
Davzid A. Clhristiati WIlkV

Nuc1l.,r flpwaton and Chief Nuclear Offic~D mno
Donion Nudleacr North Amm. U C- Dominin
~C:O olmiicnl! P'i-,U!CV.m-, (GIc1i Mmlcn, VA tCl:o

September 25, 2003

10 CFR Part 52, Subpart A

James E. Dyer, Director Serial No. 03-457
Office of Nuclear Reactor Regulation NRC Project No. 719
U.S. Nuclear Regulatory Commission ESP/JDH
Attn: Document Control Desk
Washington, D.C. 20555

Dear Mr. Dyer:

NORTH ANNA EARLY SITE PERMIT APPLICATION

Pursuant to Part 52, Subpart A of Title 10 of the Code of Federal Regulations, Dominion
Nuclear North Anna, LLC ("Dominion") applies to the U.S. Nuclear Regulatory
Commission (NRC) for an Early Site Permit (ESP) for a location in central Virginia
identified as the North Anna ESP site. The location is described and characterized in the
enzlosed application. Dominion requests that the NRC issue an ESP with a duration of
twenty years.

Pursuant to 10 CFR 52.15(b), 50.30(a)(6), and 50.4(b)(3), Dominion hereby submits this
application for acceptance review and determination of sufficiency for docketing.

The North Anna ESP application is submitted in the form of a CD-ROM, consistent with
NRC Regulatory Issues Summary 2001-05, Guidance on Submitting Documents to the
NRC bus Electronic Information Exchange or on CD-ROM. The enclosed CD-ROIM
contains the North Anna ESP application organized as follows:

* Transmittal Letter. This transmittal letter replicated on the CD-ROM.

. Part I-Administrative Information. This part contains general corporate
information about Dominion and an overview of the application format and content.

* Part 2-Site Safety Analysis Report. This part contains information about site
safety, emergency preparedness, and quality assurance. The site safety analysis
information includes a description of the site and proposed facilities, an assessment of
the site features affecting the facility design, and the meteorological, hydrologic,
geologic, and seismic characteristics of the ESP site.
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. Part 3-Environmental Report. This part contains information about site
environmental issues sufficient to support a NRC evaluation culminating in the
issuance of an Environmental Impact Statement.

* Part 4-Programs and Plans. This part contains information about site redress.

Service upon the applicants of comments, hearing requests, intervention petitions or other
pleadings related to this application should be made to counsel for Dominion as followAs:
Lillian M. Cuoco, Senior Counsel, Dominion Resources Services, Inc., Rope Ferry Road,
Waterford, CT 06385 (phone: 860-444-5316; e-mail: lilliancuoco@dom.com; fax: 860-
444-4278) and David R. Lewis at Shaw Pittman, 300 N. Street, N.W., Washington D.C.
20o37 (phone: 202-663-8474; e-mail: david.lewis@shawpittman.com; fax: 202-663-
8007).

Any written correspondence to Dominion regarding this application should be sent to me
at the address shown above. If any additional information concerning this application is
needed, please contact Mr. Joseph D. Hegner (phone: 804-273-2770 or e-mail:
josephhegner@dom.com).

Very truly yours,

David A. Christian

Enclosures: 1. Affirmation Statement
2. CD-ROM containing North Anna ESP Application

C w/encls: Mr. L. Reyes, NRC Region II Administrator
Mr. M. Morgan, NRC North Anna Senior Resident Inspector
Mr. M. Scott, NRC North Anna ESP Project Manager
Dr. R. Simard, Nuclear Energy Institute
Ms. M. Parkhurst, Battelle, DOE



I, David A. Christian, being duly sworn according to law, state that I am Senior Vice

President-Nuclear Operations and Chief Nuclear Officer of Dominion Nuclear North

Anna, LLC, that I am authorized to sign and file this application on behalf of Dominion

Nuclear North Anna, LLC, and that the application is true and correct to the best of my

knowledge, information and belief.

Do *nion orth Anna, LLC

David A. Christian
Senior Vice President-Nuclear Operations and
Chief Nuclear Officer

STATE OF aC
COUNTY OF I')

Subscribed and sworn tpJ~efore me, a Notary Public, in and for the County and State
above named, this /DL zday of 4h°)eJLnLM,L., 2003.

My commission expires -3- °+



Etigcnc S. Greclheds
Vimc Prcs.lA-n-Nttuv c-ar S~uplvrn Services

Dominion Nuclear North AnInaz, LLC
5000 I)oni nion, Boulevairti, (;Gcn Allen, VA 23060

IM"%A

:'�_Fnomilmliow

October 2, 2003

10 CFR Part 52, Subpart A

James E. Dycr, Director
Office of Nuclear Reactor Rcgulation
U.'S. Nuclcar Rcgulatory Commission
Attn: Document Control Dcsk
Washington, D.C. 20555

Serial No. 03-457A
NRC Project No. 719

ESP/JDH

Dear Mr. Dyer:

NORTH ANNA EARLY SITE PERMIT APPLICATION-REVISION 1

On Scptcmber 25, 2003, Dominion Nuclear North Anna, LLC (Dominion) submitted its
North Anna Early Site Permit application, Revision 0, to the NRC pursuant to 10 CFR
52, Subpart A. As a result of subsequent discussions between M. L. Scott, North Anna
ESP Project Manager, and J. D. Hcgncr of my staff, it was detcrmincd that unnecessary
detail had been included in Rcvision 0 of the application. That information has sine c
been removed and Revision 1 of the North Anna Early Site Permit application in CD-
RO1M format is enclosed. A set of affected pages is also enclosed for convenience.

If you have any questions or require additional information, please contact Mr. Hegncr at
804-273-2770 orjoscph_hegner(dom.com.

Vcry truly yours,

Eugene S. Greclheck

Enc;!,osurcs:

C xvcncls
l&2:

1. Affirmation Statement
2. CD-ROM containing North Anna ESP Application, Revision I
3. Revision I Affected Pages

Mr. L. Reyes, NRC Region 11 Administrator
Mr. M. Morgan, NRC North Anna Senior Resident Inspector
Mr. M. Scott, NRC North Anna ESP Project Manager
Dr. R. Simard, Nuclear Energy Institute
Ms. M. Parkhurst, Battelle, DOE



Serial No. 03-0457A
Enclosure I

1, Eugene S. Grecheck, being duly sworn according to law, state that I am Vice President-

Nuclear Support Services of Dominion Nuclear North Anna, LLC, that I am authorized to

sign and file this document on behalf of Dominion Nuclear North Anna, LLC, and that

the information is true and cornect to the best of my knowledge, information and belief.

Dominion Nuclear North Anna. LLC

Euie S. Grecheck
Vice President - Nuclear Support Services

STATE OF \(r ft

COUNTY OF ____VI EC,

Subscribed and sworn to Pefore me, a Notary Publie, in and for the County and State
above named, this cJ day of DtL+ 1-Qr-, 2003.

My confission expires 3 31 _



Dominion Nuclear North Anna, LLC -51onnim nal
5000 Dominion Boulevard. Glen Allen, VA 23060

July 15, 2004

U. S. Nuclear Regulatory Commission Serial No. 04-434
Attention: Document Control Desk ESP/JDH
Washington, D.C. 20555 Docket No. 52-008

DOMINION NUCLEAR NORTH ANNA, LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
REVIS;ION 2

Enclosed is Revision 2 to the North Anna Early Site Permit application. The application
consists of four parts: Part 1, Administrative Information, Part 2, Site Safety Analysis
Report, Part 3, Environmental Report, and Part 4, Programs and Plans. Revision 2
primarily updates the Environmental Report to support the NRC staff's ongoing
environmental review and planned issuance of a draft environmental impact statement.
Revision 2 incorporates Dominion's responses to NRC requests for additional
environmental information, Dominion's letter to the NRC responding to Virginia
Department of Environmental Quality comments, and other information discussed with
the NRC.

Certain information in the North Anna ESP application is common to both the
Environmental Report and the Site Safety Analysis Report. Because only information in
the Environmental Report is being changed by Revision 2, the corresponding common
information in the Site Safety Analysis Report will require separate revision. That
revision will occur in the next update, Revision 3, of the ESP application. Revision 3 is
intended to be a comprehensive update.

A summary of the changes is provided in Enclosure 1. A CD containing Revision 2 of
the ESP application is provided in Enclosure 2.

If you have any questions or require additional information, please contact us.

Very truly yours,

Eugene S. Grecheck
Vice President-Nuclear Support Services



Serial No. 04-434
Docket No. 52-008

Revision 2 to North Anna ESP Application

Enclosures: 1. Description of Changes in Revision 2.
2. One CD-ROM labeled "North Anna Early Site Permit Application,

Docket No. 52-008, September 2003; Revision 2, July 2004, NRC
ADAMS Edition," containing the following 9 files:

001 North Anna ESP Application R2 (1 of 9).pdf; 2,989 KB; publicly available
002 North Anna ESP Application R2 (2 of 9).pdf;19,202,736 bytes, publicly available

003 North Anna ESP Application R2 (3 of 9).pdf; 49,572,480 bytes, publicly available

004 North Anna ESP Application R2 (4 of 9).pdf; 40,897,951 bytes, publicly available

005 North Anna ESP Application R2 (5 of 9.pdf; 37,328,818 bytes, publicly available

006 North Anna ESP Application R2 (6 of 9).pdf; 26,629,982 bytes, publicly available

007 North Anna ESP Application R2 (7 of 9).pdf; 1,153,004 bytes, publicly available

008 North Anna ESP Application R2 (8 of 9).pdf; 44,908,018 bytes, publicly available

009 North Anna ESP Application R2 (9 of 9).pdf; 24,746,868 bytes, publicly available

Commitments made in this letter: None.

cc: U.S. Nuclear Regulatory Commission, Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, Georgia 30303

Mr. Andy Kugler
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Michael Scott
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. M. T. Widmann
NRC Senior Resident Inspector
North Anna Power Station

Ms. Ellie L. Irons, Program Manager
Office of Environmental Impact Review
Virginia Department of Environmental Quality

Mr. Adrian Heymer
Nuclear Energy Institute
1776 1 Street, N.W.
Washington, D.C. 20013



Serial No. 04-434
Docket No. 52-008

Revision 2 to North Anna ESP Application

COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President,
Nuclear Support Services, of Dominion Nuclear North Anna, LLC. He has affirmed
before me that he is duly authorized to execute and file the foregoing document on
behalf of Dominion Nuclear North Anna, LLC, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me this I5day of «il I{. 2&C4

My Commission expires: 31 |

0 N4otary
u' blc

Public

(SEAL)



Serial No. 04-434
Docket No. 52-008

Response to VDEQ Comments

Enclosure 1

Description of Changes in Revision 2
North Anna Early Site Permit Application



Serial No. 04-434
Docket No. 52-008

Revision 2 to North Anna ESP Application

North Anna Early Site Permit Application
Description of Changes in Revision 2

Affected Section, Table, or Figure Reason for Change

Acronyms/Abbreviations/lnitialisms

New entries Added new entries for changes made in
I Revision 2

Part 1. Administrative Information

*Section 1.2.2.5 Added section describing notation of
changes.

Pait 3, Environmental Report (ER) Chapter 1

*Section 1.1.4 Change in Unit 4 cooling approach from
wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

Part 3, ER Chapter 2

* Sections 2.3.1.1, 2.3.3.1 Change in Unit 4 cooling approach from
wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

* Sections 2.5.1.2, 2.5.1.3.1 Corrected and updated population figures.
* Tables 2.5-5, 2.5-8, 2.5-10, 2.5-13, 2.5- Reference May 13, 2004 telecon advising

15,2.5-16 NRC of population figure errors and of
* Figures 2.5-3, 2.5-4, 2.5-5, 2.5-6, 2.5- intent to correct with next revision.

7, 2.5-9, 2.5-10, 2.5-11, 2.5-12 _
* Section 2.7.5.2 Response to RAI 2.3.4-1; Reference
* Tables 2.7-9, 2.7-10, 2.7-11, 2.7-12 Dominion's 7/12/04 Letter to NRC, Serial

No. 04-170A.

Part 3, ER Chapter 3
* Sections 3.1.2.2, 3.1.5 Change in Unit 4 cooling approach from

wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

* Table 3.1-1, Section 9.1 Response to RAI E3.1-1; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Sections 3.2.3, 3.3, 3.3.1 Change in Unit 4 cooling approach from
* Table 3.3-2 wet towers to dry towers; Reference
* Figure 3.3-2 Dominion's 3/31/04 Letter to NRC, Serial
* Sections 3.4.1.1, 3.4.1.3.1, 3.4.1.3.3, No. 04-194.

3.4.1.3.4, 3.4.2.1,3.4.2.2, 3.4.2.3
* F-igures 3.4-3, 3.4-4

S section 3.8.2.3 Response to Follow-up Environmental RAI



Serial No. 04-434
Docket No. 52-008

Revision 2 to North Anna ESP Application

North Anna Early Site Permit Application
Description of Changes in Revision 2

Affected Section, Table, or Figure Reason for Change

2 and revised response to RAI E3.8-7;
Reference Dominion's 7/12/04 Letter to
NRC, Serial No. 04-170A.

* Section 3.8.2.5 Response to Follow-up Environmental RAI
• Table 3.8-2 2; Reference Dominion's 7/12/04 Letter to

NRC, Serial No. 04-170A.

Part 3, ER Chapter 4
* Section 4.2.1.1 Change in Unit 4 cooling approach from

wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

* Section 4.2.3 Response to RAI E4.2.2-2; Reference
* Section 4.2 References Dominion's 5/17/04 Letter to NRC, Serial

No. 04-170.
* Section 4.3.2 Change in Unit 4 cooling approach from

wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

* Section 4.5.3.1 Response to RAI E4.5-4; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Section 4.5.3.2 Response to RAI E4.5-7; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Section 4.5.4.1 Response to RAI E4.5-4; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Section 4.5.4.2 Response to RAI E4.5-7; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Section 4.5.4.4 Response to RAI E4.5-4; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Table 4.5-1 Response to RAI E4.5-3; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Tables 4.5-2, 4.5-3, 4.5-4 Response to RAI E4.5-4; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

* Table 4.5-5 Response to RAI E4.5-7; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.



Serial No. 04-434
Docket No. 52-008

Revision 2 to North Anna ESP Application

North Anna Early Site Permit Application
Description of Changes in Revision 2

Affected Section, Table, or Figure Reason for Change

Part 3, ER Chapter 5
* Sections 5.1.1, 5.1.1.2, 5.2.1, 5.2.1.1, Change in Unit 4 cooling approach from

5.2.1.2, 5.2.1.3, 5.2.1.4 wet towers to dry towers; Reference
* Table 5.2-1 Dominion's 3/31/04 Letter to NRC, Serial
* Sections 5.2.1.5, 5.2.2, 5.2.2.1.2, No. 04-194.

5.2.2.1.3
* Section 5.2.2.2 Response to VDEQ Comment AA1;

Reference Dominion's 6/28/04 Letter to
NRC, Serial No. 04-364.

' Sections 5.2.2.3, 5.2.2.4 Change in Unit 4 cooling approach from
wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

*Section 5.2 References Response to VDEQ Comment AA1;
* Tables 5.2-5, 5.2-6, 5.2-7, and 5.2-8 Reference Dominion's 6/28/04 Letter to

NRC, Serial No. 04-364.
* Sections 5.3, 5.3.1, 5.3.1.1, 5.3.1.1.2, Change in Unit 4 cooling approach from

5.3.1.2.1.b wet towers to dry towers; Reference
* Table 5.3-4 (Deleted) Dominion's 3/31/04 Letter to NRC, Serial
* Sections 5.3.1.2.2, 5.3.1.2.3.a, No. 04-194.

5.3.1.2.3.b
* Table 5.3-8 (Deleted)
• Sections 5.3.1.2.4, 5.3.2.1, 5.3.2.1.2,

5.3.2.1.3, 5.3.2.2.3, 5.3.3, 5.3.3.1,
5.3.3.2, 5.3.3.2.1, 5.3.3.2.2, 5.3.3.2.3,
5.3.3.2.4, 5.3.4, 5.3.4.1,

* Section 5.3 References
• Tables 5.3-14, 5.3-15, 5.3-16
* Figure 5.3-4
* Section 5.4.2 Response to RAI E5.4.2-1; Reference

Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

• Section 5.4.4.2 Response to RAI E5.4.4-1; Reference
Dominion's 5/17/04 Letter to NRC, Serial
No. 04-170.

• Section 5.4 References Response to Follow-up Environmental RA'
* Table 5.4-12 6; Reference Dominion's 7/12/04 Letter to

NRC, Serial No. 04-170A.
* Section 5.5.13, 5.8.1.2, 5.8.1.3, Change in Unit 4 cooling approach from

5.8.1.4, 5.8.1.5, 5.8.1.6, 5.8.2.3 wet towers to dry towers; Reference
Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

*Table 5.10-1 Change in Unit 4 cooling approach from
wet towers to dry towers; Reference



Serial No. 04-434
Docket No. 52'-008

Revision 2 to North Anna ESP Application

North Anna Early Site Permit Application
Description of Changes in Revision 2

Affected Section, Table, or Figure Reason for Change

Dominion's 3/31/04 Letter to NRC, Serial
No. 04-194.

Part 3, ER Chapter 7
* Section 7.1.4 Response to RAI E7.1 -1; Reference
* Tables 7.1-1, 7.1-2, 7.1-4, 7.1-6, 7.1-8, Dominion's 7/12/04 Letter to NRC, Serial

7.1-10, 7.1-11, 7.1-13, 7.1-15, 7.1-17, No. 04-170A.
7.1-19,7.1-20,7.1-22, 7.1-24,7.1-26,
7.1-28

* Section 7.2.2.1 Response to RAI E7.2-1; Reference
Dominion's 7/12/04 Letter to NRC, Serial
No. 04-170A.

Part 3, ER Chapter 9

* Section 9.1 Added description of "No-Action
Alternative" in response to June 21-22,

__ 2004 ASLB pre-hearing conference.
* Sections 9.4.1, 9.4.1.1, 9.4.1.1.1, Change in Unit 4 cooling approach from

9.4.1.1.2, 9.4.1.2, 9.4.1.2.1, 9.4.1.2.2, wet towers to dry towers; Reference
9.4.2, 9.4.2.1, 9.4.2.3, 9.4.2.4, 9.4.2.5 Dominion's 3/31/04 Letter to NRC, Serial

* Section 9.4 References No. 04-194.
* Tables 9.4-1, 9.4-2, 9.4-3, 9.4-4, 9.4-5,

9.4-6

Part 3, ER Chapter 10
* Section 10.1.3 Change in Unit 4 cooling approach from
* Table 10.1-2 wet towers to dry towers; Reference
* Sections 10.2.1.2,10.2.1.6,10.3.2 Dominion's 3/31/04 Letter to NRC, Serial

No. 04-194.



Dominion Nuclear North Anna, LLC
5000 Dorninion Boulevard. Glen Allen. VA 23060

September 7, 2004

U. S. Nuclear Regulatory Commission Serial No. 04-537
Attention: Document Control Desk ESP/JDH
Washington, D.C. 20555 Docket No. 52-008

DOMINION NUCLEAR NORTH ANNA, LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
REVISION 3

Enclosed is Revision 3 to the North Anna Early Site Permit (ESP) application. Revision
3 updates the application to incorporate Dominion's responses to NRC's requests for
additional information and other information discussed with the NRC staff.

Note that Revision 2, submitted July 15, 2004 (Serial No. 04-434) only updated
information in the Environmental Report. Revision 3 updates the corresponding
common information in the Site Safety Analysis Report.

A summary of the Revision 3 changes is provided in Enclosure 1. A CD containing the
North Anna ESP application, Revision 3, is provided in Enclosure 2.

If you have any questions or require additional information, please contact Mr. Joseph
D. Hegner at 804-273-2770.

Very truly yours,

Eugene S. Grecheck
Vice President-Nuclear Support Services

Enclosures:

1. Description of Changes in Revision 3.

2. One CD-ROM labeled "North Anna Early Site Permit Application,
Docket No. 52-008, September 2003; Revision 3, September 2004, NRC ADAM',
Ed tion," containing the following files:



Serial No. 04-537
Docket No. 52-008

Revision 3 to North Anna ESP Application

001 North Anna ESP Application R3 (1 of 9).pdf; 2,989 KB; publicly available
002 North Anna ESP Application R3 (2 of 9).pdf;1 9,202,736 bytes, publicly available
003 North Anna ESP Application R3 (3 of 9).pdf; 49,572,480 bytes, publicly available
004 North Anna ESP Application R3 (4 of 9).pdf; 40,897,951 bytes, publicly available
005 North Anna ESP Application R3 (5 of 9.pdf; 37,328,818 bytes, publicly available
006 North Anna ESP Application R3 (6 of 9).pdf; 26,629,982 bytes, publicly available
007 North Anna ESP Application R3 (7 of 9).pdf; 1,153,004 bytes, publicly available
008 North Anna ESP Application R3 (8 of 9).pdf; 44,908,018 bytes, publicly available
009 North Anna ESP Application R3 (9 of 9).pdf; 24,746,868 bytes, publicly available

Commitments made in this letter: None

cc: U.S. Nuclear Regulatory Commission, Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, Georgia 30303

Administrative Judge
Alex S. Karlin, Chair
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Administrative Judge
Dr. Thomas S. Elleman
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Administrative Judge
Dr. Richard F. Cole
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dianne Curran, Esq.
Harmon, Curran, Spielberg & Eisenberg, LLP
1726 M Street, N.W., Suite 600
Washington, D.C. 20036



Serial No. 04-537
Docket No. 52-008

Revision 3 to North Anna ESP Application

Richard A. Parrish, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902

Mr. Andy Kugler
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Michael Scott
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. M. T. Widmann
NRC Senior Resident Inspector
North Anna Power Station

Ms. Ellie L. Irons, Program Manager
Office of Environmental Impact Review
Virginia Department of Environmental Quality
P.O. Box 10009
Richmond, Virginia 23240

Mr. Adrian Heymer
Nuclear Energy Institute
1776 I Street, N.W.
Suite 400
Washington, D.C. 20006-3708



Serial No. 04-537
Docket No. 52-008

Revision 3 to North Anna ESP Application

COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President-
Nuclear Support Services, of Dominion Nuclear North Anna, LLC. He has affirmed
before me that he is duly authorized to execute and file the foregoing document on
behalf of Dominion Nuclear North Anna, LLC, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me this __ day of- Zzizi 20&1

My Commission expires: o a 3/B

Notary Public

(SEAL)



Serial No. 04-537
Docket No. 52-008

Revision 3 to North Anna ESP Application

Enclosure 1

Description of Changes in Revision 3
North Anna Early Site Permit Application



Serial No. 04-537
Docket No. 52-008

Revision 3 to North Anna ESP Application

North Anna Early Site Permit Application
Description of Changes in Revision 3

Affected Section, Table, or Figure Reason for Change

Acronyms/Abbreviations/lnitialisms

Added new entries for changes made inNew entries I Revision 3.

Part 2 Chapter 1
* Table 1.3-1 Response to RAI E3.1-1; Reference

Dominion's 5/17/04 Letter, Serial No. 04-170.
* Table 1.3-1 Response to RAI 1.3-2; Reference Dominion's

8/10/04 Letter, Serial No. 04-348.
* Section 1.8 Response to RAI 1.8-1; Reference Dominion's

8/20/04 Letter, Serial No. 04-354.
* Sections 1.8.1, 1.8.2,1.8.3 Response to RAI 2.3.5-2; Reference

Dominion's 8/20/04 Letter, Serial No. 04-354.
* Section 1.8.2 Response to RAI 2.5.2-9 and July 9, 2004 RAI;

Reference Dominion's 8/19/04 Letter, Serial
No. 04-438.

* Section 1.9 (new) Response to RAI 1.3-1; Reference Dominion's
* Section 1.9 References 8/19/04 Letter, Serial No. 04-318A.
* Tables 1.3-1, 1.9-1 (new)

Part 2 Chapter 2
* Sections 2.1.3.1, 2.1.3.2, 2.1.3.3.1, Response to RAI 2.1.3-1; Reference

2.1.3.3.2, 2.1.3.4, 2.1.3.5, 2.1.3.6 Dominion's 8/10/04 Letter, Serial No. 04-348.
* Section 2.1 References
* Figures 2.1-4, 2.1-5, 2.1-6, 2.1-7, 2.1-

8, 2.1-8A (new), 2.1-10, 2.1-11, 2.1-12,
2.1-13, 2.1-13A (new), 2.1-14

* Section 2.1 References Response to RAI 1.8-1; Reference Dominion's
8/20/04 Letter, Serial No. 04-354.

* Section 2.2.3.1.2 Response to RAI 2.2.2-3; Reference
Dominion's 8/2/04 Letter, Serial No. 04-318.

* Sections 2.3.1.1, 2.3.1.2, 2.3.1.3.1, Response to RAls 2.3.1-1 (revised), 2.3.1-2,
2.3.1.3.2, 2.3.1.3.3, 2.3.1.3.4, 2.3.1-3, 2.3.1-4, 2.3.1-5, 2.3.1-6, 2.3.2-1, 2.3.2-
2.3.1.3.5, 2.3.1.3.6, 2.3.1.3.8, 2.3.2.1, 2; Reference Dominion's 8/2/04 Letter, Serial
2.3.2.2.1, 2.3.2.3, 2.3.2.4, 2.3.2.5 No. 04-318.

* Section 2.3 References
* Tables 2.3-1, 2.3-2, 2.3-4, 2.3-5, 2.3-6,

2.3-7, 2.3-18 (new)
• Figure 2.3-24
* Section 2.3.4.2 Response to RAI 2.3.4-1; Reference
* Tables 2.3-3, 2.3-13, 2.3-14 Dominion's 7/12/04 Letter, Serial No. 04-170A.

1
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North Anna Early Site Permit Application
Description of Changes in Revision 3

Affected Section, Table, or Figure Reason for Change
* Section 2.3 References Response to RAI 1.8-1; Reference Dominion's

8/20/04 Letter, Serial No. 04-354.

* Section 2.4.1.1 Change in Unit 4 cooling approach from wet
* Sections 2.4.7.2, 2.4.7.4 towers to dry towers; Reference Dominion's
* Section 2.4.8 3/31/04 Letter to NRC, Serial No. 04-194.
* Sections 2.4.11.3, 2.4.11.4 Response to RAIs 2.4.1-2, 2.4.1-4; Reference
* TaDle 2.4-6 Dominion's 8/2/04 Letter, Serial No. 04-318.
* Section 2.4.7.6 Response to RAI 2.4.7-5; Reference

Dominion's 8/2/04 Letter, Serial No. 04-318.
* Section 2.4.9 Response to RAI 2.4.9-1; Reference

Dominion's 8/2/04 Letter, Serial No. 04-318.
* Sections 2.4.12.1.2, 2.4.12.3, 2.4.12.4 Response to RAI 2.4.12-1; Reference
* Table 2.4-15 Dominion's 8/2/04 Letter, Serial No. 04-318.
* Figure 2.4-15
* Section 2.4.12.2 Follow-up response to RAI 17.1-1; Reference
* Section 2.4 References Dominion's 8/20/04 Letter, Serial No. 04-354.
* Table 2.4-19
* Section 2.5.1.1.4, 2.5.2.2.8 Response to RAI 2.5.1-1; Reference

Dominion's 7/8/04 Letter, Serial No. 04-270.
* Section 2.5.1.1.4 Response to RAI 2.5.1-2; Reference

Dominion's 7/8/04 Letter, Serial No. 04-270.
* Section 2.5.1.1.4 Response to RAI 2.5.1-3; Reference

Dominion's 7/8/04 Letter, Serial No. 04-270.
* Section 2.5.1.1.4 Response to RAI 2.5.1-4; Reference

Dominion's 7/8/04 Letter, Serial No. 04-270.
* Section 2.5.1.2.6 Response to RAI 2.5.4-7; Reference

Dominion's 8/5/04 Letter, Serial No. 04-347.
* Section 2.5.2.6.2 Response to RAI 2.5.2-4; Reference
* Section 2.5 References Dominion's 7/8/04 Letter, Serial No. 04-270.
* Sections 2.5.2, 2.5.2.6.5, 2.5.2.6.6, Response to RAI 2.5.2-9 and July 9, 2004 RlAI;

2.5.2.6.7, 2.5.2.6.8, 2.5.2.6.9, Reference Dominion's 8/19/04 Letter, Serial
2.5.2.6.10, 2.5.2.7 No. 04-438.

* Section 2.5 References
* Tables 2.5-24, 25, 26, 27, 28
* Figures 2.5-44A, 44B, 46,48,49,50,

51, 52, 53, 54A, 548, 54C, 55
* Sections 2.5.4.7.3, 2.5.4.7.4 Response to RAI 2.5.4-9; Reference
* Table 2.5-46 Dominion's 8/19/04 Letter, Serial No. 04-347/v.
* Sections 2.5.4.8, 2.5.4.8.2,2.5.4.8.4, Response to RAI 2.5.4-10; Reference

2.5.4.8.5 Dominion's 8/19/04 Letter, Serial No. 04-347A.
* Sections 2.5.5.1.2, 2.5.5.2.3, 2.5.5.5, Response to RAI 2.5.5-1; Reference

2.5.5.6 Dominion's 8/19/04 Letter, Serial No. 04-347A.

2



Serial No. 04-537
Docket No. 52-008

Revision 3 to North Anna ESP Application

North Anna Early Site Permit Application
Description of Changes in Revision 3

Affected Section, Table, or Figure Reason for Change

* TaDles 2.5-20,2.5-23 Correction of controlling earthquake
calculation; Reference Dominion's 8/19/04
Letter, Serial No. 04-347A.

* Tal:le 2.5-45 Response to RAI 2.5.4-5; Reference
Dominion's 8/5/04 Letter, Serial No. 04-347.

* Table 2.5-47 Response to RAI 2.5.4-1 1; Reference
Dominion's 8/5/04 Letter, Serial No. 04-347.

Part 2 Chapter 15

* Section 15.2 Response to RAls 15.4-2,15.4-3,15.4-5,15.4-
* Section 15.4 6; Reference Dominion's 8/10/04 Letter, Serial
* Tables 15.4-1,15.4-3,15.4-5,15.4-7, No. 04-348.

15.4-9, 15.4-10, 15.4-12, 15.4-14,
15.4-16, 15.4-18, 15.4-19,15.4-21,
15.4-23, 15.4-25,_15.4-27 _

* Section 15.2 References Response to RAI 1.8-1; Reference Dominion's
8/20/04 Letter, Serial No. 04-354.

* Section 15.3 References Response to RAI 1.8-1; Reference Dominion's
8/20/04 Letter, Serial No. 04-354.

Part 3 Chapter 2
* Section 2.3.2.2.1 Follow-up response to RAI 17.1-1; Reference
* Table 2.3-11 Dominion's 8/20/04 Letter, Serial No. 04-354.
* Section 2.3 References _

* Section 2.5.1, 2.5.1.1, 2.5.1.2, Response to RAI 2.1.3-1; Reference
2.5.1.3.1, 2.5.1.3.2, 2.5.1.5 Dominion's 8/10/04 Letter, Serial No. 04-348.

* Section 2.5 References
* Table 2.5-12
* Table 2.5-15
* Figures 2.5-7A (new), 2.5.12A (new)
* Fig ure 2.5-10
• Fig ire 2.5-13
* Section 2.5.2 Response to RAI 1.3-1; Reference Dominion's

8/19/04 Letter, Serial No. 04-31 8A.
* Sections 2.7.1,2.7.1.1,2.7.1.2, 2.7.1.3, Response to RAls 2.3.1-1 (revised), 2.3.1-2,

2.7.1.4,2.7.1.5, 2.7.2.1,2.7.3.1, 2.3.1-3, 2.3.1-4, 2.3.1-5, 2.3.1-6, 2.3.2-1, 2.3.2-
2.7.3.2, 2.7.3.3, 2.7.3.4, 2.7.4, 2; Reference Dominion's 8/2/04 Letter, Serial
2.7.4.1.1,2.7.4.1.2,2.7.4.1.3, No. 04-318.
2.7.4.1.4, 2.7.4.1.5, 2.7.4.1.7

* Section 2.7 References
* Tables 2.7-1, 2.7-2, 2.7-3
• Figure 2.7-2

3
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North Anna Early Site Permit Application
Description of Changes in Revision 3

Affected Section, Table, or Figure Reason for Change

Part 3 Chapter 3

* Section 3.1.6 (new) Response to RAI 1.3-1; Reference Dominion's
* Section 3.1 References 8/19/04 Letter, Serial No. 04-318A.
* Tables 3.1-1, 3.1-9 (new)
• Sections 3.2.1, 3.8.1, 3.8.2.2 Response to RAI 1.3-1; Reference Dominion's

8/19/04 Letter, Serial No. 04-318A.
* Table 3.1-1 Response to RAI 1.3-2; Reference Dominion's

8/10/04 Letter, Serial No. 04-348.

Part 3 Chapter 5
* Sections 5.4.3, 5.8.2.1.2 Response to RAI 1.3-1; Reference Dominion's

18/19/04 Letter, Serial No. 04-31 8A.

Part 3 Chapter 6
* Section 6.4.1 Response to RAls 2.3.1-1 (revised), 2.3.1-2,

2.3.1-3, 2.3.1-4, 2.3.1-5, 2.3.1-6, 2.3.2-1, 2.3.2-
2; Reference Dominion's 8/2/04 Letter, Serial
No. 04-318._

Part 3 Chapter 7
* Section 7.1 References Response to RAI 1.8-1; Reference Dominion',

| 8/20/04 Letter, Serial No. 04-354.

4



DominioKiDominin Nuclear North Anna, LLC
5000 ry minion Biutilevard, Glen Allen. VA 23060

May 12, 2005

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555

Serial No. 05-305
ESP/,IDH

Docket No. 52-008

DOMINION NUCLEAR NORTH ANNA. LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
REVISION 4

Enclosed is Revision 4 to the North Anna Early Site Permit (ESP) application. Revision
4 updates the application to incorporate Dominion's responses to NRC's requests for
additional information, our responses to the open items in the December 2004 draft
Safety Evaluation Report, and other information discussed with the NRC staff.

A summary of the Revision 4 changes is provided in Enclosure 1. A CD containing the
North Anna ESP application, Revision 4, is provided in Enclosure 2.

If you have any questions or require additional information, please contact Mr. Joseph
D. Hegner at 804-273-2770.

Very truly yours,

Eugene S. Grecheck
Vice President-Nuclear Support Services

Enclosures:

1. Description of Changes in Revision 4.

2. One CD-ROM labeled "North Anna Early Site Permit Application, Docket No. 52-008,
September 2003; Revision 4, May 2005, NRC ADAMS Edition,' containing the
following files:



Serial No. 05-305
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1. North Anna ESP Application R4 (1 of 8).pdf; 4664 KS; publicly available
2. North Anna ESP Application R4 (2 of 8).pdf; 28,064,970 bytes, publicly available'
3. North Anna ESP Application R4 (3 of 8).pdf; 49,772,368 bytes, publicly available
4. North Anna ESP Application R4 (4 of 8).pdf; 47,298,189 bytes, publicly available
5. North Anna ESP Application R4 (5 of 8).pdf; 43,676,749 bytes, publicly available
6. North Anna ESP Application R4 (6 of 8).pdf; 34,149,855 bytes, publicly available!
7. North Anna ESP Application R4 (7 of 8).pdf; 51,103,672 bytes, publicly available
8. North Anna ESP Application R4 (8 of 8).pdf; 31,311,890 bytes, publicly available!

Commitments made in this letter: None

cc: U.S. Nuclear Regulatory Commission, Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, Georgia 30303

Administrative Judge
Alex S. Karlin, Chair
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Administrative Judge
Dr. Thomas S. Elleman
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Administrative Judge
Dr. Richard F. Cole
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dianne Curran, Esq.
Harmon, Curran, Spielberg & Eisenberg, LLP
1726 M Street, N.W., Suite 600
Washington, D.C. 20036
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Richard A. Parrish, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902

Mr. Jack Cushing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Ms. Belkys Sosa
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. J. T. Reece
NRC Senior Resident Inspector
North Anna Power Station

Ms. Ellie L. Irons, Program Manager
Office of Environmental Impact Review
Virginia Department of Environmental Quality
P.O. Box 10009
Richmond, Virginia 23240

Mr. Adrian Heymer
Nuclear Energy Institute
1776 1 Street, N.W.
Suite 400
Washington, D.C. 20006-3708

Jonathan M. Rund, Esq.
Law Clerk
Atomic Safety and Licensing Board Panel
Mail Stop: T-3F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Morgan W. Butler, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902
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COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President-
Nuclear Support Services, of Dominion Nuclear North Anna, LLC. He has affirmed
before me that he is duly authorized to execute and file the foregoing document on
behali of Dominion Nuclear North Anna, LLC, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me this ) day of l-ay 20p

My Cocmmission expires: MyT Cmiso expires:

Notary Public

(SEAL)
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Enclosure I

Description of Changes in Revision 4
North Anna Early Site Permit Application
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North Anna Early Site Permit Application
Description of Changes in Revision 4

Affected Section, Table, or Figure Reason for Change

Part 2 Chapter 1
" Section 1.8.1 Editorial change to clarify conformance with

requirements of 10 CFR 100.21(c)(1).
* Section 1.8.2 Revision 3 format error. Added electronic link to

RG 1.76 and DG 1105.
* Table 1.9-1 Response to DSER Open Items 2.3-1, 2.3-2,

2.3-3, 2.4-5, 2.4-8,2.4-10, 2.4-11; Reference
Dominion's March 3, 2005 Letter, Serial No.
05-785B.

Part 2 Chapter 2
* Section 2.1.2.1 Response to DSER Open Item 2.1 *1;

Reference Dominion's May 2, 2005 Lettar,
Serial No. 05-194A.

* Section 2.3.1.3.1 Response to DSER Open Item 2.3-1;
* Table 2.3-4 (deleted) Reference Dominion's March 3, 2005 Letter,

Serial No. 05-785B.
* Section 2.3.1.3.8 Response to DSER Open Item 2.3-3;

Reference Dominion's March 3, 2005 Letter,
Serial No. 05-785B.

• Section 2.3.2.3 Response to DSER Open Item 2.3-4;
Reference Dominion's March 3, 2005 Letter,
Serial No. 05-785B.

* Section 2.3.5.1 Editorial change to clarify conformance with
requirements of 10 CFR 100.21(c)(1).

• Section 2.4.7.5 Response to DSER Open Item 2.3-3;
* Section 2.4 References Reference Dominion's March 3,2005 Letter,
* TaOle 2.4-13 (deleted) Serial No. 05-785B.
* Sections 2.4.11.1, 2.4.11.4 Response to DSER Open Item 2.4-3;
* Section 2.4 References Reference Dominion's March 3, 2005 Letter,

Serial No. 05-785B.
* Section 2.4.13 Response to DSER Open Item 2.4-11;
* Section 2.4 References Reference Dominion's March 3,2005 Letter,
• Table 2.4-20 (new) Serial No. 05-785B.
* Se-.tions 2.4.12.1.2,2.4.12.3,2.4.12.4 Response to DSER Open Item 2.4-7;
* Table 2.4-15 Reference Dominion's March 3, 2005 Letter,

ure 2.4-15 Serial No. 05-785B.
* Sections 2.5.2.5, 2.5.2.6.7, 2.5.2.6.7.c, Response to DSER Open Item 2.5-2;

2.5.2.6.7.d, 2.5.2.7, 2.5.4.7.1, Reference Dominion's March 30, 2005 Letter:,
2.5.4.7.3, 2.5.4.7.4, 2.5.4.8.2, Serial No. 05-194.
2.E.4.8.4.a, 2.5.4.8.4.b, 2.5.4.8.4.c,
2.5.4.8.5, 2.5.5.2.3.a, 2.5.5.2.3.b

* Section 2.5 References
* e Tal2.5-27A(e -452.54

1
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North Anna Early Site Permit Application
Description of Changes in Revision 4

Affected Section, Table, or Figure Reason for Change

* Figures 2.5-48, 2.5-48A (new) 2.5-51,
2.5-53,2.5-54A, 2.5-54B, 2.5-54B(1)
(new), 2.5-54B(2) (new), 2.5-54B(3)
(new), 2.5-55A (new)

Part 2 Chapter 13
* Section 13.3.2.2.2.h Response to DSER Open Item 13.3-3;

Reference Dominion's March 3, 2005 Letter,
Serial No. 05-785B.

Part 2 Chapter 15
* Table 15.4-26 Revision 3 typographical errors. Corrected

I isotope designations.
Part 3 Chapter 2

* Table 3.1-1 Response to Supplemental RAls 1.a and 1.c;
* Table 3.1-9 Reference Dominion's April13, 2005 Letter,

Serial No. 05-209A.
* Table 3.1-9 Response to Supplemental RAI 1.b; Reference
* Table 3.3-1 Dominion's April13, 2005 Letter, Serial No. 05-
* Ficure 3.3-1 209A.

Part 3 Chapter 3

• Section 3.4.1.3.3 Response to DSER Open Item 2.4-3;
Reference Dominion's March 3,2005 Letter,
Serial No. 05-785B.

* Section 3.8 Revision 3 typographical error. CFR citation
should be 10 CFR 51.52.

* Section 4.2 References Revision 3 format error. Reference 13 text
should be black versus blue.

Part 3 Chapter 5
Sections 5.2.2.1.3,5.2.2.2 Response to DSER Open Item 2.4-3;

* Section 5.2 References Reference Dominion's March 3, 2005 Letter,
Serial No. 05-785B.

* Section 5.7.1 Response to October 29, 2004 RAI on Uranium
Fuel Cycle Impacts; Reference Dominion's
November 18,2004 Letter, Serial No. 04-705.

Part 3 Chapter 7
* Section 7.1.2 Revision 3 typographical errors. Corrected EA.B
* Table 7.1-27 and LPZ X/Q values (Section 7.1.2) and isotope

designations (Table 7.1-27).

2



Dominicn Nuclear North Anna, LLC
5000 Dominion Boulevard. Glen Allen, VA 23060(

July 25, 2005

U. S. Nuclear Regulatory Commission Serial No. 05-457
Attention: Document Control Desk ESP/JDH
Washington, D.C. 20555 Docket No. 52-1)08

DOMINION NUCLEAR NORTH ANNA, LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
FINAL SAFETY EVALUATION REPORT REVIEW ITEMS AND REVISION 5 TO THE
NORTH ANNA ESP APPLICATION

On June 16, 2005, the NRC issued its Final Safety Evaluation Report (FSER) for the
North Anna Early Site Permit Application. As part of our review of the FSER, we
identified several corrections that must be made to documents Dominion previously
submitted to the NRC. Enclosure 1 to this letter describes those corrections.

