologist from Dames & Moore to map the exposed bedrock. The borrow pit,

unfortunately, had been in-filled and graded to reclaim and replant the exposed saprolite slopes.

Enough exposed saprolite bedrock could be observed, however, to confirm that the interpreted

bedrock at that location was indeed granite gneiss, and that the fold axis was within the exposure

limits. It was observed that the fold axis, although not directly measurable because of the lack of

complete exposure of the saprolite bedrock, would have been aligned in a northerly direction and

plunging gently. This is consistent with the orientation of F2 folds in the Lake Anna East

Quadrangle west of the Spotsylvania Lineament (Reference 1).

2.5.1.6 Geologic Profiles

Based on the information gathered from the eight borings and associated sampling and

testing obtained in June and July 1994, the following stratigraphic sequence is inferred to

Underlay the site.

Surface elevations, depth of residual soil and quality of rock varied moderately across the

site. The materials encountered .consist of residual soil derived from the in-place weathering of the

parent metamorphic rock. The typical soil profile consists of clay minerals near the ground

surface which were converted from the feldspars, mricas, and ferro magnesian minerals contained
in the parent rock. At depth, these minerals become less weathered and only partially altered,

retaining their inter-particle bonding. Below the firm surticial clays and clayey silts (ML and

MH), the soil grades from a fine sandy silt to a silty finesand (SM to SP) with varying amounts of

mica. The soils possess highly plastic fines in varying amounts, therefore, the characteristics of
the fine grained soils and predominantly granular soils with some fines and mica are similar. The

transition between the surficial fine grained soils and the more granular soils encountered with
depth is gradual.
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The penetration resistances (SPT) are higher in the surficial clays and clayey silts, drop off
in the highly micaceous silty soils, and pick back up in the sandy soil and decomposed rock above
the less weathered parent rock. The deeper residual soils retain the original fabric or bonding of
the parent rock and are termed saprolites. The saprolite retains the foliation of the parent rock
along with interparticle bond. There is no well defined boundary between soil and rock, only a

transition.

The generalized soil profile as encountered by the borings across the ISFSI site is as
follows. The surficial fine grained clayey silts (ML and MH) extend to depths of 7 to 29 feet in all

but two borings. In borings F-5 and F-8, the clayey silt extends all the way to rock. These soils are
stiff to hard in consistency and possess good to excellent strength and support capacity.

The more granular sandy micaceous silt and micaceous silty fine sand (SM and SP) are
encountered below the cohesive material and normally extend to rock. However, in two of the

borings, F-9 and F-10, silty fine sand was present from the ground surface to the top of rock. This

material was medium dense to very dense in consistency with only a few SPT results falling
below 10 blows per foot.

As shown on the boring logs (contained in Appendix 2A), the lithologies penetrated by the
borings are entirely consistent with those mapped and shown on Figure 2-10. The ISFSI is located
entirely within a unit mapped as interbedded hornblende gneiss, biotite granite gneiss and granite
gneiss, with the predominant lithology being hornblende gneiss.

Rock as defined by auger or spoon refusal and the initiation of rock coring was encountered
at elevations varying from 245 to 272 feet. All of the cores retrieved, except for portions of
Borings F-10 and F-4, were extremely weathered. Primary structures in the rock, however, are

still recognizable. Table 2-4 provides a summary of the percent recovery and percent RQD values
for all eight borings. Recovery varies from 0 to 95%, and RQD values vary from 0 to 35.8%.

Fractures are clearly observable, even in the most weathered of the cores. Typically,
fractures vary from near horizontal to about 70 degrees from the vertical. Almost all fractures
observed have iron and manganese staining on the fracture surfaces, indicative of groundwater
flow. Slickensides were not observed on any of the fractures. This is not surprising, as the borings
penetrate a rock mass away from those boundaries (such as Zone A) that underwent primarily

flexural slip deformation during tectonism in the Paleozoic.

Foliation in the hornblende gneiss is well developed, with elongation of individual
hornblende crystals. Foliation dip observed was between 35 and 50 degrees, which is consistent
with the closest field observation point (Figure 2-10).

Groundwater was encountered at depths of 19 to 27 feet below existing grade (Elevation
289 to 296 feet) across the site several days after completion of individual borings. The
groundwater level is at least 20 feet below the proposed final elevation of Elevation 311 feet.
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Figure 2-12 presents a geologic profile across the site showing the soil and rock stratigraphy

as discussed above.

The soil profile interpreted from Borings B-713 and B-714 drilled for the alternate haul

route in 2008 is shown in Figure 2-19. Very stiff sandy clay fill was encountered in the top 5 feet

of B-7 13, reducing to about 3feet at B-714. Below the fill, the native saprolitic soils extend to the

bottom of the borings at 20 feet depth. The saprolite consists of medium dense sandy silt (ML)

underlain by medium dense silty sand (SM). About 5 ft of clayey topsoil was encountered beneath

the fill in B-7 13.

2.5.1.7 Plan and Profile Drawings

Figure 2-8 shows the site grading plan. Figures 2-14, 2-15 and 2-16 show sections through

the centerline of the three storage pads and details of cut and fill. As noted in the previous section,

Figure 2-18 shows the subsurface profile along a section of the alternate transport route.

2.5.1.8 Local Geologic Features Affecting Site Location

The location of recent borings drilled at the ISFSI site for the purposes of developing

subsurface information for foundation design and for confirming bedrock geology characteristics

are shown in Figure 2-11. Figure 2-12 presents a subsurface cross-section of the bedrock beneath

the ISFSI storage pads. The bedrock encountered in the core retrieved from the borings confirms

the previous bedrock mapping and interpretation made in 1973. Additionally, fractures identified

in the core were consistent in both frequency and general orientation relative to the cores observed

and mapped in the excavations for Units 3 and 4 and elsewhere onsite in 1973. No structural

zones similar to those observed during the 1973 geologic investigation were observed in the core
retrieved from the recent ISFSI borings. Foliation observed in the core ranged in depth from 35 to

50 degrees (interpreted to be dipping to the northwest based on previous mapping onsite).

Details regarding the recovery and RQD values, and the boring logs for the bedrock

investigation, are found in Appendix 2A.

2.5.1.9 Site Groundwater Conditions

The depth to the water table was measured in each of the borings taken in June and

July 1994. The depth to the ground water was 19 to 27 feet (Elevation 289 to 296 feet). Water

levels in groundwater monitoring wells three months after installation varied from Elevation 280

to 296 feet which is consistent with water levels obtained initially. No water was encountered in

the two borings drilled in the alternate transport route (maximum depth of drilling was 20 feet).

Site groundwater conditions are discussed in Section 2.4.2. Additional groundwater

information is provided in Section 2.4 of the North Anna Power Station UFSAR.
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2.5.1.10 Geophysical Surveys and Studies

Section 2.5 of the North Anna Power Station UFSAR summarizes geophysical surveys and
studies which have been performed to evaluate the stratigraphic structure and bedrock in the

region of the North Anna Power Station.

2.5.1.11 Engineering Properties of Soil and Rock

The static and dynamic engineering properties of the site are described in this section. The

engineering properties of the weathered rock (saprolite) and crystalline rock are described in

Section 2.5.4.3 of the North Anna Power Station UFSAR, and further referenced in

Appendices 2B and 2C of the North Anna Power Station UESAR.

Physical property tests conducted on the saprolitic soils and fresh rock included:

* Dry density tests on selected samples

* Moisture Content Tests

* Triaxial Compression on undisturbed samples

* Particle Size Analysis (Gradation)

* Consolidation Tests on undisturbed samples

* Cyclic Triaxial Tests

* Shock Scope Tests

Additional onsite investigations that provide information on seismic wave propagation

properties of the subsurface saprolite and rock included:

* Birdwell 3D Seismic Logs

* A Refraction Seismic Survey of the site area C

* A Cross Hole Shear Wave Survey of the rock supporting the reactor containments

Soil and rock properties defined by the borings and laboratory test results at the ISFSI site

are contained in Appendices 2A and 2B. The properties developed from the ISFSI site

investigation compare closely to the properties previously documented in the North Anna Power
Station UFSAR and other references provided below.

Shear strength tests consisting of Unconfined Compression Test and Unconsolidated

Undrained Triaxial Shear tests performed on the partially saturated surficial clayey silts (ML and

MH) indicated these soils possess a cohesion (c) of 1500 psf and an angle of internal friction (qb)
of 15 degrees for the total stress condition. This compares closely with an average c of 1800 psf
and qb of 14.5 degrees obtained on extensive testing at the main dam site (Reference 26).

Consolidated Undrained Triaxial Shear test on the more granular silty sand (SM)
encountered at a greater depth and near below the water table yield a cohesion of 700 psf and a •
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of 27 degrees for the effective stress condition. This compares closely with a c of 720 psf and a (

of 26 degrees previously obtained and used as design parameters (Reference 26).

Consolidation Tests performed on samples of residual soil did not exhibit the sharp
curvature or break-in-slope usually present in over-consolidated deposited soils. The test results
on the surficial soils tested (4 to 6 feet) show a slight Curvature, but no distinctive break. This is

probably the result of sample disturbance or rebound due to stress changes during and after

sampling or both.

The deeper sample (F-7A, 16 to 18 feet) which classifies as a SM, is predominantly

granular. Consolidation tests performed on material shows significant curvature at slightly less

than the expected overburden pressure. Disturbance may also be present in this sample.

For these reasons results of these Consolidation Tests were not used in estimating settlement

on this project. Results of previous testing on similar material from the same geologic formation

was used. An average Recompression Ratio of 0.024 was used to estimate consolidation

settlement. An average initial target modulus (Es) of 500 ksf was used in elastic settlement

estimates (Reference 27).

The average unit weight and natural moisture content as determined from the laboratory

tests contained in Appendix 2B are 100 pcf and 36% respectively. The vertical permeability, as
obtained from a constant head permeability test, was 4 x 10-7 cm/sec, which compares closely

with previously developed permeabilities.

Results of CBR tests performed for this project were compared to corresponding values for

Modulus of Subgrade Reactor (ks) provided by a chart giving the interrelationship of soil

classifications and bearing values (Reference 28). The average unsoaked CBR of the near surface

soils was 39 and soaked 7.5. The corresponding ks from the chart was 375 pci and 175 pci which

is higher than the conservative ks of 115 pci (100 tcf) for saprolite as described in Section 3.8 of

the North Anna Power Station UFSAR.

No new testing was performed on the rock encountered at the ISFSI site. Due to the depth of

the rock and the very small increase in loading which the storage pad and SSSC would impose on

the rock, the physical properties of the rock are not a factor. Rock was encountered at sufficient

depth as not to be an influence in bearing capacity or settlement. The rock is competent and

possesses no solution cavities, sink holes, voids or caverns.

No new dynamic testing was performed during the investigation for the ISFSI since the

results of recent borings and laboratory tests were similar to those previously obtained and
documented at the station and maln dam site. Dynamic soil and rock properties for the site are

contained in Section 2.5 of the North Anna Power Station UFSAR. A shear modulus (G) of

19,800 psi and Poisson's Ratio (ji) of 0.3 were used in design of the storage pads.
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2.5.1.12 Analysis Techniques and Calculated Results

The factor of safety against a bearing capacity failure is defined as the ratio of the net

ultimate soil bearing capacity to the net applied foundation bearing pressures. The static factor of

safety considered the total dead and live loads acting on the structure. A minimum safety factor of

3.0 was established as the design criterion. The ultimate bearing capacity was calculated using

conventional bearing capacity equations for shallow strip footings and the appropriate bearing

capacity factors for the soil parameters present (Reference 29). Bearing capacity for a wide

footing is normally not critical unless the footing is subject to very heavy load and a high water

table and/or very soft or loose soil conditions exist. The factor of safety against a bearing capacity

failure calculated for the storage pad bearing on the stiff residual soil was significantly in excess

of the required factor of 3.

Settlement was estimated by calculating the immediate elastic settlement and long-term

consolidation settlement of the underlying residual soil. The elastic and consolidation settlement

occur at different times but are additive. However, settlement calculations utilizing the classical

consolidation theories which were developed for saturated sedimentary soils are generally not

appropriate for the partially saturated residual soils. Consolidation theory considers the soils to be

cohesive, homogeneous and isotropic. The residual soils encountered below the storage pads are

only partially saturated, are highly variable and possess an interparticle bond related to the

weathering of the parent rock, not the clay ion bond. Previous estimates of settlement of residual

soils using consolidation theory have not agreed closely with the actual documented settlement

which occurred at various structures onsite.

Therefore, settlement calculations were also performed using empirical equations

developed by Schmertmnann and others and utilizing results of correlations between STP and

in-situ pressuremeter tests in residual soils (Reference 30). Based on results obtained from the two

different methods, it is estimated that a total settlement of less than 1-1/2 inches will occur under

full load. This estimate assumes that only 5 feet of overburden will be removed. Six and a half to
ten feet (for pad 1) of overburden will be removed prior to construction of the storage pads, which

would reduce the amount of settlement that would occur. This estimate assumes that the total load

will be placed on the soil in one increment, which is a very conservative assumption. The time rate

of loading will decrease the actual effect of any settlement that does occur, since it will take over

nine years after the initial SSSC is placed for the storage pads to be fully loaded. The settlement

will occur in small increments as the SSSCs are placed on the storage pads.

2.5.2 Vibratory Ground Motion

This section of the report describes the principal bases of the seismologic studies for Units 1
and 2 of the North Anna Power Station, and provides the framework for which the design-basis

earthquake and its associated vibratory ground motion were evaluated. Additional reference is

made to studies to evaluate the engineering properties of materials and their effect on seismic

wave propagation and soil structure interaction.
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2.5.2.1 Engineering Properties of Materials

The static and dynamic engineering properties of the site are described in Section 2.5.1.11.

2.5.2.2 Seismic History

A complete description of the seismic history of the site areas, as well as a summary of all

significant earthquakes to the establishment of the design basis earthquake for North Anna Power

Station Units 1 and 2, are presented in Appendix 2B of the North Anna Power Station UFSAR.

Table 2-5 and Figure 2-17 in this report provide an updated chronological listing (through January
1994) and a regional epicenter map, respectively, for an area of 200-mile radius around the site.

The eastern United States is generally divided into four basic geologic-tectonic provinces:

the Valley and Ridge, the Blue-Ridge, the Piedmont and the Coastal Plain. All four of these

provinces are characterized by a general northeast-southwest trend. The Valley and Ridge is

dominated by a structural style of large anticline-syncline structures which are further

complicated by faulting, igneous intrusions and the development of terrestrial sedimentary basins

(Reference 1).

The Piedmont Province is a large northeasterly-trending elongated group of crystalline
rocks extending for approximately 800 miles (1288 kin) from Alabama to New Jersey. This

province is primarily characterized by metamorphosed sedimentary and volcanic rocks deformed
into anticdinoria and synclinoria whose major axes parallel the dominant northeasterly trend of the

province (Reference 1). The North Anna site is located in the north-central portion of Virginia

within the Piedmont Province.

The historical record of earthquakes in the Appalachian region of the United States reveals
significant differences in the seismic characteristics between the individual provinces. Generally,

the activity occurs parallel to the regional structure and primarily in the Valley and Ridge and

Blue Ridge Provinces northwest of the Piedmont Province (References 31, 32 & 33). Earthquakes
are found to occur with less frequency in the Piedmont Province than in the adjacent provinces.

Furthermore, none of the historical earthquakes in the Piedmont province in particular, or in the

Appalachian region in general, have been reported to have caused surface displacement. There are

three principal geographic zones in the Piedmont and Coastal Plain Provinces where there is a

tendency for epicenter clustering. One recognizable geographic cluster of activity is in the South

Carolina-Georgia region (Piedmont-Coastal Plan), and another is in central Virginia (Piedmont

Province). The third apparent cluster of activity is along the Fall Zone (Coastal Plain and

Piedmont boundary) in the Delaware-New Jersey region.

The clustering of activity in Central Virginia is referred to as the Central Virginia Seismic

Zone (Reference 31) and includes the North Anna site, on its northern boundary. The principal
activity in this zone is some 30 miles (48 kin) south of North Anna, following an east-west trend.

There have been 22 earthquakes of Modified Mercalli (M.M.) intensity V to VI reported within
100 miles (161 kin) of the site since the end of the 18th century (Reference 34). The Central
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Virginia Seismic Zone has historically exhibited a low level of activity (2 to 10 shocks per
decade), with most shocks having M.M. intensity levels of III to V.(31) Based on historical

seismicity, the largest intensity shock that has occurred in the immediate site area (within 30 kin)

is approximately M.M. V (Figure 2-17).

The most significant earthquake in the region of the station affecting its design occurred
near the Richmond Basin in 1774 (Intensity VI-VII), and near the Arvonia Syncline in 1875

(Intensity VII). These shocks and related zones of earthquake activity are both located within

50 miles of the site, and are believed to be associated with faulting in their respective basin-like

structures. Additional earthquakes of epicentral intensity V occurred on December 11, 1969, near

Richmond, Virginia (37.8°N 77.4°W) and on March 15, 1991, west of Richmond in Goochland

County, some 37 kmn south-southwest of the site (Reference 35).

The 1875 shock was probably felt in the vicinity of the site, with an intensity approaching

V. The. 1774 shock cannot be accurately projected to the site area because of the lack of

information, but it is believed that ground motion at the site did not exceed a few percent of

gravity. The 1969 shock was perceptible over a 3500 square-mile area. A study of the recent land

forms in the site area does not reveal any adverse features such as faulting, slides, or areas of

instability or brecciation that could have been caused by these shocks or from earlier earthquake

shocks.

North Anna Power Station experienced a large ground response to the August 23, 2011

Central Virginia earthquake. With the epicenter located approximately 11 miles southwest of the

station, the intensity of this seismic event was recorded as M5.8. Sections .2.5.2.4 and 2.5.2.4.1

discuss this event in further detail and provide ground acceleration values experienced at the
North Anna Power Station Unit 1 basemat and ISFSI Pad #1.

Additional details on seismic history are found in Appendix A to the North Anna Power

Station Units 1 and 2 PSAR.

2.5.2.2.1 Microearthquake Monitoring

Dames & Moore's geologic, investigation of the fault zone at the North Anna Power Station

indicated that the zone had not experienced movement for the past 500,000 years, and was not in a~
critical state (Reference 1). None of the historic earthquakes in the Piedmont Province are known

to have caused faulting at or near the surface. The fault zone underlying the reactor containment
buildings and the fault zone underlying the North Anna dam appear to be of limited extent, and

not structurally related to, or a continuation of, any known fault. No seismic activity, either

instrumentally recorded or historically determined, can be shown to have any direct tectonic

relationship to these fault zones. The closest zone of activity is 30 miles (48 kin) south of the lake

(Central Virginia Seismic Zone). No topographic expression of recent faulting has been observed
in the vicinity of the lake. Due to the absence of definite earthquake-tectonic correlations for the

region, it is not surprising that no activity was found associated with the fault zone, nor associated
with the impoundment of Lake Anna.
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As a means of demonstrating this observation, the NRC required confirmatory
microearthquake monitoring of the area around the site and Lake Anna. Phase I and Phase II
(permanent) monitoring occurred at the site between January 21, 1974 through August 1, 1977.
No microearthquake detected in the three and one-half years of monitoring was associated either
with the fault onsite or related to the impoundment of Lake Anna. Four stations of the original
17-station monitoring network were incorporated into Virginia Tech's Central Virginia

Monitoring Network for the specific purpose of monitoring any changes in seismicity in the
region of the North Anna Power Station. To date, no changes have been observed that would
contradict the conclusions reached in 1977 regarding the lack of association of microearthquakes
with Lake Anna or with the fault at the North Anna Power Station (Reference 36).

2.5.2.3 Design Basis Earthquake

The North Anna Power Station Units 1 and 2 Preliminary Safety Analysis Report and

design were completed prior to the promulgation of Appendix A to 10 CFR 100. Consequently,
the term "design-basis earthquake," as used in this report, has the meaning it had prior to

December 1973 when Appendix A to 10 CFR 100 became effective.

The design basis earthquake (DBE) for the North Anna Power Station Units 1 and 2 was
established by assuming that an earthquake equivalent to the largest shock associated with the

Arvonia Syncline might occur close to the North Anna site area. With the epicenter of a shock

similar to the 1875 MM I-VII moved to the vicinity of the site, it was estimated that the maximum
horizontal ground acceleration at rock surface would be less than 0.12g.

Accordingly, the design basis earthquake for Seismic Class I structures founded on rock
was established as 0.1.2g for horizontal ground motion, and two-thirds (0.08g) that value for

vertical ground motion.

For Seismic Class I structures founded on rock, analyses for earthquake motion were made

using response spectra developed by enveloping the response spectra, for various degrees of
damping, of the east-west and north-south components of the Helena (1935) earthquake and the
southeast component of the Golden Gate record of the San Francisco (1957) earthquake, all
normalized to 0.1 2g for the DBE. For Seismic Class I structures founded on saprolite more than
15 feet thick, these analyses for earthquake motion were normalized to 0.18g for the DB3E to

provide for calculated amplification through the overburden. The response spectra are shown on

Figures 2.5-1.2 and 2.5-14 of the North Anna Power Station UFSAR.

The amplification of earthquake motion through the overburden was computed using a

lumped-mass spring system with model superposition.

Based on the two-to-three pulses of strong ground motion for the San Francisco, California
(1957), and Helena, Montana (1935), earthquakes, a conservative estimate of strong ground

motion pulses to be experienced at the North Anna site is four to five pulses of strong ground
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motion for the operating-basis earthquake and eight to ten pulses of strong ground motion for the
design-basis earthquake.

The results of the regional seismicity and structural geologic update for this report have not
provided any basis for modifying the original seismic design basis for the site. Additionally,

continued seismic monitoring in the region surrounding the site over the last 20 years has not
provided any basis to associate the minor seismicity of the region with either Lake Anna or the
fault at the North Anna Power Station. The North Anna Power Station seismic design provides

adequate conservatism for seismic Class I Structures at the North Anna Power Station.

The following information is HISTORICAL and is not intended or expected to be updated for
the life of the plant.

2.5.2.4 Beyond Design Basis Earthquake

The August 23, 2011 Central Virginia earthquake was determined to have exceeded the

design basis earthquake (DBE) for North Anna Power Station Units 1 and 2, and ISFSI Pad #1.

Evaluations and results of analyses performed for plant systems, structures, and
components (SSCs) are described in Section 3.7.8 of the North Anna Power Station Units 1 and

2 UFSAR. Similarly, evaluations and results of analyses performed for ISFSI systems,

structures, and components (SSCs) are described in Section 2.5.2.4.1 of this document.

Documentation of the August 23, 2011 Central Virginia earthquake in this section is

solely for historical information. The August 23, 2011 Central Virginia earthquake and its

associated ground accelerations does not replace the ISFSI DBE as stated in Sections 2.5:2.3

and 3.2.3.

2.5.2.4.1 Evaluation and Results of Analyses Performed for Seismic Motions Recorded During

the 5.8 Magnitude Central Virginia Earthquake on August 23, 2011

North Anna Power Station experienced a 5.8 magnitude seismic event centered
approximately 11 miles southwest of the station on August 23, 2011 which transmitted a large

ground response to the North Anna site. Although cask movement up to 4.5 inches was

observed (Reference 40), inspections and evaluations concluded the ISFSI Pad #1 and the

Transnuclear TN-32 dry storage systems remain operational and capable of performing their
design and safety functions (Reference 41).

[,
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The following information is HISTORICAL and is not intended or expected to be updated for
the life of the plant.

Peak ground accelerations recorded at the North Anna Power Station Unit 1 basemat for
the 8/23/2011 event were 0.26g north-south, 0.11g east-west, and 0.12g vertical (Reference 42).

Due to the difference in subterranean structure at the ISFSI Pad, a Soil Structure

Interaction (SSI) analysis was performed to translate the 8/23/2011 seismic parameters from

the Unit 1 basemat to ISFSI Pad #1. As stated in Sections 2.5.2.3 and 3.2.3, the design basis
earthquake (DBE) horizontal acceleration is 0.1 8g for structures founded on sapprolite more

than 15 feet thick, and two-thirds (0.12g) of the horizontal value for vertical acceleration.

Results of the SSI analysis (Reference 43) for ISFSI Pad #1 concluded that the enveloped

maximum acceleration at the pad and at the Center of Gravity (CG) of the cask were 0.55g for

the NS direction (long direction of the pad), 0.502g for the EW direction (short direction of the

pad), and 0.38g in the vertical direction. Thus, the ISFSI DBE was exceeded.

Conservatively assuming 14 feet cask center-to-center spacing, a strength evaluation of

ISFSI Pad #1 was performed and determined imposed loads on Pad #1 for the 27 TN-32 dry

storage casks at the time of the earthquake as well as for a symmetrical loading of two TN-32

dry storage casks in the center of the pad, the most limiting case (Reference 44). This
evaluation was performed to determine if the strength of the ISFSI pad was sufficient to support

a reduction in cask center-to-center spacing from 16 feet to 14 feet and to resist the loadings

applied during the seismic event while remaining within all original design bases and code

requirements. The strength evaluation of the pad determined the internal moments, shears and

soil bearing pressure induced at the time of the seismic event were within the code allowable

for which the ISFSI pad was designed. Additionally, since the internal forces and stresses

induced in the pad were within the code allowable for which the ISFSI pad was designed, the

operability of the pad is confirmed and no additional specific operability concerns due to the

seismic forces seen need to be addressed.

Prior to the August 23, 2011 seismic event, TN-32 dry storage casks on ISFSI Pad #1

were spaced 16 feet nominal center-to-center and 16 feet minimum center-to-center (for heat

loads exceeding 27.1 kW) in accordance with ISFSI Technical Specification 4.2.3. Subsequent

to the seismic event, it was determined that 25 of the 27 TN-32 dry storage casks had shifted

from their original locations and that 13 casks are now less than 16 feet from another cask.

Updated cask heat load evaluations confirmed that all casks contained a heat load less than

27.1 kW at the time of the earthquake.

Several evaluations, including thermal, nuclear, and structural, were performed by the

cask vendor to ensure the TN-32 dry storage casks are capable of performing their design

functions with reduced cask spacing (References 45 and 46). These evaluations assumed

14 feet center-to-center spacing and a cask heat load no greater than 27.1 kW, thus providing

the basis for leaving the TN-32 dry storage casks in their post-seismic locations.
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2.5.3 Surface Faulting

Surface faulting and capable faults are addressed in Section 2.5.2.2.

2.5.4 Stability of Subsurface Materials

The geologic features, seismicity, groundwater conditions, and soil and rock characteristics
are addressed in Section 2.5.1 and Appendices 2A and 2B. The earthquake •design basis is

addressed in Section 2.5.2.

The storage pads and new portions of the original (main) transport route will be undercut a

minimum of 18 inches and be brought up to grade with a compacted dense graded crushed

aggregate fill. Random soils across the site will be used to construct leveling fills, slopes and

berms. The soil fill will be placed in a controlled compacted manner.

Portions of the alternate transport route were constructed using both cut and fill. Alternate

transport route areas were proof-rolled prior to road construction to determine subgrade

conditions and stability. Portions of the alternate transport route with soft or unsuitable materials
were replaced with soil and/or sand/gravel fill, and additional subgrade stabilization was

provided, as required, by a 3 inch layer of crusher-run stone. Rock encountered during cut was
removed to a depth of 6 inches below finished subgrade and replaced with suitable fill. Soil and
sand/gravel fill was placed in a controlled and compacted manner.

Liquefiable soils consist primarily of loose sands at or below the water table which have low

overburden or confining pressures, or highly sensitive clays. The fine grained soils encountered at
the ISFSI site possess significant cohesion or inter-particle bond from the relic rock structure of
the parent rock. Even the granular soils possess relatively high percentages (25% to 50%) of fine

grained silt and clay size particles. The grains are also angular or sub-angular, not rounded or

sub-rounded as deposited soils tend to be. Only one STP taken in the predominantly granular soils
below the water table had a penetration resistance below 10 blows per foot, which would classify
the soil as loose. Liquefaction at the Service Water Reservoir (SWR) was addressed in Section 3.6

of Appendix 3E of the North Anna Power Station UFSAR. It was concluded that liquefaction
would not occur under the DBE of 0.18g. As stated, the soils encountered at the ISFSI site are

similar to those encountered at the reactors, the Service Water Reservoir and the main dam. The
soils encountered at the ISFSI site are a product of weathering of the same parent rock.

Dr. James Martin at Virginia Polytechnic Institute was retained by Virginia Power to

evaluate the liquefaction potential for a horizontal earthquake acceleration of 0.30g at North Anna
(Reference 38). This acceleration value is 2/3 higher than that generated by the DBE. His report

concludes that liquefaction of the residual soils at the North Anna site will not occur under this
horizontal earthquake loading.
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2.5.5 Slope Stability

The ISFSI site will utilize both cut and fill to obtain final grade. A berm will be constructed
across the front of the site. Soil fill will be utilized to construct portions of the original (main)
transport route. Cut and fill slopes will not be steeper than two horizontal to one vertical (2H:IV).
Proper compaction of onsite soils as required by specifications will ensure that the design

parameters are achieved. The soils that comprise the cut or fill slopes are highly erodible,

therefore, care will be taken to grade and seed the slopes to minimize the effects of erosion.

Soil andlor sandlgravel were used to construct portions of the alternate transport route. Cut

and fill slopes were not steeper than two horizontal to one vertical (2H: 1V). Proper compaction of
soil and/or sandlgravel fill ensured that design requirements were achieved. Compliance with

applicable jurisdictional requirements for soil erosion and sediment control including dust

abatement, were implemented to minimize soil erosion.
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Table 2-1
DISPERSION FACTORS (X/Q) IN ACCORDANCE WITH REGULATORY GUIDE 1.145

Distance X/Q
Sector (meters) (sec/rn 3)
N 2033 6.61 x 10-5
NNE 2113 6.85 x10-5

NE 2055 7.74 x 10-5
ENE 1867 6.45 x 10:5

E 1606 1.16 x 10-4

ESE 1335 2.01 x 1-

SE 1100 3.15 xl1l) 4

SSE 948 1.77 x 1-
S 847 1.10 x 10-4

SSW 818 1.03 x 10-4

SW 836 9.30 x 10-5

WSW 919 8.43 x 10-5

W 1067 8.53 x 10-5
WNW 1281 7.04 x 10-5

NW 1556 5.24 x 1-
NNW 1820 4.42 x 10-5
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Table 2-2
SUMMARY OF USGS GAUGING STATION RECORDS AND ESTIMATED

STREAM FLOW DATA FOR THE NORTH ANNA DAM

River
Location

Drainage Area
(sq.mi.)

Period of
Record a

Discharge (cfs)
Average Minimum Maximum

USGS gauge
at Doswell
USGS gauge
at Doswell

North Anna
Dam

North Anna
Dam

439

439

343

343

1929-1971 3 8 2 b

1972-1992 399 e

1929-1971 30011

1978-1999 2 88 i

10 24,800 0

35.5 f 23,300 g

25 j 11,700 k

a. Dam was closed January 1972.
b. Average discharge for 41-year period.
c. Date of discharge: September 30 to October 2, 1932.
d. Date of discharge: August 21, 1969.

:e. Average discharge for 21-year-period since 1971.
f. Date of Discharge: October 8, 1991.

*g. Date of Discharge: June 22, 1972.
hi Estimated.
i. Average Discharge since Partlow gauge has been in operation.
j. Date of Discharge: August 1, 1988.
k. Date of Discharge: February 26, 1979.

References 3, 4 and 5
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Table 2-3
FLOODS ON THE NORTH ANNA RIVER

Flood Period
August 12, 1928
April 24-29, 1937

October 17, 1943

August 12-25, 1955

August 20-23, 1969

June 20-22, 1972

Sept. 21-30, 1975

Feb. 22-March 3, 1979
March 27-April 3, 1984

Nov. 1-11, 1985

March 27-April 2, 1994

Sept. 5-13, 1996

Peak Flow at
Doswell (cfs)

18,400
18,300
11,600

12,400
24,800

23,300
11,600

11,700

11,700

10,700

12,000
11,600

Volume of Direct
Runoff at Doswell
(acre-feet)

81,400

54,700

141,000
107,200

77,870

73,131
78,229

55,625

85,600

61,380

1. References 3, 4 and 5
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Table 2-4
AND RQD VALUES OF BORINGS

Boring
No.

F-4

F-5

F-6

F-7

F-8
F-9

F- 10

Run
No.

1
2
1
2
3
4
5
6

7

8

9
10
1
2
3

1
2
3
4
5
6
1
1
2
3

4

5
6
7
8
9
1

RECOVERY
From
(Feet)
49.1
54.1
64.5
69.5
74.5
79.5
84.5
89.5
94.5
99.5
104.5
109.5
44.0
49.0
54.0
75.0
80.0
85.0
90.0
95.0
100.0
64.2
59.1
64.1
69.1
75.0
80.0
85.0
90.0
95.0
100.0
69.0

To
(Feet)
54.1
59.1
69.5
74.5
79.5
84.5
89.5
94.5
99.5
104.5
109.5
114.5
49.0
54.0
59.0
80.0
85.0
90.0
95.0
100.0
105.0
69.2
64.1
69.1
74.1
80.0
85.0
90.0
95.0
100.0
105.0
74.0

Inches
Recovered

13
47
0
8
2
0
4
0
0
0
30
48
0
0
42
0
0
0
2
0
38
48
0
0

7.5
28.5
12
0
8
19

,36
57

Recovery
Percent

21.6
78.3

0
13.3
3.3
0

6.6
0
0
0

50
80
0
0

70
0
0
0

3.3
0

63
80
0
0

12.5
47
20
0
13
31
60
95

Percent
RQD

0
40
0
0
0
0
0
0
0
0
0
0
0
0

18.3
0
0
0
0
0
0
0
0
0
0

7.5
6.6
0
0

6.6
17.5
35.8
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Table 2-4 (CONTINUED)
RECOVERY AND RQD VALUES OF BORINGS

Boring
No.

F-li

Run
No.

1
2
3
4

5

6

From
(Feet)
39.0
44.0

49.0
54.0
59.0

64.0

To
(Feet)
44.0
49.0

54.0
59.0
64.0

69.0

Inches
Recovered

6
8

14
42
35
42

Recovery
Percent

10
13.3

23
70

58

70

Percent
RQD

0

0
0
0

28
22.5
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Table 2-5
EARTHQUAKES WITHIN 200 MILES OF NORTH ANNA SITE

EVENTS LISTED CHRONOLOGICALLY

Date
Apr 25, 1758

Feb 21, 1774
Feb 22, 1774
Mar 16, 1775
Aug 30, 1775
Nov 19, 1798

Jan 13, 1791

Jan 15, 1791

Feb 11, 1795

Feb 12, 1795

Mar 29, 1800
Feb 11, 1801

Aug 23, 1802
May 1, 1807

Nov 27, 1811
Feb 2, 1812

Apr 22, 1812

Jan 8, 1817
Jul 15, 1824

Mar 9, 1828
Aug 27, 1833

Nov 11, 1840

Oct 19, 1846

Mar 30, 1850
Oct 17, 1850

Oct 18, 1850
Nov 2, 1852

Jan 30, 1853

May 2, 1853

Jan 3, 1855
Feb 2, 1855

Jan 16, 1856
Mar 21, 1856
Apr 21, 1871

Oct 9, 1871
Mar 1, 1872
Jun 5, 1872

Latitude
38.900
37.200

37.200
37.700

37.700

38.300

37.700

37.500

37.800

38.300

39.800

37.400

37.400
37.400

36. 100
37.600

37.500

36.000
39.700

37.000

37.700
39.800

39.300

35.400
37.300

37.400
37.500

38.900

38.500
39.200

37.00

39.200
37.700
36.400

39.700
36.800
37.700

Longitude
76.500 W
77.400 W

77.400 W

78.800 W

78.800 W

77.500 W
78.800 W

77.500 W

77.300 W

77.500 W

75.200 W

79.200 W
79.100 W

79.100 W

80.200 W
77.400 W

77.500 W

80.200 W
80.500 W

80.000 W
78.000 W
75.200 W

77.900 W

78.000 W

78.400 W
78.400 W

78.600 W
78.500 W

79.500 W
77.500 W

78.600 W
78.20 W

78.900 W
78.600 W

75.500 W
79.400 W
78.000 W

MMI
V
VI
IV

IV
III

III
IV

IV

III

III

Magnitude
4.20
4.54
3.61

3.61

3.61

3.61

HII
V

V

IV
IV

IV
V

IV
V

VI
V

III

V

IV

IV
VI

III

V
V
V

IV
Ill
HI
VHI
III
IV

3.00

4.20
4.20
3.61
3.61
3.61
5.04
3.61
5.04
5.04
4.20

4.20
3.61

4.34

4.64

4.04
3.61

4.59

3.61
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Table 2-5 (CONTINUED)
EARTHQUAKES WITHIN 200 MILES OF NORTH ANNA SITE

EVENTS LISTED CHRONOLOGICALLY

Date
Oct 3, 1873
Dec 23, 1875
Jan 3, 1876
Apr 10, 1876

Dec 23, 1876

Sep 1, 1877

Jan 3, 1878

Mar 26, 1879

Apr 2, 1882

Mar 11, 1883

Mar 12, 1883

Sep 21, 1883

Jan 3, 1885

Jan 15, 1885

Feb 2, 1885

Oct 10, 1885

Mar 8, 1889

Oct 7, 1895

Feb 11, 1896

May 3, 1897
May 31, 1897

Jun 28, 1897

Sep 3, 1897

Oct 22, 1897

Nov 27, 1897

Dec 18, 1897

Feb 5, 1898

Nov 25, 1898

Feb 13, 1899
Mar 3, 1899

Mar 11, 1902

May 18, 1902

Jan 1, 1903

Apr 29, 1905
May 8, 1906
Oct 13, 1906
Feb 11, 1907

Latitude
37.200
37.600
37.600
38.500

37.400

38.700
37.900

39.200

38.600
39.500

39.500

36.100
39.200

4.300
36.900
37.700

40.000
35.900

36.300

37.100
37 .300

37.300

37.300
36.900

37.700

37.700

37.000
37.000

37.000
36.900

39.600
37.300
39.600
37.300
38.700

39.200

37.700

N
N
N
N

N

N
N

N
N

N
N

N

N

N
N

N
N
N
N

N
N

N

N
N

N
N

N

N
N
N
N

N

N
N
N
N
N

Longitude
78.200 W
78.500 W
77.900 W
76.600 W
77.500 W
76.800 W
77.700 W
75.500 W
78.700 W
76.400 W
76.400 W
79.800 W
77.500 W
76.300' W
81.100 W
78.800 W
76.000 W
77.500 W
78.600 W
80.700 W
80.700 W
80.700 W
80.700 W
81.100 W
77.500 W
77.500 W
81.000 W
81.000 W
81.000 W
76.300 W
77.100 W
80.600 W
77.200 W
79.500 W
75.700 W
76.700 W
78.300 W

MMI
IV
VII
mI
II

IV
11

HII

V

IV
IV

IV
V

V

mI
IV

VI

V
V

IV

VII

VII

V

IV
V

IV

V

VI

V

V
IV

III
V

III
if
IV
iii
vI

Magnitude
3.61
4.54

3.61

4.20

3.61
3.61
4.20

4.06
3.02
3.61
4.24

4.11
4.20
3.61
4.34
5.84
4.04
3.61
4.20
3.61
4.04
4.34
4.64
4.74
3.61

4.20

3.40

4.79
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Table 2-5 (CONTINUED)
EARTHQUAKES WITHIN 200 MILES OF NORTH ANNA SITE

EVENTS LISTED CHRONOLOGICALLY

Date
Aug 23, 1908
Apr 2, 1909
Feb 8, 1910

Apr 24, 1910

May 8, 1910

Feb 10, 1911
Apr 8, 1911

Aug 7, 1912

Aug 8, 1912
Apr 10, 1918

Apr 16, 1918

Apr 19, 1918

Sep 6, 1919

Jul 24, 1920
Aug 7, 1921

Dec 31, 1923

Jan 1, 1924
Jan 5, 1924

Dec 26, 1924

May 16, 1925
Jul 14, 1925

Jun 10, 1927

Oct 27, 1927
Oct 15, 1928
Oct 30, 1928

Dec 26, 1929
Sep 15, 1930

Nov 1, 1930

Oct 6, 1931

Jan 5, 1932
Jan 27, 1933

Jul 23, 1933
Apr 3, 1934
Feb 10, 1935

Nov 1, 1935
Feb 3, 1937
Mar 25, 1937

Latitude
37.500
39.400
38.800
39.200

37.700
36.600
38.300

37.700

37.700
38.700
38.700

36.800

38.800

38.700
37.800

39.200
39.100
39. 100

37.300

37.300
37.600

38.000
36.300
38.300

37.500

38.100

37.500

39. 100

37.700
37.600

37.200

37.700
37.200
37.200
38.900
37.700
40.900

N
N
N
N

N
N
N

N

N
N

N

N

N

N
N

N

N
N

N

N
N

N
N
N

N

N
N

N

N
N

N
N
N
N
N
N
N

Longitude
77.900 W

78.000 W
78.700 W
76.700 W

78.400 W
79.400 W

75.500 W

78.400 W
78.400 W

78.400 W

78.400 W
76.300 W

78.200 W

78.400 W
78.400 W
78.000 W
78.100 W

78.100 W

79.900 W

77.500 W
77.500 W

79.000 W

76.200 W
75.100 W

77.500 W

78.500 W
77.500 W

76.500 W

78.300 W
78.400 W
77.400 W

78.300 W
77.400 W
77.400 W

78.900 W
78.700 W
78.200 W

MMI
V
V
IV
HII

IV

IV

IV

IV

IV

VI
IV

HII

VI

IV
VI

V

IV

IV
V

V
IV
V

IV
IV

IV

VI

HII

IV

III

IV
IV
HII
III
IV
IV
IV
III

Magnitude
4.20

4.20
3.64

3.61

3.61
3.61

3.61

3.61

4.93
3.61

4.79

3.61
4.79

3.61

4.20

4.20

3.61

4.20
3.61
3.61

3.61

4.79

3.61

3.61

3.61

3.61
3.61

3.611
3.02
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Table 2-5 (CONTINUED)
EARTHQUAKES WITHIN 200 MILES OF NORTH ANNA SITE

EVENTS LISTED CHRONOLOGICALLY

Date
Jul 15, 1938
Nov 15, 1939
Nov 18, 1939
Nov 26, 1939
Mar 26, 1940

Jan 3, 1942
Oct 7, 1942

Jan 8, 1944
Oct 10, 1945
Oct 12, 1945

Oct,30, 1945

May 24, 1946

Jan 4, 1948

Jan 5, 1948
Mar 26, 1948
May 8, 1949

Nov 26, 1950
Mar 9, 1951

Sep 11, 1952

Feb 7, 1953
Jan 7, 1954
Aug 11, 1954

Jan 17, 1955
Jan 20, 1955
Apr 23, 1959

Jul 7, 1959

Aug 21, 1959
Sep 4, 1960

Sep 4, 1962
Sep 7, 1962
Jan 17, 1963

Oct 10, 1963
Feb 13, 1964
May 12, 1964

Jul 15, 1965
Sep 16, 1965
Oct 8, 1965

Latitude
40.680
39.580
39.500
39.500

38.800

37.400
37.600

39.800

37.700
37.500

37.500
38.000

37.600

37.500
38.100
37.600

37.700
37.600

38.100

37.700
40.300

40.30
37.300

40.300
37.380

37.300
37.300

37.400

39.500

39.700
37.300

39.800
40.380

40.300
37.3 10
37.250
40.080

Longitude
78.430 W
75.050 W
76.600 W
76.600 W
78.500 W
79.100 W
78.400 W
75.500 W
78.300 W
78.500 W
78.500 W
78.600 W
78.600 W
78.500 W
78.500 W
77.600 W
78.300 W
77.600 W
78.500 W
78.100 W
76.000 W
76.000 W
78.400 W
76.000 W
80.680 W
80.700 W
80.700 W
79.300 W
77.700 W
78.200 W
80.100 W
78.200 W
77.960 W
76.410 W
74.390 W
74.360 W
79.750 W

MMI
VI
V

IV
V
V

III
IV

III
IV

IV

HI
IV

V
III

V
V

V
IV

IV
VI

IV
IV
IV
VI

IV

IV

IV
IV

IV
IV

vI
VI

Magnitude
3.34

4.04
3.61
4.20

4.20

3.61

4.25

3.61

3.61

3.61

4.20

4.20
•4.20
4.20

3.61

4.79

3.61
3.61
3.61

3.84
3.61

3.61

3.61

3.61
3.61

3.61
3.60
3.29
3.19

5.30
5.00
3.60
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Table 2-5 (CONTINUED)
EARTHQUAKES WITHIN 200 MILES OF NORTH ANNA SITE

Date
May 31, 1966
Sep 28, 1966
Mar 8, 1968
May 22, 1969
Nov 20, 1969
Dec 11, 1969
May 27, 1970
Jul 14, 1971
Sep 12, 1971
Dec 29, 1971
Jan 2, 1972
Jan 3, 1972
Jan 7, 1972
Jan 22, 1972
Jan 23, 1972
Feb 11, 1972
Aug 14, 1972
Sep 5, 1972
Sep 12, 1972
Dec 8, 1972
Feb 28, 1973
Apr 9, 1973
Jul 10, 1973
Mar 23, 1974
Apr 28, 1974
May 30, 1974
May 31, 1974
Mar 7, 1975
Nov 11, 1975
May 6, 1976
Sep 13, 1976
Apr 26, 1978
Jul 16, 1978
Oct 6, 1978
Aug 30, 1980
Nov 5, 1980
Feb 11, 1981

EVENTS LISTED
Latitude
37.660 N
39.300 N
37.280 N
39.610 N
37.450 N
37.840 N
39.620 N
39.700 N
38.150 N

39.70 N
39.700 N
39.700 N
39.700 N
39.700 N
39.700 N
39.700 N
39.700 N
37.600 N
39.600 N
40.140 N
39.690 N
37.300 N
39.700 N
38.700 N
39.800 N
37.460 N
37.400 N
37.320 N
37.220 N
39.600 N
36.620 N
39.700 N
39.900 N
40.080 N
39.800 N
38.180 N
37.720 N

CHRONOLOGICALLY

Longitude
78.130 W
80.300 W
80.770 W
78.250 W
80.930 W
77.670 W
78.280 W
75.600 W
77.590 W
75.600 W
75.600 W
75.600 W
75.600 W
75.600 W
75.600 W
75.600 W
75.600 W
77.700 W
79.900 W
76.240 W
75.430 W
77.700 W
75.700 W
77.800 W
75.600 W
80.540 W
80.400 W
80.480 W
80.890 W
79.900 W
80.770 W
78.240 W
76.220 W
76.150• W
74.900 W
79.900 W
78.440 W

MMI
V
IV
IV

VI

V

IV

V

IV

IV

IV

IV
IV

IV

V

IV
IV
III

V
V

IV

IV

IV

V

II
IV

IV
VI

V

IV

Magnitude
3.69

3.61
4.09
3.10
4.69

3.39

3.20

3.61

3.60

3.61

3.61

3.61
3.61
3.61

3.61

•4.20

3.61
3.39

3.02
3.52
3.79

3.61

3.61
3.80

3.61

3.59
3.80

3.04
3.19
3.61

3.29

3.10
3.09

3.00
3.00
3.00
3.39
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Table 2-5 (CONTINUED)
EARTHQUAKES WITHIN 200 MILES OF NORTH ANNA SITE

EVENTS LISTED CHRONOLOGICALLY

Date
May 12, 1982
Apr 19, 1984
Apr 23, 1984
Aug 17, 1984
Jun 10, 1985

Mar 15, 1991
Apr 22, 1991

Jun 28, 1991
Aug 15, 1991

Mar 16, 1993

Nov 17, 1993

Jan 16, 1994

Latitude
40.410
40.131
39.950
37.868
37.248
37.746
37.996
38.23 1
40.786
39.190
39. 190

40.330

N
N

N
N

N
N

N

N

N

N

N

N

Longitude
77.960 W
76.037 W

76.370 W
78.324 W
80.485 W
77.916 W
80.266 W
81.335 W
77.657 W
76.870 W

76.870 W
76.037 W

MMI Magnitude
3.00
3.00

V 4.46

4.20

3.20

V 3.80

3.40

3.00

V 3.00

Ill

III

V 4.60
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Figure 2-1
AREA MAP (0-10 MILES)
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Figure 2-2REGIONAL MAP (0-50 MILES)
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Figure 2-3
NORTH ANNA SITE BOUNDARY
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Figure 2-4
DAILY AVERAGE TEMPERATURES FOR RICHMOND, VIRGINIA (195 1 -1980)
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Figure 2-5
DAILY EXTREME TEMPERATURES FOR RICHMOND, VIRGINIA (1898-199 1)
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Figure 2-6
EXTREME 1-MILE WIND PASSAGE AT RICHMOND, VIRGINIA
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Figure 2-7
REGIONAL TOPOGRAPHY AND CHARACTERISTICS
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Figure 2-10
SITE GEOLOGICAL MAP
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Figure 2-11
ISFSI BORING LOCATIONS
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Figure 2-12
ISFSI SUBSURFACE CROSS SECTION
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Figure 2-13 C
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Figure 2-14
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Figure 2-15
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Figure 2-16
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Figure 2-17
EARTHQUAKE LOCATIONS
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Figure 2-19
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(1994 BORINGS)

FIELD EXPLORATION PROCEDURES

Disturbed Sampling

Soil test borings were drilled and tested in accordance with ASTM D 1452 and ASTM D 1586
procedures with a CME-55 truck mounted drill rig, by mechanically advancing hollow stem auger
flights into the ground. At regular intervals, the plug was removed from the auger head, and soil
samples were obtained with a standard 1.4"I.D., 2"O.D., 20" long split tube sampler. The sampler
was attached to the end of "A" size drill rods and lowered through the augers to sampling
elevation. The sampler was first seated to penetration loose cuttings and disturbed soil, then
driven an additional foot with blows of a 140 lb. hammer falling 30". The sampler was then
extracted from the soil, the plug reinserted into the auger head, and the auger advanced to the next
sampling elevation. The number of blows required to drive the sampler each 6" increment of
penetration was recorded and is shown on the boring logs. The number of blows required to drive
the sampler the final foot is termed the "penetration resistance". Penetration resistance, when
properly evaluated, is an index to soil density, strength, and foundation support capacity.

Undisturbed Sampling

Split tube samples are suitable for visual examination and classification tests but are not
sufficiently intact for quantitative laboratory testing. Relatively undisturbed samples were
obtained by forcing sections of 3"O.D., 16 gauge, steel tubing into the soil at the desired sampling
levels. This sampling procedure is described by ASTM Specification D-1587. Each tube, together
with the encased soil, was carefully removed from the ground, made airtight, and transported to
the laboratory. Locations and depths of undisturbed samples are shown on the test boring records.
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ROCK CORING PROCEDURES

Rock coring procedures are used to evaluate subsurface conditions below the depth of auger
refusal. Auger refusal typically reflects the presence of obstructions (e.g., boulders) or the
presence of bedrock.

Water is used to drill a diamond studded drill bit through bedrock or obstructions. The drill
pipe at the bottom of the boring contains a steel sleeve, or core barrel, that accepts the drill core as
the bit is advanced. Typically, the core barrel can accommodate 5 or 10 feet of core. When
bedrock is encountered, a run number is designated each time the core barrel is filled with sample
and removed from the boring.

The percent of recovery is calculated for every run. Percent recovery is the ratio of the
recovered length of core to the length of the core run.

The rock quality designation (RQD) is calculated for each core run when N-sized core
sampling procedures are used. N-sized core is approximately 2-inches in diameter. The RQD is
the ratio of the cumulative length of core greater than 4-inches long and the length of core run.
The RQD is often used to evaluate the engineering properties of bedrock.
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KEY TO BORING LOG SOIL CLASSIFICATIONS

Soils Identification

ASTM SOIL CLASSIFICATION IS BASED .ON THE DISTRIBUTION OF THE SAND
AND GRAVEL SEED PARTICLES, THE PLASTICITY (E.G. ATTERBERG LIMITS) OF THE
FINE SAND, SILT AND CLAY FRACTION, AND THE RELATIVE
DENSITY/CONSISTENCY AS DETERMINED FROM THE STANDARD PENETRATION
TEST N-VALUE.

Soil Type Particle Size

Boulder
Cobble
Gravel - Coarse

Fine

Sand -Coarse

-Medium

-Fine

Silt (non-cohesive)
Clay (cohesive)

12 in.
3 - 12in.
3/4 - 3 in.
#4 -3/4 in.

#10-#4
#40 -#10

#200 - #40
<#200
<#200

S40 __ ~IlNi wl m--

U =o

O0 10 20 30 40 50 60 70 80 90"100

Platictycart

NOTE: Particle Size is Designated by U.S. Standard Sieve Sizes.
Relative Densityv or Consistency

THE STANDARD PENETRATION TEST N-VALUES ARE USED TO EVALUATE THE
RELATIVE DENSITY OF COARSE-GRAINED SOILS OR THE CONSISTENCY OF FINE-
GRAINED SOILS.

RELATIVE DENSITY CONSISTENCY
Term N-Value Term N-Value
Very Loose 0 - 4 Very Soft 0 - 1
Loose 5 - 9 Soft 2 -4

Medium Dense 10 - 30 Firm 5 -8

Dense 31 - 50 Stiff 9 -16

Very Dense Over 50 Very Stiff 17 - 30
Hard 31 -50
Very Hard Over 50
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BORING LOG

North Anna ISFSI SAR 2A-4

$siua
.@ FROEHLING & ROBERTSON, INC.

mUL. SERVICEC TJ.B~ORATOam- * lDIrOI4Z3S & 5
• OVER ONEHUNDP.ED YEAR OF SER VICE"

DaeApril 19, 1994
'otNo.-. V60-073
CI..Viuulnll Power

P.•~c ISFSI - North Anna Power Station "
nouiogNo. F-2 (1.1 2) Total 70.0' EJv 319.9± ILoc~at*i

"ye tY~oriop~ Hollow Stem Au er Slat~at 4 5 94 Copt 4/5/94 D ,•. ?~ers_______

I,•- I__L___._____ ~ mo .. ~oz

308.9

295.9.

289.4

11.0"-

24.0 -

30.5-

Stiff to Very Stiff, Reddish Brown ClayeySILT, Trace Fine Sand and Mica - Moist 46/9/1

7/8/10

4/3/10

Medium Dense, Pinkish Brown Silty Fine
SAND) - Moist

(SM) 311(Relict Rock Structure Apparent)

6/8/10

1.5

3.0

4.5

7.0

8.s
9.0

1035

14.0

15.5

19.0

20.5

24.0

25.5

29.0

30.5

34.0

35.5

.39.0

Groundwater was
Encountered at 24.0'
During Drilling

Groundwater was
Observed at 20.0"
Upon Removal of
Auger

Cave-in Depth a
6.5' on 4/7/94

Groundwater was
not Observed on
4/7/94

.... I

Medium Dense, Light Brown Silty Fine
SAND - Moist
(Micaceous)

(SM)
6/8/1

r-lttl-

Medium Dense to Very Dense. Brown
Silty Micaceous Fine SAND - Moist

(SM)

(Relict Rock Structure Apparent)
3/6/8

*1crof btmm requairud for a 140 tb )i drwppino 30e to drive 2 0.0.. 1.7~3.0" -. uapr a tot'al of 18 indusa in thaw.6• 4irinnru. The sm of the taot too incrrmm of Ipmntrettmt an taad tha intmdd pmatr'tlmn miatinc.. II.
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BORING LOG

"t-*• 1io. V60-073

$1 CFROEHUNG & ROBERTSON, INC.
qTILL 5•VICE LADO3A'%oRmZ3 DtNGDI~g • ~

"OVEFR ONE/JHUNDRED YEARS OF SERVICE"

Dflt Annl 19. 1q9

C•ee- Virulmla power
PioJoat ISFSI - North Ann- Power Staton
Dosing N-- F-2 (2 sf2 voo 700 .,399± O~iD

Tefositg~•.Haollw Stem Au er Steated: 4 5 94 Complete. 4/5/'94 Drim,.A~yers
DESqCR/PTON 01 ]tAERA, "Seoq~l. •~ % CORE

- 40.5
Medium Dense to Very Dense, Brown
Silty Micaceaus F'ne SAND - Moist

(Relict Rock Structure Apparent) 37/7111 4.

49.0I

10/18/25
50.5

54.5
/Il-56.0

59.0
10/32/46

60.5

°50/0.3' No Sample
254.9. 65.0 "65.0 Recovery

Drille Repoted '~g~6 izis Started Coring Rock
Dr~ier epored GraySchst"at 65.3" with NX

0%/az Dia. Bit

No Sample Recover
249.9 70.0 - 70.0

Boring Terminated at 70.0'

6p Or.urs~n. The na of the Lrot t Ira~rmzn of pmtretlt a en I the Stmztd Psut•r'edonmireltm:, II.
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BORING LOG

North Anna ISFSI SAR

• FROEHLING & ROBERTSON. INC.
SFUL.L SlYEvi8I.,E• LORATOI"tES ENUINESR a& OES.US1S

"OVER ONE HUNDRED YEARS OF SERVICE"

Dst:: August 11, 1994

2A-6

Ro~~.~ V60-073
Ola Virllnla Power
izcaPhase 2 - ISFSI North Anna Power Station

rni~l F-4 (la(S) Ta-t .59.1' 8w 316.6'° Lndm

T T.•ioh'ei•: Hiollw Stem Auger f sbtartd 6/2719d C• "d. 6/T7/94J DI Dril= Ay'ersJ fDESOUJI'flON OFMATERIAIS CORE jl •)PKE

316.0-

3096-6

282.6-

0.6

7.0

. ,Driller Reported "Surfieial Organic Soil" /IiVery Stiff to Stiff, Red Clayey SILT .with
j~Fine Sand, Trace Mica and Organicsili(0.6'-3.0") - Moist

34.0

Medium Dense to Very Dense, Brown toGray Micaceous Silty Fine to Medium
SAND - Moist

(Relict Rock Structure Present)

(SM)

8/11/14

9/11/18

7/8/11

7/8/I1

7/7/8

7/9/12

6/7/9

6/8/15.

15/*

1.5

3.0

4.$

6.0

7.5

9.0

10.5

14.0

15.5

19.0

20.5

24.0

25.5

29.0
29.9

34.0
34.4

39.0
39.4

Groundwater was
Encountered at 25.0'
During Drilling

Groundwater was
Observed at 20.$'
Approximately 24
hrs, after Drilling

Groundwater was
observed at 20.5' on
7/12/94

"5OL0.4"

"5010.4'

d5010.4'

Very Dense, Light Brown Silty FineSAND, Trace Mica - Moist "
(SM)

(Relict Rock Structure Present)

*Hw*,er of bLes rmqJirsd for a 140 tb hinr droping 30m to drive 2" O.D., i.375= 3.0. smpter in 6= Inerinnts.The s.a of the s~ond mnd third inrtcre,mts of penetration s treined the Standard Penetratlio r~esitace, IU.
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BORING LOG

Rrepmn No: V60-073

slic;e
.•. FROEHUiNG & ROBERTSON. INC.

PtFlL S~lVlc LABORAT~lm/a U4W•NEH• a C.Wi3q
" OVER ONE HUNDRED YEARS OF SERP7CE"

c.,a.s, Virtinia Power
Pn#• SFS1 - North Anna Power Statlom
nlmisgl F-4 (2ojZ) I •tt 59.1' I i 316.6' I itm _____________

T•Forlmi!:HolowStem Auger I Saad: 6/27/94 Coupd 6...AL!94  saAy

DmBCuIt'noN O P MATERIUALS i I•• • ___

49.1

Very Dense, Light Brown Silty Fine
SAND, Trace Mica - Moist

(SM)
.--.----6..----

(Relict Roc=k Structure Present)

267.5

262..5

257.5

49.1 -WZ

54.l-

59.1 "~

Extremely Weathered Gray Biotite Granite
GNEISS - Foliation Dips Approximately
35 Degrees from Horizontal. Up to Four
Fractures Per Foot of Core. Fracture
Highly Weathered and Iron Statined.

44.0
44.3

49.0
49.1

54.1

59.1

'50/0.3'- No Sample
Recovery

'50/0.1 - No Sample
Recovery

Started Coring Rock
at 49.1' with "NX'
Dii. Bit21 .6Z10Z

Moderately Weathered Gray BiotiteGranite GNEISS - Foliation Dips
Approximately 35 Degrees from
HorizonaJ~. Up to One Fracture Per Foot

78 .3Z/40'

Boring Termnted at 59.1'

_____ L ____ JJ _______________________________ LLJ.
*Nitaer of bteuu requsire for a 1/O lb hlur dopping 3 to driv 2" O.0.. 1.J75 1.0. sapler a total of 18 inctite In UtreM, ;•,---.-r.. Th- .u" o# thplie ia'ttu lr.' -,tsl ,€ r...-trtIei I, TeMeld the .ltwdrd~l oLeutraltlw raslatanee. V.
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BORING LOG

Reof10:V60-073

I Vireloht Power

North Anna ISFSI SAR

,• FROEHLING & ROBERTSON. INtC.