The North Anna ESP Application has been updated to reflect the corrections. A
summary of the changes in Revision 5 of the ESP Application is provided in Enclcosure
2. A CD containing Revision 5 of the ESP Application is provided as Enclosure 3.

If you have any questions or require additional information, please contact Mr. Joseph
Hegner at 804-273-2770.

Very iruly yours,

Eugene S. Grecheck
Vice President-Nuclear Support Services

Enclosures:

1. Final Safety Evaluation Report Review Items
2. Description of Changes in Revision 5
3. One CD-ROM labeled "North Anna Early Site Permit Application, Docket No. 52-

008, September 2003; Revision 5, July 2005, NRC ADAMS Edition," containing the
following files:
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• North Anna ESP Application R5 (1 of 8).pdf; 9355 KB; publicly available
* North Anna ESP Application R5 (2 of 8).pdf; 28,064,970 bytes, publicly available
* North Anna ESP Application R5 (3 of 8).pdf; 49,772,302 bytes, publicly available
* North Anna ESP Application R5 (4 of 8).pdf; 47,578,761 bytes, publicly available
* North Anna ESP Application R5 (5 of 8).pdf; 43,787,240 bytes, publicly available
* North Anna ESP Application R5 (6 of 8).pdf; 34,327,107 bytes, publicly available
* North Anna ESP Application R5 (7 of 8).pdf; 51,600,526 bytes, publicly available
* North Anna ESP Application R5 (8 of 8).pdf; 32,215,787 bytes, publicly available

Commitments made in this letter: None

cc: U. S. Nuclear Regulatory Commission, Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, Georgia 30303

Mr. Jack Cushing
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. J. T. Reece
NRC Senior Resident Inspector
North Anna Power Station

Ms. Belkys Sosa
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Richard Kingston
GE Nuclear Energy
Castle Hayne Rd, PO Box 780
Wilmington, NC 28401

Administrative Judge
Alex S. Karlin, Chair
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
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FSER Review Items/ESP Application Rev. 5
Page 3

Administrative Judge
Dr. Thomas S. Elleman
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Administrative Judge
Dr. Richard F. Cole
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dianne Curran, Esq.
Harmon, Curran, Spielberg & Eisenberg, LLP
1726 M Street, N.W., Suite 600
Washington, D.C. 20036

Richard A. Parrish, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902

Ms. Ellie L. Irons, Program Manager
Office of Environmental Impact Review
Virginia Department of Environmental Quality
P.O. Box 10009
Richmond, Virginia 23240

Mr. Adrian Heymer
Nuclear Energy Institute
1776 I Street, N.W., Suite 400
Washington, D.C. 20006-3708

Jonathan M. Rund, Esq.
Law Clerk
Atomic Safety and Licensing Board Panel
Mail Stop: T-3F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Morgan W. Butler, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902
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COMMONWEALTH OF VIRGINIA

COU1NTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President,
Nuclear Support Services, of Dominion Nuclear North Anna, LLC. He has affirmed
before me that he is duly authorized to execute and file the foregoing document on
behalf of Dominion Nuclear North Anna, LLC, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me this )-=- day of (, 20i25

My Commission expires: 3 jA,'eI - A/f /g

No5tar P/ubL
Notary Public

(SEAL)
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Enclosure I

Final Safety Evaluation Report Review Items
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Correction of Coordinates for ESP Site Footprint

Coordinates for the ESP site footprint were submitted to the NRC in response to
Draft Safety Evaluation Report (DSER) Open Item 2.4-1 (Dominion Letter 05-
785B dated March 3, 2005).

As discussed in a July 5, 2005 conference call with NRC Staff, upon further
review, it has been determined that the coordinates identified in Figure 1 of the
DSER Open Item 2.4-1 response contained errors.

A corrected version of Figure 1 is provided on the next page.

Application Revision

None. Figure 1 on the next page is not included in the North Anna ESP Application..
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Incorrect Version of SSAR Figure 2.5-55A

In Dominion's response to DSER Open Item 2.5-2 (Dominion Letter 05-194 dated
March 30, 2005), a new SSAR figure, Figure 2.5-55A, was included titled:

Figure 2.5-55A Selected Horizontal and Vertical OBE and SSE
Spectra for the Hypothetical Rock Outcrop Control
Point at the Top of Zone III-IV Material
(Representative Elevation 250 ft, 3300 ftlsec Shear
Wave Velocity)

Revision 4 of the North Anna ESP Application included an incorrect version of
SSAR Figure 2.5-55A. (A duplicate copy of SSAR Figure 2.5-55 was
inadvertently included as SSAR Figure 2.5-55A.)

The correct version of SSAR Figure 2.5-55A has been incorporated in Revision 5
of the ESP Application.

Application Revision

In Revision 5 of the ESP Application, SSAR Figure 2.5-55A has been replaced with the
correct version shown on the next page.
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Figure 2.5-55A Selected Horizontal and Vertical OBE and SSE Spectra for the
Hypothetical Rock Outcrop Control Point at the Top of Zone III-
IV Material (Representative Elevation 250 ft, 3300 ftlsec Shear
Wave Velocity)
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Confirmatory Analysis of V/H Ratios for Zone III-IV Hypothetical Rock Outcrop
Control Point SSE Spectrum

In Revision 4 of the North Anna ESP Site Safety Analysis Report (SSAR), the
site horizontal and vertical safe shutdown earthquake (SSE) spectra were
estimated at a control point at the top of a hypothetical outcrop of Zone III-IV
material having a best estimate shear wave velocity of 3,300 ft/sec. The vertical
SSE was determined using V/H ratios from NUREG/CR-6728 (Reference 171 of
SSAR Section 2.5) and are listed in SSAR Table 2.5-27A. These V/H ratios are
identical to those used for hard rock conditions (see SSAR Table 2.5-27).

As discussed in a July 14, 2005 conference call with NRC Staff, upon further
evaluation, it has been determined that the NUREG/CR-6728 V/H ratios apply
explicitly to hard rock conditions with a shear wave velocity of 9,200 ft/sec. The
NUREG/CR-6728 V/H ratios are not explicitly appropriate for the site-specific
shear wave velocity profile and controlling earthquake magnitude and distance
for the North Anna ESP site.

A site-specific analysis has been performed to investigate the appropriateness of
the V/H ratios listed in SSAR Table 2.5-27A for the characteristics of the North
Anna ESP site. A description of the site-specific analysis is provided in the
following section.

Site-S pecific Analysis of V/H Ratios

1. Description of Site-Specific Analysis

A site-specific vertical to horizontal (V/H) spectral ratios analysis has been performed
following a methodology similar to that used in NUREG/CR-6728 (Reference 171 of
SSAR Section 2.5), which is the source of the V/H spectral ratios in SSAR Table 2.5-
27A. F~or the analysis, site-specific shear and compressional wave (S- and P-wave)
profile data were used along with the high frequency deaggregation results from the
PSHA. The stochastic point source ground motion model was used with an
implementation of random vibration theory to generate the horizontal and vertical
ground motions and subsequent V/H spectral ratios.

To maintain a consistency between the S- and P-wave profiles, the P-wave profile was
developed from a model of Poisson's ratio with depth rather than the P-wave velocity
data for the site. This application of the Poisson's ratio model to the previously
developed S-wave profile maintains the consistency between the S- and P-wave
profiles developed for the site. The Poisson's ratio values were derived from the site S-
and P-wave data. Based on the distribution of observed Poisson's ratio data, two
models were developed which, when applied to the single S-wave profile, resulted in
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two P-wave profiles for the analysis. The first model was based on the older subsurface
data from the Units 1 and 2 investigation, using the profiles from borings B-20 and B-
104, and Well #1. The more recent ESP investigation data from boring B-802 were
used 1:o develop the second model. Preferred relative weights of 0.25 and 0.75 were
used in the analysis for the P-wave Models 1 and 2, respectively; these weights were
assigned based on the quality of the recently recorded ESP site investigation data
compared to the older North Anna site data. The two Poisson's ratio models used in the
analysis are shown in Figure 1 along with the site-specific data. The corresponding two
P-wave velocity profiles are listed in Table 1 along with the S-wave and two Poisson's
ratio models.

Four pairs of magnitude and distance values (weighted average magnitudes for given
distance bins of the high-frequency PSHA deaggregation, shown in SSAR Figure 2.5-
50) were used in the analysis. These same magnitude and distance pairs were used for
both the horizontal and vertical ground motions. Associated deaggregation weights for
these paired values, below, were used to combine the results.

Magnitude (M) Distance (km)' Weight2

5.1 7.5 0.34
5.3 22.5 0.33
5.7 37.5 0.25
6.1 75.0 0.08

1 value used for the given distance bin
2contribution of the hazard for the given distance bin

Horizontal and vertical ground motions spectra, based on the magnitude-distance
values and corresponding profiles listed in Table 1, were computed using a stochastic
point source model and an implementation of random vibration theory. For each case,
a total of 100 realizations were performed to provide a stable statistical estimate of the
ground motions and corresponding V/H spectral ratios. Ground motions were computed
based on a linear response at low strain material damping levels of 0.5, 1.0, 2.0, and
5.0%. The 2.0% damping level was chosen as the base case level and the additional
three damping levels were used for a sensitivity analysis of the site-specific V/H ratios.

Statistical 16th, 5 0 th, mean, and 84th percentile V/H spectral ratio values as a function of
frequency were developed based on the relative weighting between the two P-wave
profiles and four magnitude-distance cases from the high-frequency deaggregation
results. These results were computed for the four damping levels.

2. Results

The statistical results of the V/H spectral ratios for the 0.5% damping level are shown in
Figure 2. For comparison purposes, the V/H ratio for the 0.2g<PGA<0.5g bin from
NUREG/CR-6728, which was used in SSAR Table 2.5-27A, is shown in Figure 2.
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Similar plots for the additional damping levels of 1.0, 2.0, and 5.0% are shown in
Figures 3, 4, and 5. The results for the base case damping level of 2.0% are tabulated
in Table 2 for the 21 frequencies used in SSAR Table 2.5-27A.

3. Summary and Conclusions

A site-specific analysis of vertical to horizontal (V/H) spectral ratios for the North An ia
ESP site was performed. Two P-wave profiles were developed which are consistent
with the base case S-wave profile used in the PSHA. The results from these two
models were assigned relative weights of 0.25 and 0.75 for P-wave Model 1 and 2,
respectively. The higher weight of 0.75 was based on P-wave Model 2 being developed
from the more recently recorded ESP site investigation data. Horizontal and vertical
ground motion spectra were computed for four magnitude and distance values based on
the 5-10 Hz PSHA deaggregation. The associated weights from the PSHA
deaggregation for these four magnitude-distance values were combined with the
assigned weights for the two P-wave models. The base case was run for a damping
level of 2.0%. In addition, damping levels of 0.5, 1.0, and 5.0% were analyzed. These
other damping values did not produce significantly different results (i.e., comparison of
the results presented in Figures 2 through 5).

The 113th, 50th, and 84th percentiles and mean V/H ratios are shown in Figure 4 for the
2.0% damping case and listed in Table 2. For comparison, the V/H ratios from
NUREG/CR-6728 for the 0.2g<PGA<0.5g case, which was used for SSAR Table 2.5-
27A, are also shown in Figure 4 and listed in Table 2. On average, the mean V/H ratios
from the site-specific analysis are approximately 30% lower (ranging from 18-35%
lower) over the complete frequency range of 100 Hz to 0.1 Hz than the V/H ratios used
in SSAR Table 2.5-27A. At the 841h percentile, the site-specific V/H ratio values are on
average 8% lower (ranging from 19% lower to 5% higher) over the entire frequency
range than the SSAR Table 2.5-27A V/H ratio values.

The comparison results provide justification that the V/H ratios given in NUREG/CR-
6728 and used in SSAR Table 2.5-27A are appropriate for the North Anna ESP site. To
maintain a hazard-consistent level in scaling the horizontal ground motions, the fractile
level needed for the V/H ratio is between the 50th and 84th percentile. The exact
percentile level would depend on frequency, site, design considerations, and judgment.

The sil:e-specific analysis included the deaggregation information from the high
frequency (i.e., 5-10 Hz) controlling earthquake only. If a more detailed analysis were
performed, the deaggregation events from the low-frequency (i.e., 1-2.5 Hz)
deaggeegation would be included. In addition, the 5-10 Hz deaggregation events for
distances greater than 75 km were included in the 75 km case. These factors would
lead tc a more conservative V/H ratio (shown in Figure 4) for the lower frequency range
than for the higher frequency range.
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Table 1. S-wave profile, Poisson's ratio models, and corresponding
P-wave profiles.

Base Case Model 1 Model 2 Model I Model 2
Thickness Vs Poisson's Poisson's P wave P wave

(m) (mlsec) Ratio Ratio (m/sec)
2.286 1102 0.3340 0.4267 2207.4 3082.2
2.286 1199 0.3326 0.4253 2394.3 3326.5
2.286 1295 0.3313 0.4240 2578.1 3564.5
2.286 1391 0.3299 0.4226 2760.9 3799.2
2.286 1488 0.3285 0.4212 2944.6 4033.4
2.286 1584 0.3272 0.4199 3125.3 4261.8
2.286 1680 0.3258 0.4161 3305.0 4431.2
2.286 1777 0.3244 0.4062 3485.6 4471.7
2.286 1873 0.3230 0.3964 3663.4 4521.1
2.286 1969 0.3217 0.3866 3840.2 4579.0
2.286 2066 0.3203 0.3767 4018.0 4645.8
2.286 2162 0.3189 0.3669 4193.0 4715.5
2.286 2258 0.3176 0.3571 4367.1 4789.2
2.286 2355 0.3162 0.3473 4542.2 4868.4
2.286 2451 0.3108 0.3341 4678.2 4911.0
2.286 2547 0.2930 0.3097 4707.1 4850.8
2.286 2644 0.2752 0.2852 4747.4 4823.4
2.286 2740 0.2573 0.2608 4793.4 4816.5
2.286 2830 0.2500 0.2500 4901.7 4901.7
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Table 2. V/H Spectral Ratios1

Freq uency 1 6th 50 th 8 4 th SSAR Table
( Percentile Percentile Mean Percentile 2.5-27A

.11)00 .4066 .5161 .5315 .6552 0.75

.2000 .4164 .5129 .5245 .6317 0.75

.3000 .4081 .5005 .5113 .6138 0.75;

.4000 .3936 .4906 .5030 .6114 0.75,

.5000 .3881 .4965 .5125 .6350 0.75

.6000 .3926 .5170 .5381 .6808 0.75

.8000 .4162 .5654 .5935 .7682 0.75
1.0000 .4325 .5848 .6119 .7907 0.75
2.0000 .3850 .5281 .5533 .7246 0.75
2.5000 .3787 .5300 .5583 .7418 0.75
3.0000 .3772 .5268 .5545 .7359 0.75
4.0000 .3838 .5013 .5192 .6547 0.75
5.0000 .3808 .4887 .5045 .6273 0.75
6.0000 .3748 .4912 .5094 .6439 0.75
8.0000 .3346 .4712 .4969 .6635 0.75
10.(000 .3046 .4569 .4913 .6855 0.75
20.0000 .3393 .5263 .5726 .8162 0.83
25.0000 .3593 .5475 .5919 .8343 0.88
30.0000 .3777 .5727 .6185 .8682 0.94
50.0000 .4176 .6693 .7380 1.0725 1.12
100.0000 .4276 .6329 .6788 .9366 1.00

1V/H spectral ratios for the 16th, 5 0 th, and 84th percentiles, and mean from the site
specific analysis and the V/H ratio values used in SSAR Table 2.5-27A at the 21
frequency points used in SSAR Table 2.5-27A. The site-specific results are based on
the relative weights from the PSHA deaggregation and a weighting of 0.25 for P-wave
Model 1 and 0.75 for P-wave Model 2.
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Figure 1. Poisson's ratio data and fitting models, used to develop P-
wave velocity models.
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Figure 2. V/H spectral ratios for the base damping level of 0.5% with a
combined weighting of 0.25 and 0.75 for the P-wave Model lI
and 2, respectively. Median, mean, and plus and minus one-
sigma (84th and 16th percentile) curves are shown. The
NUREGICR-6728 V/H ratio used in SSAR Table 2.5-27A is
shown as a long dashed line for comparison.
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Figure 3. V/H spectral ratios for the base damping level of 1.0% with a
combined weighting of 0.25 and 0.75 for the P-wave Model 1
and 2, respectively. Median, mean, and plus and minus one-
sigma (8 4th and 16th percentile) curves are shown. The
NUREG/CR-6728 V/H ratio used in SSAR Table 2.5-27A is
shown as a long dashed line for comparison.
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Figure 4. V/H spectral ratios for the base damping level of 2.0% with a
combined weighting of 0.25 and 0.75 for the P-wave Model 1
and 2, respectively. Median, mean, and plus and minus one-
sigma (84th and 16th percentile) curves are shown. The
NUREG/CR-6728 V/H ratio used in SSAR Table 2.5-27A is
shown as a long dashed line for comparison.
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Figure 5. V/H spectral ratios for the base damping level of 5.0% with a
combined weighting of 0.25 and 0.75 for the P-wave Model '1
and 2, respectively. Median, mean, and plus and minus one-
sigma (84th and 16th percentile) curves are shown. The
NUREG/CR-6728 V/H ratio used in SSAR Table 2.5-27A is
shown as a long dashed line for comparison.
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Aplication Revision

In Revision 5 of the ESP Application, SSAR Section 2.5.2.6.7.d has been revised tc
read as follows:

d. Development of Vertical SSE Spectra

Hard Rock SSE Spectrum

The applicable V/H ratios used to develop the selected vertical hard rock SSIE
spectrum (5 percent of critical damping) are listed in Table 2.5-27. The vertic:al
SSE spectrum is calculated by multiplying the selected horizontal SSE spectral
amplitude at each frequency by the applicable V/H ratio for that frequency. The
selected horizontal and vertical spectra are plotted in Figure 2.5-48 for the hard
rock SSE.

Zone III-IV HVpothetical Rock Outcrop Control Point SSE Spectrum

The horizontal SSE spectral accelerations, V/H ratios, and vertical SSE spectral
accelerations for the Zone III-IV hypothetical rock outcrop control point are listed
in Table 2.5-27A. The vertical SSE spectrum is calculated by multiplying the
selected horizontal SSE spectral amplitude at each frequency by the applicable
V/H ratio for that frequency. The selected horizontal and vertical spectra are
plotted in Figure 2.5-48A.

To confirm the appropriateness of the V/H ratios listed in Table 2.5-27A, a site-
specific analysis was performed. For the site-specific analysis, the stochastic:
point source model was used with an implementation of random vibration theory
to model both horizontal and vertical spectra. The vertical ground motion was
extended to consider P-SV waves. This approach has been used to develop the
recommended V/H ratios in Reference 171 and has been shown to predict
general trends in V/H ratios for earthquakes recorded in the Western United
States. The model has been validated against empirical V/H ratio data from the
1989 Loma Prieta earthquake for rock site conditions.

Two site-specific P-wave profiles were developed that are consistent with the
base shear wave profile used in the site analysis. These two P-wave profiles
were developed by applying two Poisson's ratio models as a function of depth to
the base shear wave profile. These two Poisson's ratio models are based on
measured shear and compression wave data for the North Anna site, with the
more recent data from the ESP investigation being assigned a larger weight cf
0.75 and the older data from the investigation for Units 1 and 2 having a weight
of 0.25 in the analysis. Both the horizontal and vertical ground motions were
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computed assuming a linear response. Four magnitude-distance values and
associated weights based on the 5-10 Hz PSHA deaggregation were used in the
analysis to develop the horizontal and vertical ground motions. Relative weights
for each of the four cases were used in combining the spectral ratios. A constant
damping level of 2.0% was used. For each case, a total of 100 realizations wiere
performed for both the horizontal and vertical ground motions. Statistics were
computed for the suite of V/H spectral ratios. Additional damping levels of 0.5%,
1.0, and 5.0% were computed in a sensitivity study.

The results of the site-specific analysis confirm the appropriateness of the V/H
ratios listed in Table 2.5-27A. Compared with the Table 2.5-27A values, the
mean V/H ratios from the site-specific analysis are, on average, approximately
30% lower (ranging from 18-35% lower) over the complete frequency range of
100 Hz to 0.1 Hz. At the 84th percentile, the site-specific V/H ratio values are on
average 8% lower (ranging from 19% lower to 5% higher) over the entire
frequency range than the Table 2.5-27A V/H ratio values.

The comparison results provide justification that the V/H ratios given in
Reference 171 and used in Table 2.5-27A are appropriate for the North Anna
ESP site. To maintain a hazard-consistent level in scaling the horizontal ground
motions, the fractile level needed for the V/H ratio is between the 5 0 th and 84 th
percentile. The exact percentile level would depend on frequency, site, design
considerations, and judgment.
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Enclosure 2

Description of Changes in Revision 5
North Anna Early Site Permit Application
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North Anna Early Site Permit Application
Description of Changes in Revision 5

Affected Section, Table, or Figure I Reason for Change

Part 2 Chapter 2
* Section 2.5.2.6.7.d Confirmatory analysis for V/H ratios;

Reference Dominion's 7/20/05 Letter;
Serial No. 05-457.

* Figure 2.5-55A Replaced incorrect figure; Reference
Dominion's 7/20/05 Letter; Serial No. 05-
457.
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April 13, 2006

U. S. Nuclear Regulatory Commission Serial No. 06-273
Attention: Document Control Desk ESP/JDH
Washington, D.C. 20555 Docket No. 52-008

DOMINION NUCLEAR NORTH ANNA, LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
RESPONSE TO NRC QUESTIONS AND REVISION 6 TO THE NORTH ANNA ESP
APPLICATION

On February 10, 2006, NRC informed Dominion that it was conducting a review of the
North Anna ESP Application Supplement submitted January 13, 2006. In its letter, the
NRC noted that several key areas had been identified for which additional information
was needed. On March 2, 2006, NRC documented the results of that review and
identified specific information needs. Separately, on March 13, 2006, NRC requested
information related to possible bald eagle nests reportedly in the vicinity of North Anna
and requested that Dominion investigate the matter and provide the results when it
submitted the next revision of the North Anna ESP application.

Dominion's response to the March 2, 2006 NRC questions and the separate March 13,
2006 request are provided in Enclosure 1. As described in Enclosure 1 the North Anna
ESP Application has been revised, where appropriate, to incorporate changes resulting
from both the January 13, 2006 supplement and subsequent NRC questions. A
summary of the changes is provided as Enclosure 2. A CD containing Revision 6 of the
application is provided as Enclosure 3. A CD containing MACCS2 computer code files
(in response to NRC Question 14b) is provided as Enclosure 4.

If you have any questions or require additional information, please contact Tony Banks
at 804-273-2170 or Joe Hegner at 804-273-2770.

Very truly yours,

Eugena S. Grecheck
Vice President-Nuclear Support Services



Serial No. 06-273
Docket No. 52-008

Response to NRC Questions/ESP Application Rev. 6
Page 2

Enclosures:

1. Response to March 2 and March 13, 2006 NRC questions.
2. Summary of North Anna ESP Application Revision 6 changes.
3. One CD-ROM labeled, "North Anna Early Site Permit Application, Docket No. 52-

008, September 2003; Revision 6, April 2006, NRC ADAMS Edition," containing the
following files:

001 North Anna ESP Application R6 (1 of 9).pdf; 8,450,087 bytes; publicly available
002 North Anna ESP Application R6 (2 of 9).pdf; 29,537,825 bytes; publicly available
003 North Anna ESP Application R6 (3 of 9).pdf; 49,775,907 bytes; publicly available
004 North Anna ESP Application R6 (4 of 9).pdf; 49,721,570 bytes; publicly available
005 North Anna ESP Application R6 (5 of 9).pdf; 46,242,534 bytes; publicly available
006 North Anna ESP Application R6 (6 of 9).pdf; 36,568,346 bytes; publicly available
007 North Anna ESP Application R6 (7 of 9).pdf; 41,520,610 bytes; publicly available
008 North Anna ESP Application R6 (8 of 9).pdf; 39,890,330 bytes; publicly available
009 North Anna ESP Application R6 (9 of 9).pdf; 33,186,644 bytes; publicly available

4. One CD-ROM labeled, "Title of Record: SM-I 526 Rev 0, Add. N/A, dated 4-12-06,"
containing multiple MACCS2 code input and output files.

Comrmnitments made in this letter:

1. Provide NRC with a copy of information prepared by the U.S. Army Corps of
Engineers (Question 4 response).

2. Inform NRC of stakeholder meeting results (Question 6a response).
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Cc: (with Enclosures 1-3 except as noted)

U. S. Nuclear Regulatory Commission, Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, Georgia 30303

Mr. Jack Cushing (Enclosures 1- 4)
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. J. T. Reece
NRC Senior Resident Inspector
North Anna Power Station

Mr. Nitin Patel (Enclosures 1- 4)
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Richard Kingston
GE Nuclear Energy
Castle Hayne Rd, PO Box 780
Wilmington, NC 28401

Administrative Judge
Alex S. Karlin, Chair
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Joseph Hassell
Virginia Department of Environmental Quality
629 East Main Street
Richmond, VA 23219

Mr. John Kauffman
Virginia Department of Game & Inland Fisheries
900 Natural Resources Drive, Suite 100
Charlottesville, VA 22903
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Administrative Judge
Dr. Thomas S. Elleman
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Administrative Judge
Dr. Richard F. Cole
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dianne Curran, Esq.
Harmon, Curran, Spielberg & Eisenberg, LLP
1726 M Street, N.W., Suite 600
Washington, D.C. 20036

Richard A. Parrish, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902

Ms. Ellie L. Irons, Program Manager
Office of Environmental Impact Review
Virginia Department of Environmental Quality
P.O. Box 10009
Richmond, Virginia 23240

Mr. Adrian Heymer
Nuclear Energy Institute
1776 I Street, N.W., Suite 400
Washington, D.C. 20006

Jonathan M. Rund, Esq.
Law Clerk
Atomic Safety and Licensing Board Panel
Mail Stop: T-3F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Morgan W. Butler, Esq.
Southern Environmental Law Center
201 West Main Street
Charlottesville, VA 22902
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COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President,
Nuclear Support Services, of Dominion Nuclear North Anna, LLC. He has affirmed
before me that he is duly authorized to execute and file the foregoing document on
behalf of Dominion Nuclear North Anna, LLC, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me this /3 day of le? 2206.

My Commission expires: c3 /, t2006

1ty
Notary

Z. -S-- I
Public

(SEAL)
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Enclosure I
Dominion Response to March 2 and

March 13, 2006 NRC Questions
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1. Drift (NRC 3/2/06 Letter)

a. ER Table 3.1-9 - Include a plant parameter envelope (PPE)
value related to cooling tower drift for the Unit 3 wet cooling
tower.

b. ER Table 3.3-1 - Include drift estimates for the cooling
towers.

c. ER Sections 3.4.1.1, 3.6.1 - Drift needs to be discussed in
these sections.

d. ER Section 5.1.1 - Drift should be included in the bullet list.

e. ER Section 5.3.3.2.1 - Provide an evaluation of cooling tower
drift and visible plumes.

la Response

A drift rate, based on a percent of cooling water flow has been added to the
Design Parameters portion of ER Table 3.1-9

Application Revision

ER Table 3.1-9 is revised to reflect the above response

lb Response

Drift estimates, based on a percent of cooling water flow, have been added,
as appropriate, to the tabulation of water use in ER Tables 3.3-1 and 3.3-2 for
Units 3 and 4, respectively.

Application Revision

ER Tables 3.3-1 and 3.3-2 are revised to reflect the above response.

Ic Response

For ER Section 3.4.1.1, the discussion has been revised to include the
description that the make-up water is required in order to compensate for
water lost from the closed-cycle cooling system due to evaporation,
blowdown, and drift. In the energy conservation (EC) model, these losses
would be no greater than 1.67 E4 gpm for evaporation, 5.57 E3 gpm for
blowdown, and 8 gpm for drift. In the maximum water conservation (MWC)

' EC' and MWC modes are described in response to Question 3.
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mode, these losses would be no greater than 1.15 E4 gpm for evaporation,
3.84 E3 gpm for blowdown, and 8 gpm for drift.

ER Section 3.6.1 discusses liquid plant effluents. The section indicates that
discharges would occur due to the cooling tower treatment. In that context,
the existing discussion is appropriate to describe the discharge from the
cooling tower. Since the small drift loss is not a liquid effluent per se, it is
more appropriately addressed in the air quality section of the ER (Section
5.3.3) and no changes to ER Section 3.6.1 are necessary. The response to
Question 13 addresses the impact of drift loss.

Application Revision

ER Section 3.4.1.1 is revised to reflect the above response.

ld Response

The buileted list in ER Section 5.1.1 has been updated to include both salt
deposition and an explicit description of moisture dissipation (indicating that
this is from evaporation and drift). In addition, the description of moisture
dissipation in ER Section 5.1.1.2 has been modified to indicate that this is
from evaporation and drift. ER Section 5.1.1.2 provides a reference to a more
detailed description of the effects of the cooling towers in ER Section 5.3.3.

Application Revision

ER Sections 5.1.1 and 5.1.1.2 are revised to reflect the above response.

le Response

An evaluation has been performed to quantify the fogging, icing, moisture and
salt deposition, and visible plume which could be present as a result of the
operation of the wet cooling towers. This evaluation was performed using the
SACTI computer program, a tool first developed at Argonne National
Laboratories to predict cooling tower plume behavior and effects. The
evaluation, including methodology, significant assumptions, and results, is
discussed in ER Section 5.3.3.2.1.

Application Revision

ER Section 5.3.3.2.1 is revised to include the description of the cooling tower
impact evaluation. ER Tables 5.3-22 through 5.3-41 have been added to
provide the results of the evaluation.
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2. Noise (NRC 3/2/06 Letter)

ER Section 5.8.1.2

This section concluded that the noise associated with the new
cooling design would not cause adverse offsite impacts and that a
noise study would be described in a future COL application. Make
reasonable assumptions about the design and analyze the
environmental impact, if the final design of the cooling system and
the associated noise level is not known at ESP stage.

a. ER Section 3.1.5 states that operation of the cooling fans
would produce noise below 60-65 dbA at the exclusion area
boundary (EAB). Table 3.1-9 lists this noise level for the Unit 4
dry towers, but does not provide values for the Unit 3 or the
Ultimate Heat Sink (UHS) towers. If all of the towers are
running (Unit 3 dry and wet, Unit 4 dry, and the UHS towers),
would the total noise level still be below 65 dbA at the EAB?

b. Provide the calculations and assumptions used to estimate
noise levels at the EAB and the closest residence. Include
initial sound levels (background and cooling towers), the
number of sources, distances, and attenuation factors
considered in reaching a conclusion but not included in the
calculations.

2a Response

ER Table 3.1-9 has been revised to reflect noise information for the Unit 3 wet
and dry cooling towers. The values presented in this table for both Units 3 and 4
are not sound levels for an individual source. Rather, the values reflect the
results of the evaluation which shows that the sound level at the nearest point on
the EAB would be less than 65 dBA, which the NRC has defined as the
significance level. The evaluation (which is described in ER Section 5.8.1.2)
shows that the total sound level from the cooling towers is less than or equal to
65 dBA at the EAB with the Unit 4 dry cooling towers operating and either the
Unit 3 dry and wet cooling towers operating (in the case of the MWC mode of
operation) or the Unit 3 wet cooling towers operating (in the case of the EC mode
of operation). The UHS (or service water) towers are considered operating in all
conditions.

Application Revision

ER Table 3.1-9 and ER Section 5.8.1.2 are revised to reflect noise information for
the Unit 3 wet and dry cooling towers.
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2b Response

ER Section 5.8.1.2 has been revised to include the description of the
methodology, the significant inputs and assumptions, and the results of the
evaluation. The description includes the sound levels at the source due to
cascading water, fans and fan motors. Since the sound levels at the EAB at the
closest point to the cooling tower area will be dominated by the sound from the
cooling towers, there is no background noise included in the evaluation. Also, no
credit has been taken for attenuation (other than due to distance) from structures,
vegetation, or the slight changes in terrain between the cooling towers and the
EAB. Sound levels beyond the EAB were not evaluated since the evaluation
showed that at the EAB the sound level was below the level characterized by the
NRC as significant (65 dBA).

Application Revision

ER Section 5.8.1.2 is revised to include the description of the methodology, the
significant inputs and assumptions, and the results of the evaluation. In addition,
ER' Section 5.3.4.2 is revised to provide details of the analysis program used for
the noise impact evaluation.
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3. ER Section 3.4.1.1 (NRC 3/2/06 Letter)

Explain the statement: "The wet towers would incorporate water
savings features to reduce evaporative water losses." Describe the
associated design features and how they affect the amount of water
used by the cooling towers.

3 Response

The normal plant cooling system is a closed cycle system combining dry and we:
cooling towers to provide the capability to reduce water consumption during
drought conditions. The process flow diagram for the system is shown in the
attached Figure. In the Maximum Water Conservation (MWC) mode of
operation, heated cooling water leaving the plant main condenser would be
cooled in a dry cooling tower section where a minimum of one-third of the heat
would be rejected. The cooling water passes through the tubes of the dry cooler
while fans move air across the outside of the tubes to transfer the heat to the air.
After passing though the dry coolers, the water then passes through a wet
cooling tower section, where the remaining heat is dissipated by spraying the
water into an air stream, achieving the majority of the heat transfer by
evaporation of a portion of the water. The cooled water then returns to the plant
condenser to condense the steam leaving the turbines. When the system is in
the Energy Conservation (EC) mode of operation, the dry tower fans are turned
off with 100% of the cooling then provided using the wet tower section.

Several features are available for conserving water in wet cooling towers. A
hybrid tower can be used that incorporates a dry cooling section into the top of
the wet cooling tower. A portion of the water entering the tower passes through
the tube side of a heat exchanger while air is drawn or forced over the tubes
before mixing with the air that has passed through the wet section. This
configuration increases the heat transfer due to convection and conduction and
reduces the amount of evaporation required to achieve the desired return
temperature to the condenser.

A variation of the hybrid tower uses a dry section above the wet tower section
where cooler outside air is drawn in through ducts while the warm moist air from
the wet section exhaust passes over the outside of the ducts. Water from the
wet section exhaust condenses on the cooler dry section duct surfaces and falls
back into the process stream before leaving the cooling tower, thereby reducing
the water loss due to evaporation.

Additional means for saving water include using variable speed fans and pumps
and adjustable louver settings to more accurately control air and water flow.
These methods provide for controlling the heat rejection capacity of the tower
and matching the load and ambient conditions without over-cooling at the
expense of higher than required evaporation rates.
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The performance characteristics of the cooling towers analyzed for Unit 3 are
based on consideration of a model that incorporates such features.

Application Revision

ER. Section 3.4.1.1 is revised to include the diagram of the cooling system shown
in the attached Figure and to describe examples of the water saving features that
could be used in the wet towers. The figure in the ER Section also includes a
plant service water system described in the section.
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4. Terrestrial Ecosystems (NRC 3/2/06 Letter)

ER Section 2.4.1.8, Wetlands

Are there any areas identified by Army Corp of Engineers (ACE) as
jurisdictional wetlands under the Clean Water Act? If so, what
protection or mitigation measures have been proposed or agreed to'?

4 Response

Wetlands delineation for the potentially affected areas was obtained by Dominion
in November 2005. This information was presented to ACE [Army Corp of
Engineers], and additional information was requested. Dominion is currently in
the process of finalizing the survey information requested, and expects to present
this to ACE by the end of April 2006 with a subsequent request for ACE
confirmation. Following that, mitigation measures would be addressed as
necessary. Dominion will provide a copy of the required delineation and survey
documentation to NRC.

Application Revision

ER Section 2.4.1.8 is revised to reflect the above response.
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5. Aesthetic (NRC 3/2/06 Letter)

ER Section 5.8.1.5

Provide an evaluation of the aesthetic impacts of the moisture
plumes from the cooling towers. Estimate by season (summer, fall,
winter, spring) the approximate percentage of the time that the plume
would be visible above the containment building and would extend
more than 0.5 miles. Provide this information for two cases: 1) with
the wet cooling towers operating 100% of the time in energy
conservation (EC) mode and 2) with the wet cooling towers operating
100% of the time in maximum water conservation (MWC) mode.

5 Response

The visible plume from the wet cooling towers has been evaluated for the Energy
Conservation (EC) mode (i.e., only wet cooling towers operating) using the
SACTI suite of computer programs. A description of the SACTI evaluation is
provided in ER Section 5.3.3.2.1. In that section, frequency tables are provided
of the predicted height and length of the visible plume as functions of wind
direction and season of the year. Only the EC mode was evaluated because it
represents the bounding case for the plume evaluation and, as long as there is
adequate water supply to Lake Anna, it is the mode in which the plant would
commonly be operated. Further, the visible plume is most probable and would
be most pronounced in the late autumn through early spring; times when the
plant is more likely to be operated in the EC mode.

A description of visual intrusion due to visible plume from the wet cooling towers
has; been included in ER Section 5.8.1.5 and a reference made to the evaluation
description in ER Section 5.3.3.2.1.

Apolication Revision

ER Section 5.8.1.5 is revised to include the visual impact of the cooling tower
plumes and to refer to the evaluation description in ER Section 5.3.3.2.1.
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6. Human Health (NRC 3/2/06 Letter)

ER Section 5.3.4.1

Recent correspondence with Virginia Department of Health (VDH,
September 2005) addressed the health risks associated with
exposure to Naegleria fowleri. Dominion stated in its supplement thalt
it is working with State agencies to communicate the information
related to risk that was provided in the VDH correspondence to
residents around the waste heat treatment facility (WHTF).

a. Provide the details of the plan for communication regarding
the risk from thermophilic organisms to the residents around
the WHTF.

b. Provide an evaluation of the thermophilic micro-organisms in
the basins below the wet cooling towers.

c. In view of the fact that the WHTF, although regulated as a
private pond with a point of compliance at Dike 3, is also used
for water-based recreation (especially swimming), specifically
include an analysis of any health impacts of swimming in the
WHTF. Include in your analysis the impacts related to the
cooling water blowdown from the wet cooling towers that will
be regulated as an internal source in accordance with 40 CFR
423.10.

6a Response

Wil:h the changed cooling system, Unit 3 does not contribute to the risk of
exposure to thermophilic organisms. Dominion, in concert with VDEQ and VDH,
is exploring options to communicate to local residents information related to
existing risks. The option(s) will be discussed at a stakeholder meeting to be
scheduled in mid-2006. Dominion will inform NRC of the results of the meeting.

Application Revision

ER Section 5.3.4.1 is revised to reflect the above response.

6b Response

The makeup water to the plant cooling towers would be treated with a biocide
(such as sodium hypochlorite). With this treatment, there would be no potential
for growth of thermophilic micro-organisms in the plant cooling towers or water
collection basin.
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Application Revision

ER Section 5.3.4.1 is revised to reflect the above response.

6c Response
The chemistry of the circulating water in wet cooling towers is typically controlled
through the use of additives. For example, typical treatment includes biocides to
prevent fouling of heat exchanger surfaces by algae and other macroscopic
organisms. Cooling tower water pH is adjusted with acid to discourage corrosion
and the formation of scale. Other organic and inorganic corrosion inhibitors may
be used in combination with an acid for pH control. Dispersants are commonly
used to prevent the formation of deposits on the heat exchange surfaces.

Dominion would use treatment chemicals that have been tested for toxicity and
determined to be protective of the environment and human health. The
chemicals are added to the cooling tower water circulation system in
concentrations in accordance with manufacturer's recommendations to ensure
that they are below toxicity thresholds as defined by each chemical's Material
Safety Data Sheet. Discharge limits are administratively controlled through the
National Pollutant Discharge Elimination System (NPDES) permitting process
which prescribes the concentrations that can be released to surface waters.

Although Dominion has not selected which chemicals would be added to the
proposed cooling towers to control water chemistry, the following are common
additives which are typically used:

Biocides-
* Sodium Hypochlorite
* Sodium Bromide (in combination with Sodium Hypochlorite)
* Bromonated Hydantoins (typically 1-bromo-3-chloro-5,5,-

dimethylhydantoin, but others may be used)
* Isothiazolin (typically 5-chloro-2-methyl-4-isothiazoline, but others may

also be used)

Corrosion Inhibitors-
* Organic and Inorganic Phosphates
* Tolytriazole (and potentially other azoles)
* Zinc Chloride or Zinc Sulfate

Dispersants-
* Polyelectrolytes & Organophosphates

Acid-
* Sulfuric Acid
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The chemicals in these potential additives would be modeled against applicable
EPA human health and aquatic life criteria to demonstrate that the concentrations
of these chemicals in the WHTF would not exceed the criteria, and thus would
not pose any risks to human health or the environment. None of the listed
additives are identified priority pollutants defined in 40CFR423 with the exception
of chlorine. The Total Residual Chlorine concentration of the cooling tower
blowdown would be maintained to meet permit limits. Dominion would maintain
adequate flow from the lake through the discharge canal (even if the existing
units are not operating) to ensure that the water quality in the WHTF would not
differ significantly from water quality of the North Anna Reservoir.

Application Revision

EFR Section 5.3.4 is revised to reflect this text. ER Section 5.2.2.5 is revised to
provide reference to the ER Section 5.3.4 discussion.
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7. Meteorology (NRC 3/2/06 Letter)

a. SSAR Section 2.3.2 and ER Section 2.7.4.1

Describe how potential increases in atmospheric moisture
resulting from the operation of a wet cooling tower for
proposed Unit 3 would impact onsite humidity data and
provide a quantitative analysis for the potential for increased
fog formation.

b. SSAR Section 2.3.2.3

Describe how potential increases in atmospheric temperature
and moisture resulting from the operation of a closed-cycle
dry and wet cooling tower system for proposed Unit 3 would
impact plant design and operation.

c. ER Section 5.3.3.1

(1) What is the basis for the statement that "Salt deposition
rates would be below the threshold value of 1
kg/ha/month beyond the site boundary at ground
levels"?

(2) The supplement states: "In a COL application, when a
specific reactor design is selected, a more detailed
evaluation would be made of the fogging and salt
deposition, and specific design consideration would be
given to mitigate the effects of these phenomena or to
eliminate them from occurring." Provide the detailed
evaluation of fogging and salt deposition, including any
assumptions necessary to perform the analysis, so that
the staff can reach its conclusion on the impacts of
fogging and salt deposition. Include a discussion of
mitigation if necessary.

(3) What are the "industry standard techniques for limiting
fogging?"

(4) What is a "reasonable level" for fogging?

d. ER Section 5.3.3.2.1

The first sentence Section 5.3.3.2.1 states: "As concluded in
Section 5.3.3.1, steam fog formation, drift and steam-fog-



Serial No. 06-273
Docket No. 52-008

Response to NRC Questions/ESP Application Rev. 6
Page 15

induced icing conditions resulting from operation of the WHTI
are very localized and infrequent at the NAPS site." Provide
the justification for the above statement.