"OVER ONE HUNDRED YEARS OF SERVICE"
Dat= August 11, 1994

2A-8

Phase 2 -ISFSI North Anna Power Station

p.ccru Phase 2 - ISFSI North Anna Power Station * No. F-S (loL3) Tobi

Tyfagk• o l~low Stem Auger Isaaztn 6130/94 cobpec• 715194 I A~o~ers

_ _ [DEScRtnnON OPMAThXqLAL "m pk j• ,uc Ro ReMA

318.0 -

31.0.5

304.5

0.5--

g.0"

Driller Reported "Surficial Organic Sil
__ w
Very Stiff, Red Clayey SILT, Trace to
Some Fine Sand - Moist

6/11/14

i1/14/11

6/-/10(NW)

1.5

3.0

4.5

6.0

Groundwater was
Encountered at 24.0'
During Drilling

Groundwater was
Observed at 27.0' on
7/12/94

Cave-in Depth at
16.0'

8/10/11

14.0~

Stiff, Red Clayey SILT with Mica andFine Sand - Moist
(AH) 3/4/5

7.5

9.0

10.5

14.0

15.5
liii + --- -

Stiff to Hard, Brown Clayey MicaceousSILT, Trace to Some Fine Sand - Moist
(MHl)

(Relict Rock Structure Present)

5/6/7

19.0
3/4/S5

20.5

5/6/S

5/12/ 14

8/24/i?

24.0

25.5

29.0

30.5

34.0

35.5

39.0

"*xtaer of bicum reqjirbi for a 140 lb hasr dro~lng 30" to dr'ive 2 0.5.. 1.373" 5.5. sltsr in " incrrmenlts.The mam of the mer and third ineryenta of pmwtetr~m~ I. termd the 51wd.rd Paentrelttl reituilcan.e U.
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BORING LOG

P.zpm t?• V60-073

North Anna ISFSI SAR

szIIC

1=1FROEHUING & ROBERTSON. INC.
FPULL •WVIm LDO ATOI•3 E4O4(3S1E1 & O~l?
"~OVER ONE HUNDRED YEARS OF SERVICE"

2A-9

CUenc 

Vlrlini8 Power

Phase 2 -ISFSI North Anna Power Station
aseoc Virginia Power
,~ Phm 2 - ISIS! North Anna Power Station

"Zwot=oHollow Stem Anlger suamsn 6/30/'94 Cnmpind• 7/5194 I ________A____

DI I IONI"A'L LSI'm• • ICOREDf

274.5

254.5
254.0.-

249.0

44.0i

64.0
64.5

69..5

stiff to Hard, Brown Clayey MiacouSILT. Trace to Some Fine Sand - Moist
(ME)0

~. (Relict Rock Structure Present) ,

.=-=--40.5

Very Stiff to Hard, Grayish-Green
Micaceous SILT, Trace Fine Sand - Moist

(ME-)

(Relict Rock Structure Present) 8/20/24

7/12/1.5

44.0

45.5

49.0

50..5

.5,4.0

$55-

59.0
10/i 6/241

-460.5

64.0

64.3
64.5\ ... SEE NOTE (1)

Extremely Weathered AMPHIBOLITE
/

oz/oZ

695
Extremely Weathered Hornblende GNEISS

"50/0.3"

stoare Coring Rock
3t164.5' with N
Dii. Bit

NO0TE (1)
Very Dense, Gray
Silty Medium SAND,
with Rock
Fragments - Moist
(SM)I
"Wezthre Rock-

74.$

13 .3Z/o0

3.3z10Z

79-5-

"l*nber of biotin requital for a 14.0 lb hmt r •oping W0 to driwt 2- 0.9., 1.375m t.0. atwmte In 6e |erimnti.
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BORING LOG

Reoft No:~ V60-073

ileFROEHLING & ROBERTSON, INC.

" OVER ONE HUNDRED YEARS OF SEA VICE"

Dam.

~V~rlnlal Power
I~ SFSI - North Anna Power S~tado.

.,., F-S (303) 1 4.5 3,.wl• 318.5' md
, "in)ot9 Hallow Stem Auger IsmU• 6/30/94 Cmrodsd, 7/$/94 I D, A~en

De• (Ourmtnmi) 3m •t : lC1/ROD ______t

109.5

114.5"

Extremely Weathered Hornblende GN'E1S oz/oz
Cote as SaprOlizi
with Paret
Structure Still
Visible

6.61/Oz

89.5

az/oz

94.3

az/0z

99.5L -

oz/az

104.51.-

S0l/az

209.0.-

204.0

,109.5

Moderately Weathered Biotite Hornblende
GNEISS - lnterlayered with Quartz
Biotite Gnelsa .o1/oz

Ills
° F-1 -'--_ __ __ _

Boring Terminated at 114.5'

"Wtl~sr of bim rgqjirgd for. UO l4 bhw*dOppirW3 to Iw e2"O.D.. 1.3W/• 1.0. i• a ltalit .f ii i.chm I ltrdier
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Po V60l-073

North Anna ISFSI SAR

since

1•FROEHLING & ROBERTSON, INC.
PUL.. SEAVIC L, BORATORJ1S E/VGINVS *, OM]tJS'
" OVER ONE HUNDRED YEARS OF SERVICE"
1881DATE: August 11, 1994

2A-1 1

I Orii Viruinia Power
Pn•qu, Phase. 2 - ISFSI North Anns Power Station,-

Typeof]oinV .Hollow Stem Anger I Sa___d6/30/94 Cc.ap4-',- 7/5194 DuiItc. Avers

B a fi D p hD E SC RIPT o N o F M A TR It S " S" m " •
E• t ' m hCOasira•ion) D,, i (-r-et) __ _ _ _ __ _ _ _ _

AUGER PROBE TO OBTAIN SHELBY
TUBE SAMPLE

"LJD" denotes

-- 1.0 Undisturbed
LUD--"'- Thin-Wailed Shelby

Tube Sample
20.0 .- 20.0_

Boring Terminated at 20.0'

Th, sun of the secondi and third Incremenits of penetratlon Ii totted the Standard Prnstration reslst.'e, IN.
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Po-n No: V60-073

North Anna ISFSI SAR

FIr ROEHLING & ROBERTSON, INC.
FWULL •RYici LDL4R~As P2R•S PER] & Ot•WSISPC"OVER ONE HUNDRED YEARS OF SERVICE"

D Aneust II. 1994

2A-12

OctVirginia Power

PsizPhase 2 - ISFSI North Anna Power Station
T&,iW No. F-6 (I •€Tout 59.0' mev• "316.0';omi

.Type oJiuoHol~plow Stem Auger Sourte 6/28/94 C•i~ 6/28/94 I Ayl3.ers

~-DESCIUFr'ION OF MATRIN J• J• ] CO

315.5- 0.5 -

7.0-

\Driller Reported "Surficial Organic Soil" /
Very Stiff, Red Clayey SILT with Fine
Sand, Trace Organics (0.5'-3.0') and Mica
- Moist

(MH)

309.0

304.0.

287.0

12.0-

29.0 -

Very Stiff, Reddish Brown Fine Sandy
SILT with Clay, Some Mica - Moist

(MH)

6/I11l

8/1.2/14

a/Il/Is

9/12/14

6/9/10

7/7/7

5/6/7

II;I - -- - --

1.5

3.0

4.5

6.0

7.5

9.0

10.5

14.0

15.5

19.0

20.5

Stilf, Brown to Gray Clayey SILT, Trace
Fine Sand and Mica - Moist

(MH)

Groundwater was
Encountered at 22.0'
During Drilling

Groundwater was
Observed at 21.5"
Approximately 24
hrs. After. Drilling

Groundwater was
Observed at 21.5 on
7/12/94

*50/0.Y

24.0
51617I

25.5

Medium Dense to Very Dense, Gray
Micaceous Silty Fine to Medium SAND -

Moist

(SM)
(Relict Rock Structure Present)

6/8/9

9/12/11

201301"

29.0

30.5

34.0

35-5

39.0

NIZtmer of blows required far- a • lb0I h mr dreting 30* to drive 2" 0.0., 1.375" I.D. sm~tIr in 6" in-roltfs.
Thi sin of U,. Iscard ard third Iuiermts of psrwtratgiw Is tellind the Standrd Peaugratim rllIltwln.,o M.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2A- 13

BORING LOG

Ri,,No: VKfl-073

F ROEHLUNG & ROBERTSON, INC.FL•ViJ lvC• LABORATOZ]~ D 4•SBGIINS & O!I~as7.
"OVER ONE HUdNDRED YEARS3 OF SERVICE"

OitVirginlt Vower
p, SS - North Anna Power Station

i• F-6 (2i) I• 59.0' Uw 316.o" _____,________

FTyloBa€Hllo tm/ue 6/21/9' c___. _28_4 _Ae

DnSCRIFIFION Op MAmmIPAlS W . C iORE1
__ __ __ __ __ _ __ __ __ __ _ Do. ECRO __ _ J_ __ _

272.0

257.0-

44.0-

59.0 -

Medium Dense to Very Dense, Gray
Micaceous Silty Fine to Medium SAND -

Moist
(SM)

"• (Relict Rock Sructurne Present) /

40.3

44.0

Heavily Fractured and ExtremelyWeathered Light Gray Biotite Granite
GNEISS - Foliatdon Dips Approxiznately
45 Degrees from Horizontal. Up to Three
Fractures Per Foot of Rock Core

Started Coring Rock
at 44.0' with "NX"
Din. Bito1/o%

49.0

o1/o%

54.0.

70%/1B23

5Q_0
4 4

Boring Terminated at 59.0'

"Mth0.r of blowso rtuqi red for o l&O lb )iinr drping 210 to d*tw. 2" 0.0.. 1.375"m 3.0. isaphr a total, of 151 Inches In thre.
6m" Irerments. Th stat of th. UNst tim Ir~rinnto @1 Oftmtrltlan s otmmd the atmsndat pmnwtrotlonm lultwi., N.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

North Anna ISFSI SAR 2A-14

IIIIFROEHLING & ROBERTSON, INC,
U~LLSERVIt8 LABORATODPR1S IEHGIH•Rs *5 & dISI'
"OVER ONE HUNDRED YEARS OF SERVICE"

Stiff to Ha, Reddish Brown Clayey 182/1 1.5ws°Gonwernuted

SILT, Trace Fine Sand - Moist 3.0 During Drilling or
(M )12/18/il Upon Remo•'a of

6.0

81/6 7.5

9.0

10.5

StilT, Reddish Brown and Black Clayey 14.0
Micaceous SILT and Fine SAND to41/
Clayey Micaceous SILT with Some Fine 15.5
Sand - Moist

(MH)

(Relict Rock Structure Present) 19.0

3/5 20.5

24.0

1/5 2.5.5

29.0

118 30.5

34.0

.. 35.5

~39.0

Nl~lmi~er of bto.. rseqoired for a 140 lb hiner ¢h'o~irg 30 to drive 2" O.O., 1,.57' I.0. mpI!ler" tn 0 Inriente.
The ai of the a• wt ml third Incrmonts of peqvwtrstiw. ia tierd the Standard Penetratione raailltmnco, N.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2A- 15

BOIGLO

R~vwNoiniV60ower

SIMCZ

I=• FROEHLING & ROBERTSON, INC.F~~ie, Vl' LAqBORATORIJ• •4GR•"IWE a Oi]GE4=i
. OVE.R ONE HUNDRED YE.ARS OF S•ERVICF"

Clint Vireinla Power
rmba Phase 2 - ISISI North Anus Power Station

oiaNo.: F-7 (2o(3) Toaln 105.0'lBw 319.5 Loaia

Tl"peafwoari•Holow Stem Amate" sI ~ 7/12/94 Cmrd..me "7/12/94 Im= A _________

: . L DSCONnooFMATmJUA "SI - • - C OREi

275.5.-

2.55.5

.244.5

44.0

64.0

75.0

=

SEE N oTE (1)
40.,

Very Stiff to Hard, Brown and Gray
SILT, Trace Fine Sand, Some Mira -

Moist

(Relict Rock Structure Present)

4/1/9

44.0

45.5

(MH)

49.0
3/8/14

50.5

62/14/22

54.0

55.5

59.0

60.5

NOTE (1)
Stiff, Reddish
Brown and Black
Clayey Micaceous
SILT and Fnee
SAND to Clayey
Micaceons SILT
with Some Fine
Sand - Moist
(MH)
(Relict Rock
Structure Present)

"50/03'

Sturted Corng Rock
at 75.0" with N
Dia.. Bit

Very Dense, Brown Micaceous Silty Fine 9/22/32
SAND - Moist

(SM)

(Relict Rock Smtrcture Present)

19/31/40

64.0

65.5

69.0

70.5

74.0
74.3
75.0

lif- €

Extremely Weathered Hornblende GNEISS

o1/oX

• Nwtjer of blaml required for- a 140 lb hintr *roing 30" to drive 2" 0.0.. 1.373= 1.0. simler in a" i.orinnteThe turn n* the •l*e~o e, thir-d ine,-,,s of o..,etreeio- Ise terleed ti.. ttulderd P,,,.relrlton reeilt.',ee. II.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

North Anna ISFSI SAR

+: FROEHLING J& ROBERTSON. INC.
FULL •]V C LAEORAITZ~!O~jBS•IUERS & (CqIETS•

"OVER ONE HUNDRED YEARS OF SERVICE"

2A-16

-- - ~flpm 1z V UUU~ a

Ci•= Vir~ina Power

hmio IS]FSI - North Anna ]Power Stadlou
•ii. IF-7 (3r3) l 105.0' mw. 319.5 Lc+

Tyo~l;Hlo Stiem A"ger I.,+•t 7/12194 Cm+u 7/12I94~ ! en~a ~r
1 _DE•Wf1N OPMAJI I F •CORE*o• oe,(•• . --- • 'REC/ROD WAARU3

105.02

Extremely Weathered Hornblende GNEISS

Some Joints Visible When They Cross
Foliation

Core Recovery is

SolI-likeaz/az

35.0

az/oz

90.0

3 .3ZIOz

95.0 *

o%/oz

100.0

i 05.0

63%/Oz

214.5.-

Boring Terminated at 105.0f

*Mnds"r of btoei rwcQJirsd for a I1.0 tb hintr dropping 30" to di'|a Z" 0.0., 1.373 1.0. lBmpbW a tota•l of 18 inches in threef." lp+P r in. The ,, of +the Ieiit 'two Irtr eif of mwnetrul'lrls aI tefred the latv'.rd loe'etral&l• r'eg'•ltpie. I.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8 02--Updated Online 11/16/15

BORING LOG

Rcpow" No. V60-073

North Anna ISFSI SAR

Fll ROEHLING & ROBERTSON. INC.
FULL LSERVIr• LABOIATORU1• EJGJNB & OI•-i1•11
" OVER ONE HtUNDRE.D YEARS OF SEA VICr"
1551 fAT1Pz August 11. 1994

2A-17

ai.• Vlqlnlo Power
pm•ea= Phue2 - ISFS! North Anna Power Station ........ I• ..... [ -- -

aices Virginia Power
I pm~ Phasei 2 - ISFSI North Ann. Power Station

Tnieotltod Hollow Stem Au er LSimnod: 7/12294 eempie" 7/12/'94. __n___e___A__eJ DESRIiON OF MATER, IALS • , p s__________
______ lpl (Qlasirautioc) ______ _______________

22.0 .--

AUGER PROBE TO OBTAIN SHELBY
TUBE SAMPLES

UD-I
4.0

6.0

16.0

11.0

20.0

22.0

"UD" Denotes
Undisturbed Thin
Wailed Shelby Tube
Samples

UD-2

UD-3

UD-4

4-f i--f-I

•Boring Terminated at 22.0'

-NulI~r of bicujm required for a 140 Lb hamr dropping 3D" to drve Z" 0.0., 1.315" 1.0. laqter In B" |inrment.Ihe .sun of the sacord arid third increements of palwtrat|ort a termed the Staidard palutrrttefl resistwnce, K.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

North Anna ISFSI SAR 2A- 18

SINCE
_•FROEHLING & ROBERTSON. INC.

PulLL•lr URIC. A9RATOR1BS •mENOPI & O]DII1C"OVER ONE HUNDREXD TEARS OF SEA VlCE
1881Dns= August 11, 1994RLJ'w o..- V60-073

atimc Virglnln Power
pz~~Phase 2 - ISFSI North Anna Power Station
Diua.F-I (ot2 69.2' I k~317.9' ILto~____________
T)Wa(Dmig• Hollow Stem Auger I at 7/6/94 Calex: 7/6/94 Di• A~tes

DESCRI]fTON OF MATERtIALS 0.0pl

316.4.

309.9.

298.9

1.5-

8.0--

Medium LDense, Brown Silty Clnyey

Hard to-Very Stiff Brown and Reddish
Brown Silty CLAY, Trace Fine Sand -

Moist
(CL)

8/12/17

5/7/10

19.0 -

Very Stiff, Brown Clayey SILT, Trace
Pine Sand - Moist

(MH)

6/8/10

Stiff to Very Hard, Gray and Green FineSandy SILT - Moist
(ML)

(Relict Rock Structure Present)

6/11/14

6/719

12/*

1.5

3.0

4.5

6.0

7.5

9.0

10.5

14.0

15.5

19.0

20.5

24.0

25.5

29.0

3O..5

34.0
34.9

39.0
39.5

Groundwater was
Encountered at 42.0'
During Drilling

Groundwater was
Observed at 40.0'
Upon Removal of
Auger

Groundwater was
Observed at 26.5' on
7/12/94

*50/0.4'

*50/0.5S

*Mimiber of btowin reqjired for a iiC tb hmmr dropping 30m to drive 2e 0.0., 1.375" LO.D stoper In 6" incruits.Thu ur of th e•or Sli third intrmnt/i of pnemtratim Is titlwd the tuillndrd Pelnetretim. reellete N.



-- NUCLEAR DESIGN INFORMATION PORTAL

Revision 8.02--Updated Online 11/16/15

BORING LOG

aaNIo. V60-073

North Anna ISFSI SAR

SINc'E

lm FROEH-LING & ROBERTSON, INC.
PULL. S£VU• LABORATO RX• •4JNERaO•
"OVEA ONE HUN#DRED YEA.RS OF SERVICE'

Dute

2A- 19

ai n iru a Power
Phase 2 - ISFSI North Anna Power Station

Thw~ld• ow lljtow ,Stem Auger 5azm• 7/6/94 Con-~ ____________er

•eCWO~e,•TI,• 1uc COPE

64.2~

69.2

Stiff to Very Hard, Gray and Green Fine
Sandy SII.T - Moist

(ML.)

(Relict Rock Structure Present)
44.0,
44.4¸

----- 4.---.
49.0
49.3

54.0
54.3

59.0
59.4

64.0
64.2

691.

"50/0.4'

*50/0.3"

"50/0.3

'50/0.4'

50/0.2'

Started Coring Rock
at 64.2' with a
"NX" Dia. Bit

253.7

248.7

U Ut
Heavily Fractured and Weathered
PEGMATITIE, Less Severely Weathered
from 67.0'- 68.0'

80-10

L.a. .1

Boring Termiated at 69.2

"Nuntr of bLow. roquirred fof . 140 lb hiara d~o~ping IC' to drive 2" 0.0., 1.373' l.a. sampler in V thr~roots.?•.e••. ,h,*e••r.# ?;rP e'm*,in4 ',,f ~ntl rlroti,, 5 t,,,. fl, EtMndard Peletrltium raglsttmce. Nf.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

ua,ct.t Yi 60-073

North Anna ISFSI SAR 2A-20

$1Nl•

.•FROEHUNG & ROBERTSON. INC.
lULSV'IOS LAU3O3.TORiZS * FIGiDlIE & cRDM]asTLSC"OVER ONE HUNDRED YEARS OF SERVICE"

D-.-- August 11, 1994

i':--. Vh, .Ia i lnwar
•I g

--•, •• Nnrth Artu! Palwar •huttnn
_Bo,,ngle o: r-9 ". (1 a1t S 105.0'1 a- 31 ' o_ _ __ _ __,_ _

Type of_ _'_-v Hllow Stem c$=r Swla: .4628 94 Couh 6/218/4 Dt m~suI
' DZSCRWPI'ION OF MATERI•ALS *SaInl.O % CORl•

310.3.-

6.5-

U\lne? Keportea l nt1CiDJ urganc •on- /Medium Dense, Red Clayey Silty Free
SAND - Moist

/11/114

1/11/12

304.4.

1-5

3.0

4.5:

•6.0

9.01

lO3

Groundwaterws
Encou,,tered at 20.0'

.UUA. - *I till/Li YlIlIIJ
Loose to Very Dense, Brown to GrayMicaceous Silty Fine SAND - Moist

(SM)

•(Relict Rock Structure Present)

6/8/8

5/6/S
14.0

19.0
3/4/S

20.5

24.0
3/3/4

25.5

5/6/1

7/9/12

1/12/14

29.0

30..5

34.0

3'5.

39.0

I HIll _______________________________________________________ J
1ftub~r at bilo! rmquired tafr a U4 lb hin droppuig W~ ta ~i've 2" 0.., 1.373 2.8. ualhr a total at 181tl indu jm dr.



-- NUCLEAR DESIGN INFORMATION PORTAL -

Reiion F 80- Pdatedr nie1/61

BOIN L oGt mxPwrSxo

Nort.h Anna ISFSI SAR

sinra

1=IFROEHLUNG & ROBERTSON, INC.
FI•,L. •RVl.LABO3ATOima SE2GfIE• & QtmaSIsC"OVER ONE HUNDRED YEARS OF SERVICE"

1Din

2A-21

Oimt Virginia Power
Pzu~ ISIS! - North Anna Power Stadon

*r'.mtNO F-9 (2atS)j T 05.0t ! ' 310os'

T~psaai•: Hllow Ste. Auger S tors 6/28/94 Ca~p• A/2!/94 I D~.: }•I,

r DeatIP1ON Op ,4,rnazu 1 Smpi T COw~

40_•
Loose to Very Dense, Brown to Gray
Micaceous Silty Fine SAND - Moist

(Relict Rock Structure Present)

3M•)

10/2213V

20/22/34

44.0

45.5

49.0

50.5

zs1.sJ 59.1

54.0
54.4

59.0

59.1

'64.1

"50/0.4" - No
Sample Recovery

*50/0.1' - No
Sample Recovery
Sinne Corin Rock
cr59.1' with in
N'Dia. Bit

74.1 -_

Hornblende GNIISS

(Several Small Pieces or Hornblende
Gneiss Obtained)

0210%

ox/oz

69.1

12.52/0!

236.3

230.9 30.0-

Biotite GNEISS with Some Hornbleade
GN'EISS Irnerlayeus. Foliation Dips
Approximately 45 to 50 Degrees from
Horizontal Up to Thuree Fractures Per
Foot of Core

75.0

R!N-

47Z/7T.52

... i~o ba........e f oi a 140 Lb hmmr droppin 30 to drive 2. 0.0., 1.373" I.0. aaqpber a total of 13 Iundle ln thr



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

Roii No. V60-073

North Anna ISFSI SAR 2A-22

I•FROEHLING & ROBERTSON, INC.

t• "OVER ONE HUNDRED YEAJRS OF" SEA., ,lCr
1381=

Virui|ah Power

PIo.== IS1=5I - North Anaum Power Station

T~pedirBm• Hollow Stem Auger I S•e 6/21./94 Co.p 623/94, I Aes______

mo-.' t L Despd• (NQFMAIK= paPle J ~IcOEJ RQD lA4/U

94.0 -

95.0_-

Hornblende GNEISS
20ZI6.61

OzIaz

15.0

90.0

L3I/OZ
216.9
215.9

206.9
205.9.

Quartz Granite GNEISS
94.0
95.0

95.0~

]04.0

105.0S

Biotite Granite GN'EIS, Light Gray,Foliation Dips Approximately 45 to 50
Degrees .from Horizontal 31z/6.6z

100.0

I1~05

lOz/17 .5

Hornblende GNEISS
4- + 44~

Boring Termia~ted at 105.0'

*"lUwla of blovwl ,acuirad for a 140lb U)htm drolilno W0 tol dive 2" O.D., 1..T5 1.0. II~phr a totll oft 13 ihdsa In thra5" n rsorei, ts. The u, o•i the teat two boormosorn of peneratinoll is taf~e the eturdrd pueatrltim' naretallnra, I.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

North Anna ISFSI SAR

FIC: ROEHLING & ROBERTSON. INC.
FULL 5EVIt~ [8 AJO RAlTORIES B•.G1NER5 & OIE:AIST
" OVER ONE HUNDRED YEARS OF SERVICE"

DATE: Aug ust 11, 1994

2A-23

R.euof No V60-073
Oiuat Yirli~nit Power
rinje Phase 2 - ISFSI North Anna Power Slttion

No.• F-9A (lo*l") Thah 6.0' De. ind.,,.,
Tvpeof~nn• Hollow Stem Auger Saefle* 6/23/94 cm•l•.-' 6/.28/94 j e•e Ayers

I L DES•2R1PrlON OF MATIERIALS Sample RmdARX_____o. Dpl (O3a~irulio) _______s______

AUGER PROBE TO OBTAIN SHELBY
TUBE SAMPLE

4.0
UD-i

"UD" Denotes
Undisturbed Thin
Wailed Shelby Tube
Sample

do 0-. v -i-i

Boring Terminated at 6.0'

/

... L . ± ___________________________________________________ i - .L .5. 5 -
"kwueer of btoms requlired for . l&O |b hammer dropping S0- to drive 2" 0.D., 1.373" 1.0. aiiter In P 1t~retS.Th9 em of the secaid end third increment:s of penetration |Is termed the Stenderd Penetration realetawe, N.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

North Anna ISFSI SAR

51lNE

!=• FROEHLING & ROBERTSON, INC.

PULL S3.ICELMAEORA7EORIES ENG!NEERS & OllmJ2S'r

"OVER ONE HUNDRED YEARS OF SEA VJCE"
Dauie Aneust 11. 1~99

2A-24

•to. V60-073
Cie Vi iua Power
?ZtPhase 2 - ISFSI North Ann n~Power Station

.Ir~2omweo~I.Fn ow Ste-. Au er 5IO 7•, 21/i94 c. "7/11,94 • !Ayes.

314.6 0_53 Driller Reported "Surficial Orgnic Soil" 8/9/14 0.0Goudaews
Medium Dense, Brown Silty Clayey 13/416 15 Groundwtere wat 60

()10414 3.0 During Drilling

4.5

6.0

7.5

9.0

- Medium Dense to Very Dense, Brown
" Silty Fine SAND to Fine SAND with 14.0

Some Silt - Moist (M 0J/21.

" (Relict Rock Structure Present)

19.0

24.0

25.5

29.0

34.0 N apeRcvr
14/30/31 N3S5peeovr

39.0
_____________________12/30/50 No Satmple Recovery

*Niohder of btomi required for a 140 lb himr droppingp 30- to c-iw• 2° 0.0., 1.373m 3.0. sinptor It, 6. Irk-rlita.
The srn of the sercxad man third Incre,,ts of prostration is tetrmd the 5twrd.rd Petwtfstiai relstwnet N.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15

BORING LOG

R No.tI V60-0373

North Anna ISFSI SAR

$SiMt'
[•• FROEHUNG & ROBERTSON, INC.

"OVER ONE HUNDRED YEARS OF' SERYICE"
1881am

2A-25

ai=m: Virelula POwer
hPi*= ISFSI - North Anna Powe' Station

• ~.: F-1O (2a(2) Total 74.0' l ,-. 315.1' tm

_____B~l olo Se Aauer I bi 7/11/94 Cm- 7/11/t94 I ____et____

T~pot~pl~ SemDESCIU7'n ON OP MATEiUAlS [sinma 1 • 'q ' C I•

69.0 -

-440•
Mediu~m Dense tO Very Dense, Brown
Silty Fine SAND to Fine SAND with
Some Silt - Moist

(SM)
(Relict Rock Stuctucre Present) 6/10116~

41 5.

I49.0•- -- - 49.4

54.0
54.4

59.0
59-3

64.0
64.2

69.0

74.0

"50/0.4'

*50/OY3

• 010.2' - No
Sample Recovery

• 50/0.0' - No
Sample Recovery

Stered Coring Rock
at 69.0f with an

["NX" Dia.. Bit

246.1.-

241.1 _ 74.0 -

Comne PEGMATITE - Near HorizonuJ
Fractures - Iron Stained

95Z/35 .8

4-4 -*I-9

Boring Terminated at 74.0'

II
*T.smberslo bto, ruq:jirad for a 11.) Lb hmmr €lro!lnhf 3 to d-lv. 2m 0.0., 1.375" I.0. 11mphr a total| o1 18 inches iD thIt4F" ov'-s.-rc. Th,, gSm Of the lasrt t..o In~crsat3i of oe,.s~latisn is tortS•d the ,ta;aCd mnatrnltlm, Jeslaltw~c. U.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15-

BORING LOG

RaDort No.: V60-073

North Anna ISFSI SAR 2A-26

• FROEI-UNG & ROBERTSON, INC..
FULrmL nmvIcS LADO3ATODWIRt•• rnIzzs & cn~awrs
"OVER ONE HUTNDRED YEARS OF SERVICF"

DWka Anenst 11. 1994
i ----- INI-- ---- r -----

CII•a: V€itlnlia Power
Pmio-et ISFSI - North Anent Power Station

DcnnNo-- F-I1 (iO(lIl~r 69.0' 11k 3038' aac _ _ _ _ _ _ _ _ _ _ _

Type Co' oinv Bolowy Stem Auller I Stust• 7/6/94 Coapheed 7/6/94 • A!~ers

DESqCRflPTION OF MATRRIALO •3ml CO~la
Elmmllon Dpth [ClamtD~oa) b • 0.0 CRI iIR]

293.8- 15.0

24.0

29.0 -1

39.0

Hard to Very Hard, Drown Clayey SILT,
Trace Fine Sand - Moist

3/119/24

29/30132

12/18/23

10/14/24

Hard, Gray and Green Micaceous SILT,Trace Frne Sand - Moist (L

(Relict Rock Structure Present)
11/13/21

1,5

3.0

4.5

6.0

7.5

9.0

10.5

14.0
14.31

19.0

20.5

24.0

25.5

29.0
29.4

34.0
34.3

39.0

Groundwater a
Encountered at 26.0'
During Drilling

Groundwater wats
Observed at i9.0' on
7/12/94

S./O1Y

NOTE (I)
Mafic Zone fromn 39
to 40 fL.
Heavily Weathered
PEGMATiTE

"50/0.4'

234.8.-

279.8

269.8

&444 +
Very Dense, Brown Mdicaceous Silty Fine 12/20/41

(SM)
(Relict Rock Strucrure Present)

444l 4
Very Dense, Gray and Green Silty FineSAND. Trace Clay - Moist

(SM)

(Relict Rock Structure Present) "50/0J'"- No Sample
Recovery
From 39.0 - 39.-' -

50/0.3' No Sample
Recovery
Started Coring Rock
at 39.0 with an "NX"
Dia. Bit

SEEINOT (1

Nwluer of bloum rmqjir-d for 14 Itdlb framr dropping 30= to dr1w 2" 0.0., 1.375' 1.0. inphr -, total of iS Inche Iii dire



-- NUCLEAR DESIGN INFORMATION PORTAL -

Revision 8.02--Updated Online 11/16/15

BORING LOG

Rrou N v60-0"73

North Anna ISFSI SAR

• FROEHUNG & ROBERTSON. INC.

rULL Vlt• LA)0KM•TR1ES mNG•ZS a aHm'i3a
"OVER ONE HUNDRED YEARS OF SEA VICE"

2A-27

0eVirginia Fower
p ISFSI - North us-- Power Station

UogI F-il (20()1 69.0' '•.~ S :•,- I m•, __ ___,_ __ _
Tnoeoi0,g HoIlow Stein kAner I in 7/6/94 C. 7/6/94 ____________

DmSCRWIION oP IdA•hII "Th0 r• % COR.E1
DC•= 2 h ( •Rzo) i a i I•= RE,'QD ______

49.0-

Mafic Zone from 39 to 40 ft.

Heavily Weathered PEGMATITE 44.0

49.0

iaz/az

'13 .3%/oX

23%/0X

259.8

239.8 69.0 Z

Medium Weathered Hornblende GNEISS
with Predominantly Vertcins Fractures.
Fractures are InS-ifed with Weathered
Zeolites or Orthoclase

54.0

70%/OX

59.0!

582/28%

64.0 L

T0Z/22.5~

69.0
+

Boring Terminated at 69.0'

"Nu~er of blowi required for a 4 l, Ib hinmr d-~riglr 30= to driwe 2 O.D.,* 1..3•3 IJe. inaker a total of 18 ind,.. In three6' incr~eents. The eum of the last two Ircrummrn of penetruttmn |II treiwd the £turdrd pm'wtr'etlan reellatwo, N.
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BORING LOG

North Anna ISFSI SAR 2A-28

stIlZ
,u~ FROEHLJNG & ROBERTSON, INC.

FUavla L•.VBE ~ORATORtIES I•NUR4l•S & •r
"OVER ONE HUNDRED YEARS OF SERVICE"

DATEh Aougust I1, 1994
s . . I I

Oc Vlrelula Power
Fve Phase 2 - ISFSl North Annt Power Station
Bo, Tiono.. P-1 (oll1) .•g, 5.0' mev 311.3' _______________

Ty;,e•o(i Hollow Stem Auger - s'nn 6/30/94 Cc "4 6,/30i94 ,I Dzime Avers

Loose,'Dark Brown Clayey Fine SAND, 2/3/4 0.0 - No Groundwater was
309.S .5 _ . Trace Micaceous Silt and Organics - 1.5 Encountered During

_ Ios)/2/3/4 Drilling or Upon
307.8 3.5 - _C 3.0 Removal of Auger

IFirm, Brown and Gray Silty CLAY, Trace 4/6/7
306.3 5.0- \and and Mica - Moist ____ 5.0 Cave-in Depth at 4.0'

\stiff, Gray Fine Sandy Micaceous SILT
with Clay - Moist

Boring Terminated at 5.0'

"twhner of blows required for . I&O lb hr drol~Ing 30' to drtot 2" O.h.. 1.375. I.D. smlplr in 60 ircrsmnt."

The sli of the .,cm• nd third Inrrnt, of' pintraleln |a ter11d the 5tmldrd Plmutralt~cn r~Ialwirn. IN.
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BORING LOG

R Nmt• V60-073

1: FROEHUNG & ROBERTSON, INC.PULL EVI rPLABORA1'OR.I l4GIN•5 & onaIasrs

"OVER ONE HUNDRED YEARS OF SERf/ICr"
DAIe. Auzeust 11. 1994

c Vlr~1nhz Power
PqnPhase 2 - ISFSI Nortb Anna Power S~ttlo

e, . .- {Trob • . v 317.0,. Lamn,
Typefrn~lsIHolow Stem ,Anger sn • 6/'30/'94 Cap~mt" 6/'30/'94) DziD Ayeis

DE:cRWInoN oP dAIRRaIS -* Sm c

. . .. ... ,. . . . I_ . . . . . .. .

316.41 0.6

5.0_-

•Driller Reported 5Surficial Otranic Soir"A
/
/
/
//
/

Medium Dense to Dense, Brown ClayeyFine SAND with Silt - Moist
(sC)

10/Jo/Io
10/20/21

6/10/12

0.0
1.5

3.0)
3.5

5.01

NO IQrotflncwatr wasEncountered During
Drilling or Upon
Removal or Auger

Cave-in Depth at 4.0'
312.0

Boring Terminated at 5.0'

*Number of btoem req~lrod foe a I40 Lb her. droppwin 50O to driw. 5e 0.D.. 1.JI•e I.D. terLe in 6- tnlemfits.Th.e sa of the secon~d f third fnerinnte of psenetretlan is termed the 5tamlsrd Pentretion reeistwec. IU.
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BORING LOG

RewN.~ V60 -073

North Anna ISFSI SAR

FlROENUNG & ROBERTSON, INC.
F.LtSl~' 2ER I.A•lAB"O P,.IU• £NINOiEERtS & aHEtGSZ•
" OVER ONE HUNDRED YEARS OF SEARVFCE"

DATrN. August 11. 1994

2A-30

Olo irlgini ]Power
P,-Phm~. 7 - TSFSI North Anna Power Station

Dcii No.: P-3 (loll) Teal 5.0' • 312.6' an.

Type oBourtnF Hollw Stem Auger ISLUWO& 6/30/94 Cop '. 6/30/94 IDril~er. Ajers
DESC-RUflON OPNMA']"IRIAIS • S_____

312.0. 0.6- ,,Driller Reported "Surf icial Organic Soil" r
Very Stiff, Brown Silty CLAY/Clayey
SILT with Fine Sand - Moist

(CH-MH)

6/1/1211

Sf12141

0.0
1.5

3.0
3.5

5_0

No Giroundwater was
Encountered During
Drilling or Upon
Removal of Auger

Cave-in Depth at 4.0
307.6 •eV w.vm

Boring Terminated at 5.0'

Udader of bLown; eQJi red for a 140 Lb hmr droping 30" to 0r1wl 2" 0.D.. 1.]JI" 1.0. SasLte In 6" incrrlntS.Th~e Siml of the• lseond med~ third lincrura-its of plmtraltlml 4II tenuid th Stardard~ leitralt~en reasltwrce, U.
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Revision 8.02--Updated Online 11/16/15

BORING LOG

po1N• V60-073

North Anna ISFSI SAR

FROEHLING & ROBERTSON. INC.
PUtL S•RVICZ LABORATOR.I ESG R , a•Im4Isrs("OVER ONE HUNDRED YEARS OF SERVICE"

OATh ,AUESt 11. 1994

2A-31

actVirginlu Power
PmePhase 2 - ISFSI North Anna Power Stiiflnn

Typeo(Bcim, ollow Setem Auger j samie 7/13/94 coop~ers" 7D13I94 A ers

__J~u Lh DE~aflON OPMATERMs • S~m vK•

a.8
1.8"

-- Driller Reported "Bicuminous Concrete - jj24/12/8 0.3
I ~R

ILGray Crushed Stone Base (2IA) II
Very Stiff, Reddish Brown Fine Sandy
S ILT, Trace Clay - Moist

(MLI

Boring Termirutted at 1.1'

No Groundwater was
Encountered During
Drilling or Upon
Removal of Auger

0 - 4" Base Course
Bituminous Concrete

4"- 1O" Gray Crushed
Stone Base {21A)

10"- 22" Reddish
Brown Silty CLAY,
Trace Fine Sand

NXuni~er of btomm rsquired for a l1;t tb hare dropping 30" to drive 2" O.b., 1.315" 1.0. smpter in 6" Ineri~ntr.The uit of the second lind third incremets of p~evtrmtian |is terind ti.. Itu~rd Penetrutlan resglltmice, U.
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BORING LOG

North Anna ISFSI SAR 2A-32

SllNel

.__ FROEHLING & RoBERTSON, INC.
FULL. 5iRVICE 1ABOIlATOIU RES IGDl',EiU & I1S3

" OVER ONE HUNDRED YEARS OF SERVICE"

DAreh Anenst 11. 1994Re •to V60-073
_a!m= Vlrilnha Power

I~ve~ Phase 2 - ISFSI North Anna Power Station

Typec(EingF Holow Stem Anger Istax•e 7/13/94 C• ',e~ 7/13/94 I tfe A~ers

_ I J DIEAcRWI1ON OP MAIE•J.A1S ["•e~ ] ~'R
0.5 -

5.0 -

Drle Rped'Surficial Organic Soil",fStif t Vey Siff Brown-- Fin e S --dy
SSILT = Moist (L

8/12/I5

S/ll/il
0.0
1.5

3.0
3.5

5.0

No Groundwater was
Encountered During
Drilling or Upon
Removal of Auger

Cave-in Depth at 4.0'.

Boring Terminated at 5.0'

"NL~br of btocne requqired for e 11.0 lb hamr dropping 30 to drive 2" O.D., 1.375a i.D. septer in 6" ineresnte.The un of the aseaon uin third Inerwnts of penetration I. teild the Standerd Penstrutiw, ree~etnce, N.
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BORING LOG

North Anna ISFSI SAR 2A-33

SLC ROEHLUNG & ROBERTSON, INC.
PULLJ SERVIC IAaoRArIORIus 3NG~OBE & OIH]EMIS]

"OVER ONE HUNDRED YEARS OF SERVICE"
DATEh August 11,. 1994ReuortNo.. V60-073

Oleoc Virginia Power.,

Froje Phase 2 - ISFSi North Anna Power Station
Boigo. -6 (1a.1)] 0.9'~~ _ _ _ __ _ _ _

TeoodFHloStmAuger I Suid 7113194 C•.4 7/13/94 [ _____A__e__

izi~!~o tmD25CRW1ION O1MAIThP1ALS •Ss

0.3 =m0.9 DilrReported "Bituminous Concrete- MN IS 0.3 "5010.1*
0.9

Very Dense, Brown SAND and GrayGRAVEL I
Doring Terminated at 0.9'

No Groundwater was
Encountered During
Drilling or Upon
Removal of Auger

0 - 3.5" Base Course
Bituminous Concrete

3.?"- 7" Brown SAND
and Grey GRAVEL

lmwner of bueus required for a 1I,0 lb hintr druWping 31 to drlw 2" 0.0., I.315" 3.0. sapLer in 6• incrsmnts.The sin of the second and third incr~mntm of penetration 18 tsrlnl the Standard Penetration raeistmice, IN.
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BORING LOG

North Anna ISFSI SAR 2A-34

FII1 ROEHLING & ROBERTSON, INC.
FULLsa, t S LABIE JORAIDRl!S Ew•om(]3S & Caimasra

* OVER ONE HUNDRED YEARS OF SERVICE"
rl~r A.....t II fOOAVMb~fl71

aaVlrglnla Power
PuetPhase 2 - IS1FSI North Anna.Power Station..

T offlodg Hollow Seem Auger I Smo 7113/94 Com " 7/13/94 I d•r Ayers

0.2 -"; Driller Reported "Aphaltic Concrete" 12/li/fl 0.2
0.6 GraelBas (A Stone) 1.7

3.2 \Veny se, Brown SN and GraVEil LAY J.

•l'rce ~e Snd . no Groundwater was
Encountered During

Boring Terminated at 3.2' Drilling or Upon
IRemoval of Auger

0 - 2.5? Base Course
Bituminous Concrete

2..7- 7" "Gravel Base
(2IA Stone)

7."- 21" Brown SAND
and GRAVEL

Ii1- 36" Brown and
Gray Silty CLAY,
Trace Fine Sand

INumber of btovse reCuIiredl fof a 140 Lb hmmr dropping 3D" to *r1w 2m 0..D., -375" I.O. samler In 6" Incrmmta.
The aim of the saa• and third Intrilnlnt of pm.utietoln I* t~rld the $Strlid Pnamtratlai realstin,. l.
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BORING LOG

RtgoINo.! V60-073

North Anna ISFSI SAR 2A-35

Slitg

, FROEHLING & ROBERTSON. INC.F~IJUu. l~ivlc- LAIBORA'JORIIE mIGIN~RS a &ut
"OVER ONE HUNDRED YEARS OF SERVICE"

DATEh August !1, 1994
Cites Vir~inla Power

I'rjot: Phase 2 - ISFSI North Anna Power Station
,• ..e WP-2 (10.1) 34.t ' mw 293.2' mi

Twedloti•F Hollow Stere Au er saaztee 6/30 94 • "6/30/94 Ddtia= A',ers

0,. DEScRIIIPflON OP MATE• ImlS

- Very stiff to Stiff. Brown and Gray Fine 6/10/12 0.0 Grndarws
• /Sandy CLAY, Trace Silt and Mica - 1..5 Grud tewa

Moist 6/10/Il Encountered at 14.0'
- (CL.) 3.0 During Drilling

_ •. 1818 4..5

Medium Dense, Brown and Gray Clayey 7/1/9

Fine SAND, Trace Silt and Mica - Moist 7.5
289.2 9.0 .(C)9.0

Medium Dense, Brown Silty Fine SAND, 6/12/16
-- Trace Clay and Mica - Moist 10.5

(Relict Rock Structure Present)

15.5

279.2 _____9.0_____________19.0
Medium Dense to Very Dense, Brown and 6/12/14

i•Green Clayey Fine SAND, Trace Silt and 20.5
•Mica -Moist

S(Relict Rock Structure Present)~24.0
30* 24.3 *50/0.3

_/. 
29.0

1/' 29.9 "$0/0.4"

2639 3.3 •.•34.0 ____*50/0.Y

Boring Terminated at 34.3Y

the mu of the secm erd third l,,crsments of p~ertratimn Is termd the Standurd PItnutr~ltue r.ellit, U.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2A-36

MONITOR WELL DIAGRAM
WELL WP-1

PVC CAP
STICK-UP

GROUND"SURFACE

2" I.D. PVC RISER PIPE GROUT

BENTONITE SEAL

SAND

2" I.D. PVC
0.010 SLOTrED SCREEN

PVC PLUG
m

GROUT
BENTONITE
SAND
TOTAL DEPTH

26.5 ft.
2.0 ft.

7.0ff.
35.5 ft.

CASING TOP EL32322
RISER PIPE 33.1 ft.
SCREEN 5.0 ft.
STICK-UP 2-6fft.

... FROENLING & ROBERTSON, INC. !DATE. .Augs.lIJt 1994
O GOTECHNICAL • ENVIRONMENTAL. * MATERIALS

ENiGINE.ERS • LASOSRATORIIE5 sCA.I NONE
... . 'OV•OHUNP.VtAS•BIW•DAOWN: TMM V60-073

MONITR W~l DIGRAMDWG. NO.
PHASE 2 - ISFSI - NORTH ANNA POWER STATION WP-1

MINERAL VIRGINIA VIRGINIA POWER

$r..NO *O21
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Reviision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2A-37

MONITOR WELL DIAGRAM
WELL WP-2 ' 1STICK-UP

GROUND SURFACE

2" I.D. PVC RISER PIPE _ GROUT

BENTONITE SEAL

SAND

PVC CAP

2" I.D. PVC
0.010 SLOI-rED SCREEN

PVC PLUG H
GROUT
BENTONITE
SAND
TOTAL DEPTH

24.0 ft.
2.0 ft.
8.3 ft

'34.3 ft.

CASING TOP EL 298.20
RISER PIPE 31.7 ft.
SCREEN 5.0 ft.
STICK-UP 2.4 ft.

FROENLIN6 & RODERTSON, INC. OA1E 1 •O~t19
GEOTECHNICAL * ENVIRONMIENTAL * MATERIALS

[U ','J E.GREERS - LA.ORATOrIES SCALE: NONE
... : .,,W,,,,I,.,,,DR-WN• TMM V60-o'r3

MONITOR WELL DIAGRAM |OwS. NO.
PHASE 2 - ISFSI - NORTH ANNA POWER STATION 'WP-2

MINERAL. VIRGINIA VIRGINIA POWER

*o~ in
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MONITOR WELL DIAGRAM
WELL WP-3i

STICK-UP

GROUND SURFACE

2" I.D. PVC RISER PIPE

PVC CAP

GROUT

BENTONITE SEAL

2" I.D. PVC
0.010 SLOTTED SCREEN

PVC PLUG

GROUT
BENTONITE
SAND
TOTAL DEPTH

30.0 ft.
2.0 ft.
7.0 ft.

39.0 ft.

CASING TOP EL311.32
RISER PIPE 36.5 ft.
SCREEN 5.0fft.
STICK-UP 2.5 ft.

... FROENLING & ROBERTSON, INC. DATE:AHb,.!jd
ICob rEOTECHNICAL * ENVIROUMINTAL * MATERIALS

NI:NOEERS • LAOROA*TOR#ES SCALE: "NONF
... "O• ON/Ol0jr.R O 3Rl DRWN: TMM I V60-073

MONITOR WELL DIAGRAM DWG. NO.
PHASE 2 - ISFSI - NORTH ANNA POWER STATION WP-3

MINERAL VIRGINIA VIRGINIA POWER ;
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MONITOR WELL DIAGRAM
WEUL F-6 . . .

STICK-UP

GROUN•D SURFACE

2" I.D. PVC RISER PIPE

2" I.D. PVC
0.010 SLOTTED SCREEN

PVC PLUG

PVC CAP

GROUT

BENTONITE SEAL

SAND

GROUT
BENTONITE
SAND
TOTAL DEPTH

35.0 ft.
2.0Oft.
7.0 ft.

44.0 ft.

CASING TOP EL315.98
RISER PIPE 41.6 ft.
SCREEN 5.0 ft.
STICK-UP 2.6 ft.

..... IIOELING & FIODERTSON, INC. •DR:A_•s.19
SGEOTECHNICAL * ENVIKONMINTAL * MATERIAl.|1I&9 ENGI,.,ERS ,.LAOONA.rIEs|SCALE.~ •NONE

... "om oe ,•e •.m F s~r, [DRWN: TMM V50-073
MONITOR WELL DIAGRAM D WG. NO.

PHASE 2- ISFSI - NORTH ANNA POWER STATlON PF'6
MINERAL, VIRGINIA VIRGINIA POWER

*O'Th4O t03



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2A-40

I * 1

MONITOR WELL DIAGRAM
WELL F-8

PVC CAP
STICK-UP

GROUND SURFACE

2" 1.0. PVC RISER PIPE . GROUT

BENTONFTE SEAL

SAND

2" I.D. PVC
0.010 SLOTTED SCREEN

PCPLUG[I i
I

GROUT
BENTONITE
SAND
TOTAL DEPTH

50.1 ft.
2.0 ft.
7,0 ft.

59.1 ft.

CASING TOP EL317.92
RISER PIPE 56.4 ft.
SCREEN 5.0 ft.
STICK-UP 2.3 ft.

... FROENLING & ROBERTSON, INC.. DATE: Jt•• Q~

=.a,.s.. • *.O.*O.,SSSCALE: NN

... nW:TMM V60-073
MONITOR WELL DIAGRAM DWG. HO.

PHASE 2 - ISFSI - NORTH ANNA POWER STATION F-B
MINERAL VIRGINIA VIRGINIA POWER

*O~,NO ~O3
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2008 BORINGS

- GR.. .;OUP• GROUPMAOR DIVIS[ONS •YMBOb TYI~ AB SYMBOLS, TYICAL3, IAMKB

SADS CLEAN~ S ,
'- ~~~GRAVELS ,* __- ":..

COARSE Wo.4slev,,,zcl WITHF INES •• "-. -- ..
GoRAINED ,. WEA -hBIW. .

ZO• z} SNS SANDS - 18.

(Mi,.,oso• Laso oias '.Q s"== ds gztvnily wd=. S'flfl•g',•bnoV 0 _________ _____.__ _______ _.... .

" L - 533nI•t 1 chyny € sands or• da.n low53

. . , == SILTS A.ND CLAYS CHI=qu dg fk•,p,,=T • y*Zof4 VcL3 LoosSt< Vtlh So
(Liquid lini]k LPEST ,.ima 50J -4 ].0. OP. V 2 - 540.5fat

H~IGL Y __________-__"______ ~tZ~~lri~~o't[sott _ >0_wi . e V eyDe••" azi-30 V~erst5"
(M _tIa So , ......... .__ ______ ______

N SLTSA0 CLAYS0 No.0.1owsRNO.4v enitNo.of3ows C12nsn,

TheUnified m!| ClasficP.3onsSy0)% op of•g er'U...- " Tee'Ya<4dc2 Sf

C.-l

0

00

FO

L•u

rd:



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI[ SAR 2A-42

GEOTECHNICAL BORING LOG

%MACTEC.
SHEE-T" I OF '1

TOTAL DEPTH{ 20.0 ft DR•ILL MAItHIN CM• 550

ELV. DE ,, B LWWcCoM" BLOWS ER

(J i5,,51 0,8 0,1

116..... ... eoundOu

1.1- t

•t1 I ::L: :::•

=•• LJ •~o"A__...
7, . ... . .. . .. . .

100UNT( Loulo~ I GEOLOGIST P,V~s .
• G1O~uHDwATEr'a

,n,,• 1 AP• ME~iD SPT ... HR. • Dy

DRILLEfi:PJnftbwn~DrIUIng equist) HAMMERIYPE 140-lb Automalo

OS ______________________________

'our sat~I'TLT
P ~o i~o~ 1/101 SVILANDRO(DESCRIPTICI4r'¶t-2W

~~1~

~1~~

.5

-4-

at

U

U

U

U
U

* 1.r1L'PP=2OO af

rordl a nd acalleid rodfra~enma
• h11 P• =2.COo M

* 12,OIEPP ,=2.50 Is1

T1a

Bo6n9 Te~rsinated aISW t•o~ot(vata~f 285.WI')
Bosahola navad to llf and Ity at tkna o

8

S

A

Q .1
2
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GEOTEC-IHNICAL BORING LOG"

SMACTEC
SHEET 1 OF1

MACmOPROJECT .: 84#8.07•-15 ... C...O..:U•r Lous OEoLCO" 0.v .....

.BO•lNG fO° B714 P•:v'|. DRILL MBTNOD HoIIow.StemAuoer SeAMPLE METNO,,.DS, SPT , I HR. BD

iCOLLAR ELEV. 205.2ft(NAVD06) NORTHINGi 0000020,2 USft(NADOO)l MATING 11687717,2. 081 (MADOS)l 241inI ND

AT! •STARTE 47/08 ICOMPLEED 4ri7A8 CR SARRL TPE: NA

E~/.• LOC~•I BOW PR OO ' ' 0 SO•LANDROCK DESCFSPT1ON

.•.. ss 23....................4........"............-( ):l~cnc~mb ta~osr-

-.. • ...- : ..... ......... A " J•l~bsSND(SP.8N0.-ace"m1 " '-

.= 11................. •............ ...... asu'Pm._•-izr,-,m••-.z-

_: r.= 0 18............................. l~tP1.0a

,5 7 : mm eo •gTenr•nbe~a• 20,O05t(Elavazn 289.2,5)

taaede1321 n dadmo
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Intentionally Blank
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Appendix 2B
•Laboratory Tests

2B-i
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PHASE 2 - ISFSI .
NORTH ANNA POWER STATION - MINERAL, VIRGINIA •

VIRGINIA POWER
F&R #V60-073O

LABORATORY TEST RESULTSb

Boring F-5A F-5 F-6 F-6 F-6 F-7A F-7A

S ample No. UD-1 S-7 S-2 S-5 S-9 UD-1 UD-2
0

Depth (ft.) 18.0-20.0 19.0-20.5 1.5-3.0 9.0-10.5 29.0-30.5 4.0-6.0 16.0-18.0 B

Gradation
% Passing Sieve

No. 4 .... .... .... 100 100 .... 100

No. 10 100 100 100 97.9 99.9 100 99.8

No. 40 92.5 96.1 96.6 84.4 77.8 96.8 83.1

No. 100 67.7 79.5 90.3 61.7 35.9 77.9 50.8
No. 200 53.9 70.2 87.9 54.3 24.8 72.0 38.0

Liquid Limit (%) .. 65 85 62 .. 84

Plasticity Index .. 19 31 19 .. 30 ...

Natural Moisture (%) 53.3 55.7 37.4 29.0 29.3 34.1 31.8 c

ASTM Classification ... MH MH MH ... MH..
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PHASE 2 - ISFSI ,
NORTH ANNA POWER STATION - MINERAL, VIRGINIA .,

VIRGINIA POWER =
F&R #V60-073O

LABORATORY TEST RESULTS 'I

Boring F-7 F-7 F-8 F-8 F-9A F-9 F-10

S ample No. S-7 S -18 S -4 S8-7 UD- 1 S -13 S -3 0

Depth (ft.) 19.0-20.5 74.0-74.8 9.0-10.5 19.0-20.5 4.0-6.0 49.0-50.5 3.0-4.5

Gradation
% Passing Sieve

No.4 100 100 100 100 100 100 100

No. 10 98.6 97.6 99.9 99.9 99.8 97.7 9.9.7

No. 40 80.7 70.7 93.1 84.9 84.3 78.8 69.0

No. 100 60.8 47.2 81.3 64.4 52.3 39.3 44.5

No. 200 53.1 34.2 76.3 51.2 - 44.9 26.2 36.8

Liquid Limit (%) 60 40 58 ... 64 ... 46 rI,,

Plasticity Index 16 6 26 ... 18 ... 15 r

Natural Moisture (%) 30.3 25.4 34.7 27.0 27.1 22.7 13.6

ASTM Classification MH SM MH ... SM ... SM
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PHASE 2 - ISFSI .
NORTH ANNA POWER STATION - MINERAL, VIRGINIA •

0VIRGINIA POWER
F&R #V60-073

LABORATORY TEST RESULTS/

Boring F-10 F-10 P-2 P-3 P-4

S ample No. S-5 S -b1 BAG BAG BAG

Depth (ft.) 9.0-10.5 34.0-35.5 0.0-5.0 0.0-5.0 0.0-5.0

Gradation
% Passing Sieve

3/8 inch ... 100 100 .....

No. 4 100 99.2 98.7 100 100

No. 10 99.4 90.9 94.8 99.4 99.1

No. 40 65.4 55.4 81.1 83.5 90.9

No. 100 41.5 33.9 57.8 67.7 64.9

No. 200 31.6 24.8 49.5 62.1 55.7

Liqiuid Limiit(%) 41 ... 41 60 48 c

Plasticity Index 12 ... 20 30 19 c

Natural Moisture (%) 14.9 22.1 8.5 15.0 8.5

ASTM Classification SM ... SC CH ML
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Sample No.

Depth (ft.)

ASTM Classificatior

Moisture-Density Re

PHASE 2 - ISFSI
NORTH ANNA POWER STATION - MINERAL, VIRGINIA

VIRGINIA POWER
F&R #V60-073

CBR TEST RESULTS

P-2 P-3

Bulk Bulk

0.0-5.0 0.0-5.0

nSC CH

elationship Test

F-7A
Composite

16.0-22.0

SM

•109.0*

35.0*

6.4
NA

CD

CDL

Maximum Dry Density (pcf)

Optimum Moisture (%)

.CBR (Unsoaked)
CBR (Soaked)

117.5

12.4

39.2
7.6

111i.2
16.6

38.9
7.3

*Sample was molded at natural moisture content and unit weight.

z0

p

•.T
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ASTh SOIL CLASSITICATION
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PARTICLE SIZE ANALYSIS TEST

Objective: The grain size data are used to aid in the classification of soils and in
the estimation of soil behavior.

Procedure: The test can be divided into two parts, the determination of the size and
distribution of the coarse fraction and the determination of the size and distribution
of the fine fraction. The division between the coarse and fine fraction is the No. 200
sieve. The coarse fraction is tested using the sieve method; the fine fraction is tested
using the hydrometer method. If both tests are performed, the test is referred to as
the combined analysis.

For the analysis of the coarse fraction, the dried soil is soaked and then washed
through a #200 sieve. The sand and gravel remaining on the sieve is oven dried. The
dried sand and gravel is then passed through a series of sieves, and the weight
retained on each sieve is determined. The distribution of weights is then computed
and the percent passing each sieve is plotted as a curve.

In the hydrometer method, the particle size is determined by Stoke's equation.
The soil is mixed with water to form a heavy slurry. The rate of sedimentation is
measured using a hydrometer. Hydrometer data can be reduced to develop the
weight percent distribution curve for the fine grained soil fraction.

References: ASTM Specification D-422, "Particle Size Analysis of Soils."

Laboratory Soils Testing, EM 1110-2-1906 by The Department of the
Army, Appendix V.
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ATTERBERG LIMITS

Purpose: Dr. Atterberg (1911) defined the liquid limit of a soil as the water
content, expressed as a percentage of the dry weight of the soil, at the boundary
between the liquid and plastic states.. The plastic limit is the water content expressed
as a percentage of the dry weight of the soil, at the boundary between the plastic and
semisolid states. The difference between these two values is the Plasticity Index

(PI).

Liquid and Plastic limits are performed to determine the soil classification and
plasticity properties of the soil specimen. Atterberg limits can be correlated with

approximate values for compressibility and strength.

Procedure: The liquid limit is the water content when a soil will flow under a
specific dynamic force. The soil is wetted, placed in a special liquid limit device,

and grooved into two halves. The water content is measured when the two halves
flow together over a specified distance.

The plastic limit is determined, as described by ASTM Specification D-43 18, by
obtaining the water content when a soil can be rolled by hand into thin threads on a
surface of ground glass. The plastic limit is defined as the moisture content at which

the soil can not be rolled into threads smaller than 1/8 inch in diameter.

References: ASTlM Specification D43 18 "Standard Method for Liquid Limit,
Plastic Limit, and Plasticity Index of Soils."
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oP-3

SP-4

DEPTH
3.0
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1.5

9.0

19.0
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0.0

0.0
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53 MH

34 SM
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45 SM
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56 ML

•mt...,r. t1004
xD •. •Kn-N72

Phase 2 - ISFSI North Anna Power Station

l Mineral, Virginia

ATTEREERG LIMITS' ]RESULTS

Fro ehling & Robertson, Inc. Richmond. Virginia FIGURE 1,
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MOISTURE CONTENT TEST

Objective: To determine the ratio between the moisture contained in the soil and
the weight of the solid soil grains, expressed as a percentage. The in-situ moisture
content with other index properties are used to evaluate anticipated soil behavior.
For controlled fill placement, the moisture content is critical in achieving maximum
compaction.

Procedure: A moist sample is weighed and then oven dried. The dry sample is then
weighed. The moist sample weight minus the dry sample weight is used to
determine the weight of water removed. The weight of the sample remaining after
oven-drying is used as the weight of the solid soil grains. The moisture content, in
percent, is the ratio of the weight of moisture to the weight of dry soil multiplied by
100.

References: ASTM Specification D-22 16 "Standard Method of Laboratory
Determination of Moisture Content of Soil."

Laboratory Soils Testings, EM 1110-2-1906 by the Department of the
Army, Appendix I.
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UNIT WEIGHT TEST

Objective:. The unit weight test is performed to determine the density of moist
soil, expressed in terms of weight per volume. The dry unit weight is calculated
from the moist unit weight and the natural moisture content. The unit weight is used
in soils engineering calculations.

Procedure: The volumetric method consists of computing the total volume of a
regular-shaped sample. The weight and volume of the sample is measured. The
moist unit weight equals the weight of sample divided by the volume of the Sample.

To determine the dry unit weight, the moisture content of the sample needs to be
determined. The moist unit weight divided by the moisture content plus one equals
the dry unit weight.

The displacement method consists of determining the total volume of a soil by
measuring the volume or weight of water displaced by the soil mass. The sample is
placed in a wire cage and submerged in water. The volume of the displaced water is
measured. The weight of the sample is determined. The moist unit weight is
estimated by dividing the sample weight by the volume of water displaced.

References: Laboratory Soils Testing, EM 1110-2-1906, by the Department of the

Army, Appendix II.
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MOISTURE-DENSITY (MODIFIED)

Purpose: The moisture-density relationship of a given soil is determined to
provide an index unit weight that can be compared to the field compacted unit
weight. The maximum dry unit weight determined using this test method is termed
100 percent of Modified Proctor.

Procedure: The Modified Proctor Test is performed on a bulk soil sample. Gravel
(plus No. 4 or plus 314 inch, depending on the test method) is removed from the
bulk sample. The prepared bulk sample is split to form four to five test specimens.
The moisture content of each prepared specimen is adjusted in the laboratory to
vary by 1-1/2 to 2 percent from the other prepared specimens.

The prepared soil specimens are compacted in a cylindrical mold in five equal
layers to give a total compacted depth of about 5 inches. Each layer is compacted by
uniformly distributed blows using a 10 pound, sliding weight hammer and a 18-inch
drop. The number of blows used for compaction (25 or 56) depends on the test
:method. The dry density and compaction moisture content is determined for each
compacted test specimen and plotted to provide the moisture-density curve. The
maximum dry density and the optimum compaction moisture content for the sample
with the gravel removed is determined from the moisture-density curve. The
maximum dry density for the bulk sample with gravel is determined using the gravel
correction factor as outlined in ASTM Procedures D-47 18.

References: ASTM Specification D-1557, "Standard Methods of Test for
Moisture-Density Relations of Soils using 10.0 lb. (4.5 Kg) Rammer
and 18-inch (457 mm) Drop".
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MOISTURE-DENSITY RELATIONSHIP TEST

130

125

U_
128

113
L

11

+1

•JOm• •

,I
185

7.5 10 12.5 15 17.5

iWater content,

Test specification: ASTM D 1557-91 Method A, Modified

•20 22.5

TEST RESULTS MATERIAL DESCRIPTIOM

Maximum dry density - 117.5 pc j Tan uandy gilt

Optimum moisture * 12.4 • -

Project No.: V6-8-73

ProJect: Soll Borings 1. Lab Testing

Location: Mineral, Virginia

Control No. 96791

Date: 7-25-1994

Remarks:

Virginia Power

59I09 1Doinion Bouie'.ard

Glen Alien, VA 23966

MOISTURE-DENSITY RELATION5HIP TEST

FROEHLING & ROBERTSON, INC.
rig. No.
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MOISTURE-DENSITY RELRTIONSHIP TEST

125

"U

a-

115

110}

,i

-- m

105

100

12.5 15 25 27.517.5 20 22.5

WJater content, X

1557-91 Method A, Modified"Test specification: ASTM D

,iasi 4icaoni Nt } i
TEST RESULTS MATERIAL DESCRIPTION

Masimum dr-y denslity 111.2 pof Red sandy clay

Optimum moisture ,16.6 % P-3

Project No.: VEG-073

Project: Soll Borings I Lab Testin9

Location: Mineral, Virginia

Control No. 36781

Date: 7-25- 1994

MOISTIJRE-DENSITY RELAqTIONSHIP TEST

FROEHLING 2 ROBERTSON, INC.

Remarks:

Virginia Power

SOBaB Dominion Boulevjard

Glen Allen, VA 23068

Fig. No.
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CALIFORNIA BEARING RATIO

Purpose: The California Bearing Ratio test is performed on subgrade, subbase
and base course materials to provide supporting values of various roadway
materials which can be used as a basis for pavement design.

Procedure: A sample of the subgrade soil is compacted in a cylindrical mold to the
density and moisture anticipated in actual construction. Cohesive soils are allowed
to soak, immersed in water for 96 hours. By means of a hydraulic jack, a penetration
"needle" is forced into Sample at a controlled rate. Load values and corresponding

strain or deformation are noted. The ratios of the load values in pounds per square
inch at 0.1 inch and 0.2 inch penetration, respectively, are compared to the standard
loads of 1000 and 1500 pounds per square inch respectively. (The latter are those
loads required to produce the same penetration in a compacted limestone sample.)
The CBR in percent is the ratio of the loads at 0.1 penetration multiplied by 100.

References: ASTM Specification D-1883-67", Standard Method of Test for
Bearing Ratio of Laboratory-Compacted Soils."
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CALIFORNIA BEARING RATIO TEST

Record No.:
Client:
Project:
Location:

V60-073
Virginia Power
Soil Borings & Lab Testing
Mineral, Virginia

Date: August 3, 1994
Date Tested: August 2, 1994

CALIFORNIA BEARING RATIO TEST

0~

0

0
-J

0.0 0.2 0.4
PENETRATION, INCHES

CBR (Soaked):
Swell (%):
Dry Density Before Soaking:
11 Moisture Before Soaking:
1% Moisture (top 1 in.):

7.6
0.08

115.3
13.3
19.1

Sample: P-2 (0-5')
Control No. 35791
Molded in accordance
withl D-1557

FROBILDIG & ROBERTSON, INC.

Reviewed b. Maagr- 8oI1's DOeflment
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CALIFORNIA BEARING RATIO TEST

Record No.:
Client:
Project:
Location:

V60.073
Virginia Power
Sail Borings & Lab Testing
Mine ral, Virginia

Date: August 16. 1994
Date Tested: August 15, 1994

CALIFORNIA BEARING RATIO TEST
1 T T 1

--4-

<0

0.0 0.2 0.4

PENETRATION, INCHES

CBR (DRY)
Dry Density Before Soaking:
% Moisture Before Soaking:

39.2 Sample:
115.5

13.3

F-2 (0.5)
Control No. 50055
Molded in accordance
w~hD-1557(dry break)

FROE•iUNG & ROBERTSON, INC.

By:. Cly MOIY
-aagr Seil' DepartmentRenviewed by:
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CALIFORNIA BEARING RATIO TEST

Record No.:
Client:
Project: --

Location:

V60-073
Virginia Power
Soil Borings & Lab Testing
Mineral, Virginia

Date: August 3, 1994
Date Tested: August 2. 1994

CALIFORNIA BEARING RATIO TEST

di
08
,,.

0.0 0.2 0.4
PENETRATION, INCHES

CBR (Soaked):
Swell (%J):
Dry Density Before Soaking:
% Moisture Before Soaking:
% Moisture (top 1 in.):

7.3
1.62

108.7
17.5
24.2

Sample: P4 (o-51
Control No. 36781.
Molded In accordance
with D-1 557

FROEHMNG & ROBERTBON, INC.

Ro~iie.• _By:. €c/y MdorManage - Soil. Depelmnment
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CALIFORNIA BEARING RATIO TEST

Record No.:
Client:
Project:
Location:

V60-073
Virginia Power
Soil Borings & Lab Testing
Mineral, Virginia

Date: August 16. 1994
Date Tested: August 15. 1994

CALIFORNIA BEARING RATIO TEST

13-

0
0
-O

0.0 0.2 0.4.
PENETRATION, INCHES

CBR (DRY)
Dry D~ensity Before Soaking:
% Mo3isture Before Soaking:

38.9
108.4

17.1

Sarnple: •*P4 (0-e.5
Control No. 50054
Molded in accordance
with D-1557(dry break)

FROEHUNG & ROBERTSON. INC.

Manager - SoI's 0.pwlmnt
Reviewed by.
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CAUFORNIA BEARING RATIO TEST

Record No.:
Client:
Project:
Location:

V5O0-073
Virginia Power
Sail Borings & Lab Testing
Mineral, Virginia

Date: September 15, 1994
Date Tested: September 15, 1994

CALIFORNIA BEARING RATIO TEST

0n

o,

0.0 0.2 0.4
PENETRATION, INCHES

CBR (DRY)
Dry Density
% r Moisture

6.4
79.5
37.1

Sample: *.
Control NO. 49752

FROEHLUNG & R:OBERTSON, INC.

R~evAawed by,: : Manaer - ,SoW' D~plrtmmnt

* Composite Sample: F-7A U•D- 2
lTD- 3
UD'-4

16.0'-18.O'
18.0'-20.0'
20.0' -22.0'
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CONSOLIDATION TEST

Objective: Consolidation tests are performed on undisturbed soil samples in order
to estimate the settlement resulting from imposed loads. The time required for
consolidation and the amount of consolidation settlement can be predicted from this
test data.

Procedure: An undisturbed sample is trimmed to fit a consolidometer ring. The
trimmed sample has a diameter of 2.5 inches and a height of 1.0 inch. The soil
sample is sandwiched between porous stones. A seating pressure is applied and the
micrometer dial gauge is adjusted to zero. Load increments are placed on the soil
sample at regular intervals (e.g. every 24 hours.) Load increments are determined
from anticipated field loading conditions and project requirements. The test results
are presented in the form of a void ratio, or an axial Strain versus applied pressure
curve on a semilogrithmitic graph.

References: ASTM Specification D-2435, "One-Dimensional Consolidation
Properties of Soils".

Engineering Properties of Soil & Their Measurements by Joseph B.

Bowles, McGraw-Hill, Inc., "Consolidation Test".

Laboratory Soils Testing, EM- 1110-2-1906 by The Dep9artment of the
Army, Appendix VIII.
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Iliiri

Is,
CONSOLIDATION TEST

ASTM 2435

CUIENT: Virgina Power
PROJECT: Phame 2 - ISFSI North Anna Power Stai~on
FaR NO: V60-073

BORING NO: F-7A SAMPL.E NO: UD-1

DESCRIPTION OF SAMPLE: Reddish Brown Clasyy Silt

DATE: August 24, 1994

DEPTHI (II.): 4.0-6.0

SAMPLE NT: 1.0 In. Specific Gravity: ±6e4

RING AREA: 4.909 In
2

Initthl Conditions . __________Final Conditon,__________,WI. Cup + Soil Wet ] 31.20 g WIt. Ring + Soil Wet 614.70 g
WI. Cup + Soil Dry .23.40 g WI Ring +9 SoIl Di. 576.30 I
WI. Water J 7.80 g WL. Water 38.40 pi
wI.Cup +Soil Dry I 23:40g9 Wt. Rinig +SolDiy 576.30pg .
WI. of Cup ] 1.39 p WI. of Ring 473.00 p
WI. Dry Soil 22.01 p WLDiy SOil 103.30 g
Initial Moisture .. 35.44 % Final Mdoisture 37.17 %

WI.RInp + So~llWet 616.60p
Wt. RIIng 473.00
WL Soil, Wet 143.50 pl
Wt. Water 37.57 p/

HI. SolIdls 0.4993 In.
Void Ratio ,1.0029
Wet UnhitWI. 111.44 pCf

UNFT iNAIT.A DIAL. FNAL DIAL
LOAD PRESSURE READING READING 'VOID
INCR. P D, -D, RD RATIO H T,, CV
fTSF) PSF IN.) - N.) HS a (N.) (N.} 5IZMI.

o.125 250l 0.0016 0.0o20• 0.0040 0.998 0.99 0.20 1.0431
0.250 500 0.0033 0.0041 0.0082 0.9.9s48 0.993 0.49 0.4295
0.500 1000 0.0076 0.0086 0.0172 0.9856 0.9919 0.42 0.4937
1.000 2000 0.0148 0.0164 0.0328 0.9700 0.9844 0.42 0.4862
0.500 _ 1000 0.0161 0.0157 0.0314 0.9714 0.9841 0.16 1.2832
0.250 500 0.0150. 0.0146 0.0292 0.9736 0.9852? 0.25 0.6231
0.500 1000 0.0148 0.0152 0.0304 0.9724 0.9850 0.25 0.8228
1.000 2000 0.0164 0.0171 0.0342 0.9686 0.9833 0#.5~ 0.6198.
2.000 4000 0.0233 0.0250 0.0501 0.9526 0.9759 0.42 0.4776
4.000 i 8000 0.0382 0.0413 0.0827 0.9201 0.9598 .0.3j 0.5424
8.000 16000 0.0601 0.0633 0.1268 0.8781 0.9383 0.42 o.441e

16.000 32000 0.0603 0.0864 0.1730 0.8298 0.9167 0.56 0.3167
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Client : Virginia PowerI

Project: Phase 2 -ISFSI
North Anna Power Station

Boring Ko: F-7A

Sample No: UD-i

Depth: 4.0 -6.0' eo - 1.0029
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CONSOLIDATION TEST
ASTM 2435.

Froshllng & Robertson. Inc.

CLIENT: Virgina, Power
PROJECT: Phase 2.- ISFSI North Anna Pow~er Station
F&R NO: V60-073

BORING No: F-7A SAMPLE NO: UD-2

DESCRIPTION OF SAMPLE: Re andl Brown Silty Rine Sand

DATE: August 24. 1994

DEPTH (I1.): 16.0-18.0

SAMPLE HT: 1.0 In. Specific aravt 2.64

RING AREAk 4.909 In
2

Initial Conditions ___________ ____________ ___________
_____Cup __+_Soil__Wet_ 18.98 W L i. + Soil Wet 795.50

•.Cu+SolDy10.93 W ing + Soil Dy 761.80 p
______W___ter____ 3.059 W i Water 33.70g

wt Cup + Soll Dry __ 10.93 p Wit. Ring +Soil Dy 761.80 p
_____of ___u_______ 1.34 g Witof Fing 657,80 9
__________o_____ 9.59 g ,wt. DrySoiI .104.00 9

Initial Moisture 31.80 % IFinal Moisture 32.40 %

W.Ring + Soil Wet 795.20 9
Wi. Ring 657.80 p
WI. Soil. Wet 137.40 p
WI...Water 33.15
Wt. Dn Soil 0.2298 lbs
HL Solids 0.4909 In.
Void Ratio 1.0371
Wet Unlt Wi. 106.83 pcf

UJNfT INmAL. DIAl. FINAL DIAL
LOAD PRESSURE READING READING VOID
INCR. P 0, D• R0 RATiO H Twe CV
(TF . PSF (N. N. . HS a JIN. (.JgN. (N1/MIN.)

0.125 250 0.0015• 0.0022 0.0045 1.0326 0.9982 0.30 0.6882
0.250 50 0.0053; 0.0063 0.0128 ,1..0242 0.9942 0.42 0.4960
0.500 1000 0.0126 0.0144 0.0293 1.00771 0.9865 0.36 0.5731
1.000 2000 0.0254 0`0288 i 0.0587 0.97841 0.9729 0.36 0.5574
0.500 1000 0.0273 0.0265 0.0540 0.98311 0.9731 0.42 0.4751
0.250 500 0.0237 0.,0221! 0.0450 0.99201 0.9771 0.49 0.4131
0.500 1000 0.0134 0.01411 0.0287 1.0083 0.9863 0.36 0.5728
1.000 2000 0.0285 0.0297 0.0605 0.9766 0.9709 0.42 0.4730
2.000 . 4000 0.0441 0.0477 0.0972 0.9399 0.9541 0.42 0.4568
4.000 8000: 0.0674 0.0720 0.146? 0.8904 0.9303 0.38 0.5097

S8.000 16000 0.1168 0.1226 0.2497 0.7873 0.8804 0.30 0.5432
18.000 32000 0.1488 0.1545 0.3147 0.7223 0..8498 0.56 0.2719

I -
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CONSOLIDATION TEST
)ohling & Robertaon, Inc.

CLIENT: Virgin. Power
PROJECT: Ph., 2 - ISFSI North Anna Power Station
F&R NO: VSO-073

BORING NO: F-9A SAMP'LE NO: UO-1

DESCRIPTION OF SAMPLE: lRed & Brown Silty Fin. Sand

OATE: August24. 1994

DEPTH (IL.): 4.0-&0

SAMPLE HiT: 1.0 In. Specific Gmavlt 2.64

RING AREA: 4.909 In
2

Initial Condlltjona Fi______ nal Cond~tion,
Wt. Cup + Soil Wet 24.52 g WIt. FRing + Soil Wet _____.80 ____

Wt. Cup + Soil Dry 19.49 p WL. Ring + Soil D1y 579.20_____
WtWtr5,3IW. Water _________,_ _________

WCUp.,+ Soil Dry 19.49 p WI. Ring + SoiN Dry _____._____

Wof Cup 1.35 0 Wtof RIng . __.__7 __,6 ___

WIL Dry Soil .,_18._4 __ Wt ____oil10760_

Initial Moisture ___ .73____Fin__ l __o_________.01%

WL Rin ÷SoIl Wut 613.00 g
WI. Ring 471.60 g
WI. Soil, Wag 141.40._p
WI. Water 30.70 g
WL. Dry Soil 0.2.441 Ibe
HI. Sol~ds 0.5213 In.
Void Ratio 0.9152
Wet Unit WI. 109.74 paf

UNfT INmAL DIAL. FINAL DIAL
LOAD PRESSURE READING READING VOID
INCR. P Do Dg5  RD RATIO H TwCV
(TF) PSI: IN.) (I. H$5 e (IN. (MN. (j~IN L,

0.125 250 0.0013 0.0023 0.0044 0.9138 0.9821 0.36 0.5888
0.250 500 0.0080 0.0092 0.0176 0.9006 0.99141 0.81 0.2572
0.500D 1000 0.0153 0.0166 0.0318l 0.8664 0.9841 0.30 0.6738
0.250 600 0.0173 0.0166 0.0311 0.6664 0.9631 0.25 0.819
0.125 250 0.0156 0.0155 0.0297 0.8885 0.9644 0.09 2.2624

.0.,250 500 0.0157 0.0161 0.0309 0.6673 0.9641 0.25 0.6212
o.500 1000 0.0171 0.0178 0.0341 0.8641 0.9621 0.16 1.2792
1.000 2000 0.0248 0.0262 0.0503 ""0.8880 ,0.9745 0.42 0.4755
2.000 4000 0.0358 0.0371 0.07"12 0.8471 0.9636 0.36 0.5467
4.000 8000 0.0520 0.0539 0.1034 0.6146 0.9471 '0.3'0 0.6266

5.000 16000 0.0732 0.0778 0.1492 0.7690 •0.9245 0.25 0.7246
16.000 32000 0.1090 0.1166 0,223•7, 0.6946 0.6872 0.56 0.2967



-- NUCLEAR DESIGN INFORMATION PORTAL --

I•Od• SEMI I.OGARIfHI'!II:; 358-7 I
MturrlL W I$11• CO . N&D¢ ,N U 1 •

J (.'i•I•II I 10 l•fV(Ll.nl

N t. C. S -J - SO

e vs Log P

- Client: Virginia Power

-- Project: Phase 2 - ISFSZ
North Anna Power Station

Doring No: F-9A "l

---- Seaple No: UiD-I

* et: 4.0 - 6,0.' = .9182

82Depthi

Cl

O0

Cl

ON

(©I

-J

z
0

•1

>T
a

5

(3



-- NUCLEAR DESIGN INFORMATION PORTAL -

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2B-31

TRIAXIAL COMPRESSION TEST

Objective: The triaxial compression test is performed to estimate the shear
strength of a soil under controlled drainage conditions. Sheer strength is expressed
in terms of the angle of internal friction (0) and the cohesion intercept (c).

Procedure: Triaxial tests on undisturbed soil samples may be: (1) unconsolidated
undrained, "UU"; (2) consolidated undrained, "CU"; or (3) consolidated drained,
"CD". The type of test is selected to best represent the field and loading conditions.
Back pressure is often applied to facilitate complete saturation. Pore water pressure
readings may also be taken to determine the effective stresses and defective angle of
internal friction.

In the triaxial test, a cylindrical specimen of soil, encased in a rubber membrane,
is placed in a compression chamber, subjected to a confining fluid pressure and then
loaded axially to failure. Connections at the ends of the specimen permit controlled
drainage of pore water from the specimen. Also, pore pressure readings can be
recorded as the axial load is applied. In general, a minimum of three specimens,
each under a different confining pressure, are tested to establish the relation
between shear stress and normal stress. The test results are represented by a plot of
shear versus axial stress (Mohr Circle Diagram).

References: ASTM Specification D-2850, "Standard Method of Test for
Unconsolidated Undrained Strength of Cohesive Soils in Triaxial
Compression."

Laboratory Soils Testing, EM 1110-2-1 906,by The Department of the
Army, Appendixes X, XA, & XB

Engineering Properties of Soils & Their Measurements, by Joseph B.
Bowles, McGraw-Hill Book Company

The Measurement of Soil Properties in the Triaxial Test, by Bishop &
Henkel, 2nd Edition 1962, Edward Arnold Publishers, LTD.
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TRIAXIAL COMPRESSION .TEST

1ETITWE[: Commlddal U,.d,00d W, Pa. P,,..w. Aeskia

CLIENIT: IM9l1444 Poa.

PAO.ECT; Phies 21- 19FBI1No. Amt.. Pwer .l.lmu

FAR:INo V!10.073

-~. ~2g~ I-'

BOFUUNGNO:P.74-? DEPIh I7'r4: 11.0-:0.0 6A29'.E N0. :

37/21 CU. IN.

lnW.EWEGHT 105. GRAMS

MOS0AECHT1T3.O~

NuT WEIHT (O• 77.7 PEP

95.0 PU

50.0 PSI
~ LOP.
lii~~z.-i-.i-z _____________

~ 250 04z10.4
0.06 INJMIN.

ME ~4ANGE IL
CIED AREA 6.30 ~. 3d.

c~ciw ~E1GNT 6.00 3d.

--ADING LOAD P0 DEOPGRMAJl UNIT AIAl. AREcA OEV•IATR ETl•EBS
USER DIl. PRESSURE 11ON S•lI LOAD CG 610 1 010 3 5m10 V • 910" 8hES RA'llO A

-- (Id.-dJ 7'S) (I.) II) (199 On-• FPs) 7'67) •U 7'W) IP). _______

0 250.0 60O.0 0.000 0.00 0.0 6.20 7/20.0 7'20.0 72. 720.0 0.0 1.0 0.0

¶ 261.0 808 0.010 0.171 17.9 8.21 1134.8 720.0 1010.7 104,1 414.8 1.7 n.3

2 293.0 603" 0.2 0.221 27.1 5.26 1346.0, 720J.0 1216.4 560.4 .02•. 2.?1 0.1

3 301.0 60.1 0.030 0.20 32.3 11.22 1480.3 720.0 1356.7 59. 7 .3 22 0.0

4 310.0 10.9 0.040 W,7 40"2 6.24 1647.1 720.0 1516.2 56 ,,4127., 2.1 60.

5 320.0 60.6 0.050 0.631 47.0 1.25 11103.6 720.0 1706.4 604.1 I1C196 2.J -0.1

6 330.0 60.8 0.060 1.00 __ 55.6 __ .26 1906.7: 720.0 !166.5 604.11 1278.7 3.1 ___0.0

7 338.0 60.7 0.070 1.17 __ 61.8 627 21361.01 720.0 2907,2 6I16.2 1416. 3.3 -__ 0.1

6 245.0• 60. 0.060 1.33 _ 67.0 6.28 2976.71 72. 2175.8) 110"2 1556.7 1.5 _ _0.0

___ )_ 355.0 Io. n0.0o 1.5 __ 74.5 6.30 24,13.11 .20.0 236. 633.I 1112. 3.7 -o__.0.

- 1i2 476.0 56.0 0.250! 4.37 168.5 6.4 44018 720.0 73711.4 m 2773.8 4.8 "-3.

. 4 3.0 S.4 011 Lu 173.1 6.50! • 461. I 720.0! 91127. 1012 566 .1 4.1

II~ 400.0 27.71 0.1"2 4.54 171LII 1.50 441•,1 7"J0"0 S0t•I' I•1.• We2.1 4J
418.0 97.2

503.04 56.1
5.400 168.8 60" 4817.3 92O. 0.8J 11302i 4147.7 4.4 -.0.9

201.0 34.41 0..335, 6.06 117.3 6.573 412621 T'•.O 5344.71 1226.41 4106.31 4.2 0.7

MAXC. DEVIATORI STTESS:
MA2. S'TRESS RAI1'O.

4147.3 P•F
4.1

N

D
N
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STRESS VS STRAIN

CONFINING PRESSURE, 5 psi

2B-33

6

2 4 6

AXIAL STRAIN (PERCENT)
El SIG 1 +t SIG 1' C> DEVIATOR STRESS
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TRIAXIAL COMPRESSION TEST

'TESTIWYE: Cons644dml Undmlned 6dh pols Pn..WR.SI•O

01.23T: h•ghi Pow•

PRiOJECT: Plaeur 2- 16FR Naml, Ato. PasreqUlon

FRUF NO:. 5o-o72

•. k=ll• =s, 1m,

BOR!ING• NO:. F-TA IEP Th T: 16.0.20.0 BAWULE NO UD-3

L•EDIMEE 161 IN.

SA~. O~E 37.21 CU. KN

SAPEWIIT 1065.1 GRAMIS

UNIT WIHT (Wl l06.t P•
lUNIT VEIGHT (fiY) 62.3 PC:

IACOWE•S•URlE I 70.0 PS

10.0 PSI

1.082640 RATE

~CTED AMA
O46WECTEO IEIT

0.06 INJMI.N.
MI.

6.205011.K

6o.0 K

ADING,
NUMBER' .. LOAD POREOrAL Pf•SSI.II•E

nN.-41 61sn

ADIO. 080DEFORIMA- LIN AXIAL ARlEAI EATR SES
NUBR DA 1C TRAIN 11OAD COR. I 1Q ms 51G"91(11" • €

IIEVIAII•

I=SF)

, 1111J
IS14•
I.S•

IIILI

13.20.

li .2 0.1

1J 0.1

,.2g14 - I,

7 Irl.7, 0.I•/'01 1.171 66.4 1.27 1440• •40.0 1081• 2O•LI 2.1 U

I0 74.0 62. 2 II? 14. I 341 11 1400 3mool 1061.2 _ •6U 0. U. U.0

1* 362•.0 721.7 0.160 1.33 141.2 6.5 27114I 1640.01 32232. 1061.2 321 321 -0.0

4 401.0I 72.7 02601 1.50 1061 __ 120 67. 14402 34176. 10511 24272 3.3 0.
IC 4110.Q 72.7 0.10 1.6 1714I L421 •466. 1440. 66. 111 1 .2I2.16.3 3.8 62

11 46 26 010 20 2. .0 4345. 1d44.O' 367024 1665.6 4144..3 3.? "0,0

173 4IO.0 722l I.6 2.67 13.1 6.37 466. 1440.0 453. 141212 542t6J 4.1 4.1.

____I 465.0I 712t 020 3 .3 17.. 6.428 1344 1440.0 511 1206.6 266 4.2 .

20 541.t,0 66.7 0.216 I .4 213 6.6 612.1 1440.0 611 1B*12 4641.1 4.2 "-62

4.DEVIATOR 8114665: 4666.7 PgU
S TRESS RATIO: 4.3
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STRESS VS STRAIN
CONFINING PRESSURE, tO psi

cI u)

cJ,•
cjo
WO f

l--, -

0 2 4 6

AXIAL STRAIN (PERCENT)
E] SIG 1 +- SIG 1' C) DEVIATOR STRESS
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2B-36

F •aN & I~•mq•m li.

TRIAXlAL COMPRESSION TEST

IOST 1rWE: Conrolcma Undlmlwd .ire Pore Pm• eIfig,•

CLINT.- *gh14 Pawm
PROJECT." phn. 2 - 1O1SI N031 Alm. Pom'a 811

F3R N0: 140-073

D1AM0ht24. 1104

BO1RING N0' F-TA DCPIh FT.): 13.-01 9MAI4.E N• L)24

AMA 5.0 90.

14010I17 3.003
MOIGIURE 30-I

uNIT WEIGHT Iw,=1'
UNIT WEIGHT IlR7) 78.7

0_ 3473.0 _ 33.3 0J• 0.060__ 1.5 12.0 __ 33 44730.3 2160.0 410.4A 1540. 333. 2.4 __ 0-2
10 323.0 .... 30.2 n0.10 0.17 .1.3 7 1079__ .31 -431.3 2110o.0 24112. 2110.01 240.2= 2.0 _ 0.2

II 231.0 _ 33.7 0.120 0.12.0 11. 3.23 4LIIU 2130,0 431. 1107.2 2702*; 2.6 __ 0.1

¶2 373.0 ___ 3.3 0.140 0_ .33 412.1 5.38 9001.3 2130.0 446. 1916.4 2341.2 2.6 _ 0.2
53 347.0 ___34.1 0.16 ___ .37 133.2 il.37 5145.2 2160.0 4557* .I 194.6 236. 2. __ 0.2
14 307.0 _ 342. 0.160 __ .00 171.0 3,28 223. 2160.0 43. I150.2 33.0 1IO3 20 ___ 0.
79 "40.0 _ 34.3 0.200 ,1.23... 141.0 3.42 3199.7 313l0.0 41711131 1940.6 30.7.;1....0_2. 0.

16 410.0 _ 34.3 0-305 _ 3.79 1081 4 4 . O'IOilJ 2190.0 4201.4 121403 23150. 22,4 _ .
17 435•.0 ___343. 0,10 .1_ .17 193.6 3.47 6201.0 2 160.0 341.31 1401.3 240. 2.3 __ 0.0

13 422.0 "__ 4.31 0.270 426I 132.3 330 9765., 2130.0 51r6.8 19401 am 2,411 _ 0.0

_ _19 .401.0 _ 34.3 8 .330__20 185.9. 3.53 800.71 2130.0 9233.7 1340-8 3748.' 3.4 __ 0.1

20 440.0 34.3 0.0 ___90 172.0 6.26 9660.1 21100 9340.8 1540.1 230.1 • :15 0.

21 444.0 34,2 0.3010 3.11 173.1 3.261 6010.71 2160.01 643* 155.;1 3100.7 3.91 .4).3
2 14.1

0.375 3.29 [ ~ . 2130.0 9450.5I 1t65.3 Min ____,4

60717 2160.0 2500.7 153IIjD 3611.7 2J• -4.4

3141.l0 21570 192 t101U8 3331.0 'i5 .04.

• .3 2157.0 920. 1U3.Oj 4075.= 31. 0.

11. 2157,0 575. 111S4 4'104.2 , . 4 -1j0

216•. 0 9731.3 lr3.j 4me.0 A 0.7
6132.3 2160.0 9796.8I 1133.0 4•2I.,. 13.1 0.5

23

MAX. DEVIATOcR B1R1BS:
MAX. SIRESO RATrl0.

£104.2 POP=
2.5
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SliCe

@
1111

TRIAXIAL COMPRESSION TEST
TEST rpE Clmilgl~td Uo4 mnld I1.. Prose P.nmoum R..dlng.
CLIENT.. Wgqdf Power

PROJECT'. Pb.. 2- BIF~m 1No4 Atn0. powr llon

FIR 14O:. o7

Oder 6.pmwb.~ 7. 1304

8ORI40 NO: F-7A OE•flI 71.): 13.0"20.0 5.l4P6'E IO U-

IA8'J E DIU- ETE 2-l 64.
8ISAI.E HEIOHTV 1`00 IN.
9SA&F1.E ARF.A 6.20 80. II.
[SAM't.E VOUJIE 37.21 aU. 31.
[ssapA P REXISHT 1034.5 GRAMS

~MOtST.flRU CONTlENT 50.0 %

UJNiTMSNIOHT (DRY) 711,1 PCF

P1E2~3 ~ 10.0 PUm

FRCTI4225? 3LIO~l04
RATE 0.06 31JI~l.

0110 REA .20 S0.1IN
CTED MS1`001 s.

READING I LOAD Pmt~E O£FCRUAJ UNrlT AXA AREA DEVIATOR STRESS8
NUMBER , OUA,. PIRESSURt JE TiO STRAN LOA0 C•. 5(10 UG(3 SIl" BI 3~l SES RATIG A

1 321.0 57.1 0.110 3.00 30O.0D 8.21 2310. t4.4. 203 1127.5t 1370J. 2.21 0.0

2 330.0 .57.5 0.200 3.32 • 50.8 3.. 42 24. '1440.0 2:53 1010IO.3 2040.2 2 0.1

4 453.0 57.3 0.250 4.17' 164.01 047 500. t440. 4753.2 1103 250. 4. -4:

O 473.0 53.7 0.275 4.531 161.5 6,,0 5407.0 1440.0 522 11315.2 4027*. 4.4 *.

o 438.0 50.1 0.0 5.50 166 6,31`3 56131`2 1440.0 5440*0 1231.* 4173I.2 4.3 4
7 40,4*i __ 50.13 0.325 0.42 1 34I.1 0.53 5702..4 14400 5037.2 1334.3 4232.4 4.2 4
3 448.0 ___ 5.4 0.•0 8.13 157.2._ 3.5 5700.3 1440.0 562. 122.4 " 43:0.* 4.1 -I.2

IS 504.0 04,1 0.400 3.67 201.. 5.14 5312.8 1440.2 532r13 144. 43 4J0 48,1
11 507.0 54.4 0.400 7.50 204.1 _ .70 532. I140 53. 1526.4 43132. 2- 4J

12 515,0 ._ 54.0 0.500 3.33' 210.2 __ .77 5315.1 1440.0 11053.1 11534.0 447I 28.1 J 0.81.
13 517.0 ___ Sa 0.550 3.171 211.6 3* 565. 1440* , 064.1 1312.2 4433.3 17 5-2I

14 50.0___ 54. 0.00 0*0 14. ___ 64 534.2 144.0 642. 153* 474. 3. 7.

MAX. DEVIATDII S'TRES8 45481
MAX.. STRESS RATIO.4.

44•LI PSF
4.4
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'.'
TRAIXIAL COMPRESSION TEST

UNCONSOLIDATED UNDRAINED

Client virgna Power
Project: Phase 2- ISFSI Notlh Anna Power Station
soil Desorptlor Red ond Broe Sltay Cla
Boring: 792
Sample No.: U.D-1
Sampie Deplh (n)~: 1.5-3o

Sarnpi Data Confining Pressure:
Dimoter
L.ngt:

15.0 pm2-81 Inches
6.0 Inches

READING DiAL DIAL. ~ r AREA ST1IRSS
NUMBER READING READINGI LOAD STRAIN J(gsh.b. s

0 ___0 -0.)000 0.00 0.000 62) 0.00
1 ___68 0.0101 24.75 '0.15"7 6.2 5"3.71B
2 ___10 - 0.020 36.40 : 0.333 6,22 542.38
3 ___160 _ 0.030 582.4 0.5001 6.3 1345.56
4 210 _ 0.040 76.44 0.667 6.24 ~17683.0
5 258 0.060 93.9ll_ 0.833 __ .25 -216245

6 285 _ 0.060 103.74 __ 1.000 6.25 - 384.74
7 305 _ 0.070 134.00i 1.167 6.27 __3075.16

___8, 325 _ 0.080 150.00 __1.33 6.29 3435.5
91 345 O_ .090 166.00 1.500 6.30 3796.57

101 360 0.100 __178.00 .1, 1667 6.31 4064.24
11 395 0.13)n 2036.00 2.000 6.33 4887.62
12 424 0.140 - .229 ___ 2333 6.35 5197.80
13 442 0.160 __243.60 _ 2.667 6.37 5505.51

___14 458 0.180 __256.40 3.000oo 6.39 5774.96
15 470 02)0 25.00 3.333 6.42 6970.59
16 483 0.22 276.40 3.750 6.44 6177.)

___17 .500 0.275 __280.00 _ 4.583 6.60 6426.12
___18 507 0.300 295.60 _ 5.000 6.53 652[.59
___19 516 0.325 _302.80 5.417 6.56 6660.12

20_3 522 0.350 307.60 5.833 6.6 6725.78
___21 531 0.375 -314.90 6.250 5.62 __6862.75

22 535 0.4001 318.80 6.667 6.64 __6908.88

2_ 3 545 •0.450 -29.00 7.500 6.70 700134
__24 551 0,500 330.80 6.333 6.77 7041.03
___ 5 557 0.560 335.60 9.167 6.83 7078.25
___28 557 0.600 __343.60 10.000 6.89 7180.50
___ 27 575 0.650 350.00 10.833 56.6 7246.52
___28 581 0.700 354.80 11.657 7.02 7277.25
___29 586 0.760 358.80 12.500 7.09 7299•86

30 589 0.800 351.20 13.333 .. 7.16 7•.13
31 595 0.850 366.00 14.15"7 7.,33 7294.51
32 603 0.900 372.40 15.000 7.30 735000

MAX AXIAL STRESS: 7350.00

* Shelbytube securedwW b~hoe
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STRESS vs UNIT STRAIN

7B2, UD-1, 1.5-3.0

070
-.U 0

wo

0 4 8 12 16

UNIT STRAIN
LI 1 5 psi



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 2B-48

TRIAXIAL COMPRESSI.ON TEST
UNCONSOLIDATED UNDRAINED

Client: Vir.nta Power
Project Phase 2- ISFSI North Anna Power Station
Soil Description: Reddish Brown Clayey Sat
Boring: F-7A
Sample No.: UD-I
S•ample Depdh (It): 4.0-6.0

,Sample Dam: confinin Pressui-Dianeter
Longd.=

5.0 psI
2.81 inches

6.0 Inches

LOAD) DEFORM. CORR:ECT[ AXIA
READING DIAL DIAL UNIT AREA STR:ESS
NUMBER READING READING LOAD STRAIN (sn.) (i.

0 0 0.000 0.00 0.0300 6.20 0.00
1 28 0.010 10.19 0.167 6.21 236.2
2 57 0.020 20.75 0.333 6.22 480.15

•3 52 0.040 20.85 0.657 6.24 688.44
4 107 0.060 38.95 1.000 6.20 895.32
5 201 0.080 73.16 1.328 6.20 1676.20
51 285, 0.100 •.104.10 1.657 6.31 2875,.99
71 351 0.125 178.80 2.083 .. 6.33 4065.21
8i 440 0.150 242.00 2.500 6.36 5478.72
91 508 ! 0.175 206.40 2.917 6.35 6681.62

10! 561 0.200 338.80 3.333 6.42 7604.55
11 659 0 •' 356.80 3.750 SM4 5197.54
12J 600 0.235 370.00 3.917 6.45 8204.84
13 588 0.250 358.40 4,157 6.47 8197.76
14 584 0.275 357.20 4.583 6.50 7913.97

MAX AXIAL STRESS: 8254.8
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TRIAXIAL COMPRESSION TEST
UNCONSOUDATED UNDRAINED

Crient: Virgkia Power
Project: Phase 2 - ISFSI North .Mna Power Swimo
SolDscriptir. Redai~d Brown ClaysyS
Boring: F-7A.
Sanple No.: UD-2
Sample Dept (It): 16.0-18.0

Sample Data CorBnblig Pressure:
Diameter
Length:

15.0o26
2.81 indiss
6.0 hs

LOAD DEFORM. C~ORRECT AXIAL
REFADIN( DIAL DIAL UNIF AREA STRESS
NUMBER READING READING LOAD STRAII }h.sJ) (if

0 0 0.000 0.00 0.000 _ 611 0.00
1 ___35 0.010 12.74 0.167 6.21 28533
2 ___70 0.020 35.48 0.333 6.2 589.67
3 165 0.040 50.06 0.667 -6.24 1385.,28
4 245 0.060 89.18 1.000 6.36 2D50.04

___5 285 0.080 103.74 1.333 6.2 2876.71
___6 __ 323 0.1,00 148.40 1.657 -6.31 3388.39

7 373 0.125 188.40 2.063 6.33 4393.48
8 __422 0.150 227.60 2.500 -6.38 5152.71

___9 __ 468 . 0.175 254.40 2.917 6.3 5960.28
10 501 0.200 290.80 3.333 -6.42 6527.35
11 533 0.22 315.40 3.750 6.44 7071.25
12 552 0.350 339.60 4.167 ~6.47 755.89
13 583 0.275 356.40 4.583 6.50 7896.25
14 601 0.300 370.80 5.000 - .53 8179.42
15 613 0.5 880.40 5.417 -8!6 8354.38
16 525 0.350 390.00 5.833 6.5 8527.48
17 633 0.375 396.40 6.25 -6.2 8828.07
18 635 0.400 398.001 6.657 __ .64 ~ 8535.30

, 19 620 0.425 386.00 7.083 6.67 8327.98

MAX AXIAL STRESS: 8629.07
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STRESS vs UNIT STRAIN

F-7A, UD-2, 16.0'-18.0'
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TRIAXIAL COMPRESSION TEST
UNCONSOMDATED UNDRAI.NED

Client: Virginia Power
Project: ~ Phase 2 - ISFSI North Anna Power Station
Soil Description: Reddish Brown Silty Sand
Boring: F-gA
Sample No.: UD-1
Sample Depth (It): 4.0-6.0

Sample Data: Confining Pressure:
Diameter
Length:

5.0 psi
2.810 Inches

6.0 Inches

LOAD DEFORM. CORRECT AXIAL
READING DIAL DIALI UNIT AREA STRESS
NUMBER READING READING! LOAD STRAIN .(sg.In.) (pi

0 0 0.000 0.00 0.000 6.20 0.00
1 14 0.010 5.10 0.167 6.21 118.13
2 36 0.020 13.1 0 0.333 6.22 303.26
3 85 0.040 30.94 0.857 5.24 713.63
4 142 0.060 51.69 1.000 6.26 1188.18
5 : 203 0.080 73.89 1.333 5.29 1 892.B8
6 254 0.100 92.46 1.867 6.31 2111.03
7 287 0.125 104.47 2.083 6.33 2375.19
8 311 0.150 138.80 2.500 6.36 3142.34
9 323 0.175 148.40 2.917 6.39 3345.32

10 329 0.200 153.20 3.333 5.42 3438.70
11 329 0.225 1 53.20 3.750 6,44 3423.588

12 330 0.250 154.00 4.1567 6.47 3426.86
13: 330 0.275 154.00 4.583 6.50 3411.96
14 322 0.300 147.50 5.000 6.53 3255.88

MAX AXIAL STRESS: 3438.70
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TRIAXIAL COMPRESSION TEST
UNCONSOMDATED UNDRAINED

Client. Virginia Power
Project: Phase 2- ISFSI1Norlh Anna Power Station
Soil Description: Reid Brown Silty Said
Boring: F-GA
Sample No.: UD-1
Sample Depth (ft): 4.0.6.0

Sample Data: Confining Pressure:
Diameter
Length:.

10.0 psi
2.810 inches

5.0 I'nches

LOAD DEFORM rCORIECTa AXIAl.
REA)INC DIA_ DIAL U~rT ARE SiTESS
NUMBER READING READING LOAD STRAIN .. s{qhn.) pl

0 0 0.000! 0.00 0.000 ~6.20 0.00
1 25 0.010 9.45 0.157 __6.21 219.39
2 53 0.030) 19.29 0.333 6,22 448.45
3 101 0.040: 35.75 0.557 6.24 847.,96
4 151 __0.060 54.96 1.000 -6.25 1253.49
5 194 0.060 70.62 1.333 ~6.29 1617.83
5 ; __ 0,100 62.25 1.557 -6.31 1878.,3
7 251 0.125 91.35 2.J083 6.33 2077.25
8 276 _ 0.150 100.45 2.500 ___6.35 2274.44
9 ___302 _ 0.175 131.60 2.917 ___6.39 3966.60

10 ____ 0.200 152.40 3.333 6.42 3425.74
11 ___354 0_ .22 1732 3.750 __ .44 3870.86
12 __ 376 _ 0.250 190.80 4.167 6.47 4245.75
13 392 0.275 2X3.601 4.583 ___6.50 4510.88
14 403 0.300 212.40 5.000' 5.53 4685.30
15 411 0.32 218.801 5.417 __ 6.56 4805.30
16 415 0.,350 '2200 5.833; 6.59 4854.10
17 415 0.375 22200 6.250 - .62 4832.53
15 418 0,400 224.40 6.657 8__ .54 4863.16
19 417 0.425 2Z3.60 7.083 6.67 4824.19
20 411 0.450 215.80 7.500 •6.70 4699.45
21 406 0.475 214.80 7.917 6.73 4592.77

MAX AXIAL STiRESS: 4863.15
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UNCONFINED COMPRESSION TEST

Objective: To estimate the load per unit area (compressive strength) that an
unconfined, cohesive soil will fail in a simple compression test. The compressive
strength is taken as the maximum load (e.g. load at failure) per unit area or the load
per unit area at 20% axial strain, whichever occurs first.

Procedure: A cylinder of soil having a height of 1.5 to 2 times the average
diameter is loaded to failure, in simple compression, quickly enough that the water
content of the soil does not change. The test load is applied using a strain-controlled
method. Simultaneous observations are made of the applied load and of the axial
strain. The failure load or the load required to produce 20 percent axial strain is
expressed as the load per unit of cross-sectional area, in KIPS per square foot.

References: ASTM SPECIFICATION D-2 166, "Standard Methods of Test for
Unconfined Compressive Strength of Cohesive Soil".

Laboratory Soils Testing, EM 1110-2-1906 by The Department of the
Army, Appendix XI.
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UNCONFINED COMPRESSION TEST

Client: Virginia Power
Project: Phase 2 - ISFSi North Anna Power Station
F&R *: V60-073
Boring: 6133
Sample: UD-1
Sample Depth (ft): 2.0-3.5
Soil Description: Reddish Brown Clayey Silt

Sample Data:Height (in):
Diameter (in):
Weight (g):

6.0
2.84

1110.7

wet Density (p-f:
Moisture %:

111.4
84.8
31.4

DEFORM LOAD CORRECT XIl
READING DIAL DIAL LOAD UNIT AREA STRESS.
NUMBER READING READING (Ibs) STRAIN (sg.in.) (psf)

1 0.000 0.0 0.00 0.000 6.33 0.00
21 0.010 46.0 16.73 0.002 6.34 379.76
3 0.020 83.0 30.18 0.003 6.35 684.08

_____4 0.030 92.0 33.45 0.005 6.36 756.99
5 0.040 112.0 40.72 0.007 6.37 920.01
6 0.050 135.0 49.09 0.008 i 6.38 1107.08
7____ 0.060 154.0 55.99 0.010 6.40 1260.77
8 0.070 174.0 63.27 0.012! . 6.41 1422.11
9 0.080 195.0 70.90 0.013 6.42 1591.05

" 10 0.090 210.0 76.36 0.015 6.43 1710.55
11 0.100 230.0 83.63 0.017 6.44 1870.29
12 0.110 248.0 90.17 0.018 6.45 2013.24
13 0.12J 251.0 91.28 0.020 6.46 2034.14
14 0.130 252.0 91.63 0.022 6.47 2038.77
15 0.140 252.0 91.63 0.023 6.48 2035.29
16 0.150 249.0 90.54 0.025 6.49 3007.63

MAX. A)UJ_ STRESS O'sr) 2038.77

* SheU~y tube secured wit backhoe
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Client: Virginia Power
Project: Phase 2 - ISFSl North Anna Power Station
F&R #: V60-073
Boring: 653
Sample No.: UD- 1
Sample Depth (if): a-O-3.5

UNCONFINED COMPRESSION TEST
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UNCONFINED COMPRESSION TEST

Client: Virginia PowerProject: Phase 2 - ISFSI North Anna Power Station
F&R I: V60-073
Boring: 7B11
Sample: UD-1
Sample Depth (ft):i1.5-3.0
Soil Description: Reddish Brown Clayey Silt

Sample Data:Height (in):
Diameter Oin):
Weight (g):

6.02.84
1143.6

Wet Density (pcf):Dry Density (pcf:
Moisture %:

114.7
82.6
38.9

DEFORM WOAD CORRECT .AXIAL
READING DIAL DA WOAD UNI AR1EA STRESS
NUMBER READINGI READING .. Ibs) STRAIN (s.n.) (ps)

1 0.000 0.0 0.00 0.000i 6.33 0.00
2 0.010 60.0 21.82 0.002 6.34 495.34
3 0.020 68.0 24.72 0.003 6.35 560.45
4 0.030 83.0 30.18 0.005 6.36 682.94
5 0.040 100.0 36.36 0.007 6.37 821.44
6 ,0.050 117.0 42.54 0.008 6.36 959.47
7 0.060 132.0 48.00 0.010 6.40 1080.66
8 0.070 153.0 55.63 0.012 6.41 1250.47
9 0.080 170.0 61.81 0.013 6.42 1387.07

10 0.090 178.0 64.72 0.015 6.43 1449.89
11 0.100 190.0 69.08 0.017 6.44 1545.02
12 0.120 204.0 74.17 0.020 6.46 1653.24
13 0.130 200.0 72.72 0.022 6.47 1618.07
14 0.140 197.0 71.63 0.023 6.48 1591.08

MAX<. AXA STRESS (psO 1653.24

* Organics were observed along the sheer plane after termination of the test
** Shelby tue secured with bacldioe
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Client: V'irginia Power
Project: Phase 2 - ISFSI North Anna Power Station
F&R #: V60..073
Boring: 7811
Sample No.: UD - 1
Sample Depth (it): 1.5-3.0

UNCONFINED COMPRESSION TEST

U.,.-,.
-•

D."

0 . 0.01 0.02

UNIT STRAIN (%)
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UNCONFINED COMPRESSION TEST

Client: Virginia Power
Project: Phase 2 - ISFSI North Anna Power Station
F&R #: V60-073
Boring: F-7A
Sample: UD-1
Sample Depth (ft): 4.0-6.0
Soil Description: Reddish Brown Clayey Silt

Sample Data:
Height (in):
Diameter (in).
Weight (g):

6.0
2.81

1067.5

wet Density:Dry Density (pot):
Moisture %:

109.3
80.9.
35.2

DEFORM LOAD CORRECT AXIAL
READING DIAL DIAL LOAD UNIT AREA STRESS
NUMBER READING READING JIb) STRAIN (sq~ir) J:pf)

1 0.000 0.0 0.00 0.000 6.2) 0.00
2• 0.0101 64.0 23.27 0.002 6.2.1 539.71
3 0.02) 98.0 35.63 0.003 6.22 825.05
4 0.040 159.0 57.81 0.00)7 6.2.4 1334.12
5 0.060 230.0 83.63 0.010 6.23 1923.39
6 0.080 278.0 101.08 0.013 6.28 2316.98
7 0.100 312.0 139.60 0.017 6.30 3189.09
8 0.125 357.0 175.80 0.021 6.33 3994.49
9 0.150 405.0 214.00 0.025 6.36 4847.2)

10 0.175 446.0 246.80 0.029 6.38 5566.34
11 0.200 491.0 282.80 0.033 6.41 "6~350.92
12 0.225 ! 325.0 150.00 0.038 6.44 3354.07

MAX. A•A_ STRESS (psi)6509 6350.92
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Client: Virginia Power
Project: Phase 2 - ISFSI Northl Anna Power Station
F&R #: V60-073
Boring: F-7A
Sarnple No.: UD -l
Sample Depth (ft): 4.0-6.0

UNCONFINED COMPRESSION TEST

11

C/

CUJ

Cl)

0 0.02 0.04

UNIT-STRAIN (%)
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UNCONFINED COMPRESSION TEST

Client: Virginia PowerProject: Phase 2 - ISFSI North Anna Power Station
F&R #: V60-073
Boring: F-7A
Sample: UD-2
Sample Depth (ft): 16.0-18.0
Soil Description: Red and Brown Silty Sand

Sample Datta:
Height (in):
Diameter (in):
Weight (g):

6.0
281

957.2

west Dry (cf):Dry Densty (tpcf):
Moisture %:

98.0
72.1
36.1

DEFORM LOAD CORRECT AXIAL
READING DIAL DIAL LOAD UNIT AREA STRESS
NUMBER READING READING Ibs) STRAIN (sq.in.) (psf)

1 0.00)0 0.0 0.00 0.000 6.20 0.00
2 0.010 50.0 18.18 0.002 6.21 421.65
3 0.02) 72.0 26.18 0.003 6.22 606.16
4 0.040 123.0 44.72 0.007 6.24 1032.06
5 0.060 182.0 66.18 0.010 6.26 1521.99
6 0.080 234.0 85.08 0.013 . 6.28 1950.25
7 0.100 257.0 93.45 0.017 6.30 2134.71
6 0.125 266.0 96.72 0.021 6.33 220.10
8 0.130 254.0 92.35 0.022 6.34 2099.06

MAX. AXIAL STRESS (psO•01 2200.10
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Client: Virginia Power
Project: Phase 2 - ISFSI North Anna Power Station
F&R #: V60-073
Boring: F-7A
Sample No.: UD-2
Sample Depth (ft): 16.0-18.0

UNCON FINED COMPRESSION TEST

c-

C',"

0 0.004 0.008 0.012 0.016 0.02

UNIT STRAIN (%)
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UNCONFINED COMPRESSION TEST

Client: Virginia Power
Project: Phase 2 - ISFSI North Anna Power Station
F&R #: V60-073
Boring: F-9A,
Samnple No.: UD- 1
Sample Depth (ft): 4.0-6.0
Soil Description: Reddish Brown Silty Sand

Sample Data:
Height (in):
Diameter (in):
Weight (g):

6.0
2.81

1079.1

wet Density (pcf):Dry Density (pct):
Moisture %:

110.5
85.0
30.1

DEFORM LOAD CORRECT -AXIAL
READING DIAL DIA LOAD .UN[T AREA STRESS
NUMBER READING READING (Ibs): STRAIN (sqgin) jpsi)

1 0.000 0.0 0.00: 0.000 6.20 0.00
2 0.010 48.0 17.45 0.002 6.21 404.78
3 0.020 48.0 17.45 0.003 6.22 404.11
4 0.040 92.0 33.45 0.007 6.24 771.95
5 0.060 163.0 59.27 0.010 6.26 1363.10
6 0.080 250.0 90.90 0.013 6.26 2083.60
7 0.100 291.0 105.81 0.017 "6.30 2417.12
8 0.120 339.0 161.20 0.020 6.32 3670.04
9 0.151 357.0 175.60 0.025 6.36 3976.81

10 0.160 332.0 155.60 0.027 6.37 3518.45

NLaX ~AL STRESS (pf)3768 3976.81
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Client: Virginia Power
Project: Phase 2 - ISFSI North Anna Power Staion
F&R #: V60-073
Boring: F-9A
Sample No.: UD - 1
Sample Depth (It): 4.0-8.0

UNCONFINED COMPRESSION TEST

U.O

0 0.01 0.02 0.03

UNIT STRAIN (%)
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Froehllng & Robertson, Inc

PERMEABILITY TEST
ASTM 5084

-p

cI

LA

z

CUENT: Vlrgtnli~ PowerPROJECT: Phms 2. ISF$1 North Anna Power Station
F&R NO: V80.073

Boring: F-7A Sample: UD-2 Depth: 15.0.18.0
Sample Description: Red and Brown Silty Sand

Date: Au~gust 24, 1994

8AMPLE DATA
6.00
2.81

AREA(crl1L. 4001

~I~pAi-11
V9!~3Cj~Lj3 609.75

(3KV 039.903850P Den 76.70

BACK PRESSUE, bontom I 30 I
BACK PRESSUE, top 25I •
HEAD ACROSS SAMPLE , 51

r DATE TIME t hI v 1 1 h1  v2  delta'delta Q(. J e) (in). (cma') (In (c• % I (cm'saec) (ca/seec)
Nugiat 15. 1994 08:15 0 21. 7.3 1,3.0 44.51 0.0 0.0 24.53 ____

i_______ 2:25 15000 20.,4 13.4, 14.4 38.7 6.1 5.8 24.07 3,976-04 4.12E-07
L________ 14:02 5820 19.5 15.6 14.9 36.5 2.2 2.2 23.89 2,78E-04 3.95E,07
[ ________ 15:02 3600 19.5] 16.9~ 15.2 35.3 1.3 1.2 23.80 3.47 -04 3.6SE-07

_________ 16:26) 8040 19.1 18.6 :15.8 33.5 1.9 ' 1.8 23.55 357.6"04 3.8eE-07
________ 15:43 1020 19.0 19.1j 15.7 33.2 0.3 " 0.3 23.631 2.94E-04 3.116-07,

0Z

p

t'Q
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Chapter 3 PRINCWPAL SSSC DESIGN CRITERIA

This chapter describes the design criteria to be met by the SSSCs to be used in the

North Anna ISFSI. Compliance with these criteria ensures that the North Anna ISFSI complies

with the requirements of 10 CFR 72.

3.1 PURPOSES OF SSSC

A summary description of each SSSC approved for use at the North Anna ISFSI is provided
in Appendix A. A detailed description of the approved SSSCs is provided in the Topical Safety

Analysis Reports (TSAR) listed in Table A-i of Appendix A.

3.1.1 Spent Fuel to Be Stored

The ISFSI is designed to accommodate a total of 84 SSSCs. However, the licensed spent

fuel storage design capacity of the facility is 839.04 MTU. At approximately 0.46 metric tons of

uranium (MTU) per fuel assembly, the facility can accommodate 1824 fuel assemblies under the

current license.

The physical characteristics of the fuel to be stored in the ISFSI are described in detail in

Section 4.2 of the North Anna Power Station UFSAR and are summarized in Table 3-1. An

evaluation of the storage of burnable poison rod assemblies (BPRAs) and/or thimble plug devices

(TPDs) with the fuel assemblies placed in SSSCs is provided in Appendix A for each cask design.

The fuel used during the first years of North Anna Power Station Units 1 and 2 operation
had initial enrichments not exceeding 3.5 weight percent U235 and discharge burnup not

exceeding 35,800 MWD/MTU. The North Anna Power Station has been authorized to operate

with fuel with higher initial enrichment and higher burnup. The design basis fuel characteristics

used in the analyses included in Chapters 7 and 8 include initial enrichment of 4.3 weight percent
U235, burnup of 45,000 MWD/MTU and a cooling time of 7 years. The radioactive characteristics

of the design basis fuel are discussed in Section 7.2.

3.1.1.1 Spent Fuel Characteristics

The following fuel assembly characteristics constitute limiting parameters for storage of

fuel assemblies at the ISFSI:

* Initial Fuel Enrichment

* Fuel Burnup

* Heat Generation

* Decay time

* Spent Fuel Physical Configuration/Condition
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3.1.1.1.1 Allowable Limits

The allowable limits for each of these characteristics are discussed below.

1. Initial Fuel Enrichment

The initial fuel enrichment of any fuel that is stored in a SSSC will be limited to the
maximum enrichment specified in the ISFSI Technical Specifications.

2. Fuel Burnup

The burnup of any fuel that is stored in a SSSC will be limited to that specified in the ISFSI

Technical Specifications.

3. Heat Generation

The heat generation rate by an individual fuel assembly is dependent on three factors: the

initial fuel enrichment, the fuel burnup, and the amount of decay time after discharge. The

maximum allowable heat generation rate for a particular SSSC is specified in the ISFSI

Technical Specifications.

4. Decay Time

The decay time of any fuel that is stored in a SSSC will be at least greater than that specified

in the ISFSI Technical Specifications.

5. Spent Fuel Physical Configuration/Condition

Only spent fuel irradiated at North Anna Power Station Units 1 and 2 with the physical

configuration as listed in items 1, 2, and 3 of Table 3-1 will be stored in the ISFSI. The fuel

stored shall be intact, shall not have gross cladding defects, and shall not have visible
physical damage which would inhibit insertion or removal from the SSSC basket.

3.1.1.1.2 Verification

The method of verification for each of these characteristics is discussed below:

1. Initial Fuel Enrichment, Fuel Burnup and Decay Time

Fuel management records shall be utilized to verify that the initial fuel enrichment, fuel

burnup and decay time meet the specified limits. Each fuel assembly is engraved with a

unique identification number (based on ANSI/ANS 57.8) and a vendor identification, which

is unique to the site for which the fuel assemblies were fabricated. This will allow y¢isual

confirmation of the identity of the fuel assemblies placed in the SSSC.