7a Response

The normal atmospheric moisture content, as reflected by the relative humidity, is
discussed in SSAR Section 2.3.2.2 and ER Section 2.7.4.1.4. The relative
humidity that is reported is from the National Weather Service first order station
at Richmond. The appropriateness of the use of Richmond data has been
confirmed in a comparison of dewpoint temperatures from the North Anna site
and Richmond. Over a 10 year period, the annual average dewpoint
temperatures from the two locations were found to be very comparable, with the
dry bulb and dewpoint temperatures for North Anna typically 1 - 2 degrees lower
than the corresponding Richmond temperatures.

The operation of the wet cooling towers for Unit 3 may result in moisture
deposition in the immediate vicinity of the towers due to drift and condensation of
vapor near the discharge at the top of the towers. In addition, periodic fogging
may occur around the towers when atmospheric conditions are so conducive.
ER Section 5.3.3.2.1 provides a description of the environmental impact of the
cooling towers. That evaluation includes a determination of the cooling tower
induced fogging as a function of both distance from the towers and season of the
year. The evaluation shows that the cooling tower induced fogging is predicted
to occur an average of 70 hours per year (in addition to the naturally occurring
atmospheric fog), with nearly all occurrences during the cooler seasons of the
year, from late autumn through early spring. Therefore, the impact of the cooling
tower induced fogging would be small.

ApDlication Revision

SSAR Section 2.3.2.2.1 is revised to include a description of the normal relative
humidity at the NAPS site. SSAR Section 2.3.2.3 has been revised to include a
discussion of the impact of the operation of the wet cooling towers on the onsite
atmospheric moisture.

7b Response

The warm moist air-water vapor mixture (from the wet cooling towers) and the
warm dry air (from the dry towers), would tend to rise as it exits from the cooling
towers. Although the prevailing winds at the site are generally not in the direction
from the cooling tower area toward the plant (as contained in the ESP PPE area),
there may be occasions when the wind would direct the warm air or air/vapor
mixture towards the plant. Under low velocity wind conditions, the air or air/vapor
mixture would tend to rise above the elevation of the plant structures as it moves
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the distance from the cooling tower area to the PPE area. Under higher velocity
conditions, when the air or air/vapor plume would be forced directly toward the
plant, the velocity-induced turbulence would typically cause the plume to
dissipate before reaching the plant. Since the specific design of the cooling
towers and their exact location within the land designated for the towers has not
been determined, and because the specifics of the plant design (including such
details as HVAC intake locations) can not be finalized until the reactor technology
has been selected and the placement and orientation of the plant(s) within the
PPE has been decided, the potential impact on the design or operation of the
new units will be considered as part of detailed engineering.

Application Revision

SOSAR Section 2.3.2.3 is revised to clarify that the commitment to consider
potential impact on the design or operation of the new units is applicable to both
Unit 3 and Unit 4 cooling towers as appropriate.

7c:(1) Response

The statement concerning the salt deposition rates is based on an analysis of the
wet cooling towers using parameters that are bounding and fairly representative
of the performance of types of tower that could be used for the new Unit 3. A full
description of the analysis is provided in ER Section 5.3.3.2.1. Since the results
of the analysis are more appropriately included with the discussion of the bases
and methodology of the analysis, the above referenced statement concerning
salt deposition rates has been deleted from Section 5.3.3.1.

Application Revision

ER Section 5.3.3.1 is revised to reflect the above response.

7c(2) Response

A full description of the analysis is provided in ER Section 5.3.3.2.1. A statement
has been added to ER Section 5.3.3.1 to refer to ER Section 5.3.3.2.1.

Application Revision

ER Section 5.3.3.1 is revised to reflect the above response.

7c(3) Response

While the design of the cooling towers may include features that will limit drift and
plume, specific cooling tower design selection has not yet been made. The
analysis of fogging, icing, salt deposition, and plume formation, as described in
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ER Section 5.3.3.2.1 is based on a bounding set of parameters. The sentence in
ER Section 5.3.3.1 which says: "Industry standard techniques would be
employed during final design to limit fogging to be within reasonable limits" has
been deleted.

Application Revision

ER: Section 5.3.3.1 is revised to reflect the above response.

7c{4) Response

See response to 7c(3).

Application Revision

ER Section 5.3.3.1 is revised to reflect the above response.

7d Response

The statement concerning steam fog formation, drift, and steam-fog-induced
icing is based on general observations by plant personnel at the North Anna site
under current conditions (with Units 1 and 2 operating). The above referenced
statement in ER Section 5.3.3.2.1 has been retained. The statement in ER
Section 5.3.3.1 has been revised to clarify that:

1. the conclusions of the infrequent and localized nature of the conditions
are based on general observations, and

2. the additional heat to the WHTF from the blowdown from the Unit 3
cooling towers is negligible compared to the heat dissipation from the
existing units and, therefore, would not contribute to fogging, drift, or
icing conditions on and around the WHTF.

Application Revision

ER Section 5.3.3.1 is revised to reflect the above response.



Serial No. 06-273
Docket No. 52-008

Response to NRC Questions/ESP Application Rev. 6
Page 18

8. Land Use (NRC 3/2106 Letter)

a. SSAR Section 2.3.2.4 and ER Section 2.7.4.1.7

A sentence in the last paragraph of SSAR Section 2.3.2.4 and
ER Section 2.7.4.1.7 states: "No large-scale cut and fill
activities would be needed to accommodate the new units
since a large portion of the area to be developed is already
relatively level." Given the additional land area that the wet and
dry towers for Unit 3 will use in comparison to a once through
cooling system, confirm or revise the above statement.

b. ER Section 4.1

Given the change in cooling system for Unit 3, is the total land
area to be used shown in Section 4.1.1.4 and Table 4.1-2 of the
ESP environmental report still the same? Will the overall
footprint of the cooling towers, including areas that will be
cleared to support construction and laydown areas, etc., fit
within the 55 acres previously identified as the cooling tower
area. If not then, provide updated land use figures.

c. ER Section 5.3.3.2.2

What is the expected atmospheric temperature rise at the
vegetation level at the NAPS site boundary?

8a Response

The defined ESP Plant Parameter Envelope area is relatively level and
undulating surfaces in the area of the planned cooling towers would be leveled to
accommodate the towers.

ApDlication Revision

SSAR Section 2.3.2.4 and ER Section 2.7.4.1.7 are revised to better define the
topography in these two areas and the necessary cut and fill activities in the
cooling tower area.

8b Response

The ESP Cooling Tower area as depicted in SSAR Figure 1.2-4 and ER Figure
3.1-3 in Revision 5 of the ESP has not changed as a result of the changes
described in the Supplement.
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The depicted Cooling Tower area is highly dependent on the selected cooling
tower design, e.g., conventional tower rows vs. a round arrangement, and each
unit's cooling tower duty. For purposes of evaluating the potential environmental
impacts from Unit 3 cooling, Dominion has used an upper bound estimate of
land-use assuming the bounding PPE condenser duty and a conservative design
consisting of single row wet type towers with full capacity cooling and horizontal,
flal: panel dry fin-fan towers with 1/3 capacity cooling (both towers were sized for
design summer conditions). The depicted cooling tower area accommodates the
bounding land use estimate. Utilization of taller alternate tower designs would
allow more cooling capacity within a smaller area of the defined cooling tower
area and would be considered during development of the site plan at the time of
the COL application. In evaluating the environmental impacts that are affected by
tower height, Dominion has used the height of the taller alternatives to ensure
that the impacts are bounded.

Application Revision

None.

8c Response

The statement previously made concerning the small temperature increase
around the tower was based on engineering judgment and general industry
experience (as relayed by various cooling tower vendors). The statement in
Section 5.3.3.2.2 has been revised to clarify that the conclusion of small and
localized temperature increase is based on industry experience. In addition, the
statement concerning the potential beneficial effect on vegetation in the
immediate vicinity of the towers has been deleted.

Application Revision

ER. Section 5.3.3.2.2 is revised to reflect the above response.
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9. Construction (NRC 3/2/06 Letter)

ER Table 3.1-1 and Table 3.1-9

Confirm that the number of construction personnel (combined
maximum of 5000 for two units) is the same as originally stated, the
number of operating personnel is still 720 for the two new units, and
that the number of additional outage personnel is still 700-1000. If
these numbers have changed, provide the new values, and make
adjustments to the corresponding values in all of the sections of the
ER that depend on these values.

9 Response

The original estimates as reflected in ER Tables 3.1-1 and 3.1-9 have been
based on a conservative set of assumptions for construction and operation of the!
ne'N units (e.g., simultaneous construction activity on Units 3 and 4, no credit for
offsite modular construction, full operating staffs for each of the new units in
independent and simultaneous operation). The potential change in the size and
complexity of the plant (at a higher power level and with cooling towers instead of
once-through cooling) does not cause a change in the construction and operation
personnel estimates. No changes are required to the tables in the Application.

Application Revision

None.
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10. Hydrology/Water Use and Quality (NRC 3/2/06 Letter)

a. PPE Table 3.1-1 includes cooling water temperature rise.
Explain why this value is relevant as a PPE value for a cooling
tower design.

b. In Site Characteristics and Design Parameters Table 3.1-9, a 913
percent plant capacity factor was used to define the average
evaporation rate. Explain how the average was estimated.
What would be the average at 100% load factor? Justify why a
load factor of 96% (and 93% for existing units) would be
appropriate during critical periods (e.g. dry summers,
droughts).

c. Provide a copy of Dominion's response to the questions
regarding water use and quality and aquatic impacts in the
Commonwealth of Virginia's January 31, 2006, letter.

d. Provide a water quality analysis in sufficient detail for the staff
to establish the magnitude of potential water quality impacts
and weigh the environmental effects of degradation, if any, in
water quality as a result of the new cooling systems.

e. Dominion established 250 mean sea level (MSL) as the lake
level setpoint for shifting between energy conservation and
water conservation modes. Provide documentation of the
basis for selecting this setpoint and the 7 day lag before the
shift in modes is implemented. If any studies were conducted
to assess the impact of increasing or decreasing this setpoint,
provide a description of the studies.

f. The volume of water in Lake Anna could be reduced due to
evaporation from Unit 3's wet tower. This reduction in lake
volume could result in less water volume in the lake to
disperse the heat from Units I and 2 and therefore some
increase in lake temperature. This indirect increase in lake
temperature would cause some increased evaporation from
the lake. Provide documentation demonstrating that this
indirect increase in lake temperature and evaporation is
insignificant or quantify the increase in temperature and
evaporation.

g. Provide an electronic copy of the analysis spreadsheet used to
estimate the lake level and downstream flow impacts.
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h. Quantitatively define the relationship between meteorological
conditions and the percent of heat load being dissipated via
dry towers in the water conservation mode.

i. SSAR Section 2.4.11.3 discusses consumption of additional
water and outflow from the dam. Provide an analysis of the
number of additional days of reduced downstream flow that
might result from operation of Unit 3.

j. Define when the cooling system would be placed into the MWC(
mode (an example of the time period, "e.g., 7 days," is not
sufficient).

k. Provide the maximum amount of water Unit 3 would consume
when operating at the following lake levels: above 250 MSL,
between 248 and 250 MSL, and below 248 MSL. Based on the
above water use, evaluate the impact on lake level and
downstream users.

I. Provide further analysis on Unit 3 alternative 6 (dry cooling) in
light of the proposed wet and dry hybrid cooling system.
Include in your analysis the environmental impacts of the
efficiency penalty of dry cooling (increased fuel consumption)
versus the base case of combination wet and dry cooling
towers.

m. With respect to SSAR Section 2.4, the ESP application
supplement changed the normal plant cooling system for
proposed Unit 3 from a once-through system to a wet and dry
hybrid cooling tower system.

(1) Provide a conceptual description of the hybrid cooling
tower system, its interaction with safety-related
components, and an assessment of the reliability of this
system.

(2) Describe how the hybrid cooling towers function for the
normal cooling system (NCS) for the plant, and whether
or not the NCS draws water from the ultimate heat sink
(UHS) underground reservoir. If so, show how the
remaining volume of water in the UHS reservoir will be
adequate for a 30 day cooling water supply for safety
system cooling.
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(3) In order to show that there is no abrupt or frequent
reliance on the UHS, provide an estimate of the
frequency of reliance on the UHS due to various failure
modes of the hybrid NCS.

(4) Any increase of the required lake water surface
elevation above 250 ft MSL would necessitate staff re-
evaluation of the probable maximum flood elevation at
the proposed ESP site. If the lake water surface
elevation is increased above 250 ft MSL, identify the
increase and provide an analysis of the probable
maximum flood (PMF) for the new and increased lake
level.

1Oa Response

The referenced PPE item, "Cooling Water Temperature Rise," is a vendor-
supplied PPE value defined in the Once-Through Cooling section of PPE Table
3.3-1. It is not relevant to a plant with a cooling tower design. This section in the
ESP Supplement was revised only to remove the once-through cooling
operational clarification previously added (when once-through cooling was the
planned method of cooling for Unit 3) and to return the description to its original
PF'E Table wording.

Application Revision

None.

10b Response

The average evaporation rate from the wet towers is based on the long term
average water consumption for the described cooling tower operating plan and a
bounding 96% plant capacity factor from the reactor vendors' input to the PPE
Table. The average evaporation rate at a 100% capacity factor would be the
96% value divided by 0.96.

The average evaporation rate reflecting the bounding PPE capacity factor is the
appropriate value to use in the water budget model to evaluate the long term
water use impact of Unit 3. While the plant capacity factor is indicative of long
term average operation, the plant would likely operate at 100% capacity on any
given day when it is in operation.

Apart from the above response, it should be noted that, in order to reflect the
evaporation rate contribution of 404 gpm from the Service Water System cooling
tower, the average evaporation rate from all normal plant cooling wet towers is
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revised from 8303 gpm to 8707 gpm. The 100% value discussed above would
be 9070 gpm.

Application Revision

"Evaporation Rate" average value in "Normal Plant Heat Sink" section of ER
Table 3.1-9 is revised.

10c Response

A response to the Commonwealth of Virginia's January 31, 2006 letter was
provided to VDEQ on March 31, 2006. A copy of the information submitted to
VDEQ was sent to the NRC on April 3, 2006.

Application Revision

None.

IOd Response

Refer to Question 6c response. As noted in response to Question 6c, chemicals
would be applied in small amounts to ensure that they are below toxicity
thresholds as they enter the discharge canal. Further, as noted in the response
provided for RAI 6c, Dominion would maintain adequate flow from the lake
through the discharge canal (even if the existing units are not operating) to
ensure the water quality in the WHTF would not differ significantly from water
quality of the North Anna Reservoir.

Application Revision

None.

10e Response

The basis for selection of a lake level of 250 ft. MSL as the setpoint for shifting
betNeen Energy Conservation (EC) and Maximum Water Conservation (MWC)
modes is that this level is the normal lake level. The normal lake level of 250 ft.
MSL has been in place since Lake Anna was originally formed more than two
decades ago and has been the basis for innumerable lake-related decisions
(e.g., home and dock locations, as well as other improvements).

If the level of the lake can be maintained at the normal 250 ft. MSL with the
higher evaporative loss from using 100% wet towers and no dry cooling, while
maintaining at least 40 cfs downstream flow, then water is available to operate in
the EC mode. When the level of the lake decreases below 250 ft. MSL, the
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downstream discharge flow from the dam is reduced to a minimum of 40 cfs.
The decrease in lake level below the 250 ft. elevation indicates that water needs
to lbe conserved.

The seven day waiting period before switching from EC to MWC mode is an
assumption of the water budget model that allows time to restore the level of the
lake to 250 ft. MSL before realigning equipment for the MWC mode. A
reasonable time period is necessary to allow for short term level variations that
may be corrected through an intervening event (e.g., rain) or reduction of
downstream discharge to a minimum of 40 cfs. This period also minimizes
changes in equipment alignments and impacts on operating staff and provides
planning and coordination time for communications with the transmission entity.
Although a seven day waiting period was assumed for the analysis, the actual
timeframe would be established with the Virginia Department of Environmental
Quality (VDEQ) at the time of permitting by the Commonwealth of Virginia.

The VDEQ requested Dominion to perform additional analyses to assess the
effect of changing the normal lake level and the Contingency Plan level. The
Contingency Plan is initiated if the lake level is less than 248 ft. MSL, below
which the minimum flow is reduced from 40 cfs to 20 cfs in 5 cfs increments per
approximately 24 hours. The objective of the VDEQ staff request was to
determine what variance in normal or Contingency Plan level would fully mitigate
the impact of the additional consumption from a proposed Unit 3. The impact
considered was the duration of time (expressed in percent) the lake was
projected to be below the Contingency Plan level, and thus the downstream flow
at the minimum 20 cfs. The results indicate that the normal lake level would
need to be raised approximately 7 inches or the Contingency Plan level reduced
about 6.5 inches to maintain the frequency at which the 20 cfs downstream
flowrate occurs no more than is currently experienced with Units 1 and 2. The
results of these studies were contained in a March 31, 2006 letter to the VDEQ
and were provided to the NRC at the same time.

Application Revision

References to a reasonable time period before the cooling system is placed in
the MWC mode as "e.g., 7 days" are deleted. The text is revised to indicate that
7 days was assumed for analysis; however, the actual timeframe will be
established with VDEQ at the time of permitting. ER Sections 3.4.1.1, 5.2.1.3,
and 5.2.2.4 are revised to reflect the above response.

I Of Response

The reduction in lake level and lake volume due to the water consumption of the
wet towers of Unit 3 would have a very small impact on the lake temperature and
lake evaporation. The impact has been evaluated by considering the heat
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balance of incoming energy and outgoing energy in the lake. Incoming energy
includes the waste heat loading from Units 1 and 2, solar shortwave and
atmospheric longwave radiation. Outgoing energy is in the form of evaporative
heat loss, back radiation and conductive heat loss. The average drop in lake
level due to Unit 3 has been estimated to be 0.11 ft according to the water
budget model, which would result in a reduction in the lake surface area of about
40 acres. For the same meteorological condition, the incoming radiation fluxes
(both shortwave and longwave) per unit lake area would remain unchanged.
With a lower lake level, there would be less effective lake surface area to
dissipate the same heat loading from the two existing units leading to a potential
increase in the water temperature. The outgoing heat fluxes would increase in
response to the water temperature increase as well. From a long-term heat
balance basis, the overall impact on the lake temperature and the evaporation
rate is small. The average increase in water temperature of the cooling lake due
to the reduced lake level from Unit 3 has been estimated to be less than 0.1 OF.
The corresponding increase in the evaporation flux from the lake has been
estimated to be less than 0.2-0.4% over the effective cooling lake area. However,
when considering that the effective lake area would be reduced by 40 acres, the
result would be a small savings of the order of 0.1 cfs in the evaporation due to
the reduction in natural evaporation loss.

ApDlication Revision

ER Section 5.2.2.1.3 of the application is revised to state that the impact on lake
temperature and evaporation due to Unit 3 would be negligible.

10g Response

An electronic copy of the water budget spreadsheet calculation was provided to
NRC on March 8, 2006.

Application Revision

None.

10hl Response

In the Maximum Water Conservation (MWC) mode, the dry tower would have the
capacity to remove 33 percent of the design condenser heat duty at a design dry
bulb temperature (DBT) of 950F (the 0.4% exceedance DBT for the site). As the
DBT decreases, the percentage of heat which can be removed by the dry tower
would increase proportionately, until at some lower DBT, the dry tower will have
the capability of removing the entire condenser heat duty.
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Application Revision

ER Section 3.4.1.1 is revised to provide this additional detail.

101iResponse

Table 5.2-3 of the ER reports the outflow frequency (percent of time) for the
existing 2-unit operation and the future operating condition with the new Unit 3.
Outflow frequency (versus additional days) is a more appropriate measure of the
reduced downstream flow that might result from operation of Unit 3.

Application Revision

The last paragraph of SSAR Section 2.4.11.4 is revised to include a reference to
ER Table 5.2-3.

l~iResponse

See response to question 10e.

Application Revision

References to a reasonable time period before the cooling system is placed in
the MWC mode as "e.g., 7 days" are deleted. The text is revised to indicate that
7 clays was assumed for analysis; however, the actual timeframe will be
established with VDEQ at the time of permitting. ER Sections 3.4.1.1, 5.2.1.3,
and 5.2.2.4 are revised to reflect this response.

10k Response

When the lake level is at or above 250 ft msl, Unit 3 would be operated in the
Energy Conservation (EC) mode. The maximum instantaneous evaporation rate
for a new unit running in EC mode would be 16,695 gpm (37.2 cfs) (ER Table
3.1-9). When lake levels fall below 250 ft msl, Unit 3 would be operated in the
Maximum Water Conservation (MWC) mode. The maximum instantaneous
evaporation rate for a new unit running in MWC mode would be 11,532 gpm
(25.7 cfs) (ER Table 3.1-9). These maximum instantaneous evaporation rates
are design values based on the maximum site ambient condition (0.4% annual
exceedance). These are not appropriate values for use to represent the long-
term water use in evaluating lake level and downstream flow impact as they
would not be sustainable over even a short duration of time such as a day for the
E.SP site meteorological conditions.
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Based on site meteorological data and water budget modeling, the maximum
weekly evaporation rate from Unit 3 when lake level is at or above 250 ft MSL
would be 34.2 cfs. When lake level is below 250 ft msl, the maximum weekly
average evaporation rate from Unit 3 is estimated to be 23.4 cfs.

Application Revision

None.

10IResponse

The analysis of cooling system alternatives has been revised to properly reflect
the environmental impacts of the dry cooling tower system compared to the wet
and dry cooling tower system. The evaluation considers the increased power
consumption required to operate the dry towers, the reduction in plant efficiency,
especially during periods of high ambient dry bulb temperatures, and the
increased land requirement associated with the dry tower system. The revision
to the analysis does not change the conclusions that, for Unit 3, the combination
wet and dry cooling tower system is the preferred cooling alternative.

Application Revision

ER Section 9.4.1.1.2 and Tables 9.4-2, 9.4-3, and 9.4-6 are revised to reflect
this response.

10m(1) Response

A conceptual description of the cooling system and its function as the normal
cooling system is provided in the response to question 3.

The system consists of dry and wet cooling tower sections with the required
piping, valves, fans, and pumps to meet the design objective of heat rejection
from the station main condenser and auxiliary cooling heat exchangers. There is
no interaction of the system with any safety-related system, component or
structure. There are no interconnections with or reliance on any safety-related
systems, including emergency cooling systems or the Ultimate Heat Sink (UHS),
if a UHS is required. The cooling towers would be located such that the
separation distance from safety-related structures is sufficient to preclude any
physical interaction resulting from a postulated collapse of the cooling tower
structure. The cooling tower system is typical for steam power plants and would
be designed with sufficient margin of capacity to provide a level of reliability
consistent with the requirements of power generation.
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Application Revision

S.SAR Section 2.4.1.1 is revised to reference the cooling system description in
ER Section 3.4.1.1. SSAR Section 2.4.7.2 is revised to provide a clarifying
statement that there is no system interconnection or reliance between normal
and emergency cooling.

10m(2) Response

A conceptual description of the cooling system and its function as the normal
cooling system is provided in the response to question 3. The source of makeup
to the system is provided from Lake Anna. The system blowdown is routed to
the Waste Heat Treatment Facility (WHTF) via the discharge canal. There is no
reliance of the normal cooling system on the UHS, if a UHS is required, and
therefore no effect on the 30 day cooling water supply for safety system cooling.

Application Revision

SSAR Section 2.4.1.1 is revised to reference the cooling system description in
ER Section 3.4.1.1. SSAR Section 2.4.7.2 is revised to provide a clarifying
statement that there is no system interconnection or reliance between normal
and emergency cooling.

10 m(3) Response

The normal cooling system is a non-safety system for which typical failure modes
for system components would include such events as fan failures and tube leaks.
These types of failures affect incremental capacity of the system but would not
result in a complete loss of condenser cooling or any reliance on safety systems.
Additionally, adequate capacity margins in the system would ensure that these
failures do not significantly affect the reliable generation of electric power.
Therefore, a complete loss of normal cooling is highly unlikely, and thus there is
no abrupt or frequent reliance on the UHS, if a UHS is required.

Application Revision

S'SAR Section 2.4.1.1 is revised to reference the cooling system description in
ER Section 3.4.1.1. SSAR Section 2.4.7.2 is revised to provide a clarifying
statement that there is no system interconnection or reliance between normal
and emergency cooling.
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10in(4) Response

An increase of the lake water surface elevation above 250 ft. MSL is not being
proposed at this time. As stated in the response to question 10e, VDEQ
recluested additional analyses, including raising the normal lake level to eliminate
the effects of water consumption by a proposed Unit 3. Dominion does not
believe that raising the normal lake level is a desirable means of fully mitigating
the increase in frequency of times when the downstream flow is at a minimum of
20 cfs. The additional impacts of this solution are discussed in the response to
question 16f.

AfDlication Revision

SSAR Section 2.4.1.1 is revised to reference the cooling system description in
ER Section 3.4.1.1. SSAR Section 2.4.7.2 is revised to provide a clarifying
statement that there is no system interconnection or reliance between normal
and emergency cooling.
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11. ER-Aquatic Impacts (NRC 3/2106 Letter)

a. Section 5.2.2.2 states that the frequency of reduced flow from the
dam would increase. Provide an analysis of the impact on fish
and other aquatic communities in the North Anna River
downstream of the dam. Specifically, address how the reduced
water flow rates would affect environmental conditions at known
striped bass spawning habitat areas during the striped bass
spawning season.

b. Dominion's RAI response dated April 12, 2005, stated that
Dominion planned to provide assistance to aid the Virginia
Department of Game and Inland Fisheries (VDGIF) in development
and stocking of a more thermally tolerate species, such as a
sterile white bass/striped bass hybrid. Given the change to the
cooling system, does Dominion still plan to provide this
assistance?

ha Response

Flow Analysis

From the perspective of potential impacts on aquatic life in the North Anna and
Pamunkey rivers, the flow changes can be viewed over two time periods. The
first is on an annual basis for the general aquatic communities of the rivers. The
second is specifically during the period of striped bass spawning and early
development, primarily in April and May, but extending through the summer for
juveniles.

Dominion's flow analysis focused on two points in the river system: (1) at the
dam, which is representative of the lower North Anna River, and (2) at the
Hanover USGS gauging station on the Pamunkey River about 46 miles
downstream from the dam and about 25 miles upstream of the Hwy 360 Bridge
(which is upstream of tidal influence and representative of freshwater flows into
the downstream striped bass spawning areas, although it does not include added
fresh water flow from small tributaries downstream of Hanover).

The change in flow at the dam due to Unit 3 operation was calculated using the
estimated weekly-average flows over the dam for two and three units for the
period from October 1978 to April 2003. The period 1 978-to-2003 was
considered representative of flows expected in the future, including both wet and
dry years. Flows in the Pamunkey River for the 3-unit operation were obtained by
subtracting from the recorded flow at the Hanover gauge the estimated flow
change at the dam between the existing condition and the expected future
condition with Unit 3 operation. The flow values were calculated using a "running"
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7-day average recorded as daily averages at the Hanover gauge, while allowing
a 2 day travel time for the flow from the North Anna Dam to reach the Hanover
gauge. This assumes a velocity of about 1.5 fps (feet per second) in the free-
flowing North Anna River. This approach is physically reasonable and it accounts
for the travel time from the dam to the gauging station, which is not accounted for
by simply subtracting a daily North Anna flow change from the daily flow at the
Hanover gauge.

Certain characteristics of the changes in flow at the dam between 2-unit and 3-
unit operation are apparent from these calculations as illustrated in Figure 1:

* Typical reductions in North Anna River flow are in the 25 to 35 cfs (cubic
feet per second) range, which is expected due to the water consumption
by the wet cooling towers that reduces the amount of water being
passed through the reservoir and dam;

* There are periods of zero differences between flows under two-unit and
three-unit operation, which represent periods when the reservoir level is
at or below elevation 250 ft, and either 20 or 40 cfs minimum-flow
releases are mandated (this would have occurred approximately 35
times in the 1978-2003 period, with durations of one week to more than
one year);

* There are short periods with a difference of 20 cfs, e.g., when 2-unit
operation is releasing 40 cfs minimum flow, but 3-unit operation, with a
lower lake level, would release 20 cfs, which would have occurred seven
times in the 1978-to-2003 period, lasting one week to 3 months;

* There are periods when the 2-unit dam release is much larger (up to 55C0
cfs, but mostly 100 to 350 cfs) than the 3-unit release, due to the fact
that runoff after a dry period fills the reservoir level to elevation 250 ft
more rapidly for the 2-unit case and nearly all the river inflow is passed
over the dam for a short period before the reservoir would have filled
under the 3-unit scenario. Flow differences above 100 cfs would have
occurred approximately 25 times in the 1978-to-2003 period, with each
episode lasting a few days to two weeks.
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Figure 1: Flow Reduction (AQ = Q2 -Q 3 ) over Dam (from October 1978 to April 2003)
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The number of days when these changed flows occur varies among years
depending on the amount of rainfall or other runoff (e.g., snowmelt). For dry
years, such as occurred in recent years, there is generally no change because
the! dam is passing the minimum flow of either 20 or 40 cfs most of the time
under each scenario.

These changes in flow were compared to the actual flows from the dam with two
units during the period 1978-to-2003. With many North Anna River flows in the
300-500 cfs range and peaks above 2,000 cfs, a lowered flow by 25 to 35 cfs is
hardly noticeable under average to high flows.

Altriough there would be the same 25 to 35 cfs change in flow due to Unit 3 at
the Hanover flow gauge on the Pamunkey River downstream of the confluence cf
the North Anna and South Anna rivers, this change is set against the
Pamunkey's flows that are considerably higher than for the North Anna River.
Many Pamunkey River flows are in the 1,000 to 3,000 cfs range, and peak flows
rise over 6,000 cfs. Median flows in the Pamunkey at the Hanover gage are in
the 500 cfs range, versus 130 cfs for the North Anna River at the Hart Corner
gage about 30 miles below the Dam.

Dominion calculated the Pamunkey River flows at Hanover occurring at specific
frequencies during the period of study (late 1978 to early 2003) with 2- and 3-unit
operation. The results given in Tables 1 and 2 show that:

* The low frequency, low flows are affected very little at Hanover, e.g., the
5% flow drops from 80 cfs to 79 cfs, and the 10% flow from 104 cfs to
103 cfs. The 50% (median) flow drops from 535 cfs to 510 cfs, in line
with the expected cooling tower consumption for the combined wet/dry
towers. At higher flows the change is slightly higher, 30-35 cfs, roughly
equivalent to the wet tower consumption.

* The occurrence (frequency) of low flows in the 50-150 cfs range (i.e., %
of time the flow is below 50-150 cfs) is increased by 0.2 to 0.4%, while
the frequency of flows below the moderate range of 200-500 cfs is
increased by 0.4 to 1.3 %.

The number of days when flows would be set at the minimum flow release of 40
and 20 cfs at the Dam would increase with a third unit. Over the period October
1978 to March 2003, the minimum flow of 40 cfs would increase on average from
16:3 days per year to 181, an increase from about 45% of the year to about 50%.
Minimum flow of 20 cfs would increase on average from 19 to 27 days per year,
an increase from about 5% of the year to about 7%.
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Because of interest in striped bass spawning and early life stage rearing, the
Pamunkey River flows in April and May at the Hanover gauge were also
analyzed for 2-unit and 3-unit operation. The results are given in Tables 3 and 4.
The low flow (5% occurrence frequency, as 7-day running average) was
diminished from 207 to 206 cfs (0.5 % difference), while the median flow was
reduced from 851 cfs to 824 cfs (3% difference). Across all flows, the reduction in
cfs ranged from 0.5 % to 5%. Mandated minimum flows of 40 or 20 cfs would be
highly unlikely in April and May.
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Table I
Flows in Pamunkey River at Hanover for "Annual" Time Period

Pecnie NnEceac)Flows with Flows wit i
Pecnie NnEceac)2-Unit Operation (cfs) _ 3-Unit Operatic-n (cfs)

5, 80 79
10 104 103

15 131 129
20 160 157
25 196 192
30 244 236

~353 337..
50 - 535 5i0

60 ~72970
70 1009 982
80 1440 1404..
90 2365 2337

Table 2
Percentiles of Flows in Pamunkey River at Hanover for "Annual" Time Period

Flow Percentile (Non Exceedance) Percentile (Non Ex~eedance)
(Cfs) with 2-Unit Operation with 3-Unit Operation

500.6 0.8
75 3.8 4.1
100 909.2
150 18.4 18.8

'2025.5 25.9
300 35.4 36.5
400 4242.944.0

500 48.1 49.4
7060.8 161.9~

1odo 69.7 70.6
.1500 - 81.0

200 870 87.2
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Table 3

Table 4
Percentiles of Flows in Patnunkey River at Hanover for "April-May" Time Period

Flow Percentile (Non Exceedance) Percentile (Non Exc4eedance)
(cfs) with 2-Unit Operation with 3-Unit Operation
50
75 <0.01I <0.0 i
100 0.38 0.40
150 2.1 2.2

4.5 4.7
300 10.4 11.4
.400 18.2 1.
5006 25.4 26.4
750 74.

10057.7 59.2
10003

2000 82.3 82.7
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Biological Assessment

North Anna River

The biological communities of the North Anna River downstream of the dam are
accustomed to wide variations in flows, as the patterns of flow from 1978 to 200:3
show. Typically, there are high and irregular flows in spring and early summer
that spill from North Anna Dam, with summer and fall periods of lower flows often
sustained by releases from the dam of 40 cfs, or during extreme drought
releases of 20 cfs, by the existing mandated minimum-flow releases from the
dam. The spring and early summer periods of moderate to moderately high flows
and often when most important biological productivity occurs (e.g., growth of
benthic algae, maturation and emergence of aquatic insects, reproduction and
growth of many fishes). The reductions of 25 to 35 cfs at the dam during times
when more than 40 cfs is released (mostly late winter and spring, but
occasionally at other times of year when runoff is high from storms) are likely of
little consequence to the aquatic life of the downstream river.

The low flows of late summer and fall are often the most critical for sustaining
aquatic life, when very low flows in Piedmont and Coastal Plain rivers reduce the
availability of habitat for many fish and invertebrates. The mandated minimum
flows from the dam at these times would continue with Unit 3 operation although
their frequency would be increased somewhat (from approximately 5% to
approximately 7% of the time for the 20 cfs flow, and from approximately 45% to
50% for the 40 cfs condition). The sustained flows of 40 or 20 cfs under dry
conditions should continue to benefit aquatic life under Unit 3 operation. Based
on USGS data for the North Anna River at Doswell, about 15 miles downstream
from the dam, flows less than the 20 cfs minimum flow occurred approximately
30/, of the time before the dam was built (1929-1971). Flows as low as 1 cfs were
measured, whereas now flows less than 20 cfs would no longer occur. Although
the VDEQ notes that a summer flow in the range of 74 to 111 cfs is needed for
resource protection according to the Tennant Method (letter of February 10, 2004
from E. L. Irons of VDEQ to P. Faggert of Dominion), the pre-dam river did not
always attain this ideal flow during low-flow periods.

In a river as biologically diverse as the North Anna River, it is difficult to assess
the effects of relatively infrequent flow reductions, as are expected under Unit 3
operation. Dominion (2005) reported 50 species of fishes collected from the
North Anna River during biological surveys conducted from 1981 to 2004. A
variety of habitat use specialists were represented, some of which may be
expected to temporarily benefit from reductions in flow, and some temporarily
disadvantaged. The Virginia Department of Game and Inland Fisheries (VDGIF)
periodically surveys the North Anna River with emphasis on recreationally
important largemouth and smallmouth bass populations, which it has judged to
be healthy despite limited forage (Dominion 2004). Dominion's monitoring since
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19,37 has also focused on documenting the largemouth and smallmouth bass
populations (Dominion 2004).

Intensive studies of smallmouth bass and redbreast sunfish in the North Anna
River were conducted by graduate students from Virginia Polytechnic Institute
and State University (Virginia Tech) during the 1990s. Studies of habitat use by
the smallmouth bass population in the North Anna River downstream of the dam
indicated low-velocity microhabitats found at lower flows in summer were
important to the early life stages (Sabo and Orth 1994). Larvae occupied low-
velocity areas with large substrate or cover after dispersal from brood sites.
During the first 4-6 weeks after dispersal, juveniles continued to use relatively
deep, low-velocity microhabitats. Thereafter, juveniles occupied shallower
microhabitats with greater focal-point velocities. Net rate of energy gained by
juvenile smallmouth bass increased as water depths decreased and average
water column velocities increased (Sabo et al. 1996). In a study of diet overlap
between redbreast sunfish and smallmouth bass in the North Anna River, Pert
(1997) found food acquisition was not a serious problem for either species during
the summers of low, stable flow. Pert (1997) also noted that the typically
relatively stable streamflow and temperatures in the North Anna River (because
of the minimum flow releases) create conditions considered optimal for
smallmouth bass growth. Lukas (1993) found spawning habitat for smallmouth
bass in the spring was not expected to be limited by flows less than 10 m 3 /s (353
cfs), and the temporal pattern of stream flow fluctuations was the most important
abiotic factor affecting smallmouth bass reproductive success in the North Anna
River. High flows occurring during spawning caused nest abandonment,
whereas stable flows promoted reproductive success. The temporal pattern of
spring streamflow is determined largely by seasonal runoff from the watershed.

Given the amount of relevant, available fisheries data, the changes in hydrology
expected to occur with Unit 3 operation are not expected to negatively affect the
North Anna River's fish populations.

Pamunkey River at Striped Bass Spawning Sites

Striped bass spawn in the lower Pamunkey River generally from York/Pamunkey
River Mile (RM) 27 (West Point) to about RM 53 (ust downstream of a railroad
crossing) (Grant and Olney 1991; Bilkovic et al. 2002). This is tidal fresh water, in
which spawning and egg/larval development takes place at salinities of 1 part per
thousand or less and in tidally alternating flows. This spawning area is
downstream from the Hanover USGS gage by about 50 miles. Egg stage and
larval development generally occur in the same area. Grant and Olney (1991)
found larvae distributed a few miles upstream of the peak egg densities in only
one year. All other studies show eggs and larvae being distributed similarly to
spawning.
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Spawning takes place between early April and mid May each year, apparently
cued by water temperature of 12 to 190C with peaks near 16 to 180C as in other
Chesapeake Bay tributaries (Setzler-Hamilton et al. 1980, 1981; Grant and Olney
1991; McGovern and Olney 1996). Spawning occurs upstream of the 1 part per
thousand salinity level, even though this salinity moves upstream or downstream
somewhat from year to year (McGovern and Olney 1996), probably in response
to major changes in freshwater inflow. The location of peak spawning varied
somewhat in studies by Grant and Olney 1991, McGovern and Olney 1996, and
Bilkovic et al. 2002). Thus, the adult striped bass are adaptable in finding
spawning locations within a general area that match environmental conditions.
They likely would easily adapt to changes in freshwater inflow of 1-5%. Larval
development is generally complete by the end of May (Grant and Olney 1991).
The spawning and larval development periods are typically periods of spring
freshet flows rather than drought conditions.

Flow velocities for maintaining striped bass eggs and larvae in suspension are
generated primarily by tidal currents and not simply by freshwater inflow. The
complex mixing dynamics of saline and fresh water in an estuary, often referred
to as the "conveyor belt", move eggs and larvae that settle toward the bottom in
an upstream direction while freshwater inflows tend to move surface drifters
downstream. Mixing of the upper and lower layers by tidal flow and ebb keeps
eggs and larvae in suspension during the several days of development when
only passive movements are possible. Tidal ebb and flow volumes are typically
greater than freshwater inflow volumes at the striped bass spawning zones. The
over-riding importance of tidal flows and well-known estuarine mixing patterns,
coupled with the fact that the relative inflow reduction from a third unit is very
small in April and May when striped bass eggs and larvae are suspended,
indicate that water velocities would be maintained. Thus, a third unit should have
no effect on egg and larvae suspension and development.

Juvenile striped bass generally rear in the estuary for their first two years, with
gradual movement into Chesapeake Bay (Setzler-Hamilton et al. 1981).
Juveniles typically disperse from the spawning areas into both freshwater and
brackish tidal reaches of estuaries in the Chesapeake Bay region. There are
anecdotal records of juvenile striped bass being caught by anglers occasionally
in the non-tidal Pamunkey River upstream of the North Anna confluence (VDGIF,
personal communication to W. Bolin of Dominion), but not in the North Anna
River itself. Local biologists consider it highly unlikely that striped bass from the
lower Pamunkey spawning grounds ascend the Fall Line (about 2 miles
upstream of the confluence) to the rest of the North Anna River below the dam.
With most juvenile striped bass spawned in the Pamunkey River occupying the
freshwater tidal and brackish zones of the Pamunkey, Mattaponi, and York rivers,
it is unlikely that small decreases in freshwater inflow from a third unit at the
North Anna Power Station (1-5%) could alter their survival and well-being.
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The timing and success of striped bass reproduction in the Pamunkey, as in
other Chesapeake Bay tributaries, varies with environmental conditions. There
was better year-class survival in the Pamunkey River when spawning
temperatures were higher than when the year was cool; when the season was
cool, most surviving juveniles were spawned late in the season when
temperatures were warmer (McGovern and Olney 1996). The advantage was
attributed to better food production. Investigators on the Pamunkey River have
not considered freshwater inflow rates during striped bass spawning to be
important enough to report for their surveys, although Bilkovic et al. (2002) noted
that the Pamunkey River had an average discharge rate of 1,678 cfs during
spawning periods. In the extreme, the amount of runoff can affect success of
year classes of striped bass, for Uphoff (1989) found better striped bass
recruitment in the Choptank River, Maryland when rainfall was high in April and
May than when it was about half in the same period.

The Pamunkey River in the vicinity of striped bass spawning is also accustomed
to wide variations of freshwater inflow during April and May, as shown by the
Hanover gage data. The variations of freshwater inflow in the spawning areas are
attenuated, however, by the tidal flows in the freshwater tidal reach. There are
wide temperature variations and considerable variation in timing of spawning
episodes in the Pamunkey River (Olney et al. 1991). Thus, it would seem
reasonable that the spawning fish or their developing eggs, larvae and early
juveniles would not detect the small changes in freshwater inflow caused by 25 to
35 cfs lowering of North Anna flows. The adjacent Mattaponi River, with a
considerably lower springtime average flow of 961 cfs, also has excellent striped
bass spawning and early life rearing (Bilkovic et al. 2002).