2. Heat Generation

The heat generation rate of a fuel assembly is based primarily on the fuel enrichment,
burnup, operating history, and cooling time after discharge. Fuel management records will be
used to obtain the parameters. A decay heat analysis using a computer code such as ORIGEN

or the method described in NUREG/CR-5625 will be used to ensure that the heat generation
per fuel assembly is less than that specified in the ISFSI Technical Specifications.
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3. Spent Fuel Physical Configuration/Condition

Fuel management records will be reviewed to ensure 'that the assemblies to be put in the

SSSC have not been previously identified as having gross cladding defects. The fuel
assemblies shall also be visually inspected (e.g., using closed-circuit television cameras) for

physical damage which could potentially cause problems during insertion and/or removal

from the SSSC.

3.1.2 General Operating Functions

The fuel assemblies will be stored unconsolidated and dry in SSSCs. The SSSCs will rest

on a reinforced concrete storage pad, and provide safe storage by ensuring a reliable decay heat

path from the spent fuel to the environment and by providing appropriate shielding and
containment of the fission product inventory.

Storage of spent fuel in SSSCs is a totally passive function, with no active systems required

to function. Cooling of the SSSCs is accomplished by convective cooling.

The SSSCs are to be handled with a lifting yoke, the Fuel Building cask handling crane, a

transporter, or other appropriate equipment. The Fuel Building crane places the loaded SSSC on
the ground outside the Decontamination Building. The SSSC is then lifted by the transporter

which is moved to the ISFSI by a tow vehicle. After the transporter has been maneuvered to locate

the SSSC in its storage position, the SSSC is set down by the transporter.

The equipment in the Fuel and Decontamination Buildings is capable of handling SSSCs
weighing up to 125 tons fully loaded and measuring approximately 16 feet in length with the top

cover removed.

All the handling equipment to be used will be sized to handle SSSCs measuring up to the

above specifications, as needed. This equipment will be designed according to appropriate
commercial codes and standards, and will be operated, maintained, and inspected in accordance

with the supplier's recommendations. Documentation will be maintained to substantiate

conformance with all applicable standards.

3.2 DESIGN CRITERIA FOR ENVIRONMENTAL CONDITIONS AND NATURAL

PHENOMENA

The SSSCs are designed with the objectives of ensuring that fuel criticality is prevented,
SSSC integrity is maintained, and fuel is not damaged so as to preclude its removal from the

SSSC, The conditions under which these objectives must be met are described below.

The safe storage of the spent fuel assemblies depends on the capability of the SSSCs to

fulfill their design functions. The SSSCs are self-contained, independent, passive systems, which
do not rely on any other systems or components for their operation. Therefore, the SSSCs are the
only components at the North Anna ISFSI which are safety-related. The criteria used in the design
of the SSSCs ensure that exposure of the SSSCs to credible site hazards will not impair their
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safety functions. Because the North Anna ISFSI is located on the North Anna site, all ISFSI

design criteria for environmental conditions and natural phenomena are the same as the plant
design bases, as found in Chapter 3 of the North Anna Power Station UFSAR.

The design criteria satisfy the requirements of 10 CFR 72. They consider the effects of

normal operation, natural phenomena and postulated man-made accidents. The criteria are

defined in terms of loading conditions imposed on the SSSCs. The loading conditions are
evaluated to determine the type and magnitude of loads induced on the SSSC. The combination of
these loads are then established based on the number of conditions that can be superimposed.

3.2.1 Tornado and Wind Loadings

The SSSC manufacturers will be required to meet either the design basis tornado and

extreme wind used for the Class 1 (safe shutdown) systems and structures of the North Anna
Power Station, as described in Sections 3.3.1 and 3.3.2 of the North Anna Power Station UFSAR
or alternately, those prescribed by Regulatory Guide 1.76, Design Basis Tornado for Nuclear

Power Plants, April 1976.

3.2.1.1 Applicable Design Parameters

The design basis tornado for the North Anna Power Station has a rotational wind velocity of

300 mph, a translational Velocity of 60 mph, and a pressure drop of 3 psi in 3 seconds, as

described in Section 3.3.2 of the North Anna Power Station UFSAR.

The design basis extreme wind is 80 mph as described in Section 2.3.1 of this SAR.

The design basis tornado and wind loadings for the SSSCs are provided in the SSSC Topical

Safety Analysis Reports.

3.2.1.2 Determination of Forces on Structures

The description of the methods used to convert the tornado and wind loading into forces on

the SSSCs is addressed in the SSSC Topical Safety Analysis Reports.

The safety function of the SSSCs is not dependent on any other structures or systems. In
addition, there are no structures in the vicinity of the ISFSI, which, if failed under tornado loads,

could damage the SSSCs.

3.2.1.3 Tornado Missiles

The design basis tornado missiles listed in Section 3.3.2 of the North Anna Power Station
UFSAR are the following:

* A wooden utility pole 40 feet long, 12 inches in diameter, with a density of 50 lb/ft3, and

traveling in a vertical or horizontal direction at 150 mph

* A 1-ton automobile traveling at 150 mph not more than 25 feet above ground and with a
contact area of 30 ft2
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* A 1-inch solid steel rod, three feet long, with a density of 490 lb/ft3

* A 6-inch Schedule 40 pipe, 15 feet long, with a density of 490 lb/ft3

* A 12-inch Schedule 40 pipe, 15 feet long, with a density of 490 lb/ft3

Analysis of the potential effects of tornado missiles on the SSSCs is addressed in the SSSC
Topical Safety Analysis Reports and in Appendix A.

3.2.2 Water Level (Flood) Design

The design finished grade elevation of the ISFSI is approximately 311 feet msl, leaving a
margin of approximately 45 feet above the maximum flood. Therefore, the ISFSI site is

flood-free. See Section 2.4.2 for additional details.

3.2.3 Seismic Design

Section 2.5.2 describes the vibratory ground motions experienced in the region of the
North Anna site and defines design earthquake grouiid acceleration values of 0.1 8g horizontal and

0.12g vertical for the ISFSI, which are also the values used for the design basis earthquake (DBE)
for North Anna Units 1 and 2 for Seismic Class I structures founded on saprolite more than

15 feet thick.

3.2.4 Snow and Ice Loadings

The rain and snow falls experienced at the North Anna site are described in Section 2.3.1 of

this SAR.

Snow and ice would melt soon after contacting the surface of the SSSC due to the decay
heat generated by the stored fuel. These phenomena are not considered credible challenges to the

SSSCs. Therefore, snow and ice loadings are not identified among the design criteria for the

SSSCs.

3.2.5 Combined Load Criteria

The loads postulated as design criteria for the SSSCs have been described in this chapter.

The methods and assumptions made in analyzing the mechanical and structural behavior of
the SSSCs are described in the SSSC Topical Safety Analysis Reports and in Appendix A.

3.3 SAFETY PROTECTION SYSTEMS

3.3.1 General

The handling of the SSSCs while they are being placed in the ISFSI requires that they be

lifted by a transporter. Technical Specifications for the North Anna ISFSI limit the height the
SSSCs may be lifted while being transported and while being emplaced at the ISFSI. The SSSCs
are able to withstand drops onto the storage pad without compromising their integrity and without
resulting in physical damage to the fuel.
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Because of the passive nature of the North Anna ISFSI and the absence of support systems,
no other items requiring special design consideration have been identified.

3.3.2 Protection By Multiple Confinement Barriers and Systems

3.3.2.1 Confinement Barriers and Systems

Confinement of radioactivity during the storage of spent fuel is achieved by (1) the uranium
dioxide fuel pellet matrix, (2) the metallic tubes (cladding) in which the pellets are contained, and
(3) the SSSC in which the assemblies are stored.

The confinement function of the SSSCs is achieved by totally enclosing the spent fuel
assemblies within a double-seal rigid metal vessel. The SSSCs are fabricated, delivered to the
North Anna site, loaded, sealed, and emplaced at the ISFSI in a manner that ensures their
integrity, the capability to perform their safety functions, and compliance with all applicable rules
and regulations.

Once the SSSCs are sealed, there are no credible events which could result in a release of
radioactive material to the environment. Similarly, there are no credible scenarios which could

result in contamination of the outside surface of the SSSCs or in the generation of radioactive
waste products.

More detailed information on SSSC confinement bafflers is provided in the SSSC Topical
Safety Analysis Reports.

3.3.2.2 SSSC Cooling

Natural air flow around the SSSCs provides sufficient cooling. No forced ventilation is
required.

3.3.3 Protection By Equipment and Instrumentation Selection

3.3.3.1 Equipment

As discussed in Section 3.2, the SSSCs represent the only components of the ISFSI which
are important to safety. Design criteria for the SSSCs are described in this section and
summarized in Table 3-2.

3.3.3.2 Instrumentation

Due to the totally passive and inherently safe nature of the SSSCs, safety-related
instrumentation is not necessary.

High quality commercial grade instrumentation will be provided to monitor the SSSC's
functional performance. Instrumentation to monitor SSSC parameters such as pressure will be
furnished as recommended by the specific SSSC designs. The appropriate capabilities to check
these monitors will also be provided. The SSSCs are provided with pressure monitoring systems
as described in the SSSC Topical Safety Analysis Reports.
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3.3.4 Nuclear Criticality Safety

The criterion for ensuring that the fuel remains subcritical at all times is that the effective

neutron multiplication factor keff be less than 0.95 (including two standard deviations), assuming
a single active or passive failure, and that an infinite number of SSSCs can be stored in close
proximity.

3.3.4.1 Control Methods for Prevention of Criticality

Methods to be used to ensure that subcriticality is maintained at all times in the SSSCs are
addressed in the SSSC Topical Safety Analysis Reports or Appendix A.

3.3.4.2 Error Contingency Criteria

Error contingency criteria for the SSSCs are presented in the SSSC Topical Safety Analysis
Reports or Appendix A.

3.3.4.3 Verification Analyses

The criteria for establishing verification of the models and programs used in the criticality
calculations for the SSSCs are presented in the SSSC Topical Safety Analysis Reports or
Appendix A.

3.3.5 Radiological Protection

Provisions for radiological protection by confinement barriers and systems are described in
Section 3.3.2. 1. No additional radiological protection design criteria are considered to be

necessary.

The North Anna ISFSI does not require the continuous presence of operators or
maintenance personnel. Access to the ISFSI perimeter fence is limited to personnel needed during
operations at the ISFSI, e.g., periodic inspection of the facility, emplacement of SSSCs, and
security checks. These activities will be defined and controlled by the Health Physics and Security
procedures covering the North Anna IsFsI. Because personnel are seldom at the ISFSI and only
for short periods of time, further reduction of collective occupational doses is not practical.

Estimates of the collective occupational doses (in person-rem) per year for SSSC operation,
maintenance and repair are included in Section 7.4. No occupational dose is expected for
decommissioning of the ISFSI facility, since the facility will not be contaminated. The
occupational dose to unload SSSCs will be similar to that for SSSC loading shown in Table 7-2.
The occupational dose to dispose of SSSC components as radioactive waste is expected to be very
small, as discussed in Section 4.6. Occupational exposures will be kept as-low-as-
reasonably-achievable as discussed in Sections 7.1 and 7.3.
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3.3.6 Fire and Explosion Protection

A backup diesel generator and its associated fuel tank are located within the ISFSI security

fence. To prevent a postulated fire associated with a leaking fuel tank a monitored, double-walled
diesel fuel tank with a maximum capacity of 200 gallons is provided. There are no other

significant combustible sources within the ISFSI security fence.

As indicated in Section 2.2.2, overpressure of much less than 1 psi can be conservatively

postulated to occur at the North Anna ISFSI as a result of accidents involving explosive materials
which are transported near the site. The SSSCs are designed to withstand a 1 psi external

overpressure without any impairment of their safety functions.

3.3.7 Materials Handling and Storage

The handling of spent fuel within the North Anna Power Station will be conducted in
accordance with existing fuel handling procedures. Spent fuel that may be damaged to the extent
of losing its cooling geometry or reasonable cladding integrity will be kept at the spent fuel pool

and not considered for storage at the ISFSI.

The design criteria for SSSCs related to cooling requirements, criticality and contamination
control are provided in the SSSC Topical Safety Analysis Reports or Appendix A. The detection
and handling of breached fuel rods is discussed in Section 3.1.1.1.2.

3.4 SUMMARY OF SSSC DESIGN CRITERIA

The principal design criteria for SSSCs used at the North Anna ISFSI are presented in

Table 3-2.
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CHARACTERISTICS OF FUEL USED

1. Fuel Assemblies
a. Manufacturer
b. Type
c. Rod array
d. Rods per assembly

e. Assembly length

f. Rod pitch

g. Overall assembly dimensions

h. Total assembly weight
i. Active fuel length

2. Fuel Rods
a. Outside diameter
b. Clad thickness

c. Clad material

3. Fuel Pellets
a. Material
b. Length

•4. Fuel Condition for Storage in SSSCs
a. Maximum initial enrichment
b. Maximum burnup
c. Maximum heat generation for each

fuel assembly at the time of
storage

d. Minimum decay time

North Anna ISFSI SAR 3-9

able 3-1
AT THE NORTH ANNA POWER STATIONa

Westinghouse

PWR
17 x 17
264 (25 fuel rods are omitted to provide
passage for control rods and in-core
instrumentation)

161.80 in.
0.496 in.

8.426 in. x 8.426 in.
1533 lb (with heaviest insert component)

144 in.

0.374 in.
0.0225 in.
Zircaloy-4 and Zirlo

UO2 Sintered
0.530 or 0.3 87 in. c

b

b

b

b

a. From North Anna Power Station UFSAR. All dimensions are for cold conditions.
b. Specified in the North Anna ISFSI Technical Specifications.
c. Reloadl batches starting with North Anna Unit 1, Batch 9 and North Anna 2, Batch 8 changed fuel

pellet length from 0.530 in. to 0.3 87 in.
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Table 3-2
DESIGN CRITERIA FOR DRY SEALED SURFACE STORAGE CASKS

The SSSCs must meet the following criteria, assuming that they are loaded with the fuel
described in Table 3-1.

1. Maximum weight with yoke 125 tons
2. Criticality with single active or credible keff <0.95

3.

4.

passive failure
Ambient temperature

Direct exposure to sunlight

5. Tornado winds

-2 0°F to l15°F
800 gm-cal/cm2 for flat surfacesa
400 gm-cal/cm2 for curved surfacesa

300 mph rotational velocity,
60 mph translational velocity
3 psi in 3 seconds

80 mph
6.

7.
Tornado pressure drop
Maximum winds (V)

8. Explosive peak overpressure 1 psi
9. Design Earthquake peak acceleration 0.1 8g horizontal

0.12g vertical
10. Adequate provisions to monitor performance of SSSC leak tightness
11. 15-inch drop onto concrete pad without compromising SSSC integrity and without

physical damage to fuel or loss of subcriticality
12. Capable of tipping over and rolling without compromising SSSC integrity and

Without physical damage to fuel or loss of subcriticality
13. Leak tightness to be maintained under all operating conditions and credible events

a. These values are adapted from 10 CFR 71.71(c) and apply to a 12-hour daylight period. These
values may be averaged over a 24-hour period for long-term thermal analyses.
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Chapter 4 STORAGE SYSTEM

This chapter provides descriptive information on the North Anna ISFSI structures, systems
and components. It also provides the bases for the design criteria presented in Chapter 3.

4.1 LOCATION AND LAYOUT

The location of the North Anna ISFSI and the main and alternate transport route of the
SSSCs from the Decontamination Building to the ISFSI are shown in Figure 4-4. In addition, this

figure shows other facilities in the vicinity of the ISFSI site, such as roadways and buildings.
However, none of these other facilities are related to the ISFSI. The ISFSI and both transport

routes are within the North Anna Power Station exclusion area.

The only components with a safety function are the SSSCs. The SSSCs are stored on three
nonsafety-related concrete storage pads, 224-by-32-feet, to be built one at a time, as needed,

within the ISFSI perimeter fence. Each storage pad is designed to accommodate 28 SSSCs. Each

SSSC is approximately 8 feet in diameter and weighs no more than 125 tons. For SSSCs spaced
16 feet minimum center-to-center, there is approximately 8 feet surface-to-surface distance

between SSSCs when they are stored in the vertical position. For SSSCs spaced 14 feet minimum
center-to-center, there is approximately 6 feet surface-to-surface distance between SSSCs when

they are stored in the vertical position.

The North Anna ISFSI perimeter fence is approximately 750-by-660 feet with a vehicle
entrance on the northwest side and seven personnel entrances spaced around the perimeter. A

security fence and a nuisance fence are also provided around the storage pads. The layout of the

ISFSI site is shown on Figure 4-1.

The only utility associated with the North Anna ISFSI is electrical power for lights,

communications, and monitoring instrumentation as shown on Figures 4-2 and 4-3. The source of

this power is described in Section 4.4.4.

Loading and unloading of the SSSCs takes place in the Fuel and Decontamination

Buildings of the North Anna Power Station. These facilities are described in Sections 9.1 and 9.5,
respectively, of the North Anna Power Station UFSAR. Figure 4-4 shows the route for transport
of the SSSCs from the Decontamination Building to the ISFSI.

4.2 STORAGE SITE

The North Anna ISFSI is designed in accordance with the General Design Criteria set forth
in 10 CFR 72, Subpart F. Table 4-1 summarizes compliance with these criteria, and additional

details are provided below.

The North Anna ISFSI will consist of three concrete storage pads on which the loaded
SSSCs are placed. The storage pads will be constructed one at a time as the need for storage space
arises. The storage pads will be surrounded by a security fence and a nuisance fence which are
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surrounded by an ISFSI perimeter fence. In addition, the ISFSI storage area will include lighting,
monitors, alarms, and a diesel generator. The ISFSI site plan is shown on Figure 4-1.

The SSSCs are self-contained, independent, passive systems, which do not rely on any other

systems or components for their operation, and are classified as safety-related. The storage pads

and other systems and components at the storage site are classified as nonsafety-related.

4.2.1 Structures

The operational areas of the North Anna ISFSI are the three storage pads and the areas

immediately around them. The storage pads provide a uniform level surface for storing the
SSSCs. The compacted gravel areas around the storage pads allow movement and positioning of

SSSC handling equipment.

These storage pads will be built in accordance with the BOCA Basic Building Code

(Reference 1) and applicable American Concrete Institute codes and standards. The area

surrounding the storage pads will be compacted to properly support the tow vehicle and

transporter needed for the handling of the SSSCs.

The primary function of the concrete storage pads is to provide a uniform level surface for

storing the SSSCs. Each pad will be a reinforced concrete slab on grade with nominal dimensions

of 32 feet by 224 feet by 2 feet thick. Nominal forty-foot long concrete ramps are required on

each end of the storage pads to enable the SSSC transporter to gain access to the storage pad. The

nominal overall length of the storage pad will be 304 feet. Each storage pad is designed to support

a total of 28 SSSCs arranged in fourteen rows of two SSSCs with a minimum center-to-center

spacing of 16 feet in both directions for SSSCs with heat loads greater than 27.1 kW. As described

in Section 2.5.2.4.1, Pad 1 was analyzed to support a total of 28 SSSCs arranged in fourteen rows
of two SSSCs with a minimum center-to-center spacing of 14 feet in both directions for SSSCs

with heat loads 27.1 kW or less. SSSCs will be placed on the storage pad starting in the center and

moving to the ends in a symmetrical manner. The soil subgrade modulus of elasticity' has a

nominal value of 30,000 psi. The concrete has a minimum design compressive strength of

3000. psi in 28 days. Reinforcing steel shall be nominally No. 10 bars at 12 inches-on-center, each
way, top and bottom, with a minimum yield strength of 60,000 psi. The as-built soil and concrete
parameters of the ISFSI storage pad have been verified to ensure that the final storage pad is

robust enough to withstand the maximum loads associated with all cask load conditions, yet

"soft" enough to limit the deceleration of the cask during design accident cases. The engineering
drawing of the plan, sections and details of the storage pads is provided in Figure 4-5.

Specifications will be produced so that construction of the storage pads will meet the

requirements of ACT 301, Specifications for Structural Concrete for Buildings (Reference 2).

The storage pads are designed to support generic SSSCs that are cylindrical in shape and are

each approximately 8 feet in diameter by 16 feet high.
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Load combinations and design limits for the reinforced concrete structures are in
accordance with ANSL'ANS 57.9 (Reference 3). The available strength of the concrete storage
pads was calculated in accordance with the requirements and assumptions of ACI 349, Code

Requirements for Nuclear Safety Related Concrete Structures (Reference 4).

Structural design of the concrete storage pads included the following loads identified in

Section 6.17 of ANSI/ANS 57.9. The following loads were evaluated:

D Dead load of the structure and attachments including permanent equipment and

piping. The weight of the storage pads at 150 pounds per cubic foot was included for

the pad design.

L Live loads include snow, rain, operational loads including impact, and vibratory loads

due to operating equipment. For the storage pad design, the SSSC weight of 250 kips
was conservatively treated as a live load. The SSSC transporter was also included as

live load. The transporter will be moved at very slow speeds and no impact loads need

be applied. Also, the SSSC will be lowered ftom the transporter at a very slow speed
and no impact loads will be applied - the SSSC is designed to survive an accidental
drop; if the storage pad is damaged it will be repaired. Snow, rain and/or ice loads that

could develop are minor in comparison to the weight of the SSSCs. Also, any
accumulation of these loads on the storage pad between the SSSCs Would reduce the

flexural stress in the storage pad and were, therefore, not included.

T Thermal loads during operation. The SSSCs will be stored on the exterior storage pads

and will not be enclosed by an additional structure. The storage pad is not restrained

except by the foundation soil. No thermal loads need be considered.

H Lateral soil pressure. The storage pad is a slab-on-grade and there are no differential

soil pressures to consider.

E Loads generated by the Design Earthquake. The North Anna Power Station design

basis earthquake (DBE) described in Section 2.5.2.6 of the UFSAR and
Section 2.5.2.3 of this SAPR was used as the Design Earthquake.

W Loads generated by the Design Wind. ANSI/ANS-57.9 references ANSI/ANS 2.19 for

guidance for determining the Design Wind. ANSI/ANS 2.19 identifies the 100-year

recurrence interval wind that shall be used. Design Wind was determined at a 100-year

recurrence level in accordance with ASCE 7-88 (Reference 6).

Ta Loads due to a temperature rise resulting from loss of cooling air for an extended

period of time or loads resulting from the maximum anticipated heat load. The SSSCs
will be stored on the exterior storage pads and will not be enclosed by an additional

structure. The storage pads are not restrained except by the foundation soil. Thermal

loads need not be considered.

A Loads due to a drop of a heavy load. The SSSCs are designed to survive impact as a
result of tornado missile impact (see Section 3.2.1.3) and also survive an accidental

drop (see Section 8.2.9). Loads due to a drop of a heavy load need not be considered
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for the concrete storage pad; if the storage pad is damaged it will be repaired.

Although not identified in ANSI/ANS 57.9, the following extreme environmental loads
were also investigated and conservatively included in the design of the concrete storage pad:

WT Wind loads generated by a tornado. The same maximum tornado wind speed of

360 mph as used for the North Anna Power Station was used to determine loads on the

SSSCs, sliding and overturning, and effect on the Concrete storage pad.

F Loads resulting from maximum hypothetical flood including buoyancy and dynamic

pressure. As stated in Section 2.4.2.3, flood loading need not be considered.

The design of the concrete storage pads included the following load combinations:

U = 1.4D + 1.7L
U = 0.75(1.4D + 1.7L + 1.7W)
U = D+L+WTJ
U = D+L+E

where U = required concrete strength.

The factor of safety against overturning and sliding is based on Section 6.17.4.1 of

ANSI/ANS 57.9 as modified below and is conservatively applied to each SSSC:

Minimum Safety Factors

Load Combinations Overturning Sliding

D+L+E 1.1 1.1

D+L+W 1.1 1.1

D+L+WT 1.1 1.1

4.2.1.1i Static Analysis

The concrete storage pad design was analyzed using the IMAGES-3D finite element
computer program (Reference 7). The analysis was performed to verify that the strength of the
storage pad was adequate. Since the ramps are connected to the main portion of the storage pad,

they were included in the storage pad model. A 9 x 77 array of 693 nodes and 608 plate elements

was used for the model. Nodes were spaced at 4 feet spacing in both directions (See Figure 4-6).

Vertical translational springs were used to model the soil stiffness. These springs were
placed at each node of the model based on the tributary area of the node. A conservative modulus

of subgrade reaction of 200 kips per cubic foot (115 pci) was used to calculate the spring stiffness
(see Section 2.5.1.11 for discussion on soil parameters). The model was restrained at the corners
from lateral and rotational displacements for stability but these restraints received no loads from
vertical static loading.
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The weight of each 250-kip SSSC was modeled as a 50 kip load at the node directly beneath
the centerline of the SSSC and 50 kips each at the four adjacent nodes (one on either side of the
center node, in both directions). The SSSCs were conservatively treated as a live load and a

1.7 load factor was applied for the ultimate strength evaluation. The five nodal loads were

therefore:

50 kips x 1.7 =85 kips

The storage pad was analyzed for several SSSC loading patterns to determine the maximum
stress in the concrete pad. Since the SSSCs will be located starting at the center of the storage pad

and will proceed towards both ends in a symmetrical pattern, the following loading cases were

considered:

* One center SSSC

* Two center SSSCs

* Four center SSSCs

* Eight center SSSCs

* All 28 SSSCs

The weight of the concrete storage pad was included as dead load in all cases.

As expected, the bending stresses in the storage pad are less with a more uniform loading of
all SSSCs and are higher with the less uniform loads of the other cases. The maximum concrete

bending stress for the above loading pattern occurs with two center SSSCs.

Also, the effect of the SSSC transporter was evaluated. The transporter was assumed to have
a total loaded weight of 310 kips and a wheel load at each of the eighty wheels of 38.75 kips per

wheel. With the 1.7 load factor, the wheel load becomes 65.88 kips. Several transporter locations
with and without other SSSCs were checked. The following cases were evaluated:

• Transporter at edge of storage pad

* Transporter over one center SSSC

• Transporter over one center SSSC plus one additional center SSSC

* Transporter over one center SSSC plus three additional center SSSCs

For these cases, the maximum storage 1Sad stress occurred with the transporter at the edge of
the storage pad.
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4.2.1.2 Design Wind

Design Wind loads on the SSSCs were determined using ASCE 7-88 for a 100-year
recurrence interval. From Table 4, design wind forces, F, for structures other than buildings:

F = qzGhCfAf or p = F/Af, where:

qz= velocity pressure evaluated at height z above ground
Gh = gust response factor evaluated at height z = h
Cf = force coefficient
Af = area of structure projected on a plane normal to wind direction
h = height of structure above ground

ASCE 7-88 takes into account characteristics of ground surface irregularities for a

particular site and establishes four exposure categories. For the North Anna site, Exposure C was
conservatively chosen which describes the site area as open terrain with scattered obstructions

having heights generally less than 30 feet and includes flat open country and grasslands. With a

SSSC height of 16 feet and storage pad thickness of 2 feet, z and h were conservatively selected as

20 feet.

From Equation 3, qz = 0-00256Kz(I V)2, where:

Kz= velocity pressure exposure coefficient at height z

I = Importance factor

V= basic wind speed

From the map on Figure 1, V = 70 mph.

From Table 5, with essential structure classification Category III, and location 100 miles

from hurricane oceanline and other areas, I = 1.07. This adjusts the design wind speed to a mean
recurrence interval of 100 years, therefore:

IV = 1.07(70) = 74.9 mph

In Section 2.3.1, a 100-year design wind speed of 80 mph was identified and will be used in

this analysis, as it bounds 74.9 mph calculated above.

From Table 6, with z = 20 feet and Exposure C, Kz = 0.87.

Therefore, qz = 0-00256(0-87)(80)2 - 14.25 psf.

From Table 8, with z = 20 feet and Exposure C, Gh - 1.29.

From Table 12, with round shape and D(qz)°'5 >2.5, moderately smooth surface, and

interpolating for h/d = 2, Cf = 0.52.

Therefore, p = 14.25(1.29)(0.52) = 9.6 psf< 10 psf minimum.

Af = 8.0(16.0) = 128 sf



-- NUCLEAR DESIGN INFORMATION PORTAL -

Revision 8.02--Updated Online 11/16/15 NorthAnna ISFSI SAR 4-7

Therefore, F = 10(128) = 1280 lb, or 1.3 kips.

This lateral force will tend to cause the SSSC to slide or tip over. Sliding is resisted by the

static friction force between the SSSC and the concrete storage pad surface. In order to slide, the

lateral force must overcome a friction force equal to the SSSC weight times the coefficient of

friction of the surface:

Ff =uW

The coefficient of static friction for metal on concrete is approximately 0.30 to 0.70

(Reference 8). With a 250-kip SSSC, the minimum resistance would be:

Ff = 0.30(250) = 75 kips

which is over 57 times greater than the calculated Design Wind load, therefore, the SSSC

will not Slide.

The SSSC will start to tip if the overturning moment about the outside edge of the base is

greater than the resisting moment about that same point.

Mo= F~h/2) = 1:3(8) =10.4 ft-kips

MR = Weight(7.0/2) = 250(3.5) = 875 ft-kips

The factor of safety against the start of tipping is:

Fs = MR/Mo = 875/10.4 = 84.1

The effect of the Design Wind loads was included in the static analysis of the storage pad by

modifying the SSSC nodal vertical loads by a resultant couple equal to the overturning moment

caused by the wind.

R = Mo/(diameter of base) = 10.4/7.0 =_+ 1.5 kips

RU= 1.7R = 1.7(1.5) = __2.55 kips

Therefore, the outside two vertical nodal ultimate loads are:

PuJ = 0.75(85.0 +_ 2.55) = 61.8 kips to 65.6 kips

4.2.1.3 Tornado Wind Loads

Wind loads due to a tornado were similarly determined using ASCE 7-88, except gust and

velocity pressure coefficients need not be applied. Using the same maximum tornado wind

velocity as used for the North Anna Power Station, V = 360 mph.

q = 0.00256 V2 = 0.00256(360)2 - 332 psf = 0.332 ksf

F = qCfAf = 0.332(0.52)(128) = 22.1 kips

As demonstrated with the Design Wind, a lateral force of 75 kips would be necessary to
overcome the static frictional resistance, therefore, the SSSCs will not slide under the tornado

wind. The Factor of Safety against sliding is 75.0/22.1 = 3.4.
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Checking tipping under tornado wind conditions,

Mo= 22.1(8.0) =176.8 ft-kips

MR = 250(3.5) =875 ft-kips

Fs =875/176.8 =4.95

Therefore, the SSSCs will not start to tip due to tornado winds.

The effect of the tornado wind loads was included in the static analysis of the storage pad by
modifying the SSSC nodal vertical loads by a resultant couple equal to the overturning moment

caused by the wind.

R --Mo/(diameter of base) = 176.8/7.0 = +25.3 kips

With tornado winds, the load factors are 1.0, and the outside two vertical nodal ultimate

loads are:

PU = P = 50.0 _+ 25.3 = 24.7 kips to 75.3 kips

4.2.1.4 Dynamic Analysis

A dynamic analysis was performed to determine the effect of the Design Earthquake on the
SSSCs and concrete storage pad. A finite element model was developed using the computer code
SASSI (Reference 9). For the dynamic analysis a weight of 230 kips was used for each SSSC. The
SSSCs were modeled as a rigid beam 8 feet long connected to the mid elevation of the pad by an
ensemble of rigid elements. The translational and rotary weights of the SSSC were lumped at the

top of the 8-foot rigid beam.

Due to the symmetry of the pad, a quarter of the pad was modeled. The pad was modeled by
4-foot x 4-foot plate elements, 2-foot thick, and a unit weight of 0.15 kcf. The elastic properties
for reinforced concrete were used based on a design compressive strength, f'c =3000 psi. The slab
geometry and elements for the SSSCs and pad plate elements are shown on Figures 4-7, 4-8

and 4-9.

The analysis for the soil-structure interaction was based on the soil boring logs shown in
Appendix 2A for the Design Earthquake.

Input motion acceleration time histories for soil conditions were used which envelop the
design basis earthquake (DBE) Response Spectra for the Seismic Class I structures for the

North Anna Power Station.

Accelerations were calculated at the SSSCs in order to determine the factor of safety for
sliding and overturning and the global forces and moments at the base of the SSSCs. These results
consider the three components of the input applied simultaneously. For calculating the factor of
safety for sliding, a friction coefficient of 0.3 was assumed between the SSSCs and the supporting

concrete slab.
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When combining responses as identified in Regulatory Guide 1.92 (Reference 19), the
lowest factor of safety for sliding is slightly higher than one. The lowest factor of safety for
overturning is about 1.6. Figures 4-10 and 4-11 show the time plot of the inverse of the sliding and
overturning factors of safety (1/FS), respectively. However, it should be noted that the ground
motions in the x and y directions (two horizontal directions) have an extreme peak occurring at
the same time at 3.71 seconds even though these motions are statistically independent. This
situation is very unrealistic and overly conservative due to the coincidence of two extreme peaks
in the horizontal input motions. It is due to. the fact that these motions correspond to artificially
generated time histories. At any other time, the next lowest factor of safety for sliding during the
duration of the earthquake is about 1.25 and for overturning it is approximately 2.0.

The analysis confirmed that the responses due to the 3 components of the input are
uncoupled. A better estimate of the factors of safety for sliding and overturning can be obtained
by calculating them using the maximum responses for each direction and then combining them
using the 100%, 40%, 40% combination rule recommended in ASCE Standaird 4-86, Seismic
Analysis of Safety-Related Nuclear Structures and Commentary on Standard for Seismic
Analysis of Safety-Related Nuclear Structures (Reference 11). Using 100% of the maximum
response due to the X input, 40% of the maximum response due to the Y input, and 40% of the
maximum response due to the Z input, the factor of safety for sliding is approximately 1.17. The
same value results if 40% of X and 100% of Y are used. For the case when 40% of the horizontal
cases and 100% of the vertical case are used, then the sliding factor of safety is approximately
2.04.

Also performed was a verification of the personal computer version of the computer code

SASSI. A model formed by plates and beams was analyzed using the personal computer version
of SASSI and EQE International's QA-verified version of the computer code CLASSI
(Reference 12). For comparison purposes, in-structure acceleration response spectra at various
elevations and plate stress time histories were calculated using both programs and then plotted
together. It was concluded that the personal computer version of SASSI gives results similar to
CLASSI for soil-structure interaction analysis.

4.2.1.5 Storage Pad Design

Several SSSC loading patterns were investigated during the static analysis to determine the
maximum stress in the concrete storage pad:

* One center SSSC

* Two center SSSCs

* Four center SSSCs

* Eight center SSSCs

* All 28 SSSCs
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It was determined that the maximum stress occurred with two center SSSCs. Wind and
seismic loads were then applied to the two center SSSCs using the load factors previously
described to determine the critical condition for the concrete storage pad.

The storage pad was also analyzed using the SAFE (Reference 13) finite element computer
program and designed using the SAFERC reinforced concrete design computer program which is
a post processor for SAFE. The model for the SAFE runs was similar to the IMAGES run except

a finer 2.0-foot x 2.0-foot mesh and a shorter model was used for the SAFE runs concentrating on

the critical condition of two center SSSCs. Several runs were made with varying design strip

widths. A 48-inch design strip was conservatively selected which resulted in number 10 rebar
with 12-inch spacing. This provides an area of 1.27 square inches per linear foot. The number

10 rebar will be placed at 12-inch spacing in both directions, and in both the top and bottom of the
storage pad and used for the entire pad area. This exceeds the minimum spacing requirements for

primary flexural reinforcement and exceeds the minimum reinforcement requirement of AC1 349.
The minimum concrete cover will be three inches on the bottom and two inches on the top in
accordance with the concrete protection requirements of. AC1 349.

4.2.2 Storage Site Layout

The overall layout of the North Anna ISFSI is described in Section 4.1, and is shown in
Figure 1-2.

The SSSCs are the only component of the North Anna ISFSI vital to the fulfillment of its

safety function. All other structures and components are of a support nature and do not perform

safety functions.

The most important of these support systems are the concrete storage pads, which provide a

uniform level surface, slightly above grade elevation, for the SSSCs. These are described in
Section 4.2.1. Engineering drawings showing section and details of the storage pads are provided

in Figure 4-5.

4.2.3 SSSC Description

The bases and engineering design specifications for the SSSCs are described in the SSSC
Topical Safety Analysis Reports. These reports also provide assurance that the applicable design

criteria described in Chapter 3 are met.

Compliance with the design criteria ensures that the General Design Criteria in 10 CFR 72,
Subpart F are satisfied. This is illustrated in Table 4-1 which shows a correspondence between

each of the General Design Criteria and the design criteria of specifications that the SSSCs must
meet as identified in Chapter 3.

The specific codes and standards to which the SSSCs are fabricated, delivered to the site,
and sealed are addressed in the SSSC Topical Safety Analysis Reports. Compliance with
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applicable current nationally recognized codes and standards is expected. Codes and standards

representing an acceptable level of design are:

* American Welding Society (AWS) The Structural Welding Code (AWS D1.1-1980)

* American Iron and Steel Institute (AISI) Steel Products Manual

• American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code

• American Society of Testing and Materials (ASTM) Standards

As described in Chapter 1 I, the SSSC manufacturers will be required to maintain the

necessary documentation to substantiate conformance with the specified codes and standards.

Construction materials, are compatible with each other and with the expected radiation

levels. In addition, the baskets holding the fuel assemblies within the SSSCs are typical of those

currently used in spent fuel pools throughout the industry, and are designed to protect the spent

fuel assemblies from mechanical damage during insertion and removal operations and as a result

of all credible events. Damage resulting from postulated accidents is limited to the extent that

normal removal of the fuel assemblies is not precluded.

4.2.3.1 Function

Descriptions of the fuel loading, SSSC preparation, and SSSC placement operations are

provided in Chapter 5.

The performance objectives during fuel loading are to transfer the selected fuel assemblies

from their storage location in the spent fuel pool to the SSSC without damaging the fuel. All

operations within and outside the Fuel Building will be conducted in a manner that does not

jeopardize the safe operation of the North Anna Power Station, does not present a hazard to the

stored fuel, and does not result in releases of radioactive gases in excess of the guidelines in

10OCFR 100.

The performance objectives for the post-loading activities are to ensure that the SSSCs can

fulfill all of their design functions, and in particular that the SSSCs will confine the radioactive

products under all credible conditions.

The performance objectives for SSSC transfer and emplacement operations are to ensure

that the design criteria are not exceeded, and that the safety of the North Anna Power Station is

not impaired.

The performance objectives for SSSC unloading operations are to ensure that all operations

within and outside the Fuel Building will be conducted in a manner that does not jeopardize the

safe operation of the North Anna Power Station, that there is no hazard to the stored fuel, and that

there are no releases of radioactive gases in excess of the guidelines in 10 CFR 100.
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*4.2.3.2 Description

A description of the SSSC components is provided in the SSSC Topical Safety Analysis

Reports.

4.2.3.3 Design Bases and Safety Assurance

The ability of the SSSCs to perform their design function is demonstrated in the SSSC

Topical Safety Analysis Reports and in Appendix A.

Loading and handling of the SSSCs will be done according to the applicable procedures.

As described in Chapter 8, the design and operation of the North Anna ISFSI ensures that a

single failure does not result in the release of significant radioactive material.

The only interactions between the ISFSI and the North Anna Power Station are those

concerning the loading and handling of the SSSCs in the Fuel and Decontamination Buildings.

These are discussed in Chapter 5.

Radiation protection of operating personnel is addressed in Chapter 7.

Nuclear criticality safety for the SSSCs is addressed in the SSSC Topical Safety Analysis

Reports or Appendix A.

4.2.4 Instrumentation System Description

Due to the passive nature of the SSSCs, no safety-related instrumentation is required. A

description of the nonsafety-related SSSC pressure monitoring system is provided in

Section 4.4.5.3.

4.2.5 References

1. BOCA Basic Building Code, Building Officials and Code Administrations International,

Inc., 1993.

2. American Concrete Institute, ACI 301, Specifications for Structural Concrete for Buildings,

1989.

3. American Nuclear Society, ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel

Storage Installation (Dry Storage Type), 1984.

4. American Concrete Institute, ACI 349, Code Requirements for Nuclear Safety Related

Concrete Structures, 1985.

5. American Nuclear Society, ANSI/ANS 2.19, Guidelines for Establishing Site-Related

Parameters for Site Selection and Design of an Independent Spent Fuel Storage Installation

(Water Pool Type), 1981.
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6. American Society of Civil Engineers, ASCE 7-88, Minimum Design Loads for Buildings and

other Structures, 1988.

7. Celestial Software, IMAGES-3D, Version 3.0, 1993.

8. Beer, F. P., Johnston, E. R. Jr., Vector Mechanics for Engineers: Statics and Dynamics,

McGraw-Hill Book Company, 1962.

9. Stevenson & Associates, Inc., SUPER SASSI/PC Complete Dynamic Soil-Structure

Analysis System on Personal Computers, May 1996.

10. Regulatory Guide 1.92, Combining Modal Responses and Spatial Components In Seismic

Response Analysis, Revision 1, dated February 1976.

11. ASCE Standard 4-86, Seismic Analysis of Safety-Related Nuclear Structures and

Commentary on Standard for Seismic Analysis of Safety-Related Nuclear Structures,

September 1986.

1:2. H. L. Wong and J. E. Luco, Soil-Structure Interaction: A Continuum Mechanics Approach

(CLASSI), Report No. CE 79-03, Department of Civil Engineering, University of Southern

California, in publication.

13. Computers and Structures, Inc., SAFE, Slab Analysis by the Finite Element Method, 1988.

4.3 TRANSPORT SYSTEM

4.3.1 Function

The function of the transporter is to move the loaded SSSCs between the Decontamination

Building and the ISFSI storage pads. The transporter shall be capable of being towed over several

different types of ground surfaces, including compacted gravel, and concrete and asphalt paving.
The performance objectives of the transporter are to move the loaded SSSC in a vertical position

in a manner that will preclude damage to the SSSC body and its internal components, and to any

other safety or security related system or component which could be affected by SSSC transport.

4.3.2 Components

The transporter is a gantry lift system on a "U" shaped trailer which carries the SSSC in a

vertical position. It is approximately 16 feet wide, 21 feet long, 20 feet high and weighs

approximately 30 tons. It has a tow bar pivot and four steerable wheels as well as four fixed
wheels with solid tires to ensure maximum stability, maneuverability, and even-load distribution.

A tow vehicle will be used to move the transporter. Side and plan views of the transporter are

provided in Figure 4-12.

The hydraulic cylinders used for SSSC lifting are a heavy duty design and made of steel. No

load bearing member of the hydraulic unit is made of cast iron or any, other brittle material. There
are flow control valves at the downside of the cylinders in order to restrict the flow of hydraulic
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fluid from the cylinders, thus preventing the load from dropping too fast. There are lift cylinder
locking valves to assure that the SSSC will not be accidently lowered.

The power unit used for SSSC lifting is diesel powered and is placed at the front of the
transporter. The backup power unit is a 480V, three phase motor coupled to a heavy duty pump.

The pumping unit contains suction and return line filters, pressure relief yalves, pressure gauges,

and check valves.

The transporter is equipped with disc brakes designed for normal, park, and emergency
functions. Normal and park brake operations are controlled by a lever mounted on the side of the
transporter, easily accessible to an operator walking alongside.

The emergency brake .has a separate control and will control brake application to minimize
dynamic braking effects and yet bring the transporter to a stop quickly.

The transporter tires are designed to distribute the load and provide adequate mobility. Solid
tires are used to assure reliability. The transporter, loaded with a SSSC, is designed for a nominal

towing speed of 5 miles per hour.

None of the features or components of the transporter are important to the safety function of
the SSSCs and will not be covered by the Quality Assurance program described in Chapter 11.

The location of the transfer routes from the Decontamination Building to the ISFS1 is shown
in Figure 4-4. The main route runs west from the Decontamination Building toward the West End
Security Access Facility and south to the ISFSI, while an alternate transfer route runs east from
the Decontamination Facility, south to the South East Security Access Facility and then west to

the ISFSI. Both routes consist of asphalt roadways. The portions of the routes within the
North Anna Power Station are asphalt and lines for several safety-related systems for North Anna
Power Station Units 1 and 2 are located beneath the transfer routes. The portion of the transfer
route in and to the west of the Station has also been used for the transport of replacement steam
generators, otherwise, only personnel and maintenance vehicles use portions of the transfer route.

Safety-related and nonsafety related with special quality regulatory requirements utilities
located beneath the main transfer route include an electrical ductbank, service water lines, fuel oil
lines and fire protection lines. All of these utilities are located within the protected area for
North Anna Units 1 and 2. Based on a combined transporter and cask weight of 315,000 lb and a
load of 39,400 lb/wheel, none of these utilities will be affected by movement of the loaded
transporter over them.

The electrical ductbank is approximately 5.5 feet below grade and would be subject to
approximately 1000 psf surcharge loading. This ductbank is founded on rock and requires no

protection due to the depth of burial and its reinforcement design. The service water lines are
approximately 6.7 feet below grade and would be subject to a surcharge loading of approximately
900 psf, which is negligible. The ten 1-1/2-inch diameter fuel oil lines are encased in concrete on
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top of the electrical ductbank discussed above, and, for the same reasons, they require no
protection. There are two fire lines crossing under the transport path that are 6.0 feet below grade.
These pipes are not encased, however, they are not overstressed by the additional 1000 psf
surcharge pressure.

Nonsafety-related utilities passing under the main transport route in the protected area
include domestic water lines, a well water line, a 42-inch diameter storm drain and a security duct
bank. The water lines do not lie directly under the transport route, are relatively deep and have a
small diameter. The storm drain is protected by a 2.5-foot thick concrete slab that will distribute
loads evenly, and is approximately 5.0 feet below grade.

A 24-inch diameter surface drain culvert passes beneath the main transport route
approximately 900 feet west of the protected area gate. The top of this culvert is approximately
three feet below surface grade, and steel plates or concrete will be used to protect this culvert from
damage.

There are no portions of safety-related systems located beneath the alternate transfer route.
Within the protected area, there is a single buried section of' fire protection pipe beneath this
route. This pipe is located a minimum of 6 feet below grade. Based on a combined transporter and
cask weight of 315,000 lb, this results in a load of 39,400 lb/wheel and a corresponding surcharge
loading of 1000 psf at 6 feet below grade. The pipe is not overstressed by the loaded transporter
movement.

The portions of nonsafety-related systems located beneath the alternate transfer route and
within the protected area include duct banks, a domestic water pipe, storm drain pipes, a
waterline, a well waterline, mat sump pump lines, a pipe tunnel, manholes, and a diesel fuel pipe.
These nonsafety-related systems, with the exception of a 12 foot wide security ductbank and a
9 foot wide pipe tunnel, are either located at acceptable depth or constructed of materials able to
withstand the stresses generated from loaded transporter movement.

An East-West running security duct bank and a North-South running reinforced concrete
pipe tunnel each have top-of-concrete elevations located at 2.3 feet and 2 feet below grade,
respectively. Both the duct bank and tunnel are located directly beneath the alternate transport
route. Reinforced concrete protective slabs are installed over the duct bank and tunnel to bridge
each structure and divert transporter surcharge loads so that the duct bank and tunnel are not
adversely impacted by stresses generated by loaded transporter movement

4.3.3 Design Bases and Safety Assurance

The transporter is designed to limit SSSC lift height to less than 15 inches by the use of
internal mechanical stops. Lifting system integrity is maintained during transport by means of a
hydraulic lock valve. The transporter is equipped with a SSSC restraint system which prevents
SSSC sway during road movement.
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The transporter design includes static and dynamic evaluations for strength, fatigue
resistance, buckling resistance, joint design and the use of stiffeners. These evaluations included a
minimum factor of safety of 1.67 in accordance with CMAA (Reference I) and the AISC Manual

of Steel Construction (Reference 2).

In order to minimize the weight of the transporter, no radiation shielding is provided in the
transporter design. However, operation of the transporter can be done by one person, thereby
minimizing radiation dose to operating personnel. Other personnel accompanying transport of

SSSCs may do so at a distance from the transporter that minimizes their exposure to radiation.

Section 7.4 includes an evaluation of the occupational exposure during transport.

The transporter is designed for independent operation, however, the electrical system may

be powered from an external source. The transporter has no other backup provisions and no

interfaces with SSSC or ISFSI systems. The codes and standards used in the design and

fabrication of the transporter are listed in Table 4-2.

4.3.4 References

1. Crane Manufacturer's Association of America, Specification No. 70, Specification for

Electric Overhead Traveling Cranes.

2. American Institute of Steel Construction, Manual of Steel Construction, Ninth Edition.

4.4 OPERATING SYSTEMS

4.4.1 Loading and Unloading System

4.4.1.1 Function

The functions of the loading systems are to transfer the spent fuel ftom the spent fuel pool

to the SSSC and move the SSSC from the spent fuel pool to the transporter outside the
Decontamination Building. The same systems would be used to unload the SSSCs.

The performance objectives are to load the spent fuel into the SSSCs in such a manner as to

preclude damage to the fuel and ensure that subcriticality is maintained, and to move the loaded
SSSC in a manner which will preclude damage to the SSSC and to any other safety-related system

or component in the load path. The same objectives apply to unloading the SSSCs.

The ISFSI, SSSCs and related support equipment will be designed to interface with existing

and planned equipment and systems at the North Anna Power Station. An amendment to the

North Anna Power Station UFSAR will provide a description of the systems and equipment.

4.4.1.2 Major Components and Operating Characteristics

The fuel storage area at the North Anna Power Station is located in the Fuel Building
between the two reactor containments, and consists of a new fuel storage area, a pool for storing
spent fuel, a cask loading area, and two canals for transfer of fuel assemblies between the reactors
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and the pool. The spent fuel pooi is 72 feet 6 inches long, 26 feet 9 inches wide at the east end,
21 feet 4 inches wide at the west end and normal water depth is approximately 40 feet. The cask
loading area at the west end of the spent fuel pool is separated from the spent fuel storage racks by
a concrete wall that is 3 feet 6 inches thick and has a gate to allow spent fuel assemblies to be

moved from the rack area. The cask loading area has two locations for casks, one that is 12 feet by

12 feet with a floor elevation 2 ft. 6 in. lower than the spent fuel storage area, and a second that is
12 feet by 9 feet 4 inches with a floor elevation 19 ft. 8 in. above the spent fuel storage area. A

32-inch high pedestal has been placed in the deep end of the cask loading area to allow the fuel

assemblies in the spent fuel cask to be at approximately the same elevation as the assemblies in

the spent fuel racks.

The Fuel Building walls consist of blow-off siding attached to the steel superstructure.

Access to the Fuel Building for the 125-ton cask crane and SSSCs is provided by a roll-up door.
Movement of the cask crane in the Fuel Building is limited to the cask loading area and adjacent

areas north and south, so that casks cannot pass over the fuel storage area. Figure 4-13 shows the

layout of the Fuel and Decontamination Buildings and the load path for theSSSCs. Figure 4-14 is
a section view of the load path in the Fuel and Decontamination Buildings.

The Decontamination Building is used for preparation of empty SSSCs and for vacuum
drying, helium backfill, leak testing and decontamination of loaded SSSCs. Preparation of loaded
SSSCs for unloading also takes place in the Decontamination Building, including testing of the

helium backfill for indications of fuel failure. The north bay of the Decontamination Building will
be used specifically for SSSCs, and is equipped with a platform to allow easy access to all areas of

the SSSC surface, vacuum pumps, helium leak detector equipment and a system control panel.
Helium bottles are placed outside the Decontamination Building, for easy access during bottle

replenishment, and are connected by piping to the north bay.

Station systems and other components used during the loading and unloading of SSSCs

include the 125-ton cask handling crane and 10-ton auxiliary crane that service the Fuel and

Decontamination Buildings. Other components include a cask lift beam and special tools for
lifting SSSC lids and covers. A vacuum drying system (vacuum pumps, water collection bottle,

piping and hoses) is used in the Decontamination Building to remove any water remaining in the
cask cavity after pumping water from the cavity back to the spent fuel po0l. Specialized leak

detection equipment is used for seal testing.

Fuel assembly crud is controlled during unloading of the SSSCs through the slow addition

of water to the SSSC cavity. Once the SSSC cavity is filled with water and the SSSC has been
placed in the spent fuel pool, slow removal of the lid will also help prevent the spread of crud into
the spent fuel pool.

4.4.1.3 Safety Considerations and Controls

Fuel handling activities in the spent fuel pool are subject to limiting conditions for
operations as set forth in Section 3.9, Refueling Operations, of the North Anna Units 1 and 2
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Technical Specifications. A 125-ton trolley crane with a 10-ton auxiliary crane serve the
Decontamination Building and Fuel Building. This crane and the fuel loading and SSSC handling

will be subject to conditions as set forth in the North Anna Units 1 and 2 Technical Specifications

and Operating License.

A lift beam designed to ANSI N14.6 (Reference 1) is used for SSSC handling. The lift

beam and the SSSC lifting trunnions are designed such that stresses from lifting three times the

weight of the SSSC will not exceed the yield strength of the lift beam materials and five times the
weight will not exceed the ultimate strength. The arms of the lift beam open as the lift beam is

attached to the SSSC. The arms are hydraulically locked in the closed position for lifting the

SSSc.

4.4.2 Decontamination System

Standard decontamination methods will be used to remove surface Contamination from the

SSSCs resulting from their submersion in the spent fuel pool during loading. Decontamination of

the SSSCs will be performed in the north bay of the Decontamination Building. Decontamination

will typically be done manually, using water detergents and wiping cloths.

4.4.3 SSSC Repair and Maintenance

Incidental mechanical operations involving the SSSCs include receiving the new SSSCs

from the supplier, their temporary (empty) storage, and transfer to the Fuel Building. During these

operations, the SSSCs will be inspected in detail and corrections made as needed. The facilities

and machine shops of the North Anna Power Station will be available in the event repair

operations become necessary. Repairs made to SSSCs must be done in or outside the

Decontamination Building where the crane capacity exists for lifting the SSSC. Occupational

exposures during repair operations will be kept as-low-as-reasonably-achievable (ALARA) under

the North Anna Power Station ALARA program.

No significant maintenance or repair operations are anticipated once the SSSCs are placed

into storage. Periodic maintenance is not required beyond instrument adjustment and other similar

evolutions of a minor nature, such as touching up defects in the outer SSSC coating. Recoating of
the sSSCs can also be performed over the life of the ISFSI. Recoating can be performed within

the ISFSI area, without need to move the SSSCs.

Degradation of a SSSC primary seal is considered extremely unlikely. Nevertheless, in the
event that this were to occur, the pressure sensor would activate an alarm. Upon identification of

the affected SSSC, a series of actions identified in the ISFSI procedures will be taken. Depending

on the exact circumstances, these may include monitoring the SSSC pressure with a time recorder
in order to ascertain whether the malfunction is a progressing one, and checking for possible

instrumentation failure. If a failure of a seal is ascertained, arrangements will be made to repair
the SSSC in place, to transfer the SSSC to the Decontamination Building for repair work, if
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necessary, or any other action recommended by the manufacturer and included in the North Anna

ISFSI operating procedures.

Because SSSCs have double seals, seal failure hypothesized in this section would not result

in release of radioactive material.

The ISFSI operating procedures will be prepared to provide step-by-step actions to be taken

for all alarms. These will be prepared according to the specific SSSC manufacturers' designs and

recommendations.

4.4.4 Utility Supplies and Systems

The SSSCs are passive devices and no utility services are necessary for their operation.

4.4.4.1 Electrical Systems

Electric power is not required to support functions of the North Anna ISFSI important to

safety. Power for ISFSI security equipment is provided by normal station power. A discussion of

emergency power for security equipment is provided in the Physical Security Program.

Nonsafety-related electric power is supplied to the ISFSI for purposes of lighting, general

utility, and instrumentation with which SSSC seal integrity is monitored. These support systems

are not needed for effective SSSC function.

The source of electric power is obtained from three new pole-mounted transformers inside

the ISFSI perimeter fence. The 34.5 kV line providing service to these transformers comes from

the plant's electrical switchyard. The transformers provide power to ISFSI loads through a

separate feeder and disconnect and distribution panel which are located at the diesel generator

pad. This distribution panel will provide normal power to loads for all three storage pads. Service

power for lighting and welding receptacles is 480V, 60 Hz, single or three phase. A 120V circuit

is also provided.

Since the SSSCs are the only components important to safety and since they do not require
electric power to perform their functions, loss of electricity will not jeopardize the safety of the

facility. A backup diesel generator will be provided to power security-related and SSSC

monitoring equipment on the loss of normal power.

The ISFSI is a passive installation. There are no motorized fans, dampers, louvers, or

valves, and no electrically operated cranes or lifts. Electricity is required only for monitoring

equipment, lighting and security-related equipment.

4.4.5 Other Systems

4.4.5.1 Fire Protection System

As described in Section 8.2.5.1, no fires other than small electrical fires are considered

credible at the North Anna ISFSI.
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Therefore, the North Anna ISFSI does not include a fire protection system, other than
portable fire extinguishers which will be available within the ISFSI perimeter fence. In addition,

the fire fighting equipment and personnel present at the North Anna Power Station would be

available if needed.

4.4.5.2 Sewage Treatment System

Neither sanitary nor chemical sewage is produced at the North Anna ISFSI. During the

infrequent periods of manning for SSSC transfer operations or construction of the second and

third storage pads, portable sanitary facilities may be provided in the vicinity of, but not directly

within, the ISFSI. Chemical wastes, such as small amounts of ethylene glycol (antifreeze) or drips

of lubricating fluid from transport vehicles could be cleaned up manually and disposed of at

appropriate facilities of the North Anna Power Station. No permanent sewage treatment system is

required or provided.

4.4.5.3 Alarm Systems

The ISFSI is not manned on a continuous basis. All of the SSSCs will be provided with a

pressure sensing device to monitor their seal tightness.

The monitoring devices will actuate a pressure switch at a preset alarm level. Specific

recommendations for monitoring the SSSCs are provided in the SSSC Topical Safety Analysis

Reports. Each of the SSSC alarns (maximum of two per SSSC) will initiate an annunciator alarm

in the local annunciator panel at the ISFSI. The alarm panel will indicate the specific SSSC and

will remain lit until reset. Actuation of the pressure monitoring alarm will also cause an alarm in

the Station Security Central Alarm Station (CAS) and the Secondary Alarm Station (SAS).

Security personnel continuously monitor these stations and they will notify the Shift Manager.

This instrumentation is not required for safe operation of the ISFSI and therefore will not be

safety-related.

4.4.5.4 Seismic Recording Instrumentation

On August 23, 2011, an earthquake occurred approximately 5 miles from Mineral, Virginia.

In response to this event, Dominion committed to install seismic recording instrumentation at the
ISFSI (Reference 2). This instrumentation consists of a triaxial time-history accelerograph and a

motion recorder, and is located in the north-west section of the ISFSI adjacent to the alarm panel

pad. The motion recorder is equipped with seismically qualified battery backup that permits

continuous operation of the instrumentation upon loss of external power. The instrumentation is

designed to detect the occurrence of an earthquake and provide records on intensity and duration.

The data collected can be used to evaluate the potential degradation of equipment and structures at
the ISFSI due to an earthquake. This instrumentation is not required for safe operation of the

ISFSI and therefore is not classified safety-related.
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4.4.6 References

1. ANSI N14.6-1993, Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds

(4,500 kg) or More for Nuclear Materials, American National Standards Institute.

2. Grecheck, E. S., Virginia Electric and Power Company (Dominion), Letter to U.S. Nuclear

Regulatory Commission, Virginia Electric and Power Company (Dominion), North Anna

Power Station Units 1 and 2, Independent Spent Fuel Storage Installation, Revised

Long-Term Actions Commitment List, Serial No. 11-520D, dated November 7, 2011.

4.5 CLASSIFICATION OF STRUCTURES, SYSTEMS AND COMPONENTS

The SSSCs are the only components of the North Anna ISFSI which are important to safety.

None of the other systems and structures comprising the North Anna ISFSI (storage pads, fence,

monitors, wiring, and lights) perform a safety function. The SSSC transporter is not considered

important to safety because the SSSCs are designed to withstand its failure without jeopardizing
the health and safety of the public. The SSSC handling equipment (cask lift beam and cask lid

lifting tools) used during loading and unloading operations is also considered important to safety

because the SSSCs are not designed to withstand their failure. The cask handling and auxiliary
cranes are included in the Station NUREG-0612 Heavy Loads program in order to provide

programmatic control. A cask drop analysis has been conducted which evaluated potential Station

structural damage and offsite dose consequences. This analysis is included in Appendix 1 5A of

the North Anna Power Station UFSAR.

The specific portions of the SSSCs that are important to safety and a definition of the

specific safety function are provided in the SSSC Topical Safety Analysis Reports.

4.6 DECOMMISSIONING PLAN

The SSSC design concept utilized at the North Anna ISFSI features inherent ease and

simplicity for decommissioning. At the end of its service lifetime, SSSC decommissioning could

be accomplished by one of the options described below.