Food availability, among other environmental factors, has been linked in the
scientific literature to striped bass survival through early life stages (Rothschild
1936; McGovern and Olney 1996). Starvation has long been considered a source
of larval mortality in fishes (Cushing 1975). However, striped bass larvae are
extremely voracious feeders on planktonic organisms like cladocerans and
calanoid copepods (Setzler-Hamilton et al. 1981) and have been found to be
highly resistant to food deprivation in the laboratory (Martin et al. 1985).
McGovern and Olney (1996) state that "although some evidence of poor
nutritional condition was determined for larvae collected by Setzler-Hamilton et
al. (1987) in the Potomac and Choptank rivers, most studies [they cite ten
references] indicated that starvation alone was not a significant mortality factor
for striped bass." In their own study, McGovern and Olney (1996) found
abundant food for first-feeding larvae (12 invertebrate taxa) but that timing of
microzooplankton abundance and striped bass hatch was not always in
synchrony. This asynchrony was not linked to freshwater inflow (they did not
consider it), but to temperature (in which warmer temperatures produced more
food, faster growth, and more rapid growth beyond sizes preferred by predators).
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It seems unlikely that the differences in freshwater inflow calculated during April
and May due to a third unit would disrupt the food chain for striped bass larvae in
a freshwater tidal system dominated by tidal flows.

Similarly, juvenile striped bass in the freshwater and brackish tidal estuary are
unlikely to be food limited. Striped bass prey on early life stages of bay anchovy
and Atlantic menhaden, which are abundant in the Pamunkey. The abundance of
these species is of concern for predation on early life stages of striped bass
(M-Govern and Olney 1996). Their abundance in rearing areas for juvenile
striped bass is unlikely to be influenced by the changes in freshwater inflow on
the order of 1-5%, especially when the dynamics of the estuary are largely
governed by tidal flows. This conclusion is bolstered by recognition that the
adjacent Mattaponi River, with much lower freshwater flow than the Pamunkey, i;
also a major striped bass spawning river.

Conclusions

Dominion concludes that there will be indistinguishable biological impacts to the
general aquatic community of the North Anna River and the striped bass
spawning and early rearing areas of the Pamunkey River from changes in flows
from the additional evaporative water loss from a new Unit 3 that uses
evaporative wet-dry cooling towers.
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Application Revision

ER Section 5.2.2.2 is revised to reflect the above response.
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1 b Response

The elimination of any additional thermal impact to Lake Anna and downstream
from proposed Unit 3 with a closed-cycle cooling system eliminates the need to
develop and stock a more thermally tolerant species. However, Dominion
remains committed to work with the state to maintain a viable and healthy
habitat.

Application Revision

None.
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12. ER-State Permits (NRC 3/2/06 Letter)

a. Please confirm that the concerns raised by State agencies have
been resolved and that permits for consumptive water use can be
obtained.

b. What is your schedule for obtaining the Coastal Zone
Management Act consistency certification?

c. The Virginia Pollution Discharge Elimination System (VPDES)
permits for the existing Units I and 2 are undergoing renewal.
Because the operating limits in these permits factor into the
analysis for proposed Unit 3, as necessary, update the analysis to
account for any changes in the permit. Provide within 30 days of
issuance of the renewed VPDES permits the updated analysis to
the NRC or a justification for why the analysis is not affected.

d. Provide Clean Water Act (CWA) Section 401 certification or
documentation from the Commonwealth of Virginia that Section
401 certification is not needed because Dominion will request a
permit condition that will prohibit any activities that could result
in discharges to navigable waters until a Section 401 certification
is obtained or waived by the Commonwealth of Virginia.

12a Response

In a February 2006 conference call, VDEQ confirmed to the NRC that Dominion's
cooling water approach addresses their concerns. The state's concurrence with
the! CZMA consistency certification would provide reasonable assurance that
consumptive water use permits can be obtained. A response to the
Commonwealth of Virginia's January 31, 2006 letter was provided to VDEQ on
March 31, 2006. A copy of the information submitted to VDEQ was sent to the
NRC on April 3, 2006.

Application Revision

None.

12b Response

A response to the Commonwealth of Virginia's January 31, 2006 letter was
provided to VDEQ on March 31, 2006. A NOAA "stay of review" for the CZMA
consistency concurrence review was removed March 31, 2006, with Dominion's
submittal of additional analyses to VDEQ. A copy of the information submitted to
VDEQ was sent to the NRC on April 3, 2006. In communications with VDEQ,
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Dominion has been told that the CZMA consistency review would be scheduled
for spring-to-summer 2006. See also NRC question number 1Oc.

Application Revision

None.

12c Response

Dcminion's review of the draft renewed VPDES permit conditions for existing
Units 1 & 2 has not identified any effect on the analysis for a proposed Unit 3.
There are increased monitoring frequencies for some parameters at some
previously included discharge points, and there are decreased monitoring
frequencies for others. A copy of the final permit will be provided to the NRC
when it is issued.

Application Revision

None.

12d Response

In a letter dated October 6, 2005 responding to an RAI, Dominion stated:

A certification under section 401 of the Federal Water Pollution
Control Act (FWPCA) is not appropriate at this time, because a
specific scope and schedule for preconstruction activities and
determination of specific activities that would result in a discharge
have not been established. To address the timing of this
certification, the ESP should include a condition prohibiting
Dominion from conducting any pre-construction activity that would
result in a discharge into navigable waters without first submitting to
the NRC a Virginia Water Protection Permit (which under Virginia's
State Water Control Law at Va. Code § 62.1-44.15:5(A) constitutes
the certification required under FWPCA § 401) or a determination
by the Virginia DEQ that no certification is required.

The Commonwealth of Virginia has agreed to provide a letter to the NRC within
30 days after Dominion submits its revised application concurring with this
approach.
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Application Revision

ER Section 1.2, Table 1.2-1 Federal, State, and Local Authorizations is revised tb
reflect the above response.
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13. SSAR and ER Section 7.1 (NRC 3/2106 Letter)

Address the following source term related issues for the ESBWR
design demonstrating the reactor accident source term PPE values
specified in SSAR are still appropriate and that the radiological
consequence doses at the proposed ESP site would meet the
requirements of 10 CFR 50.34:

a. Provide ESBWR source terms for a power level at 4590 MWt
(102% of requested power level to account for uncertainty).
The source terms are expressed as the timing and release rate
of fission products to the environment from the proposed ESP
site.

b. Describe your analysis of selected design basis accidents
based on the proposed version of the ESBWR design to
demonstrate compliance of the proposed ESP site with the
dose consequence evaluation factors specified in 10 CFR
50.34(a)(1 ).

c. Provide ESBWR design-specific X/Q values used in the
ESBWR design and compare them with the site-specific X/Q
values at the proposed ESP site.

13a Response

SSAR Section 15 and ER Section 7.1 have been revised to show ESBWR
source terms for all accidents having radiological consequences. The source
terms at 4590 MWt are obtained from ESBWR DCD Revision 1 and increased by
251%. This margin is added because the DCD is still being reviewed by the NRC
and source terms may change by the time the design is certified.

Agplication Revision

SSAR Section 15 and ER Section 7.1 are revised to show ESBWR source terms.

131) Response

SSAR Section 15 and ER Section 7.1 have been revised to show ESBWR doses
for all accidents having radiological consequences. Reference doses are
obtained from ESBWR DCD Revision 1 and adjusted to reflect site-specific X/Q
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values. Furthermore, the doses are increased by 25% as the DCD is still being
reviewed by the NRC and doses may change by the time the design is certified.

Application Revision

SSAR Section 15 and ER Section 7.1 are revised to show ESBWR doses.

13c Response

S'SAR Section 15 and ER Section 7.1 have been revised to show ESBWR
design-specific X/Q values from ESBWR DCD Revision 1. These design-specific
X/Q values are compared to site-specific X/Q values to demonstrate that the site-
specific X/Q values are bounded by the design-specific X/Q values.

Application Revision

SSAR Section 15 and ER Section 7.1 are revised to show ESBWR X/Q values
and ratios of site X/Q values to ESBWR X/Q values.
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14. ER Section 7.2 Severe Accidents (NRC 312106 Letter)

a. Include the results of a site-specific assessment of the
consequences of severe accidents for air and surface water
pathways based on the results of the MACCS2 computer code.

b. Provide electronic copies of input and output files for the
MACCS2 code for an ESBWR at 4500 MWt.

c. For an ESBWR, provide and justify the accident release
categories and the core damage frequency for each release
category.

14a Response

A site-specific assessment of severe accident consequences has been
calculated using the MACCS2 computer code. GE provided accident source
term release fractions and their corresponding frequencies for the ESBWR.
Population dose and economic cost out to a 50-mile radius from the site is
provided for all severe accident categories. Analysis results for the ESBWR are
included as a part of this RAI response. Analyses results for the ABWR and
AP1000 were provided to NRC in Dominion letters 04-170 and 04-170A, dated
May 17, 2004 and July 12, 2004, respectively.

ESBWR MACCS2 Results

The ESBWR consequences in terms of dose in sieverts and US dollars are
provided below in Tables 11-1 and 11-2 for all eleven source term categories that
were evaluated.

Application Revision

ER. Section 7.2 is revised to reflect the above response.
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Table 11-1: ESBWR Population Dose, Sieverts Category
Frequency

STC CASE1A CASE2A CASE3A CASE4A CASE5B Prob/yr
98MET 97MET 96MET 5500MWt Plume=l.OE

6WV
BOC 9.33E+04 8.55E+04 8.77E+04 9.79E+04 8.84E+04 <IE-12

BYP 8.68E+04 7.96E+04 8.22E+04 9.11 E+04 8.28E+04 4E-12

CCID 7.17E+04 6.48E+04 6.65E+04 7.16E+04 6.71 E+04 2.9E- 1I

CCIW 1.24E+04 1.09E+04 1.18E+04 1.30E+04 1.20E+04 2.9E- 10

DCH 6.29E+04 5.74E+04 5.73E+04 6.41 E+04 5.76E+04 <1E-12
EVE 7.72E+04 6.90E+04 7.18E+04 7.70E+04 7.27E+04 2.5E-10
FR 3.15E+02 2.64E+02 2.98E+02 3.60E+02 3.02E+02 2.3E-10

OPVB 3.12E+04 2.83E+04 2.91 E+04 3.30E+04 2.93E+04 <1E-12

OPw1 5.52E+04 5.13E+04 5.21 E+04 5.73E+04 5.27E+04 <IEE-12

OPW2 2.87E+04 2.68E+04 2.76E+04 2.96E+04 2.78E+04 1.4E- I

TSL 2.43E+02 2.02E+02 2.29E+02 2.73E+02 2.32E+02 2.8E-8
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Table 11-2: ESBWVR Offsite Cost, $ Category
Frequency

STC CASEIA CASE2A CASE3A CASE4A CASE5B Prob/yr
98MET 97MET 96MET 550OM\Vt Plume=l.OE

6W
BOC 1.36E+10 1.27E+10 1.41 E+ 10 1.63E+10 1.43E+10 <IE-12
BYP 1.34E+10 1.25E+10 1.38E+10 1.58E+10 1.41E+10 4E-12

CCID 1.511E+10 1.36E+10 1.42E+10 1.62E+10 1.44E+10 2.9E- 11
CCIW 8.19E+08 6.24E+08 7.54E+08 1.06E+09 7.80E+08 2.9E- 10
DCH 9.46E+09 8.50E+09 9.20E+09 1.013E+10 9.37E+09 <IE-12
EVE 1.59E+10 1.44E+10 1.50E+10 1.70E+10 1.52E+10 2.5E-10
FR 2.48E+06 1.93E+06 2.51 E+06 3.25E+06 2.47E+06 2.3E-10

OPVB 4.15E+09 3.45E+09 3.95E+09 4.38E+09 4.04E+09 <IE-12
OPWI 9.13E+09 8.11 E+09 8.63E+09 9.63E+09 8.74E+09 <IE-12
OPW2 4.58E+09 3.84E+09 4.25E+09 4.93E+09 4.35E+09 1.4E-I I
TSL 1.64E+06 1.47E+06 1.74E+06 2.60E+06 1.68E+06 2.8E-8
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14b Response

The site specific MACCS2 input and output files using the source term inventory
for a ESBWR design thermal power level of 4500 MWt, and the analysis results
are provided on the enclosed CD.

Application Revision

None.

14c Response

A description of the ESBWR accident release categories and their corresponding
release frequencies as provided to Dominion by GE is included as part of this
response.

Accident Release Categories / Release Frequencies

Shown below in Table 6-1 are descriptions of the accident release categories
and their corresponding frequencies.

Application Revision

None.
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Table 6-1: ESBWVR Source Term Category Frequencies
Release Summary Description Release

Category Frequency
(reactor year )

BYP Containment is bypassed because of CIS failure with large (>12" diameter <IE-12
hole) opening in containment. Lower drywell debris bed covered.

BOC Break outside of containment. 4E-12

CCID Containment fails due to core concrete interaction; lower drywell debris 2.9E- I I
bed uncovered.

CCIW Containment fails due to core concrete interaction; lower drywvell debris 2.9E-10
bed covered.

DCH Direct containment heating (high pressure RPV failure) event damages <IE-12
containment

EVE Ex-vessel steam explosion fails containment 2.5E-10

FR Release through controlled (filtered) venting from suppression chamber 2.3E-10

OPVB Containment fails due to failure of vapor suppression (vacuum breaker) <IE-12
function.

OPWI Containment fails due to early (<24 hours) loss of containment heat <IE-12
removal.

OPW2 Containment fails due to late (>24 hours) loss of containment heat l.4E-I I
removal.

TSL Containment leakage at Technical Specification limit. 2.8E-8
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15. ER-Fuel Transportation (NRC 3/2/06 Letter)

Provide an assessment of the impacts of the revised power levels on
the numbers of shipments of unirradiated fuel, spent fuel, and
radioactive waste and the radionuclide inventories of spent fuel
assemblies.

15 Response

There were no changes to the power levels for the majority of the reactor designs
used to bound the site. The only change was to the ESBWR. The power level
increase, from 4000 MWth to 4500 MWth, had a small impact on the fuel
transportation assessment.

The fuel assemblies for the ESBWR are similar to the assemblies for the ABWR
in construction, but slightly shorter and lighter. Truck loading for shipment is
constrained by the weight of the load. With the ESBWR assemblies being lighter,
this allows an additional 28% of unirradiated fuel assemblies to be added to each
truckload. Since the ESBWR contains approximately 30% more assemblies
compared to the ABWR, the total number of unirradiated fuel shipments would
increase slightly (1-2%).

The same analysis applies to spent fuel. Although the shipping cask design for
the ESBWR is not yet available, it is expected that the reduced weight of the
assemblies would allow additional assemblies to be loaded in each cask. The
increase in total cask shipments would be expected to increase in the same
amount as for unirradiated fuel.

No change is anticipated in the volume of radioactive waste produced. The level
of 'waste generated is largely controlled by the operational practices of the
licensee. The changes in the reactor design from the ABWR to the ESBWR are
not anticipated to produce additional quantities of radioactive waste. In addition,
the power level increase would have little impact on the amount of waste
generated.

Since there is a slight additional increase in the amount of fuel loaded into the
ESBWR and based on estimated inventories and activity of the spent fuel, a
change in reactor power for the ESBWR would produce only a small increase in
the radionuclide inventory of the spent fuel.

Application Revision

ER Section 3.8 is revised to reflect the higher ESBWR power output, a small
change in the amount of uranium loaded into the core, and the change in burnup.
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16. (NRC 3/2/06 Letter)

Provide justification for the sections identified as unaffected by the
change to the cooling system and the increase in power level. For
example, why is ER Section 7.2, Severe Accidents, not affected by
the increase in power from 4300 - 4500 MWt? Examples of the
sections that appear to be affected, (which are not exhaustive) are
given below.

a. ER Section 1.2

ER Section 1.2 and the associated table state that a Coastal
Zone Management Act (CZMA) consistency determination is
not applicable. Given that Dominion has submitted its project
to the Commonwealth of Virginia for a consistency
determination, justify or revise the first sentence of the first
paragraph, the next to last sentence of the third paragraph,
and the entry in Table 1.2-1 which lists the CZMA as N/A.

b. ER Sections 2.7.4.1.4 and 2.7.4.1.6

Provide a detail discussion of onsite humidity data as a
baseline input for evaluating fogging and increased humidity
due to the addition of a wet cooling tower.

c. ER Section 3.6.3.3

Include a discussion of any scale or other waste from the wet
cooling tower and potential wastes from cleaning the dry
towers.

d. ER Section 5.3.3.1

Because of the addition of a wet cooling tower, include a
discussion of humidity on site at the level of the cooling tower
exit.

e. ER Section 5.8.1.2

Provide an estimate of the maximum height of trees on the site
that may help block the view of new facilities from offsite
locations. The location of the cooling towers needs to be
clearly identified in Figure 5.8-1.
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f. ER Section 5.8.2.3

Discuss the potential impacts of operating Lake Anna above
the 250 MSL level.

g. ER Section 6.4.1 and SSAR Section 2.3.3

Section 6.4 of the Environmental Standard Review Plan
(NUREG-1 555) states that in order to provide an adequate
meteorological database for evaluating the effects of plant
operation, basic onsite meteorological instrumentation should
include atmospheric moisture measurements at a height(s)
representative of water-vapor release at sites at which large
quantities of water vapor are emitted during plant operation.
Likewise, SSAR Section 1.8.2 states that the SSAR conforms
to Proposed Revision 1 to Regulatory Guide (RG) 1.23, "Onsite
Meteorological Programs." Section C.2 of Proposed Revision
1 to RG 1.23 states "ambient moisture should be monitored at
approximately 10 meters and also at a height where the
measurements will represent the resultant atmospheric
moisture content if cooling towers are to be used for heat
dissipation." Provide the additional onsite humidity
meteorological information at a height where the
measurements will represent the resultant atmospheric
moisture content if wet cooling towers are to be used for heat
dissipation for Unit 3.

h. ER Sections 7.1.1 and 7.2

Revise these sections of the ER to make them consistent with
responses to the questions 13 and 14 of this letter.

i. ER Section 7.1.2

The increase in power level for the ESBWR should result in a
revision to the calculated DBA doses. The time-dependent
ratios of the LPZ site-to-design certification (site/DC) X/Q
values presented in ER Table 7.1-1 are based on (1) four DC
50% XIQ values that are a function of time and (2) one site 50°%/
X/Q value that is time-independent. The ER DBA LPZ dose
calculations should be based on 50% LPZ X/Q values that vary
throughout the course of each design basis accident in
accordance with NRC guidance (e.g., Environmental Standard
Review Plan 7.1 and Regulatory Guide 1.145) and the approach
used in the SSAR Chapter 15 accident analyses. Therefore, (1)
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provide 50% LPZ X/Q values that vary as a function of time for
AP1000, ABWR and ESBWR, (2) replace the LPZ site/DC XIQ
ratios presented in Table 7.1-1 by LPZ site/DC XIQ ratios where
both the DC and site LPZ X/Q values are a function of time,
and (3) revise Table 7.1-2 accordingly.

j. ER Section 9.3

Justify not reevaluating the North Anna site versus the
alternative sites in the light of the changes to the cooling
system. Discuss the differences that the cooling system
change would have on the North Anna site rating.

16a Response

ER Section 1.2 will be revised to indicate its CZMA consistency certification
submittal to the Commonwealth of Virginia for concurrence review.

Application Revision

ER: Section 1.2 is revised to reflect the above response.

161b Response

As noted in response to Question 7a, the normal atmospheric moisture content,
as reflected by the relative humidity, is discussed in ER Section 2.7.4.1.4. The
relative humidity that is reported is from the National Weather Service first order
station at Richmond. The appropriateness of the use of Richmond data has
been confirmed in a comparison of dewpoint temperatures from the North Anna
site and Richmond. Over a 10 year period, the annual average dewpoint
temperatures from the two locations were found to be very comparable, with the
dry bulb and dewpoint temperatures from North Anna typically 1 - 2 degrees
lower than the corresponding Richmond temperatures. ER Section 2.7.4.1.6
provides a discussion of local fogging. The closest location for which fog data is
maintained is the NWS station in Richmond. The discussion in Section 2.7.4.1.6
points out that the frequency of fog conditions would be expected to be slightly
different due to the proximity of the site to Lake Anna.

To further the characterization of the ESP site humidity under the current
conditions, an evaluation of dewpoint depression has been performed and is
reported below. The evaluation is based on NAPS site data for 3 years (1998 -
2000). The evaluation compiles the average number of hours per year that the
dry bulb temperature is within 5 degrees of the dewpoint temperature as a
function of season, time of day, and wind direction. This data may be useful in
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providing a preliminary indication of conditions conducive to the formation of an
extended visible plume or fog when wet cooling towers are in operation. The
results of the dewpoint depression evaluation are presented in the following
tables.

The prediction of plume and fog formation has been evaluated using the SACTI
suite of programs as described in ER Section 5.3.3.2.1.
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Table I a Dewpoint Depression for NAPS site
Winter (Dec/Jan/Feb)
Number of Winter Hours Per Year that Dew-Point Depression <= 5F:
Percenlage of Hours Per Winter that Dew-Point Depression <= 5F:

Wind

793.3
37%

NNW %NNW NNV NNW
Time From

of 4

Day
0100
0200
0300
0400
0500
0(00
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900

2000
2100
2200
2300
2400
Total

DPD =
5 40
37.7
43.3
46.0
47.0
49.3
52.3
54.3
54.0
46.0
33.0
25.7
21.0
19.7
17.7
17.3
16.3
16.7
18.7
21.7
26.3
31.0
31.3
32.0
35.0

793.3

NN
N E NE ENE E

3.3 2.0 1.3 0.3 1.7
4.0 3.3 2.0 0.7 0.(
7.0 2.0 1.3 1.0 1.(
5.7 3.0 0.3 0.7 1.(
5.7 1.3 1.3 0.3 1.(
4.3 4.0 2.7 0.7 1.(
3.7 2.3 2.7 0.3 2.0
6.0 2.0 1.3 1.3 1.7
6.0 2.3 2.3 1.0 0.7
5.7 2.7 2.7 1.3 1.(
4.0 2.7 1.7 0.7 0.7
2.0 4.3 1.0 0.7 1.3
3.7 1.7 0.7 1.0 1.3
3.7 1.3 1.0 1.3 0.3
2.7 2.3 0.3 1.0 0.0
4.0 1.7 0.7 0.3 0.3
1.3 1.7 1.3 1.0 0.(

2.3 2.7 1.3 0.7 0.3
2.7 2.0 1.3 1.7 0.3
3.0 3.0 1.3 0.7 1.7
2.3 2.7 2.7 0.7 1.0
3.0 2.0 1.7 1.0 1.3
3.7 1.7 0.7 0.3 0.3
3.7 1.0 2.3 1.0 0.3

93.3 55.7 36.0 19.7 20.3

Ss WS
NV SW WESE SE SSE S

0.3 0.3 0.7 2.0 3.7 1.7 1.7 2.3
1.0 1.3 2.0 2.7 1.0 4.3 2.0 4.7
0.7 0.3 1.0 3.7 3.0 3.0 1.0 4.3
0.3 1.0 1.3 2.7 3.7 3.0 1.3 5.0
0.7 2.0 1.0 1.7 4.0 2.0 2.7 6.7
0.0 2.0 0.3 3.7 4.3 2.0 2.7 7.3
1.0 2.0 0.7 4.7 5.7 2.0 3.0 4.7
0.0 1.3 1.7 5.0 5.0 2.0 2.3 7.0
0.3 1.0 0.3 4.0 4.7 2.3 2.7 3.7
1.3 0.3 1.0 4.0 2.3 2.3 1.0 0.3
1.0 0.3 1.3 1.7 3.3 2.3 1.0 0.0
1.0 0.7 0.0 1.3 2.0 1.0 1.3 0.0
0.0 0.0 0.3 1.3 2.0 2.0 0.3 0.7
0.0 0.7 0.0 0.7 2.3 1.3 0.7 0.3
0.3 1.0 0.3 1.0 2.3 1.3 0.0 0.3
0.7 0.3 0.3 1.0 1.3 2.0 0.3 0.0
0.7 0.7 0.3 1.0 2.0 1.3 0.3 0.7
0.0 1.7 0.3 1.0 2.0 1.3 0.7 1.0
0.7 1.3 1.0 0.7 0.7 2.3 2.0 0.0
0.3 1.0 1.0 0.7 1.7 3.0 0.7 0.7
1.3 0.0 1.0 2.0 2.7 2.7 0.7 2.0
0.7 1.0 0.0 1.3 3.0 2.3 1.3 1.3
0.7 0.7 0.3 2.0 1.7 3.7 0.3 1.3
0.0 1.3 0.0 1.7 2.7 2.3 1.7 3.3
13.0 22.3 16.3 51.3 67.0 53.7 31.7 57.7

9.0
8.0
11.0
6.3
9.0
10.3
9.0
7.0
3.7
1.7
0.0
0.7
0.7
0.7
1.0
1.7
0.3
0.0
1.7
2.0
4.0
6.0
8.0
6.0

107.7

4.0
2.3
2.7
8.7
6.7
4.7
7.0
5.7
7.7
3.0
1.3
1.7
1.3
1.7
1.3
0.7
1.3
1.7
1.0
2.7
3.3
2.0
4.7
6.0

83.0

3.3
4.0
3.0
3.0
3.3
2.3
3.7
4.7
3.3
2.3
3.7
2.0
2.7
1.7
2.0
1.0
2.7
1.7
2.3
3.0
2.0
3.3
2.0
1.7

64.7
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Table llb Dewpoint Depression for NAPS site
Spring (March/April/May)
Number of Spring Hours Per Year that Dew-Point Depression <= 5F:
Percentage of Hours Per Spring that Dew-Point Depression <= 5F:

Wind
Time Fram

of 4
D)PD

Day <- 5 %
0100 ';6.3
0200 ';9.3
0300 42.0
0400 L.6.7
0500 c.8.7
0600 '.0.3
0700 48.7
0800 ' 7.7
0900 .3.3
1000 19.3
1100 13.0
1200 12.0
1300 11.7
1400 ).7
1500 ?.7
1600 10.7
1700 11.7
1800 12.3
1900 14.0
2000 15.7
2100 19.7
2200 23.7
2300 26.3
2400 31.3
Total 613.7

NN
N E

Ss
N' SWNE ENE E ESE SE SSE S

3.7 1.3 2.7 1.0 2.0 1.7 0.7 1.3 0.7 2.0 1.7
2.7 2.0 1.7 0.7 0.7 1.3 2.3 1.0 1.7 0.7 2.0
2.7 4.0 2.0 0.7 1.7 1.3 1.0 1.7 2.3 1.7 2.7
1.7 4.3 2.0 1.7 0.3 2.0 1.0 1.0 3.0 3.0 2.0
3.3 3.7 0.7 2.3 1.3 1.3 0.3 1.3 3.0 2.0 4.0
5.3 2.3 2.0 2.0 2.7 0.7 1.0 1.0 2.0 3.0 3.0
5.7 3.0 1.7 3.0 1.7 1.7 1.7 0.7 3.3 2.3 2.3
5.0 3.3 0.3 3.3 2.0 2.0 0.3 0.3 2.3 2.7 1.3
4.3 2.3 2.0 1.7 2.0 1.0 0.0 1.0 1.0 1.0 1.0
3.3 2.0 2.0 2.0 2.7 1.0 0.3 0.0 1.0 1.3 1.0
2.3 1.3 1.3 1.3 1.3 0.7 0.3 0.3 1.0 0.7 0.7
2.7 2.3 1.3 1.0 1.0 0.7 1.0 0.3 0.0 0.3 0.0
1.7 1.0 1.3 1.7 1.0 1.3 0.7 0.0 0.3 0.7 0.0
1.7 1.3 1.3 0.3 1.0 1.3 0.7 0.0 0.0 0.3 0.3
1.7 1.7 1.0 1.3 0.3 1.3 0.0 0.0 0.0 1.0 0.3
2.0 1.0 2.0 0.7 1.7 0.3 0.3 0.0 0.0 0.7 0.7
2.7 1.7 1.0 2.3 0.3 0.0 0.3 0.7 0.3 0.3 0.7
1.7 2.0 1.7 1.7 1.0 0.0 1.0 0.3 0.0 0.3 0.3
1.7 1.3 2.7 1.0 1.7 0.7 0.3 0.3 0.0 0.3 0.3
1.3 2.7 2.3 1.3 1.3 1.3 0.3 0.7 0.3 0.3 0.3
3.0 3.7 1.7 1.7 0.3 2.0 1.3 0.3 1.0 0.7 0.0
4.0 1.3 2.3 2.3 0.7 2.3 0.7 0.3 1.3 1.0 0.3
3.3 1.7 2.7 1.0 0.7 2.3 2.0 0.7 1.0 0.3 1.0
4.3 1.3 2.7 1.0 1.0 0.7 1.3 1.3 1.3 1.0 0.7
71.7 52.7 42.3 37.0 30.3 29.0 19.0 14.7 27.0 27.7 26.7

613.7
28%

WNS NVN NN
W NNW W I'v W

0.7 2.0 9.3 %.3 2.3
1.3 3.0 9.3 '.7 3.3

0.7 3.3 9.0 4.7 2.7
1.7 4.3 8.7 7.0 3.0
2.3 6.3 11.0 '.0 2.7
2.0 4.7 10.7 ';.3 2.7
1.0 3.0 7.7 '.3 4.7
0.7 1.3 2.0 6.0 4.7
0.3 0.3 1.3 1.7 2.3
0.0 0.0 0.0 ('.7 2.0
0.0 0.0 0.3 ('.3 1.0
0.3 0.0 0.0 (1.3 0.7
0.0 0.0 0.3 (1.7 1.0
0.0 0.0 0.3 (1.3 0.7
0.0 0.0 0.0 ('.7 0.3
0.3 0.0 0.7 ('.0 0.3
0.0 0.3 0.0 (1.3 0.7
0.3 0.3 0.7 ('.0 1.0
0.3 0.3 0.0 1.3 1.7
0.0 0.7 0.3 (C.7 1.7
0.3 0.0 0.7 1.3 1.7
0.7 0.0 1.0 3.0 2.3
0.3 0.3 3.3 2.7 3.0
1.0 0.7 6.7 3.3 3.0

14.3 31.0 83.3 57.7 49.3
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Table 1c Dewpoint Depression for NAPS site
Summer (Jun/Jul/Aug)
Number of Summer Hours Per Year that Dew-Point Depression <=5F:
Percentage of Hours Per Summer that Dew-Point Depression <= 5F:

Wind

720.3
33%

Time From
of 4

D.?D
<-: 5

NN
N E

Ss N%'S
SSE S W SW W W

WN
WNE ENE E ESE SE

Day
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
Total

48.0
5'I.3
59.0
6:.3
6".7
66.0
54.3
34.0
20.7
1;.3
8.3
7.7
6.3
5.0
5.7
7.7
6.7
1(0.0
12.0
1 8.3
28.7
36.7
41.7
472.0

720.3

3.3
4.0
4.7
5.7
6.7
5.7
6.3
3.3
2.0
1.0
0.7
1.3
0.7
1.3
1.0
1.0
1.0
1.0
0.7
2.3
2.7
2.3
2.0
3.0

63.7

2.0
2.3
3.7
3.7
2.7
3.3
3.7
4.7
2.0
1.3
2.0
1.0
1.3
0.3
1.0
0.7
1.0
1.0
1.0
1.7
1.7
0.7
2.0
0.3

1.3
1.3
2.0
2.0
1.7
1.3
1.3
2.7
2.7
2.0
0.0
0.7
0.7
0.0
0.0
1.0
0.3
0.3
1.0
1.0
2.3
2.7
3.0
3.3

1.0 1.3 1.0 2.3
1.0 2.0 0.7 2.0
1.0 1.7 0.7 0.7
1.3 2.0 1.3 0,3
4.3 2.0 0.3 0.3
3.0 2.3 0.3 0.0
3.0 2.3 0.7 1.0
2.0 2.3 0.3 1.3
2.3 1.3 0.3 0.3
1.7 1.0 0.7 0.3
0.3 1.0 1.3 0.7
0.0 1.0 0.7 1.0
0.7 0.7 1.3 0.0
0.3 1.3 0.3 0.7
0.7 1.3 0.3 0.3
0.3 1.0 0.7 0.0
0.7 0.7 0.7 0.0
1.7 1.3 1.3 0.3
1.0 2.0 0.7 1.0
2.0 2.0 2.0 0.0
2.3 3.3 2.0 2.0
2.0 2.7 2.3 1.7
0.7 1.7 2.7 1.7
1.7 3.0 0.7 2.3

2.7
1.3
1.7
1.7
1.0
1.0
0.0
1.0
2.0
0.3
0.3
0.0
0.0
0.0
0.0
0.0
0.7
0.7
0.0
0.7
0.7
2.7
0.7
1.7

2.3
4.7
7.3
6.3
6.3
7.3
6.3
1.7
0.3
1.0
0.3
0.0
0.0
0.3
0.0
0.3
0.0
0.3
0.3
1.0
2.0
1.0
3.7
1.7

4.7
5.7
5.0
3.7
8.3
8.7
6.0
4.3
3.7
1.0
0.0
0.3
0.0
0.0
0.0
0.0
0.7
0.3
1.3
1.3
1.3
3.3
3.3
5.0

5.7 2.7 6.0
8.0 1.0 7.7
7.3 2.7 8.0
10.3 2.7 6.3
8.0 3.7 6.7
7.7 2.0 9.0
8.7 2.3 3.3
4.0 0.7 1.0
1.0 0.3 0.7
1.3 0.3 0.3
1.0 0.0 0.0
0.7 0.3 0.3
0.0 0.7 0.0
0.0 0.0 0.0
0.7 0.0 0.0
0.7 0.0 0.7
0.3 0.0 0.0
0.0 0.0 0.7
0.0 1.0 0.0
1.7 0.3 0.7
2.0 2.0 0.7
3.3 2.3 1.7
5.3 1.7 4.0
6.3 2.3 3.3

7.3
8.3
7.7
8.7
8.0
6.3
3.3
2.3
0.3
0.3
0.0
0.0
0.0
0.3
0.0
0.0
0.3
0.7
0.3
0.0
1.7
4.3
4.3
6.3

NN
NW W

2.7 1.7
2.0 2.3
1.7 3.3
2.7 4.7
4.7 3.0
2.7 5.3
2.0 4.0
0.3 2.0
1.0 0.3
0.0 0.7
0.0 0.7
0.0 0.3
0.0 0.3
0.0 0.0
0.3 0.0
1.0 0.3

0.0 0.3
0.3 0.0
0.7 1.0
1.0 0.7
1.0 1.0
2.0 1.7
4.0 1.0
2.0 2.0

45.0 34.7 35.0 41.3 23.3 20.3 20.7 54.7 68.0 84.0 29.0 61.0 71.0 32.0 36.7
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Table ld Dcwvpoint Depression for NAPS site
Fall (Sep/Oct/Nov)
Number of Fall Hours Per Year that Dew-Point Depression <=
5F: 742.3
Percentage of Hours Per Fall that Dew-Point Depression <= 5F: 34%

Wind
Time From NN SS WVS WN NN

of 4 N E NE ENE E ESE SE SSE S W SW W W W NW W

DPD
<: 5

Day AP
0100 46.0 4.3 0.7 0.3 1.0 1.7 1.3 2.0 0.7 3.0 4.7 5.3 2.7 6.0 6.0 3.0 3.3

0200 4".7 4.0 1.7 0.7 0.7 1.3 1.7 2.0 1.0 4.7 3.3 5.7 1.3 7.3 7.7 4.3 2.3

0300 5:;.7 4.3 1.0 1.0 1.0 1.0 1.3 2.7 1.0 3.7 5.0 5.3 2.7 11.0 5.3 4.3 3.0

0400 56.3 5.0 1.7 0.7 1.3 0.7 0.7 3.0 0.7 4.7 3.3 5.7 3.7 10.3 8.0 4.7 2.3

0500 61.0 6.7 1.0 2.3 1.3 0.7 1.0 2.7 1.0 4.3 6.0 6.0 4.7 12.0 4.3 4.3 2.7

0600 64.3 5.3 2.3 2.3 1.0 0.3 1.7 1.7 1.7 4.7 5.0 7.0 2.7 14.7 6.7 2.3 5.0

0700 62.3 4.0 3.3 0.7 2.3 0.7 1.0 1.7 2.0 4.0 7.0 6.0 2.3 13.0 7.0 3.3 4.0

0800 5:;.7 5.7 2.0 3.3 0.3 1.0 0.7 2.0 0.7 4.0 4.7 4.7 2.0 8.0 6.3 4.3 4.0

0900 34.3 2.0 4.3 1.3 1.7 1.3 1.7 1.7 0.7 1.7 2.7 3.0 1.3 0.7 2.7 5.0 2.7

1000 19.3 1.7 3.0 1.7 1.7 1.0 1.3 1.3 0.7 1.0 1.7 1.7 0.0 0.0 0.3 1.3 1.0

1100 1';.3 1.0 2.0 0.7 1.0 1.7 0.7 1.0 0.7 1.3 0.7 0.3 0.0 0.3 0.0 0.3 1.7

1200 1 0.7 2.7 1.3 0.7 0.0 0.7 2.0 0.3 0.3 0.3 0.7 0.7 0.0 0.0 0.0 0.7 0.3

1300 9.7 3.0 1.3 0.3 0.3 0.0 0.7 1.3 0.3 0.3 0.7 0.3 0.0 0.0 0.0 1.0 0.0

1400 7.7 2.0 1.3 0.0 0.0 0.3 0.7 1.3 0.0 0.3 0.0 0.3 0.0 0.0 0.3 0.3 0.7

1500 7.7 2.3 1.7 0.3 0.0 0.3 1.0 0.3 0.3 0.3 0.0 0.3 0.0 0.0 0.3 0.3 0.0

1600 8.0 1.3 1.3 0.7 0.3 0.7 0.7 1.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.7 0.7

1700 8.3 1.7 1.0 0.3 0.7 0.3 0.3 1.3 0.0 0.3 0.7 0.0 0.0 0.3 0.3 0.0 1.0

1800 10.0 2.0 0.7 1.7 0.0 0.0 0.3 0.7 0.7 1.0 1.0 0.0 0.0 0.0 0.3 0.0 1.7

1900 1'A.3 3.3 1.0 0.7 0.0 0.7 1.0 1.7 0.3 0.7 0.7 0.3 0.7 0.3 0.7 0.7 0.7

2000 2 ..0 3.7 1.3 0.3 0.7 1.3 1.0 2.3 0.3 0.3 1.7 1.3 0.3 1.3 5.3 0.7 1.0

2100 29.0 3.0 2.0 0.7 1.3 1.3 1.0 1.3 0.7 1.0 1.7 2.3 0.7 3.0 5.0 1.7 2.3

2200 3(1.7 4.3 1.0 0.7 0.7 2.3 0.7 1.7 1.3 1.3 2.3 3.0 0.7 2.3 5.7 1.3 1.3

2300 32.7 3.0 1.3 1.0 1.3 1.7 0.0 3.0 2.0 0.7 1.7 3.0 1.3 4.0 6.7 1.3 1.7

2400 36.7 2.7 0.3 2.0 0.3 2.0 0.7 2.3 1.0 2.0 4.0 4.3 1.3 4.3 4.7 2.3 2.3

Total 742.3 79.0 38.7 24.3 19.0 23.0 23.0 40.3 18.0 45.7 59.7 66.7 28.3 99.0 83.7 48.3 45.7
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Application Revision

None.

16c Response

As noted in ER Sections 3.3.2.1 and 3.4.1.3.4, chemical treatment would be
provided as necessary to prevent scaling. At the time of COL application
development, the water quality data defined in ER Table 2.3-13 and from
additional sampling, as required, would be used in the evaluation to determine
the! need for antiscalants. Over a period of time, suspended solids in the cooling
tower make-up water would silt in the cooling tower basin. Further, any larger
debris entering the basin would be blocked by screens at the intakes for the
circulating pumps. Collected solids would be handled in accordance with
appropriate local regulation under "truck and haul" permitting addressed in ER
Section 3.6.3.3. No other wastes are expected from the wet cooling towers.
Tower construction would use material that would not have the potential for
leaching of hazardous chemicals.

Periodic cleaning of the dry cooling tower heat exchangers may be required to
remove any air entrained solids (e.g. dust and dirt) that are trapped within the coil
array as they-pass through the radiator panels. A low volume, high pressure
wash, utilizing no added cleaning agents, is typically used to remove the
expected minor debris. The area under the dry tower would be designed to
prevent runoff of wash water to storm drains. Collected solids would be handled
in accordance with appropriate local regulation under "truck and haul" permitting
addressed in ER Section 3.6.3.3.

Application Revision

ER Section 5.5.1.1 is revised to address potential waste constituents in the
blowdown stream. ER Section 3.6.1 is revised to clarify the possible chemical
constituents of effluents.

16d Response

Wit:h the use of wet cooling towers, warm, moist air will be discharged from the
top of the towers. This would tend to cause the atmosphere to be saturated in
the immediate vicinity of the tower discharge. As the vapor plume mixes with the
cooler surrounding air, some of the water vapor would condense and fall to the
ground in the area close to the towers. The remaining water vapor would
dissipate into the atmosphere. Due to the buoyancy of water vapor and the
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natural movement of air (e.g., currents and breezes), the mixing of the water
vaDor in the plume with the atmosphere would cause any increase in the overall
humidity due to the towers to be transient and very localized. The environmental
imDacts of the operation of the wet cooling towers (specifically, fogging, icing, salt
deposition, and visible plume height and length) were evaluated using the SACTI
suite of computer programs. The evaluation, including methodology,
assumptions, major inputs, and results, is discussed in ER Section 5.3.3.2.1.

Application Revision

ER Section 5.3.3.1 is revised to expand the discussion of the effect of the cooling
towers on the local environment and to refer to the description of the evaluation
in ElR Section 5.3.3.2.1.

16e Response

ER: Section 5.8.1.2 addresses noise. The comment 16e is understood to be in
reference to ER Section 5.8.1.5.

As noted in ER Section 5.8.1.5, except for recreational users on Lake Anna and
some residents along the lake shore, the ESP site is shielded by forested land.
Forested areas are composed of both deciduous and coniferous trees. In
particular, the area around the cooling tower area (as defined on ER Figure 5.8-
1) is shielded by mostly coniferous trees to the north in the undeveloped area
north of the lake finger shown on the Figure, and a mix of coniferous and
deciduous trees to the northwest, west, south, and southeast. ER Section 2.4.1,
Terrestrial Ecology, provides a description of the tree varieties on the North Anna
site. Note, that as defined in Table 10.1-1 of ER, a 50-100 ft band of trees will be
maintained along southern edge of the construction zone. In addition to these
trees, a minimum band of trees along the western EAB boundary and the
coniferous trees on the northern shore of the reservoir finger directly north of the
defined construction area would be maintained.

In addition to the visual shielding provided by trees, it is noted that the site grade
elevation of the ESP area and cooling tower area will be lower than the terrain
surrounding the site to the north, west and south. This will provide additional
visual shielding.

The height of the Unit 3 wet and dry cooling towers will vary depending on the
design selected for the site. Tower height could vary from approximately 45 feet
for a stand-alone dry tower capable of rejecting a minimum of 1/3 of the Unit 3
condenser heat duty up to 180 feet for a hybrid wet/dry tower capable of rejecting
all condenser heat during EC operation while having the capability of rejecting
heat via dry cooling as well. See response to RAI Item 3 for further detail.
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The cooling towers would be within the defined cooling tower area shown in ER
Figures 1.2-4 and 5.8-1 and SSAR Figure 1.2-4. As the cooling tower design has
not yet been defined, their specific location cannot be defined at this time.

Application Revision

ER Sections 3.1.2.2, 5.3.3.2.4 and 5.8.1.5 are revised to recognize the potential
height of Unit 3 cooling towers may be up to 180 feet, depending on the cooling
tower design selected.

16_ Response

Dominion evaluated shoreline areas in an effort to assess, in general, various
impacts of potentially raising normal operating lake level 6 inches to 12 inches
above 250 ft. MSL, in the event a Virginia permitting agency process determined
the need for such an action. [Note: Raising normal operating lake level is not
being proposed to demonstrate site suitability. And though not currently
proposed, Virginia DEQ could require an increase in lake level to mitigate
impacts on down-river flows. Increasing the lake level by approximately 7 inches
would eliminate changes in the frequency and duration of the 20 cfs minimum
instream flow.]

Dominion's evaluations included:

* a review of the US FWS National Wetlands Inventory, and various Lake
Anna topographical maps;

* a physical survey by boat of the best estimate of areas that could be
impacted; and

* an aerial survey of uplake, low gradient tributaries
* select interaction with local residents

The conclusion is that a rise in water level of 6 inches to 12 inches, because of
the generally steep shoreline topography, would result in minimal changes to the
types and amounts of wetlands other than to shift the prevailing vegetation in
gradually sloping tributaries in an upland direction.

The review of the US FWS National Wetlands inventory indicated the presence
of broader wetland areas uplake, particularly in the tributary headwaters above
the Route 208 Bridge.

The physical boat survey included Freshwater Creek, Contrary Creek, and the
main lake channel toward the dam. The survey began below the Route 208
Bridge in Freshwater Creek. Typical vegetation included rushes and sedges with
river birch grading to yellow poplar with increases in elevation. This area
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represents one in which increased lake level would be most evident due to the
more gradually sloping shoreline. In many of the headwater lake tributaries, a
successional shift, or movement in wetland vegetation in an upland direction with
forest shrub/scrub transitioning to emergents, and emergents to submersed,
would be expected. These shifts would likely develop over several years and
depend on conditions such as soil type, water clarity and extent of canopy cover.

Contrary Creek, although a gently sloping tributary, also had same shoreline
areas with more abrupt channel bank elevations. Rushes were observed
intermittently in these areas. Due to the altered shoreline in some areas, the
lateral extent of flooding and resulting changes to the types and amounts of
wetlands appear to be less than in the neighboring headwater, Freshwater
Creek.

Additional boat surveying of the main lake channel toward the dam, both
upstream and downstream, showed shoreline topography of relatively steep
banks. Some of these banks were nearly vertical gradients due to the effect of
wind and wave action undercutting the banks. Several points and coves on either
shoreline toward the dam confirmed that a lake level rise would likely result in
little lateral or upland change within these areas. Much of the main lake shoreline
is more exposed to wind and wave action and would unlikely contain rooted
vegetation.

Uplake, near the southern shore about one mile above the Route 208 Bridge,
there is an area of cleared and gently sloping land which would not be flooded by
the postulated water level increase. There appeared to be dormant water willow
in a protected area adjacent to this land.

A helicopter survey of the upper lake followed the boat survey, specifically to
view the low gradient tributaries in both the North Anna and Pamunkey arms.
The survey confirmed that changes associated with an increased water level
would be most evident in these areas and result in the likely shift of wetland
vegetation in an upland direction. Beaver activity was observed throughout these
upper tributaries, with their dams already acting to flood and alter the wetland
landscape. A direct result of the aerial survey was an identification of about 15
areas, ranging in size of approximately one-half acre to 25 acres, which could be
impacted as described.

As a result of the evaluations described above, including ground-truthing points
around the lake, the conclusion is that a 6 inches to 12 inches water level
increase above the normal 250 ft. MSL, depending on seasonal variation in
precipitation and lake management, over time, would most likely result in little to
no net loss of wetland areas impacted, with many areas remaining largely
unchanged. Other areas, most notably the gradually sloping headwater
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tributaries, would exhibit an upland shift in the vegetation community concurrent
with any sustained increase in normal water level.

In addition to wetland impacts, raising the lake level would likely affect usage of
some residential and marina boat ramps and docks, including Lake Anna State
Park. These might need some modification to avoid impacting the year-round
and seasonal recreational usage of the lake. Raising the lake level could also
increase the potential for localized flooding with higher downstream flows.

Application Revision

ER: Section 5.8.2.3 is revised to reflect the above response.

16,c Response

The NAPS onsite meteorology instrumentation measures the dewpoint
temperature at an elevation of 10 meters from the ground. This data was
converted to relative humidity and that data was used in the evaluation of
environmental impact of the operation of the wet cooling towers as described in
ER Section 5.3.3.2.1. The effect of elevation on relative humidity was evaluated
and it has been shown that for the small difference in height considered here
(approximately 23 meters for the towers used in the evaluation vs. the 10 meter
data measurement point), the difference in relative humidity is insignificant.
Therefore, the data collected at 10 meters is considered to be representative of
that at the height of the water vapor release with the use of wet cooling towers
and no exception to Section 6.4 of NUREG 1555 or Proposed Revision 1 to
Regulatory Guide 1.23 is required.

Application Revision

None.

161i Response

As indicated in the response to Question 13, ER Section 7.1 has been revised to
show source terms, X/Q values, and doses specific to the ESBWR design.

As indicated in the response to Question 14, ER Section 7.2 has been revised to
show severe accident consequences specific to the ESBWR design.

Application Revision

ER. Sections 7.1 and 7.2 have been revised to show ESBWR-specific data.
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16i Response

The increase in power level does result in a change to the calculated design
basis accident doses. These changes have been reflected in revisions to
Chapter 15 of the SSAR and Chapter 7.1 of the ER. However, the change in
power level does not affect the methodology for calculating the X/Q. Since the
X/Q values decrease with time (short-term values being greater than long-term
varues), it is conservative to use the highest X/Q for the duration of each
accident. The 50% probability X/Q value for 0 - 2 hours post-accident, is
already a small fraction of the conservative value used in the SSAR analysis.
Thus, the use of this single value over the duration of the accident, while it is
conservative, is not excessively conservative and provides a reasonable basis to
assess the environmental impacts of the unlikely events.

A p lication Revision

Ncne.

16j Response

The North Anna site was selected as the preferred ESP site based on an
evaluation performed that reviewed previous nuclear industry siting information
and current power plant siting approaches. The results of this evaluation are
documented in a report prepared by Dominion Energy, Inc. and Bechtel Power
Ccrporation entitled, Study of Potential Sites for the Deployment of New Nuclear
Plants in the United States, dated September 2002 [North Anna Early Site Permit
Application, Part 3 - Environmental Report, Section 9.3, Reference 2]. For this
evaluation, four candidate sites: North Anna, Surry, Savannah River, and
Portsmouth were identified as potential sites. Each site was evaluated against
45 suitability criteria that were grouped into the following four major categories:
Environmental, Sociological, Engineering, and Economic (see North Anna Early
Site Permit Application, Part 3 - Environmental Report, Table 9.3-2). A ranking
or score was assigned for each criterion based on a common ranking scale of 1
to .5, where 1 is the lowest ranking and 5 is the highest. In addition, the relative
importance of each criterion was assigned a weighting factor to reflect its
importance in the calculation of a site ranking within each category. The results
of the evaluation showed a narrow total score spread (i.e., ranging from 351 to
377) with the North Anna ESP site ranking highest. In addition, the evaluation
results showed that all four sites were considered to be environmentally
acceptable locations for additional nuclear generating units.
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The revised approach for Unit 3 cooling is to utilize a closed-cycle circulating
water system with a combination of wet mechanical draft and dry cooling towers.
To determine if there would be any differences in the alternative site evaluation
due to a change in the cooling system design, a review of the 45 suitability
criteria was conducted to first identify which criteria would be affected by such a
change. From this review it was determined that the rankings assigned to the
affected suitability criteria were not strictly based on the use of a once-through
cooling system for Unit 3 and cooling towers for Unit 4. Although Lake Anna was
considered to be a viable option as a cooling water source for one unit, the study
recognized that further evaluations would be needed to assess the full impact of
use of the lake for additional units; thus, other cooling system design options
were considered as part of the ranking assignments, including the use of wet or
dry cooling towers for both units. Therefore, the possible use of cooling system
options other than the once-through cooling system approach was already
considered in developing the ranking assignments for the North Anna site.

The primary environmental issues raised regarding use of a once-through cooling
system for Unit 3 involved water consumption from Lake Anna, and potential
thermal impacts to Lake Anna, in particular to aquatic life (including the striped
bass population) due to higher temperatures in the North Anna reservoir. Under
the revised approach for Unit 3 cooling, there would be less water consumption
from Lake Anna and significantly reduced thermal effluent discharge to the Lake.
Thatfwould, in turn, lead to less thermal impacts to the striped bass population or
other aquatic life, when compared to the once-through cooling option. Other
environmental considerations, such as terrestrial impacts on the surrounding
area from cooling tower construction (e.g., habitat relocation) and from cooling
tower operation (e.g., drift, noise, and aesthetic impacts due to occasional visible
plumes) were taken into consideration when developing ranking assignments for
these criteria; thus, there would be no additional impacts than those previously
considered due to the revised cooling system approach. Since use of alternative
approaches for the cooling system design was already considered in the
alternative site evaluation performed, the impact of changes to the rankings
assigned is considered to be minimal. Therefore, the cooling system design
change would either have no impact or would result in a slightly higher ranking
assignment for some of the affected suitability criteria, such as the aquatic
habitat/organisms criterion, that were evaluated to determine site suitability.

In summary, based on a review of the site study, the changes in the cooling
system design would have minimal impact on the North Anna site ranking versus
the alternative sites. Therefore, this design change would not affect the overall
conclusion reached in the site study that there are no obviously superior sites to
the North Anna ESP site.
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Application Revision

ER Section 9.3.4.2 is revised to include a discussion that the cooling system
design change has minimal impact on the North Anna site rankings and the
conclusions reached in the alternative site evaluation.

Question 16 General Response

A comprehensive review of the application was performed to identify any
additional sections that might be affected by the cooling system design or power
level increase. Two sections were identified. SSAR Section 3.1.4, "Plant
Appearance" and ER Section 5.8.2.3, "Impacts on Lake Anna Recreational Area'
were modified to acknowledge the location of the cooling towers and the potential
for visual impact.

Application Revision

S.SAR Section 3.1.4 and ER Section 5.8.2.3 are revised to reflect the above
response.
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17.. Possible Bald Eagle Nesting (NRC 3/13/06 letter)

During the course of our review, the Friends of North Anna, by letter dated
August 31, 2005, gave the locations of what might be two bald eagle
nesting areas within three miles of the North Anna discharge canal. Please
determine whether or not these are bald eagle nesting areas in the vicinity
of the North Anna site, the locations of any nests, and the effect of plant
construction and operation on these nests.

17 Response

In response to a NRC follow-up inquiry about potential eagle nests sited
or located around the shoreline of the plant discharge canal or the Waste
Heat Treatment Facility (WHTF)(March 13, 2006), Dominion conducted both an
aerial and ground-truthing survey of the area based on two sets of GPS
coordinates reported from local residents. The surveyors had extensive field
experience and knowledge in raptor biology. Results of the helicopter survey
confirmed the presence of one nest belonging to a red-tailed hawk, not a bald
eagle.

The nest was located on a point of residentially developed land along the
first lagoon of the WHTF, southeast of the ESP site and with coordinates
slightly different than those reported. The second set of coordinates suggested
the possible presence of a second nest located in proximity to the first. However,
due to the active presence of the hawk in the vicinity of the coordinates, the
second set was not verified. The surveyors concluded that no active eagle nests
currently exist within a few miles of the North Anna Power Station and ESP site,
based in part on the confirmed sighting of the red-tailed hawk. This conclusion is
supported by no known recent report of eagle nests around Lake Anna by the
Virginia Department of Game & Inland Fisheries, working with the noted Center
for Conservation Biology of the College of William and Mary.

From a more historic perspective, an active eagle nest was last reported in the
northwest region of Lake Anna in 2002, west of Route 522. It would not be
unusual to visually "spot" a bald eagle around Lake Anna's 200 plus
miles of shoreline because the habitat is generally conducive to support feeding
and nesting. Although nests were not seen from this survey or from recent state
surveys, it is likely that the nesting location of any bald eagles being reported
would be outside the primary and secondary noise buffer zones, approximately
750 feet and 1300 feet, respectively. The red-tailed hawk nest was located
outside these zones. In conclusion, noise impacts to the avian habitat from
construction activities at the North Anna Power Station or the ESP site would be
small.
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Application Revision

Ncne.
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Enclosure 2
Description of Changes in Revision 6

North Anna Early Site Permit Application
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North Anna Early Site Permit Application
Description of Changes in Revision 6

Affected Section, Table, or Figure Reason for Change

Part 2 Chapter 1

* .SSAR Section 1.2.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* SSAR 1.3.2.4 * ESP Supplement Serial No. 06-010
*_______1.3.2.4_January 13, 2006
* :3SAR Table 1.3-1 * ESP Supplement Serial No. 06-010
*_______Table_1.3-1_January 13, 2006
* SSAR Table 1.9-1 * ESP Supplement Serial No. 06-010

______________________ January 13, 2006
Part 2 Chapter 2

* SSAR Section 2.3.2.2.1 * Response to question 7a of Marc:h
2, 2006 NRC letter

* SSAR Section 2.3.2.3 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question 7a and 7b of
March 2, 2006 NRC letter

* SSAR Section 2.3.2.4 * Response to question 8a and 8b of
March 2, 2006 NRC letter

* SSAR Section 2.4.1.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question 1 Om(1),
1 Om(2),1 Om(3), and 1 Om(4) of
March 2, 2006 NRC letter

* SSAR Section 2.4.4 * ESP Supplement Serial No. 06-010
January 13, 2006

* SSAR Section 2.4.7.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question 1 Om(1),
1 Om(2),1 Om(3), and 1 Om(4) of
March 2, 2006 NRC letter

• SSAR Section 2.4.7.4 a ESP Supplement Serial No. 06-010
January 13, 2006

* SSAR Section 2.4.7.5 * ESP Supplement Serial No. 06-010
January 13, 2006

* SSAR Section 2.4.8 * ESP Supplement Serial No. 06-010
January 13, 2006

* SSAR Section 2.4.10 * ESP Supplement Serial No. 06-010
January 13, 2006

* SSAR Section 2.4.11.1 * ESP Supplement Serial No. 06-010
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January 13. 2006
• SSAR Section 2.4.11.3 * ESP Supplement Serial No. 06-C10

January 13, 2006
* SSAR Section 2.4.11.4 * ESP Supplement Serial No. 06-O10

January 13, 2006
a Response to question 1 i of March

2, 2006 NRC letter
* SSAR Table 2.4-6 * ESP Supplement Serial No. 06-010

January 13, 2006
Part 2 Chapter 15

* *SSAR Sections 15.1, 15.2,15.3, * ESP Supplement Serial No. 06-C010
15.4 January 13, 2006

* Response to question 131, 13b,
and 13c of March 2, 2006 NRC
letter

* SSAR Table 15.4-1 * Response to question 131, 13b,
and 13c of March 2, 2006 NRC
letter

* SSAR Tables 15.4-5a to 15.4-5d * Response to question 13a, 13b,
and 13c of March 2, 2006 NRC
letter

* SSAR Tables 15.4-12a to 15.4-12b * Response to question 13a, 13b,
and 13c of March 2, 2006 NRC
letter

* SSAR Tables 15.4-19a to 15.4-19c * Response to question 13a, 13b,
and 13c of March 2, 2006 NRC
letter

* SSAR Tables 15.4-23a to 15.4-23b * Response to question 13a, 13b,
and 13c of March 2, 2006 NRC
letter

* SSAR Tables 15.4-28 to 15.4-31 * Response to question 13a, 13b,
and 13c of March 2, 2006 NRC
letter

* S'SAR Table 15.4-17 * Minor correction
* SSAR Table 15.4-19 * Minor correction

Part 3 Chapter I
* ER Section 1.1.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 1.1.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 1.2-1 * Response to question 12d of March

2, 2006 NRC letter
* ER Section 1.2 * Response to questions 12d and 16a

of March 2, 2006 NRC letter
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Part 3 C hapter 2
* ER Section 2.3.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Figure 2.3-2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 2.3.3.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 2.4.1.8 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 4 of March 2,

2006 NRC letter
* E:R Section 2.4 References * ESP Supplement Serial No. 06-010

January 13, 2006
* EIR Section 2.7.1.4 * Corrected number of days of

fogging
* E--R Section 2.7.4.1.6 * Corrected number of days of

fogging
* EIR Section 2.7.4.1.7 * Response to question 8a and 8b of

March 2, 2006 NRC letter
Part 3 Chapter 3

* ER Tables 3.3-1 and 3.3-2 * Response to question lb of March
2, 2006 NRC letter

* EIR Section 3.1.2.2 * ESP Supplement Serial No. 06-0'10
January 13, 2006

* EIR Section 3.1.4 * Clarification for cooling towers
* EIR Section 3.1.5 * ESP Supplement Serial No. 06-010

January 13, 2006
* Consistency with ER Section 5.8.1.2

* EIR Table 3.1-1 * ESP Supplement Serial No. 06-010
January 13, 2006

* Addition of ESBWR values
* Typographical error

* ER Table 3.1-9 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question la of Marc:h
2, 2006 NRC letter

* Response to question 2a of Marc:h
2, 2006 NRC letter

* Response to question 10b of March
2, 2006 NRC letter

* Added Unit 3 Cooling Tower height
* ER Tables 3.1-2, 3.1-7, 3.1-8 * Addition of ESBWR values
* E-R Section 3.2 * ESP Supplement Serial No. 06-010

January 13, 2006
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* ER Section 3.2.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.2.3 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question 16e of March
2, 2006 NRC letter

* ER Section 3.3 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.3.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.3.1.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.3.2.1 * ESP Supplement Serial No. 06-0'10
January 13, 2006

* ER Section 3.3.2.2 * ESP Supplement Serial No. 06-0'10
January 13, 2006

* ER Table 3.3-1 * ESP Supplement Serial No. 06-0'10
January 13, 2006

* Response to question lb of March 2,
2006 NRC letter

* ER Table 3.3-2 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question lb of March 2,
2006 NRC letter

* ER Figure 3.3-1 * ESP Supplement Serial No. 06-010
January 13, 2006

* Minor numerical revision
* ER Figure 3.3-2 * ESP Supplement Serial No. 06-01 0

January 13, 2006
* ER Section 3.4.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question Ic, 3, 1Oe,

10h, and 10j of March 2, 2006 NR.C
letter

* ER Section 3.4.1.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.4.1.3.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.4.1.3.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.4.1.3.4 * ESP Supplement Serial No. 06-010
January 13, 2006

* E-R Section 3.4.2.1 * ESP Supplement Serial No. 06-010
January 13, 2006
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* ER Section 3.4.2.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.4.2.3 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Figure 3.4-3 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Figure 3.4-4 * ESP Supplement Serial No. 06-0I 0
January 13, 2006

* E--R Figure 3.4-7 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Figure 3.4-11 (New) * Response to question 3 of March 2,
2006 NRC letter

* E-R Section 3.6.1 * ESP Supplement Serial No. 06-010
January 13, 2006
Response to questionl6c of March
2, 2006 NRC letter

* E-R Section 3.7.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.7.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 3.8.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Table 3.8-1 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question 15 of March
2, 2006 NRC letter

Part 3 Chater 4
* ER Section 4.1.1.6.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER 4.2.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER 4.3.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER 4.3.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER 4.3.2.1 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006

Part 3 Chapter 5
* E:R Section 5.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question id of March 2,

2006 NRC letter
* ER Section 5.1.1.1 * ESP Supplement Serial No. 06-010
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Response to

January 13, 2006
* ER Section 5.1.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 1 d of March 2,

2006 NRC letter
* ER Section 5.2.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.2.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.2.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.2.1.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 10e and 1Cj of

March 2, 2006 NRC letter
* ER Section 5.2.1.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.2-1 * ESP Supplement Serial No. 06-0'10

January 13, 2006
* ER Section 5.2.2.1 * Response to question 1Of of March

2, 2006 NRC letter
* ER Section 5.2.2.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
• ER Section 5.2.2.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.2.2.1.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 1Of of March

2, 2006 NRC letter
* ER Table 5.2-2 * Minor numeric change
* ER Tables 5.2-3 and 5.2.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.2.2.2 * ESP Supplement Serial No. 06-0'10

January 13, 2006
* Response to question 11 a of March

2, 2006 NRC letter
* ER Section 5.2.2.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.2.2.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 1 Oe and 1 Cj of

March 2, 2006 NRC letter

* ER Section 5.2.2.5 * Response to question 6c of March 2,



Serial No. 06-27.3
Docket No. 52-003

NRC Questions/ESP Application Rev. 13
Page ,3

Response to

2006 NRC letter
* ER Section 5.2 References * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 11 a of March

2, 2006 NRC letter
• ER Table 5.2-5 * ESP Supplement Serial No. 06-010

January 13, 2006
• EER Table 5.2-6 * ESP Supplement Serial No. 06-010

January 13, 2006
a ER Table 5.2-7 * ESP Supplement Serial No. 06-01 0

January 13, 2006
* ER Table 5.2-8 * ESP Supplement Serial No. 06-010

January 13, 2006
a ER Figure 5.2-2 * ESP Supplement Serial No. 06-010

January 13, 2006
a E.R Figure 5.2-3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3 * ESP Supplement Serial No. 06-010

January 13, 2006
• ER Section 5.3.1 * ESP Supplement Serial No. 06-010

January 13, 2006
a ER Section 5.3.1.1 a ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.1.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.1.1.2 a ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.1.2.1 a ESP Supplement Serial No. 06-0'10

January 13, 2006
• ER Table 5.3-2 * ESP Supplement Serial No. 06-0ol0

January 13, 2006
* ER Table 5.3-3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-4 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.1.2.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.1.2.3 * ESP Supplement Serial No. 06-010

January 13, 2006
• EER Table 5.3-6 * ESP Supplement Serial No. 06-010

January 13, 2006
* EER Table 5.3-7 * ESP Supplement Serial No. 06-010

January 13, 2006
* EER Table 5.3-8 (Deleted) * ESP Supplement Serial No. 06-010
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Response to

January 13. 2006
* ER Section 5.3.1.2.4 * ESP Supplement Serial No. 06-0i10

January 13, 2006
* ER Section 5.3.1.2.5 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2 * ESP Supplement Serial No. 06-010

__ January 13, 2006
* ER Section 5.3.2.1 * ESP Supplement Serial No. 06-0110

January 13, 2006
* ER Section 5.3.2.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2.1.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2.1.4 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2.2.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2.2.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.2.2.4 (Deleted) * ESP Supplement Serial No. 06-0'10

January 13, 2006
* ER Section 5.3.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.3.3.1 * ESP Supplement Serial No. 06-010

January 13, 2006
a Response to question 7c(1), 7c(2),

7c(3), 7c(4), 7d, and 16d of March 2,
2006 NRC letter

* ER Section 5.3.3.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 5.3.3.2.1 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question le of March 2,
2006 NRC letter

* ER Section 5.3.3.2.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* Response to question 8c of March 2,
2006 NRC letter

* EER Section 5.3.3.2.3 * Consistency with ER Section 5.8.1.2
* ER Section 5.3.3.2.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 16e March 2,
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Response to

2006 NRC letter
• ER Section 5.3.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 6c of March 2,

2006 NRC letter
* ER Section 5.3.4.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 6a and 6b of

March 2, 2006 NRC letter
* ER Section 5.3.4.2 * Response to question 2b of March 2,

2006 NRC letter
* ER Section 5.3 References * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-14 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-15 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-16 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-17 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-18 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-19 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-20 (Deleted) * ESP Supplement Serial No. 06-01 0

January 13, 2006
* ER Table 5.3-21 (Deleted) * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 5.3-22 through 5.3.-41 * Added by response to question 1e of

(New) March 2, 2006 NRC letter
* ER Figure 5.3-2 * ESP Supplement Serial No. 06-010

January 13, 2006
* E:R Figures 5.3-5 through 5.3-16 * ESP Supplement Serial No. 06-010

(Deleted) January 13, 2006
* ER Section 5.4.2.1 * Addition of ESBWR values
* ER Section 5.4.2.1 References * Minor correction
* ER Table 5.4-1 * Minor correction
* ER Table 5.4-3 * Minor correction
* ER Table 5.4-6 * Addition of ESBWR values
* ER Table 5.4-7 * Addition of ESBWR values
* ER Table 5.4-8 * Addition of ESBWR values
* ER Table 5.4-9 * Addition of ESBWR values
* ER Table 5.4-10 * Addition of ESBWR values
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Response to

* ER Table 5.4-11 * Addition of ESBWR values
* ER Table 5.4-12 * Addition of ESBWR values

.ER Table 5.4-16 * Addition of ESBWR values
* ER Section 5.5.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.5.1.1 * ESP Supplement Serial No. 06-01,tO

January 13, 2006
* Response to question 16c of March

2, 2006 NRC letter
* ER Section 5.5.1.3 * ESP Supplement Serial No. 06-0-10

January 13, 2006
* ER Section 5.6.1 * Typographical error
* ER Section 5.7.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.8.1.2 * ESP Supplement Serial No. 06-0' iO

January 13, 2006
* Response to question 2a and 2b of

March 2,_2006 NRC letter
* ER Section 5.8.1.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.8.1.5 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 5 and 16e of

March 2, 2006 NRC letter
* E.R Section 5.8.1.6 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 5.8.2.3 * Response to question 16f of March

2, 2006 NRC letter
* Clarification regarding cooling

towers
* ER Table 5.10-1 * ESP Supplement Serial No. 06-010

January 13, 2006
* Consistency with ER Section 5.3.3.1

Part 3 C hapter 6
* ER Section 6.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 6.3.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 6.5.2.2 * ESP Supplement Serial No. 06-0 10

January 13, 2006
* ER Section 6.5.2.3 * ESP Supplement Serial No. 06-0 10

January 13, 2006
Part 3 Chapter 7

* -R Section 7.1 * Response to question 13a, 13b,
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Response to

13c, and 16h of March 2, 2006 NRC
letter

* ER Section 7.1.3 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 7.1.4 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 7.1 References * Minor correction
* IER Table 7.1-1 and 7.1-2 * Response to question 13a, 13b,

13c, and 16h of March 2, 2006 NRC
letter

* ER Table 7.1-6a to 7.1-6d * Response to question 13a, 13b,
13c, and 16h of March 2, 2006 NRC
letter

* IER Tables 7.1-13a to 7.1-13b * Response to question 13a, 13b,
13c, and 16h of March 2, 2006 NRC
letter

* E R Table 7.1-201 to 7.1-20c * Response to question 13a, 13b,
13c, and 16h of March 2, 2006 NRC
letter

* ER Table 7.1-24a to 7.1-24b * Response to question 13a, 13b,
13c, and 16h of March 2, 2006 NRC
letter

* ER Table 7.1-2 to 7.1-32 * Response to question 13a, 13b,
13c, and 16h of March 2, 2006 NRC
letter

* EIR Table 7.1-18 * Minor correction
* ER Table 7.1-20 * Minor correction
* EIR Section 7.2 * Response to question 14a and 16h

of March 2, 2006 NRC letter

Part 3 Chapter 9
* ER Section 9.3.4.2 * Response to question 16j of March

2, 2006 NRC letter
* ER Section 9.4.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 9.4.1.1 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 9.4.1.1.1 a ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 9.4.1.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 101 of March

2, 2006 NRC letter
* ER Section 9.4.1.1.3 * ESP Supplement Serial No. 06-010
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Response to NRC

January 13. 2006
* ER Section 9.4.1.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 9.4.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* -R Section 9.4.2.2 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Section 9.4.2.3 * ESP Supplement Serial No. 06-010

January 13, 2006
* EIR Section 9.4.2.4 * ESP Supplement Serial No. 06-010

January 13, 2006
* EIR Section 9.4.2.5 * ESP Supplement Serial No. 06-010

January 13, 2006
* E:R Table 9.4-1 * ESP Supplement Serial No. 06-010

January 13, 2006
* Consistency with ER Section

5.8.1.2
* I--R Table 9.4-2 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 101 of March

2, 2006 NRC letter
* Consistency with ER Section

5.8.1.2
* ER Table 9.4-3 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 101 of March

2, 2006 NRC letter
* -R Table 9.4-4 * ESP Supplement Serial No. 06-010

January 13, 2006
* Consistency with ER Section

5.8.1.2
* ER Table 9.4-5 * ESP Supplement Serial No. 06-010

January 13, 2006
* Consistency with ER Section

5.8.1.2
* ER Table 9.4-6 * ESP Supplement Serial No. 06-010

January 13, 2006
* Response to question 101 of March

2, 2006 NRC letter
* ER Table 9.4-9 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 9.4-10 * ESP Supplement Serial No. 06-010

January 13, 2006
* ER Table 9.4-11 * ESP Supplement Serial No. 06-010
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January 13, 2006 =
Part 3 Chapter 10

* ER Table 10.1-2 * ESP Supplement Serial No. 06-CI10
January 13, 2006

* Consistency with ER Section
5.3.3.1

* ER Section 10.2.1.2 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 10.2.1.6 * ESP Supplement Serial No. 06-010
January 13, 2006

* ER Section 10.3.2 * ESP Supplement Serial No. 06-010
__ January 13, 2006
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Figure 2.5-16 Site Topographic Map (0.6-Mile Radius)
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Figure 2.5-20 Dames & Moore EPRI Sources
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Figure 2.5-22 Rondout Associates EPRI Sources
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Figure 2.5-23 Woodward-Clyde EPRI Sources
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Figure 2.5-24 Weston EPRI Sources
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Figure 2.5-25 Various EPRI Geometries of the Central Virginia Seismic Zone
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Figure 2.5-26 Low-Frequency, 10`5 Median, Magnitude-Distance Deaggregaticn
Using 1989 EPRI Sources and Ground Motion
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Figure 2.5-27 High-Frequency, 10 5 Median, Magnitude-Distance Deaggregation
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Figure 2.5-30 1989 EPRI 1 Hz Mean Hazard Contribution by Source
(Law Engineering); Sources Contributing Most to ESP Site Hazard
Are Emphasized
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Figure! 2.5-31 1989 EPRI 1 Hz Hazard Contribution by Source (Rondout Team);
Sources Contributing Most to ESP Site Hazard Are Emphasized
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Figure 2.5-32 1989 EPRI 1 Hz Hazard Contribution by Source (Woodward-Clyde);
Sources Contributing Most to ESP Site Hazard Are Emphasized
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Figure 2.5-33 1989 EPRI 1 Hz Hazard Contribution by Source
(Weston Geophysical); Sources Contributing Most to ESP Site
Hazard Are Emphasized

2-2-444 Revision 6
April 2006



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

IProbabilitx of
Existence

Probability' of
Activity

M11I.IX

M
Recurrence

Interval

550 years

(0.1) (0.1)

(0.15)

Figure 2.5-34 Logic Tree for ECFS Northern Segment

MI Ia Recurrence
M I Intcrval

6.8 1 (1.0) 550 years

/0~-) 7.1

(0.45)

(C-15) 7.5
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Figure 2.5-36 Bechtel and Rondout Team Representations of Central Virginia
Seismic Zone, and Seismicity in the Region Recorded from
1985 to 2001
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Figure 2.5-37 Comparison of Seismic Activity Rates for Bechtel Source E
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Figure 2.5-38 Comparison of Seismic Activity for Rondout Source 29 Considering
Original EPRI (through 1984) and Updated (through 2001)
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Figure 2.5-40 Effect of ECFS Faults on Median, 1 Hz Seismic Hazard
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Figure 2.5-43 Effect of ECFS Faults on Mean, 10 Hz Seismic Hazard
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Figure 2.5-45 Sensitivity of 1 Hz Seismic Hazard to 1989 and 2003 Ground Motion
Models
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Figure 2.5-50 Nagnitude-Distance Deaggregation for High-Frequencies
(5 and 10 Hz) at a Mean Annual Frequency of 5 x 10 5Using Updated
Source and Ground Motion Models
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Figure 2.5-54B(3) Smooth Fitting Function Through the SHAKE Analysis Response
Spectrum Results for the Hypothetical Rock Outcrop Control
Point at the Top of Zone 111-IV Material (Representative
Elevation 250 ft, 3300 ft/sec Shear Wave Velocity)
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Figure 2.5-66 Photograph of Plan View of Slope North of the SWR
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Chapter 3 Design of Structures, Components, Equipment, and
Systems

3.5.1.6 Aircraft Hazards

Information regarding aircraft hazards is contained in SSAR Section 2.2.2.6 and
Section 2.2.3.2.1.

Section 3.5 References

None
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Chapter 13 Conduct of Operations

13.3 Emergency Planning

13.3.1 Emergency Planning Overview

This chapter provides the emergency planning information required by NRC regulations necessary
to support an ESP application. That includes information required by 10 CFR 52.17(b)(1) regarding
identification of potential impediments to emergency planning, and information requ red by
10 CFR 52.17(b)(3) regarding descriptions of contacts and arrangements made with local, state
and federal governmental agencies with emergency planning responsibilities.

13.3.2 Major Features Emergency Plan

A major features emergency plan is also included in accordance with 10 CFR 52.17(b)(2)(1) as part
of this ESP application. The Major Features Emergency Plan takes advantage of the emergency
planning resources, capabilities, and organization that Virginia Power has already established and
currently maintains at the NAPS site. If Dominion were to proceed with the development of new
units at the ESP site, it would enter into an arrangement with Virginia Power to coordinate and
implement an integrated emergency plan, in effect extending the existing emergency planning and
preparedness to the new units. However, because some aspects of emergency preparedness
require detailed design information which does not yet exist, some details of the plan that would be
specific: to the new units cannot be fully described at this time. Thus only the major features of the
emergency plan are provided at this time.

13.3.2.1 Identification of Physical Characteristics

Pursuant to 10 CFR 52.17(b)(1), physical characteristics unique to the ESP site have been
analyzed to determine whether they could pose a significant impediment to the development of
emergency plans. A preliminary analysis of the evacuation times, utilizing the evacuation time
estimate (ETE) methods recommended in NUREG-0654, Revision 1, Supplement 2 (Section II),
has been used to identify these characteristics, including seasonal recreational visitors around the
lake, school populations, etc. (Reference 16). A description of the analysis methods and results is
provided in the most recent ETE, referenced in Section 13.3.2.1.1 (Reference 42).

13.3.2.1.1 Site Characteristics

The ESP site is located on a peninsula along the southern shore of Lake Anna in Louisa County,
Virginia. The existing units are licensed under provisions of Title 10 of the Code of Federal
Regulations, Part 50 (License Numbers NPF-4 and NPF-7). The ESP site is approximately 40 miles
north-northwest of Richmond, Virginia; 36 miles east of Charlottesville, Virginia; and 22 miles
southwest of Fredericksburg, Virginia. An ISFSI, licensed under provisions of 10 CFR 72, is also
located at the NAPS site (License Number SNM-2507). Emergency planning activities for the new
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units at the ESP site would be coordinated with emergency planning for the other licensed facilities
at the NAPS site for an integrated emergency response. For example, an emergency declared
under provisions of any current or future license may necessitate protective actions at shared
facilities or at other licensed facilities. Response actions would be integrated to the extent
necessary and addressed in future emergency plan implementing procedures, as appropriate.

ETEs have been calculated (in 1981, 1990-1991, and 2001) The NAPS Emergency Plan (NAEP)
(Reference 24) requires that the existing ETE be provided to the Commonwealth of Virginia
Department of Emergency Management (DEM) following the 10-year census. The purpose is to
determine whether an updated ETE should be calculated for the NAPS plume exposure pathway
Emergency Planning Zone (EPZ) described in Section 13.3.2.2.1.a.

13.3.2.1.2 Evacuation Time Estimate Analysis

The most recent ETE for the NAEP is based on Census 2000 data, and is applicable to the ESP
site (Reference 42). The total permanent resident population within the plume exposure pathway
EPZ for the existing units has been calculated to be 20,292 (the 1990-1991 and 1981 estimates
were 20,196 and 14,610 respectively) (Reference 40) (Reference 41). This report breaks down the
population numbers by 16 sectors and 2-mile, 5-mile, and 10-mile rings. The ETE considers
permanent residents, transients, and persons in special facilities, including school populations.

Analyses of ETEs have identified no institutional populations in the EPZ other than public schools.
The majority of the population is composed of permanent residents with seasonal recreational
visitors on or around Lake Anna. Avenues of movement across the waterway are limited to seven
crossings, one on the lower side of Lake Anna. However, emergency traffic is expected to flow
away from the NAPS site (which includes the ESP site) rather than across the water. The road
network is determined to be adequate to accommodate the vehicular traffic anticipated.

13.3.2.2 Major Features of the Emergency Plan

The major features of the emergency plan described herein have been prepared in accordance with
10 CFIR 52.17(b)(2)(i), considering the guidance of NUREG-0654/FEMA-REP-1, Revision 1,
Supplement 2. 10 CFR 50, Appendix E (Reference 5), has also been utilized. Optional information
is included where appropriate.

The ES P site is one with pre-existing nuclear facilities that has existing state and local emergency
plans. The ESP application, therefore, relies on and refers to information contained in these existing
plans. No significant differences have been identified between major features proposed in the ESP
application and the major features presented in existing plans and relied on in the ESP application.

Differences between emergency planning information relative to this chapter and the guidance
provided by NUREG-0654, Supplement 2, including planning standards or evaluation criteria not
addressed, are identified and explained in Section 13.3.4.
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13.3.2.2.1 Emergency Planning Zones

Title 10, Code of Federal Regulations, Part 50, Appendix E, provides that the size of the EPZ for a
nuclear power plant shall be determined in relation to local emergency response needs and
capabilities. This is because the appropriate size of the EPZ depends on conditions surrounding the
site including demography, topography, land characteristics, access routes, and jurisdictional
boundaries. For nuclear power plants of 250 megawatts thermal or greater, Appendix E provides
that the plume exposure pathway EPZ shall consist of an area about 10 miles (16 kilometers) in
radius. Generic guidance for the ingestion exposure pathway emergency planning zone (IPZ)
describes an area about 50 miles (80 kilometers) in radius.

When recommending the size of these EPZs in 1978, the NRC/EPA Task Force on Emergency
Planning considered the 1975 Reactor Safety Study (WASH-1400). (Reference 12) The NRC/EPA
Task Force on Emergency Planning determined that this study was the best available scurce of
information on the relative likelihood of large accidental releases of radioactivity, given a core melt
event (Reference 14).

Since that time, significant advances have been made in understanding the timing, magnitude, and
chemical form of fission product releases from severe nuclear power plant accidents
(Reference 11). This Major Features Emergency Plan has been developed assuming a plume
exposure pathway EPZ of 10 miles in radius and an IPZ of about 50 miles in radius. The plan
recognizes that the size of these areas is subject to change if later analyses, design-specific
factors, and legislative or regulatory initiatives warrant.

a. Plume Exposure Pathway Emergency Planning Zone

The plume exposure pathway EPZ is the area of interest associated with whole body external
exposure to gamma radiation from a plume and deposited materials, and inhalation exposure
from a passing radioactive plume. The duration of primary exposures could range in length
from hours to days. The plume exposure pathway EPZ consists of an area about 10 miles in
radius around the Dominion ESP site (See Figure 13.3-1). Parts of the Counties of Caroline,
Hanover, Louisa, Orange, and Spotsylvania, Virginia, lie within the plume exposure pathway
EPZ. Collectively, these counties are referred to as the risk jurisdictions. (Reference 31)

b. Ingestion Exposure Pathway Emergency Planning Zone

The ingestion exposure pathway EPZ, that is, the IPZ, is the area of interest for exposure
primarily from ingestion of water or foods such as milk and fresh vegetables that have been
contaminated with radioactive materials. The duration of primary exposure could range from
hours to months. The IPZ consists of an area about 50 miles in radius around the ESP site
(See Figure 13.3-2). The Cities of Charlottesville, Fredericksburg and Richmond, Virginia; all
or parts of the Counties of Albemarle, Amelia, Buckingham, Caroline, Chesterfield, Culpeper,
Cumberland, Essex, Fauquier, Fluvanna, Goochland, Green, Hanover, Henrico, King and
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Gr.ph, No. S81213

Figure 13.3-1 Plume Exposure Pathway Emergency Planning Zone

Queen, King George, King William, Louisa, Madison, Nelson, Orange, Page, Powhatan,
Prince William, Rappahannock, Rockingham, Spotsylvania, Stafford, and Westmoreland,
Virginia; and part of Charles County, Maryland, lie within the IPZ.
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Figure 13.3-2 Ingestion Exposure Pathway Emergency Planning Zone

13.3.2.2.2 Planning Standards and Evaluation Criteria

NUREG-0654, Supplement 2, presents planning standards and evaluation criteria applicable for a
major features emergency plan. The subsections that follow address these planning standards and
evaluation criteria.
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a. Assignment of Responsibility (Organization Control)

Primary responsibilities of risk jurisdiction response organizations, the Commonwealth of
Virginia, the federal government, and private sector organizations are described below.

1. Local Response Organizations
The elected officials of local governments have responsibility for radiological emergency
response within their jurisdictions. Because time is a major factor in realizing the benefits
of protective action in the event of a radiological emergency, certain of these actions are
predetermined and are implemented without delay upon notification of a radiological
emergency.

In the event of an emergency of any classification made pursuant to emergency action
levels (EALs) (Section 13.3.2.2.2.d), Dominion would notify response organizations as
described in Section 13.3.2.2.2.e. Dominion would communicate with the Director of
Emergency Services of each risk jurisdiction who has the capability of activating their
Emergency Operations Centers (EOC). Dominion would rely on these jurisdictions to
provide assistance in the event that an evacuation from the site requires a riemote

assembly point or for any services they are capable of providing to mitigate the results of
the emergency.