The SSSC, including the spent fuel stored inside, could be shipped to a fuel repository for

permanent disposal. Depending on licensing requirements existing at the time of shipment offsite,

placement of the entire SSSC inside a supplemental shipping container or overpack would be

considered.

Alternately, the spent fuel could be removed from the SSSC and shipped in a licensed

shipping container to a fuel repository. If needed, SSSC decontamination could be accomplished

through the use of conventional high pressure water sprays to reduce contamination on the SSSC

interior. The sources of contamination on the interior of the SSSC would be crud from the outside

of the fuel rods and the crud left by the spent fuel pool water. The expected low levels of

contamination from these sources could be easily removed with a high pressure water spray. After

decontamination, the SSSC could either be cut-up for scrap or partially scrapped and any
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remaining contaminated or activated portions shipped as low-level radioactive waste to a disposal

facility.

The volume of waste material produced incidental to ISFSI decommissioning will be
limited to that necessary to accomplish surface decontamination of the SSSCs once the spent fuel

assemblies are removed.

SSSC activation analyses have been performed to quantify specific activity levels of SSSC
materials after years of storing spent fuel. These activation calculations and the assumptions under

which they were performed are described in the SSSC Topical Safety Analysis Reports. Based on
the results of the analyses, the SSSC materials will be only slightly activated by the low level

neutron flux emanating from the stored spent fuel. Consequently, after application of the surface

decontamination process described above, the radiation level due to activation products will be

negligible, and the SSSCs may be able to be scrapped. A detalled evaluation will be performed at
the time of decommissioning to determine the appropriate mode of disposal.

Due to the leak tight design of the SSSCs, no residual contamination is expected to be left

behind on the storage pads. The storage pad, fence, and peripheral utility structures require no
decontamination or special handling after the last SSSC has been removed.

The spent fuel pool at the North Anna Power Station will remain functional until the ISFSI

is decommissioned. This will allow the pool to be utilized to transfer fuel from the SSSCs to

licensed shipping containers for shipment offsite if the SSSCs cannot be utilized for transport.

Virginia Power presently owns and operates four nuclear power generating units. The cost
to deconmmission the ISFSI is expected to be a small fraction of the total decommissioning costs

for the North Anna Power Station. Nuclear decommissioning trusts have been established to

accumulate the funds needed to cover the costs of decommissioning.
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Table 4-1
COMPLIANCE WITH GENERAL DESIGN CRITERIA (SUBPART F, 10 CFR 72)

72.122(a) Quality standards
The design criteria require that the SSSCs be designed, fabricated, delivered to the site,
and sealed according to recognized commercial codes and standards and in accordance
with Virginia Power's quality assurance (QA) program for safety-related equipment.

72.122(b) Protection against environmental conditions and natural phenomena
Extreme environmental conditions are defined in Chapter 2. The design criteria require
that the SSSCs be designed to withstand the Design Earthquake, high ambient
temperature, exposure to sunlight, and extreme winds.

72.122(c) Protection against fire and explosions

No large fire within the North Anna ISFSI is considered credible. The design criteria
require that SSSCs be designed to withstand extreme ambient temperatures and peak
overpressure resulting from postulated nearby explosions.

72.122(d) Sharing of structures, systems, and components
The ISFSI activities will be done without jeopardizing the safe shutdown capability of the
North Anna Power Station Units 1 and 2.

72.122(e) Proximity of sites
The design and operation of the North Anna ISFSJ result in minimal additions of risk to
the health and safety of the public.

72.122(f) Testing and maintenance of systems and components
The SSSCs require minimum maintenance. The design criteria require that the SSSCs be
capable of being inspected and monitored.

72.122(g) Emergency Capability
All emergency facilities at the North Anna Power Station will be available if needed.

72.122(h) Confinement barriers and systems
The design of the SSSCs will ensure that the stored fuel is maintained in a safe condition.
No paths for the release of radioactive material are considered credible. No ventilation or
off gas systems are needed. Continuous monitoring of SSSC confinement barriers is
provided.

72.122(i) Instrumentation and control systems
No instrumentation or control systems are needed for the SSSCs to perform their safety
functions, however, continuous monitoring of SSSC confinement barriers is provided.

72.122(j) Control room or control areas
The North Anna ISFSI is a passive installation, with no need for operator actions. No
control room or control area is needed.

72.122(k) Utility services
The SSSCs are the only safety-related components at the North Anna ISFSI. There are no
utility or emergency systems required to perform any safety functions or to meet
emergency conditions at the North Anna ISFSI.
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Table 4-1 (CONTINUED)
COMPLIANCE WITH GENERAL DESIGN CRITERIA

(SUBPART F, 10 CFR 72)

72.122(1) Retrievability
The design of the SSSCs will enable subsequent removal of the stored fuel in the
North Anna spent fuel pool and repackaging of the spent fuel into shipping casks. The
spent fuel pool will remain operational as needed for spent fuel transfer.

72.124(a) Design for criticality safety

The design criteria require that the SSSCs be designed to maintain subcriticality at all
times, assuming a single active or credible passive failure.

72.124(b) Methods of criticality control

Different SSSC designs may use different methods of criticality control. All designs use
conservative analyses and specified error contingency criteria. Since criticality control is
provided entirely within the SSSC design, additional design features for criticality control
at the ISFSI are not needed.

72.124(c) Criticality monitoring

Not required
72.126(a) Exposure control

Operations at the North Anna ISFSI will be done according to ALARA procedures.
Minimal maintenance operations are needed following SSSC emplacement at the ISFSI.
SSSC loading, transport and unloading are done in accordance with health physics
procedures in effect for the North Anna Power Station.

72.126(b) Radiological alarm systems

No radioactive releases are considered credible at the North Anna ISFSI. No safety-related
alarm systems are needed at the ISFSI. Radiological alarm systems are provided for
operations in the Fuel Building at the North Anna Power Station.

72.126(c) Effluent and direct radiation monitoring
Operation of the North Anna ISFSI does not result in any radioactive effluents. No
safety-related monitors are needed. Direct radiation monitors will be installed around the
ISFSI.

72.126(d) Effluent control

No radioactive releases are considered credible at the North Anna ISFSI.
72.128(a) Spent fuel and radioactive waste storage and handling systems

The design criteria require that the SSSCs have adequate provisions to monitor the SSSC
performance, provide sufficient shielding to restrict surface dose rates to below prescribed
levels, maintain leak tightness under all operating and credible accident conditions, and
maintain the spent fuel in a safe condition. Only minimal amounts of radioactive waste are
generated in the decontamination of the SSSCs.

72.128(b) Waste treatment
Radioactive wastes generated in the decontamination of the SSSCs are processed by the
North Anna Power Station waste processing systems.

72.130 Decommissioning
Operation of the North Anna ISFSI does not result in contamination of the outside surface
of the SSSCs or any other ISFSI components. Therefore, there is no need for additional
provisions to facilitate decommissioning.
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Table 4-2
CODES AND STANDARDS FOR TRANSPORTER DESIGN AND FABRICATION

1. American National Standards Institute (ANSI)

a. B30.2, Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple Girder, Top
Running Trolley Hoist)

b. B30.9, Slings

c. B30.10, Hooks

2. American Institute of Steel Construction (AISC) - Manual of Steel Construction, Ninth
Edition, 1989

3. American Welding Society (AWS)

a. DI.1, Structural Welding Code

b. D 14.1, Specification for Welding of Industrial and Mill Cranes and Other Material

Handling Equipment

4. Crane Manufacturer's Association of America, Specification No. 70, Specification for
Electric Overhead Traveling Cranes

5. American Society of Non-Destructive Testing - SNT-TC-1A (1980), Recommended Practice

for Non-Destructive Testing, Personnel Qualification and Certifi cation

6. American Society for Testing and Materials (ASTM)

a. A36, Specification for Carbon Structural Steel

b. A48, Standard Specifi cation for Gray Iron Castings

c. A108, Specification for Steel Bars, Carbon, Cold-Finished, Standard Quality

d. A148, Specifi cation for Steel Castings, High-Strength for Structural Purposes

e. A325, Specification for Structural Bolts, Steel, Heat Treated for Structural Steel Joints

f. A434, Specification for Steel Bars, Alloy, Hot-Wrought or Cold-Finished, Quenched and
Tempered

g. A490, Specification for Heat Treated Steel Structural Bolts

hi. A5 14, Specifi cation for High Yield Strength Quench and Tempered Alloy Steel Plate
Suitable for Welding

i, A576, Specifi cation for Steel Bars, Carbon, Hot-Wrought Special Quality

j. A668, Specifi cation for Steel Forgings, Carbon and Alloy for General Industrial Use

k. A730, Specification for Forgings, Carbon and Alloy, for Railway Use

1. E709, Standard Guide for Magnetic Particle Examination

7. Code of Federal Regulations, Title 29, Part 1910, Occupational Safety and Health Standards
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Figure 4-6
IMAGES-3D MODEL OF STORAGE PAD GEOMETRY
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Figure 4-7
SASSI MODEL OF STORAGE PAD GEOMETRY
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Figure 4-8
SASSI CASK MODEL
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Figure 4-9
SASSI PAD PLATE ELEMENTS a
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Figure 4-10
SLIDING FACTORS OF SAFETY
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Figure 4-11
OVERTURNING FACTORS OF SAFETY
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Figure 4-12
TRANSPORTER DESIGN
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Chapter 5 STORAGE SYSTEM OPERATIONS

This chapter describes the operations associated with the North Anna ISFSI. As indicated in

previous chapters, the North Anna ISFSI is a totally passive installation, requiring no actions or

maintenance for its proper functioning. The operations described in this chapter relate to the

loading and preparation of the SSSCs and their transfer to the ISFSI. Also described is the transfer

of the SSSCs from the ISFSI and unloading operations.

5.1 OPERATION DESCRIPTION

5.1.1 Narrative Description

5.1.1.1 Loading Operations

The loading of the SSSCs takes place within the North Anna Power Station Fuel and

Decontamination Buildings. These operations are similar to the loading of transport casks, as

described in Section 9. i of the North Anna Power Station Updated Final Safety Analysis Report

(UFSAR). An update to the North Anna Power Station UFSAR will address the loading and

unloading of the SSSCs in the Fuel and Decontamination Buildings. These operations are

conducted in a manner that ensures that the capability to safely operate Units 1 and 2 is not

jeopardized. Handling of the SSSCs inside the Fuel and Decontamination Building is performed

in accordance with the operating license for the North Anna Power Station under 10 CFR 50.

The cask loading operation begins with the receipt and inspection of an empty SSSC

outside the Decontamination Building. A two-point lift beam is attached to the 125-ton crane and
placed on the upper trunnions of the SSSC. The SSSC is rotated to a vertical position, lifted from

the shipping frame, moved over the Decontamination Building and through a roll-up door, and

lowered into the preparation area in the north bay of the Decontamination Building. The SSSC lid

is removed and inspected. The fuel basket is also visually inspected for foreign material. The lid is

attached to the 10-ton auxiliary crane and all seals are replaced.

Once prepared, the SSSC is lifted from the north bay and moved to the cask loading area,

with the lid still attached to the 10-ton crane. The SSSC is lowered into the deep end of the cask

loading area and the lift beam detached. Fuel assemblies are loaded into the SSSC using a long

handling tool suspended from the spent fuel bridge crane hoist. An underwater camera is used to

verify the proper placement of the fuel assemblies in the SSSC. After the SSSC is loaded with
spent fuel, the lid is placed on the SSSC with the aid of guide pins. The SSSC is lifted to the pool

surface, the lid bolts are installed and water is pumped from the fuel cavity.

The SSSC is lifted from the cask loading area, moved to the north bay, and is lowered into

the bay.

In the north bay, the lid bolts are tightened according to vendor specifications. Vacuum

drying of the fuel cavity is completed and tested. The cavity is backfllled with helium to design
pressure, and the lid seals are tested. All exterior surfaces of the SSSC are decontaminated.
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Additional lids, if any, are installed and the pressure monitoring system is installed and tested. If

appropriate, the weather cover is installed. Surface radiation dose measurements are then

completed. When all preparations have been completed, the SSSC is lifted from the north bay and

placed on the concrete surface outside of the Decontamination Building.

The SSSC is lifted by the transporter for transfer to the ISFSI. The routes followed by the

transporter from the Decontamination Building to the ISFSI are shown on Figure 4-4. This figure

also shows the location of all nearby systems and structures needed for the safe shutdown of

Units 1 and 2. Drop of an SSSC while in transit to the ISFSI will not result in damage to any of

these systems and structures, nor in radioactive releases in excess of the guidelines in

10 CFR 100. As indicated in Section 3.3.11, the design criteria require that the SSSC maintain its

integrity, preclude physical damage to the fuel, and ensure sub-criticality following a 15-inch

drop. Operating procedures will limit the lifting heights to less than 15 inches once the SSSC is

lifted by the transporter.

The pressure monitoring device on the SSSC must be connected to the monitoring panel

after the SSSC is placed on the ISFSI pad.

5.1.1.2 Unloading Operations

Unloading of an SSSC begins with disconnecting the pressure monitoring device on the

SSSC from the monitoring panel and transporting the SSSC along the same route used for its

placement at the ISFSI. Once the transporter and SSSC are outside the Decontamination Building,

the SSSC is lowered to the concrete surface beneath the 125-ton crane. The SSSC is lifted using

the lift beam and moved to the north bay of the Decontamination Building. A sample of the
helium in the fuel cavity is tested for indications of fuel failure (Kr8 5). If this test indicates that

failed fuel is present in the SSSC, the fuel cavity is evacuated to the Decontamination Building

ventilation system described in Chapter 6, and refilled with helium. Thisprocess of sampling,

evacuating and refilling is continued until helium sample tests are acceptable.

The lid bolts are then loosened and the SSSC is lifted from the north bay and moved to the

cask loading area. The SSSC is lowered into the deep end of the cask loading area until the top of

the cask is level with the spent fuel bridge crane platform. A water supply, with flow indicator, is

attached to the SSSC reflood valve and water is slowly added to the fuel cavity. Flooding of the

cask cavity takes at least 3 hours. When the cavity is full, the lid bolts are removed, the SSSC is

lowered to the bottom of the cask loading area, and the lift beam is detached. The lid is slowly

removed from the SSSC, lifted from the pool and placed at its designated laydown area. Fuel

assemblies are then removed from the SSSC using a long handling tool suspended from the spent

fuel bridge crane hoist. After the SSSC is unloaded, the lid is placed back on the SSSC with the

aid of guide pins. The SSSC is lifted to the pool surface and water is pumped from the fuel cavity.
The SSSC is then returned to the north bay for decontamination of the inner and outer surfaces.
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None of the operations needed to load or unload the SSSCs at the North Anna ISFSI will
result in unacceptable damage to the North Anna Power Station Units 1 and 2, or to the stored

spent fuel.

5.1.2 Flowsheets

Table 5-1 shows a general sequence of operations to load and transport an SSSC to the
ISFSI. Table 5-2 shows the general sequence of operations for unloading an SSSC. Operations

more specific to a particular vendor's SSSCs are outlined in the vendor's SSSC Topical Safety

Analysis Report.

These operations are performed in accordance with procedures addressing health physics
and handling of the SSSCs. They also fulfill the surveillance requirements specified in

Chapter 10.

5.1.3 Identification of Subjects for Safety and Reliability Analysis

5.1.3.1 Criticality Prevention

The design criteria specified in Section 3.3.4 require that spent fuel stored at the
North Anna ISFSI be maintained subcritical at all times. The specific means by which the SSSCs
comply with this criterion are described in the SSSC Topical Safety Analysis Reports or

Appendix A.

5.1.3.2 Instrumentation

Due to the totally passive and inherently safe nature of the SSSCs, there is no need for any
instrumentation to perform safety functions. It is desirable, however, to monitor the performance
of some or all of the SSSCs. Accordingly, the design criteria described in Section 3.3.3 require

that the SSSCs have adequate provisions for the installation and testing of monitors.

The parameters to be monitored will be selected based on recommendations made by the
SSSC manufacturers, experience gained with specific SSSC designs, and other engineering and

health physics considerations. Instrumentation provisions for the SSSCs are described in the

SSSC Topical Safety Analysis Reports.

Although these instruments are not safety related, commitments for their installation,
inspection, and replacement (if needed) are proposed in Section 10.2.

Actions to be taken when monitored parameters exceed preset levels are described in

Section 4.4.5.3.

5.1.3.3 Maintenance Techniques

Because of their passive nature, the SSSCs require little, if any, maintenance over the
lifetime of the ISFSI. No major maintenance tasks are required. Typical maintenance tasks would
involve occasional replacement of monitoring instrumentation, recoating of some SSSCs with
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corrosion-inhibiting coatings, minor road and drainage ditch repairs, and minor maintenance of
security systems. Cask re-coating involves enclosing a SSSC within a temporary building. The
building is lowered over top of a SSSC and ventilation is supplied along with appropriate health
physics ventilation controls. The building is used to ensure that the removed coating is not
dispersed to the environment and to provide a controlled environment during the re-coating

process. A specific evaluation was performed for this evolution to ensure the original thermal
evaluation remained valid. Additional details of this evaluation are contained in Appendix A. 1.4.

Specific maintenance recommendations for the SSSCs are provided in the SSSC Topical

Safety Analysis Reports.

In addition to ISFSI maintenance and SSSC maintenance, a visual surveillance of the ISFSI

will be performed on a periodic basis to determine that no significant accumulation of debris on or
near SSSC surfaces has occurred.

5.2 CONTROL ROOM AND CONTROL AREAS

The North Anna ISFSI does not require continuous surveillance by the operations staff or

operator actions, even during postulated accidents. Therefore, a control room or control area is not

considered necessary.

Local panels at the ISFSI site provide an annunciator alarm if the value of a monitored

parameter exceeds an alarm setpoint. The local panels indicate the SSSC that requires operator
attention. Provisions have been made to allow for two alarms per SSSC at the local panels.

If an alarm signal is received at the alarm panel, an alarm is also transmitted to the Station
Security central Alarm and Secondary Alarm Stations. Security personnel continuously monitor

these stations and they would notify the Shift Manager for a response. Personnel first determine

that an electronic fault at the alarm panel is not causing the alarm. If no electronic fault is found

and an alarm signal is being received from an SSSC, the pressure switch for this SSSC is checked
for proper function. If the pressure switch has failed, it is replaced. If the pressure switch is
functioning properly, a seal leak is occurring, and the SSSC is returned to the Decontamination

Building for repairs.

5.3 SPENT FUEL ACCOUNTABILITY PROGRAM

Accountability and control of special nuclear materials will be maintained at all times

during the loading, transport, and storage of spent fuel assemblies. Accountability records for all

fuel assemblies transferred to, stored in or removed from the ISFSI will be maintained for as long

as the fuel assemblies are stored on the North Anna site.

Material status reports shall be completed and submitted to the NRC, as specified in
10 CFR 72.76. Nuclear material stored at the ISFSI will not be transferred from 'Virginia Power to
other ownership, therefore, Nuclear Material Transaction Reports (DOE/NRC Form-741)
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required by 10 CFR 72.78 will not be needed. The North Anna ISFSI will be treated as a separate

material balance area of the North Anna Power Station.

Records showing the transfer of spent fuel between the spent fuel storage pool and the

ISFSI shall be maintained in accordance with the administrative procedure that provides for

control of nuclear material.

5.4 SPENT FUEL TRANSPORT

The transporter to be used to move the SSSCs between the Decontamination Building and

the ISFSI is described in Section 4.3. A tow vehicle, such as a diesel tractor, will be used to move

the transporter.

Each SSSC will be lifted by the transporter outside the Decontamination Building. The

transporter will then be towed to either the west gate or the south east gate of the protected area

fence. Beyond each gate, an asphalt road is used to the ISFSI site.

The plan and profile of the ISFSI site access road is shown in Figure 5-1.
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Table 5-1
GENERAL SEQUENCE OF LOADING OPERATIONSa

1. Unload empty SSSC from rail car.

2. Move SSSC inside Decontamination Building.

3. Remove weather cover and inspect for shipping damage.

4. Remove lid(s) and inspect the following for damage: exterior surfaces, sealing surfaces,
trunnions, accessible interior surfaces and basket assembly, bolts, and bolt holes and threads.

5. Replace lid seals.

6. Move SSSC to cask loading area.

7. Lower SSSC into cask loading area.

8. Load SSSC with preselected spent fuel assemblies using spent fuel handling crane.

9. Verify inventory of fuel assemblies loaded into SSSC.

10. Place lid on SSSC.

11. Lift SSSC to surface and install lid bolts.

12. Pump water from the SSSC fuel cavity into cask loading area.

13. Raise SSSC from cask loading area and spray exterior with water.

14. Return SSSC to Decontamination Building.

15. Begin to decontaminate exterior surfaces of SSSC.

16. Secure lid with bolts.

17. Vacuum dry SSSC cavity and test.

18. Fill SSSC cavity with helium and test seals.

19. Install pressure monitoring device and test.

20. Perform SSSC surface radiation measurements.

21. Lift SSSC from Decontamination Building and place on concrete surface.

22. Lift SSSC with transporter.

23. Transport SSSC to ISFSI.

24. Connect pressure monitoring device to monitoring panel.

a. Some steps indicated on this flowsheet may be performed in parallel with other steps.
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Table 5-2
GENERAL SEQUENCE OF UNLOADING OPERATIONSa

1. Disconnect pressure monitoring device.

2. Transport SSSC to Decontamination Building.

3. Release SSSC from transporter.

4. Lift SSSC to Decontamination Building.

5. Sample and test helium in fuel cavity.

6. Purge helium in fuel cavity, if necessary.

7. Loosen lid bolts.

8. Lift SSSC from north bay and move to fuel loading area in Fuel Building.

9. Lower SSSC into cask loading area and install reflood water supply.

10. Reflood fuel cavity with water and remove lid bolts.

11. Lower SSSC into cask loading area.

12. Remove lid from SSSC and store.

13. Remove fuel assemblies from SSSC.

14. Place lid on SSSC.

15. Lift SSSC to surface of cask loading area.

16. Pump water from the SSSC fuel cavity into the cask loading area.

17. Raise SSSC from cask loading area and spray exterior with water.

18. Return SSSC to Decontamination Building.

19. Decontaminate interior and exterior surfaces of SSSC.

a. Some steps indicated on this flowsheet may be performed in parallel with other steps.
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Figure 5-1
PLAN AND PROFILE OF ISFSI SITE ACCESS ROAD
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Chapter 6 WASTE MANAGEMENT

No radioactive wastes will be generated during storage of the SSSCs at the ISFSI or during

transport to/from the ISFSI. Radioactive wastes generated during loading operations in the Fuel
and Decontamination Buildings will be treated using existing North Anna Power Station
radioactive waste control systems as described in Chapter 11 of the North Anna Power Station
Updated Final Safety Analysis Report (UESAR).

Contaminated water from loaded SSSCs will normally be drained back into the spent fuel
*pooi with no additional processing. A small amount of liquid waste will result from SSSC

decontamination. The decontamination procedure may result in a small amount of
detergent/demineralized water mixture being collected in the Decontamination Building. Liquid

wastes in this building are directed to the Fluid Waste Treatment Tank for transfer to the liquid

waste disposail system.

Potentially contaminated air and helium purged from the SSSCs during loading and

unloading will be handled by the Fuel and Decontamination Building ventilation systems, as

described in Sections 9.4.3 and 9.4.4 of the North Anna Power Station UFSAR. Ventilation air
from these buildings may be exhausted through filter banks consisting of roughi'ng, particulate

and charcoal filters in series.

A small quantity of low-level solid waste may be generated during SSSC loading
operations. This solid waste may include disposable anti-contamination garments and plastic

sheeting, tape, and rags, and will be processed as described in Section 11.5 of the North Anna

Power Station UPSAR.
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Chapter 7 RADIATION PROTECTION

7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE

AS LOW AS REASONABLY ACHIEVABLE (ALARA)

7.1.1 Policy Considerations and Organization

A radiological protection program will be implemented at the North Anna ISFSI in

accordance with the requirements of 10 CFR 72.126. The program will be based on policies in

existence at the North Anna Power Station, which are described below.

The management policies, organizational structure and program criteria for maintaining
exposures ALARA at the North Anna ISFSI are the same as for the North Anna Power Station,
and are collectively referred to as the Virginia Power ALARA Program. The Virginia Power

ALARA Program is an important part of the North Anna Power Station radiation protection
,program. The basic principles of the Virginia Power ALARA Program are described in Virginia

Power admrinistrative procedures and are implemented by health physics technical procedures.

The North Anna Power Station ALARA program complies with 10 CFR 20.1101,

Radiation Protection Programs, and is consistent with the guidance of Regulatory Guide 8.8
(June 1978), Information Relevant to Ensuring That Occupational Radiation Exposures at

Nuclear Power Stations Will Be As Low As Reasonably Achievable. The station ALARA program

includes the following aspects:

*Specific individuals are assigned responsibility for, and authority to implement the station
ALARA Program consistent with Virginia Power policy. These individuals include the

station ALARA coordinator and department ALARA coordinators.

*A Station ALARA Committee has been established with the responsibility for overall

coordination of the station ALARA Program and for advising the Station Management on
matters relating to ALARA. A member of station management chairs the Committee.

*Pre-job measures are required to implement the station ALARA philosophy. These

include ALARA evaluations of proposed work, pre-job meetings, and tiered levels of
review based on projected expended person-rem.

I*Monitoring and control of ongoing work is accomplished by the establishment of an
exposure tracking system, ALARA hold points, and ALARA Radiation Work Permit
(RWP) re-evaluation meetings.

*Completed work is evaluated via post-job reviews, maintenance of job history files and
periodic process reviews of selected work evolutions.

* A temporary shielding program hias been established.

* An ALARA suggestion system is maintained to solicit, evaluate, and reward employee

ideas that save person-rem.
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* Engineering design change packages receive an ALARA review prior to implementation.

* A system has been established to actively involve, guide, and monitor the performance of

*the station and individual departments toward meeting ALARA objectives.

The location of the ISFSi within the North Anna Power Station site allows the health

physics facilities, equipment and personnel to be readily available at all times to ensure that

ALARA considerations are met. The ISFSI is located a sufficient distance from buildings and

occupied spaces to minimize total personnel exposure.

Regulatory Guide 8.10 (May 1977), Operating Philosophy for Maintaining Occupational

Radiation Exposures As Low As Reasonably Achievable, Regulatory Position 1, concerning
management commitment to minimizing exposures, is addressed by Virginia Power

administrative procedures. Regulatory Position 2, concerning radiation protection staff vigilance

in ALARA matters, is addressed and implemented by Virginia Power administrative procedures

and health physics technical procedures.

The health physics organization is described in an administrative procedure. The

organization to maintain exposures ALARA is also described in Virginia Power administrative
procedures. The Station ALARA Committee is a major part of that organization. An
administrative procedure also lists North Anna Power Station health physics administrative

procedures by functional grouping. These procedures are also applicable to the North Anna

ISFSI.

The guidance of Regulatory Position 2 of Regulatory Guide 8.8 (June 1978) is followed as

described in Section 7.1.2. The guidance of Regulatory Guide 8.10 (May 1977) is followed as

described in this section.

Virginia Power personnel qualifications and experience are considered more than sufficient
for operation of the North Anna ISFSI since these personnel have gained considerable experience

at the North Anna Power Station. An administrative procedure provides the functional
responsibilities and reporting relationships of the members of the health physics organization and

the personnel qualification requirements for positions in the station health physics organization.

•Health physics equipment, instrumentation, and facilities for the North Anna ISFSI will be

those of the North Anna Power Station. Radiation surveys with portable instruments will be

performed during surveillance of the SSSCs and other activities at the ISFSI. Portable instruments

required for measuring dose rates and radiation characteristics are maintained in accordance with

approyed health physics procedures.

As indicated in Section 7.2.2, respiratory' protection equipment will not be needed at the

North Anna ISFSI.

Radiation protection facilities, instrumentation, and equipment available at the North Anna

Power Station are similar to that described by Regulatory Position 4 of Regulatory Guide 8.8
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(June 1978). These include count room equipment, portable instruments, personnel monitoring
instruments, protective equipment, and their associated support facilities.

The guidance for testing, rejection criteria, and use in mixed radiation fields being followed

for the dosimeters at the North Anna Power Station will be used at the North Anna ISFSI.

The bioassay program in use for personnel at the North Anna Power Station will also apply

to the North Anna ISFSI.

The methods and procedures for conducting radiation surveys at the North Anna ISFSI will
comply with the approved health physics procedures in effect at the North Anna Power Station.

This Section describes the health physics and ALARA procedures and planning for the

North Anna Power Station which will be used at the ISFSI. The complete details are in the

applicable Virginia Power station and departmental administrative procedures and health physics

technical procedures.

The radiological respiratory protection program is outlined in Virginia Power administrative

procedures and implemented by health physics technical procedures.

Access control will be accomplished by means of a perimeter fence with locked gates

surrounding the North Anna ISFSI. Control of the keys will be in accordance with security and

health physics policies and procedures.

The bases and methods for monitoring and controlling personnel, equipment and surface
contamination control, and radiation protection training program content are described in Virginia

Power administrative procedures and health physics technical procedures.

The guidance provided by Regulatory Guide 8.10 (May 1977) will be followed as described
in this section and Section 7.1.3. The guidance of Regulatory Guide 8.15 (October 1976)•

Acceptable Programs for Respiratory Protection, will be followed as described in this Section.
There should be no need for bioassay of personnel after surveillance activities at the North Anna

ISFSI. There should also be no need for radiological respiratory protection equipment.

Personnel dosimetry used at the North Anna ISFSI will be controlled by the external

dosimetry program approved for the North Anna Power Station. An ALARA feedback
mechanism using dosimeter results for preplanning future tasks is included in Virginia Power
administrative procedures and their implementing documents'.

The criteria for performing routine and non-routine whole-body counting and bioassay are
contained in Virginia Power administrative procedures and health physics technical procedures

for the North Anna Power Station. Methods and procedures for evaluating and controlling
airborne radioactive material are also given in these procedures.

Respiratory protection program requirements, equipment use and maintenance guidance,
and fit testing protocol are delineated in Virginia Power administrative procedures and health
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physics technical procedures. Radiological respiratory protectiontraining is conducted in
accordance with Nuclear Training Department procedures.

7.1.2 Design Considerations

The North Anna ISFSI has been located in an area adjacent to the Station main access road.
This location was chosen based on several considerations, including ALARA, as follows:

1. The ISFSI is centrally located within the North Anna Power Station site boundary, thus
minimizing off-site exposures.

2. The ISFSI is sufficiently distant from buildings and occupied spaces to minimize dose to
station personnel.

The layout of the ISFSI is designed to minimize personnel exposures. The SSSCs will be
stored with sufficient separation between them to allow adequate personnel access between the
SSSCs for surveillance and handling operations.

The equipment design considerations are ALARA since the fuel will be stored dry, inside
heavily-shielded SSSCs. The heavy shielding will minimize personnel exposures. The required
maintenance and surveillance of the SSSCs will be minimal and therefore ALARA. Additionally,
the SSSCs will not be opened nor will fuel be removed from the SSSCs while at the ISFSI.
Storage of the fuel in dry SSSCs eliminates the possibility for release of contaminated liquids.

Gaseous releases are also not considered credible. The exterior of the SSSCs will be
decontaminated before being placed at the ISFSI. There will be no contaminated equipment at the
ISFSI, so there will be no potential for personnel contamination at the ISFSI.

Guidance provided by Regulatory Guide 8.8 (June 1978), Regulatory Position 2, which
concerns design considerations, is being addressed as follows:

1. Regulatory Position 2.a concerning access control is met by use of a perimeter fence with
locked gates that surrounds the ISFSI and prevents unauthorized access.

2. Regulatory Position 2.b concerning radiation shielding is met by the heavy shielding of the
SSSCs which minimizes personnel exposures.

3. Regulatory Position 2.c concerning process instrumentation and controls is not applicable
since there are no radioactive systems at the ISFSI. No process controls~ are required at the
ISFSI. However, there may be minor exposure attributed to monitoring instrument testing
and replacement.

4. Regulatory Position 2.d concerning control of airborne contaminants is not applicable
because no gaseous releases are expected. No significant surface contamination is expected
because the exterior of the SSSCs will be decontaminated before being placed at the ISFSI.

5. Regulatory Position 2.e concerning crud control is not applicable to the ISFSI because there
are no radioactive systems at the ISFSI that could transport crud.
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6. Regulatory Position 2.f concerning decontamination is met because the exteriors of the

SSSCs are decontaminated before being placed at the ISFSI.

7. Regulatory Position 2.g concerning radiation monitoring is met because the SSSCs are

sealed. There is no need for airborne radioactive material monitoring since no airborne
radioactive material is anticipated. Area radiation monitors will not be required because the
ISFSI will not normally be occupied; however,, thermoluminescent devices will be installed

along the ISFSI perimeter fence. Portable survey meters will normally be used for work

performed near or on the storage pads. Personnel dosimetry will be used at all times. An

RWP will be required for any~entry into the ISFSI.

8. Regulatory Position 2.h concerning resin and sludge treatment systems is not applicable to

the ISFSI because there will not be any radioactive systems containing resins or sludges.

9. Regulatory Position 2.i concerning other miscellaneous ALARA items is not applicable

because these items refer to radioactive systems not present at the North Anna ISFSI.

7.1.3 Operational Considerations

The ALARA procedures for the ISFSI will be the same as those used in the health physics

program for the North Anna Power Station. Section 7.1.1 describes the policy and procedures that

ensure that ALARA occupational exposures and contamination levels are achieved. Section 7.1.2

describes how the design considerations are ALARA.

Storage of spent fuel in SSSCs is expected to involve lower exposures than other methods or
designs for onsite storage. For example, storage in a fuel pool would involve the use of
contaminated water cooling and cleanup systems, and filtered heating, ventilation and air

conditioning. There would be higher operator exposures due to pump, valve, and motor

maintenance of these systems, and filter and resin replacement. This alternative would also lead to

additional airborne and liquid releases that will not occur at the North Anna ISFSI.

The count room, portable instruments, personnel monitoring instruments, protective

equipment, and support facilities similar to those described in Regulatory Position 4 of

Regulatory Guide 8.8 (June 1978) will be provided by the health physics facilities and personnel

at the North Anna Power Station. Section 7.1.1 provides additional details.

Operational requirements for surveillance are incorporated into the design considerations

described in Section 7.1.2 in that the SSSCs are stored with' adequate spacing to allow ease of

surveillance. The operational requirements are incorporated into the radiation protection design

features described in Section 7.3 since the SSSCs are heavily shielded to minimize Occupational

exposure.

The criteria and conditions under which certain ALARA techniques are implemented to
ensure ALARA exposures and contamination levels are described in Section 7.1.1. ALARA
techniques will be implemented at all times.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 7-6

As the potential person-rem per task increases, the ALARA techniques employed become
more stringent as described in Virginia Power administrative procedures.

The ISFSI does not contain any systems that process liquids or gases or contain, collect,

store, or transport radioactive liquids or solids, other than the SSSCs. Therefore, the ISFSI is

ALARA since there are no such systems to be maintained, or repaired, or be a source of leaks.

7.2 RADIATION SOURCES

7.2.1 Characterization of Sources

The physical characteristics of the fuel used at the North Anna Power Station are

summarized in Table 3-i. Typical fuel assembly source data for the fuel used at North Anna is

provided in the TN-32 Final Safety Analysis Report (Reference I). Descriptions of the fuel which
the SSSCs are designed to store are provided in the SSSC Topical Safety Analysis Reports and

Appendix A. The exterior surfaces of the SSSCs will be decontaminated prior to transfer to the
ISFSI. The fuel will not be removed from the SSSCs nor will the SSSCs be opened while at the
ISFSI. There are no radioactive systems at the ISFSI. Therefore, the only source of radioactivity

will be the direct radiation from the fuel stored inside the SSSCs.

7.2.2 Airborne Radioactive Material Sources

Under normal operation, the radioactive material sources are safely confined both within the
fuel cladding and within the SSSC containment during storage. Surface contamination from the
spent fuel pool will be removed prior to storage at the ISFSI. Therefore, provisions for personnel

protection measures against airborne sources are not required. A loss of confinement barrier event

and subsequent airborne radiation impact is discussed in Section 8.2.10.

7.2.3 References

1. TN-32 Dry Storage Cask Final Safety Analysis Report, Revision 0, Transnuclear, Inc.,
January 2000.

7.3 RADIATION PROTECTION DESIGN FEATURES

7.3.1 Storage System Design Description

A description of the North Anna ISFSI, including layout and characteristics is provided in
Section 4.1. Figure 7-1 depicts the ISFSI showing the storage pads numbered to correspond with

the order in which they will be filled.

The ISFSI has a number of design features which ensure that exposures are ALARA:

* There are no radioactive systems in the ISFSI other than the SSSCs

* The SSSCs are loaded, sealed, and decontaminated prior to transfer to the JSFSI

* The fuel is not unloaded nor are the SSSCs opened at the ISFSI
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* The fuel is stored dry inside the SSSCs, so that no radioactive liquid is available for
leakage

* The SSSCs are Sealed airtight

* The SSSCs are heavily shielded to minimize external dose rates

• A perimeter fence with locked gates surrounds the ISFSI to limit access near the SSSCs

Typically, the ISFSI will not be occupied, therefore, no personnel areas, equipment
decontamination areas, contamination control areas, or health physics facilities need to be located
at the ISFSI. These types of facilities are available at the North Anna Power Station.

7.3.2 Shielding

The SSSC shielding designs are provided in the SSSC Topical Safety Analysis Reports. An
earth berm was constructed inside the north and east perimeter fences of the ISFSI to reduce

direct radiation. No other shielding is required.

7.3.2.1 SSSC Surface Dose Rates

The gamma and neutron dose rates on the SSSC surface and their associated energy spectra
are dependent on the SSSC design. These dose rates are also dependent on the burnup and initial
enrichment of the fuel stored in the SSSCs. Therefore, SSSC-specific analyses have been
performed for representative North Anna Power station fuel. The assumptions used in the

SSSC-speciflc analyses for SSSC surface dose rates and energy spectra are provided in the SSSC
Topical Safety Analysis Reports.

The TN-32 SSSC loaded with fuel with an enrichment of 3.50 weight percent U-235,
burnup of 45,000 MWD/MTU and cooling time of 7 years has been chosen as the base case for
analysis purposes. Using an enrichment lower than the 4.30 weight percent U-235 approved for
the TN-32 yields a bounding isotope inventory, and is in accordance with NUREG-1536 and NRC

Interim Staff Guidance.

Source terms for the fuel were calculated using the SAS2H/ORIGEN-s module of
SCALE4.3 as described in Section 5.1 of Reference 1. These source terms are then passed
through a SAS2H cask shielding model for a 1-dimensional dose assessment. Section 5.2
(Reference 1) describes the source specification and Section 5.3 (Reference 1) describes the
shielding analyses performed for the TN-32 cask.

In addition to the spent fuel, the TN-32 is capable of storing burnable poison rod assemblies
(BPRA) and thimble plug assemblies (TPA). BPRAs and TPAs with combinations of cumulative
exposures and cooling times are permissible for storage in the TN-32 cask. The source evaluation

of the BPRAs and TPAs is described in Section 5.2 (Reference 1).

Dominion conducted an independent analysis of the TN-32 surface dose rate using the
MCNP Monte Carlo transport code (Reference 2). This analysis was used to form the basis for the
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average cask surface dose rate limit in the ISFSI Technical Specifications. The average surface

dose rates calculated for the TN-32 base case SSSC were 218 mremn/hr (neutron and gamma) for

the side surface and 58 mrem/hr (neutron and gamma) for the top surface.

7.3.2.2 Dose Rate Versus Distance

Analyses have been completed to determine dose rates at the ISFSI perimeter fence, the site
boundary and the nearest permanent resident. These analyses were performed using the MCNP

Monte Carlo transport code (Reference 2) and the following conservative inputs.

1. Isotope inventories were based on 32 fuel assemblies with enrichment of 3.5 weight percent

U-235 and burnup of 45,000 MWDIMTU.

2. The three storage pads are filled with 84 TN-32 SSSCs, each pad having 28 SSSCs.

Assuming 84 TN-32 SSSCs results in an amount of fuel stored on the pads which exceeds
the current licensed limit of 839.04 TeU (approximately 57 TN-32 SSSCs), providing

additional conservatism to the analysis.

3. The inventory of SSSCs stored in the ISFSI will increase by four SSSCs per year. This
average rate of inventory change was used to determine the age of the spent fuel (years after

discharge) and the subsequent reduction in dose rates.

4. The effects of irradiated insert components are included in the MCNP analyses.

Figure 7-1 shows the layout of the ISFSI. The MCNP analysis of the dose rate at the ISFSI

perimeter fence using base case TN-32 SSSCs resulted in peak dose rates that range from 0.3 to
1.9 mrem/hr when all three pads were full. The specific dose rates for the various points on
Figure 7-1 are provided in Table 7-1. Dose rate measurements at the ISFSI perimeter fence will be

used to ensure that the requirements of 10 CFR 20 are met.

The MCNP analysis for the nearest site boundary indicated that the maximum dose rate at

this location was less than 100 mremlyr, which meets the requirements of 10 CFR 20.1301.

The MCNP analysis for the nearest permanent resident indicated that the contribution to the

maximum dose rate from the operation of the ISFSI was 2.1 mremlyr. When combined with the

contributions from the operations of North Anna Power Station Units 1 and 2, the result is well

below the 25 mrermlyr imposed by 10 CFR 72.104(a).

7.3.3 Area Radiation and Airborne Radioactivity Monitoring
Instrumentation

As indicated in Section 3.3.5, area radiation and airborne radioactivity monitors are not
needed at the North Anna ISFSI. However, thermoluminescent devices will be used to record
gamma radiation doses at appropriate intervals along the ISFSI perimeter fence. Neutron radiation
detection devices may also be used on the ISFSI perimeter fence if they are available and reliable.
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7.3.4 References

1. TN-32 Dry Storage Cask Final Safety Analysis Report, Revision 0, Transnuclear Inc.,
January 2000.

2. Evaluation of the TN-32 Cask with Increased Enrichment and Burnup Fuel for use at the
North Anna Power Station Independent Spent Fuel Storage Installation, Dominion Technical
Report NE-131 1, Revision 0, January 2002.

3. MCNP4C, Monte Carlo N-Particle Transport Code System, CCC-700, J. W. Briesmeister,
LANL, December 2000.

7.4 ESTIMATED ONSITE COLLECTIVE DOSE ASSESSMENT

Table 7-2 provides the estimated occupational exposures to ISFSI personnel during the
loading, transport, and emplacement of one SSSC. These results are based on the design basis
surface dose rates discussed in Section 7.3.2.1. Our experience at the Surry Power Station ISFSI
indicates that these estimated occupational exposures are very conservative, and that actual
occupational exposures for loading, transport and emplacement activities are approximately 0.250

person-remn (Reference 1).

Table 7-3 provides the estimated annual occupational exposure for ISFSI surveillance and
maintenance activities. The design basis surface dose rates were utilized, and it was assumed that
all storage pads were filled with SSSCs. To estimate the dose rates for operability tests and

calibration, the worker was assumed to be located at the control panel at the perimeter fence
vehicle gate entrance. Visual surveillance was based on a walkdown of each of the three storage
pads at a distance no closer than 2 meters to the SSSCs. During surface defect repairs, the worker
was assumed to be positioned next to an SSSC. The two surrounding SSSCs (all within 16 feet of

the worker) are the predominant dose contributors during repair work.

To evaluate the additional dose to station personnel from ISFSI operations, a conservative
analysis has been performed using the assumptions given in Section 7.3.2.2, including annual
decay. The dose calculation considers all workers at the North Anna Power Station to be in
offices, non-shielded buildings, or in the plant yard. This population includes a normal work force
of utility and contractor personnel as well as the increased staffing required during outages. As a
bounding estimate, the total number of workers assumed was 750 spending a total of
1,560,000 person-hours/year in the North Anna yard area and in offices.

The minimum distance between the North Anna Units 1 and 2 protected area fence and the
nearest SSSC is approximately 2000 feet. The dose rate from the fully-loaded ISFSI to a location
2000 feet away is 1 .83E-03 mrem/hr. The annual dose for station workers due to the fully-loaded
ISFSI is calculated to be 3.66 mremlperson or a total annual dose to Station personnel of
2.75 person-remn. The maximum annual dose.of 3.66 mrenlperson represents less than 0.1% of
the 5 remn annual occupational exposure limit.
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The total annual occupational exposure during ISFSI loading operations is
14.39 person-rem (see Table 7-4), and represents the maximum expected. As indicated previously,

the actual occupational exposures for loading, transport, and emplacement of an SSSC are

approximately 0.25 to 0.5 person-rem per loading. This combined with the North Anna Power

Station annual occupational exposure during ISFSI loading operations (Table 7-4) results in a

total annual occupational exposure during ISFSI operations of approximately 4 person-remn. This

exposure represents approximately 5% of the average annual occupational exposure from all

operations at the North Anna Power Station.

7.4.1 References

1. C. J. Hostick, J. C. Lavender and B. H. Wakeman, Time and Dose Assessment of Barge

Shipment and At-Reactor Handling of a CASTOR V/21 Spent Fuel Storage Cask, Pacific
Northwest Laboratory, PNL-7205, April 1992.

7.50OFFSITE COLLECTIVE DOSE ASSESSMENT

The site plan for the North Anna ISFSI and its relative location to the North Anna Power

Station are provided in Figure 2-3. The North Anna site within the boundary is the controlled area

as defined in 10 CFR 72.

Based on projections for year 2000, 354 permanent residents are located within a 2-mile

radius of the North Anna site boundary. The nearest permanent resident is located at 2860 feet

from the ISFSI. The maximum annual dose to the nearest resident is 2.10 mrem. Using the

conservative assumption that all of the residents within two miles are located at the same distance

from the ISFSI as the nearest resident, their maximum annual collective dose from the ISFSI

would be:

0.00210 rem/year x 354 persons =0.74 person-remn/year

The annual dose to the maximally exposed individual from all significant sources at the
North Anna Power Station has been estimated in Appendix 11lB of the North Anna Power Station

Updated Final Safety Analysis Report (UFSAR) as 3 mrem/yr. Therefore, the maximum

combined radiation contribution to the nearest permanent resident from the operation of the ISFSI

(2.10 mrem/yr) and North Anna Power Station Units 1 and 2 (3.00 mrem/yr) is 5.10 mrern/yr.
This is well below the 25 mrem/yr limit imposed by 10 CFR 72.104(a).

The North Anna ISFSI has no gaseous or liquid effluents, therefore, these do not contribute

to the dose of nearby residents.

Considering the conservatisms in the above calculation and the rapid attenuation of neutron

and gamma dose rates with distance, the dose for the more distant population is negligible.
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7.6 HEALTH PHYSICS PROGRAM

The health physics organization and the health physics equipment associated with operation
of the North Anna Power Station are considered sufficient for the operation of the ISFSI. The
health physics technical procedures directing routine surveys include ISFSI activities.
Thermoluminescent devices are in place along the ISFSI fence for routine monitoring of onsite

dose.

7.7 ENVIRONMENTAL MONITORING PROGRAM

The North Anna Power Station environmental monitoring program is utilized for the ISFSI.

Since there are no effluents from the ISFSI, no changes are required for the environmental

monitoring program.
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Table 7-1
MAXIMUM DESIGN BASIS DOSE RATES ALONG ISFSI PERIMETER FENCE (MREMIHR)

Yearsa Status A B C D E F G H

14 Pads 1 and 2Full 0 .3 18b 0 .55 6 b o.736b
21 Pads 1, 2, and 3 Full 1.933 0.365 0.974 0.302 0.397 0.630 0.974 0.813

a. 14 years corresponds to the first two pads being filled assuming 4 SSSCs stored per year. Fuel stored
would have minimum of additional 7 years of decay.

b. Due to location of pad 2, maximum dose rates at these locations occur after pad 2 is filled.
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Table 7-2
ESTIMATED OCCUPATIONAL EXPOSURES FOR CASK LOADING,

TRANSPORT, AND EMPLACEMENTa (ONE TIME EXPOSURE)

Time
Required

Task (hr)
No. of Dose Rate

Persons (rern/hr) Person-Rem

1. Unload empty SSSC from rail car
2. Move SSSC inside Decon Bldg

3. Remove cover; inspect

4. Remove lid(s); inspect

5. Replace lid seals
6. Move SSSC to loading area

7. Lower SSSC into loading area
8. Load SSSC with spent fuel

9. Verify fuel inventory

10. Place lid on SSSC
11. Lift SSSC; install lid bolts

12. Remove water in fuel cavity
13. Raise SSSC from loading area

14. Return SSSC to Decon Building

15. Decontaminate SSSC

16. Secure Lid
17. Vacuum dry cavity and test

18. Fill cavity with helium and test
19. Install pressure device and test

20. Perform radiation measurements
21. .Lift SSSC; place outside of Decon

Building

22. Lift SSSC with transporter

23. Transport SSSC to ISFSI
24. Connect pressure monitoring device;

install weather cover

2.00
0.25
2.00
2.00
0.50
1.00
0.25
3.00
0.50
1.00
0.50
1.00
0.25
0.33
2.00
1.00
4.00
3.00
3.00
0.50
0.50

1.00
0.50
1.00

0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00

1 .70E-03

1 .70E-03

1.70E-03

1 .70E-03

1 .70E-03

2.86E-02
2.86E-02

8.39E-02
8.39E-02
8.39E-02

8 .39E-02

8.39E-02

8.39E-02
8.39E-02

8.39E-02

5.88E-02

3.36E-02

3.36E-02
8.39E-02

0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00

5.10E-03

1 .28E-03

1 .53E-02
8.50E-04

3 .40E-03

2.86E-02

5.72E-02
4.20E-02
5.54E-02

3.36E-01

1 .68E-02
6.71E-01

5.04E-01
5.04E-01

4.20E-02

5.88E-02

6.72E-02

5.20E-02
1 .68E-01

2.78E+00

2
3
2

Total

a. Dose rates are from the base TN-32 cask.
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Table 7-3
NORTH ANNA ISFSI MAINTENANCE OPERATIONSa ANNUAL OCCUPATIONAL

EXPOSURES

Time
Required

Task (hr)
No. of Dose Rate

Persons (rem/hr) Person-Rem

Visual Surveillance of Casks b
Instrumentation

a. Operability Tests
b. Calibration d
c. Repair e

Surface defect repairs f

1.00

1.00
2.00

1.00

1.00

2

2

2

2

2

8.39E-02 1.68E-01

1 .90E-03
1 .90E-03

8.39E-02

8.39E-02

3 .80E-03
7.60E-03
1 .68E-01
1 .68E-01
5.15E-01

a. 'Dose rates are from the base case TN-32 cask. Assumes ISFSI is full.
b. Based on four surveys per year, 15 minutes each.
c. Based on two tests per year, 30 minutes each.
d. Based on recalibration of the instruments every two years. Total time required is four hours

every two years.
e. Based on repair of one instrument every year, one hour per repair.
f. Based on repair of three SCCCs per year, 20 minutes each.

Table 7-4
TOTAL ANNUAL OCCUPATIONAL EXPOSURES DURING ISFSI LOADING

OPERATIONSa

Person-Rem

North Anna Power Station b
ISFSI Operations

SSSC Preparation and Placementc
Maintenance and Surveillance b

Total

2.75E+00

1ll.12E+00
5.15E-01

14.39E+00

a. Utilizes design basis SSSC surface dose rates.
b. Assumes full ISFSI (84 SSSCs).
c. Assumes four SSSCs every year.
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Figure 7-2
DOSE RATE FOR 84 BASE CASE CASKS VERSUS DISTANCE
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Chapter 8 ACCIDENT ANALYSES

An evaluation of the safety of the North Anna ISFSI with respect to postulated accident

events is presented in this chapter. The facility response is analyzed in terms of event causes and

precursors, recognition and quantification, and consequence mitigation for the spectrum of

postulated occurrences.

Four categories of design events have been considered, as defined in ANSI/ANS 57.9-1984.

Design event categories are designated as:

I Events that are expected to occur regularly or frequently in the course of normal

operation

II Events which can be expected to occur with moderate frequency as on the order of

once per year

III Events anticipated to occur infrequently or, at most, once during the lifetime of the

installation

IV Events which are not considered credible, but nevertheless are postulated in order to

bound the consequences.

8.1 OFF-NORMAL OPERATIONS

The design and operation of the North Anna ISFSI include features intended to minimize or

preclude the compromise of safety functions due to off-normal conditions. These features are

described in Chapters 4 and 5. Nevertheless, design events have been postulated and analyzed to

demonstrate the inherent safety of the facility.

Design events in Category I (normal operations) have been previously discussed in

Chapters 4, 5, and 6 and are not presented further here. A loss of electric power design event has

been included as a Category II event and is discussed in the following section. The SSSC Topical

Safety Analysis Reports postulate additional off-normal events for the SSSCs. The Topical Safety

Analysis Reports analyze the effects of these additional events and identify the corrective actions.

8.1.1 Loss of Electric Power

A total loss of ac power is postulated to occur in the feeder cabling which supplies power to
the ISFSI. The failure could be either an open or a short to ground circuit, or any other mechanism

capable of producing an interruption of power.

8.1.1.1 Postulated Cause of Event

A loss of power to the ISFSI may occur as a result of natural phenomena, such as lightning

or extreme wind, or as a result of undefined disturbances in the nonsafety-related portion of the
electric power system of the North Anna Power Station.
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If electric power is lost, the following systems would be powered from the ISFSI diesel:

• Area lighting

• Area receptacles

• SSSC pressure monitoring instrumentation

* Microwave

* Camera System

8.1.1.2 Detection of Event

*A loss of ac power at the North Anna site would be indicated in the CAS. If the loss of
power were localized solely at the ISFSI, this would be indicated at the local annunciator.

8.1.1.3 Analysis of Effects and Consequences

•This event has no safety or radiological consequences. None of the systems whose failure

could be caused by this event are required for the accomplishment of the safety function of the
ISFSI. The lighting system functions merely for convenience and visual monitoring, and the
instrumentation monitors the long-term performance of the SSSCs with respect to seal integrity.

Seal integrity is not expected to change rapidly and its status is not dependent upon electric power.

8.1.1.4 Corrective Actions

Following a loss of electric power to the ISFSI, plant maintenance personnel will be
informed, and will isolate the fault and restore electrical service by conventional means. Such an

operation is straightforward and routine for the maintenance crewsof an electric utility.

8.1.2 Radiological Impact from Off-Normal Operations

A loss of power will not affect the integrity of the SSSCs, jeopardize the safe storage of the
fuel, nor result in radiological releases.

8.2 ACCIDENTS

This section addresses more serious occurrences which are expected to happen on an
extremely infrequent basis, if ever, during the lifetime of the facility (Event Category III). In
addition, a maximum hypothetical accident, which is not considered credible (Event

Category IV), is identified and analyzed.

8.2.1 Earthquake

8.2.1.1 Cause of Accident

The design earthquake (DE) as described in Sections 2.5.2 and 3.2.3, is postulated to occur

as a design basis extreme natural phenomenon.
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8.2.1.2 Accident Analysis

Analyses of the storage pads for the DE is provided in Section 4.2.1.4. The results of these
analyses show that the storage pads remain intact and that the SSSCs will not slide or tip over.

The seismic response characteristics of the SSSCs are provided in the SSSC Topical Safety
Analysis Reports. The results of these analyses show that SSSC leak-tight integrity is not

compromised and that no damage will be sustained by the SSSC or the spent fuel.

8.2.1.3 Accident Dose Calculations

As demonstrated in Section 4.2.1.4, the DE is not capable of damaging the storage pads or
causing SSSC sliding or tipover. As demonstrated in the SSSC Topical Safety Analysis Reports,

the DE is not capable of producing SSSC seal leakage. No radioactive material is released, and

there are no dose consequences associated with this event.

8.2.2 Extreme Wind

8.2.2.1 Cause of Accident

The extreme winds due to passage of the design basis wind and tornado as defined in

Section 3.2.1 are postulated to occur as a design basis extreme natural phenomenon. As described

in Section 2.3.1, the design basis tornado is expected to occur less than once in 30,800 years, and

the design basis wind is expected to occur less than once in 100 years.

8.2.2.2 Accident Analysis

The effect of the design basis wind on the storage pads is provided in Section 4.2.1.2. The

effect of the design basis tornado on the storage pads is provided in Section 4.2.1.3. Both analyses

demonstrate that the storage pads are not damaged and the SSSCs will not slide or tip over during

the design basis extreme wind events.

The effects and consequences of extreme winds on the SSSCs are provided in the SSSC

Topical Safety Analysis Reports. The results of these analyses show that minor damage to the

SSSC may be sustained from tornado missiles, but SSSC leak-tight integrity is not compromised.

8.2.2.3 Accident Dose Calculations

As demonstrated in Sections 4.2.1.2 and 4.2.1. .3 and the SSSC Topical Safety Analysis
Reports, design basis extreme winds are not capable of damaging the storage pads or tipping over

or sliding an SSSC, and that the damage sustained from the tornado missiles will not compromise

seal integrity. No radioactive material is released, and there are no dose consequences associated

with these events.

8.2.3 Flood

As discussed in Section 3.2.2, the North Anna ISFSI is considered flood-dry. Flooding is

not considered as a design basis event.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 8-4

8.2.4 Explosion

8.2.4.1 Cause of Accident

An explosion is postulated to occur as a result of a vehicular accident at a point
approximately 1.5 miles from the ISFSI. The evaluation of this event is described in detail in

Section 2.2.2. A pressure wave of less than 1 psi is estimated to reach the ISFSI.

8.2.4.2 Accident Analysis

As described in the SSSC Topical Safety Analysis Reports, a pressure wave of the

magnitude associated with this event will not damage the SSSCs or cause tip-over.

8.2.4.3 Accident Dose Calculations

The postulated event will not damage the SSSC exterior nor cause SSSC tip-over. This
event is not capable of producing leakage from the SSSC. No radioactive material is released, and

there are no dose consequences associated with this event.

8.2.5 Fire

8.2.5.1 Cause of Accident

The only combustible materials at the ISFSI storage pads are in the form of insulation on

iinstrumentation wiring, and coating of the outside surface of the SSSCs. No other combustible or

•explosive materials are allowed to be stored on the storage pads. As described in Section 2.1.2, the
ISFSI area will be cleared of trees and seeded with grass.'in addition, other equipment in the area

:has adequate separation from the storage pads. Therefore, no fires other than small electrical fires

are considered credible at the storage pads.

The fire protection capabilities available at the ISFSI are described in Section 4.4.5.1. These
include portable fire extinguishers within the ISFSI perimeter fence. In addition, the fire fighting

equipment and personnel present at the North Anna Power Station would be available if needed.

8.2.5.2 Accident Analysis

The ability of the SSSCs to withstand postulated fires and the consequence of postulated

fires are addressed in the SSSC Topical Safety Analysis Reports. Results of these analyses

indicate that the postulated fires are not capable of compromising seal integrity.

8.2.5.3 Accident Dose Calculations

The damage to an SSSC due to fire is not capable of producing SSSC seal leakage. No

radioactive material is released, and there are no dose consequences associated with this event.

8.2.6 Storage of an Unauthorized Fuel Assembly

The ISFSI Technical Specifications specify limiting values for the initial enrichment,
average burnup, decay heat, and cooling time after reactor discharge for the fuel assemblies to be
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placed in SSSCs. The Technical Specifications also specify required structural attributes for those

fuel assemblies. The possibility of storing a fuel assembly that does not meet the Technical

Specification requirements has been considered.

8.2.6.1 Cause of Accident

The cause of this event is postulated to be an error during the loading operations, e.g., the
wrong fuel assembly is selected by the fuel handling operator, or a failure in the administrative
controls governing the fuel handling operations.

8.2.6.2 Accident Analysis

The loading of an unauthorized fuel assembly has no consequence while the SSSC remains
in the spent fuel pooi. The borated water in the spent fuel pool provides adequate protection
against a criticality event, and also provides shielding and heat removal. Loading of an
unirradiated fuel assembly will not cause a criticality event because SSSC criticality analyses
must show subcritical conditions assuming all fuel assemblies are unirradiated. Loading of an

unauthorized fuel assembly with gross cladding defects will not cause further damage to the
cladding or result in the release of radioactive material. Loading of an unauthorized fuel assembly
with structural defects will likely be detected during placement of the assembly in the SSSC. In
order to preclude this event from going undetected, however, and to ensure that appropriate
corrective actions can take place prior to placing the lid on an SSSC, a final verification of the
identity and location of the fuel assemblies loaded into the SSSCs is performed with an
underwater video camera to ensure that the correct fuel assemblies have been loaded into the

SSSC.

These administrative controls and the records associated with them are included in the
procedures described in Chapter 9 and in the proposed license requirements described in
Chapter 10, and will comply with the applicable requirements of the Quality Assurance Program

described in Chapter 11.

Appropriate and sufficient actions will be taken to ensure that a fuel assembly loading error
does not remain undetected. In particular, the storage of an unauthorized fuel assembly is not
considered credible in view of the multiple administrative controls.

8.2.6.3 Accident Dose Calculations

The storage of an unauthorized fuel assembly is not considered to be a credible event. No
radioactive material is released, and there are no dose consequences associated with this event.

8.2.7 Loss of Neutron Shield

The design of the SSSCs includes neutron absorbing material either internal or external to
the SSSC body. As applicable to the particular SSSC design, the SSSC Topical Safety Analysis
Reports discuss a postulated loss of neutron shield. As concluded in these documents, a total loss
of neutron shield is not a credible event for the North Anna ISFSI.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 8-6

8.2.8 SSSC Seal Leakage

The SSSCs feature redundant seals in conjunction with extremely rugged body designs.
Additional barriers to the release of radioactive material are provided by the sintered fuel pellet
matrix and the zircaloy cladding. Furthermore, the fuel cavity helium pressure is substantially less
than the helium pressure-of the volume monitored by the pressure monitoring device. The
pressure monitoring device provides an early warning of a decrease in the pressure of this
monitored volume. No credible mechanisms that could result in leakage 'of radioactive material
have been identified.

8.2.9 SSSC Drops

SSSC handling and drop events postulated to occur in the Fuel and Decontamination
Buildings are addressed in Appendices 9B and 15A of the North Anna Power.Station UFSAR.

The SSSCs are designed to withstand drops of at least 15 inches without compromising
SSSC integrity. SSSC drops in excess of these heights at the ISFSI, or during transport, are not
considered credible because of procedures that preclude the lifting of the SSSCs any higher.
Analyses of SSSC drop events are presented in the SSSC Topical Safety Analysis Reports.

8.2.10 Loss of Confinement Barrier

The following postulated event scenario is not considered to be credible. It is hypothesized
solely to demonstrate the inherent 'safety of the North Anna ISFSI by subjecting it to a set of
simultaneous multiple failures, any one of which is far beyond the capability of natural
phenomena or man-made hazards to produce.

8.2.10.1 Cause of Accident

A simultaneous failure of all protective layers of radioactive material confinement is*
postulated to occur by unspecified nonmechanistic means for a single SSSC.

8.2.10.2 Accident Analysis

In this event, the SSSC confinement function is nonmechanistically removed. Heat removal
and radiation shielding functions are assumed to continue to operate in the normal passive

manner.

This event was analyzed for a TN-32 cask based on the requirements of NUREG-1536
(Reference 1), Interim Staff Guidance-5 (ISG-5), Revision 1 (Reference 2), and the following
inputs:

1. Isotope inventories are based on 32 fuel assemblies with an enrichment of 3.30 weight
percent U-235, burnup of 45,000 MWD/MTU and seven years decay. This enrichment was

*selected after reviewing the enrichment and burnup of all North Anna spent fuel to ensure
that this enrichment is bounding. Using a lower enrichment yields a bounding isotope
inventory, and is in accordance with NRC ISG-6 (Reference 3).



-- NUCLEAR DESIGN INFORMATION PORTAL -

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 8-7

2. The Co-6O source is calculated based on the surface area of a 17 x 17 fuel assembly and a

seven year decay time from discharge.

3. The cask seal leak rate calculated in Reference 4 was increased by 50 percent.

4. The maximum boundary dispersion factor (X/Q) calculated for the North Anna site (see

Table 2-1).

5. The breathing rate identified in Reference 4.

6. The bounding dose conversion factors in EPA Guidance Report No. 11 (Reference 5) are

used to calculate the whole body, critical organ, and thyroid dose from inhalation.

7. The bounding dose conversion factors in EPA Guidance Report No. 12 (Reference 6) are

used to calculate the whole body, critical organ, thyroid, and skin dose from immersion.

The isotopes used in the analysis were based on the selection criteria in ISG-5, Revision 1,

including Co-GO in the fuel rod crud, iodine-129, tritium, metastable tellurium-125, fission

products that contribute greater than 0.1% of activity, and actinides that contribute greater than

0.01% of activity. The isotope concentrations were used with the release fractions, the free
volume in the cavity of the TN-32 cask (5.39 cubic meters), and the cask seal leak rate to calculate

the isotope release rate (jiCi/sec) from the cask. The isotope release rate is used over a 30-day
period to calculate a release inventory in curies.

Using this release inventory, the bounding dose conversion factors from EPA Guidance

Report No. 11, the maximum dispersion factor (X/Q), and the breathing rate from Reference 3,

the site boundary inhalation dose for each isotope was calculated. Similarly, using this release

inventory, the bounding dose conversion factors from EPA Guidance Report No. 12, and the

maximum bounding dispersion factor (X/Q), the site boundary immersion dose for each isotope

was calculated.

8.2.10.3 Accident Dose Calculations

This accident evaluation, performed to determine the radiological consequences of a release

of the inventory in an SSSC, resulted in a deep dose plus committed dose equivalent to the worst

organ (bone marrow) of 13 mrem at the nearest site boundary. This dose is well within the criteria
of 10 CFR 72.106(b).

8.2.11 References

1. NUREG-1536, Standard Review Plan for Dry Cask Storage Systems, US NRC, Spent Fuel
Project Office.

2. Interim Staff Guidance-5, Revision 1, Confinement Evaluation, US NRC Spent Fuel Project
Office.

3. Interim Staff Guidance-6, Minimum Enrichment for Design Basis, US NRC Spent Fuel
Project Office.
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4. TN-32 Final Safety Analysis Report; Revision 0, Transnuclear Inc., January 2000.

5. U. S. Environmental Protection Agency, Federal Guidance Report No. 11, Limiting Values of

Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation,
Submersion, and Ingestion, EPA 520/1-88-020, 1988.

6. U. S. Environmental Protection Agency, Federal Guidance Report No. 12, External Exposure

to Radionuclides in Air, Water, and Soil, EPA 402-R-93-08 1, September 1993.

8.3 SITE CHARACTERISTICS AFFECTING SAFETY ANALYSIS

Site characteristics have been considered in the formation of the bases for these safety
analyses. Conditions of meteorology were used in the determination of X/Q values as well as the
characteristics Of extreme winds and their contribution to maximum flood level. Regional and site

seismology and geology were used to help define the design earthquake acceleration value.
Regional population distribution and other demographic data were used to determine radiation

doses.
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Chapter 9 CONDUCT OF OPERATIONS

9.1 ORGANIZATIONAL STRUCTURE

9.1.1 Corporate Organization

The ISFSI will be operated under the same corporate management organization responsible
for operation of the North Anna Power Station. This organization is depicted in the Dominion
Nuclear Facility Quality Assurance Program Description, Topical Report DOM-QA-1
(QA Program Topical Report).

9.1.1.1 Corporate Functions, Responsibilities, and Authorities

Corporate functions, responsibilities and authorities for the North Anna ISFSI are discussed
in the QA Program Topical Report.

9.1.1.2 Applicant's In-House Organization

A discussion of Virginia Power's in-house, organization is provided in the QA Program
Topical Report.

9.1.1.3 Relationships with Contractors and Suppliers

The SSSC suppliers are responsible for the fabrication and testing of the SSSCs, and for
recommending SSSC handling procedures. The Nuclear Analysis and Fuel Department is the
primary interface with the SSSC supplier and other equipment vendors.

Site preparation and construction will be performed by Virginia Power, using specialty
subcontractors, as required.

9.1.1.4 Applicant's Technical Staff

V'irginia Power's technical staff is described in the QA Program Topical Report.

9.1.2 Operation Organization, Management, and Administrative
Control System

9.1.2.10Onsite Organization

The North Anna Power Station onsite organization is described in the QA Program Topical
Report.

9.1.2.2 Personnel Functions, Responsibilities, and Authorities

Personnel functions, responsibilities and authorities are described in the QA Program
Topical Report.
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9.1.3 Personnel Qualification Requirements

9.1.3.1 Minimum Qualification Requirements

Each member of the North Anna Power Station staff is required to meet or exceed the

minimum qualifications specified in the QA Program Topical Report.

9.1.3.2 Qualifications of Personnel

The qualification requirements for the managerial and technical positions are described in

the QA Program Topical Report.

9.1.4 Liaison with Outside Organizations

Dames & Moore provided geotechnical expertise initially required to evaluate site

conditions and to design the ISFSI structures and foundations. SSSC vendors provide technical

expertise in the design, fabrication and use of the SSSCs. Bechtel Power Corporation provided

expertise in the development of computer models to initially assess radiation doses.

9.2 STARTUP TESTING AND OPERATION

9.2.1 Administrative Procedures for Conducting Test Program

The administrative procedures and instructions for the North Anna ISFSI are the same as

those used for the North Anna Power Station. Any changes to, or deviations from, these

procedures and instructions are reviewed and approved in accordance with the QA Program

Topical Report.

9.2.2 Test Program Description

The objectives of the pre-operational testing program are to ensure that the SSSCs perform

their safety functions as intended and that the means to fulfill the commitments made in

Chapter 10 are available.

9.2.2.1 Physical Facilities

Before operation of the ISFSI, the SSSC monitoring instrumentation, the electrical system,

the communications system and the security system are tested to ensure their proper functioning.

The ISFSI security system is tested after completion of its installation. Details on security system

testing are provided in the Security Plan.

The SSSC monitoring instrumentation alarms are tested to ensure that individual alarm

signals annunciate at the local annunciator enclosure at the ISFSI location.

The electrical system is tested to ensure that power is available for the SSSC monitoring

instrumentation and the local annunciator. The lighting and service receptacles are also tested for

proper operation.
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The communications system is tested to ensure that the telephone at the local annunciator is

properly connected into the station phone system.

9.2.2.2 Operations

Testing of SSSC operations, i.e., loading, drying, sealing and unloading, shall be conducted

prior to the first use of each SSSC design. This simulation shall include all SSSC loading and

unloading operations, with the exception of loading actual fuel assemblies into the SSSC. SSSC

loading will instead be tested with a dummy fuel assembly to ensure that fuel assemblies will fit

properly into the SSSC. All SSSCs are tested for fuel assembly fit by the vendor at the fabrication

facility. The SSSCs are also tested by the vendor to ensure that they seal properly. New seals are

installed prior to and tested following fuel loading.

The function of the transporter is tested prior to its first use with each new SSSC design
using an empty SSSC for a transport simulation to and from the ISFSI, including placement of the

SSSC at a storage location.

9.2.3 Test Discussion

The pre-operational test purposes, responses, acceptance criteria, margins, and corrective

actions are discussed in Section 9.2.2. Instrumentation, electrical, and communications equipment

shall be functionally tested to confirm operability. Acceptance criteria for SSSC seal testing shall

be as specified in Section 3.3.

9.3 TRAINING PROGRAM

The training program has the objective of providing and maintaining a well qualified work

force for safe and efficient operation of the ISFSI. All personnel working in the fuel storage area
receive radiation and safety training. Those personnel actually performing SSSC and fuel

handling functions are given additional training in specific areas as required by the radiological

protection program in effect at the North Anna Power Station.

All personnel working at the North Anna ISFSI receive training and indoctrination geared

toward providing and maintaining a well-qualified work force for safe and efficient operation of
the ISFSI. The existing North Anna training programs are INPO accredited and are directly

applicable to the North Anna ISFSI, and provide this training and indoctrination. Additional

training requirements specific to the ISFSI will address the following subjects:

* ISFSI Licensing Basis and Technical Specifications

* ISFSI Layout and Function

* ISFSI Security

* ISFSI Communications Systems

* ISFSI Operation, Emergency, Maintenance, and Administrative Procedures
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•SSSC Loading and Unloading, Handling and Onsite Transportation

•SSSC Decontamination Techniques

Following completion of the ISFSI training program, trainees are given a written and
practical exam to ensure they understand the important aspects of the information described

above. Retention of training records and' certifications of proficiency is consistent with that for

personnel involved in fuel handling operations.

ISFSI retraining is consistent with the retraining requirements in effect at the North Anna
Power Station for personnel involved in fuel handling operations.

Training records are maintained for in accordance with the QA Program Topical Report.

Such records include dates and hours of training and other documentation on training subjects,

information on physical requirements, job performance statements, copies of written
examinations, infornation pertaining to walk-through examinations,and retesting particulars.

9.4 NORMAL OPERATIONS

9.4.1 Procedures

Written procedures for all normal operating, maintenance, and testing at the ISFSI will be
prepared and will be in effect prior to operation of the North Anna ISFSI. These procedures are

briefly described in Sections 9.4: 1.1 through 9.4.1.8.

These procedures, and any subsequent revisions, will be reviewed and approved in
accordance with the QA Program Topical Report. All procedure revisions shall be documented.

The Nuclear Oversight Department periodically audits (on a sampling basis) the procedures
to ensure revisions are made promptly and that obsolete material is deleted.

9.4.1.1 Administrative Procedures

Administrative procedures will provide a clear understanding of operating philosophy and
management policies to all ISFSI personnel. These procedures include instructions pertaining to

personnel conduct and control, including consideration of job-related factors which influence the
effectiveness of operating and maintenance personnel, e.g., work hours, entering and exiting the

ISFSI, organization, and responsibility, etc.

9.4.1.2 Annunciator Procedures

Annunciator procedures will provide information relative to each alarm annunciator which
monitors $SSC parameters. The procedures will provide alarm set points and appropriate

corrective action.
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9.4.1.3 Health Physics Procedures

Health physics procedures are used to implement the radiation protection plan. The
radiation protection plan involves the acquisition of data and provision of equipment to perform
necessary radiation surveys, measurements, and evaluations for the assessment and control of

radiation hazards associated with the operation of the ISFSI. Procedures have been developed and

implemented for monitoring exposures of employees, utilizing accepted techniques, radiation

surveys of work areas, radiation monitoring of maintenance activities, and for records
maintenance demonstrating the adequacy of measures taken to control radiation exposures of

employees and others within prescribed limits and as low as practicable. These procedures will be
revised as needed to address ISFSI operations prior to operation of the ISFSI. The revised

procedures will ensure the safety of personnel performing loading, transport, and unloading

operations, and surveillance and maintenance at the ISFSI. Entrance to the ISFSI and all work

performed inside will require a radiation work permit and will be controlled by health physics and

security personnel.

9.4.1.4 Maintenance Procedures

Maintenance procedures will be established for performing preventative and corrective

maintenance on ISFSI equipment and the SCCSs. Preventative maintenance will be performed on

a periodic basis to preclude the degradation of ISFSI systems, equipment, and components.
Corrective maintenance will be performed to rectify any unexpected system, equipment, or

component malfunction, as the need arises.

9.4.1.5 Operating Procedures

The operating procedures will provide the instructions for handling, loading, sealing,

transporting, storing and unloading the SSSCs.

9.4.1.6 Test Procedures

Periodic test procedures will be established to verify operability of the ISFSI systems,

equipment, and components on a routine basis.

9.4.1.7 Pre-operational Test Procedures

Pre-operational test procedures will be established to ensure that ISFSI structures, systems,

and components satisfactorily perform their required functions. These test procedures will further
ensure that the ISFSI has been properly designed and constructed and is ready to operate in a

manner that will not endanger the health and safety of the public.

9.4.1.8 Procedures Implementing the QA Program

Procedures will be established to ensure that the operation and maintenance of the ISFSI is
performed in accordance with the QA program described in Chapter 11.
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9.4.2 Records

In accordance with the requirements of 10 CFR 72.72, records on the identity of each fuel
assembly will be maintained with SSSC loading procedures, and shall include the following:

* Fuel manufacturer

* Date of delivery

* Reactor exposure history

* Burnup

* Calculated special nuclear material content

* Inventory control number

* Pertinent data on discharge and storage at the reactor, transfer to the ISFSI and storage at

the ISFSI

All records related to the ISFSI, including those for quality assurance, operations,
accountability, off-normal occurrences, events associated with radioactive releases and

environmental surveys shall be maintained by the North Anna Power Station document

management system.

9.5 EMERGENCY PLANNING

The North Anna Emergency Plan (NAEP) describes the organization, assessment actions,
conditions for activation of the emergency organization, notification procedures, emergency

facilities and equipment, training, provisions for maintaining emergency preparedness, and
recovery criteria used at the North Anna Power Station. This emergency plan will also be used for

any radiological emergencies that may arise at the North Anna ISFSI.

Portions of Section 4 of the NAEP and applicable implementing procedures reflect the

conditions and indications that require entry into the Emergency Plan. Appropriate response

actions and notifications have been established in the Emergency Plan. Damage to a loaded SSSC

confinement boundary requires declaration of a Notification of Unusual Event.

9.6 PHYSICAL SECURITY PLAN

The purpose of a security program for the ISFSI is to establish and maintain a physical

security capability for the protection of the spent fuel stored in the SSSCs. The physical security

program for the North Anna ISFSI is provided in the Physical Security Plan, Safeguards

Contingency Plan and the Nuclear Security Personnel Training and Qualification Plan for the

North Anna Power Station.

Additional information regarding the security program for the ISFSI is contained in a
separate enclosure, that is with~held from public disclosure in accordance with 10 CER 2.790(d)

and 10 CFR 73.21.
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Chapter 10 OPERATING CONTROLS AND LIMITS

10.1 PROPOSED OPERATING CONTROLS AND LIMITS

The proposed operating controls and limits for the North Anna ISFSI are provided in the

North Anna ISFSI Technical Specifications. The Technical Specifications contain definitions,
functional and operating limits, limiting conditions for operation, the applicability for the limiting
conditions, action statements, surveillance requirements, design features, and administrative
controls. Functional and operating limits are utilized to protect the integrity of the stored fuel or
SSSC, and to guard against the uncontrolled release of radioactive materials. The items addressed

by the functional and operating limits are provided in Table 10-1. The limiting conditions for
operation specify the lowest functional capability or performance levels for equipment required

for safe operation. The items addressed by the limiting conditions for operation are provided in
Table 10-2.

10.1.1 Content of Operating Controls and Limits

The functional and operating limits, and the limiting conditions for operation specify the
required technical limits and operating status for the variables, technical characteristics and
conditions, and equipment addressed by the Technical Specifications. The applicability specifies*
the equipment, time period, or operational condition to Which the operating controls and limits
apply. The action statements provide the corrective action instructions that must be followed if the
technical limits or operating status requirements are not met. The surveillance requirements
specify the verification needed to assure that the functional and operating limits, and the limiting
conditions for operation are being met.

10.1.2 Bases for Operating Controls and Limits

A basis is provided with each functional and operating limit, and each limiting condition for
operation in the North Anna ISFSI Technical Specifications. Each basis describes the significance
to safety of the required technical limits and operating status established for the variables,

technical characteristics and conditions, and equipment addressed by the Technical
Specifications.

10.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS

10.2.1 Functional and Operating Limits

Functional and operating limits have been established in order to define the requirements
for the fuel to be stored at the ISFSI. The functional and operating limits for the parameters listed
in Table 10-1 are provided in Chapter 2.0 of the North Anna iSFSI Technical Specifications.

10.2.2 Limiting Conditions for Operation

Limiting conditions for operation have been established to control the equipment, and
technical conditions and characteristics Of the ISFSI necessary for continued operation. The



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR 10-2

limiting conditions for operation of equipment address the lowest acceptable level of performance
for a system or component, and the minimum portion of the system or the minimum number of
components that should be available. The limiting conditions for operation for technical

conditions and characteristics address allowable quantities during loading, transport, storage, and

unloading operations. The limiting conditions for operation for the equipment, and technical

conditions and characteristics listed in Table 10-2 are provided in Chapter 3.0 of the North Anna

ISFSI Technical Specifications.

10.2.3 Surveillance Requirements

Surveillance requirements have been established in order to confirm that the limiting
conditions for safe storage are met. Surveillance requirements have been established for each

functional and operating limit, and limiting condition for operation, and are provided with them in

Chapter 3.0 of the North Anna ISFSI Technical Specifications.

10.2.4 Design Features

The design features describe ISFSI design characteristics of importance. The design

features are provided in Chapter 4.0 of the North Anna ISFSI Technical Specifications.

10.2.5 Administrative Controls

The administrative controls include the organization and management procedures,

recordkeeping, review and audit, and reporting necessary to assure that the operations involved in

the storage of spent fuel at the North Anna ISFSI is performed in a safe manner. The
administrative controls are provided in Chapter 5.0 of the North Anna ISFSI Technical

Specifications.
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Table 10-1
FUNCTIONAL AND OPERATING LIMITS

*Fuel To Be Stored At The ISFSI

Table 10-2

LIMITING CONDITIONS FOR OPERATION

* SSSC Cavity Vacuum Drying Pressure

* SSSC Helium Backfill Pressure

* SSSC Combined Helium Leak Rate

* SSSC Internal Pressure

* SSSC Maximum Lifting Height

* Dissolved Boron Concentration

* SSSC Average Surface Dose Rates

* SSSC Surface Contamination

* Helium Purity

o SSSC Spacing

* Uranium Content per Assembly
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Chapter 11 QUALITY ASSURANCE

11.1 QUALITY ASSURANCE PROGRAM DESCRIPTION

10 CFR 72.140 requires that a quality assurance program be established and implemented

for the structures, systems, and components of an ISFSI that are important to safety,

commensurate with their importance to safety. However, 10 CFR 72.140 provides for the use of

previously approved programs.

Since Virginia Power is currently licensed under 10 CFR 50 to operate nuclear power

facilities, a quality assurance (QA) program meeting the requirements of 10 CFR 50, Appendix B

is already in place. The governing document for this program is the Dominion Nuclear Facility

Quality Assurance Program Description, Topical Report DOM-QA-1 (QA Program Topical

Report), which has been reviewed and approved by the NRC. (See Section 1.5.) The document is

updated in accordance with 10 CFR 50.54(a). The NRC is periodically notified of changes to the

document. This program is implemented through the Virginia Power administrative and technical

procedures. The objective of the company Quality Assurance Program for operating nuclear

power stations is to comply with the criteria expressed in 10 CFR 50, Appendix B, as amended,

and with the quality assurance program requirements for nuclear power plants as referenced in the

Regulatory Guides and ANSI standards referenced in the QA Program Topical Report. This

program will be applied to those activities associated with the North Anna ISFSI that are

important to safety. No changes to this program are required for the ISFSI activities.

As indicated in previous chapters, the SSSCs are the only components with a safety

function. As such, Virginia Power procedures delineate the requirements for the engineering,

procurement, fabrication, and inspection of this equipment. The procurement documents

(specifications, requisitions, etc.) are reviewed technically prior to use to ensure that the proper
criteria have been specified. During the SSSC design phase, vendor information (drawings,

specifications, procedures, etc.) are reviewed to ensure compliance with Virginia Power's

technical requirements. During SSSC fabrication, Virginia Power's Vendor Surveillance

Representative will visit the vendor's shop to ensure compliance with Virginia Power's

requirements and to witness parts of the SSSC fabrication and testing.
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Appendix A
SSSC Specific Information

This appendix provides:

* A list of the Topical Safety Analysis Reports for SSSCs approved by the USNRC for use

at the North Anna ISFSI (see Table A-i).

*A subappendix for each SSSC type that provides specific references to the SSSC Topical

Safety Analysis Reports, and supplements the information contained in the SSSC Topical

Safety Analysis Reports.
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Table A-i1
TOPICAL SAFETY ANALYSIS REPORTS FOR SSSCs APPROVED FOR USE AT THE

NORTH ANNA ISFSI

A. 1. TN-32 Dry Storage Cask Topical Safety Analysis Report, Revision 9A, Transnuclear, Inc.,
December 1996.



-- NUCLEAR DESIGN INFORMATION PORTAL --

Revision 8.02--Updated Online 11/16/15 North Anna ISFSI SAR A. 1-1

Appendix A.1
TN-32 Dry Storage Cask

A.1.1 General Description

The TN-32 cask is a smooth right circular cylinder of multi-wall construction that is

approximately 16.8 feet high, 8.1 feet in diameter and weighs (empty) approximately 91.0 tons.
The cask inner shell and containment vessel is a welded, carbon steel cylinder that is 1.5 inches

thick and has a sprayed metallic aluminum coating for corrosion protection. Surrounding the

outside of the containment vessel wall is a steel gamma shield with a wall thickness of 8.0 inches.
The bottom end of the gamma shield has a thickness of 8.75 inches. The cask has a cylindrical

cavity which holds a fuel basket designed to accommodate 32 PWR fuel assemblies. The loaded

weight of the cask is approximately 115.5 tons. Four trunnions are welded on, two at the top end

and two at the bottom end of the body.

During fabrication of the TN-32 cask, the inner containment vessel and the gamma

shielding are fit together by a shrink-fit procedure. The gamma shielding is heated so that the

inner containment vessel, with the flange attached, can be inserted into the outer gamma shielding
vessel. This allows a close fit between the two cylindrical shells for good heat transfer. During the

shrink fit operation, a small circumferential gap between the flange of the inner vessel and the
gamma shielding forms as the heated gamma shield cools. Prior to welding the flange to the
gamma shield, the gap is filled with shims made of one of the materials specified in the TN-32
TSAR for the gamma shieldl shell.

The cask is sealed with one carbon steel lid bolted to the top flange of the containment

vessel. The lid is 10.5 inches thick and is secured to the cask body with 48 bolts. The lid and lid

penetration covers are sealed with metallic 0-ring seals.

Neutron shielding is provided by a 4.5-inch thick resin compound enclosed in long

aluminum boxes that surround the gamma shield. The neutron shield boxes are enclosed by a
painted carbon steel shell that is 0.50 inches thick.

In Chapter 1 of the TN-32 Topical Safety Analysis Report (Rev. 9A, 12/96), drawing

1049-70-2, Rev. 2, includes a view of a cask trunnion (item 6). The back side of the trunnion
(weld prep) is shown at a 30 degree angle. This angle should actually be shown as 45 to

50 degrees.

Sections 3.1.1, Paragraph 3 of the TN-32 Topical Safety Analysis Report (Rev. 9A, 12/96)

states that "Other structural and structural attachment welds are examined by the liquid penetrant

or the magnetic particle method in accordance with Section V, Article 6 of the ASME Code.
Acceptance standards are in accordance with Section III, Subsection NF, Paragraph NE-5350."

However, Paragraph NF-5350 only pertains to liquid penetrant inspection. Paragraph NF-5340
pertains to magnetic particle inspection. Section 3.1.1, Paragraph 3 of the TN-32 Topical Safety
Analysis Report (Rev. 9A, 12/96) should read "Other structural and structural attachment welds
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are examined by the liquid penetrant or the magnetic particle method in accordance with
Section V, Article 6 of the ASME Code. Acceptance standards are in accordance with Section III,

Subsection NE, Paragraph NF-5340 and NF-5350."

The weld between the aluminum plates separating the fuel storage tubes and the outer
aluminum plates at twenty-four locations around the periphery of the fuel basket is shown on

TN-32 TSAR drawing 1049-70-6, Rev. 3 as a 0.25-inch groove weld. In order to provide
consistency with as-built conditions, this weld may alternatively be a 0.25-inch fillet weld.

The weld creating the longitudinal seam of the neutron shield outer shell is shown on TN-32

TSAR drawing 1049-70-2, Revision 2 as a full penetration weld. In order to provide improved
heat transfer between the outer shell and the neutron shield tubes, this weld may alternatively be a

partial penetration weld.

TN-32 TSAR Revision 9A drawing 1049-70-5 specifies that the top of borated aluminum
plates in the fuel basket be placed nominally 11.88 inches from the top of the basket assembly.

Revision 0 of the TN-32 FSAR, which contains analyses to support loading of fuel with higher

burnup and enrichment, specifies that the top of the borated aluminum plates be placed nominally

12.00 inches from the top of the basket assembly. Since Revision 9A is the TN-32 TSAR of

record for the North Anna ISFSI, the dimensions must be reconciled in order to facilitate future
loading of TN-32 casks with North Anna fuel of higher burnup and enrichment. Therefore, the

nominal dimension may be either 11.88 inches or 12.00 inches without any impact to cask

criticality evaluations.

The lid bolt analysis presented in Appendix 3A.3 of the TN-32 TSAR has been updated tO
allow for torque in the range of 880 ft-lb to 1230 ft-lb, to incorporate High Purity Loctite N-5000

Antiseize lubricant, and to allow the use of silver-jacketed 0-rings. In addition, the summary of

bolt stresses presented in Table 3.4-7 of the TN-32 TSAR has been corrected. The updated
analysis, figures, and tables are included as Attachment 1 to this appendix. The revised analysis

concludes that the code allowable stresses on the bolts are not exceeded for both normal and
accident conditions. Pages 3A.3-1 through 3A.3-13, Figures 3A.3-l, 3A.3-2, 3A.3-4, 3A.3-5

and 3A.3-6, and Table 3.4.7 in the TN-32 TSAR Revision 9A are replaced by the attached

pages 3A.3-1 through 3A.3-15, Figures 3A.3-l, 3A.3-2, 3A.3-4, 3A.3-5 and 3A.3-6, and

Table 3.4.7.

In addition to the sections above, Section 7.1.4 of the TN-32 TSAR, Revision 9A, states that
the bolt torque for the main lid bolts is 930 + 50 ft-lb and for the penetration port covers the

torque is 60 _+ 10 ft-lb. In accordance with the lid bolt analysis update, the required torque for the

main lid bolts is 880 ft-lb to 1230 ft-lb. The required torque for the penetration cover bolts ranges
from 60 ft-lb to 100 ft-lb depending on the bolt material supplied by the vendor.

The protective covers at the North Anna ISFSI have been modified from the cover described
in TN-32 TSAR Revision 9A to the cover described in the drawings in Attachment 3. The
modified protective cover includes a sealable bolt-on access plate that is both airtight and
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watertight. The access plate has a through-wall fitting that connects to the OP system on the inside

of the protective cover and connects to tubing on the outside of the protective cover. This tubing

runs down the side of the cask to an instrumentation box in which the pressure

switches/transducers are located. In addition, another connection is located at the access plate

which openly communicates to the atmosphere within the protective cover. The external

connection to this fitting will connect to tubing that also is mounted along the side of the cask.

Drawing SK-VP-SAR-1 in Attachment 3 shows the cask with the modified protective cover

and pressure switches. Figures VP1.2-1 and VP2.3-1 contained in Attachment 3 illustrate the

confinement boundary components and pressure monitoring system. The confinement boundary

components shown in Figures 1.2-1 and VP1.2-1 are:

1. Inner shell and bottom closure

2. Flanged and bolted lid

3. Flange

4. Vent cover

5. Drain cover

The containment boundary components are not changed with the alternate design.

The plastic structural analysis presented in Section 3C.3-1 of the TN-32 TSAR utilizes a

value of 0.48" for the gap between center basket rails. The actual gap can range from 0.0" to

1.1326" while maintaining the required opening between opposite rails. Therefore, additional

analyses have been performed to demonstrate that the structural integrity of the basket and rails is

maintained for the full range of possible gap sizes. The additional analyses are included as

Attachment 4 to this appendix.

Table 8.1-1 of the TN-32 TSAR Revision 9A describes the sequence of operations

associated with the TN-32 cask. For installation of the modified protective cover, Step 13 will be

performed prior to Step 11 in order to check the function of the overpressure system transducers

or pressure switches. Step 11 will also be modified not to include specific instructions for

checking the function of the transducers Or switches before the protective cover is installed.

TN-32 casks used at the North Anna ISFSI are fabricated to the requirements of the TN-32

Topical Safety Analysis Report (TSAR), Revision 9A, or the TN-32 Final Safety Analysis Report

(FSAR), Revision 0. TN-32 casks fabricated to the requirements of the TN-32 FSAIR, Revision 0,

have been evaluated with respect to the design bases for the TN-32 TSAR, Revision 9A, and have
been found to be acceptable. Analyses included in the TN-32 FSAR, Revision 0, may not be

credited in the use of TN-32 casks unless they have been added to the ISFSI SAR.

The only physical difference between TN-32 TSAR, Rev. 9A, casks and TN-32 FSAR,

Rev. 0, casks is the design of the nonsafety related overpressure system. TN-32 TSAR, Rev. 9A,

casks use an overpressure system with two pressure switches located under the protective cover
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and wiring through the protective cover that connects to the facility alarm panel. TN-32 FSAR,
Rev. 0, casks use tubing through the protective cover to the pressure switches/transducers in a box

on the side of the cask near ground level. An evaluation has shown that either overpressure system
configuration is acceptable for use at the North Anna ISFSI.

The fabrication of TN-32 FSAR, Rev. 0, casks differs in the following two ways from the

fabrication of TN-32 TSAR, Rev. 9A, casks.

1. The nil ductility transition temperature (NDTT) required for containment material is minus

80°F. The TN-32 TSAR, Rev. 9A, cask containment materials have a specified NDTT' of no

more than minus 40°F

2. Progressive PT and MT inspections are required of the bottom to gamma shield weld and the

lid to lid shield weld. Progressive inspections were not required in the TN-32 TSAR,
Rev. 9A.

These two changes provide additional margin in the structural evaluation performed for the

TN-32 FSAR, Rev. 0, cask; however, this evaluation is not approved for use at the North Anna

ISFSI. The TN-32 FSAR, Rev. 0, cask meets the structural design criteria for casks to be used at
the North Anna ISFSI. The design and fabrication changes described above will be in effect for

TN-32 casks number TN-32.32 and higher.

The US NRC has approved the generic use of TN-32 casks by 10 CFR Part 50 licensees.

The TN-32 FSAR, Rev. 0, provides the licensing basis for this use and includes generic Technical
Specifications. The North Anna ISFSI Technical Specifications, and the TSAR, Rev. 9A, however

will govern the use of TN-32, Rev. 0, casks at the North Anna ISFSI, except to the extent that
specific analyses (e.g., criticality or thermal performance) from the FSAR, Rev. 0, have been

added to the ISFSI SAR. The analyses in Chapters 4 and 6 of the TN-32 FSAR, Rev. 0, have been
added to this Appendix A. 1.

A.1.2 Spent Fuel to Be Stored

Two types of burnable poison rod assemblies (BPRAs) exist at North Anna. One type,

manufactured by Westinghouse Electric, contains an annular section of borosilicate glass

contained within a stainless steel tube. The inside annular region of the glass also contains a

stainless steel tube. The glass and tube region is plugged and seal-welded at both ends, and

remains dry during operation, and forms one burnable poison (BP) rod. One end of the BP rod is
attached to a flat baseplate, which is used to join other BP rods to form a single BPRA. One

BPRA can have as many as twenty BP rods.

Framatome Cogema Fuels (FCF) manufactures the other type of BPRA used at North Anna.
An FCF BP rod uses AL203 - B4C (boron carbide in an alumina matrix) pellets encapsulated
within a Zircaloy cladding. The cladding is plugged and seal-welded at both ends and remains dry
during operation. A small gas plenum region is provided at the top of the pellet stack to

accommodate helium off-gas. One end of the BP rod is attached to a flat baseplate, which is used
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to join other BP rods to form a single BPRA. One FCF BPRA can have as many as twenty-four
individual rods; one for each of the thimble tubes in a Westinghouse 17 x 17 fuel assembly.

The Westinghouse and FCF BPRA baseplates are similar in design and manufactured from

stainless steel.

The thimble plug devices (TPDs) used at North Anna were manufactured by Westinghouse.
The purpose of the device was to restrict (plug) reactor coolant flow in the thimble tubes in fuel

assemblies that contained no insert components (i.e., control rods, BPRAs, source assemblies,

etc.). TPDs are no longer used in either Unit 1 or Unit 2 at North Anna. A TPD uses the same
baseplate as a Westinghouse BPRA to attach twenty-four rodlets, each approximately 8 inches

long. Each TPD rodlet is manufactured of solid stainless steel.

The structural evaluations of the TN-32 cask are provided in Chapters 3 and 11 of the

Rev. 9A TN-32 Topical Report. These evaluations used a fuel weight of 1533 lb, which bounds all

possible combinations of North Anna Units 1 and 2 fuel assemblies containing a BPRA or TPD.

An evaluation has also been performed on the effect to the cask surface dose rates as a result

of placing BPRAs and/or TPDs in the fuel stored in the TN-32. If BPRAs or TPDs have at least

one-year decay time after discharge from the reactor, the cask surface dose rates for the TN-32

remain less than the design basis dose rates used to calculate doses at the ISFSI perimeter fence

and to the nearest resident.

An evaluation has been performed on the effect on criticality control from the storage of

BPRAs and/or TPDs in the fuel stored in the TN-32. The criticality control analysis assumes that

water borated to 2500 ppm is present in the cask cavity. This analysis was performed assuming

that the borated water in the fuel assembly guide tubes was replaced with aluminum rods, which

have lower neutron cross sections than a fully depleted BPRA. The results show a slight increase

in reactivity which is well within the subcritical limit. TPDs are short and do not displace water in

the guide tubes, therefore, their use will not affect reactivity.

The TN-32 is designed for a maximum internal pressure under normal and accident

conditions, and helium buildup of pre-pressurization in BPRAs will affect this analysis. The

confinement analysis for the TN-32 has been reanalyzed conservatively for thirty-two BPRAs,

and this reanalysis shows that the maximum pressure under accident conditions would be

69.4 psig, when the design basis for this cask is 100 psig. This analysis bounds the storage of any

type of Westinghouse or FCF 17 x 17 BPRA. The impact of TPDs on the confinement analysis is

bounded by the impact of BPRAs.

To account for the additional decay heat from BPRAs and/or TPDs, fuel assembly decay

heat estimates must include an estimate for the decay heat from the actual component in each fuel
assembly. Therefore, the combined decay heat from the fuel assembly and its component must be

less than the limit for a fuel assembly in the TN-32.
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Based on these evaluations, the storage of fuel assemblies with BPRAs and/or TPDs is
acceptable for the TN-32.

Rod clips have been attached to some fuel assemblies at North Anna. Rod clips resemble a
fuel assembly grid strap, but are shorter in length and do not span the full row of rods as grid
straps do. Rod clips are physically attached to the fuel rods mid-span between grids for the

purpose of reducing rod vibration and ultimately eliminating baffle-jetting fuel rod failures, which

occurred in North Anna Unit 1 prior to vessel upflow conversion. Rod clips may exist on one or

two faces of a fuel assembly.

An evaluation has been performed on the effect on the TN-32 shielding analysis of rod clips

on fuel assemblies stored in TN-32 casks. The analysis determined that the total actual

Inconel-718 in the fuel zone region for an assembly with rod clips is less than the design basis

value of 5.9 kilograms, which is the bounding analysis value from the TN-32 Topical and Final

SafetyAnalysis Reports. Therefore, it is acceptable to load a fuel assembly with rod clips in a

TN-32 cask.

A.1.3 Criticality Evaluation

The criticality evaluation from Chapter 6 of the TN-32 FSAR Revision 0 (Reference 2)

includes an evaluation, of the storage of the Westinghouse 17 x 17 Standard Fuel design. This

evaluation is summarized below.

Criticality control in the TN-32 is provided by the basket structural components, which

maintain the relative position of the spent fuel assemblies under normal and accident conditions,
by the neutron absorbing plates between the basket compartments, and by dissolved boron in the

spent fuel pool water.

Transnuclear evaluated five Westinghouse fuel designs to determine the most reactive fuel

configuration. The five were the WeStinghouse 14 x 14 Standard, 14 x 14 OFA, 15 x 15 Standard,

17 x 17 Standard, and 17 x 17 OFA designs. Of these five designs, the Westinghouse 17 x 17
Standard design with BPRA was determined to be the most reactive, and this fuel design was used

for the criticality evaluation.

The contents of a TN-32 cask at the North Anna ISFSI are limited to the Westinghouse

17 x 17 Standard Fuel and North Anna Improved Fuel (NAIF) designs. The NAIF design

envelope has dimensions identical to the Standard Fuel design, but several structural elements are
made of different materials. These material differences do not affect the criticality analyses,

however, and so the criticality evaluations for these fuel types are equivalent.

The fuel assemblies were evaluated with and without burnable poison rod assemblies

(BPRA). BPRA were modeled using aluminum rods containing no boron. This displaces the
borated water and bounds the effect of depleted BPRA. The criticality evaluations did not rely on'
any special loading patterns or orientation of the fuel assemblies for criticality control. However, a
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boron concentration, of 2300 ppm in the water used in the cask was assumed in the TN-32 FSAR

Rev. 0 analysis.

The evaluations assumed that each fuel assembly design contained a certain amount of
uranium. In the case of the Westinghouse 17 x 17 Standard Fuel design, this content was
467.1 kgU per fuel assembly.

The criticality evaluations were performed by Transnuclear using the CSAS25 sequence
from the SCALE-4.4 code system and the SCALE 27-group ENDF/B-1V cross section library.
Within this sequence, resonance correction based on the fuel pin cell description is provided by
N1TAWL using the Nordheim Integral method, and keff was determined by the KENO--Va code.
A sufficiently large number of neutron histories were run so that the standard deviation was below

0.0020 for all calculations.

The TN-32 was evaluated for a variety of configurations intended to bound all normal,
off-normal, and accident conditions. The following conditions were evaluated individually.

1. Baseline: Most reactive TN-32 fuel configuration, 100% borated water density. The fuel
assemblies are shifted toward the cask vertical axis until the outer pin cells contact the basket
compartment wall. This condition bounds all possibilities of fuel assemblies positioned
off-center in the compartment.

2. The neutron absorber plates and the active fuel zone are offset by two inches axially. This

condition might occur due to fuel design differences in the distance from the bottom of the
fuel assembly to the beginning of the active fuel, or due to fuel pins slipping ,in the spacer

grids during handling.

3. The inside dimension of the compartment is increased and decreased by 0.06 inches. All
compartments move correspondingly further apart or closer together. This condition bounds

the dimensional tolerance on the basket tubes.

4. The width of the neutron poison plate is reduced by 0.06 inches, corresponding to its
dimensional tolerance. It is not necessary to evaluate the tolerance in length because it is
bounded by the two-inch axial offset condition above.

5. Fresh water is placed in the gap of all fuel rods. Although a fuel rod that develops a cladding
breach during reactor operations could be saturated with unborated water at the end of its
operating cycle, it is unlikely that the water in the fuel rod would remain unborated after
years of storage in borated water.

6. The borated water density is varied, except in the homogenized basket rail/borated water
zone, to simulate the reduction in density that might occur during unloading operations.

7. Borated water is drained down to the top of the active fuel, except in the basket rail zone.
This is the most reactive configuration expected during loading and unloading operations,
because it reduces the boron capture of reflected neutrons.
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As expected, reduction of the neutron absorber plate width, reduction of compartment size,
borated water drain-down, and inclusion of fresh water in the fuel rod gap all cause a slight
increase in keff" The optimal borated water density was found at about 95%.

These conditions were combined for a worst case normal condition and the borated water
density was varied from 85% to 100%. This resulted in a maximum keff = 0.9264 _+ 0.0009 at 90%
borated water density.

To evaluate accident conditions, the worst case normal model was re-run with a single fuel

assembly of 5 weight percent U-235 enrichment. This fuel assembly was placed in one of the four

center basket locations. This case demonstrated compliance with the requirement of

10 CFR 72.124 by combining at least two unlikely, independent, and concurrent changes in the

conditions essential to nuclear criticality safety; worst case geometry and accidental loading of a

fuel assembly with enrichment greater than assumed in the analysis. This resulted in a

keff =0.93 15 _± 0.0009.

Transnuclear performed additional analyses to determine what initial enrichment could be

stored if the water in the spent fuel pool had a boron concentration of 2500 ppm. These analyses
assumed that the most reactive fuel design and worst-normal configuration remained the same

even with the boron increase.

The same criticality model as before was used, however the CSAS25 sequence from
SCALE-4.4 was used to determine the keff using KENO--Va and the 44-group ENDF/V cross

section library. The worst normal case from before with the enrichment changed to 4.30 weight

percent U-235 and the soluble boron concentration changed to 2500 ppm was analyzed. As
before, the water density was varied to simulate the reduction in density that might occur during

unloading operations. Similarly, the accident condition (assembly misload), was simulated as

before but with a loading of 4.30 weight percent assemblies and a misloaded 5 weight percent

U-235 assembly in an interior cell. A new upper subcritical limit (USL) was determined using
SCALE-4.4 for comparison to the calculated kerfS for the analyzed conditions. These analyses

verified that under normal, off-normal, and accident conditions, that the maximum value of

keff + 2a is less than the USL of 0.94 19. The worst case which combines the two independent

conditions of a misloaded single fuel assembly with the "worst-normal" configuration at reduced

(optimum, 92.5% density) water moderation has a keff + 2G = 0.9404.

The TN-32 cask is designed to be substantially subcritical under all credible conditions. The

criticality design is based on favorable geometry, fixed neutron poisons, and soluble poisons in the
spent fuel pool, with unirradiated fuel having an initial enrichment, up to and including,
4.30 weight percent U-235. An appraisal of the fixed neutron poisons has shown that they will

remain effective for the 20-year storage period, and there is no credible way to lose them. The
analysis and evaluation of the criticality design and performance have demonstrated that the cask
will .provide for the safe storage of spent fuel for a minimum of 20 years with an adequate

subcritical margin.
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The criticality design features for the TN-32 are in compliance with 10 CFR 72 and the
applicable design and acceptance criteria have been satisfied. The evaluation of the criticality

design provides reasonable assurance that the TN-32 will allow the safe storage of spent fuel.

A.1.3.1 Neutron Absorber Tests

As allowed by NUREG/CR-5661 (Reference 3), the criticality evaluation performed in the

TN-32 FSAR Revision 0 takes credit for 90% of the boron-l0 in the borated aluminum absorber

plates rather than the maximum value of 75% used in prior evaluations. Testing to verify the

presence and uniformity of the neutron absorber are discussed below.

Effective boron-lO content of the borated aluminum fuel basket neutron absorber sheets is

verified by neutron transmission testing of coupons taken from each sheet. The transmission

through the coupons is compared with transmission through calibrated standards composed of a

homogeneous boron compound without other significant neutron absorbers, for example

zirconium diboride or titanium diboride. These standards are paired with aluminum shims sized to

match the scattering by aluminum in the neutron absorber sheets. The effective boron-l0 content

of each coupon, minus 3oy based on the neutron counting statistics for that coupon, must be
> 10 mng boron-10/cm2.

In the event that a coupon fails the single neutron transmission measurement, four

additional measurements may be made on the coupon, and the average of the 5 measurements,
less 3ay based on the counting statistics, must be >_ 10 mg boron-10/cm 2.

Macroscopic uniformity of boron-10 distribution is verified by neutron radioscopy or

radiography of the coupons. The acceptance criterion is that there be uniform luminance across

the coupon. This inspection shall cover the entire coupon.

Normal sampling of coupons for neutron transmission measurements and

radiography/radioscopy shall be 100%. Rejection of a given coupon shall result in rejection of the

associated sheet. Reduced sampling (50% - every other coupon) may be introduced based upon
acceptance of all coupons in the first 25% of the lot. A rejection during reduced inspection will

require a return to 100% inspection of the lot. A lot is defined as all the sheets rolled from a single

casting.

A.1.4 Thermal Evaluation

Chapter 4 of the TN-32 Final Safety Analysis Report, Revision 0 (Reference 2) includes a

thermal evaluation for normal conditions that was based on the following inputs.

1. A maximum heat load of 32.7 kilowatts from 32 fuel assemblies with BPRAs or TPDs, or

1.02 kilowatt/fuel assembly.

2. An ambient temperature range of -30 to 1 15°. The temperature range was averaged over

24 hours and a maximum daily averaged ambient temperature of 100°F was used for the

maximum cask temperature evaluation.
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3. A total solar heat load for a 12-hour period of 1475 Btu/ft2 for curved surfaces and
2950 Btu/ft2 for flat surfaces, per 10 CFR 71.71(c). Since the cask has a large thermal inertia,
the total insolation was averaged over a 24-hour period.

The thermal analysis for normal storage concluded that the TN-32 design meets all
applicable requirements. The maximum temperature of; any confinement structure component was

less than 3 15°F, which has an insignificant effect on the mechanical properties of the confinement
materials used. The predicted maximum fuel cladding temperature was 5650 F, which is well
below the allowable fuel cladding temperature limit of 752°F (400°C) for loading, unloading, and
normal operating conditions.

All fuel transfer operations occur when the cask is in the spent fuel pool with the cask lid
removed. The fuel is always submerged in free-flowing water, permitting heat dissipation. After
fuel loading is complete, the cask is removed from the pool, drained and the cavity is dried.

The loading condition evaluated for the TN-32 is the heatup of the cask before its cavity can
be backfilled with helium. This occurs during the vacuum drying operation of the cask cavity.
Transient thermal analyses were performed to predict the heatup time history for the cask
components assuming air is in the cask cavity.

The results of the transient thermal anaiysis for themaximum heat load of 32.7 kw showed
that in order to prevent cask component peak temperatures from exceeding their analyzed
temperature range, in particular the basket, the time before backfilling the cask with helium must
be limited to less than 36 hours. Backfilling the cask with helium within 36 hours of the
completion of draining also provides assurance that the fuel pin cladding temperature does not
exceed 400°C.

Unloading of a cask would require the flooding of the cask prior to the removal of the fuel.

A quench analysis of the fuel concluded that the total stress on the fuel cladding was below the
cladding material's minimum yield stress. In addition, by limiting the water flow rate into the cask

and monitoring the pressure of the air/steam outflow mixture, the buildup of steam pressure in the
cavity was limited to less than the cask design pressure.

The temperatures determined by the evaluation of the cask systems, structures and
components important to safety will remain within their operating temperature ranges, and cask
internal pressures under normal conditions were acceptable. The TN-32 cask provides adequate
heat removal capacity without active cooling systems. The TN-32 cask is designed with a heat

removal capability having testability and reliability consistent with its importance to safety. Spent
fuel cladding will be protected against degradation that leads to significant fuel failures by
maintaining the clad temperature below maximum allowable limits and by providing an inert
environment in the cask cavity.

A supplemental thermal evaluation was performed and documented in Reference 4. The
evaluation used lower than design basis heat loading (22 kw vs 32.7 kw) and an increased average
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ambient temperature (115 degrees vs 100 degrees). The results of the evaluation indicate that no
cask components or fuel cladding temperature limits exceed the design basis case, therefore the

original design basis remains bounding.

The thermal design of the TN-32 cask is in compliance with 10 CFR 72 and applicable

design and acceptance criteria have been satisfied. The evaluation of the thermal design provides

reasonable assurance that the TN-32 will allow the safe storage of spent fuel for 20 years.

A.l.5 Cask Sliding and Tip-over Analysis

Analysis demonstrates that the casks will not slide or tip-over as a result of the ISFSI design
earthquake (Section 4.2.1.4). The analysis utilized a dynamic, soil-structure interaction analysis to

determine the effect of the design earthquake on the casks and concrete storage pad. A "generic"

Cask, 16 feet high x 8 feet diameter, was used for the analysis. Since cask sliding was the major
concern of the analysis effort, the generic cask approach is considered acceptably bounding and

produces more conservative factors of safety for sliding. A comparison with the generic cask

modeled and the TN-32 is shown below:

TN-32--STABILITY
ANALYSIS TSAR

PROPERTY GENERIC CASK TN-32 SECTION 2.2.3.2

Weight 230 kips 230.99 kips 228 kips

Vertical Distance to 96 inches 92.09 inches 92 inches
Center of Gravity, Iv,

Base Radial Distance to 48 inches 43.875 inches 43.875 inches
Center of Gravity, Ir

A finite element model was used to perform the dynamic analysis. The casks were modeled

as a rigid beam from the top of the concrete pad to the center of gravity of the generic casks and

the transitional and rotary weights of the casks were lumped at the top of the 96-inch rigid beams.

This is more conservative than using the 92-inch vertical distance of the TN-32 cask and will

result in slightly higher accelerations for the casks and a higher moment arm for those

accelerations.

The difference in weight between the generic cask and the TN-32 cask is negligible.

The factor of safety against sliding is determined as:

FS =R/h-

where:

R = Resistance to sliding = p x W x (1 - Az)

p = Coefficient of friction = 0.3
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W = Weight of cask on pad

Az=Vertical acceleration of cask at cask center of gravity

H = Horizontal sliding force = (Sx2 + S20

Sx, Sy = Horizontal cask forces at the cask center of gravity in x,y directions

= W xAi, i = x,y; Ai = horizontal accelerations

Thus,

FS =0.3(1 - Az)/(Ax2 + Ay2)0"5

Higher accelerations will result in a lower factor of safety against sliding, therefore using
the higher center of gravity of the generic casks is conservative and envelops the TN-32 cask. It
should also be noted that the weight of the cask is not involved in the final calculation for the
factor of safety against sliding.

Using the methodology of TSAR Section 2.2.3.2, the g value necessary to tip the cask is

calculated below:

Mtip = gWIv + (2/3)gWIr and Mstab= -I

Where:

Mtp=Moment necessary to tip the cask

Mstab = Stabilizing moment on the cask

g =Acceleration value necessary to tip the cask

W = Weight of cask on pad

Iv= Vertical distance to cask center of gravity

Ir = Radial distance to cask center of gravity

Therefore, the g value necessary to tip the cask is found by equating Mtip to Mstab:

(gWIv) + (2/3)gWIr = WIr

g = (Ir)/(Iv + 0.67 x Ir)

Solving for the TN-32 cask, g = 0.36.

Solving for the generic cask, g = 0.37 which is virtually the same as for the TN-32 cask.
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Using the higher center of gravity of the generic casks will result in higher cask
accelerations and higher overturning moments which will result in a lower factor of safety against

overturning and is therefore conservative.

It is concluded that the generic cask used in the analysis is more conservative than using the
TN-32 cask for the critical sliding analysis and is essentially equivalent to the TN-32 cask for
overturning which shows significant margin to the minimum 1.1 safety factor. The lowest factor

of safety for overturning is about 1.6.

A.1.6 Evaluation of Tornado Missiles

An evaluation of the TN-32 cask using the North Anna ISFSI design basis tornado missiles
was performed. The results are compared below with results provided for the design basis tornado

missiles evaluated in TN-32 TSAR Sections 2.2.1.2 and 2.2.1.3. The effects from the design basis
tornado missiles evaluated in the TN-32 TSAR bound the effects from the North Anna ISFSI

design basis tornado missiles.

TN-32 TSAR NAPS ISFSI

PARAMETER TORNADO MISSILES TORNADO MISSILES

Cask Sliding 7.6 inches 2.7 inches

Cask Tipping 8.9 degrees 2.8 degrees

Cask Penetration 2.03 inches 1.65 inches

The evaluation for cask sliding was performed after determining that the worst case was the

1-ton automobile traveling at 150 mph impacting the cask below the center of gravity. The
evaluation for tipping also used the automobile, but with impact near the top of the cask. Five
missiles were evaluated for penetration of the cask body, and the worst cask penetration was

1.65 inches for the 6-inch diameter steel pipe. Other scenarios mentioned in the SAR are bounded
by these three conditions.

A.1.7 Revised Type B and C Tornado Missile Analyses

The structural analyses for missile types B and C, contained in Sections 2.2.1.3.2

and 2.2.1.3.3 of Revision 9A of the TN-32 TSAR, include the protective cover. Transnuclear has
•performed revised analyses which no longer credit the protective cover for missile protection. The

revised analyses conclude that the code allowable stresses on the lid are not exceeded during a
missile impact event. Section 2.2.1.3.2 and 2.2.1.3.3 of Revision 9A of the TN-32 TSAR are
supplanted by the following sections providing a description of the revised analyses. The revised
TSAR pages are included as Attachment 2 to this appendix.
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A.1.8 SSSC Average Surface Dose Rate

The North Anna ISFSI design basis dose rates in Chapter 7 were determined based upon the

use of TN-32 SSSCs utilizing design basis fuel loadings with no additional conservatisms applied

other than those described in the calculational methodology.

A.1.8.1 SSSC Average Surface Dose Rate Measurement

In order to determine the average surface dose rates of TN-32 casks to compare with

Technical Specifications limits the following method is applied.

Average Side Surface Dose Rate

The side surface dose rates shall be measured at approximately the following locations (see

Figure A. I-i). Obtain separate measurements for gamma and neutron dose rates.

1.. Above the Radial Neutron Shield (Map location A)

Obtain four measurements, equally spaced circumferentially, midway between the top of the

cask body flange and the top of the radial neutron shield. Do not obtain measurements over

or in the immediate vicinity of the cask trunnions.

Add the measurements together and divide by the number of measurements obtained in this

area. The result is the dose rate above the neutron shield.

2. Sides of Radial Neutron Shield (Map locations B,' C, and D)

Obtain four measurements, equally spaced circumferentially, at each, of the following

approximate elevations: one sixth, one half and five sixths along the axial span of the radial

neutron shield. Do not obtain measurements over or in the immediate vicinity of the cask

trunnions.

Add the measurements together and divide by the number of measurements obtained over the

neutron shield. The result is the dose rate over the radial neutron shield.

3. Below Radial Neutron Shield (Map location E)

Obtain four measurements, equally spaced circumferentially, midway between the bottom of

the radial neutron shield and the bottom of the cask. Do not obtain measurements over or in
the immediate vicinity of the cask trunnions. Also, it may not be possible for a neutron dose

rate meter to access the surface at location E. If so, the neutron dose rate meter may be

located as much as one foot away from the cask surface to obtain measurements.

Add the measurements together and divide by the number of measurements obtained in this

area. The result is the dose rate below the neutron shield.

Average Top Surface Dose Rate "

4. Top of Cask (Map locations F, G, and H)
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Obtain one measurement at the center of the protective cover (F). Obtain four measurements
equally spaced circumferentially half way between the center and the knuckle (G). Obtain
four measurements equally spaced circumferentially at the knuckle (H).

Add the measurements together and divide by the number of measurements obtained over the
protective cover. The result is the dose rate over the top surface of the cask.

Final Surface Dose Rate

The average surface gamma and neutron dose rates shall be determined by the following
formulae. Note that A, B, C, and D refer to the values obtained in steps 1, 2, 3, and 4 above,
respectively. The 0.1 and 0.8 multipliers are area weighting factors.

Average Side Surface Gamma Dose Rate = (0.1 x A•) + (0.8 x B7,) + (0.1 x C•)

Average Side Surface Neutron Dose Rate =(0.1 x An1) + (0.8 x B11) + (0.1 x C11)

Average Top Surface Gamma Dose Rate=D,

Average Top Surface Neutron Dose Rate =D

A.1.9 Codes and Standards

The TN-32 cask is designed and fabricated in accordance with Section III of the 1992
edition of the ASME Code. Exceptions to the Code are listed in Table A.1 -1.

Changes to Table A. I-1 or ASME Code exceptions not included in the Table shall be

reviewed in accordance with 10 CFR 72.48. This review should demonstrate that:

1. The changes or exceptions would provide an acceptable level of quality and safety, or

2. Compliance with the specified requirements of Section III of the 1992 edition of the ASME
Code would result in hardship or unusual difficulty without a compensating increase in the
level of quality and safety.

A.I.10 References

1. TN-32 Dry Storage Cask Topical Safety Analysis Report, Revision 9A, Transnuclear, Inc.,
December 1996.

2. TN-32 Dry Storage Cask Final Safety Analysis Report, Revision 0, Transnuclear, Inc.,
January 2000.

3. NUREG/CR-5661, Recommendations for Preparing the Criticality Safety Evaluation of
Transportation Packages, 1997.

4. ETE-NAF-2014-0077, Thermal Analysis During Recoating the Exterior of TN-32 Casks at

the ISFSI, Revision 0.
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Table A. 1-1
TN-32 ASME CODE EXCEPTIONS

List of ASME Code Exceptions for TN-32 Dry Storage Cask Confinement Boundary/Gamma Shielding/Basket.

The cask confinement boundary is designed in accordance with the 1992 edition of the ASME Code, Section III, Subsection NB. The
basket was designed in accordance with the 1992 edition of the ASME Code, Section III, Subsection NE. The gamma shielding, which is
primarily for shielding, but also provides structural support to the confinement boundary during drop accidents, was analyzed in accordance
with Subsection NB. Inspections of the gamma shielding are performed in accordance with the 1992 edition of the ASME Code as detailed
in the TN-32 Topical Safety Analysis Report, Rev. 9A, December 1996 (the TSAR).
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Component
TN-32 Cask

TN-32 Cask

Reference ASME
Code/Section

NB-i1100

NCA-3800

Code Requirement
Stamping and preparation
of reports by the Certificate
Holder

Quality Assurance
Requirements

.Fatigue analysis of bolts

Non-pressure retaining
structural attachments shall
conform to Subsection NF

Exception, Justification & Compensatory Measures
The TN-32 cask is not N stamped, nor is there a code design
specification generated. A design criteria document was
generated in accordance with TN's QA Program and the design
and analysis is provided in the TSAR.

The Quality assurance requirements of NQA- 1 or 10 CFR 72
Subpart G are imposed in lieu of NCA-3 800 requirements.

Lid Bolts NB-3232.3

Gamma Shielding NB-1132.2

A fatigue analysis of the bolts is not performed for storage, since
the bolts are not subject to significant cyclical loads.

The primary function of the gamma shield is shielding, although
credit is taken for the ganima shielding in the structural analysis.
A surface examination of the welds is performed in accordance
with the requirements of Subsection NP.
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Table A. 1-1 (CONTINUED)
TN-32 ASME CODE EXCEPTIONS

Reference ASME
Code/Section

Component Code Requirement Exception, Justification & Compensatory Measures
Pressure test of the NB-6110
confinement
boundary

All pressure retaining
components shall be
pressure tested.