The authority and responsibilities of Louisa County are presented in the Louisa County
Radiological Emergency Response Plan (RERP) (Reference 32). The Louisa County
RERP:

* Assigns responsibilities to county offices and organizations for radiological emergency
response and preparedness

* Sets forth procedures for disseminating warning of radiological emergencies to the
citizens of the county

* Specifies response actions for specific emergency classifications

* Delineates the policies and concepts under which the county government would
operate during a radiological emergency response

Upon notification, the Louisa County Sheriff's Office would notify the County Coordinator
of Emergency Services, or a designated representative, who would perform the following
tasks:

* Verify the notification from the ESP site

* Initiate the key county official's alert system

* linitiate public warning procedures, as authorized by the Commonwealth of Virginia

* Prepare for evacuation of people from the affected area if authorized by the
Commonwealth of Virginia
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The County Coordinator of Emergency Services, or designated representative, would
activate and ensure that the EOC is manned 24 hours a day when conditions warrant.

Once initial notifications are complete, Dominion's onsite emergency organization
described in Section 13.3.2.2.2.b would provide periodic status reports to the County
Coordinator of Emergency Services. These reports would include any changes in status or
emergency classification. Prior to establishment of the County EOC the County Sheriff's
Office would serve as the local point of contact for official communications within and
outside of the county. When the EOC is established, this responsibility would transfer to
the EOC.

The Sheriffs of Louisa and Spotsylvania Counties provide police support, traffic control,
and additional security. They coordinate their efforts with the Virginia State Police (VSP),
as described in Section 13.3.2.2.2.a.2.

The local county health department is the primary health response agency within the
affected risk jurisdictions. Their efforts are coordinated with the VDH, as described in
Section 13.3.2.2.2.a.2

The authority and responsibilities of Caroline, Hanover, Orange, and Spotsylvania
Counties during a radiological emergency are presented in their respective RERF's. The
existing RERPs apply to the radiological emergencies within these localities caused by
events at the NAPS site and would apply to events at the ESP site. The Caroline,
Hanover, Orange, and Spotsylvania County RERPs are identical to the Louisa RERP, as
described above, except for information that is specific to the respective counties.
(Reference 32) (Reference 33) (Reference 34) (Reference 35) (Reference 36)

2. Commonwealth of Virginia Response Organization
The Commonwealth of Virginia's organization for response to radiological emergencies is
based on normal governmental structures and channels of communication. The Governor,
in the role of Director of Emergency Management, directs the emergency response
through the State Coordinator of Emergency Management. The State Coordinator of
Emergency Management coordinates the overall response, and the VDH provides
technical advice and assistance on radiological accident assessment, protective action,
radiological control, and radiological monitoring.

The Virginia EOC is in Chesterfield County, Virginia. The Virginia DEM sends appropriate
liaison personnel to the Emergency Operations Facility (EOF) upon activation.

In the event that an emergency of any classification is declared, pursuant to the
Emergency Classification System Action Levels (Section 13.3.2.2.2.d), Dominion would
make notifications as described in the section on Notification and Methods of Procedures
(Section 13.3.2.2.2.e). Upon declaration of an Alert or higher emergency class, the DEM
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would notify the VDH (Radiological Health Program). The VDH would implement its
response procedures in accordance with the Commonwealth of Virginia's RERP. As part
of the planned response, a team is sent to the EOF to provide a direct interface between
the VDH and Dominion's Emergency Response Organization (ERO). After the initial
immediate actions, subsequent protective actions are taken based on the results of the
Commonwealth of Virginia evaluation of the radiological situation and the company's
recommendations. Commonwealth of Virginia and federal agencies provide assistance as
required. VDH personnel, in coordination with the DEM, provide technical advice and
assistance on radiological accident assessment, protective actions, radiological exposure
control, and radiological monitoring. The VDH provides assistance to the local county
health department emphasizing the special requirements for those individuals who are
contaminated with radioactivity. Accident assessment personnel, as part of the
Radiological Emergency Response Team, would operate from the Virginia EOG. More
specific information is contained within the Commonwealth of Virginia RERP
(Reference 31).

The Commonwealth of Virginia would also provide police support. In the event of an
emergency, the dispatcher at the VSP headquarters is normally notified. The first
response would most likely be from police units based in the local area. Additional units
dispatched from other parts of the commonwealth would supplement these resources.
The VSP would provide traffic control and additional security and would coordinate their
efforts with those of the local law enforcement agencies (e.g., the local County Sheriffs of
Louisa and Spotsylvania) as described in Section 13.3.2.2.2.a.1.

The VDGIF would provide assistance via their knowledge of local terrain and by
monitoring Lake Anna.

Additional Commonwealth of Virginia organizations having possible responsibilities in a
radiological emergency are listed in the Commonwealth of Virginia RERP, AnneK I-V to
Volume II, Appendix 2, Organization. Requests by Dominion for support services from
these organizations would be coordinated through the DEM.

3. Federal Response Organizations
In the event that an emergency classification is made pursuant to the early action levels,
Dominion would make notifications as described in Section 13.3.2.2.2.e. Dorninion
personnel would maintain contact with the NRC to ensure that accurate information and
assessment of the emergency are available to the federal government.

Details of federal assistance are described in Section 13.3.2.2.2.c.

Z. Private Sector Response Organizations

Support would be obtained from the cognizant Architect/Engineer, the Nuclear Steam
Supply System vendor, and other consultants and vendors, as appropriate, to respond
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during the emergency and recovery operations. Experienced personnel with in-depth
expertise in plant design, engineering, and construction would be involved to aid in solving
critical technical problems. Dominion would identify these consultants and vendors, as
necessary, when their relationship is referenced in a COL application.

Private-sector response may also include radiological laboratories and other facilities and
organizations, as described in Section 13.3.2.2.2.c.

5. Major Elements of Emergency Response: Functions and Responsibilities

The Virginia RERP and the risk jurisdiction RERPs apply to the radiological emergencies
caused by events at the existing units and would also apply to events at the new units.
The following major elements of emergency response are addressed therein.

* Command and control

* Alerting and notification

* Communications

* Public information

* Accident assessment

* Public health and sanitation

* Social services

* Fire and rescue

* Traffic control

* Emergency medical services

* Law enforcement

* Transportation

* Protective response

* Radiological exposure control

The legal bases for these authorities are detailed in their respective plans. The DEM
provides amendments to these plans to the Federal Emergency Management Agency.
(Reference 7)

6. Contacts and Arrangements

The existing licensed facilities maintain within the NAEP a letter of agreement with the
DOE, Field Office, Oak Ridge, and with the following Commonwealth of Virginia agencies:

* Department of Emergency Management

* Department of Health
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* Department of State Police

* Department of Game and Inland Fisheries

* Medical College of Virginia (MCV) Hospitals and Physicians, Virginia Commonwealth
University (VCU) Health Systems

The existing licensed facilities maintain within the NAEP letters of agreement with the
following local agencies:

* Louisa County Administrator

* Louisa County Volunteer Firefighter's Association

* Louisa County Sheriff

* Emergency Medical Services Association of Louisa County (Lake Anna Rescue, Inc.,
Louisa County Rescue Squad, Inc., Holly Grove Rescue Squad, Inc., Mineral Volunteer
Rescue Squad, and Trevilians Volunteer Fire Department, Inc.)

* Spotsylvania County Sheriff

* Spotsylvania Volunteer Fire Department, Inc.

* Spotsylvania County Coordinator

* Orange County Sheriff

* Orange County Administrator

* Caroline County Department of Fire & Rescue

* Caroline County Sheriff

* Hanover County Administrator

* Hanover County Sheriff

Dominion provided an overview of the Dominion ESP project to DEM Management staff
members on February 20, 2003 and to risk jurisdiction coordinators of eme gency
management on March 24, 2003. The NRC licensing process, emergency preparedness
requirements for ESP applicants, and Dominion's schedule for preparing and submitting
this ESP application were described. No impediment to pursuing an ESP has been
identified by Commonwealth of Virginia or risk jurisdiction response organizations.

b. Onsite Emergency Organization

A description of the onsite emergency organization would be provided in a COL application.
This onsite emergency organization would include an emergency coordinator, qualified in
accordance with Section 13.3.2.2.2.o.1. The emergency coordinator would respond with the
following actions:

* Classify and declare emergency classes as described in Section 13.3.2.2.2.d,
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* Initiate notifications as described in Section 13.3.2.2.2.e,

* Approve any planned exposures greater than 10 CFR 20 annual limits when appropriate, as
described in Section 13.3.2.2.2.k.

The onsite emergency organization would provide for the key functions of accident
assessment, radiological monitoring and analysis, security, fire-fighting, first aid and rescue,
and communications. (Reference 16)

1. Interfaces
Interfaces between and among the onsite functional areas of emergency activity, local
services support, and State and local government response organization are shown in
Figure 13.3-3.
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Figure 13.3-3 Onsite-Offsite Interface
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:2. Services
The existing units maintain agreements for police, fire-fighting, rescue squad, medical,
and hospital services. (Reference 24) These agreements would apply to the E.SP site.
Contacts and arrangements for these services are described in Section 13.3.2.2.2.a.6.
Rescue squads meet the licensure requirements established by the VDH Office of
Emergency Medical Services. (Reference 8)

Provisions for maintaining agreements for services are described in
Section 13.3.2.2.2.p.4, and Section 13.3.3.

c. Emergency Response Support and Resources

Circumstances prompting the implementation of an emergency response may necessitate
augmentation of Dominion's resources. Such assistance may be requested from the federal
government, radiological laboratories, and nuclear or other facilities and organizations.

1. Federal Assistance

The Federal Response Plan (FRP) provides the mechanism for coordinating the delivery
of federal assistance and resources to augment efforts of state and local governments
overwhelmed by a major disaster or emergency. The FRP supports implementation of the
Robert T. Stafford Disaster Relief and Emergency Assistance Act, as well as individual
agency statutory authorities, and supplements other federal emergency operations plans
developed to address specific hazards. The U.S. Department of Homeland Security (DHS)
has primary responsibility for coordinating federal emergency preparedness, planning,
management, and disaster assistance functions, including the establishment of federal
disaster assistance policy. The DHS has the lead in developing and maintaining the FRP.
(Reference 25)

Under provisions of Homeland Security Presidential Directive 5, Management of Domestic
Incidents, DHS has been assigned the task to develop a National Response Plan (NRP)
that integrates the federal government's domestic prevention, preparedness, response,
and recovery plans into one all-discipline, all-hazards plan. DHS also has been assigned
the task to develop a National Incident Management System to provide a consistent
nationwide approach for all levels of government to work effectively and efficiently
together to prepare for, respond to, and recover from domestic incidents, regardless of
their cause, size, or complexity. Dominion would incorporate these initiatives, as
appropriate, in a COL application. (Reference 30)

The Federal Radiological Emergency Response Plan (FRERP) (Reference 26) outlines
the federal government's concept of operations based on specific authorities for
responding to radiological emergencies. It also describes federal policies and planning
considerations on which the concept of operations for the FRERP and federal
agency-specific response plans are based, and specifies authority and responsibility of
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each federal agency that may have a significant role in such emergencies. The concept of
operations for a response provides for the designation of one agency as the Lead Federal
Agency (LFA) and for the establishment of on-scene, interagency response centErs. In a
response to an emergency involving a radiological hazard, the LFA under the FRERP is
responsible for federal oversight of onsite activities and federal assistance in conducting
radiological monitoring and assessment and developing protective action
recommendations.

The NRC is the LFA for an emergency that occurs at a commercial nuclear power reactor.
When a radiological emergency warrants action under the Stafford Act, DHS uses the
FRP to coordinate the non-radiological response to consequences off site in suppolt of the
affected State and local governments. If the FRERP and FRP are implemented
concurrently, the Federal On-Scene Commander (FOC) under the FRERP coordinates
the FRERP response with the Federal Coordinating Officer (FCO), who is responsible for
coordinating all federal support for state and local governments. The FRERP describes
the responsibilities of both the LFA and other federal agencies that may be involved and
the functions of each of the on-scene centers. Involved federal agencies include the
following:

* Department of Agriculture

* Department of Commerce

* Department of Defense

* Department of Energy

* Department of Health and Human Services

* Department of Housing and Urban Development

* Department of the Interior

* Department of Justice

* Department of State

* Department of Transportation

* Department of Veterans Affairs

* Environmental Protection Agency

* Federal Emergency Management Agency

* General Services Administration

* National Aeronautics and Space Administration
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* National Communications System

* Nuclear Regulatory Commission

Under provisions of the FRERP, DOE may respond to a state or LFA request for
assistance by dispatching a Radiological Assistance Program (RAP) team
(Reference 29). The DOE Regional Coordinating Office with responsibility for the
geographic area where the ESP site is situated is the Oak Ridge Operations Office in Oak
Ridge, Tennessee. The DOE Radiological Assistance Plan, Region 2, includes the states
of Arkansas, Louisiana, Mississippi, Missouri, Tennessee, and West Virginia; the
Commonwealths of Kentucky, Virginia, and Puerto Rico; and the U.S. Virgin Islands
(Reference 27). If the situation requires more assistance than a RAP team can provide,
DOE would alert or activate additional resources. These resources may include the
establishment of a Federal Radiological Monitoring and Assessment Center (FRMAC) to
be used as an on-scene coordination center for federal radiological assessment activities.
The FRMAC is charged with defining and monitoring the radiological impact of a nuclear
or radiological release. Because the effects of radiological contamination may last beyond
an immediate emergency, FRMAC serves as a coordination point for radiological
monitoring, assessment, evaluation, and reporting activities for the area surrounding a
radiological incident, including decontamination, recovery, and long-term environmental
monitoring. The FRMAC provides for the coordinated management of federal technical
response activities related to a radiological emergency. It has three primary goals:

* Assisting the Commonwealth of Virginia and LFA with personnel, equipment, and
technical resources, as needed

* Collecting offsite environmental radiological data

* Providing the relevant Commonwealth of Virginia agencies and the LFA offsite
environmental radiological data and related assessments

A FRMAC advance party can be expected at the site within 6 to 14 hours following the
order to deploy, depending on the availability of airports near the ESP site. Richmond
International Airport is a major commercial facility, about an 85-minute drive from the ESP
site. Smaller airports located within about an hour of the ESP site may also be used.
(Reference 24)

Under provisions of the United States Government Interagency Domestic Terrorism
Concept of Operations Plan, the operational response to a terrorist threat employs a
coordinated, interagency process organized through the LFA concept. In this
circumstance, responsibility is assigned to the DOJ and is delegated to the FBI. Initially,
the FBI functions as the on-scene manager, while FEMA retains authority and
responsibility to coordinate all federal assistance to state and local governments for
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consequence management. On-scene federal management transfers from the FBI to the
FCO when directed by the Attorney General. (Reference 28)

2. Radiological Laboratories

Radiological count laboratory resources are available through the Commonwealth of
Virginia to respond to an emergency at the ESP site. These resources include those
facilities listed below. Estimated travel times to the ESP site are provided parenthetically.

* University of Virginia, Charlottesville, Virginia (45 minutes)

* Virginia Commonwealth Laboratories, Richmond, Virginia (75 minutes)

* MCV, Richmond, Virginia (75 minutes)

* Newport News Shipbuilding & Drydock, Newport News, Virginia (3 1/2 hours)

* VDH Radiological Health Program Mobile Laboratory (1 hour)

If required at the time of the event, these additional resources can be obtained through
purchase agreements with private institutions. These agreements would not be prepared
in advance, but would be negotiated on an as-needed basis. (Reference 24)

:3. Assistance from Other Facilities and Organizations

Dominion Resources, Inc. (DRI), including its subsidiaries Virginia Power and Dominion, is
one of the nation's largest producers of energy. In 2003, DRI's portfolio consisted of nearly
24,000 MW of electric power transmitted over 6,000 miles of transmission lines, 5.7 trillion
cubic feet equivalent of natural gas reserves, 7,700 miles of natural gas pipeline, and the
nation's largest natural gas storage system with more than 960 billion cubic feet of storage
capacity. In addition to the NAPS site, the nuclear program of the DRI companies consists
of the Surry Power Station in Virginia and the Millstone Power Station in Connecticut
(Reference 45). Assistance can be made available from these facilities and organizations
as necessary. The EOF described in Section 13.3.2.2.2.h, would coordinate this
assistance. Contacts and arrangements for assistance from outside the company are
presented in the next subsection.

Like other U.S. organizations that operate commercial nuclear power plants, Virginia
Power is a member of the Institute of Nuclear Power Operations (INPO). INPO's role in
event of an emergency is to provide assistance in identifying and mobilizing the nuclear
industry. Specifically, INPO facilitates technical information flow from the affected utility to
the nuclear industry, locates replacement equipment and personnel with technical
expertise, obtains technical information and industry experience regarding plant
components and systems, and provides an INPO liaison to facilitate the interface between
INPO and the member. To support these functions, INPO maintains a dedicated
emergency notification system, designates INPO staff members to respond to requests for
assistance, and maintains a dedicated Emergency Response Center. (Reference 38)
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4. Contacts and Arrangements for Assistance
Assistance from outside DRI's organization would be coordinated from the EOF described
in Section 13.3.2.2.2.h. This includes interfaces with all levels of government and private
sector response organizations, as described in Section 13.3.2.2.2.a, and other
commercial nuclear operators as described in the sections that follow.

d. Emergency Classification System

The following emergency classification scheme would be used in the event of an emergency:

* Notification of Unusual Event - Unusual events are in process or have occurred which
indicate a potential degradation of the level of safety of the plant. No releases of radioactive
material requiring offsite response or monitoring are expected unless further degradation of
a safety system occurs.

* Alert - Events are in process or have occurred which involve an actual or potential
substantial degradation of the level of safety of the plant. Any releases are expected to be
limited to small fractions of the EPA Protective Action Guideline exposure level.

* Site Area Emergency- Events are in process or have occurred which involve actual or likely
major failures of plant functions needed for protection of the public. Any releases are not
expected to exceed EPA Protective Action Guideline exposure levels at or beyond the site
boundary.

* General Emergency - Events are in process or have occurred which involve actual or
imminent substantial core degradation or melting with potential loss of containment in.:egrity.
Releases can be reasonably expected to exceed EPA Protective Action Guideline exposure
levels offsite for more than the immediate site area.

1. Emergency Action Levels
EAL criteria would be used to determine the need for notification and participation of local
agencies, the Commonwealth of Virginia, the NRC, and other federal agencies. EAL
criteria discriminate between the emergency classification scheme levels described in
Section 13.3.2.2.2.d. The EALs would be used for determining when and what type of
protective measures should be considered within and outside the NAPS site boundary to
protect health and safety.

The classification system is not intended to include minor deviations during normal
operation. It may be discovered that an event or condition that met the classification
criteria had existed, but the basis for declaration of the emergency class no longer exists
at the time of discovery. For example, the event may have rapidly concluded or been
discovered during a post-event review. Actual declaration of an emergency class is not
warranted in these circumstances, although notification to the NRC and the DEM is
necessary.
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The EALs and plant-specific initiating conditions would be based on in-plant conditions
and instrumentation, onsite and offsite monitoring, and hazards to station operation (e.g.,
as set forth in Appendix 1 of NUREG-0654/ FEMA-REP-1, Revision 1; RG 1.101,
Revision 3; or other applicable documents) (Reference 9) (Reference 15). Dominion
would propose site-specific EALs in the COL application. These EALs would be discussed
and agreed on with the Commonwealth of Virginia and local governmental authorities and
submitted to the NRC for approval. Thereafter, they would be reviewed with the
Commonwealth of Virginia and local governmental authorities on an annual basis. After
initial approval, changes to these EALs and initiating criteria would be made without NRC
approval only if the changes do not decrease the effectiveness of the plans and the
revised plans continue to meet the standards of 10 CFR 50.47(b)(4) and the requirements
of 10 CFR 50, Appendix E.

2. Emergency Classification Levels
The Commonwealth of Virginia RERP and local government RERPs would provide an
emergency classification level scheme consistent with that established by Dominion as
required by 44 CFR 350.5(a)(4).

e. Notification Methods and Procedures

Dominion would provide means for notifying the Commonwealth of Virginia arid risk
jurisdictions, ERO personnel, and the populace within the plume exposure pathway's EPZ
described in Section 13.3.2.2.1.a.

1. Basis for Notification
Upon initial classification and declaration of an emergency class, as described in
Section 13.3.2.2.2.d, an individual qualified in accordance with radiological emergency
response training (Section 13.3.2.2.2.o) would assume emergency coordinator
responsibilities. This individual would initiate notifications applicable to the emergency
class and event.

The Commonwealth of Virginia and risk jurisdictions would be notified promptly fo lowing
declaration of an emergency class, including any classes that are immediately terminated.
The capability for notifying these agencies within 15 minutes after declaring an emergency
would be maintained (Reference 5). The content of the notification would include the class
of the emergency and information regarding whether a release is in progress. The
Commonwealth of Virginia would be notified of any recommended protective measures.
Additional information, including meteorological data, would be provided in later
notifications as it becomes available (Reference 15). As described in the EALs section
(Section 13.3.2.2.2.d), the Commonwealth of Virginia would be notified if it is discovered
that an event or condition that met the classification criteria, had existed, but that the basis
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for declaration of the emergency class no longer existed at the time of discovery
(Reference 19).

The NRC Operations Center would be notified immediately thereafter and not later than
one hour after the classification of an emergency as described in Section 13.3.2.2.2.d.
The ERDS would be activated as soon as possible but not later than one hour after
declaring an emergency class of alert, site area emergency, or general emergency. An
open, continuous communication channel with the NRC Operations Center would be
maintained upon request by the NRC (Reference 4).

2. Alerting, Notifying and Mobilizing Emergency Response Personnel

At the Notification of Unusual Event emergency class, onsite notification would be limited
to personnel involved in event response and the NRC Senior Resident Inspector.

Dominion's ERO and uninvolved onsite personnel would promptly be made aware of an
emergency that is initially classified and declared as an Alert or higher event promptly,
unless doing so poses a threat to personnel safety. Severe weather and a security breach
are examples of situations that may dictate suspension or deferral of the processes for
alerting, notifying, and mobilizing emergency response personnel. However, these
activities would be implemented as quickly as achievable, given the specific situation. The
normal processes for alerting, notifying, and mobilizing the ERO are multifaceted,
including alarms, announcements, pagers, telephones, on-line messages, etc.

NAPS site personnel, including security personnel, and/or personnel from the VDGIF
would alert individuals within the Exclusion Area.

3. Means for Notifying and Instructing the Public

Protective Action Zones (PAZ), primary evacuation routes, and evacuation assembly
centers (EAC) have been established in the event that an evacuation is recommended.
This information is published and distributed by the Commonwealth of Virginia
(Reference 31).

Dominion would rely on the already installed Alert and Notification System (ANS) already
installed around the NAPS site to support the new units. Sirens have been installed using
the guidance contained in NUREG-0654/FEMA-REP-1, Revision 1, and FEMA-REP-10
(Reference 21). The purpose of the ANS is to ensure that essentially 100 percent of the
population within 5 miles of the site can be alerted within 15 minutes and that essentially
100 percent of the population from 5 to 10 miles from the site who may not have received
the initial notification can be alerted within 45 minutes (Reference 15). The FEMA
approved the ANS for the existing units in 1987, pursuant to 44 CFR 350 (Reference 44).
Virginia Power is responsible for maintaining and periodically testing the ANS, including
sirens located throughout the plume exposure pathway EPZ described in
Section 13.3.2.2.1.a.
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The Commonwealth of Virginia and risk jurisdictions have ultimate responsibility for
warning the public. Should it be necessary, Commonwealth of Virginia and local
authorities, with the assistance of the VSP, would alert the public within the plume
exposure pathway EPZ described in Section 13.3.2.2.1.a. The primary method of alerting
the public is by sounding the ANS sirens. Other alerting methods may include telephone
communications, television and radio communications via the Emergency Alert System
(EAS) stations, public address systems, bull horns from patrol cars, and personal contact.
Details are provided in the Commonwealth of Virginia RERP and local RERPs.

Members of the public within the plume exposure pathway EPZ described in
Section 13.3.2.2.1.a would be informed of what actions to take after being alerted. Upon
being alerted, they would be instructed to turn on their radios or television sets to tile EAS
to receive further instructions. Louisa and Spotsylvania Counties and the Commonwealth
of Virginia have 24-hour-a-day capability to activate the ANS sirens. The Commonwealth
of DEM prepares messages sent out over the EAS. Written, pre-planned messages
intended for transmittal to the public via radio and television stations would be consistent
with the emergency classification level scheme described in Section 13.3.2.2.2.d. The
messages would give instructions with regard to specific actions to be taken by the
occupants of the inhabited area. The messages would, as appropriate, give instructions
on the nature of the emergency and information concerning the recommended protective
action, sheltering, thyroid blocking potassium iodide, or evacuation. (Reference 31)

f. Emergency Communications

Dominion would provide the means for prompt communications with the Commonwealth of
Virginia, risk jurisdiction, and federal government EROs; the means to alert and activate the
E.'P site ERO; and arrangements for communicating with medical support facilities.

1. Communication With the Commonwealth of Virginia

Dominion would maintain the capability for notifying the Commonwealth of Virginia within
15 minutes after declaring an emergency as described in Section 13.3.2.2.2.d would be
maintained (Reference 5). The content of the notification is described in
Section 13.3.2.2.2.e (Reference 15).

2. Communication With the Risk Jurisdictions

Dominion would maintain the capability for notifying the risk jurisdictions within 15 minutes
after declaring an emergency as described in Section 13.3.2.2.2.d would be maintained
(Reference 5). The content of the notification is described in Section Section 13.3. 2.2.2.e
(Reference 15).

2-13-19 Revision 6
April 2006



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

3. Communication With Federal Response Organizations

Dominion would maintain the capability for notifying the NRC Operations Center
immediately after notifying the Commonwealth of Virginia and the risk jurisdictions, and
not later than one hour after classifying an emergency, as described in
Section 13.3.2.2.2.d, would be maintained (Reference 4). Requests for federal assistance
would be communicated to the LFA as described in Section 1 3.3.2.2.2.c, or the cognizant
department, agency, bureau, or service, as appropriate (Reference 29).

4. Communication With the Dominion Emergency Response Organization

The ESP site ERO would be alerted for activation via multiple communications methods,
e.g., plant alarms and/or announcements, pagers, telephones, on-line messages, etc.

5. Communication With Medical Support Facilities

Communication can be maintained with the hospital service described in
Section 13.3.2.2.2.1, from the ESP site. The ESP site would also be able to communicate
with the ambulance by use of an ultra-high frequency radio or mobile telephone, and the
ambulance can communicate with the hospital service by way of the Hospital Emergency
and Administrative Radio system or mobile telephone.

g. Public Education and Information

Dominion would implement an emergency information program for the public and the news
media.

1. Informing the Public

Information describing the emergency notification process and actions that should be
taken in the event of an emergency is provided to the public within the NAPS site plume
exposure pathway EPZ on an annual basis, as described in Section 13.3.2.2.1.a. The
following information is provided to the public:

* Educational information on radiation

* Contact points for obtaining additional information

* Protective measures (e.g., evacuation routes and relocation centers, sheltering,
respiratory protection, radio-protective drugs)

* Special needs of the handicapped and the transient population

(Reference 22)

Dominion would coordinate its public information efforts with the Commonwealth of
Virginia and local authorities to ensure that the public is informed by using the best means
available. These means may include the following:

* Information in telephone books
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* Utility bill inserts

* Postings in public areas

* Publications (e.g., brochures, calendars) distributed on a periodic basis

Dominion intends to rely on the already established Virginia Power program for informing
the public in the area surrounding the ESP site (Reference 24).

2. Informing the News Media

A program to acquaint the news media with the following information is offered on an
annual basis:

* Emergency plans

* Information concerning radiation

* Points of contact for release of public information in an emergency

Dominion intends to rely on the already established program for informing the media in the
area surrounding the ESP site.

h. Emergency Facilities and Equipment

Dominion would make provisions for emergency facilities and equipment to support an
emergency response. However, because the detailed information needed to support a
complete description of emergency facilities and equipment is not available at this time,
Dominion does not seek approval of this major feature. This discussion in this subsection is
provided only for general information and completeness.

1. Technical Support Center

Dominion would make provisions for a TSC located near the control room. Personnel
reporting to the TSC would plant provide management and technical support to the control
room staff during emergency conditions. The TSC would have technical and data displays
and plant records available to assist in the detailed analysis and diagnosis of abnormal
plant conditions. The TSC would be the primary onsite communications center for the
plant during an emergency. (Reference 18)

2. Operational Support Center

Dominion would provide for an Operational Support Center (OSC) assembly area
separate from the control room and the TSC. Personnel reporting to the OSC can be
assigned duties in support of emergency operations. (Reference 18)

3. Emergency Operations Facility

Dominion would provide for an EOF for the management of the overall licensee
emergency response (including coordination with federal, Commonwealth of Virginia, and
risk jurisdiction officials), coordination of radiological and environmental assessments, and
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determination of recommended public protective actions. The EOF would have technical
and data displays and plant records available to assist in the diagnosis of plant conditions.
The EOF staff would evaluate the potential or actual release of radioactive materials to the
environment. The EOF would be the primary offsite communications center for the plant
during an emergency. (Reference 18)

*4. Emergency Operations Centers

The Commonwealth of Virginia and the risk jurisdictions have established EOCs for use in
directing and controlling emergency response functions.

i. Accident Assessment

Dominion would provide methods, systems, and equipment for assessing and monitoring
actual or potential offsite consequences of a radiological emergency condition.

1. Contacts and Arrangements for Meteorological Information

The existing units' Meteorological Monitoring System has the capability for collecting data
used for making near real-time predictions of the atmospheric effluent transport and
diffusion. The primary tower and backup tower have been sited to provide an accurate
representation of regional meteorological conditions (Reference 23). The data would be
accessible to the new unit's control room, the TSC, and the EOF (Reference 18). Suitable
meteorological information would be made available to the Commonwealth of Virginia as
described in Section 13.3.2.2.2.e (Reference 15).

The NOAA is the primary agency within the DOC responsible for providing assistance to
the federal, state, and local organizations responding to a radiological emergency under
provisions of the FRERP as described in Section 13.3.2.2.2.c. Within NOAA, the 1NWS is
the primary source of weather data, forecasts, and warnings for the United States. The
Weather Forecast Office Baltimore/Washington in Sterling, Virginia, has jurisdiction over
the area of the Dominion ESP site. (Reference 26)

2. Contacts and Arrangements for Field Monitoring

Dominion would make provisions to obtain offsite data by field monitoring within the plume
exposure pathway's EPZ described in Section 13.3.2.2.1.a. These field-monitoring
activities would be coordinated from the EOF, described in Section 13.3.2.2.2.h. Dominion
would coordinate its field monitoring efforts with the VDH under provisions of the
Commonwealth of Virginia RERP (Reference 31).

3. Contacts and Arrangements for Locating and Tracking Plume

Dominion and the Commonwealth of Virginia would rely on the DOE for airborne
radioactive plume tracking under provisions of the FRERP as described in
Section 13.3.2.2.2.c. (Reference 26) (Reference 27) (Reference 29) (Reference 31)
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j. Protective Response

This section describes a range of protective actions for the public and emergency workers in
the plume exposure pathway EPZ (Section 13.3.2.2.1.a), guidelines for choosing protective
actions during an emergency, and protective actions associated with the IPZ.

1. Evacuation of Onsite Individuals

Emergency assembly areas have been established outside the existing units Protected
Area to facilitate the dissemination of information to personnel. The same areas would be
used to support the new units. Dominion may elect to direct an early personnel release in
the absence of radiological or chemical agents necessitating evacuee monitoring. If
evacuation of onsite individuals is necessary, evacuees would be directed to either the
primary or secondary remote assembly area (RAA) depending on specific radiological and
environmental conditions. (see Figure 13.3-4)

Evacuees would use personal vehicles for transportation. Evacuees would be surveyed
for contamination following events involving a release, and would be decontaminated, if
necessary, prior to being released from the RAA. Decontamination agents and supplies
are available at the NAPS site and can be transported to the RAAs to provide
decontamination capabilities. (Reference 24)

2. Protective Action Recommendations

The senior Dominion representative in the EOF (or the senior Dominion representative in
the Control Room or TSC if the EOF is not yet activated) would be responsible to the
Commonwealth of Virginia for recommending offsite protective actions. The
Commonwealth of Virginia and risk jurisdictions are responsible for notifying the public
and implementing the appropriate protective measures as described in
Section 13.3.2.2.2.e.3. Protective action recommendations are to be made to the
Commonwealth of Virginia within 15 minutes of declaring a General Emergency under
provisions of Section 13.3.2.2.2.d. It is anticipated that the initial protective action
recommendation is to be based on plant conditions. Follow-up protective action
recommendations that Dominion may make to the Commonwealth of Virginia would be
based on current meteorological data such as wind direction, wind speed and stability
class, and dose projections. This guidance is based on NUREG-0654/FEMA-REP-1,
Supplement 3, and EPA 400-R-92-001 (Reference 17) (Reference 22).

3. Evacuation Time Estimates

The most recent NAEP ETE, based on Census 2000 data, is applicable to the ESP site.
Evaluation time estimates based on different affected population areas and weather
conditions range from 85 minutes to 105 minutes. (Reference 42)
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NAPS

Gr',phic Po. SB1212

Figure 13.3-4 Remote Assembly Areas

4. Implementation of Protective Measures
The most recent NAEP ETE includes maps showing the site and the plume exposure
pathway EPZ described in Section 13.3.2.2.1.a, transportation networks (evacuation
routes), topographical features, political boundaries, and PAZ. Population information is
presented in a 2-mile, 5-mile and 10-mile ring and 16-sector format map. Population
information is presented in tables by 2-mile, 5-mile and 10-mile ring and 16-sector format
and by PAZ.

The means for notifying the transient and resident population is described in
Section 13.3.2.2.2.e.3.

k. Radiological Exposure Control

Dominion would make provisions for controlling radiological exposures of emergency workers
in an emergency.
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1. Guidelines on Dose Limits
Dominion would maintain dose within the limits of 10 CFR 20 limits under normal
operating conditions. (Reference 1) Emergency response personnel may, because of
necessity, receive a once-in-a-lifetime exposure to contamination and radiation up to the
10 CFR 20 annual limits, not including accumulated occupational exposure. These limits
apply to the following activities:

* Removing injured persons

* Undertaking corrective actions

* Performing assessment actions

* Performing field radiological measurements in the plume exposure pathway EPZ
described in Section 13.3.2.2.1.a

* Providing first aid

* Performing personnel decontamination

* Providing ambulance service

* Providing medical treatment services

* Exposure in excess of these limits would be controlled as described in
Section 13.3.2.2.2.k.4.

2. Onsite Radiation Protection Program
Emergency exposure may be authorized for such needs as removal of injured personnel,
undertaking corrective actions, performing assessment actions, providing first aid,
performing personnel decontamination, providing ambulance service, providing medical
treatment, etc. Guidelines for emergency exposure limits are consistent with EPA
Emergency Worker and Life Saving Activity Protective Action Guides. (Reference 20).

The existing units radiological protection procedures specify levels of permissible
radioactive contamination for workers and equipment. Actions are required to be taken
when levels for equipment or areas exceed these limits. Any detected personnel
contamination initiates appropriate evaluation and decontamination in accordance with
these procedures. These procedures would be applicable for the ESP site or this function
would be addressed in future radiological protection procedures.

The existing units have onsite contamination control procedures that provide for access
control. These procedures state the criteria for permitting the return of the areas and their
contents to normal use. These procedures would be applicable for the ESP site or this
function would be addressed in future radiological protection procedures.

No food supplies are grown on the ESP site and the water supplies come from deep wells
(Reference 23). The existing units have procedures to monitor contamination in areas
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designated as permissible for employees to eat and drink during the emergency and
recovery phases of operations. These procedures would be applicable for the ESFP site or
this function would be addressed in future radiological protection procedures.

3. Tracking Doses

Emergency workers at the ESP site would receive direct reading and permanent: record
dosimeters. Dose records would be maintained in accordance with existing units
radiological protection procedures or future radiological protection procedures.

4. Authorization of Exposure Above Dose Limits

Approval from the emergency coordinator is necessary for planned exposures greater
than the 10 CFR 20 annual limits. Under limited circumstances, exposure levels greater
than 5 times the 10 CFR 20 annual limits may be allowed, but only on a voluntary basis to
persons fully aware of the risks involved. Selection criteria for volunteer emergency
workers includes consideration of those who are in good physical health, are familiar with
the consequences of emergency exposure, and are not a declared pregnant adult. It is
preferable, though not mandatory, that volunteers be older than 45 years of age and not
be females capable of reproduction. (Reference 1) (Reference 20)

Table 13.3-1 Dose Limit Guidelines

Emergency Worker Activity Dose Limit Condition

All 5 Rem TEDE

Protecting valuable property 10 Rem TEDE Lower dose not practicable.

Lifesaving or protection of large 25 Rem TEDE Lower dose not practicable.
populations

Lifesaving or protection of large >25 Rem TEDE Only on a voluntary basis to
population persons fully aware of the

risks involved.

TEDE = Total effective dose equivalent.

El. Decontamination

If onsite personnel are required to relocate or routinely leave the site during an
emergency, Dominion would provide adequate supplies for personnel decontamination,
clothing, and a means for decontaminating the clothing. If radio-iodine contamination of
the skin is determined, or needed supplies, instruments, or equipment are contaminated;
then provisions would be made to provide for decontamination as specified in the existing
units' radiological protection procedures or this function would be addressed in future
radiological protection procedures. (Reference 24)
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Health Physics personnel can perform the decontamination task at the existing units or the
ESP site, the RAA, or if necessary, at Patrick Henry High School in Hanover County.
(Reference 34)

Personnel with wounds that become contaminated would be decontaminated to the extent
achievable or prepared for transport to the hospital service described in
Section 13.3.2.2.2.1. (Reference 24)

I. Mledical and Public Health Support

Dominion would make contacts and arrangements for medical services for contaminated
injured individuals.

1. Arrangements for Hospital Services
Virginia Power has made arrangements with the MCV in Richmond, Virginia, to provide
medical assistance to personnel injured or exposed to radiation and/or radioactive
material. MCV has developed its own emergency plan, designed to provide medical care
in the case of a radiation emergency. The MCV Radiation Emergency Plan supports the
NAPS site in case of occupational and/or major accidents, including contaminated
personnel. MCV's plan establishes a specialized area of the hospital for treatment with
appropriate Health Physics functions, and implements a coded system to alert hospital
team members. Radiation monitoring equipment, dosimetry, and protective clothing are
available at MCV.

Based on the quality of the facilities at MCV, the NRC has accepted the absence of
arrangements for a back-up hospital. (Reference 13) Arrangements for the use of MCV's
facilities would apply to the ESP site. In the event of a need for their support, a call ahead
to MCV would be made to alert them to activate their Radiation Emergency Plan.
(Reference 37)

Z. Arrangements for Medical Services
The Commonwealth of Virginia Radiation Emergency Response Plan contains lists
indicating the location of public, private, and military hospitals and other medical service
facilities within the Commonwealth of Virginia that are capable of providing medical
support for any contaminated or injured individual. The listing includes the name, location,
type of facility, capacity, and radiological capabilities. Contacts and arrangements are
described in the plan.

m. Recovery and Re-entry Planning and Post-Accident Operations

NLJREG-0654, Supplement 2, Section V, deems that the Recovery ind Re-entry Planning and
Post-accident Operations planning standard is inappropriate for the ESP application. This
section is included herein to conform to the emergency plan structure anticipated for a COL
application.
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n. Exercises and Drills

NUREG-0654, Supplement 2, Section V, deemed that the Exercises and Drills planning
standard is inappropriate for the ESP application phase. This section is included herein to
conform to the structure anticipated for a COL application's Emergency Plan.

o. Radiological Emergency Response Training

Personnel designated to fill ERO positions at the existing units receive training in accordance
with the Nuclear Power Station Emergency Preparedness Training (NPSEPT) Program Guide.
The NPSEPT Program Guide contains the curriculum design and requirements for program
management, implementation, evaluation, and documentation. Emergency preparedness
training not conducted by the Nuclear Emergency Preparedness (NEP) staff is conducted
pursuant to supporting department training program guidance. NEP verifies that this
departmental training is consistent with the provisions of the NPSEPT Program Guide. These
training programs, taken collectively, establish the initial training and retraining requirements
for the existing units' ERO positions.

The existing units' Site Vice-President is responsible for ensuring that station personnel are
trained in accordance with the NPSEPT Program Guide. Department directors, managers, and
supervisors are responsible for ensuring that their personnel receive training. The Director
Nuclear Protection Services and Emergency Preparedness is responsible for developing and
scheduling training programs that meet the requirements of this plan and for maintaining
records to document the training. NEP personnel, other than those designated to develop
training programs, independently verify that the training required by the NPSEPT Program
Guide is accomplished.

Dominion intends to rely on the existing NPSEPT Program Guide to provide the framework for
conducting specialized initial training and periodic retraining for Dominion personnel at the
new units. Specific training requirements for ERO personnel supporting the new units would
be incorporated into the NPSEPT Program Guide.

1. Training for Response Organization Coordinators
Emergency Plan training for ERO coordinators would address assessing emergencies,
emergency assessment and classification, notification systems, site evacuation,
emergency radiation exposure authorization, offsite support group capabilities,
organizational interfaces and recovery.

2. Training for Accident Assessment
Emergency Plan training for ERO accident assessment personnel would address the
means for determining the magnitude of and for continually assessing the impact of the
release of radioactive materials, including EALs for event classification and means for
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determining when and what type of protective measures should be considered wilthin and
outside the site boundary to protect health and safety.

3. Training for Radiological Monitoring and Analysis
Emergency Plan training for personnel performing the radiological monitoring and analysis
functions would address control of ERO personnel performing radiological monitoring and
analysis, dose assessment, emergency exposure evaluation, and protective measures.

.4. Training for Police, Security, and Fire-Fighting Personnel
Dominion has no police powers. Training for local law enforcement agencies is addressed
in Section 13.3.2.2.2.o.6. Emergency Plan training for onsite security personnel would
address emergency organizational interfaces and communications systems to supplement
training which would be described in a COL application. Emergency Plan training for
onsite fire-fighting personnel would address emergency organizational interfaces and
communications systems to supplement training, which would be described in a COL
application.

5. Training for First Aid and Rescue Personnel
Emergency Plan training for onsite first aid personnel would address emergency
organizational interfaces and communications systems that would be described in a COL
application. Onsite fire-fighting personnel, who provide the onsite rescue functions, are
described in Section 13.3.2.2.2.o.4.