The TN-32 cask is not pressure limited. All confinement welds are
fully radiographed. In addition, the gamma shielding supports the
confinement boundary under all conditions, so a pressure test of
the confinement vessel separately will not simulate actual loading
conditions. If the pressure test is performed with the confinement
vessel inside the gamma shield, the confinement boundary welds
cannot be examined.
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Table A. 1-1 (CONTINUED)

TN-32 ASME CODE EXCEPTIONS

Reference ASME
Code/Section

Component
Confinement
Vessel Material

Code Requirement Exception, Justification & Compensatory Measures

NB-2 120 Required materials to be
ASME Class 1 materials

Standard Review Plan, NUREG-1536 has accepted the use of
either Subsection NB (Class 1) or NC (Class 2 or 3) of the Code
for the confinement. SA-203 Gr. D is similar to SA-203 Gr. E,
which is a Class 1 material. The chemical content of the two
grades are identical, except that Gr. E restricts the carbon to
0.20 max., while Gr. D further restricts the carbon content to
0.17 max. Gr. D is acceptable as a Class 2 material up to 500°E.
SA-350, Gr. LF3 is the same material as the SA-203, Gr. D, except
in a forged condition. SA-350, Gr. LF3 is a Class 1 material in the
1995 edition of the ASME Code, and a Class 2 material in the
1992 Code.

Gr. D was selected because of its ductility, since the higher
strength is not required. SA-203 Gr. D has better elongation than
Gr. E and due to its lower strength is more likely to have the good
fracture toughness at low temperatures.

In selecting materials for storage and transport casks, one of the
major selection criteria is fracture toughness at low temperatures.
SA-203, Gr. D and SA-350, Gr. LF3 were selected on this basis.
There is no similar requirement for pressure vessels, as they are
used at much higher temperatures. For the SA-203 Gr. D and
SA-350, Gr. LF3 materials, the allowable stress was based on S,
the allowable stress for Class 2 components. This is conservative,
since NB is based on S, which is 1/3 the tensile strength, while S
is 1/4 the tensile strength. Thus there is additional margin over and
above the margin required by the code for Class I materials.
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Table A. 1-1 (CONTINUED)
TN-32 ASME CODE EXCEPTIONS

Reference ASME
Component Code/Section

Weld of lid Shield NB -4335

Plate to Lid

Gamma Shielding NB-2190

Code Requirement Exception, Justification & Compensatory Measures

Impact testing of weld and
heat affected zone of lid to
shield plate

Material in the component
support load path and not
performing a pressure
retaining function welded to
pressure retaining material
shall meet the requirements
of NF-2000

Vessels are required to have

overpres sure protection

State requirements for
nameplates, stamping and
reports per NCA-8000

If two different materials are joined, the fracture toughness
requirements of either may be used for the weld metal. There are
no fracture toughness requirements on the shield plate, and
therefore none are performed on the base metal or the heat
affected zones. This weld is not subject to low temperatures, as it
is inside the cask cavity. An evaluation of this weld at low
temperatures is presented in Appendix 3E of the TN-32 FSAR.

The gamma shielding materials were procured to ASTM or
ASME material specifications. Materials testing is performed in
accordance with the applicable specification. Impact testing is not
performed on the gamma shielding materials (including welding
materials). An evaluation of the gamma shielding due to impact at
low temperatures is presented in Appendix 3E of the TN-32
FSAR.

No overpressure protection is provided. Function of confinement
vessel is to contain radioactive contents under normal, off normal,
and accident conditions of storage. Confinement vessel is
designed to withstand maximum internal pressure considering
100% fuel rod failure and maximum accident temperatures.

TN-32 cask to be marked and identified in accordance with
10 CFR 72 requirements. Code stamping is not required. QA data
package to be in accordance with Transnuclear approved QA
program.

0'-

00

0

I~

0

Confinement
Vessel

Confinement
Vessel

NB-7000

NB-8000
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Table A. 1-1 (CONTINUED)
TN-32 ASME CODE EXCEPTIONS

Reference ASME
Code/SectionComponent

Confinement
Vessel material

Code Requirement

NB-2000 Requires materials to be
supplied by ASME
approved material supplier;
Quality assurance to meet
NCA requirements

Exception, Justification & Compensatory Measures
Material will be supplied by Transnuclear approved suppliers with
Certified Material Test reports (CMTR) in accordance with
NB-2000 requirements. The cask is not code stamped. The quality
assurance requirements of NQA- 1 or 10 CFR 72 Subpart G may
be imposed in lieu of the requirements of NCA-3800.

Co

0,-

Corner Weld
between bottom
inner plate to inner
shell

Boundary of
Jurisdiction

NB-523 1

NB -1131

Full penetration corner In lieu of the UT inspection, the joint will be examined by RT and
welded joins require the either PT or MT methods in accordance with ASME Subsection
fusion zone and the parent NB requirements.
metal beneath the
attachment surface to be UT
inspected after welding

The design specification A code design specification was not prepared for the TN-32 cask.
shall define the boundary of A TN design criteria was prepared in accordance with TN's QA
a component to which program. The containment boundary is specified in Chapter 1 of
another component is the TSAR.
attached..
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Table A. 1-1 (CONTINUED)
TN-32 ASME CODE EXCEPTIONS

Reference ASME
Code/SectionComponent Code Requirement Exception, Justification & Compensatory Measures

PT/MT inspection NB-5 130
of plates

Weld preparations in plates
2 inches and over are
required to be surface
examined by PT or MT.

Surface
examination after
machining

NB-4 12 1.3 If more than 1/8 inch of
material is removed, a
surface examination is
required of components
which have been previously
surface examined.

Materials to be ASME
Class 1 materials

The final thickness of the shell is 1.5 inches, and therefore this
requirement was not imposed. However, the confinement shells
may be made from shells with original thickness greater than
1.5 inches. We interpret the code to mean the final thickness of the
pressure vessel. The weld prep on one side of the wall is
performed by back gouging after the opposite side is welded. An
MT examination of this back gouged surface before welding is
performed. A UT examination is performed on the plate material
when purchased. This examination is intended to discover
indications, both laminar and nonlaminar imperfections. Therefore
the UT examination of the plate prior to welding can be expected
to reveal any indications or imperfections that exist in the plate.

The containment flanges and the lids are procured with both a UT
and MT examination. More than 1/8 inch of material may be
removed during processing, and no additional surface
examinations are performed.

The aluminum plate strength is not used for structural analysis
under normal operating loads nor the 50g accident end drop load.
The aluminum plate strength is only assumed to be effective for
the short duration dynamic loading from a tipover accident and for
secondary thermal stress calculations. 6061-T6 is ASME code
material (Class 2 or 3). The strength of the neutron absorber plates
are not considered in any analysis.
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Aluminum basket NF-2 120
plate and rail,
neutron absorber
plates
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Table A. 1-1 (CONTINUED)
TN-32 ASME CODE EXCEPTIONS

Component
Basket

Reference ASME
Code/Section Code Requirement

NF-4000/NF-5000 Welding/NDE Inspections
Exception, Justification & Compensatory Measures
Basket welding procedures are qualified in accordance with
ASME Section IX. Due to the unique nature of these welds,
special inspections and tests were developed for these welds.

Components other Subsection NB
than the
containment
boundary and
basket

Basket NF-3000 Allowable Stresses

* The code does not apply to components other than the
containment boundary and basket. The gamma shielding has been
analyzed and inspected in accordance with Subsection NB as
defined at the beginning of this table.

The ASME Code gives stress values up to 400°F. Stress values
above 400°F are taken from "Aluminum Standards and Data,"
1990. The allowable stresses used for the aluminum basket plate
and rail are based on 5, the allowable stress for a Class 2 or 3
component. This is conservative, since the analyses of the basket
and rail are performed in accordance with the rules of
Subsection NF. Subsection NF allowables are based on Sm which
is 1/3 the ultimate strength, while S is 1/4 the ultimate strength.
Thus there is additional margin built into the analysis of the basket
and rail over and above the margin required by Subsection NE for
class 1 materials.
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Figure A. 1-1
TN-32 SURFACE DOSE RATE MEASUREMENT LOCATIONS
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Appendix A.1, Attachment 1
Revision of Lid Bolt Analysis

Supplants the Analyses in TN-32 TSAR, Revision 9A, Section 3A.3
and TN-32 FSAR, Revision 0, Section 3A.3
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3A.3 Lid Bolt Analyses

The lid bolt analysis presented below is performed using the weight of the TN-32A lid

(including top neutron shield) since it is slightly heavier than the standard TN-32 lid assembly
(with top neutron shield). The use of either aluminum or silver metallic o-ring seals is discussed in

the analysis below. Both are acceptable for use in a TN-32 cask lid system. 0-ring parameters from
either an aluminum or silver o-ring are used interchangeably in the following analyses, depending

on which of the parameters from a particular 0-ring provides the more limiting result.

3A.3.1 Normal Conditions

3A.3.1.1 Bolt Preload

The lid is secured to the cask body by forty-eight 1.5-in, diameter bolts. The selected

bolt preload is such that the metallic confinement seals are properly compressed and the lid is
seated against the flange with sufficient force tO resist the maximum cavity internal pressure and

any dead weight loads acting to unseat the lid. The maximum corresponding tensile reload stress in

the bolts at temperature is 51,930 psi (corresponding to a maximum applied torque during cask
loading of 1230 ft-lb. with lubrication) which is less than the stress allowable for the bolt material

for Normal (Level A) Conditions. The minimum tensile preload stress in the bolts at temperature

is 37,150 psi (corresponding to a minimum applied torque of 880 ft-lb. with lubrication) The load

per bolt is:

Maximum: FB = AB x 51,930

= 1.492 x 51,930 = 77,480 lb./bolt

Minimum: FB = AB x37,150

= 1.492 x 39,260 =55,430 lb./bolt

Since we have 48 bolts, the maximum total seating force of all 48 bolts is 48 FB =

3,719,000 lb. and the minimum total seating force is 2,661,000 lb.

The force required to seat the metallic 0-rings (also referred to as seals), from

Reference 1, is a line load of 1399 pounds per inch of seal circumference for aluminum seals, or

2284 pounds per inch of seal circumference for silver seals. The diameter of the outer seal is

72.65 in. and the diameter of the inner seal 71.05 in. The seal seating force is then:

Fseating = 1399 2t(72.65 + 71.05) = 631,570 lb. (aluminum)

Fseating = 2284 it(72.65 + 71.05) =1,031,000 lb. (silver)

The maximum cask cavity internal pressure is the Design Pressure of 100 psi. The force
required to react the pressure load (conservatively assuming the pressure is applied over the outer

seal diameter) is:

Fpesr 100 ( )7.52= 414,500 lbs.
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The TN-32 cask is always oriented vertical during loading, during transfer to the ISFSI
and during storage on the pad. Dead weight of the lid and cask contents does not actually load the
lid bolts. In fact the lid weight (and external pressure) helps to seat the lid. However, it is
conservative to require that the bolt preload maintain lid seating in any cask orientation. The
weights of the lid, fuel and basket are:

Lid Assembly Weight -- 14,480 lb.

Fuel Weight = 49,060 lb.

Basket Weight = 690lb.

WTota1 80,440 lb.

The total of the seal seating force (conservatively assuming silver seals are used), pressure
load and dead weight loads is:

Fseating = 1,031,000 lb.

Fpressure - 414,500 lb.

WTota1 - 80,440 lb.

-- 1,525,940 lb.

This force is less than the preload stresses achieved for the torque value range of 880 to

1230 ft-lbs. and shows that ample lid seating force is provided under Normal Conditions.
Furthermore, the range of preload stresses is well below the limiting value of 2 Sm (63,800 psi) for

the bolt material at 300°FE

3A.3.1.2 Differential Thermal Expansion

The 48 lid bolts preload the outer rim of the closure lid against the cask body flange. The
1.5 in. diameter bolts are installed through 1.56 in. diameter clearance holes in the 4.50 in. thick lid

periphery. Preloading of the bolts against the lid is accomplished by tightening the bolts so that the
shank portions of the bolts within the clearance holes are stretched elastically. The bolt loads will

therefore change from the initial installed values if any thermal expansion differences should occur
between the lid (through thickness direction) and the bolts.

The bolt material is SA 320 Grade L43 (1 3/4 Ni 3/4 Cr 1/4 Mo). The lid and body

flange are both SA 350 Grade LF3 (3 1/2 Ni). The Section III Code Appendices specify the same
coefficient of thermal expansion for these materials. The bolts are in intimate contact with the lid
and flange and will therefore operate at the same temperature as these components. Therefore there

will be no thermal expansion differences between the lid and bolts, and the assembly preload will
be maintained under all temperatures.
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3A.3.1.3 Bolt Torsion

The torque required to preload the bolt is:

T =K DN Fa (Reference 2)

Where

Tmx = 0.127 (1.5) (77,480) = 14,760 in-lb. =1,230 ft-lb.

Tn~n= 0.127 (1.5) (55,430) =10,560 in-lb. = 880 ft-lb.

K = Nut Factor = 0.127 for N-5000 lubricant (as determined experimentally on a
TN-32 cask)

AB = Bolt stress area = 1.492 in.2

DN = Bolt nominal diameter = 1.5 in.

FBmax = 51,930 psi preload stress x AB = 77,480 lb.

FBmin = 37,150 psi preload stress x AB = 55,130 lb.

The maximum residual torque in the bolt corresponds to the maximum applied torque and

is:

TR = 0.5625T = 0.5625 x 14,760 = 8,303 in-lb.

The minimum residual torque in the bolt corresponds to the minimum applied torque and
is:

TR = 0.5625T = 0.5625 x 10,560 = 5,940 in-lb:

The shear stress in the bolt due to the residual torque from the maximum preload given by
Reference 3:

TRr
"Ttorsion -

where r and J are based on the bolt effective radius for the above stress area.

r = 0.689 in. effective bolt radius

J = torsional moment of inertia of threaded bolt

4
J _ tr_0 3 54 inh4

2

1ttorsion = 8,303 (0.689) /0.354 = 16,160 psi (Torsional Shear Maximum)

1ttorsion = 5,940 (0.689)/0.354 = 11,560 psi (Torsional Shear Minimum)
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3A.3.1.4 Bolt Bending

It is assumed that bolt bending does not occur during seating of the lid against the cask
body during assembly. The bolts are rotated as they are torqued so any slight relative movements

between lid and body flange during preloading will not result in a net offset between the bolt head

and tapped flange holes. In addition, since the lid, flange and bolt materials have the same
coefficient of thermal expansion and will operate at essentially the same temperature, differential

expansion between components will not produce bolt bending.

As internal pressure is applied to the cask cavity, the lid will bulge slightly and its edge
will rotate. In addition, the body cylinder radius will increase slightly due to the internal pressure

resulting in outward radial movement of the tapped bolt holes in the body flange. Since no net
membrane stress is developed in the lid, the lid bolt holes (at the mid surface) will remain at the

original location. Rotation of the edge of the lid will, however, produce radial movement of the

outer surface of the lid at the bolt head location.

The hoop stress in the cask body cylinder is:

PRi
S°P-t

Where. P = 100 psi Design Pressure

Ri= 34.375 in. inside radius

T = 9.5 in. thickness

100 x34.375 31ps
Sh°°P = 9.5 --318s

The radial deflection at the bolt circle is:
•)bc.= bcx'Sh°---p

~.c=Rcx E

Rbc = 38.03 in. bolt circle radius

38.03 x 361.86b.c. 6 = 0.0004914 inches outward
28 x 106

When pressure is applied to the lid, the edge rotation can be calculated assuming the lid is
simply supported. From Reference 4, Table 24 Case 10:

0 = 3W1 -v)3

2Et 3

Where 6 = edge rotation, radians

W = total applied load = 100 psi
v = Poisson's ratio = 0.3

R = 36.35 in. outer seal radius
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T = 4.5 in. lid thickness
E = Young's modulus = 28 x 106

0=3 x 100 x (1-0.3)x(36.35)3 = 0.0019rain

2 x 28x106 x (4.5)3

Figure 3A.3- 1 shows the net movement of the threaded hole and the Point on the lid

under the bolt head.

If it is assumed that the bolt head doesn't slide on the lid surface, the head will be forced

from position a to a' as the lid deflects. Point a' under the bolt head moves outward 0.00445 in.

while the threaded hole moves only 0.00049 14 in. outward. The bolt head will be bent laterally by

0.00445 - 0.00049 14 in. or 0.00396 in. from the threaded end.

The bending model of the bolt is shown in Figure 3A.3-2. The moment on the bolt is

calculated assuming the bolt is subjected to affect bending with the head and threaded end

prevented ftom rotating. For a cantilevered bolt free to rotate at the head, the bending moment

would be reduced by one half. Therefore the assumption of fixed ends is the most conservative and

results in the highest stress.

The shear force, P, and bending moment, M, for a beam subjected to offset bending with

ends prevented from rotating are:

12E15

M=6E15

Where

P = lateral load to deflect the bolt distance 5, lb.

S lateral displacement

--0.00396 in.
E = Young's modulus, 28 x 106 psi @300°F

L -- bolt length in bending

= 4.625 in. (including tapped hole chamfer)
I = tr'4/

= 0.177in.4 (r = 0.689 in. based on stress area of 1.492 in.2)

Therefore

6 816x0.7x0039
MB 6= 81 .7 .09

4.6252

= 5,500 in-lb.
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12 x 28x10 6 x 0.177 x 0.00396
4.6252

= 2,380 lb.

The bending stress in the bolt is

Mr 5, 500 x 0.689
•bT - 0.177

= 21,430 psi

The shear stress due to the lateral force is

"p= P/A = 2,380/1.492 =1,595 psi

3A.3.1.5 Combined Stresses

The total shear stress for the maximum preload stress (51,930 psi corresponding to a

torque of 1230 ft-lbs.) is then equal to the residual torsional shear stress plus that due to force P.

"ttotal = •torsion + tp

= 16,160 + 1,595

=17,755 psi

The total shear stress for the minimum preload (torque of 880 ft-lbs.) equals:

"ttota1 = 11,560 + 1,595 =13,155

The average tensile stress is the bolt preload stress:

15average= 51,930 psi

The maximum tensile stress at two locations in the bolt is the preload stress plus the
bending stress.

13max =51,930 psi + 21,430 =73,360 psi

Therefore, the average combined stress intensity is:

SI average = (cIaverage2 + 4 (tCtotai) 2 )1 /2

= (5 1,9302 + 4 x 17,7552)1/2

= 62,910 psi (62.9 ksi) < 2Sm = 63.8 ksi

The maximum combined stress intensity is:

S1 max = (G5max 2 + 4 (t~total) 2 )1 /2

= (73,3602 + 4 X 17,7552)1/2
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=81,500 psi - 81.5 ksi < 3S 95.7 ksi

For Level A conditions, the average bolt stress is limited to 2 Sm or 2 x 31.9 =63.8 ksi.
The maximum bolt stress is limited to 3 Sm 95. ksi. The analyzed stresses are within these limits

as well as the yield strength of the bolt material (also 95.7 ksi).

3A.3.2 Accident Conditions

The lid bolts are analyzed in this section under the loadings selected to bound those for

the hypothetical bottom end dr~op and tipover onto the concrete storage pad.

3A.3.2.l Bottom End Drop

The bottom end drop from a height of 5 feet onto the concrete storage pad is analyzed in

Section 3A.2.3.2. That section indicates that the cask deceleration may reach 42 g. This analysis
conservatively examines the effects (if any) of a 50 g quasistatic loading on the lid bolts.

During a bottom end drop, the rim of the lid is forced against the flange of the cask body.

The lid is initially seated against the flange by preloading (torquing) the bolts. The bolt preload

will not be affected if compressive yielding of the contact bearing area does not occur.

The contact force on the bearing area, conservatively neglecting internal pressure, is the

.bolt preload force less the seal compression force plus the 50 g inertial force of the lid system. The

maximum preload force, from Section 3A.3.1, is 3,719,000 lb. The seal seating force is 631,570 lb.

for the aluminum seal and 1,031,000 for the silver seal. The weight of the lid system (weight of lid

plus weight of top neutron shield assembly, 11560 +2960 = 14,480 lbs., the highest weight among
TN-32, TN-32A and TN-32B casks) is 14,480 lb.

Therefore, during a 50 g deceleration in the axial direction, and conservatively assuming

an aluminum seal is used (i.e., an aluminum seal has a lower seating force compared to the silver

seal thus resulting in a greater contact force), the contact force between lid and cask body is:

Fcontact = FBolt Preload- Fseai seating + 50 (Widc system)

-- 3,719,000 - 631,570 + 50 (14,480)

= 3,811,000 lb.

Figure 3A.3-3 illustrates the bearing interface between lid edge and body flange. The

bearing area equals the area within the diameter of the lid raised section (74.0 in.) less the outside
of the body chamber (70.22 in.) less the area of the seal groove.

ABering = 4 (742 - 72"952 + 70.752 - 70"222) - 180 in2

The bearing stress during impact is then equal to:

Sbearing = 3,811,000 / 180 = 21,170 psi (21.2 ksi)
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This contact stress is below the 33.2 ksi yield strength of the lid and flange material at
3000F. The bolt preload will not be affected by the bottom drop. Therefore, this hypothetical

accident case will not affect the bolt stresses.

3A.3.2.2Tioe

The tipover onto the concrete storage pad is analyzed in Appendix 3A.2.3.2 of Revision
9A of the TN-32 TSAR and Appendix 3D.2.5 of Revision 0 of the TN-32 FSAR. The tipover

scenario is summarized in Figure 3A.3-4. The peak deceleration occurs at the top of the cask. The

deceleration is much less at the center of gravity and essentially zero at the bottom corner pivot

point. For this analysis the lateral deceleration at the lid end of the body is conservatively taken as

67g and that at the pivot point is zero.

There are two dynamic loadings acting on the lid tending to push or throw it off of the

cask body (i-e. producing tensile forces in the lid bolts). There is a small axial (parallel to cask
longitudinal axis) centrifugal inertia load due to the internals acting on the lid and the lid weight

itself while the cask is rotating.

For the evaluation of the lid bolts it is assumed herein that the cask impacts on the corner

at the lid end. There is no accident condition postulated that would cause greater load on the lid
bolts. The cask orientation for the analysis is shown in Figure 3A.3-5. The axis of the cask is 300

from horizontal with the lid down. Note that this orientation is well beyond that predicted in the
tipover analyses. If the lateral load, GL, is 67g, then the axial load used is 67 x tan 30° or 3 8.7g.

The loads acting on the cask are shown in Figure 3A.3-5. The loads acting on the lid are

shown in Figure 3A.3-6. Also shown is the reaction load at the cask interface and the pivot point,
0, for analysis of lid rotation. Figure 3A.3-7 shows the lid bolt loads resisting rotation of the lid

about pivot point 0. The increase in bolt load beyond the preload varies Uniformly from pivot

point, 0, to the bolt farthest from 0..

The moment acting on the lid about pivot point, 0, due to the inertia load is calculated

as follows:

MI= WI x 38.7 x RT + WL x 38.7 x RT + WL x 67 x a + PAx RT

Where MI= Total moment about pivot point, in-lb
WI=Weight of internals

= 16,900 + 49,060 = 65,950 lb.

WL = Weight of lid system (including shield plate and resin disk),
14,480 lb.

and

PA = Internal pressure load
= 414,500 lb.
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RT Distance from center of lid to pivot point

= 39.75 in.

a = Moment arm of lid inertia load, WL, in.

= 2.25 in. (very conservative since shield weight

effect moves CG toward 0)

Therefore:

MI =(65,960 x 38.7 x 39.75) + (14,480 x 38.7 x 39.75)

+ (14,480 x 67 x 2.25) + (414,500 x 39.75)

= 142.4 x 106 in-lb.

This moment is resisted by the effect of the preload on the lid bolts. The moment due to

preload is calculated as follows:

p= N XFB xRT

Where Mp = moment due to bolt preload, in-lb.

N = number of bolts, 48

FB = Preload per bolt

= AB x preload stress

= stress area bolt x preload stress

= 1.492 in.2 x 51,930 psi =77,480 lb. with 1230 ft-lbs. torque

= 1.492 in.2 x 37,150 psi = 55,430 lb. with 880 ft-lbs. torque

RT = distance from center of lid to pivot point, 39.75 in.

Therefore:

Torque = 1230 ft-lbs.:

Mp = 48 x77,480 x39.75

= 147..8 x 106 in-lb. > 142.4 x 106 in-lb.

Torque =880 ft-lbs.:

Mp = 48 x55,430 x39.75

= 105.8 x 106 in-lb. < 142.4 x 106 in-lb.

Since the bolt preload moment, MI• corresponding to the maximum torque value is

higher than the moment due to inertial load, MT, there will not be any additional load due to a
tipover accident. However, the bolt preload moment corresponding to the minimum torque value is

less than the moment due to inertial load. In this case, the inertial moment is partially resisted by
the effect of the preload on the bolts. The increase in bolt load beyond the preload due to the inertia

g loads created by the difference between MI and Mp which is:

MT =M1 - M
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MT = 142.4 x 106 -105.8 x 106

MT = 36.6 x 106 in-lbs.

The lid bolts resist the above moment which tends to unseat the lid. The increase in lid
bolt load (AFRo) beyond the preload is proportional to the distance from the pivot point 0. The
additional resisting moment, MR, applied by the bolts about point 0 is obtained from the following
expressions. Refer to Figure 3A.3-8 of Revision 9A of the TN-32 TSAR for terminology.

ABoltForce = AFRo x R+con)B
2R+ B

AMoment for a given bolt = ABolt Force x [R + Rcos (nO) + B]

Therefore, the additional moment, MR, can be expressed in general terms as follows:

MR= AFBO[(2R+B)2+B2 +2 Z (R+Rcos(ne)B)2j

n=1

(2R +B)

R -39.75 in.

B = 1.72 in.

0= 7.50

Substituting yields:

•MR = 1421.7 x AFBo
Therefore, AFRo = 36.6 x 106 / 1421.7 = 25,740 lb.

The increase in tensile stress in the bolt beyond the preload is

AFRo!/ AB where:

AB = bolt area, 1.492 in.2

The increased stress is then:

AFRo / AB = 25,740 / 1.492 = 17,250 psi.

The total tensile stress in Bolt 0 is 37,150 + 17,250 = 54,440 psi. Therefore, the total
tensile,stress for a bolt subjected to cask tipover is greater for a bolt torqued to 880 ft-lbs. than for
a bolt torqued to 1230 ft-lbs. The remainder of this tipover analysis will evaluate both the
880 ft-lbs. torque and the 1230 ft-lbs. torque scenarios.
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When the tensile stress is combined with the bolt bending stress due to the lid edge
rotation under internal pressure calculated in Section 3A.3.1, the maximum tensile plus bending
stress is 54,450 psi plus 21,430 psi (bending) - 75,830 psi and the minimum is 51,930 psi + 21,430

psi =73,360 psi. The total shear stress due to torquing and lid deformation from Section 3A.3.1.5
is 17,755 psi for the 1230 ft-lbs. case and 13,155 psi for 880 ft-lbs, The combined stress intensity

is then:

The average combined stress intensity is:

Slaerg = (Yaverage 2 + 4 (tCtotal) 2) 1/2)

1230 ft-lbs. torque: S1average = (5 1,9302 + 4 x 17,7552)1/2

Slaverage = 62,910 psi < Sy, = 95,700 psi

880 ft-lbs. torque: S51avemge = (54,4002 + 4 x 13,1552)1/2

S1 average = 60,430 psi <Sy, = 95,700 psi

The maximum combined stress intensity is:

Smax =(GYmax2 ('total)2 )1 /2

1230 ft-lbs. torque: S'max =(73,3602 + 4 x 17,7552)1/2

S~max =81,500 psi < Su = 113,930 psi

880 ft-lbs. torque: Slmax =(75,8302 + 4 x 13,1552)1/2

SImax =80,260 psi <Su =113,930 psi

In addition to the above calculations, the lid bolts are evaluated based on the interaction
formula from Appendix F of the ASME Code (Reference 5) for tension and shear:

(ft) 2  (fv) 2 _

(Ftb) 2 +(Fvb) 2
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Where:

ft and fv are the applied tensile and shear stresses

Ftb = allowable tensile stress, smaller of (0.7Su) or

Sy, (TSAR Table 3.1-3) = 0.7 x 113,930 =79,750 psi

Fvb = allowable shear stress, smaller of (0.42SU) or
0.6Sy (SAR Table 3.1-3) =0.42 x 113,930 = 47,850 psi

1230 ft-lbs. torque: 880 ft-lbs. torque:

51,930__ 2 + 17, 755__• 0.56 <1 54, 400______ + 13, 1552 _ 0.54 <1

79, 7502 47, 8502 79, 7502 47, 8502

3A.3.3 Conclusions

•-Based on the above evaluation, it is concluded that:

1. The maximum normal and accident condition stresses in the lid bolts are acceptable.

2. A positive (compressive) load is maintained on seals during normal and accident
condition loads as bolt preload is higher than the applied loads.
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Table 3.4-7
Summary of Maximum Stress Intensity and Allowable Stress Limits for Lid Bolts

STRESS SERVICE ALLOWABLE SAFETY
CATEGORY CONDITION CACLTD STRESS (psi) FACTOR

STRESS (psi)
Tensile Level A 51,930 63,800 (2Sm) 0.23

Level D 54,440 79,750 (0.7Su) 0.46

Tensile + Bending Level A 73,360 95,700 (3 Smn) 0.30

Level D 75,830 113,930 (Su) 0.50
Shear Level A 17,755 38,280 (0.4 Sy) 1.16

Level D 17,755 45,572 (0.4 Su) 1.57

Combined S.I. Level A 62,910 95,700 (3 Sin) 0.52

Level D 81,500 113,930 (Su) 0.40
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Appendix A.1, Attachment 2
Revision of Tornado Missile Analysis

Excerpt from TN-32 TSAR (Rev. 9A, 12/96)
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2.2.1.3.2 Missile B

Missile B (rigid) partially penetrates the cask wall. The loss in kinetic energy is
dissipated as strain energy in the cask wall. The force Fb developed by an 8,in. diameter
missile penetrating the cask body is calculated below. With a yield strength of 31,900

psi at 300°F, used for the gamma shield material:

Fb = S()82= 1.603, x 106 lbs.

From conservation of energy:

FbX =1 mbV2o

For a given puncture force Fb:

X- mbv2

2Fb,

where x~is the penetration distance.

The penetration distance is found to be 1.10 in. for a perpendicular impact of the

missile.

When the impact angle is not 90 degrees, the missile will rotate during the impact

limiting the energy available for penetration (conservatively neglected), since part of

the energy will be transformed into rotational kinetic energy.

When hilling the weather protective cover, Missile B deforms the dished head before

penetration begins. This will decrease the penetration distance from the above value.

If the missile were to impact the top of the cask in the vertical orientation, the missile

velocity would be 88.2 mph (70% of the horizontal impact velocity of 126 mph). The

kinetic energy would be:

KB = 0.5 x (276 lbs/32.2 ft/sec2) x (88.2 mph x 5280 ft/m1/3600 sec/hr)2 x 12 in/ft

= 860, 440 in lbs.
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Ignoring the effect of the protective cover and the top neutron shield, the lid bending
stresses under a top impact are evaluated. Reference 20 is used to evaluate the
stresses two boundary conditions:

1. Modeling the lid as a simply supported plate.

2. Modeling the lid as a plate with the edges fixed.

For edges simply supported, Table X, Case 2 of Reference 20 is used. The maximum
stresses occur at the center, where the plate thickness is t = 10.5 in. The impact force,
Fb = 1.603 x10 6 lbs.

The maximum stress at the center is calculated below:

Sr = St = 3W/(2zrrnt2 ) x [m + (m + 1)ln(a/ro) - (m-1)ro2/4a2]

Where ro = uniform load radius = missile radius = 4 inches

m = 3.33
t = 10.5 inches
a = 38.03 inches (effective radius for a simply supported lid at the bolt

circle)
W = Fb= 1.603 x106 lbs.

Therefore, Sr = St 28.5 ksi

This is well below the Level D allowable stress of 63,000 psi.

For the second case, with the lid edges fixed. Table X, Case 7 of Reference 20 is used.

The maximum stress occurs at the edge, where the plate thickness, t = 4.5 inches.

Sr= 3W/(2,1t2) (1 - ro2/2a2)

Where W = Fb= 1.603 x1061lbs.

ro= uniform load radius = missile radius = 4 inches
t = 4.5 inches
a = 38.03 inches

Sr=37.0 ksi

This is also well below the allowable Level D stress of 63,000 psi.
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2.2.1.3.3 Missile C (steel sphere 1" diameter)

The impact of the steel sphere can result in a local dent by penetrating into the cask
surface at the yield strength, Sy,, for a penetration depth, d. The contact area on the cask
surface is:

A = ff(2Rd- d2)

Where:
R is the radius of the sphere, 0.5 inches,
and d is the penetration depth

The kinetic energy of the steel sphere is dissipated by displacing the cask surface

material:

KE =1/(mcVo2) =Sy odff (2Rd- 2) ad

Where mc = sphere mass

KE = 0.5(4/3)(2t)(0.5)3(0.28)(1132.2)(126 x 5280/3600)2 = 933 in-lbs
Sy ofdf(2Rd-d2)ad Sy7L(Rd 2 - d3/3) - KB 933 in-lbs

For a yield strength of 31,900 psi, by trial and error:

d=0.14 in.

The area, A, is therefore 0.38 sq. inches. A maximum impact force of 12.1 x 103~ lb. (A
x Sy) will be developed. It can be concluded that only local denting of the cask will
result.

If the impact is at the top of the cask (ignoring the protective cover and the neutron
shielding), Reference 20, Table X, Case 4 is used to determine the stresses. The impact
force is assumed to act at the center of the lid, where p = 0, ro = 0.353 in. and a =

38.03 inches.

The maximum stress is:

Sr = St = 3W/(2•crt 2) x [m + (m+1)ln(a/ro) - (m-1)roZ/4a2] 1.1 ksi

Since all penetraitions are covered, the steel sphere will have a negligible effect on the
cask.
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Appendix A.1, Attachment 3
Modifications to the TN-32 Protective Cover

Drawing SK-VP-SAR-1
Figure VP1.2-1
Figure VP2.3-1
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FIGURE VPI.2-1
TN-32 CONFINEMENT

BOUNDARY COMPONENT:

REV. 9A REF.
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Appendix A.1, Attachment 4
Supplement to the Structural Analyses in TN-32 TSAR, Revision 9A,

Section 3C.3-1
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3C.3-1.1 Additional Evaluation due to gap size variations occurring from
Basket Rail fabrication and Installation Tolerances

This section evaluates the structural effect of the gap size variation between two basket
support rails

The buckling analysis of basket bottom rail perfonmed in Section 3C.3-l assumes a
gap of 0.48 inches between the edge of two rails or 0.24 inches between the edge of
the rail and centerline of the basket. However, due to fabrication and installation
tolerances the gap between these two rails can vary from 0" to 1.1326" (or 0.5663"
between the edge of the rail and centerline of the basket).

•Discussion

It is observed from Section 3C.3-1 that in the rail design the most critical locations are
locations 1, 2, and 3 as shown on Figure 3C.3-4. Due to the gap changes, the loading
and stress at these three locations are discussed as follows:

1. The collapse load calculated in accordance with ASME B&PV Code;
Section III, NB-3213.25 and Appendix F, F-1341.3 at Location 1 is 96g
which is higher than the 88-g assumed for the tipover accident. The collapse
load was calculated conservativelY by assuming that the vertical load from
the basket is directly applied at the center span of the two vertical rail support
plates as shown'on Figure 3C.3-2. This loading condition results in a
maximum bending stress at the center of the rail horizontal plate. If the
location of the rail is shifted either toward or away from the centerline of the
basket due to gap size change, then the applied vertical load will move closer
to the rail vertical support plates and the bending stress at the rail horizontal
plate will decrease. Therefore, the gap changes will not result in increasing
the stress at Location 1.

2. The stability of the vertical plates at Locations 2 and 3 is analyzed using the
interaction equations 20 and 21 of Paragraph NE-3 322.1 (Equations 1 and 2
in Section 3C.3-1l). These equations utilize membrane and bending stresses
that were determined from three dimensional ANSYS calculations.

For Location 2 and a gap of 0.24",

equation (1) becomes,

0.0954 + 0.328 = 0.423 < 1.0
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equation (2) becomes,

0.440 + 0.483 =0.923 < 1.0

and for Location 3, equation (1) becomes,

0.06 + 0.31 = 0.37 < 1.0

equation (2) becomes,

0.369 + 0.477 = 0.846 < 1.0

Since the membrane and bending stresses at Locations 2 and 3 will either increase or
decrease due to the gap changes the interaction equation must be re-evaluated to insure
that the structural integrity of the rail will be maintained.

•Analysis

The membrane and bending stresses presented in Section 3C .3 -1 were calculated using
a three dimensional ANSYS model. The purpose of this analysis is to determine the
sensitivity of the stress values to a range of rail-to-rail gap dimensions, then re-evaluate
the interaction equations to properly reflect the full range of stress values. A
two-dimensional ANSYS model is sufficient to calculate such sensitivity.

Finite Element Model

In order to calculate the member and bending stress changes due to the gap size
variations, an ANSYS two-dimension beam (BJEAM 3) finite element model is
constructed. This finite element model includes the rail and a small portion of basket
for better load transfer to the rail. Gap elements (CONTAC 12) are used between the
basket and rail to accurately simulate the basket load transfer to bottom support rail.
One-inch widths of rail and basket are used for loading and beam elements section
properties. The finite element model is shown on Figure 3C.3-14.

Material Properties

Following data is used in this run (material properties are taken at 350°F):

Material:

Aluminum Rail E = 9.0 xl06 psi (Section 3C.3-4)

304SS Basket 304SS Bas Et = 26.75 xl06 psi (from Table 3.3-5)
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Loading Conditions

The membrane and bending stresses at locations 2 and 3 are computed by using unit
loads F1, F2, F3 and a distributed load w (for ig). The locations of these loads and
displacement boundary conditions are shown in Figure 3C.3-14.

Fuel Assembly Weight, W = 1,533 lbs. (Table 3.2-1)
Rail Length, L = 159.75 in. (Drawing 1049-70-5)

F1 (at basket center line, x = 0.0) = 0.5 (No. of stacked fuel assemblies x W)/L
= 0.5 x 5 x 1533/159.75 = 23.991 lb.

F3 (at basket centerline, x = 18.61") = 23.991 lb.

F2 (at basket middle, x =8.70 + 0.105 +.5 = 9.305") = (No. of stacked fuel
assemblies x W)/L = 5 x 1533/159.75 = 47.981 lb.

Distributed Load, w = Fuel Assembly Weight!/(L x Basket Span) = 1533 /(159.75

x 9.301) = 1.03 174 lb/in

Section Properties:

Rail: Section Area, A = 0.47 (depth) xl1.0 (width) - 0.47 in2
Moment of Inertia, I = 1.0 x 0.473/12 = 0.008652 in4

Basket: Steel - Aluminum Composite Section
Es, Steel = 26.75 x 106 psi
Ba, aluminum = 9.0 x 106 psi

Ic, Composite Section = [1.0 (0.713/12 - 1.0 (0.53/12]+(1 x 0.53/12) x (9.0 x
106/26.75 x 106) = 0.022914 in4

Depth, dc = (12 x 0.022914)1/3 = 0.65 in.
Ac =0.65 x 1.0 =0.65 in2

Contact Elements: K = 1.0 x 106

Coefficient of friction = 0
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Composite
SteellAluminum .105
Section

T., i1

Load Case 1

The analysis is performed to calculate the membrane and bending stresses by using
the existing loading condition (0.48" gap or 0.24" gap for half model).

An elastic non-linear run was made using the above loads and section properties. The
membrane and bending stress components at location 2 and 3 are recorded in
Table 3C.3-1. The deformed shape of model is given in Figure 3C.3-16.

Load Case 2

The same model is run by shifting the rail to the right to simulate the maximum gap
of 1.1326" or 0.5663" for the half model. In this run, all loads and section properties
are same as in 0.24 in. gap case. However the finite element model was revised by
transferring the 'x - coordinates' of rail nodes by 0.5663 0- 0.24 = 0.3263".

The membrane and bending stress components at location 2 and 3 are recorded in Table
3C.3- 1. Also, the ratio between the values from this run and Load Case 1 are included
in Table 3C.3-1. The deformed shape of model is given in Figure 3C.3-17.

Load Case 3

The same model is run by shifting the rail to the left to simulate the minimum gap of
0.0" for the half model. In this run, all loads and section properties are same as in
0.24. in. gap case. However the finite element model was revised by transferring the
'x - coordinates' of rail nodes by 0- 0.24 - -0.24".

The membrane and bending stress components at location 2 and 3 are recorded in Table
3C.3- 1. Also, the ratio between the values from this run and Load Case 2 are included
in Table 3C.3-1. The deformed shape of model is given in Figure 3C.3-18.
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Evaluation

The interaction equation is re-evaluated by applying the results of the sensitivity
analysis to the compression and bending components of the equation. Since the result
from the equation (2) bounds equation (1), therefore only result from equation (2) is

re-evaluated. So, for Case 2, which reflects the maximum gap between the two rails,
at location 2:

0.440(1.034) + 0.483(1.101) -- 0.987 _< 1.0

and at Location 3:

0.369(l.076)+ 0.477(1.084) = 0.914 < 1.0

For Case 3, which reflects the minimum gap between the rails, the interaction equation

at Location 2 becomes

0.440(0.961) + 0.483(0.863) - 0.840 <_ 1.0

and at Location 3:

0.369(0.955)+ 0.477(0.940) - 0.801 _<1.0

*Conclusion

The results of this analysis show the following conclusions:

1. As the gap between these two rail decreases, the likelihood of buckling

decreases.

2. At the maximum possible rail gap of 1.1326" (or 0.5663" between the edge of
the rail and centerline of the basket), the buckling interaction equations
indicate that the rail will not buckle.

3. The stresses at Location 1 are not affected by a change in the rail gap size.

Therefore, for any possible gap sizes, the structural integrity of the rail will be
maintained.
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Table 3C.3-1
SUMMARY OF STRESSES AND INTERACTION EQUATION EVALUATION

CaeTyeAt Location 2 At Location 3
CsTye(Node 71) (Node 81)

0.48" Space between Membrane Stress (psi) -59.182 -65.290"
Rails Bending Stress (psi) 27.765 38.627

1.1326" Space between Membrane Stress (psi) -61.18 1 -70.267
Rails Bending Stress (psi) 30.568 41.87

Ratio Membrane Stresses -61.181/-59.182 = -70.265/-65.290 =
For 0.5663" & 0.24" 1.034 1.076

cases

Ratio Bending Stresses 30.568/27.765 = 41.87 1/38.627 =

For 0.5663" & 0.24" 1.101 1.084
cases

Interaction Equation 1 .034(.44") + 1 .076(.369*) +

1.101(.483") = 0.987 1.084(.477*) -- 0.914

0.0" Space between Rails Membrane Stress (psi) -56.883 -62.327

Bending Stress (psi) 23.962 36.3 15

Ratio Membrane Stresses -56.883/-59.182 = -62.327/-65.290=
For 0.5663" & 0.24" 0.96 1 0.955
cases

Ratio Bending Stresses 23.962/27.765 = 36.3 15/38.627 =

For 0.5663" & 0.24" 0.863 0.940
cases

Interaction Equation 0.961 (.44*) + 0.955(.369*) +
0.863(.483*) = 0.840 0.940(.477*) = 0.801

* These coefficients are calculated in Section 3C.3-1. Since the result from the equation (2)
bounds equation (1), therefore only result from equation (2) is re-evaluated.
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Figure 3C.3-14
FINITE ELEMENT MODEL - BOTTOM SUPPORT RAIL
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Figure 3C.3-15
FINITE ELEMENT MODEL - LOADING AND BOUNDARY CONDITIONS
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Figure 3C.3-16
FINITE ELEMENT MODEL - DEFORMED SHAPE, 0.24" DISTANCE
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Figure 3C.3-17
FINITE ELEMENT MODEL - DEFORMED SHAPE, 0.5663" DISTANCE
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Figure 3C.3-18
FINITE ELEMENT MODEL - DEFORMED SHAPE, 0.0" DISTANCE
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AR EVA
April 16, 2014
E-37975

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
One White Flint North
1 1555 Rockville Pike
Rockville, MD 20852

Subject: TN-32 Updated Final Safety Analysis Report (UFSAR), Revision 6 and
10 CFR 72.48 Summary Report for the Period 04/17/12 to 04/16/14

Reference: 1. TN-32 Updated Final Safety Analysis Report (UFSAR), Revision 5 and
10 CFR 72.48 Summary Report for the Period 04/17/10 to 04/16/12
(Docket 72-1021, April 16, 2012, ML1 21 09A089)

Pursuant to 10 CFR 72.248, AREVA Inc. has updated the TN-32 UFSAR, last updated
by Reference 1, and herewith submits UFSAR Revision 6 changes for docketing. This
update to the UFSAR incorporates changes implemented by AREVA Inc. pursuant to
10 CFR 72.48 for the time period 04/17/12 to 04/16/14.

I certify that this submittal accurately presents changes made since the submittal of
Reference 1.

Enclosure 1 provides new and replacement UFSAR pages, including a List Of Effective
Pages that identifies the Revision 6 pages. This submittal does not contain proprietary
information; however, updated title pages for both the proprietary and the non-
proprietary UFSAR versions are included. The proprietary version title page is included
in Enclosure 1. The non-proprietary version title page is provided as Enclosure 2.

The changed areas are marked as follows:
*Changed pages show Rev. 6, 04/14 in the footer.
*Changed areas are indicated using revision bars in the right-hand margin.
* Newly inserted text is shown by italics.

Regarding the summary report required to be submitted pursuant to 10 CFR
72.48(d)(2), AREVA Inc. made no changes in facilities or spent fuel storage cask
design, no changes in procedures, and no tests or experiments pursuant to paragraph
(c)(2) of 10 CFR 72.48 during the period 04/17/12 to 04/16/14 for the TN-32.

AI• EVA TN

A-RE-A, Itnc.

TalL.(,4,1) 91o-89OO. FeN: 410))glO-4'gO2



April 16, 2014
E-37975

Should you have any questions regarding this submittal, please do not hesitate to
contact Mr. Don Shaw at 410-910-6878 or me at 41 0-910-6820.

Sincerely,

Paul Triska

Vice President, Technical Services

cc: B. Jennifer Davis (NRC SFST) in a separate mailing, as follows:
*Two paper copies of replacement pages for TN-32 UFSAR, Revision 6

(Proprietary Version)
oTwo electronic copies (computer disk) of the TN-32 UFSAR, Revision 6

(Proprietary Version)

Enclosures:

1. Replacement Pages for TN-32 UFSAR, Revision 6 (Proprietary Version)
2. Replacement Title Page for TN-32 UFSAR, Revision 6 (Non-Proprietary Version)

Page 2 of 2



ARE VA
November 17, 2015
E-43 839 Rev. 0

Don McGee, PM
Mail Code CLT-1D
7207 IBM Dr.
Charlotte, NC 28262

Subject: NRC Request #4 for Design Basis Information Supporting License Amendment Request Serial

No. 15-3 69 to License SNM-2507 Docket No. 72-16

Dear Mr. McGee:

This correspondence is written to provide AREVA TN response to a request by the NRC to .receive
documentation for: 1) the B4C rod material density and, 2).the computer input files for the SCALE model that
supports review of License Amendment Request (LAR).

This LAR is for the storage of high burn up nuclear fuel at the North Anna Power Station as part of a project to
monitor the .effects of long-term storage. The information requested is being transmitted to Dominion Power
and, subsequently, forwarded on to the NRC for their use in the rev~iew process.

The information is provided as attachments to this letter as specified below. Note that Item #2 on Attachment A
was resolved as described in Attachment B.

Sincerely,

Tom Edwards
Design Project Engineer

Attachment A: E-mail from Der Yuan Lee to Tom Edwards dated 11116/15 - 1 page

Attachment B: E-mail fi'om Tom Edwards to Brian Vitiello dated 11/.16/15 - 1 page

cc: Phil Lozmack (PM) Rod Gooch (PM)
Ken Legg (QAS) Lauren Naggs (DCA)
Dennis Williford (Licensing) Project File 19885 - Outgoing Correspondence
Brian Vitiello (Dominion)

AREVA TN

AREVA Inc.
7135 Minstrel Way - Suite 300 - Columbia. MD 21045 USA
Tel.: (410) 910-6900 - Fax: (410) 910-6902
us~areva.com/AREVATN



Attachment A to E-43839 Rev. 0
Page 1 of 1

From: LEE Der Yuan (BE/LO)
Sent: Monday, November 16, 2015 11:35 AM
To: EDWARDS Tom (BE/LO)
Cc: PHAM Tan Trieu (BE/LO)
Subject: RE: HBU Demo Project - Al Resolution

Tom.

1. The material density of the B4C rod material density

In AREVA TN Calculation, 19885-0602 Revision 0, Section 5.3.2 spells out that, "The Oak Ridge

National Laboratory (ORNL) SCALE code package [2-5] contains a standard material data library for

common elements, compounds, and mixtures. All the materials used for the cask, basket, fuels, PRA

and TC insert are available in this data library." Reference 2-5 points to, "2-5 SCALE: A Modular

Code System for Performing Standardized Computer Analyses for Licensing Evaluations, ORNLfFM-

2005/39, Version 6, Vols. i-Il, January 2009. Available from Radiation Safety Information

Computational Center at Oak Ridge National Laboratory as CCC-750." In Section M8.2 of the SCALE

Manuel, it states,

B4C Boron carbide: B4C; natural isotopic distribution obtained by default, 2.52 g/cc.

Table M8.2.4 gives more info,

Table M8.2.4. The Standard Composition Library - compounds and other materials (atoms per
molecule)

Alphanumeric compound identifier Densitya Nuclide Number of atoms per
molecule

B4C 2.52 5000 4
6000 1

In the criticality input, the default B4C material density is applied to the criticality evaluation as shown

be low,

'pra

b4c 6 0.50 293.0Oend

The third entry of the second line, 0.50, indicates that 50% of the B4C is credited.

2. _The SCALE criticality analysis model

I have placed the criticality input files as \\adom\TN\Public'AREVAnet\delee\hbu.zip. I have also sent it
through the MFT.

David Lee



Attachment B to E-43 839 R~ev. 0
From: EDWARDS Tom (BE/LO) Page 1 of I
TO: b rian .tvtiello(dom.com
Cc: JONES Adam (AREVA Federal Services LLC)
Subject: HBU Project 19885 Criticality Input Files

Date: Monday, November 16, 2015 5:05:00 PM
Attachments: ambw mrc mod-060.ino

ambw mrc mod-070.ino
ambw mrc mod--080ino
ambw mrc mod-085.ino
ambw mrc mod-090.ino
embw mrc mod-095.ino
ambw mrc mod-iOO0inb

Brian,

Attached are the 7 SCALE model input files obtained from the AREVA TN Nuclear Analysis group. See

if that is in a format that works for you.

The e-mail response for B4C density will be forthcoming tomorrow.

TOM EDWARDS
Design Project Engineer
AREVA TN
A Division of AREVA inc.
7207 IBM Drive
Mail Code CLT-3A
Charlotte, NC 28262
P: 704-805-2076
F: 434-382-2661
thomas.edwards~a reva .com
wVwr transnuclear.com/AREVATN
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=csas5 parm=nitawl
tn-32 demo cask mrc ambw
4 4groupndf5
read comp
uo2 1 0.960 293.0 92235 4.60 92238 95.40 end
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end

'moderation 60.0%
h2o 5 0.600 293.0 end
boron 5 den:O.O0250 0.600 293.0 end

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end
'al plate

al 8 1.0 293.0 end
'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate

boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den:O.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end

'tc lance
al 15 1.0 293.0 end

'cask shell
carbonsteel 16 1.0 293.0 end

'exterior water
h2o 17 1.0 293.0 end
end comp
read celldata
latticecell squarepitch pitch=l.25984 5 fueld=0.81915 1 cladd=

0.94996 2 gapd=0.83566 3 end
end celldata
read param run=yes gen=805 npg=lO000
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4 pi0. 9 7 2 8 190.50 -193.04

nsk=5 end param

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

-10.9728 190.50 -185.42

1



ambw mrc rood-060 Pg f1Page 2 of 11

cuboid 7 1 4plO.9728 213.36 -193.04cuboid 4 1 4p1i.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745 -11.9761 213.36 -193.04
cuboid 0 1 11.8745 -12.5603 11.8745 -11.9761 213.36 -193.04
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411 213.36 -193.04
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -11.9761 213.36 -193.04
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411 213.36 -193.04
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.9761 213.36 -193.04
cuboid 4 1 11.2395 -11.3411 12.7762 -11.9761 213.36 -193.04
unit 7
array 1 -10.9728 -10.9728 -175.2601

2
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cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboidl 0 1 3p1i.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395 -11.9761
cuboid 0 1 11.8745 -12.5603 11.2395 -11.9761
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395 -11.9761
cuboid 4 1 12.5095 -11.9761 11.2395 -11.9761
unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 12.5095 -11.8745
cuboid 0 1 11.8745 -12.5603 12.5603 -11.8745
hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

190.50 -185.42

213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04

213.36 -193.04

190.50 -185.42

213.36 -193.04
213.36 -193.04

190.50 -185.42

cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 12.5095 -11.8745 213.36
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.8745 213.36
cuboid 0 1 11.2395 -11.3411 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0

-193.04
-193.04

-185.42

-193.04
-193.04
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9 7 28 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.8745 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.8745 213.36
hole 33 -12.5603 0.0 0.0
unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761 -11.8745 213.36
unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboidl 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4D10. 9 728 213.36 -193.04

-185 .42

-193.04
-193 .04

-185.42

-193.04

-193.04

-185.42

cuboid 4 1
cuboid 0 1
hole 35 -1ii

4pll.2395 213.36
11.2395 -11.3411

1.2903 0.0 0.0

-193. 04
11.3411 -11.2395 213.36 -193.04

hole 36.0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761 -12.5095 213.36
cuboid 4 1 11.2395 -11.3411 11.9761 -12.7762 213.36
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36
hole 33 -12.5603 0.0 0.0
unit 16
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-193. 04
-193.04

-185.42

-193.04
-193.04

-185.42

-193.04
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cuboid 8 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
cuboid 4 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboidl 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4~pl0.9728 213.36 -193.04
cuboid 4 1 4pli.239.5 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -12.5603 213.36 -193.04
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.8745 -11.9761 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411 213.36 -193.04

5
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4 pl0. 9 7 2 8 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboid 4 1 11.3411 -11.2395 12.7762
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.2395
cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.2395
cuboidl 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4o11.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 8 1
cuboid 0 1

12.5095 -11.8745
12.5603 -11.8745

12.5095
12.5603

hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

6
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cuboidi 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboidl 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36 -193.04
unit 30
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761 -12.5095 213.36 -193.04
cuboid 4 1 11.3411 -11.2395 11.9761 -12.7762 213.36 -193.04
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04

7
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cuboid 7 1 4lpi0.9728 213.36 -193.04cuboidl 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.2395 213.36
cuboid 0 1 12.5603 -11.8745 11.9761 -11.2395 213.36
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.2395 213.36
cuboidl 4 1 11.9761 -12.5095 11.9761 -11.2395 213.36
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332
cuboid 9 1 0.050799 -0.0 2pi0.4013 2pl0.16
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pl0.4013 0.0 -0.050799 2pl0.l6
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2 p0.050 7 9 9 2pl0.4013 2pi0.l6
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pl0.4013 2p0.050799 2pl0.l6
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

-193.04

-185.42

-193.04

-193. 04
-193. 04

8
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'exterior fuel comrpart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2 p 4 6 . 3 9 52 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04
'exetrior steel waraper

unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04

'fuel pin
unit 51
cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

'instrument
unit 53
cylinder 5 1
cylinder 2 1
cuboid 5 1

'pra
unit 54
cylinder 6 1
cylinder 0 1
cylinder 4 1
cylinder 5 1
cylinder 2 1
cuboid 5 1
'tc lance

unit 55
cylinder 15
cylinder 0
cylinder 2
cuboid 5

global
unit 47

L 0.409575
* 0.417830
* 0.474980
* 0.62992

S0.57150
* 0.61214
[0.62992
Stube

* 0.57150
- 0.61214
- 0.62992

- 0.37465
- 0.41783
- 0.47498
S0.57150

-0.61214

S0.62992

1 0.37084
1 0.57150
1 0.61214
1 0.62992

)
)

182.88 -182.88
182.88 -182.88
182.88 -182.88

-0.62992 0.62992 -0.62992 182.88 -182.88

L82.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992

L82.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992

182.88 -182.88

182.88 -182.88

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88

182.88 -182.88
I 182.88 -182.88
S182.88 -182.88

- 0.62992 0.62992 -0.62992 182.88 -182.88

9
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04

hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole

41
42
43
44
37
37
38
38
45
45
45
45

0.0
0.0
48. 9205

-48. 9205
71. 5012

-73. 0379
0.0
0.0
48.92051

-49.18721
48. 9205

-49.1872
r 5 1 8'
r 0 1 8'
r16 1 11i

te 17 1 3"*

48.2855
-48.2855

0.0
0.0
0.0
0.0

71.5012
-73.0379
49.1872
49 .1872

-71.4885
-71 .4885

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cylinder
cylinder
cylinder
repl1i cat
end geor
read art

7.3125 213.3600
7.3125 221.6150
1.4425 248.2850
3.0 10

-193. 0400
-193.0400
-219. 0750

ray
nuy=17 nuz=1ara=1 nux=17

fill
51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51. 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara=2 nux=17

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz=l
fill

51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51

51
51
51
51
51
54
51
51
54

51
51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

10
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51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'to lance

ara=3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 ,51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51

51
51
51
51
51
51
51
51

51 51 51
51 51 51
54 51 51
51 51 51
51 51 54
54 51 51
51 51 51
51 51 51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

nuy:17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51 51
51 51
52 51
51 51
51 51
55 51
51 51
51 51
53 51
51 51
51 51
52 51
51 51
51 51
52 51
51 51
51 51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51 51 51
51 51 51
52 51 51
51 51 52
51 51 51
52 51 51
51 51 51
51 51 51
52 51 51
51 51 51
51 51 51
52 51 51
51 51 51
51 51 52
52 51 51
51 51 51
51 51 51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

end fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=:4
ara=15 nuy=4
ara=16 nux=4
5 end fill
ara=33 nuz=18
ara=34 nuz=18
ara=35 nuz=18
ara=36 nuz=18
end array
read bounds
all =va cuum
end bounds
end data
end

fill
fill
fil11

24 23
32 31
14 11

7 8 end
15 16 end

3 6 end

fill
fill
fill

fill 30 27 19 22 end fill
nxuy=4 fill 29 28 12 13 26 25 9 10 18 17 1 2 21 20 4

fill
fill
fill
fill

f3 32
f342
f3 52
f3 62

end fill
end fill
end fill
end fill

1i
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=csas5 parm=nitawl
tn-32 demo cask mrc amnbw
4 4groupndf5
read comp
uo2 1 0.960 293.0 92235 4.60 92238 95.40 end
zirc4 2 1.0 293.0 end
h2o 3 1.0. 293.0 end
'fuel compartment

ss304 4 1.0 293.0 end
'moderation 70.0%

h2o 5 0.700 293.0 end
boron 5 den=O.O0250 0.700 293.0 end

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end

'al plate
al 8 1.0 293.0 end

'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate
boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den:O.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end

'tc lance
al 15 1.0 293.0 end

'cask shell
carbonsteel 16 1.0 293.0 end
'exterior water

h2o 17 1.0 293.0 end
end comp
read ceildata
latticecell squarepitch pitch=l.25984 5 fueld=O.81915 1 cladd=

0.94996 2 gapd=0.83566 3 endend celldata
read param run~yes gen=805 npg=lO000
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4lpl0.9728 190.50 -193.04

nsk=5 end param

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

-10.9728 190.50 -185.42

1
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cuboid 7 1 4pl0.9728 213.36 -193.04cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0

-193.04
-193 .04

-185 .42

-193.04
-193.04

unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3 pll. 2 3 9 5 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4ipll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095
cuboid 4 1 11.2395 -11.3411 12.7762
unit 7
array 1 -10.9728 -10.9728 -175.2601

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

2
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cuboid
cuboid
cuboid
cuboid
cuboid

3
5
7
4
0

1
1
1
1
1

10.4445 -10.9728 10.4445 -10.9728
4pi0.9728 190.50 -193.04
4pl0.9728 213.36 -193.04
4pli.2395 213.36 -193.04-1.71236-9.0
3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395
cuboid 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboidi 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395
cuboid 4 1 12.5095 -11.9761 11.2395
unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 12.5095
cuboid 0 1 11.8745 -12.5603 12.5603
hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 12.5095 -11.8745
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745
hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4o10.9728 213.36 -193.04

-193.04

213.36 -193.04
213.36 -193.04

190.50 -185.42

cuboid 4 1 4pli.2395 213.36
cuboid 0 1 11.2395 -11.3411
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411
cuboid 0 1 11.2395 -11.3411
hole 34 0.0 12.5603 0.0

-193 .04
2pli.2395 213.36 -193.04

12.5095 -11.8745 213.36 -193.04
12.5603 -11.8745 213.36 -193.04

3
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboidl 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4ipi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.8745 213.36
cuboidi 0 1 11.8745 -12.5603 11.9761 -11.8745 213.36
hole 33 -12.5603 0.0 0.0
unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761 -11.8745 213.36

-185 .42

-193.04
-193.04

-185.42

-193 .04

-193.04

unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboidi 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761
cuboid 4 1 11.2395 -11.3411 11.9761
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-12.5095 213.36 -193.04
-12.7762 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36 -193.04
cuboidl 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36 -193.04
hole 33 -12.5603 0.0 0.0
unit 16

array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.22395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

4
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cuboidl 8 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
cuboid 4 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboidl 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 '4pli.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -12.5603 213.36 -193.04
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.8745 -11.9761 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411 213.36 -193.04

5
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -11.9761
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.9761
cuboid 4 1 11.3411 -11.2395 12.7762 -11.9761
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 3pii.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.2395 -11.9761
cuboid 0 1 12.5603 -11.8745 11.2395 -11.9761
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboidl 8 1 11.9761 -12.5095 11.2395 -11.9761
cuboid 4 1 11.9761 -12.5095 11.2395 -11.9761
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpii.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 12.5095 -11.8745
cuboid 0 1 12.5603 -11.8745 12.5603 -11.8745
hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04
213.36 -193.04

190.50 -185.42

6
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cuboid 0 1 11.3411 -11.2395 2 pli. 2 3 9 5 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1875236-9.0
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04

-193.04
-193.04

-185.42

-193. 04
-193 .04

-185 .42

hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761
cuboid 0 1 12.5603 -11.8745 11.9761
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4 pi0. 9 7 2 8 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761
unit 30
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9'728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761
cuboid 4 1 11.3411 -11.2395 11.9761
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04

-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-12.5095 213.36 -193.04
-12.7762 213.36 -193.04

-10.4445 190.50 -185.42

7
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cuboidi 7 1 4pi0.9728 213.36 -193.04cuboid 4 1 4pli.2395 213.36 -193.04-1.352.6-9.0
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04

hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761
cuboid 0 1 12.5603 -11.8745 11.9761
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboidl 0 1 11.3411 -11.2395 11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761
cuboid 4 1 11.9761 -12.5095 11.9761
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332

-11.2395 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-11.2395 213.36 -193.04
-11.2395 213.36 -193.04

cuboid 9 1 0.050799 -0.0 2pi0.4013 2pi0.16
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pi0.4013 0.0 -0.050799 2pi0.16
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pi0.4013 2pi0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pi0.4013 2p0.050799 2pl0.l6
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

8
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2 p 4 6 . 3 9 52 1.27 -0.0 213.36 -193.04
cuboid 4 1 2p46.3952 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 l193.04
unit 44
array 15 -22.5806 -49.1871 -193.04
'exetrior steel waraper

unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04
'fuel pin

unit 51

cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

0.409575
0. 417830
0.474980

182.88 -182.88
182.88 -182.88
182.88 -182.88

0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

0.57150
0.61214
0. 62992

'instrument tube
unit 53
cylinder 5 1 0.57;
cylinder 2 1 0.61L
cuboid 5 1 0.62:

'pra
unit 54
cylinder 6 1 0.37,
cylinder 0 1 0.41'
cylinder 4 1 0.47,
cylinder 5 1 0.57T
cylinder 2 1 0.61;
cuboid 5 1 0.62:
'tc lance

unit 55

182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992

182.88 -182.88

182.88 -182.88

150
214
992

465
783
498
150
214
992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88

182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88

cylinder 15
cylinder 0
cylinder 2
cuboid 5

global
unit 47

1
1
1
1

0. 37084
0. 57150
0. 61214
0. 62992

9
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04

hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole

41
42
43
44
37
37
38
38
45
45
45
45

0.0
0.0
48. 9205

-48. 9205
71.5012

-73.0379
0.0
0.0
48. 92051

-49.18721
48. 9205

-49.1872

48.2855
-48.2855

O0.
O0.
O0.
O0.

71.5012
-73.0379
49.1872
49.1872

-71.4885
-71.4885

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cylinder 5
cylinder 0
cylinder 16
replicate 17
end geom
read array
ara~l nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara=2 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

1
1
1

87.3125 213.3600
87.31'25 221.6150

111.4425 248.2850

-193. 0400
-193. 0400
-219. 0750

1 3*3.0 10

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

10
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51 51 51
51 51 51
51 51 54
51 51 51
51 51 51
51 51 51
51 51 51
51 51 51

end fill

51
51
51
51
54
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

'tc lance
ara=3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
'51 •51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=4
ara=15 nuy=4
ara=16 nux=4
5 end fill
ara=33 nuz=l•
ara=34 nuz=lE
ara=35 nuz=l•
ara=36 nuz=l•
end array
read bounds
all=vacuum
end bounds
end data
end

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
55
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill 24 23 7 8 en,
fill 32 31 15 16 en,
fill 14 11 3 6 en,
fill 30 27 19 22 en,
nuy=4 fill 29 28 12

d
d
d
d

fill
fill
fill
fill

13 26 25 9 10 18 17 1 2 21 20 4

fill
fill
fill
fill

f332
f342
f352
f3 62

end fill
end fill
end fill
end fill
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=csas5 parm=nitawl
tn-32 demo cask mrc ambw
4 4groupndf5
read comp
uo2 1 0.960 293.0 92235
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end
'moderation 80.0%

h2o 5 0.800 293.0 end
boron 5 den=O.O0250 0.800

4.60 92238 95.40 end

293.0 end

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end

'al plate
al 8 1.0 293.0 end

'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate
boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den=O.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end
'tc lance

al 15 1.0 293.0 end
'cask shell

carbonsteel 16 1.0 293.0 end
'exterior water

h2o 17 1.0 293.0 end

end comp
read ceildata
latticecell squarepitch pitch=l.25984
0.94996 2 gapd=z0.83566 3 end
end celldata
read param run=yes gen=805 npg=1O00 n:
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -:
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745 -:
cuboid 0 1 11.8745 -12.5603 11.8745 -:
hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -:
cuboid 5 1 4pi0.9728 190.50 -193.04

5 fueld=0.81915 1 c:

sk=5 end param

10.9728 190.50 -185.42

12.5095 213.36 -193.04
12.5603 213.36 -193.04

10.9728 190.50 -185.42

ladd=

1
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cuboid 7 1 4pi0. 9 7 2 8 213.36 -193.04
cuboidi 4 1 4pll.239.5 213.36 -193.04
cuboidl 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04

-193.04
-193.04

-185. 42

-193.04
-193. 04

-185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095
cuboid 4 1 11.2395 -11.3411 12.7762
unit 7
array 1 -10.9728 -10.9728 -175.2601

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04
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cuboid 3
cuboid 5
cuboid 7
cuboid 4
cuboid 0

1 10.4445 -10.9728 10.4445 -10.9728
1 4pi0.9728 190.50 -193.04
1 4pi0.9728 213.36 -193.04
1 4pll.2395 213.36 -193.04-1.71236-9.0
1 3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395
cuboid 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboidi 4 1 4lpli.2395 213.36 -193.04
cuboidl 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395
cuboid 4 1 12.5095 -11.9761 11.2395
unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 12.5095
cuboid 0 1 11.8745 -12.5603 12.5603
hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboidi 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboidl 8 1 12.5095 -11.9761 12.5095 -11.8745 213.36
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.8745 213.36
cuboid 0 1 11.2395 -11.3411 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0

-193.04

-193.04

-185.42

-193.04
-193 .04
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unit 12
array 1 -10.9728 -10.4445 -175.2601
ouboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid1 4 1 4pll.2395 213.36 -193.04
czuboid 0 1 2 pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.8745 213.36 -193.04
cuboid 0 1 11.8745 -12.5603 11.9761 -11.8745 213.36 -193.04
hole 33 -12.5603 0.0 0.0
Unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboidl 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4 pll. 2 3 9 5 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761 -11.8745 213.36 -193.04
Unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761 -12.5095 213.36 -193.04
cuboid 4 1 11.2395 -11.3411 11.9761 -12.7762 213.36 -193.04
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04

cuboid 0 1 2 pli. 2 3 9 5 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36
hole 33 -12.5603 0.0 0.0
unit 16
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4 pl0. 9 7 2 8 213.36 -193.04
cuboid 4 1 4 pli. 2 3 9 5 213.36 -193.04
cuboidi 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-193 .04
-193.04

-185.42

-193.04
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cuboidl 8 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
cuboid 4 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboidj 8 1 12.5095 -11.8745 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -12.5603 213.36 -193.04
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboidi 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.8745 -11.9761 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411 213.36 -193.04
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboidi 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboid 4 1 11.3411 -11.2395 12.7762
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.2395
cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.2395
cuboid 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 12.5095

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 12.5603 -11.8745 12.5603

hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
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cuboidi 0 1 11.3411 -11.2395 2p1i.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid. 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2 pll. 2 3 9 5 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4lpl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboidl 0 1 2pli.2?395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboidi 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36 -193.04
unit 30
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761 -12.5095 213.36 -193.04
cuboid 4 1 11.3411 -11.2395 11.9761 -12.7762 213.36 -193.04
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4lpi0.9728 190.50 -193.04
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cuboid 7 1
cuboid 4 1
cuboid 0 1

4pl0.9728 213.36 -193.04
4pll.2395 213.36 -193.04
2p1i.2395 11.3411 -11.2395 213.36 -193.04

hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.2395 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.9761 -11.2395 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.2395 213.36 -193.04
cuboid 4 1 11.9761 -12.5095 11.9761 -11.2395 213.36 -193.04
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332
cuboid 9 1 0.050799 -0.0 2pi0.40l3 2pl0.16
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pl0.4013 0.0 -0.050799 2pi0.16
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pi0.4013 2pi0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pi0.4013 2p0.050799 2pi0.16
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2p46.3952 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04
'exetrior steel waraper

unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04
'fuel pin

unit 51

cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

0. 409575
0. 417830
0.474980

182.88 -182.88
182.88 -182.88
182.88 -182.88

0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

0.57150
0. 61214
0.62992

'instrument tube
unit 53
cylinder 5 1 0.571
cylinder 2 1 0.61;
cuboid 5 1 0.62!

'pra
unit 54
cylinder 6 1 0.37,
cylinder 0 1 0.41'
cylinder 4 1 0.47.
cylinder 5 1 0.57:
cylinder 2 1 0.61:
cuboid 5 1 0.621
'tc lance

unit 55

150
214
992

465
783
498
150
214
992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

cylinder 15
cylinder 0
cylinder 2

1
1
1

0. 37084
0. 57150
0. 61214

cuboid

global
unit 47

5 1 0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04

hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole

41
42
43
44
37
37
38
38
45
45
45
45

0.0
0.0
48. 9205

-48 .9205

71.5012
-73.0379

0.0
0.0
48.92051

-49.18721
48 . 9205

-49.1872

48.2855
-48 .2855

0.0
0.0
0.0
0.0

71 .5012
-73.0379

49.1872
49. 1872

-71.4885
-71.4885

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cylinder
cylinder
cylinder
replicate

5
0

16
17

1
1
1

87.3125 213.3600
87.3125 221.6150

111.4425 248.2850

-193.0400
-193.0400
-219.0750

end geom
read array
ara=1 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara=2 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

1 3*3.0 10

nuy=17 nuz=1

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz=1

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

10
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51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'to lance

ara=3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
ara=12 nux=~4
ara=13 nux=4
ara=14 nuy==4
ara=15 nuy=4
ara=16 nux=4
5 end fill
ara=33 nuz=l•
ara=34 nuz=l•
ara=35 nuz=lE
ara=36 nuz~1(
end array
read bounds
all=vacuum
end bounds
end data
end

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
_51
S52
S51
L51
L55
L51
S51
S53
S51
S51
L52
L51
L51
L52
L51
L51

7
15

3
19

51
51
51
51
51

51
51
51
51
51
51
511
5:1
51
5:1
51

8
16

6
22

* 51
- 51
* 51
]. 51
-51

- 51
- 51
- 51
- 51
- 51
* 51
* 51
- 51
- 51
- 51
- 51
- 51

end
end
end
end

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill 24 23
fill 32 31
fill 14 11
fill 30 27
nuy=4 fill

fill
fill
fill
fill

29 28 12 13 26 25 9 10 18 17 1 2 21 20 4

fill
fill
fill
fill

f3 32
f3 42
f3 52
f3 62

end
end
end
end

fill
fill
fill
fill
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=csas5 parm=nitawl
tn-32 demo cask mrc ambw
44 groupndf 5
read camp
uo2 1 0.960 293.0 92235
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end
'moderation 80.0%

h2o 5 0.800 293.0 end
boron 5 den=O.O0250 0.800

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end

4.60 92238 95.40 end

293.0 end

'al plate
al 8 1.0 293.0 end

'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate
boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den~=0.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end
'tc lance

al 15 1.0 293.0 end
'cask shell

carbonsteel 16 1.0 293.0 end
'exterior water

h2o 17 1.0 293.0 end
end comp
read celldata

latticecell squarepitch pitch=1l.2598
0.94996 2 gapd=0.83566 3 end
end celldata
read param run=yes gen:805 npg=1O000
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601

34 5 fueld=0.81915 1 cladd=

cuboid
cuboid
cuboid
cuboid
cuboid
cuboid

3
5
7
4
8
0

1
1
1
1
1
1

10.4445 -10.9728
4pl0.9728 190.50
4pl0.9728 213.36
4pli.2395 213.36
11.8745 -12.5095
11.8745 -12.5603

10.4445
-193 .04

-193. 04
-193. 04
11.8745
11.8745

nsk=5 end param

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

-10.9728 190.50 -185.42

hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04

1
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cuboid 7 1 4pi0.9728 213.36 -193.04cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2p1i.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboidi 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboicl 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213:36 -193.04
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745 -11.9761 213.36 -193.04
cuboidl 0 1 11.8745 -12.5603 11.8745 -11.9761 213.36 -193.04
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboidi 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411 213.36 -193.04
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -11.9761 213.36 -193.04
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboidi 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411 213.36 -193.04
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.9761 213.36 -193.04
cuboid 4 1 11.2395 -11.3411 12.7762 -11.9761 213.36 -193.04
unit 7
array 1 -10.9728 -10.9728 -175.2601

2
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cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4p1i.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3p1i.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395
cuboid 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395
cuboid 4 1 12.5095 -11.9761 11.2395
unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 12.5095
cuboid 0 1 11.8745 -12.5603 12.5603
hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 12.5095 -11.8745 213.36
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.8745 213.36
cuboid 0 1 11.2395 -11.3411 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0

-193.04

-185.42

-193 .04
-193. 04

3
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1875236-9.0
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04

hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761
cuboidl 0 1 11.8745 -12.5603 11.9761
hole 33 -12.5603 0.0 0.0
unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761
unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboidl 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761
cuboid 4 1 11.2395 -11.3411 11.9761
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.239.5 213.36 -193.04

-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-12.5095 213.36 -193.04
-12.7762 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36
hole 33 -12.5603 0.0 0.0
unit 16
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboidl 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-193 .04
-193.04

-185.42

-193.04

4
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cuboid 8 1 12.5095 -11.9761 11.9761 -11.2395 213.36
cuboid 4 1 12.5095 -11.9761 11.9761 -11.2395 213.36
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4p10.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 11.8745 -12.5095 213.36
cuboid 0 1 12.5603 -11.8745 11.8745 -12.5603 213.36
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4lpl0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.23.95 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 20

-193.04
-193 .04

-185.42

-193. 04
-193.04

-185.42

-193.04
-193.04

-185.42

-193.04
-193.04

array 1 -10.4445 -10.9728 -175.2601cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboidl 8 1 12.5095 -11.8745 11.8745 -11.9761
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411

190.50 -185.42

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04

5
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboidl 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboid 4 1 11.3411 -11.2395 12.7762
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.2395
cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.2395
cuboid 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 12.5095
cuboid 0 1 12.5603 -11.8745 12.5603
hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

6
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cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboicd 5 1 4pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboidl 0 1 11.3411 -11.2395 2pii.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 28

-193.04.
-193.04

-185.42

-193 .04
-193 .04

array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboidl 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36 -193.04
unit 30
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761 -12.5095 213.36 -193.04
cuboid 4 1 11.3411 -11.2395 11.9761 -12.7762 213.36 -193.04
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04

7
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cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1.352.6-9.0
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04

hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761
cuboid 0 1 12.5603 -11.8745 11.9761
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboidl 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761
cuboid 4 1 11.9761 -12.5095 11.9761
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332

-11.2395 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-11.2395 213.36 -193.04
-11.2395 213.36 -193.04

cuboidi 9 1 0.050799 -0.0 2pi0.4013 2pi0.16
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pi0.40123 0.0 -0.050799 2pi0.l6
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylindler 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pi0.4013 2pi0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pi0.4013 2 p0.0507 9 9 2pi0.16
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

8
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2p46.3952 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04

'exetrior steel waraper
unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04
'fuel pin

unit 51

cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

0. 409575
0.417830
0.474980

182.88 -182.88
182.88 -182.88
182.88 -182.88

0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

0.57150
0.61214
0. 62992

'instrument tube
unit 53
cylinder 5 1 0.571
cylinder 2 1 0.61:
cuboid 5 1 0.62!
'pra

unit 54
cylinder 6 1 0.37,
cylinder 0 1 0.41"
cylinder 4 1 0.47,
cylinder 5 1 0.57T
cylinder 2 1 0.61L
cuboid 5 1 0.621
'tc lance

unit 55

1.50
214
992

465
783
498
150
214
992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

cylinder 15
cylinder 0
cylinder 2
cuboid 5

global
unit 47

1
1
1
1

0.37084
0.57150
0. 61214
0. 62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88

9
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04
hole 41 0.0 48.2855 0.0
hole 42 0.0 -48.2855 0.0
hole 43 48.9205 0.0 0.0
hole 44 -48.9205 0.0 0.0
hole 37 71.5012 0.0 0.0
hole 37 -73.0379 0.0 0.0
hole 38 0.0 71.5012 0.0
hole 38 0.0 -73.0379 0.0
hole 45 48.92051 49.1872 0.0
hole 45 -49.18721 49.1872 0.0
hole 45 48.9205 -71.4885 0.0
hole 45 -49.1872 -71.4885 0.0

cylinder 5

cylinder 0
cylinder 16
replicate 17
end geom
read array
ara=1 nux:17

1 87.3125 213.3600
1 87.3125 221.6150
1 111.4425 248.2850
1 3*3.0 10

-193.0400
-193.0400
-219. 0750

nuy=17 nuz=l
fill

51 51 51
51 51 51
51 51 51
51 51 51
51 51 51
51 51 52
51 51 51
51 51 51
51 51 52
51 51 51
51 51 51
51 51 52
51 51 51
51 51 51
51 51 51
51 51 51
51 51 51

end fill

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51 51 51
51 51 51
51 52 51
51 51 51
51 51 51
51 52 51
51 51 51
51 51 51
51 52 51
51 51 51
51 51 51
51 52 51
51 51 51
51 51 51
51 52 51
51 51 51
51 51 51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51

51 51 51 51
51 51 51 51
52 51 51 51
51 51 52 51
51 51 51 51
52 51 51 52
51 51 51 51
51 51 51 51
52 51 51 52
51 51 51 51
51 51 51 51
52 51 51 52
51 51 51 51
51 51 52 51
52 51 51 51
51 51 51 51
51 51 51 51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

'pra
ara=2 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

nuy=17 nuz~l

51 51 51 51 51
51 51 51 51 51
51 54 51 51 54
51 51 51 51 51
51 51 51 51 51
51 54 51 51 54
51 51 51 51 51
51 51 51 51 51
51 54 51 51 53

51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51

51
51
54
51
51
54
51
51
54

51 51 51 51
51 51 51 51
51 51 51 51
51 54 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

51
51
51
51
51
51
51
51
51

10
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51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'tc lance

ara=3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=4
ara=15 nuy=4
ara=16 nux=4
5 end fill
ara=33 nuz=1l
ara=34 nuzz=1l
ara=35 nuz=1l
ara=36 nuz=l•
end array
read bounds
all=vacuum
end bounds
end data
end

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
55
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill 24 23 7 8
fill 32 31 15 16
fill 14 11 3 6
fill 30 27 19 22
nuy=4 fill 29 28

end
end
end
end

fill
fill
fill
fill

12 13 26 25 9 10 18 17 1 2 21 20 4

fill
fill
fill
fill

f3 32
f3 42
f352
f3 62

end fill
end fill
end fill
end fill
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=csas5 parm=nitawl
tn-32 demo cask mrc arnbw
4 4groupndf5
read camp
uo2 1 0.960 293.0 92235 4.60 92238 95.40 end
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end

'moderation 85.0%
h2o 5 0.850 293.0 end
boron 5 den=O.O0250 0.850 293.0 end

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end
'al plate

al 8 1.0 293.0 end
'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate

boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den=O.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end

'tc lance
al 15 1.0 293.0 end

'cask shell
carbonsteel 16 1.0 293.0 end

'exterior water
h2o 17 1.0 293.0 end
end camp
read celldata
latticecell squarepitch pitch=l.25984 5 fueld=0.81915 1 cladd=

0.94996 2 gapd=0.83566 3 end
end celldata
read param run=yes gen=805 npg=lO000
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4ipll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 '4pl0.9728 190.50 -193.04

nsk=5 end param

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

-10.9728 190.50 -185.42

1
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cuboid 7 1 4pl0.9728 213.36 -193.04cuboidl 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0

-193.04
-193.04

-185.42

-193.04
-193.04

unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboidi 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboidl 8 1 12.5095 -11.9761 11.8745
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095
cuboid 4 1 11.2395 -11.3411 12.7762
unit 7
array 1 -10.9728 -10.9728 -175.2601

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04
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cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395
cuboid 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445

cuboid 5 1 4pi0.9728 190.50
cuboid 7 1 4pl0.9728 213.36
cuboid 4 1 4pli.2395 213.36
cuboid 0 1 11.2395 -11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0

-193.04
-193. 04
-193. 04
ii .2395

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

cuboid 8 1 12.5095 -11.9761 11.2395
cuboidi 4 1 12.5095 -11.9761 11.2395
unit 9
array 2 -10.9728 -10.4445 -175.2601

cuboid 3 1
cuboid
cuboid
cuboid
cuboid
cuboid

5
7
4
8
0

1
1
1
1
1

10.4445 -10.9728
4lpi0.9728 190.50
4pi0.9728 213.36
4pll.2395 213.36
11.8745 -12.5095
11.8745 -12.5603

10. 9728
-193 .04

-193.04
-193. 04
12.5095
12.5603

hole 33
hole 34
unit 10

-12. 5603 0.0 0.0
0.0 12.5603 0.0

array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 12.5095 -11.8745 213.36
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboidl 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4oI0.9728 213.36 -193.04

-185 .42

-193.04
-193.04

-185 .42

cuboid
cuboid
hole 35
cuboid
cuboid

40

8
0

:1
-1

311
] 1

4pll.2395 213.36 -193.04
11.2395 -11.3411 2pli.2395 213.36 -193.04

1.2903 0.0 0.0
11.2395 -11.3411 12.5095 -11.8745 213.36
11.2395 -11.3411 12.5603 -11.8745 213.36

-193.04
-193.04

hole 34 0.0 12.5603 0.0

3
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboidl 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4 pli. 2 3 9 5 213.36 -193.04
cuboid 0 1 2pli.239.5 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.8745 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.8745 213.36
hole 33 -12.5603 0.0 0.0
unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboidl 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761 -11.8745 213.36
unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761 -12.5095 213.36
cuboid 4 1 11.2395 -11.3411 11.9761 -12.7762 213.36
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36
hole 33 -12.5603 0.0 0.0
unit 16

-185 .42

-193 .04

-185.42

-193 .04

-193.04

-185.42

-193 .04

-193.04
-193.04

-185.42

-193.04
-193 .04

array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

4
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cuboid 8 1 12.5095 -11.9761 11.9761
cuboid 4 1 12.5095 -11.9761 11.9761
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboidi 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4 p1 0 . 9 7 2 8 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 11.8745
cuboid 0 1 12.5603 -11.8745 11.8745

-11.2395 213.36 -193.04
-11.2395 213.36 -193.04

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
Cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4-pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.8745 -11.9761
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411

190.50 -185.42

-193.04

213.36 -193.04
213.36 -193.04

190.50 -185.42

-193.04

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04

5
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboid 4 1 11.3411 -11.2395 12.7762
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

cuboidi 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.2395
cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.22395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.2395
cuboidl 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 12.5095
cuboid 0 1 12.5603 -11.8745 12.5603
hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

6
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cuboid 0 1 11.3411 -11.2395 2pli.239.5 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36
cuboidl 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboidi 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4~pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36
unit 30

-193.04
-193.04

-185.42

-193 .04

-193. 04

-185.42

-193. 04
-193. 04

-185.42

-193.04

-193.04

-185.42

-193.04

-193.04

-193.04

-185.42

array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761 -12.5095
cuboid 4 1 11.3411 -11.2395 11.9761 -12.7762
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04

190.50

213.36

213.36

213.36

190.50

7



ambw mrc rood-085 Pg f1Page 8 of 11

cuboid 7 1 4lpi0.9728 213.36cuboid 4 1 4pll.2395 213.36
cuboid 0 1 2pli.2395 11.3411
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745
cuboid 0 1 12.5603 -11.8745
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -i
cuboid 3 1 10.9728 -10.4445
cuboid 5 1 4pl0.9728 190.50
cuboid 7 1 4oI0.9728 213.36

-193. 04
-193. 04
* -11.2395 213.36 -193.04

11.9761 -11.2395 213.36 -193.04
11.9761 -11.2395 213.36 -193.04

75 .2601
10.9728 -10.4445 190.50 -185.42
-193 .04

-193 .04

-193.04
11.3411 -11.2395 213.36 -193.04

cuboid
cuboid
hole 35
hole 36
cuboid
cuboid
'plug
unit 33

4
0

1 4pli.2395 213.36
)1 11.3411 -11.2395
11.2903 0.0 0.0
0.0 11.2903 0.0

8 1 11.9761 -12.5095 11.9761 -11.2395 213.36 -193.04
4 1 11.9761 -12.5095 11.9761 -11.2395 213.36 -193.04

31L

xcylinder 4 1 2.0701 0.050799 0.0
unit 332

cuboid 9 1 0.050799 -0.0 2pi0.4013 2plO
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylindier 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pl0.4013 0.0 -0.050799 2plO
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pl0.4013 2pi0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pi0.4013 2p0.050799 2pi0.16
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

.16

.16

8
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2 p4 6 . 3 9 52 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2 p 4 6 . 3 9 52 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04

'exetrior steel waraper
unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04

' fuel pin
unit 51
cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

0.409575 182.88 -182.88
0.417830 182.88 -182.88
0.474980 182.88 -182.88
0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

0.57150
0. 61214
0. 62992

'instrument tube
unit 53
cylinder 5 1 0.57:
cylinder 2 1 0.61•
cuboid 5 1 0.62~
'pra

unit 54
cylinder 6 1 0.37'
cylinder 0 1 0.41"
cylinder 4 1 0.47'
cylinder 5 1 0.57:
cylinder 2 1 0.61L
cuboid 5 1 0.62!
'tc lance

unit 55

150
214
9 92

465
783
498
150
214
9 92

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

cylinder 1
cylinder
cylinder
cuboid

global
unit 47

L5
0
2

1 0.37084 182.88 -182.88
1 0.57150 182.88 -182.88
1 0.61214 182.88 -182.88

5 1 0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

9
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04

hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole

41
42
43
44
37
37
38
38
45
45
45
45

0.0
0.0
48. 9205

-48. 9205
71.5012

-73. 0379
0.0
0.0
48.92051

-49.18721
48. 9205

-49.1872

48.2855
-48.2855

0.0
0.0
0.0
0.0

71.5012
-73.0379
49.1872
49.1872

-71.4885
-71.4885

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cylinder 5
cylinder 0
cylinder 16
replicate 17
end geom
read array
ara=1 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara=2 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

87 .3125
87.3125

111.4425
3*3.0 iC

213.3600
221.6150
248.2850

-193.0400
-193. 0400
-219.0750

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

10
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51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

end fill
'tc lance

ara:3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=4
ara=15 nuy=4
ara=16 nux=4
5 end fill

nuy=17 nuz=1

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
55
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill 24 23
fill 32 31
fill 14 11
fill 30 27

7
15

3

8
16

6

end fill
end fill
end fill
end fill19 22

nuy=4 fill 29 28 12 13 26 25 9 10 18 17 1 2 21 20 4

ara=33
ara=34
ara=35
ara=36

nu z =18
nu z=18
nu z =18

nuz=18

fill
fill
fill
fill

f3 32
f3 42
f3 52
f3 62

end fill
end fill
end fill
end fill

end array
read bounds
all=vacuum
end bounds
end data
end

11



ambw rnrc mod-090 Pg f1Page 1 of 11

=csas5 parm=nitawl
tn-32 demo cask mrc ambw
4 4groupndf5
read comp
uo2 1 0.960 293.0 92235 4.60 92238 95.40 end
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end
'moderation 90.0%

h2o 5 0.900 293.0 end
boron 5 den=O.O0250 0.900 293.0 end

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end
'al plate

al 8 1.0 293.0 end
'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate

boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den=O.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end
'tc lance

al 15 1.0 293.0 end
'cask shell

carbonsteel 16 1.0 293.0 end
'exterior water

h2o 17 1.0 293.0 end
end comp
read celldata
latticecell squarepitch pitch=1l.25984
0.94996 2 gapd=O.83566 3 end
end ceildata
read param run=yes gen=805 npg=1O00 n
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -

cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745 -

cuboid 0 1 11.8745 -12.5603 11.8745 -

hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -

cuboid 5 1 4lpl0.9728 190.50 -193.04

5 fueld=0.81915 1 cladd=

sk=5 end param

10.9728 190.50 -185.42

12.5095 213.36 -193.04
12.5603 213.36 -193.04

10.9728 190.50 -185.42

1
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cuboid 7 1 4pi0.9728 213.36 -193.04cuboid 4 1 4pll.239.5 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4lpl0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0

-193.04

-185.42

-193.04
-193.04

unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4ipl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745 -11.9761
cuboid 0 1 11.8745 -12.5603 11.8745 -11.9761
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -11.9761
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395 -11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.9761

190.50 -185.42

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04

cuboid 4 1 11.2395 -11.3411 12.7762 -11.9761 213.36 -193.04
unit 7
array 1 -10.9728 -10.9728 -175.2601

2
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cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
ouboid 7 1 4pl0.9728 213.36 -193.04
ouboid 4 1 4pli.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 ?3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395
cuboid 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
Unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395
cuboid 4 1 12.5095 -11.9761 11.2395
Unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboici 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
nuboid 7 1 4o10.9728 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid
cuboidi
cuboid

4
8
0

1
1
1

4pli.2395 213.36
11.8745 -12.5095
11.8745 -12.5603

-193. 04
12.5095
12.5603

hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04

cuboid 4 1 4pli.2395 213.36
cuboid 0 1 11.2395 -11.3411
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761
cuboid 0 1 12.5095 -11.9761

-193. 04
2pli.2395 213.36 -193.04

12.5095 -11.8745 213.36 -193.04
12.5603 -11.8745 213.36 -193.04

hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0

3
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 2 pli. 2 3 9 5 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboidi 8 1 11.8745 -12.5095 11.9761 -11.8745 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.8745 213.36
hole 33 -12.5603 0.0 0.0
unit 13

-185 .42

-193 .04
-193.04

array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboicd 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.239.5 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboidi 8 1 12.5095 -11.9761 11.9761
unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboidl 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761
cuboid 4 1 11.2395 -11.3411 11.9761
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-12.5095 213.36 -193.04
-12.7762 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36
hole 33 -12.5603 0.0 0.0
unit 16
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-193.04
-193.04

-185 .42

-193.04

4
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cuboid 8 1 12.5095 -11.9761 11.9761 -11.2395 213.36-
cuboid 4 1 12.5095 -11.9761 11.9761 -11.2395 213.36-
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50-
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 11.8745 -12.5095 213.36-
cuboid 0 1 12.5603 -11.8745 11.8745 -12.5603 213.36-
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50-
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboici 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboicl 8 1 12.5095 -11.8745 11.8745 -11.9761 213.36
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761 213.36
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411 213.36

-193 .04
-193.04

-185 .42

-193 .04

-193 .04

-185 .42

-193.04
-193.04

-185.42

-193. 04
-193.04

-185.42

-193.04
-193.04

-185 .42

-193.04
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboid 4 1 11.3411 -11.2395 12.7762
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04-1971236-9.0

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
,cuboid 8 1 12.5095 -11.8745 11.2395
*cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
'cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.2395
cuboid 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 8 1
cuboid 0 1

12.5095 -11.8745
12.5603 -11.8745

12 .5095
12.5603

hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

6
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cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboici 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4 pi0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
•cuboid 0 1 2 pli. 2 3 9 5 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4Ipl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36
unit 30

-193 .04
-193 .04

-185.42

-193 .04

-193.04

-185.42

-193.04
-193.04

-185.42

-193.04

-193.04

array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761
cuboid 4 1 11.3411 -11.2395 11.9761
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-12.5095 213.36 -193.04

-12.7762 213.36 -193.04

-10.4445 190.50 -185.42
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cuboid 7 1 4 pi0.9 7 2 8 213.36 -193.04
ouboid 4 1 4 pli. 2 3 9 5 213.36 -193.04
ouboidi 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.2395 213.36
ouboid 0 1 12.5603 -11.8745 11.9761 -11.2395 213.36
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboidl 5 1 4 pi0.9 7 2 8 190.50 -193.04
cuboidi 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.2395 213.36
cuboid 4 1 11.9761 -12.5095 11.9761 -11.2395 213.36
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332
cuboid 9 1 0.050799 -0.0 2pi0.4013 2pi0.16
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pi0.4013 0.0 -0.050799 2pi0.16
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pl0.4013 2pi0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboidl 9 1 2pl0.4013 2p0.050799 2pi0.16
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

-193.04
-193.04

-185 .42

-193. 04

-193.04
-193.04
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2p46.3952 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04
'exetrior steel waraper

unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04

'fuel pin
unit 51
cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

'instrument
unit 53
cylinder 5 1
cylinder 2 1
cuboid 5 1
'pra

unit 54
cylinder 6 1
cylinder 0 1
cylinder 4 1
cylinder 5 1
cylinder 2 1
cuboid 5 1
'tc lance

unit 55

0.409575 182.88 -182.88
0.417830 182.88 -182.88
0.474980 182.88 -182.88
0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

0. 57150
0. 61214
0. 62992
tube

0.57150
0. 61214
0. 62992

0.37465
0. 41783
0. 47498
0.57150
0. 61214
0. 62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

cylinder 15
cylinder 0
cylinder 2
cuboid 5

global
unit 47

1
1
1
1

0 .37084
0.57150
0. 61214
0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88

9
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04

hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole

41
42
43
44
37
37
38
38
45
45
45
45

0.0
0.0
48. 9205

-48. 9205
71.5012

-73.0379
0.0
0.0
48. 92051

-49. 18721
48 .9205

-49.1872

48.2855
-48.2855

0.0
0.0
0.0
0.0

71.5012
-73. 0379
49.1872
49.1872

-71.4885
-71.4885

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cylinder 5 1
cylinder 0 1
cylinder 16 1
replicate 17 1
end geom
read array

87.3125 213.3600
87.3125 221.6150

111.4425 248.2850

-193. 0400
-193. 0400
-219. 0750

3*3.0 10

ara=1 nux=17 nuy=17 nuz=1
fill

51 51 51 51
51 51 51 51
.51 51 51 51
51 51 51 52
.51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
~51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara=2 nux=17

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz=l
fill

51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51
51 51

51
51
51
51
51
54
51
51
54

51
51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
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51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'tc lance

ara=3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 [51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 -51 51 51

end fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=4
ara=15 nuy=4
ara=16 nux=4
5 end fill

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51

* 51
* 51

_•51
* 51
* 51

51
* 51
* 51
)_51
* 51
- 51
S51

- 51
- 51
S51

- 51
- 51

24
32
14

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

23
31
ii

L 51
L51

L 52
L 51
L 51
L 55
L 51
L 51
L 53
L 51
L 51
* 52
L 51
L 51
* 52
* 51
* 51

7
15

3

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill
fill
fill

8
1~6
6

end fill
end fill
end fill

fill 30 27 19 22 end fill
nuy=4 fill 29 28 12 13 26 25 9 10 18 17 1 2 21 20 4

ara=33 nuz=18 fill f332
ara=34 nuz=18 fill f342
ara=35 nuz=18 fill f352
ara=36 nuz=18 fill f362
end array
read bounds
all=vacuum
end bounds
end data
end

end fill
end fill
end fill
end fill
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=csas5 parm=nitawl
tn-32 demo cask mrc ambw
44 groupndf 5
read camp
uo2 1 0.960 293.0 92235 4.60 92238 95.40 end
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end
'moderation 95.0%

h2o 5 0.950 293.0 end
boron 5 den=O.O0250 0.950 293.0 end
'pra

b4c 6 0.50 293.0 end
'cask iterior water

h2o 7 1.0 293.0 end
'al plate

al 8 1.0 293.0 end
'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate

boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den=O.O02500 0.697 293.0 end
h2o 10 0.697 293.0 end

'tc lance
al 15 1.0 293.0 end

'cask shell
carbonsteel 16 1.0 293.0 end
'exterior water

h2o 17 1.0 293.0 end
end comp
read celldata
latticecell squarepitch pitch~l.25984 5 fueld=0.81915 1 cladd=

0.94996 2 gapd=0.83566 3 end
end celldata
read param run=yes gen=805 npg=1O000
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4lpl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04

nsk=5 end param

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

-10.9728 190.50 -185.42

1
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cuboid 7 1 4pi0.9728 213.36 -193.04cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2p1i.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36
cuboidi 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboidl 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0

-193.04
-193.04

-185.42

-193 .04
-193.04

unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboidl 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cubo~id 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095
cuboid 4 1 11.2395 -11.3411 12.7762
unit 7
array 1 -10.9728 -10.9728 -175.2601

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04
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cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4pi0.972 8 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1971236-9.0
cuboidl 0 1 3pll.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboidl 8 1 11.8745 -12.5095 11.2395
cuboid 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395
cuboid 4 1 12.5095 -11.9761 11.2395
unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboidi 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 12.5095
cuboid 0 1 11.8745 -12.5603 12.5603
hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4lpl0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboidi 8 1 12.5095 -11.9761 12.5095 -11.8745 213.36
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0
unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.8745 213.36
cuboid 0 1 11.2395 -11.3411 12.5603 -11.8745 213.36
hole 34 0.0 12.5603 0.0

-193.04

-193 .04

-185 .42

-193.04
-193. 04
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboidl 3 1 10.4445 -10.9728 10.9728 -10.4445
cuboidl 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.8745
cuboid 0 1 11.8745 -12.5603 11.9761 -11.8745
hole 33 -12.5603 0.0 0.0
unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445
cuboidl 5 1 4 pl0.9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761 -11.8745

190.50 -185.42

-193 .04

213.36 -193.04
213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04

unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50-
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4 pi0. 9 7 2 8 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36-
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761 -12.5095 213.36
cuboid 4 1 11.2395 -11.3411 11.9761 -12.7762 213.36
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50-
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli. 2 3 9 5 213.36 -193.04
cuboid 0 1 2 pll. 2 3 9 5 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36-
hole 33 -12.5603 0.0 0.0
unit 16
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-185.42

-193.04

-193.04
-193.04

-185.42

-193 .04
-193.04

-185 .42

-193.04
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cuboid 8 1 12.5095 -11.9761 11.9761
cuboid 4 1 12.5095 -11.9761 11.9761
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboidl 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 11.8745
cuboid 0 1 12.5603 -11.8745 11.8745
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18

-11.2395 213.36 -193.04
-11.2395 213.36 -193.04

-10.9728 190.50 -185.42

-12.5095 213.36 -193.04
-12.5603 213.36 -193.04

array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboidi 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboidl 5 1 '4pl0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.8745 -11.9761 213.36
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761 213.36
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpll. 2 3 9 5 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411 213.36

-185.42

-193.04
-193.04

-185.42

-193.04
-193.04

-185.42

-193.04
-193.04

-185.42

-193.04
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -11.9761
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.9761
cuboid 4 1 11.3411 -11.2395 12.7762 -11.9761
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 '4pi0.9728 213.36 -193.04
cuboidl 4 1 4pll.2395 213.36 -193.04-1.71236-9.0
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04

213.36 -193.04

190.50 -185.42

213.36 -193.04

213.36 -193.04
213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.2395
cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboidl 8 1 11.9761 -12.5095 11.2395
cuboidi 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 12.5095
cuboid 0 1 12.5603 -11.8745 12.5603
hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42
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cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 27
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36 -193.04
unit 30
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761 -12.5095 213.36 -193.04
cuboid 4 1 11.3411 -11.2395 11.9761 -12.7762 213.36 -193.04
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04

7
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cuboid 7 1 4pi0.9728 213.36 -193.04cuboid 4 1 4pi!.2395 213.36 -193.04
cuboid 0 1 2pli.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761 -11.2395 213.36
cuboid 0 1 12.5603 -11.8745 11.9761 -11.2395 213.36
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4 pi0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.2395 213.36
cuboid 4 1 11.9761 -12.5095 11.9761 -11.2395 213.36
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332
cuboidi 9 1 0.050799 -0.0 2pl0.4013 2pi0.16
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboid 9 1 2pi0.4013 0.0 -0.050799 2pl0.16
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351
xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pi0.4013 2pi0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylindier 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pi0.4013 2p0.050799 2pi0.16
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

-193 .04

-185.42

-193 .04

-193.04
-193.04
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2p46.3952 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04
'exetrior steel waraper

unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04
'fuel pin

unit 51

cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

'instrument
unit 53
cylinder 5 1
cylinder 2 1
cuboid 5 1

0.409575
0.417830
0.474980

182.88 -182.88
182.88 -182.88
182.88 -182.88

0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

'pra
unit 54
cylinder 6
cylinder 0
cylinder 4
cylinder 5
cylinder 2
cuboid 5

1
1
1
1
1
1

0.57150
0. 61214
0. 62992
tube

0.57150
0. 61214
0.62992

0.37465
0.41783
0.47498
0.57150
0.61214
0. 62992

*0.37084
*0.5715(
-0.61214

-0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

-0.62992 182.88 -182.88

'tc lance
unit 55
cylinder 15
cylinder 0
cylinder 2
cuboid 5

global
unit 47

i
I
i
i

4 182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88
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array 16 -48.9204 -48.2854 -193.04cylinder 10 1 87.3125 213.36 -193.04

hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole
hole

41
42
43
44
37
37
38
38
45
45
45
45

0.0
0.0
48 .9205

-48.9205
71.5012

-73.0379
0.0
0.0
48. 92051

-49.18721
48. 9205

-49.1872

48.2855
-48 .2855

0.0
0.0
0.0
0.0

71 .5012
-73 .0379

49.1872
49.1872

-71.4885
-71.4885

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cylinder 5
cylinder 0
cylinder 16
replicate 17
end geom
read array
ara=l nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
'51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara=2 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

1
1
1

87.3125 213.3600
87.3125 221.6150

111.4425 248.2850

-193.0400
-193.0400
-219.0750

1 3*3.0 10

nuy=17 nuz=1

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

10



ambw mrc mod-095 Pg 1olPage 11 ofll

51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'tc lance

ara=3 nux='17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=4
ara=15 nuy=4
ara=16 nux=4
5 end fill
ara=33 nuz=1E
ara=34 nuz=1E
ara=35 nuz=1E
ara=36 nuz=lE
end array
read bounds
all=vacuum
end bounds
end data
end

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

nuy=17 nuz=1

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
55
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill 24 23
fill
fill
fill

32
14
30

31
11
27

7 8 end fill
15 16 end fill

3 6 end fill
19 22 end fill

nuy=4 fill 29 28 12 13 26 25 9 10 18 17 1 2 21 20 4

fill f332
fill f342
fill f352
fill f362

end fill
end fill
end fill
end fill
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=csas5 parm=nitawl
tn-32 demo cask mrc ambw
4 4groupndf5
read camp
uo2 1 0.960 293.0 92235
zirc4 2 1.0 293.0 end
h2o 3 1.0 293.0 end

'fuel compartment
ss304 4 1.0 293.0 end
'moderation 100.0%

h2o 5 1.000 293.0 end
boron 5 den=0.00250 1.000

4.60 92238 95.40 end

293.0 end

'pra
b4c 6 0.50 293.0 end

'cask iterior water
h2o 7 1.0 293.0 end
'al plate

al 8 1.0 293.0 end
'poison plate borated aluminum 9 mg/cm**2 0.04" thick plate

boron 9 den=2.693 0.039267 293.0 5010 83.77 5011 16.23 end
al 9 den=2.693 0.960733 293.0 end
'rail

al 10 0.303 293.0 end
boron 10 den=0.002500 0.697 293.0 end
h2o 10 0.697 293.0 end

'tc lance
al 15 1.0. 293.0 end

'cask shell
carbonsteel 16 1.0 293.0 end
'exterior water

h2 o 17 1.0 293.0 end
end comp
read ceildata
latticecell squarepitch pitch=1.25984
0.94996 2 gapd=0.83566 3 end
end celldata
read param run=yes gen=805 npg=lO00 n
read geom
unit 1
array 3 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -i

cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 11.8745 -

cuboid 0 1 11.8745 -12.5603 11.8745 -

hole 33 -12.5603 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 2
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -

cuboid 5 1 4lpi0.9728 190.50 -193.04

5 fueld=0.81915 1 cJ

sk=~5 end param

10.9728 190.50 -185.42

12.5095 213.36 -193.04
12.5603 213.36 -193.04

10.9728 190.50 -185.42

ladd=

1
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cuboid 7 1 4pi0.9728 213.36 -193.04cuboid 4 1 4p1i.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 11.8745 -12.5095 213.36
cuboid 0 1 12.5095 -11.9761 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 3
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pll.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 11.8745 -12.5095 213.36
cuboid 0 1 11.2395 -11.3411 11.8745 -12.5603 213.36
hole 34 0.0 -12.5095 0.0
unit 4
array 2 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04

-193.04

-185 .42

-193.04
-193. 04

-185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.8745
cuboid 0 1 11.8745 -12.5603 11.8745
hole 33 -12.5603 0.0 0.0
unit 5
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.8745
unit 6
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.2395 -11.3411 12.5095
cuboid 4 1 11.2395 -11.3411 12.7762
unit 7
array 1 -10.9728 -10.9728 -175.2601

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

2
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cuboid 3 1 10.4445 -10.9728 10.4445 -10.9728
cuboid 5 1 4 pl0.9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04

190.50 -185.42

hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.2395
cuboidl 0 1 11.8745 -12.5603 11.2395
hole 33 -12.5603 0.0 0.0
unit 8
array 1 -10.9728 -10.9728 -175.2601
cuboid 3 1 10.4445 -10.9728 10.4445
cuboidl 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.2395
hole 35 -11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.2395
cuboid 4 1 12.5095 -11.9761 11.2395
unit 9
array 2 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.239.5 213.36 -193.04
cuboid 8 1 11.8745 -12.5095 12.5095
cuboidi 0 1 11.8745 -12.5603 12.5603
hole 33 -12.5603 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 10

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445
cuboidl 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4lpi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36
hole 35 -11.2903 0.0 0.0
cuboid 8 1 12.5095 -11.9761 12.5095 -11.8745
cuboid 0 1 12.5095 -11.9761 12.5603 -11.8745
hole 34 0.0 12.5603 0.0

190.50 -185.42

-193.04

213.36 -193.04
213.36 -193.04

unit 11
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50 -185.42
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 2pli.2395 213.36 -193.04
hole 35 -11.2903 0.0 0.0
cuboid 8 1 11.2395 -11.3411 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0

3
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unit 12
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.8745 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.8745 213.36
hole 33 -12.5603 0.0 0.0
unit 13
array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboidi 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.9761 11.9761 -11.8745 213.36
unit 14
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboidl 4 1 4pll.2395 213.36 -193.04
cuboidl 0 1 11.2395 -11.3411 11.3411 -11.2395 213.36
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.2395 -11.3411 11.9761 -12.5095 213.36
cuboid 4 1 11.2395 -11.3411 11.9761 -12.7762 213.36
unit 15
array 3 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728 -10.4445 190.50
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 2pll.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.8745 -12.5095 11.9761 -11.2395 213.36
cuboid 0 1 11.8745 -12.5603 11.9761 -11.2395 213.36
hole 33 -12.5603 0.0 0.0
unit 16

-185 .42

-193.04
-193. 04

-185.42

-193.04

-193.04

-185.42

-193.04

-193.04
-193.04

-185.42

-193.04
-193.04

array 1 -10.9728 -10.4445 -175.2601
cuboid 3 1 10.4445 -10.9728 10.9728
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.2395 -11.3411 11.3411
hole 35 -11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

4
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cuboid 8 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
cuboid 4 1 12.5095 -11.9761 11.9761 -11.2395 213.36 -193.04
unit 17
array 2 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboicd 7 1 4pi0.9728 213.36 -193.04
cuboici 4 1 4pll.2395 213.36 -193.04
cuboidl 8 1 12.5095 -11.8745 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -12.5603 213.36 -193.04
hole 33 12.5095 0.0 0.0
hole 34 0.0 -12.5095 0.0
unit 18
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboici 5 1 4pl0.9728 190.50 -193.04
cuboicd 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pll.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 19
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 11.8745 -12.5095 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.8745 -12.5603 213.36 -193.04
hole 34 0.0 -12.5095 0.0
unit 20
array 1 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 3pll.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.8745 -11.9761 213.36 -193.04
cuboid 0 1 12.5603 -11.8745 11.8745 -11.9761 213.36 -193.04
hole 33 12.5095 0.0 0.0
unit 21
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445 -10.9728 190.50 -185.42
cuboid 5 1 4pl0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395 -11.3411 213.36 -193.04

5
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hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.8745
unit 22
array 1 -10.4445 -10.9728 -175.2601
cuboidi 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4lpi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboidl 4 1 11.3411 -11.2395 12.7762
unit 23
array 3 -10.4445 -10.9728 -175.2601
cuboid 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboidl 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

cuboid 0 1 3pli.2395 -11.3411 213.36 -193.04
hole 36 0.0 -11.2903 0.0
*cuboid 8 1 12.5095 -11.8745 11.2395
cuboid 0 1 12.5603 -11.8745 11.2395
hole 33 12.5095 0.0 0.0
unit 24
array 1 -10.4445 -10.9728 -175.2601
cuboidl 3 1 10.9728 -10.4445 10.4445
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pl0.9728 213.36 -193.04
cuboid 4 1 4lpli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.2395
hole 35 11.2903 0.0 0.0
hole 36 0.0 -11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.2395
cuboid 4 1 11.9761 -12.5095 11.2395
unit 25
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 8 1 12.5095 -11.8745 12.5095
cuboid 0 1 12.5603 -11.8745 12.5603
hole 33 12.5095 0.0 0.0
hole 34 0.0 12.5603 0.0
unit 26
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04

-11.9761 213.36 -193.04

-10.9728 190.50 -185.42

-11.3411 213.36 -193.04

-11.9761 213.36 -193.04
-11.9761 213.36 -193.04

-10.4445 190.50 -185.42

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

-10.4445 190.50 -185.42

6
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cuboid 0 1 11.3411 -11.2395 2pli.2395 213.36 -193.04
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.9761 -12.5095 12.5095 -11.8745 213.36 -193.04
cuboid 0 1 11.9761 -12.5095 12.5603 -11.8745 213.36 -193.04
hole 34 0.0 12.5603 0.0
unit 27

array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 2pli.23
hole 35 11.2903 0.0 0.0
cuboid 8 1 11.3411 -11.2395 12.5095
cuboid 0 1 11.3411 -11.2395 12.5603

-10.4445 190.50 -185.42

95 213.36 -193.04

-11.8745 213.36 -193.04
-11.8745 213.36 -193.04

hole 34 0.0 12.5603 0.0
unit 28
array 2 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4p1I.2395 213.36 -193.04
cuboid 0 1 2pii.2395 11.3411 -11.2395 213.36 -193.04
hole 36 0.0 11.2903 0.0
cuboidi 8 1 12.5095 -11.8745 11.9761 -11.8745 213.36
cuboid 0 1 12.5603 -11.8745 11.9761 -11.8745 213.36
hole 33 12.5095 0.0 0.0
unit 29
array 3 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4lpll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761 -11.8745 213.36
unit 30
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04
cuboidl 0 1 11.3411 -11.2395 11.3411 -11.2395 213.36
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.3411 -11.2395 11.9761 -12.5095 213.36
cuboid 4 1 11.3411 -11.2395 11.9761 -12.7762 213.36
unit 31
array 1 -10.4445 -10.4445 -175.2601
cuboid 3 1 10.9728 -10.4445 10.9728 -10.4445 190.50
cuboid 5 1 4pi0.9728 190.50 -193.04

-185 .42

-193.04
-193.04

-185.42

-193.04

-193.04

-185.42

-193.04

-193.04
-193.04

-185.42

7
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cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pli.2395 213.36 -193.04-1.352.6-9.0
cuboid 0 1 2pii.2395 11.3411 -11.2395 213.36 -193.04

hole 36 0.0 11.2903 0.0
cuboid 8 1 12.5095 -11.8745 11.9761
cuboid 0 1 12.5603 -11.8745 11.9761
hole 33 12.5095 0.0 0.0
unit 32
array 1 -10.4445 -10.4445 -175.2601
cuboidi 3 1 10.9728 -10.4445 10.9728
cuboidl 5 1 4 pl0. 9 7 2 8 190.50 -193.04
cuboid 7 1 4pi0.9728 213.36 -193.04
cuboid 4 1 4pll.2395 213.36 -193.04
cuboid 0 1 11.3411 -11.2395 11.3411
hole 35 11.2903 0.0 0.0
hole 36 0.0 11.2903 0.0
cuboid 8 1 11.9761 -12.5095 11.9761
cuboid 4 1 11.9761 -12.5095 11.9761
'plug
unit 331
xcylinder 4 1 2.0701 0.050799 0.0
unit 332
cuboid 9 1 0.050799 -0.0 2pi0.4013
hole 331 0.0 5.55 0.0
hole 331 0.0 -5.55 0.0
unit 341
ycylinder 4 1 2.0701 0.0 -0.050799
unit 342
cuboidl 9 1 2pi0.4013 0.0 -0.050799
hole 341 5.55 0.0 0.0
hole 341 -5.55 0.0 0.0
unit 351

-11.2395 213.36 -193.04

-10.4445 190.50 -185.42

-11.2395 213.36 -193.04

-11.2395 213.36 -193.04
-11.2395 213.36 -193.04

2plO0.16

2pl0. 16

xcylinder 4 1 2.0701 0.050799 -0.050799
unit 352
cuboid 9 1 2p0.050799 2pi0.4013 2pl0.16
hole 351 0.0 5.55 0.0
hole 351 0.0 -5.55 0.0
unit 361
ycylinder 4 1 2.0701 0.050799 -0.050799
unit 362
cuboid 9 1 2pi0.4013 2p0.050799 2pi0.16
hole 361 5.55 0.0 0.0
hole 361 -5.55 0.0 0.0

'poison plate
unit 33
array 33 0.0 -10.4013 -182.88
unit 34
array 34 -10.4013 -0.050799 -182.88
unit 35
array 35 -0.050799 -10.4013 -182.88
unit 36
array 36 -10.4013 -0.050799 -182.88

8
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'exterior fuel compart ment and al plate
unit 37
cuboid 8 1 1.27 -0.0 2p46.3952 213.36 -193.04
cuboid 4 1 1.5367 -0.0 2p46.3952 213.36 -193.04
unit 38
cuboid 8 1 2p46.3952 1.27 -0.0 213.36 -193.04
cuboid 4 1 2p46.3952 1.5367 -0.0 213.36 -193.04

'fuel
unit 41
array 12 -48.9204 0.0 -193.04
unit 42
array 13 -48.9204 -23.2156 -193.04
unit 43
array 14 0.0 -49.1871 -193.04
unit 44
array 15 -22.5806 -49.1871 -193.04
'exetrior steel waraper

unit 45
cuboid 4 1 0.2667 -0.0 22.3013 -0.0 213.36 -193.04

'fuel pin
unit 51
cylinder 1 1
cylinder 3 1
cylinder 2 1
cuboid 5 1

'guide tube
unit 52
cylinder 5 1
cylinder 2 1
cuboid 5 1

0.409575
0.417830
0.474980

182.88 -182.88
182.88 -182.88
182.88 -182.88

0.62992 -0.62992 0.62992 -0.62992 182.88 -182.88

0.57150
0. 61214
0. 62992

'instrument tube
unit 53
cylinder 5 1 0.57:
cylinder 2 1 0.61L
cuboid 5 1 0.62!

'pra
unit 54
cylinder 6 1 0.37,
cylinder 0 1 0.41'
cylinder 4 1 0.47,
cylinder 5 1 0.57:
cylinder 2 1 0.61L
cuboid 5 1 0.62!
'tc lance

unit 55
cylinder 15 1 0.3"
cylinder 0 1 0.5'
cylinder 2 1 0.6[
cuboid 5 1 0.6:

global
unit 47

182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992

182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992

182.88 -182.88

182.88 -182.88

150
214
9 92

465
783
498
150
214
9 92

7084
7150
1214
2992

182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
182.88 -182.88
-0.62992 0.62992 -0.62992 182.88 -182.88

182.88 -182.88
] 182.88 -182.88

182.88 -182.88
S-0.62992 0.62992 -0.62992 182.88 -182.88
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array 16 -48.9204 -48.2854 -193.04
cylinder 10 1 87.3125 213.36 -193.04
hole 41 0.0 48.2855 0.0
hole 42 0.0 -48.2855 0.0
hole 43 48.9205 0.0 0.0
hole 44 -48.9205 0.0 0.0
hole 37 71.5012 0.0 0.0
hole 37 -73.0379 0.0 0.0
hole 38 0.0 71.5012 0.0
hole 38 0.0 -73.0379 0.0
hole 45 48.92051 49.1872 0.0
hole 45 -49.18721 49.1872 0.0
hole 45 48.9205 -71.4885 0.0
hole 45 -49.1872 -71.4885 0.0
cylinder 5 1 87.3125 213.3600 -193.0400

cylinder 0
cylinder 16
replicate 17
end geom
read array
ara~=1 nux=17
fill

51 51 51 51
51 51 51 .51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'pra

ara~=2 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 51
51 51 54 51

1
1

87.3125 221.6150 -193.0400
111.4425 248.2850 -219.0750

1 3*3.0 10

nuy=17 nuz=1

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

nuy=17 nuz~=1

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
53

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
54
51
51
51
51
51

51
51
51
51
51
54
51
51
54

51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51

10



ambw mrc mod-lO0 ae1 f1Page 11 of 11

51 51 51 51
51 51 51 51
51 51 54 51
51 51 51 51
51 51 51 54
51 51 51 51
51 51 51 51
51 51 51 51

end fill
'tc lance

ara=3 nux=17
fill

51 51 51 51
51 51 51 51
51 51 51 51
51 51 51 52
51 51 51 51
51 51 52 51
51 51 51 51
51 51 51 51
51 51 52 51
51 51 51 51
51 .51 51 51
51 51 52 51
51'"51 51 51
51 51 51 52
51 51 51 51
51 51 51 51
51 51 51 51

end ,fill
ara=12 nux=4
ara=13 nux=4
ara=14 nuy=4
ara=15 nuy=4
ara=16 nux=4
5 end fill

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
54
51
51
54
51
51

51
51
51
51
51
51
51
51

51
51
51
51
54
51
51
51

51
51
54
51
51
51
51
51

51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51

nuy=17 nuz=l

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
55
51
51
53
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
52
51
51
52
51
51
52
51
51
52
51
51
52
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
52
51
51
51
51
51
51
51
51
51
52
51
51
51

51
51
51
51
51
52
51
51
52
51
51
52
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

fill 24 23
fill 32 31
fill 14 11
fill 30 27
nuy=4 fill

7 8 end
15 16 end

3 6 end
19 22 end

fill
fill
fill
fill

29 28 12 13 26 25 9 10 18 17 1 2 21 20 4

ara=33
ara=r34
ara=35
ara=3 6

nu z =18
nuz:18
nuz=18
nu z =18

fill
fill
fill
fill

f3 32
f3 42
f352
f3 62

end
end
end
end

fill
fill
fill
fill

end array
read bounds
a1l~vac~uum
end bounds
end data
end

1i