6. Training for Local Support Services Personnel

The local support services personnel who support the existing units during an emergency
receive training as part of their own emergency preparedness programs. For example, the
Commonwealth of Virginia and local governments conduct training for their personnel as
part of their RERP program. The existing units offers site-specific emergency response
training on an annual basis to personnel in local support organizations that have agreed to
provide assistance. The organizations include the Commonwealth of Virginia Department
of State Police and local county sheriffs' departments, volunteer fire companies, and
rescue squads. This annual training addresses the following topics:

* The basic scope of the NAEP

* Emergency classifications

* Notification methods

* Basic radiation protection

* Station access procedure

* The individual, by title, in the station ERO who would direct their activities onsite
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* Definition of their support roles

* Site access procedures

The same or similar training would be provided to personnel providing local support
services to the new units at the ESP site.

7. Training for Medical Support Personnel
Arrangements for medical support personnel who may support the existing units or the
new units at the ESP site during an emergency are addressed in Section 13.3.2.2.2.1. The
qualifications of personnel who may perform these functions are provided by their
accrediting organization; such as, the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO). The existing units and the ESP site would respond to requests
for site-specific emergency response training for medical support personnel who have
agreed to provide assistance similar to that described in Section 13.3.2.2.2.o.6.

3. Training for Communicators
Emergency Plan training for ERO communicators would address notifications and reports
to offsite authorities, communication and data acquisition systems and organizational
interfaces.

p. Responsibility for the Planning Effort

Responsibility for the planning effort resides with Virginia Power's NEP Department. This
department exists under the Nuclear Protection Services and Emergency Preparedness
organization within Virginia Power's Nuclear Business Unit.

1. Training for Individuals Responsible for the Planning Effort

Individuals responsible for the planning effort would be afforded training commensurate
with their duties and existing knowledge, skills and abilities. This may include site-specific
offerings such as plant systems training and offerings from external sources, e.g., the
FEMA Emergency Management Institute (EMI), the National Emergency Training Center,
the Harvard School of Public Health, Nuclear Energy Institute (NEI), etc.

2. Responsibility for Radiological Emergency Response Planning
The Virginia Power Senior Vice President - Nuclear Operations and Chief Nuclear Officer,
who possesses the overall authority for maintaining emergency preparedness, has
delegated the responsibility for program implementation to the Senior Vice President -
Nuclear Operations, and program maintenance to the Vice President - Nuclear Support
Services. The Senior Vice President - Nuclear Operations has delegated the
responsibility for NAPS site emergency preparedness to the NAPS Site Vice President.
The Vice President - Nuclear Support Services has delegated the responsib lity for
maintaining emergency preparedness to the Director Nuclear Protection Services and
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Emergency Preparedness. This responsibility would be extended to the E';P site.
(Reference 23)

3. Plan Development and Coordination

The Director-Nuclear Protection Services and Emergency Preparedness is responsible for
developing the ESP site Major Features Emergency Plan and coordinating this plan with
other response organizations. Provisions for maintaining this plan are addressed in
Section 13.3.2.2.2.p.4. (Reference 23)

4. Plan and Agreement Maintenance

NUREG-0654, Supplement 2, Section V, Evaluation Criterion P.4, provides that "[e]ach
organization shall update its plan and agreements as needed." Following approval of the
emergency planning information in the Dominion ESP site Major Features Emergency
Plan, there is no requirement to update the plan or its supporting-organization agreements
until after an operating license is issued. Dominion would update the emergency planning
information as necessary in a COL application. Any changes that represent a decrease in
the effectiveness of the previously approved information with respect to the standards of
10 CFR 50.47(b) or requirements of 10 CFR 50, Appendix E, would be specifically
identified and addressed.

5. Distribution of Emergency Plans

The ESP site Emergency Plan would be prepared when a COL application is made. Upon
issuance, the Emergency Plan and approved changes thereto would be forwarded to
organizations and appropriate individuals with responsibility for its implementation.
Revised pages would be marked to show where changes have been made. Revised
pages would be dated or marked with a revision number associated with an effective date.

6. Emergency Plan Content

The ESP site major features emergency plan addresses the evaluation criteria contained
in NUREG-0654, Supplement 2, Section V, as shown in Table 13.3-2 (Reference 1 5).
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Table 13.3-2 Cross Reference to NUREG-0654, Supplement 2

Major Features
Evaluation Emergency Plan Evaluation Major Features
Criteria Section Criteria Emergency Plan Section

A.1 13.3.2.2.2.a.1, 13.3.2.2.2.a.4 J.3 13.3.2.2.2.j.3

A.2.a - A.2.b State & Local Plans Only J.4.a - J.4.c 13.3.2.2.2.j.4

A.3 13.3.2.2.2.a.6 J.4.d - J.4.1 State & Local Plans Only

B.1 13.3.2.2.2.b.1 J.5 State & Local Plans Only

B.2 13.3.2.2.2.b.2 K.1.a - K.1.h 13.3.2.2.2.k.1

C.1 13.3.2.2.2.c.1 K.2 13.3.2.2.2.k.2

C.2 13.3.2.2.2.c.2 K.3.a - K.3.b 13.3.2.2.2.k.3

C.3 13.3.2.2.2.c.3 K.4 13.3.2.2.2.k.4

C.4 13.3.2.2.2.c.4 K.5.a - K.5.b 13.3.2.2.2.k.5

D.1 13.3.2.2.2.d.1 L.1 13.3.2.2.2.1.1

D.2 State & Local Plans Only L.2 State Plan Only

E.1 13.3.2.2.2.e.1 M Section 13.3.2.2.2.m

E.2 13.3.2.2.2.e.2 N Section 13.3.2.2.2.n

E.3 13.3.2.2.2.e.3 O.1.a 13.3.2.2.2.o.1

F.1.a 13.3.2.2.2.f.1, 13.3.2.2.2.f.2 O.1.b 13.3.2.2.2.o.2

F.1.b 13.3.2.2.2.f.3 0.1.c 13.3.2.2.2.o.3

F.1.c 13.3.2.2.2.f.4 0.1.d 13.3.2.2.2.o.4

F.2 13.3.2.2.2.f.5 0.1.e Omitted

G.1 13.3.2.2.2.g.1 O.1.f 13.3.2.2.2.o.5

G.2 13.3.2.2.2.g.2 O.1.g 13.3.2.2.2.o.6

H.1 13.3.2.2.2.h.1, 13.3.2.2.2.h.2 O.1.h 13.3.2.2.2.o.7

H.2 13.3.2.2.2.h.3 O.1.i 13.3.2.2.2.o.8

H.3 State & Local Plans Only P.1 13.3.2.2.2.p.1

1.1 13.3.2.2.2.i.1 P.2 13.3.2.2.2.p.2

1.2 13.3.2.2.2.i.2 P.3 13.3.2.2.2.p.3

1.3 13.3.2.2.2.i.3 P4 13.3.2.2.2.p.4

J.1 13.3.2.2.2.j.1 P.5 13.3.2.2.2.p.5

J.2 13.3.2.2.2.j.2 P.6 13.3.2.2.2.p.6
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13.3.3 Contracts and Arrangements

Pursuant to 10 CFR 52.17(b)(3), a description of contacts and arrangements made with
local, state, and federal governmental agencies with emergency planning responsibilities,
and documentation thereof, is provided herein.

* U. S. Department of Energy - Field Office, Oak Ridge.

* Commonwealth of Virginia Department of Emergency Management

* Commonwealth of Virginia Department of Health

* Commonwealth of Virginia Department of State Police

* Commonwealth of Virginia Department of Game and Inland Fisheries

* MCV Hospitals and Physicians, VCU Health Systems

* Louisa County Administrator

* Louisa County Volunteer Firefighter's Association

* Louisa County Sheriff

* Emergency Medical Services Association of Louisa County

* Lake Anna Rescue, Inc.

* Louisa County Rescue Squad, Inc.

* Holly Grove Rescue Squad, Inc.

* Mineral Volunteer Rescue Squad

* Trevilians Volunteer Fire Department, Inc.

* Spotsylvania County Sheriff

* Spotsylvania Volunteer Fire Department, Inc.

* Spotsylvania County Coordinator

* Orange County Sheriff

* Orange County Administrator

* Caroline County Department of Fire & Rescue

* Caroline County Sheriff

* Hanover County Administrator

* Hanover County Sheriff

Supporting organization agreements would be updated when referenced in a COL
application.

Dominion provided an overview of the ESP project to DEM staff members on
February 20, 2003 and to risk jurisdiction coordinators of emergency management on
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March 24, 2003. The NRC licensing process, emergency preparedness requirements for
ESP applicants, and Dominion's schedule for preparing and submitting this ESP application

Anna were described at both meetings. During the discussions regarding the ESP process,

no impediments to pursuing an ESP was identified by Commonwealth of Virginia or risk

jurisdiction response organizations.

It is Dominion's understanding that the NRC would coordinate reviews and schedules

relative to the ESP site's Major Features Emergency Plan with the Federal Emergency
Management Agency (FEMA) in accordance with their current memorandum of

understanding.

13.3.4 Conformance with NUREG-0652, Supplement 2

Differences between emergency planning information relative to this ESP application and

the guidance provided by NUREG-0654, Supplement 2, including planning standards or
evaluation criteria not addressed, are cross-referenced and described below:

Section Description of Difference(s)

11 References to future emergency plan implementing procedures describing
integration of response actions with current or future licensees are made herein.

Ill.A The possible application of analyses performed subsequent to the WASH-1400
report, design-specific factors, and legislative or regulatory initiatives may affect
the size of the plume exposure pathway EPZ described in Section 13.3.2.2.1.a
and the IPZ described in Section 13.3.2.2.1.b is noted.

V.A.1 Private sector response from the Architect/Engineer and the nuclear steam
system supplier are not addressed as these organizations have not yet been
identified.

V.A.3 and V.B.2 Letters of agreement with supporting agencies are the existing letters of
agreement in the NAEP.

V.C.1 Affect of the yet-to-be-issued NRP upon this plan are unknown.

V.C.2 Radiological count laboratory resources would be obtained through purchase
agreements with private institutions. These purchase agreements are not
prepared in advance, but would be negotiated on an as needed basis.

V.D.1 Emergency Action Levels may be developed in accordance with Appendix 'I of
NUREG-0654/FEMA-REP-1, Revision 1, or RG 1.101, Revision 3; or other
applicable guidance that may be available at the time application is made for a
COL. RG 1.101, Revision 4, provides for use of an EAL scheme not referenced in
NUREG-0654, Supplement 2 (Reference 16) (Reference 10). The
yet-to-be-selected design may dictate use of yet another EAL scheme, or a
site-specific model may be needed.

V.G.1 Emergency planning information, including that presented in the ESP Major
Features Plan would be updated when it is referenced in a combined licensel
application.
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Section

V.J.4.a

V.J.4.b

V.K.2, V.K.3
and V.K.5

V.L.1

0.1.d and O.1.f

V.0.1 .h

Description of Difference(s)

Population information by PAZ is presented in tables rather than in a map.

Location of Emergency Assembly Centers are listed rather than appearing on a
map.

References to future radiological protection procedures are made herein.

Based on the quality of facilities at MCV, arrangements for a back-up hospital
were excluded.

References to future Security Plan, Fire Protection Program and Accident
Prevention Manual are made herein.

Provisions for responding to requests for site-specific emergency response
training for medical support personnel are included in lieu of a description cf a
training program for instructing and qualifying such personnel.

Revised pages would be dated or marked with a revision number associated with
an effective date in lieu of dating each page.

V.P.5
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Section 13.3 References

1. 1 0 CFR 20, Standards for Protection Against Radiation, U.S. Nuclear Regulatory Commission.

2. 1'0 CFR 50.47, Emergency Plans, U.S. Nuclear Regulatory Commission.

3. 11) CFR 50.54, Conditions of Licenses, U.S. Nuclear Regulatory Commission.

4. 10) CFR 50.72, Immediate Notification Requirements for Operating Nuclear Power Reactors,
U.S. Nuclear Regulatory Commission.

5. 11) CFR 50, Appendix E, Emergency Planning and Preparedness for Production and
Utilization Facilities, U.S. Nuclear Regulatory Commission.

6. 10) CFR 52, Early Site Permits; Standard Design Certifications; and Combined Licenses for
Nuclear Power Plants, U.S. Nuclear Regulatory Commission.

7. 44 CFR 350, Review and Approval of State and Local Radiological Emergency Plans and
Preparedness, Federal Emergency Management Agency.

8. 12 VAC 5-31, Virginia Emergency Medical Services Regulations, Commonwealth of Virginia
Slate Board of Health, April 23, 2003.

9. Regulatory Guide 1.101, Emergency Planning and Preparedness for NuclearPowerReactors,
Revision 3, U.S. Nuclear Regulatory Commission, August 1992.

10. Regulatory Guide 1.101, Emergency Planning and Preparedness for NuclearPowerReactors,
Revision 4, U.S. Nuclear Regulatory Commission, July 2003.

11. Regulatory Guide 1.183, Alternative Radiological Source Terms For Evaluating Design Basis
Accidents At Nuclear Power Reactors, U.S. Nuclear Regulatory Commission, July 2000.

12. NIJREG-75/014, Reactor Safety Study: An Assessment of Accident Risks in U.S. Commercial
NuclearPowerPlants, U.S. Nuclear Regulatory Commission, October 1975 (WASH-14030).

13. NIJREG-0053, Safety Evaluation Report related to the operation of North Anna Power Station,
Unit 2, Supplement No. 11, U.S. Nuclear Regulatory Commission, August 1980.

14. NUJREG-0396; EPA 520/1-78-016, Planning Basis for the Development of State and Loyal
Government Radiological Emergency Response Plans in Support of Light Water Nuclear
Power Plants, U.S. Nuclear Regulatory Commission, December 1978.

15. NIJREG-0654/FEMA-REP-1, Criteria for Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants, U. S.
Nuclear Regulatory Commission, November 1980.
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16. N UREG-0654/FEMA-REP-1, Supplement 2, Criteria for Emergency Planning in an Early Site
Fermit Application. Draft Report Comment, U.S. Nuclear Regulatory Commission,
April 1, 1996.

17. NUREG-0654/FEMA-REP-1, Supplement 3, Criteria for Protective Action Recommendations
for Severe Accidents, Draft Report of Interim Use and Comment, U.S. Nuclear Regulatory
Commission, July 1,1996.

18. NUREG-0696, Functional Criteria for Emergency Response Facilities, U.S. Nuclear
Regulatory Commission, January 1, 1981.

19. NUREG-1022, Event Reporting Guidelines: 10 CFR 50.72 and 50.73, Revision 2, U.S.
Nuclear Regulatory Commission, October 1, 2000.

20. EPA 400-R-92-001, Manual of Protective Action Guides and Protective Actions for Nuclear
Incidents, Environmental Protection Agency, May 1992.

21. FIEMA-REP-1 0, Guide for the Evaluation of Alert and Notification Systems for Nuclear Power
Plants, Federal Emergency Management Assistance, November 1985.

22. FEMA-REP-1 1, Guide to Preparing Emergency Public Information Materials Federal
Emergency Management Assistance.

23. North Anna Power Station Updated Final Safety Analysis Report, Revision 38.

24. North Anna Power Station Emergency Plan, Revision 28, Dominion, July 1, 2003.

25. Federal Response Plan, Federal Emergency Management Agency, January 2003.

26. Federal Radiological Emergency Response Plan (FRERP), Federal Emergency Management
Agency, May 1, 1996.

27. U.S. Department of Energy Radiological Assistance Program Region 2, Regional Plan, U.S.
Department of Energy, October 1997.

28. United States Government Interagency Domestic Terrorism Concept of Operations Plan
(CONPLAN), Department of Justice Federal Bureau of Investigation, January 2001.

29. U.S. Department of Energy Order 151.1A, Comprehensive Emergency Management System,
U.S. Department of Energy, November 1, 2000.

30. Homeland Security Presidential Directive (HSPD) 5, "Management of Domestic Incidents,"
Department of Homeland Security, February 28, 2003.
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31. Commonwealth of Virginia Emergency Operations Plan, Volume 11, Commonwealth of Virginia
Radiological Emergency Response Plan, March 2002.

32. Louisa County Radiological Emergency Response Plan, March 2002.

33. Caroline County Radiological Emergency Response Plan, March 2002.

34. Hanover County Radiological Emergency Response Plan, March 2002.

35. Orange County Radiological Emergency Response Plan, March 2002.

36. Spotsylvania County Radiological Emergency Response Plan, March 2002.

37. Medical College of Virginia Hospital (MCVH)/Virginia Commonwealth University (VCU)
Radiation Emergency Plan, December 5, 2000.

38. INPO 03-001, Emergency Resources Manual, Institute of Nuclear Power Operations,
January 2003.

39. Nuclear Power Station Emergency Preparedness Training (NPSEPT) Program Guide,
Dominion, February 2003.

40. North Anna Nuclear Power Station Estimation of Evacuation Times, PRC Voorhees (company
fcrmed by 1967 merger of Planning Research Corporation and Alan M. Voorhees &
Associates), March 1981.

41. Population and Evacuation Study, Virginia Polytechnic Institute and State University Center for
Transportation Research, April 6, 1990 with update dated December 10,1991.

42. Evacuation Time Estimates for the North Anna Power Station and Surrounding Jurisdictions,
Innovative Emergency Management, Incorporated, November 2, 2001.

43. EPPOS1, Acceptable Deviations From Appendix I of NUREG-0654 Based Upon the S,'aif's
Regulatory Analysis Of NUMARC/NESP-007, "Methodology For Development of Emergency
Action Levels, " Emergency Preparedness Position, U.S. Nuclear Regulatory Commission,
June 5,1995.

44. Le!tter from Julius W. Becton, Jr., Director, (U.S.) Federal Emergency Management Agency, to
The Honorable Gerald L. Baliles, Governor, Commonwealth of Virginia, September 2,1987.

45. Dominion Home Page (www.dom.com)
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13.6 Industrial Security

The development area for the new units is west of and adjacent to the existing units on the NAPS
site. Tine protected area of the existing units would be extended to encompass the new units.

Like the existing units, physical protection of the new units would be based on controlling access to
the NAPS site and the new units, screening operating personnel, monitoring security equipment,
designing and arranging station features, and obtaining assistance from local law enforcement
personnel.

The characteristics of the ESP site are such that implementation of the applicable requirements of
10 CFR 73.55 and RG 4.7, as well as the post-9/11 NRC Orders can be met. The NAP'; site is
sufficiently large to provide adequate distances between structures and the probable location of a
security boundary.

The ESP site is located on the shore of Lake Anna. For the existing units, Virginia Power has a
security program in place in compliance with the NRC Order for Interim Compensatory Measures
dated February 25, 2002 that addresses waterborne threats to the site without the need to restrict
access to the lake. In the event that new units are added to the site, it is anticipated that those
requirements would continue to be met.

The final design of the new units power block and supporting buildings would utilize design features
as appropriate to assure that the existing security distances outlined in the regulations above as
well as the Design Basis Threat and any Interim Compensatory measures that may apply are
adequate. The COL application would address the specific design features to assure site security
as well as include the design of security monitoring equipment and methods to screen station
operating personnel.

There are no security hazards in the vicinity. The ESP site is located in Louisa County in the
Commonwealth of Virginia. A written agreement with Louisa County is currently in place to establish
a single point of contact for police response to the NAPS site. Louisa County has mutual aid
agreements in place if necessary. Auxiliary agreements also exist with other neighboring
jurisdictions to provide support during station emergencies.
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Chapter 15 Accident Analyses

15.1 Selection of Accidents

The radiological consequences of accidents are assessed to demonstrate that new units could be
sited at the ESP site without undue risk to the health and safety of the public. The assessment uses
site-specific accident meteorology with the radiological analyses in selected reactor designs to
analyze the suitability of the ESP site. The assessment uses a robust and conservative set of
surrogate DBAs that is representative of the range of reactor designs being considered for the ESP
site. The DBAs include a spectrum of events, including those of relatively greater probability of
occurrence as well as those that are less probable but have greater severity.

The set of accidents selected focuses on three light water reactor (LWR) designs: AP1000, ABWR,
and ESBWR. These three designs have been chosen because these are standard designs that
have recognized bases for postulated accident analyses. The accidents for some of the newer
reactor types being considered are not as well defined as those for these LWRs and, hence, the
accepted analytical methodologies and assumptions applied to LWRs may not apply to these newer
reactors. However, because of their greater potential for inherent safety, the accident radiological
consequences of the other reactors being considered for the site are expected to be bounded by
the AF'1000, the ABWR, and the ESBWR. If one of these other designs is eventually selected for
the ESP site, the COL application would either verify that the AP1000, the ABWR, and the E.SBWR
doses are bounding or provide a complete evaluation of accident radiological consequences
compared with regulatory limits.

The following LWR accidents are identified in the SRP, NUREG-0800 (Reference 1), as thcse that
should be considered for radiological consequences:

* SRI' Section 15.1.5, PWR Main Steam Line Break

* SRP Section 15.2.8, Feedwater System Pipe Break

* SRP Section 15.3.3, Locked Rotor Accident

* SRP Section 15.3.4, Reactor Coolant Pump Shaft Break

* SRFP Section 15.4.8, PWR Rod Ejection Accident

* SRFP Section 15.4.9, BWR Control Rod Drop Accident

* SRFP Section 15.6.2, Failure of Small Lines Carrying Primary Coolant Outside Containment

* SRFP Section 15.6.3, PWR Steam Generator Tube Failure

* SRFP Section 15.6.4, BWR Main Steam Line Break

* SRP Section 15.6.5, Loss-of-Coolant Accident

* SRF' Section 15.7.4, Fuel Handling Accident
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RG 1.183 (Reference 2) includes a subset of these accidents. In addition, a cleanup water line
break is evaluated for the ABWR and the ESBWR. |

The radiological consequences from the above DBAs are analyzed. This set of accidents provides
a reasDnable basis for evaluating the suitability of the ESP site.

Section 15.1 References

1. NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear I
Power Plants, NRC, 1987.

2. Regulatory Guide 1.183, Alternative Radiological Source Terms for Evaluating Design Basis
Accidents at Nuclear Power Reactors, NRC, July 2000.
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15.2 Evaluation Methodology

Doses for the representative DBAs are evaluated at the EAB and the LPZ. These doses must meet
the si:e acceptance criteria provided in 10 CFR 50.34 and 10 CFR 100 (ReferencE 1 and
Reference 2, respectively). Although the emergency safety features are expected to prevent core
damage and mitigate releases of radioactivity, the loss-of-coolant accidents (LOCAs) analyzed
presume substantial meltdowns of the core with the release of significant amounts of fission
products. The postulated LOCAs are expected to more closely approach 10 CFR 50.34 limits than
the other DBAs of greater probability of occurrence but lesser magnitude of activity releases. For
these accidents, the calculated doses are compared to the acceptance criteria in RG 1.183 and
NUREG-0800, to demonstrate that the consequences of the postulated accidents are acceptable.

The evaluations use short-term accident atmospheric dispersion factors (X/Q). The X/Qs are
calculated using the methodology of RG 1.145 (Reference 3) and site-specific meteorological data.
The following site-specific %/Q values from Section 2.3.4.2 are used in these evaluations:

Site-Specific X/Q Values

XIQ (sec/m 3)

Time EAB LPZ

0-2 hr 2.26E-4 -

0-8 hr - 2.05E-5

8-24 hr - 1.36E-5

24-96 hr - 5.58E-6

96-720 hr - 1.55E-6

The accident doses are expressed as total effective dose equivalent (TEDE), consistent with

10 CFR 50.34. The TEDE consists of the sum of the committed effective dose equivalent (CEDE)
from inhalation and either the deep dose equivalent (DDE) or the effective dose equivalent (EDE)
from external exposure. The CEDE is determined using the dose conversion factors in Federal
Guidance Report 11 (Reference 4), while the DDE and the EDE are based on dose conversion
factors in Federal Guidance Report 12 (Reference 5).

Section 15.2 References

1. Ic CFR 50.34, Code of Federal Regulations, Contents of Applications; Technical Information.

2. 1 0 CFR 100, Code of Federal Regulations, Reactor Site Criteria.

3. Regulatory Guide 1.145, Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants, Revision 1, NRC, November 1982.
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A A~

A

6. TID-14844, Calculation of Distance Factors forPowerand Test Reactor Sites, U. S. Atomic
Energy Commission, March 1962.
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15.3 Source Terms

Doses are calculated based on the time-dependent activities released to the environment during
each l)BA. The activities are based on the analyses used to support the reactor standard safety
analysis reports. Different reactor technologies use different source terms and approaches in
defining the activity releases. The ABWR source term is based on TID-14844 (Reference 1).
Environmental releases are calculated using the guidance in NUREG-0800 and RGs 1.3 and 1.25
(Reference 2 and Reference 3, respectively). The AP1000 and ESBWR source terms,
methodologies, and assumptions are based on the alternative source term methods outlined in
RG 1.183. The activity releases and doses for the AP1000, the ABWR, and the ESBWR are based
on 102 percent of core thermal power.

The ABWR activity releases are scaled up from a power level of 4005 MWt (102 percent of
3926 MAWt, as specified in the design certification) to 4386 MWt (102 percent of 4300 MWt, the
power proposed for a new ABWR unit at the ESP site), an adjustment factor of 1.10. As the
ESBW'R design has not yet been certified by the NRC, the ESBWR design control document
activity releases are increased by 25 percent to allow for uncertainty.

The IRIS and ACR-700 source term information are preliminary, but the AP1000 LOCA is expected
to bound the worst-case accident release for these advanced reactor concepts. The advanced gas
reactor designs (GT-MHR and PBMR) use mechanistic accident source terms and postulate
relatively small environmental releases, compared with the water reactor technologies. The activity
releases to the environment are typically provided by the reactor vendors as part of their standard
design packages.

Section 15.3 References

1. TID-1 4844, Calculation of Distance Factors for Power and Test Reactor Sites, U. S. Atomic
Energy Commission, March 1962.

2. Regulatory Guide 1.3, Assumptions Used for Evaluating the Potential Radiological
Consequences of a Loss of Coolant Accident for Boiling Water Reactors, Revision 2, NRC,
June 1974.

3. Regulatory Guide 1.25 (Safety Guide 25), Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel Handling and Storage
Facility for Boiling and Pressurized Water Reactors, NRC, March 1972.
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15.4 Radiological Consequences

For the accidents identified in Section 15.1, site-specific doses are calculated by multiplying the
design doses by the ratio of the site X/Qs to design X/Qs. The following design X/Qs are used
(Reference 1) (Reference 2):

Design X/Q Values and Ratios to Site X/Q Values

XIQ (seclm3) XIQ Ratio (SitelDC)

Accident Time (hr) APIOOO ABWR ESBWR AP1000 ABWR ESBWR

Loss of EAB 0-2 6.OOE-04 1.37E-03 1.OOE-03 3.77E-01 1.65E-01 2.26E-01
Coolart
Accident 0-8 1.35E-04 1.56E-04 1.35E-04 1.52E-01 1.31E-01 1.52E-01

8-24 1.OOE-04 9.61 E-05 1.OOE-04 1.36E-01 1.42E-01 1.36E-01
LPZ

24-96 5.40E-05 3.36E-05 5.40E-05 1.03E-01 1.66E-01 1.03E-01

96-720 2.20E-05 7.42E-06 2.20E-05 7.05E-02 2.09E-01 7.05E-02

Failure of EAB 0-2 6.OOE-04 1.37E-03 3.OOE-03 3.77E-01 1.65E-01 7.53E-02
Small
Lines LPZ 0-8 1.35E-04 1.56E-04 3.00E-03 1.52E-01 1.31E-01 6.83E-03

Other EAB 0-2 6.OOE-04 1.37E-03 1.OOE-03 3.77E-01 1.65E-01 2.26E-01

LPZ 0-8 1.35E-04 1.56E-04 1.OOE-03 1.52E-01 1.31 E-01 2.05E-02

Note: Ratio (Site/DC) columns show the ratios of site X/Qs to design X/Qs.

Details about the methodology and assumptions pertaining to each of the accidents, such as
activity release paths and the credited mitigation features, may be found in the design documents
for the AP1000 (Reference 1), the ABWR (Reference 2), and the ESBWR (Reference 3). As the
ABWR design certification document presents whole body and thyroid doses, an equivalent TEDE
value is estimated by multiplying the thyroid dose by 0.03 and adding the product to the whole body
dose, in accordance with RG 1.183. Also, consistent with the activity releases in Section 15.3, the
ABWR doses are scaled up by a factor of 1.10 from a power level of 4005 MWt (102 percent of
3926 MWt, as specified in the design certification) to 4386 MWt (102 percent of 4300 M'/t, the
power proposed for a new ABWR unit at the ESP site). As the ESBWR design has not yet been
certified by the NRC, the ESBWR design control document doses are increased by 25 percent to
allow for uncertainty.

A summary of the resulting accident doses is presented in Table 15.4-1. This table also compares
the accident doses to the recommended limits in RG 1.183 and NUREG-0800 and shows that the
evalua:ed dose consequences are within the recommended limits.

The TEEDE dose limits in Table 15.4-1 are taken from RG 1.183, Table 6, for all accidents except
PWR Reactor Coolant Pump Shaft Break (SRP Section 15.3.4) and Failure of Small Lines Carrying
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Primary Coolant Outside Containment (SRP Section 15.6.2). For these two accidents,
NUREG-0800 indicates that the dose limit is a "small fraction" or 10 percent of the 10 CFR 100
guideline of 25 Rem, meaning a limit of 2.5 Rem.

The dDses summarized in Table 15.4-1 are based on the time-dependent doses presented in
Table 15.4-2 to Table 15.4-31 for each of the accidents. In addition to doses, the latter tables show j
the activities released to the environment.

Section 15.4 References

1. AP1 000 Document No. APP-GW-GL-700, AP1 000 Design Control Document, Tier 2 Material,
Westinghouse, Revision 2, 2002.

2. Document 23A6100, ABWR Standard Safety Analysis Report, General Electric, Revision 8.

3. Document 26A6642, ESBWR Design Control Document, Tier 2 Material, General Eleciric,
Revision 1. |
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Table 15.4-1 Summary of Design Basis Accident Doses

SRP TEDE (Rem)
Section Accident Reactor EAB LPZ Limit

15.1.5 PWR Main Steam Line Break

Pre-Existing Iodine Spike

Accident-initiated Iodine Spike

15.2.8 Feedwater System Pipe Break

AP1000

AP1000

AP1000

ABWR

ESBWR

AP1000

ABWR/ESBWR

AP1000

2.6E-01 6.1 E-02

3.OE-01 2.2E-01

3.OE-01 2.2E-01

3.2E-03 2.9E-04

4.8E-05 4.4E-06

9.4E-01 9.1 E-02

Not Postulated

9.4E-01 9.1 E-02

25

2.5

2.5

2.5

2.5

2.5

2.5

2.5

I

I

15.3.3 Reactor Coolant Pump Rotor Seizure

(Locked Rotor Accident)

15.3.4 Reactor Coolant Pump Shaft Break

I

ABWR/ESBWR Not Postulated 2.5

15.4.8 PWR Rod Ejection Accident AP1000 1.1E+00 2.5E-01 6.3

15.4.9 BWR Control Rod Drop Accident ABWR/ESBWR Not Postulated 6.3

15.6.2 Failure of Small Lines Carrying AP1000 4.9E-01 4.6E-02 2.5

Primary Coolant Outside Containment ABWR 4.3E-02 3.9E-03 2.5

ESBWR 6.6E-02 6.OE-03 2.5

15.6.3 PWR Steam Generator Tube Rupture

Pre-Existing Iodine Spike AP1000 1.1E+00 5.2E-02 25

Accident-initiated Iodine Spike AP1000 5.7E-01 3.7E-02 2.5

15.6.4 BWR Main Steam Line Break

Pre-Existing Iodine Spike ABWR 5.1E-01 4.6E-02 25

Equilibrium Iodine Activity ABWR 2.5E-02 2.3E-03 2.5

Pre-Existing Iodine Spike ESBWR 2.1E+00 1.9E-01 25

Equilibrium Iodine Activity ESBWR 1.4E-01 1.3E-02 2.5

15.6.5 Loss-of-Coolant Accident AP1000 9.3E+00 1.5E+00 25

ABWR 1.8E+00 2.1 E+00 25

ESBWR 1.4E+00 9.1 E-01 25

I

I

I

I

I
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-1 Summary of Design Basis Accident Doses

SRP TEDE (Rem)
Section Accident Reactor EAB LPZ Limit

15.7.4 Fuel Handling Accident AP1000 9.OE-01 9.1E-02 6.3

ABWR 6.2E-01 5.7E-02 6.3

ESBWR 1.2E+00 1.1 E-01 6.3

Cleanup Water Line Break ABWR 3.2E-03 2.9E-04 2.5

ESBWR 1.7E-01 1.5E-02 2.5

Note: The AP1 000 Design Control Document indicates that the doses for the feedwater system pipe
break are bounded by the main steam line break (Reference 1, Section 15.2.8.3).

I
I
I

I

The AP1000 Design Control Document indicates that the doses for the reactor coolant pump
shaft break are bounded by the reactor coolant pump rotor seizure (Reference 1, Section
15.3.4.2).

The ABWR Design Control Document indicates that there are no radiological consequences for
tha reactor coolant pump rotor seizure, the reactor coolant pump shaft break, and the control rod
drop accident (Reference 2, Sections 15.3.3.5, 15.3.4.5, and 15.4.10.6).

The ESBWR Design Control Document indicates that there are no radiological consequences
for the reactor coolant pump rotor seizure, the reactor coolant pump shaft break, and the control
rod drop accident (Reference 3).

I

I

I
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Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-2 Activity Releases for AP 000 Main Steam Line Break, Pre-Existing
Iodine Spike

Activity Release (Ci)

Isotope

Kr-85rr

Kr-85

Kr-87

Kr-88

Xe-131m

Xe-1 33m

Xe-1 33

Xe-1 35m

Xe-1 35

Xe-138

1-130

1-131

1-132

1-133

1-134

1-135

Cs-134

Cs-1 36

Cs-137

Cs-1 38

0-2 hr

2.30E-01

9.47E-01

9.24E-02

3.77E-01

4.28E-01

5.31 E-01

3.95E+01

1.02E-02

1.04E+00

1.34E-02

4.98E-01

3.37E+01

4.02E+01

6.03E+01

8.24E+00

3.56E+01

1.91E+01

2.84E+01

1.38E+01

1.02E+01

2-8 hr

3.82E-01

2.83E+00

4.49E-02

4.59E-01

1.27E+00

1.51 E+00

1.15E+02

4.44E-05

2.31 E+00

3.81 E-05

4.74E-01

4.05E+01

1.39E+01

6.35E+01

5.47E-01

2.73E+01

6.52E-01

9.57E-01

4.70E-01

3.41 E-03

8-24 hr

2.26E-01

7.47E+00

1.76E-03

1.34E-01

3.26E+00

3.45E+00

2.87E+02

O.OOE+OO

2.78E+00

O.OOE+00

6.95E-01

1.03E+02

2.68E+00

1.17E+02

4.77E-03

2.51 E+01

1.72E+00

2.47E+00

1.24E+00

1.48E-06

24-72 hr

2.03E-02

2.17E+01

2.84E-07

2.72E-03

8.78E+00

6.69E+00

7.03E+02

O.OOE+00

1.11E+00

O.OOE+00

4.36E-01

2.67E+02

2.16E-02

1.30E+02

1.50E-08

5.60E+00

5.OOE+00

6.69E+0O

3.61 E+00

O.OOE+00

Total

8.58E-01

3.29E+01

1.39E-01

9.73E-01

1.37E+01

1.22E+01

1.14E+03

1.02E-02

7.24E+00

1.34E-02

2.1 OE+00

4.44E+02

5.68E+01

3.71 E+02

8.79E+00

9.36E+01

2.65E+01

3.85E+01

1.91 E+01

1.02E+01

-

Total 2.93E+02 2.72E+02 5.58E+02 1.16E+03 2.28E+03
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-3 Doses for AP1000 Main Steam Line Break, Pre-Existing lodine Spike

APIOOO TEDE (Rem) X/QSite TEDE (Rem)

Time EAB LPZ (Site/APIOOO) EAB LPZ

0-2 hr 7.OOE-01 3.77E-01 2.64E-01

0-8 hr 2.40E-01 1.52E-01 3.64E-02

8-24 hr 8.OOE-02 1.36E-01 1.09E-02

24-96 Ir 1.30E-01 1.03E-01 1.34E-02

96-720 hr O.OOE+00 7.05E-02 O.OOE+00

Total 7.OOE-01 4.50E-01 2.64E-01 6.08E-02

Limit 25 25
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Part 2 - Site Safety Analysis Report

Table 15.4-4 Activity Releases for AP1000 Main Steam Line Break,
Accident-Initiated Iodine Spike

Activity Release (Ci)

Isotope 0-2 hr 2-8 hr 8-24 hr 24-72 hr Total

Kr-85rn 2.30E-01 3.82E-01 2.26E-01 2.03E-02 8.58E-01

Kr-85 9.47E-01 2.83E+00 7.47E+00 2.17E+01 3.29E+01

Kr-87 9.24E-02 4.49E-02 1.76E-03 2.84E-07 1.39E-01

Kr-88 3.77E-01 4.59E-01 1.34E-01 2.72E-03 9.73E-01

Xe-131m 4.28E-01 1.27E+00 3.26E+00 8.78E+00 1.37E+01

Xe-133m 5.31 E-01 1.51 E+00 3.45E+00 6.69E+00 1.22E+01

Xe-133 3.95E+01 1.15E+02 2.87E+02 7.03E+02 1.14E+03

Xe-135m 1.02E-02 4.44E-05 O.OOE+00 O.OOE+00 1.02E-02

Xe-135 1.04E+00 2.31E+00 2.78E+00 1.11E+00 7.24E+00

Xe-138 1.34E-02 3.81E-05 O.OOE+00 O.OOE+00 1.34E-02

1-130 6.84E-01 3.33E+00 5.27E+00 3.30E+00 1.26E+01

1-131 3.92E+01 1.92E+02 5.18E+02 1.35E+03 2.1OE+03

1-132 9.12E+01 3.26E+02 7.46E+01 6.OOE-01 4.92E+02

1-133 7.75E+01 3.81E+02 7.54E+02 8.34E+02 2.05E+03

1-134 3.03E+01 6.23E+01 8.85E-01 2.78E-06 9.35E+01

1-135 5.57E+01 2.59E+02 2.61 E+02 5.82E+01 6.34E+02

Cs-134 1.91E+01 6.52E-01 1.72E+00 5.OOE+00 2.65E+01

Cs-1 36 2.84E+01 9.57E-01 2.47E+00 6.69E+00 3.85E+01

Cs-137 1.38E+01 4.70E-01 1.24E+00 3.61E+00 1.91E+01

Cs-138 1.02E+01 3.41 E-03 1.48E-06 O.OOE+00 1.02E+01

Total 4.09E+02 1.35E+03 1.92E+03 3.OOE+03 6.68E+03
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-5 Doses for AP100O Main Steam Line Break, Accident-Initiated
Iodine Spike

APIOOO TEDE (Rem) Site TEDE (Rem)
X/Q Ratio

Time EAB LPZ (Site/AP1OOO) EAB LPZ

0-2 hr 8.00E-01 3.77E-01 3.01E-01

0-8 hr 6.40E-01 1.52E-01 9.72E-02

8-24 hr 4.20E-01 1.36E-01 5.71 E-02

24-96 hr 6.30E-01 1.03E-01 6.51 E-02

96-720 hr O.OOE+00 7.05E-02 O.OOE+00

Total 8.OOE-01 1.69E+00 3.01E-01 2.19E-01

Limit 2.5 2.5

Table 1 5.4-5a Activity Releases for ABWR Feedwater System Pipe Break I
Activity

Release (Ci)

Isotope 0-2 hr

1-131 2.40E+00

1-132 5.62E+00

1-133 6.80E+00

1-134 9.46E+00

1-135 7.39E+00

Total 3.17E+01
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Table 1 5.4-5b Doses for ABWR Feedwater System Pipe Break

ABWR EAB Dose (Sv)
X/Q Ratio

Site TEDE (Rem)

Time W. Body Thyroid TEDE (Site/ABWR) EAB LPZ

0-2 hr 1.70E-04 1.70E-04 1.75E-04 1.65E-01 3.16E-03

0-8 hr 1.70E-04 1.70E-04 1.75E-04 1.50E-02 2.87E-04

8-24 hr O.OOE+00

24-96 hr O.OOE+00

96-720 hr O.OOE+00

Total 1.70E-04 1.70E-04 1.75E-04 3.16E-03 2.87E-04

Limit 2.5 2.5

Note: The ABWR TEDE is whole body dose plus 3% of thyroid dose. Since the ABWR
design certification document does not include an LPZ dose for this accident, the
site LPZ dose is obtained by multiplying the ABWR EAB dose by the ratio of site
LPZ X/Q to ABWR EAB X/Q. The site doses include a multiplier of 1.10 for power
adjustment.

Table 15.4-5c Activity Releases for ESBWR Feedwater System Pipe Break

Isotopo

1-131

1-132

1-133

1-134

1-135

Total

Activity
Release (Ci)

0-2 hr

4.39E-03

4.05E-02

2.94E-02

7.43E-02

4.05E-02

1.89E-01
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Table 15.4-5d Doses for ESBWR Feedwater System Pipe Break

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

ESBWR TEDE (Rem) X/Q Ratio

EAB LPZ (Site/ESBWR)

1.70E-04 2.26E-01

1.70E-04 2.05E-02

Site TEDE (Rem)

EAB LPZ

4.80E-05

4.36E-06

O.OOE+00

O.OOE+00

O.OOE+00

4.36E-06

2.5

I
I
I

I

I

1.70E-04 1.70E-04 4.80E-05

2.5 I
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Table 15.4-6 Activity Releases for AP1000 Locked Rotor Accident

Activity
Release (Ci)

Isotope 0-2 hr

Kr-85m 4.09E+02

Kr-85 3.77E+01

Kr-87 6.05E+02

Kr-88 1.05E+03

Xe-131m 1.87E+01

Xe-132m 1.02E+02

Xe-1 33 3.33E+03

Xe-1 35m 1.63E+02

Xe-135 8.01 E+02

Xe-1 38 6.48E+02

1-130 4.15E+00

1-131 1.83E+02

1-132 1.33E+02

1-133 2.31 E+02

1-134 1.44E+02

1-135 2.04E+02

Cs-1 34 5.83E+00

Cs-1 36 1.85E+00

Cs-1 37 3.42E+00

Cs-1 38 3.05E+01

Rb-86 6.69E-02

Total 8.11E+03
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Early Site Permit Application
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Table 15.4-7 Doses for AP1000 Locked Rotor Accident

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

-

AP1000 TEDE (Rem) XIQ Ratio

EAB LPZ (Site/APIOOO)

2.50E+00 3.77E-01

6.OOE-01 1.52E-01

O.OOE+00 1.36E-01

O.OOE+00 1.03E-01

O.OOE+00 7.05E-02

Site TEDE (Rem)

EAB LPZ

9.42E-01

9.11 E-02

O.OOE+00

O.OOE+00

O.OOE+00

9.11 E-02

2.5

2.50E+00 6.OOE-01 9.42E-01

2.5
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Table 15.4-8 Activity Releases for AP1000 Rod Ejection Accident

Activity Release (Ci)

Isotope

Kr-85rn

Kr-85

Kr-87

Kr-88

Xe-131m

Xe-1 33m

Xe-1 33

Xe-1 35m

Xe-1 35

Xe-1 38

1-130

1-131

1-132

1-133

1-134

1-135

Cs-1 34

Cs-1 36

Cs-1 37

Cs-1 38

Rb-86

Total

0-2 hr

2.85E+02

1.24E+01

4.86E+02

7.49E+02

1.22E+01

6.62E+01

2.18E+03

2.18E+02

5.39E+02

8.89E+02

5.93E+00

1.64E+02

1.90E+02

3.29E+02

2.18E+02

2.91 E+02

3.15E+01

8.98E+oo

1.83E+01

1.13E+02

3.70E-01

6.81 E+03

2-8 hr

6.48E+01

5.60E+00

2.60E+01

1.18E+02

5.46E+00

2.81 E+01

9.58E+02

5.30E-02

1.72E+02

1.38E-01

7.28E+00

2.45E+02

9.94E+01

4.40E+02

2.85E+01

2.97E+02

6.22E+01

1 .75E+01

3.62E+01

7.05E+00

7.27E-01

2.62E+03

8-24 hr

3.87E+01

1.49E+01

1.03E+00

3.49E+01

1.42E+01

6.49E+01

2.40E+03

4.33E-09

2.09E+02

3.19E-09

4.32E+00

2.31 E+02

9.85E+00

3.18E+02

1.37E-01

1.19E+02

6.03E+01

1 .67E+01

3.51 E+01

1.68E-03

6.96E-01

3.57E+03

24-96 hr

3.53E+00

6.70E+01

1.67E-04

7.18E-01

5.72E+01

1.69E+02

8.53E+03

O.OOE+00

8.69E+01

O.OOE+O0

4.06E-01

6.20E+01

1.65E-02

4.56E+01

8.96E-08

4.79E+00

1.55E+01

4.1 OE+OO

9.04E+00

O.OOE+00

1.73E-01

9.06E+03

-

96-720 hr

5.01 E-05

5.71 E+02

O.OOE+00

1.68E-08

2.31 E+02

1.06E+02

1.68E+04

O.OOE+00

3.58E-01

O.OOE+O0

5.88E-04

3.33E+01

O.OOE+00

4.81 E-01

O.OOE+00

1.46E-04

1.03E+01

1.31 E+00

6.05E+00

O.OOE+00

6.79E-02

1.78E+04

Total

3.92E+02

6.71 E+02

5.13E+02

9.03E+02

3.20E+02

4.34E+02

3.09E+04

2.18E+02

1.01E+03

8.89E+02

1.79E+01

7.35E+02

2.99E+02

1.13E+03

2.47E+02

7.12E+02

1.80E+02

4.86E+01

1.05E+02

1.20E+02

2.03E+00

3.98E+04

-
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-9 Doses for AP1000 Rod Ejection Accident

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

APIOOO TEDE (Rem) XIQ Ratio

EAB LPZ (Site/AP1000)

3.00E+00 3.77E-01

1.40E+00 1.52E-01

2.60E-01 1.36E-01

4.60E-02 1.03E-01

1.20E-02 7.05E-02

Site TEDE (Rem)

EAB LPZ

1.13E+00

2.13E-01

3.54E-02

4.75E-03

8.45E-04

Total 3.OOE+00 1.72E+00 1.13E+00 2.54E-01

Limit 6.3 6.3

Table 15.4-10 Doses for AP1000 Failure of Small Lines Carrying Primary Coolant
Outside Containment

APIOOO TEDE (Rem) XIQ Ratio Site TEDE (Rem)

Time EAB LPZ (Site/AP1OOO) EAB LPZ

0-2 hr 1.30E+00 3.77E-01 4.90E-01

0-8 hr 3.OOE-01 1.52E-01 4.56E-02

8-24 hr O.OOE+00 1.36E-01 O.OOE+00

24-96 hr O.OOE+00 1.03E-01 O.OOE+00

96-720 hr O.OOE+00 7.05E-02 O.OOE+00

Total 1.30E+00 3.OOE-01 4.90E-01 4.56E-02

Limit 2.5 2.5

Note: No activity release information is available for this accident.
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Table 15.4-11 Activity Releases for ABWR Failure of Small Lines Carrying Primary
Coolant Outside Containment

Activity Release (Ci)

Isotop a 0-2 hr 2-8 hr Total

1-131 2.01 E+00 2.16E+00 4.17E+00

1-132 1.76E+01 1.76E+01 3.52E+01

1-133 1.36E+01 1.43E+01 2.79E+01

1-134 2.93E+01 2.69E+01 5.62E+01

1-135 1.95E+01 2.01E+01 3.96E+01

Total 8.20E+01 8.11 E+01 1.63E+02

Table 15.4-12 Doses for ABWR Failure of Small Lines Carrying Primary Coolant
Outside Containment

ABWR EAB Dose (SV) Site TEDE (Rem)
_______________________XIQ Ratio _________

Time W. Body Thyroid TEDE (Site/ABWR) EAB LPZ

0-2 hr 9.40E-04 4.80E-02 2.38E-03 1.65E-01 4.30E-02

0-8 hr 9.40E-04 4.80E-02 2.38E-03 1.50E-02 3.90E-03

8-24 hr O.OOE+00

24-96 hr O.OOE+00

96-720 hr O.OOE+00

Total 9.40E-04 4.80E-02 2.38E-03 4.30E-02 3.90E-03

Limit 2.5 2.5

Note: The ABWR TEDE is whole body dose plus 3% of thyroid dose. Since the ABWR design certification
document does not include an LPZ dose for this accident, the site LPZ dose is obtained by multiplying
the ABWR EAB dose by ratio of site LPZ X/Q to ABWR EAB X/Q. The site doses include a multiplier
of 1.10 for power adjustment.
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Table 15.4-12a Activity Releases for ESBWR Failure of Small Lines Carrying
Primary Coolant Outside Containment I

Isotop a

1-131

1-132

1-133

1-134

1-135

Total

0-2 hr

6.13E+00

8.03E+00

1.51 E+01

8.78E+00

1.39E+01

5.19E+01

Activity Release (Ci)

2-8 hr

1.05E+01

7.35E+00

2.35E+01

4.60E+00

1.85E+01

6.45E+01

Total

1.66E+01

1.54E+01

3.86E+01

1.34E+01

3.24E+01

1.16E+02

I
I

I

I
I

I

Table 15.4-12b Doses for ESBWR Failure of Small Lines Carrying Primary Coolant
Outside Containment

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

ESBWR TEDE (Rem) XIQ Ratio

EAB LPZ (Site/ESBWR)

7.OOE-01 7.53E-02

7.OOE-01 6.83E-03

Site TEDE (Rem)

EAB LPZ

6.59E-02

5.98E-03

O.OOE+00

O.OOE+00

O.OOE+00

5.98E-03

2.5

7.OOE-01 7.OOE-01 6.59E-02

2.5
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Table 15.4-13 Activity Releases for AP1000 Steam Generator Tube Rupture,
Pre-Existing Iodine Spike

Activity Release (Ci)

Isotope

Kr-85m

Kr-85

Kr-87

Kr-88

Xe-131 m

Xe-133m

Xe-1 33

Xe-135-n

Xe-1 35

Xe-138

1-130

1-131

1-132

1-133

1-134

1-135

Cs-1 34

Cs-1 36

Cs-137

Cs-138

0-2 hr

5.67E+01

2.25E+02

2.46E+01

9.44E+01

1.02E+02

1.26E+02

9.37E+03

3.61 E+00

2.51 E+02

4.78E+00

1.81 E+00

1.22E+02

1.43E+02

2.1 9E+02

2.78E+01

1.28E+02

1.65E+00

2.45E+00

1.19E+00

5.71 E-01

2-8 hr

1.91 E+01

1.07E+02

3.56E+00

2.61 E+01

4.82E+01

5.83E+01

4.41 E+03

5.78E-03

1.OOE+02

4.99E-03

6.12E-02

5.97E+00

8.53E-01

8.68E+00

5.16E-03

3.06E+00

6.35E-02

9.30E-02

4.58E-02

3.07E-06

8-24 hr

2.50E-02

4.44E-01

3.02E-04

1.80E-02

1.96E-01

2.19E-01

1.75E+01

O.OOE+00

2.35E-01

O.OOE+00

2.90E-01

3.32E+01

2.08E+OO

4.41 E+01

4.57E-03

1.26E+01

2.27E-01

3.30E-01

1.64E-01

6.OOE-07

Total

7.58E+01

3.32E+02

2.82E+01

1.21 E+02

1.50E+02

1.85E+02

1.38E+04

3.62E+00

3.51 E+02

4.78E+00

2.16E+00

1.61 E+02

1.46E+02

2.72E+02

2.78E+01

1.44E+02

1.94E+00

2.87E+00

1.40E+00

5.71 E-01

Total 1.09E+04 4.79E+03 1.12E+02 1.58E+04
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Nolth Anna
Early Site Permit Application

Part 2 - Site Safety Analysi , Report

Table 15.4-14 Doses for AP100O Steam Generator Tube Rupture, Pre-Existinc
Iodine Spike

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

APIOOO TEDE (Rem) X/Q Ratio

EAB LPZ (Site/AP1OOO)

3.OOE+00 3.77E-01

3.20E-01 1.52E-01

2.60E-02 1.36E-01

O.OOE+00 1.03E-01

O.OOE+00 7.05E-02

Site TEDE (Rem)

EAB LPZ

1.13E+00

A QOaan)
P.oUUL-ur

3.54E-03

O.OOE+00

O.OOE+00

5.21 E-02

25

3.OOE+00 3.46E-01 1.13E+00

25
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-15 Activity Releases for AP1000 Steam Generator Tube Rupture,
Accident-initiated Iodine Spike

Activity Release (Ci)

Isotope

Kr-85rn

Kr-85

Kr-87

Kr-88

Xe-131m

Xe-133m

Xe-1 33

Xe-1 35m

Xe-135

Xe-138

1-130

1-131

1-132

1-133

1-134

1-135

Cs-1 34

Cs-1 36

Cs-137

Cs-138

0-2 hr

5.67E+01

2.25E+02

2.46E+01

9.44E+01

1.02E+02

1.26E+02

9.37E+03

3.61 E+00

2.51 E+02

4.78E+00

7.30E-02

4.90E+00

5.79E+00

8.79E+00

1.12E+00

5.15E+00

1.65E+00

2.45E+0O

1.19E+0O

5.71 E-01

2-8 hr

1.91 E+01

1.07E+02

3.56E+00

2.61 E+01

4.82E+01

5.83E+01

4.41 E+03

5.78E-03

1.OOE+02

4.99E-03

1.1 9E-02

1.15E+00

1.75E-01

1.68E+00

1.18E-03

6.01 E-01

6.35E-02

9.30E-02

4.58E-02

3.07E-06

8-24 hr

2.50E-02

4.44E-01

3.02E-04

1.80E-02

1.96E-01

2.19E-01

1.75E+01

O.OOE+00

2.35E-01

O.OOE+00

3.13E-02

3.55E+00

2.30E-01

4.73E+00

5.21 E-04

1.36E+00

2.27E-01

3.30E-01

1.64E-01

6.OOE-07

Total

7.58E+01

3.32E+02

2.82E+01

1.21 E+02

1.50E+02

1.85E+02

1.38E+04

3.62E+00

3.51 E+02

4.78E+00

1.16E-01

9.60E+00

6.20E+00

1.52E+01

1.12E+00

7.11 E+00

1.94E+00

2.87E+00

1.40E+00

5.71 E-01

-

Total 1.03E+04 4.78E+03 2.93E+01 1.51 E+04
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North Anna
Early Site Permit AFplication

Part 2 - Site Safety Analysis Report

Table 15.4-16 Doses for AP1000 Steam
Iodine Spike

Generator Tube Rupture, Accident-Initiated

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-72C0 hr

Total

Limit

AP1000 TEDE (Rem) XIQ Ratio

EAB LPZ (Site/APIOOO)

1.50E+00 3.77E-01

1.80E-01 1.52E-01

7.20E-02 1.36E-01

O.OOE+00 1.03E-01

O.OOE+00 7.05E-02

Site TEDE (Rem)

EAB LPZ

5.65E-01

2.73E-02

9.79E-03

O.OOE+00

O.OOE+00

3.71 E-02

2.5

1.50E+00 2.52E-01 5.65E-01

2.5
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-17 Activity Releases for ABWR Main Steam Line Break

Activity Release (Ci)

Pre- Equilibrium
Isotope Existing Activity

1-131 4.32E+01 2.16E+OO

1-132 4.20E+02 2.10E+01

1-133 2.95E+02 1.48E+01

1-134 8.25E+02 4.14E+01

1-135 4.32E+02 2.16E+01

Kr-83m 7.22E-02 1.20E-02

Kr-85rrn 1.27E-01 2.12E-02

Kr-85 4.02E-04 6.68E-05

Kr-87 4.35E-01 7.22E-02

Kr-88 4.38E-01 7.27E-02

Kr-89 1.75E+00 2.92E-01

Kr-90 4.58E-01 7.54E-02

Xe-131 m 3.13E-04 5.20E-05

Xe-1 33m 6.03E-03 1.OOE-03

Xe-133 1.69E-01 2.80E-02

Xe-1 35m 5.15E-01 8.55E-02

Xe-1 35 4.79E-01 7.98E-02

Xe-137 2.19E+00 3.64E-01

Xe-138 1.67E+00 2.79E-01

Xe-139 7.66E-01 1.28E-01

Total 2.02E+03 1.02E+02
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Nolth Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-18 Doses for ABWR Main Steam Line Break, Pre-Existing Iodine Spike

ABWR EAB Dose (SI) X/Q Ratio Site TEDE (Rem)

Time W. Body Thyroid TEDE (SiteIABWR) EAB LPZ

0-2 hr 1.30E-02 5.10E-01 2.83E-02 1.65E-01 5.11E-01

0-8 hr 1.30E-02 5.10E-01 2.83E-02 1.50E-02 4.64E-02

8-24 hr O.OOE+00

24-96 hr O.OOE+00

96-720 hr O.OOE+00

Total 1.30E-02 5.10E-01 2.83E-02 5.11E-01 4.64E-02

Limit 25 25

Note: The ABWR TEDE is whole body dose plus 3% of thyroid dose. Since the ABWR design certification
document does not include an LPZ dose for this accident, the site LPZ dose is obtained by
multiplying the ABWR EAB dose by ratio of site LPZ X/Q to ABWR EAB X/Q. The site doses include
a multiplier of 1.10 for power adjustment.

Table 15.4-19 Doses for ABWR Main Steam Line Break, Equilibrium Iodine Activity

ABWR EAB Dose (SV) X/Q Ratio Site TEDE (Rem)

Time W. Body Thyroid TEDE (Site/ABWR) EAB LPZ

0-2 hr 6.20E-04 2.60E-02 1.40E-03 1.65E-01 2.53E-02

0-8 hr 6.20E-04 2.60E-02 1.40E-03 1.50E-02 2.29E-03

8-24 hr O.OOE+00

24-96 l'r O.OOE+00

96-720 hr O.OOE+00

Total 6.20E-04 2.60E-02 1.40E-03 2.53E-02 2.29E-03

Limit 2.5 2.5

Note: The ABWR TEDE is whole body dose plus 3% of thyroid dose. Since the ABWR design certification
document does not include an LPZ dose for this accident, the site LPZ dose is obtained by
multiplying the ABWR EAB dose by ratio of site LPZ X/Q to ABWR EAB X/Q. The site doses incl de
a multiplier of 1.10 for power adjustment.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-19a Activity Releases for ESBWR Main Steam Line Break

Activity Release (Ci)

Equilibrium
Isotope Pre-Existing Activity

I
I

I
1-131

1-132

1-133

1-134

1-135

Kr-85m

Kr-85

Kr-87

Kr-88

Xe-1 33

Xe-1 35

Total

1.96E+02

1.86E+03

1.35E+03

3.38E+03

1.92E+03

1.72E-02

6.75E-05

5.74E-02

5.74E-02

2.46E-02

6.75E-02

8.70E+03

9.79E+00

9.45E+01

6.75E+01

1.72E+02

9.45E+01

1.72E-02

6.75E-05

5.74E-02

5.74E-02

2.46E-02

6.75E-02

4.39E+02

Table 15.4-19b Doses for ESBWR Main Steam Line Break, Pre-Existing Iodine Spike

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

ESBWR TEDE (Rem) XIQ Ratio

EAB LPZ (Site/ESBWR)

7.60E+00 2.26E-01

7.60E+00 2.05E-02

Site TEDE (Rem)

EAB LPZ

2.15E+00

1.95E-01

O.OOE+00

O.OOE+00

O.OOE+00

1.95E-01

25

I

I
I
I
I

7.60E+00 7.60E+00 2.15E+00

25
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-19c Doses for ESBWR Main Steam Line Break, Equilibrium Iodine
Activity

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-72C hr

Total

Limit

ESBWR TEDE (Rem) XIQ Ratio

EAB LPZ (SiteIESBWR)

5.OOE-01 2.26E-01

5.OOE-01 2.05E-02

Site TEDE (Rem)

EAB LPZ

1.41 E-01

1.28E-02

O.OOE+00

O.OOE+00

O.OOE+00

1.28E-02

2.5

I
I

I

I

I

5.OOE-01 5.OOE-01 1.41 E-01

2.5
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-20 Activity Releases for AP100O Loss-of-Coolant Accident

Activity Release (Ci)

Isotope 0-2 hr 2-8 hr 8-24 hr 24-96 hr 96-720 hr Total

Kr-85rm 6.31E+02 3.14E+03 1.87E+03 1.71E+02 2.43E-03 5.82E+03

Kr-85 3.22E+01 2.64E+02 7.05E+02 3.17E+03 2.70E+04 3.12E+04

Kr-87 6.87E+02 1.26E+03 4.97E+01 8.11 E-03 O.OOE+00 1.99E+03

Kr-88 1.50E+03 5.76E+03 1.70E+03 3.49E+01 8.16E-07 8.99E+03

Xe-131m 3.20E+01 2.62E+02 6.79E+02 2.74E+03 1.11E+04 1.48E+04

Xe-133m 1.74E+02 1.37E+03 3.15E+03 8.21E+03 5.15E+03 1.80E+04

Xe-133 5.71E+03 4.62E+04 1.16E+05 4.11E+05 8.1OE+05 1.39E+06

Xe-1 35m 3.33E+01 2.62E+00 2.14E-07 O.OOE+00 O.OOE+00 3.59E+01

Xe-135 1.31 E+03 8.33E+03 1.01E+04 4.21 E+03 1.73E+01 2.40E+04

Xe-138 1.14E+02 6.83E+00 1.58E-07 O.OOE+00 O.OOE+00 1.20E+02

1-130 3.22E+01 4.58E+01 2.96E+00 1.11E+00 1.99E-02 8.21E+01

1-131 9.13E+02 1.45E+03 1.56E+02 3.74E+02 1.12E+03 4.01E+03

1-132 8.77E+02 7.93E+02 7.64E+00 2.29E-02 O.OOE+00 1.68E+03

1-133 1.81E+03 2.70E+03 2.16E+02 1.63E+02 1.62E+01 4.91E+03

1-134 7.16E+02 3.04E+02 1.26E-01 1.07E-07 O.OOE+00 1.02E+03

1-135 1.53E+03 1.97E+03 8.31 E+01 9.55E+00 4.95E-03 3.59E+03

Cs-134 1.46E+02 2.16E+02 8.06E+00 1.88E-01 1.59E+00 3.72E+02

Cs-136 4.15E+01 6.13E+01 2.25E+00 4.72E-02 2.03E-01 1.05E+02

Cs-137 8.50E+01 1.26E+02 4.70E+00 1.10E-01 9.39E-01 2.17E+02

Cs-1 38 2.67E+02 5.25E+01 6.92E-04 O.OOE+00 O.OOE+00 3.19E+02

Rb-86 1.72E+00 2.54E+00 9.37E-02 2.03E-03 1.05E-02 4.37E+00

Sb-127 1.10E+01 2.01E+01 7.13E-01 1.16E-02 1.60E-02 3.18E+01

Sb-129 2.63E+01 3.65E+01 4.83E-01 1.01E-04 1.OOE-09 6.33E+01

Te-127m 1.42E+00 2.64E+00 9.83E-02 2.27E-03 1.77E-02 4.18E+00

Te-127 9.83E+00 1.59E+01 3.65E-01 5.63E-04 2.72E-06 2.61 E+01

Te-129m 4.85E+00 9.OOE+00 3.33E-01 7.47E-03 4.79E-02 1.42E+01

Te-129 1.35E+01 9.71 E+00 8.54E-03 7.27E-10 O.OOE+00 2.32E+01

Te-131 m 1.46E+01 2.60E+01 8.29E-01 6.86E-03 1.60E-03 4.14E+01
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-20 Activity Releases for AP100O Loss-of-Coolant Accident

Activity Release (Ci)

Isotope 0-2 hr 2-8 hr 8-24 hr 24-96 hr 96-720 hr Total

Te-132 1.46E+02 2.68E+02 9.42E+00 1.44E-01 1.60E-01 4.24E+02

Sr-89 4.16E+01 7.74E+01 2.87E+00 6.54E-02 4.60E-01 1.22E+02

Sr-90 3.59E+00 6.68E+00 2.48E-01 5.82E-03 4.97E-02 1.06E+01

Sr-91 4.64E+01 7.52E+01 1.74E+00 2.76E-03 1.44E-05 1.23E+02

Sr-92 3.80E+01 4.50E+01 3.26E-01 1.06E-05 O.OOE+00 8.33E+01

Ba-1 39 3.64E+01 2.98E+01 4.73E-02 2.03E-08 O.OOE+00 6.63E+01

Ba-140 7.35E+01 1.36E+02 5.OOE+00 1.05E-01 4.41E-01 2.15E+02

Mo-99 9.77E+00 1.78E+01 6.19E-01 8.79E-03 7.72E-03 2.82E+01

Tc-99m 7.30E+00 1.10E+01 1.94E-01 1.08E-04 2.73E-08 1.85E+01

Ru-103 7.82E+00 1.45E+01 5.38E-01 1.21E-02 8.11E-02 2.30E+01

Ru-105 4.19E+00 5.87E+00 7.97E-02 1.82E-05 2.40E-10 1.01E+01

Ru-106 2.57E+00 4.79E+00 1.78E-01 4.16E-03 3.46E-02 7.58E+00

Rh-105 4.71E+00 8.45E+00 2.76E-01 2.64E-03 8.48E-04 1.34E+01

Ce-141 1.76E+00 3.26E+00 1.21E-01 2.71E-03 1.72E-02 5.16E+00

Ce-143 1.59E+00 2.84E+00 9.20E-02 8.29E-04 2.34E-04 4.51 E+00

Ce-144 1.32E+00 2.47E+00 9.19E-02 2.14E-03 1.77E-02 3.91E+00

Pu-238 4.13E-03 7.70E-03 2.86E-04 6.71E-06 5.73E-05 1.22E-02
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-20 Activity Releases for AP100O Loss-of-Coolant Accident

Activity Release (Ci)

Isotope

Pu-239

Pu-24C

Pu-241

Np-239

Y-90

Y-91

Y-92

Y-93

Nb-95

Zr-95

Zr-97

La-140

La-141

La-142

Nd-147

Pr-143

Am-241

Cm-242

Cm-244

0-2 hr

3.63E-04

5.34E-04

1.19E-01

2.04E+01

3.68E-02

5.35E-01

4.18E-01

5.81 E-01

7.20E-01

7.17E-01

6.66E-01

7.66E-01

5.37E-01

3.47E-01

2.79E-01

6.28E-01

5.40E-05

1.27E-02

1.56E-03

2-8 hr

6.77E-04

9.92E-04

2.23E-01

3.72E+01

6.70E-02

9.94E-01

5.46E-01

9.48E-01

1.34E+00

1.33E+00

1.15E+00

1.38E+00

7.26E-01

3.06E-01

5.16E-01

1.16E+00

1.OOE-04

2.37E-02

2.91 E-03

8-24 hr

2.52E-05

3.69E-05

8.30E-03

1.27E+0O

2.32E-03

3.69E-02

5.77E-03

2.25E-02

4.95E-02

4.94E-02

3.26E-02

4.58E-02

8.69E-03

6.67E-04

1.89E-02

4.27E-02

3.74E-06

8.81 E-04

1.08E-04

24-96 hr

5.90E-07

8.65E-07

1.94E-04

1.67E-02

3.25E-05

8.43E-04

5.86E-07

4.05E-05

1.11E-03

1.1 3E-03

1.38E-04

4.84E-04

1.31 E-06

6.96E-1 0

3.88E-04

9.01 E-04

8.75E-08

2.04E-05

2.53E-06

96-720 hr

5.04E-06

7.39E-06

1.66E-03

1.17E-02

2.75E-05

6.09E-03

O.OOE+00

2.91 E-07

7.23E-03

8.29E-03

7.58E-06

1.97E-04

O.OOE+OO

O.OOE+00

1.49E-03

3.95E-03

7.48E-07

1.64E-04

2.16E-05

Total

1.07E-03

1.57E-03

3.52E-01

5.89E+01

1.06E-01

1.57E+00

9.70E-01

1.55E+00

2.12E+00

2.11 E+00

1.84E+0O

2.19E+00

1.27E+00

6.53E-01

8.16E-01

1.84E+00

1.59E-04

3.75E-02

4.61 E-03

-

Total 1.72E+04 7.52E+04 1.35E+05 4.30E+05 8.54E+05 1.51 E+06
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-21 Doses for AP100O Loss-of-Coolant Accident

AP1000 TEDE (Rem) X/Q Ratio Site TEDE (Rem)

Time EAB LPZ (Site/APIOOO) EAB LPZ

1-3 hr 2.48E+01 3.77E-01 9.34E+00

0-8 hr 9.20E+00 1.52E-01 1.40E+00

8-24 hr 3.30E-01 1.36E-01 4.49E-02

24-96 hr 3.1OE-01 1.03E-01 3.20E-02

96-7201 hr 2.90E-01 7.05E-02 2.04E-02

Total 2.48E+01 1.01E+01 9.34E+00 1.49E+00

Limit 25 25

Note: For the EAB, the period from 1 to 3 hours yields the maximum two-hour dose.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 15.4-22 Activity Releases for ABWR Loss-of-Coolant Accident

Activity Release (Ci)

Isotope

1-131

1-132

1-133

1-134

1-135

Kr-83m

Kr-85

Kr-85m

Kr-87

Kr-88

Kr-89

Xe-131 m

Xe-I 33

Xe-1 33m

Xe-i 35

Xe-I 35m

Xe-1 37

Xe-I 38

0-2 hr

2.84E+02

3.85E+02

5.92E+02

5.62E+02

5.62E+02

3.57E+02

4.47E+01

9.24E+02

1.31 E+03

2.32E+03

1.98E+02

2.33E+01

8.35E+03

3.28E+02

1.01E+03

5.33E+02

5.62E+02

2.1 9E+03

2-8 hr

1.25E+02

3.63E+01

2.21 E+02

1.17E+00

1.45E+02

5.09E+02

3.38E+02

3.17E+03

1.07E+03

5.48E+03

O.OOE+00

1.65E+02

5.85E+04

2.38E+03

5.02E+03

8.87E-02

O.OOE+00

1 .48E-01

8-24 hr

1.01 E+03

3.55E+01

1.29E+03

O.OOE+00

3.63E+02

1.66E+02

2.40E+03

4.78E+03

1.01E+02

3.76E+03

O.OOE+00

1.22E+03

4.12E+05

1.51 E+04

1.66E+04

O.OOE+00

O.OOE+00

O.OOE+00

24-96 hr

9.52E+03

O.OOE+00

3.64E+03

O.OOE+00

1.83E+02

O.OOE+00

2.38E+04

7.69E+02

O.OOE+00

3.25E+02

O.OOE+00

1.04E+04

3.04E+06

8.31 E+04

1.28E+04

O.OOE+00

O.OOE+00

O.OOE+00

96-720 hr

6.80E+04

O.OOE+00

7.39E+02

O.OOE+00

O.OOE+00

O.OOE+00

3.13E+05

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

6.80E+04

9.20E+06

7.95E+04

O.OOE+00

O.OOE+00

O.OOE+0O

O.OOE+00

Total

7.90E+04

4.57E+02

6.48E+03

5.63E+02

1.25E+03

1.03E+03

3.40E+05

9.64E+03

2.48E+03

1.19E+04

1.98E+02

7.98E+04

1.27E+07

1.80E+05

3.55E+04

5.33E+02

5.62E+02

2.19E+03

-

Total 2.05E+04 7.72E+04 4.59E+05 3.18E+06 9.73E+06 1.35E+07
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Table 15.4-23 Doses for ABWR Loss-of-Coolant Accident

ABWR EAB Dose (SJ) ABWR LPZ Dose (SJ) Site TEDE (Rem)
-X/Q Ratio

Time W. Body Thyroid TEDE W. Body Thyroid TEDE (Site/ABWR) EAB LPZ

0-2 hr 4.10E-02 1.90E+00 9.80E-02 1.65E-01 1.77E+00

0-8 hr 1.OOE-02 3.10E-01 1.93E-02 1.31 E-01 2.78E-01

8-24 hr 8.00E-03 2.00E-01 1.40E-02 1.42E-01 2.17E-01

24-96 hr 1.1OE-02 7.90E-01 3.47E-02 1.66E-01 6.31 E-01

96-72C hr 9.00E-03 1.10E+00 4.20E-02 2.09E-01 9.61E-01

Total 4.10E-02 1.90E+00 9.80E-02 3.80E-02 2.40E+00 1.10E-01 1.77E+00 2.09E+00

Limit 25 25

Note: Tne ABWR TEDE is whole body dose plus 3% of thyroid dose. The site doses include a multiplier of 1.10 for
power adjustment.
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Table 15.4-23a Activity Releases for ESBWR Loss-of-Coolant Accident

Activity Release (Ci)

Isotope 0-2 hr 2-8 hr 8-24 hr 24-96 hr 96-720 hr Total

Co-58 2.28E-03 2.22E-02 3.89E-02 4.18E-02 2.61 E-02 1.31 E-01

Co-60 2.19E-03 2.16E-02 3.76E-02 4.1OE-02 2.89E-02 1.31E-01

Kr-85 6.59E+00 3.23E+02 2.72E+03 2.08E+04 5.31 E+04 7.70E+04

Kr-85rr, 1.14E+02 3.01E+03 5.21E+03 8.50E+02 O.OOE+00 9.19E+03

Kr-87 1.17E+02 8.60E+02 1.08E+02 O.OOE+00 O.OOE+00 1.09E+03

Kr-88 2.68E+02 5.12E+03 4.30E+03 1.63E+02 O.OOE+00 9.85E+03

Rb-86 1.38E-01 1.OOE+00 1.72E+00 1.79E+00 8.25E-01 5.48E+00

Sr-89 3.53E+00 3.46E+01 6.01 E+01 6.43E+01 3.88E+01 2.01 E+02

Sr-90 3.48E-01 3.42E+00 5.98E+00 6.51 E+00 4.63E+00 2.09E+01

Sr-91 3.95E+00 3.06E+01 2.63E+01 5.00E+00 O.OOE+00 6.58E+01

Sr-92 3.18E+00 1.45E+01 2.88E+00 1.25E-01 O.OOE+00 2.06E+01

Y-90 6.34E-03 1.70E-01 9.06E-01 2.51 E+00 4.25E+00 7.84E+00

Y-91 4.59E-02 4.70E-01 8.96E-01 1.03E+00 6.38E-01 3.08E+00

Y-92 4.89E-01 1.01 E+01 8.31 E+00 3.75E-01 O.OOE+00 1.93E+01

Y-93 4.94E-02 3.87E-01 3.45E-01 7.25E-02 O.OOE+00 8.54E-01

Zr-95 6.39E-02 6.26E-01 1.09E+00 1.18E+00 7.25E-01 3.68E+00

Zr-97 6.16E-02 5.28E-01 6.10E-01 2.25E-01 O.OOE+00 1.43E+00

Nb-95 6.43E-02 6.30E-01 1.11E+00 1.20E+00 8.25E-01 3.83E+00

Mo-99 8.30E-01 7.86E+00 1.23E+01 9.88E+00 1.OOE+00 3.19E+01

Tc-99m 7.46E-01 7.24E+00 1.19E+01 1.01E+01 8.75E-01 3.09E+01

Ru-103 6.66E-01 6.52E+00 1.13E+01 1.21E+01 6.88E+00 3.75E+01

Ru-105 3.48E-01 2.09E+00 8.88E-01 3.75E-02 O.OOE+00 3.36E+00

Ru-106 2.33E-01 2.28E+00 3.99E+00 4.34E+00 3.04E+00 1.39E+01

Rh-105 4.05E-01 3.88E+00 5.85E+00 3.74E+00 1.25E-01 1.40E+01

Sb-127 9.09E-01 8.69E+00 1.40E+01 1.23E+01 1.75E+00 3.76E+01

Sb-129 2.18E+00 1.30E+01 5.25E+00 1.25E-01 O.OOE+00 2.05E+01

Te-127 9.29E-01 8.96E+00 1.49E+01 1.39E+01 3.13E+00 4.18E+01

Te-127mn 1.22E-01 1.20E+00 2.09E+00 2.29E+00 1.54E+00 7.24E+00
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Table 15.4-23a Activity Releases for ESBWR Loss-of-Coolant Accident

Activity Release (Ci)

Isotope 0-2 hr 2-8 hr 8-24 hr 24-96 hr 96-720 hr Total

Te-129 2.41E+00 1.62E+01 1.15E+01 6.75E+00 3.50E+00 4.04E+01

Te-129m 4.09E-01 4.02E+00 6.98E+00 7.35E+00 4.13E+00 2.29E+01

Te-131m 1.22E+00 1.11E+01 1.53E+01 8.75E+00 2.50E-01 3.66E+01

Te-132 1.24E+01 1.19E+02 1.88E+02 1.59E+02 1.88E+01 4.96E+02

1-131 6.66E+01 5.13E+02 9.33E+02 1.44E+03 7.OOE+02 3.65E+03

1-132 7.88E+01 3.44E+02 2.45E+02 1.89E+02 2.25E+01 8.79E+02

1-133 1.31E+02 9.1OE+02 1.22E+03 7.63E+02 1.25E+01 3.04E+03

1-134 4.96E+01 5.10E+01 3.75E-01 O.OOE+00 O.OOE+00 1.01E+02

1-135 1.11E+02 6.07E+02 4.16E+02 5.38E+01 O.OOE+00 1.19E+03

Xe-133 1.08E+03 5.19E+04 4.08E+05 2.51E+06 1.20E+06 4.18E+06

Xe-135 3.68E+02 1.40E+04 5.13E+04 3.80E+04 O.OOE+00 1.04E+05

Cs-134 1.16E+01 8.50E+01 1.48E+02 1.63E+02 1.14E+02 5.21E+02

Cs-136 4.03E+00 2.92E+01 5.OOE+01 5.05E+01 2.OOE+01 1.54E+02

Cs-137 7.54E+00 5.52E+01 9.60E+01 1.05E+02 7.50E+01 3.39E+02

Ba-139 2.96E+00 7.50E+00 3.OOE-01 O.OOE+00 O.OOE+00 1.08E+01

Ba-140 6.26E+00 6.10E+01 1.04E+02 1.06E+02 4.OOE+01 3.18E+02

La-140 1.40E-01 4.41 E+00 2.37E+01 5.83E+01 4.35E+01 1.30E+02

La-141 4.50E-02 2.56E-01 9.13E-02 2.50E-03 O.OOE+00 3.95E-01

La-142 2.84E-02 8.09E-02 4.50E-03 O.OOE+00 O.OOE+00 1.14E-01

Ce-141 1.49E-01 1.46E+00 2.54E+00 2.69E+00 1.46E+00 8.30E+00

Ce-143 1.35E-01 1.23E+00 1.75E+00 1.05E+00 2.50E-02 4.19E+00

Ce-144 1.21E-01 1.19E+00 2.08E+00 2.26E+00 1.55E+00 7.20E+00

Pr-143 5.46E-02 5.40E-01 9.68E-01 1.06E+00 4.63E-01 3.09E+00

Nd-147 2.38E-02 2.31E-01 3.94E-01 3.95E-01 1.39E-01 1.18E+00

Np-239 1.69E+00 1.59E+01 2.44E+01 1.88E+01 1.38E+00 6.21E+01

Pu-238 2.98E-04 2.93E-03 5.11E-03 5.54E-03 4.OOE-03 1.79E-02

Pu-239 3.59E-05 3.53E-04 6.19E-04 6.80E-04 4.75E-04 2.16E-03

Pu-240 4.65E-05 4.56E-04 7.98E-04 8.75E-04 6.13E-04 2.79E-03
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Table 15.4-23a Activity Releases for ESBWR Loss-of-Coolant Accident

Isotope

Pu-241

Am-241

Cm-24:2

Cm-244

Total

0-2 hr

1.35E-02

6.08E-06

1.43E-03

6.91 E-05

2.46E+03

2-8 hr

1.33E-01

5.97E-05

1.40E-02

6.77E-04

7.82E+04

Activity Release (Ci)

8-24 hr 24-96 hr

2.31 E-01 2.53E-01

1.06E-04 1.1 5E-04

2.44E-02 2.65E-02

1.19E-03 1.29E-03

4.76E+05 2.58E+06

96-720 hr

1.78E-01

9.25E-05

1.76E-02

9.13E-04

1.25E+06

Total

8.08E-01

3.79E-04

8.39E-02

4.14E-03

4.39E+06

I

I
I

I

I

Table 15.4-23b Doses for ESBWR Loss-of-Coolant Accident

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

ESBWR TEDE (Rem) X/Q Ratio

EAB LPZ (Site/ESBWR)

5.OOE+00 2.26E-01

2.15E+00 1.52E-01

1.58E+00 1.36E-01

1.57E+00 1.03E-01

3.OOE-01 7.05E-02

Site TEDE (Rem)

EAB LPZ

1.41 E+00

4.08E-01

2.69E-01

2.03E-01

2.64E-02

9.06E-01

25

I

I
I

I

I
I
I

5.OOE+00 5.60E+00 1.41 E+00

25
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Table 15.4-24 Activity Releases forAP100O Fuel Handling Accident

Isotopo

Kr-85m

Kr-85

Xe-131m

Xe-133m

Xe-1 33

Xe-1 35m

Xe-1 35

1-130

1-131

1-132

1-133

1-135

Total

Activity
Release (Ci)

0-2 hr

2.68E-03

1.10E+03

5.36E+02

1.29E+03

6.94E+04

4.37E-01

1.32E+02

3.52E-02

2.90E+02

1.54E+02

1.91E+01

1.36E-02

7.29E+04

Table 15.4-25 Doses for AP100O Fuel Handling Accident

Time

0-2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

Total

Limit

APIOO TEDE (Rem) XIQ Ratio

EAB LPZ (SitelAP1OOO)

2.40E+00 3.77E-01

6.OOE-01 1.52E-01

O.OOE+00 1.36E-01

O.OOE+00 1.03E-01

O.OOE+00 7.05E-02

Site TEDE (Rem)

EAB LPZ

9.04E-01

9.11 E-02

O.OOE+00

O.OOE+00

O.OOE+00

9.11 E-02

6.3

2.40E+00 6.OOE-01 9.04E-01

6.3
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Table 15.4-26 Activity Releases for ABWR Fuel Handling Accident

Activity
Release (Ci)

Isotope 0-2 hr

1-131 1.35E+02

1-132 1.66E+02

1-133 1.39E+02

1-134 6.74E-06

1-135 2.25E+01

Kr-83m 7.04E+00

Kr-85m 9.34E+01

Kr-85 5.23E+02

Kr-87 1.35E-02

Kr-88 2.66E+01

Kr-89 8.90E-11

Xe-131 m 9.14E+01

Xe-133rn 1.20E+03

Xe-1 33 3.08E+04

Xe-1 35rn 2.42E+02

Xe-1 35 6.98E+03

Xe-137 2.27E-10

Xe-138 4.70E-10

Total 4.04E+04
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Table 15.4-27 Doses for ABWR Fuel Handling Accident

ABWR EAB Dose (SO) X/Q Ratio Site TEDE (Rem)

Time W. Body Thyroid TEDE (Site/ABWR) EAB LPZ

0-2 hr 1.20E-02 7.50E-01 3.45E-02 1.65E-01 6.23E-01

0-8 hr 1.20E-02 7.50E-01 3.45E-02 1.50E-02 5.65E-02

8-24 hr O.OOE+00

24-96 hr O.OOE+00

96-72C0 hr O.OOE+00

Total 1.20E-02 7.50E-01 3.45E-02 6.23E-01 5.65E-02

Limit 6.3 6.3

Note: The ABWR TEDE is whole body dose plus 3% of thyroid dose. The site LPZ dose is obtained Ly
multiplying ABWR EAB dose by ratio of site LPZ X/Q to ABWR EAB X/Q. The site doses include a
multiplier of 1.10 for power adjustment.

Table 15.4-28 Activity Releases for ESBWR Fuel Handling Accident I

Activity
Release (Ci)

Isotope 0-2 hr

1-131 6.08E+03

1-132 4.73E+03

1-133 3.71 E+03

1-134 2.09E-04

1-135 6.41 E+02

Kr-85m 5.40E+03

Kr-85 2.03E+04

Kr-87 9.11E-01

Kr-88 1.72E+03

Xe-1 33 1.59E+06

Xe-1 35 4.39E+05

Total 2.07E+06

I
I
I
I
I
I
I

I

II
I

I
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Table 15.4-29 Doses for ESBWR Fuel Handling Accident

Time

0-2 hr

0-8 hr

8-24 h

24-96 hr

96-720 hr

Total

Limit

ESBWR TEDE (Rem) X/Q Ratio

EAB LPZ (Site/ESBWR)

4.40E+00 2.26E-01

4.40E+00 2.05E-02

Site TEDE (Rem)

EAB LPZ

1.24E+00

1.13E-01

O.OOE+00

O.OOE+00

O.OOE+00

1.13E-01

6.3

I

I
I

I
I
I
I
I
I

4.40E+00 4.40E+00 1.24E+00

6.3

Table 15.4-30 Activity Releases for ESBWR Cleanup Water Line Break

Activity
Release (Ci)

Isotope 0-2 hr

1-131 3.48E+01

1-132 7.05E+01

1-133 9.28E+01

1-134 1.22E+02

1-135 9.59E+01

Total 4.16E+02

I

I
I

I
I
I
I
I
I
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Table 15.4-31 Doses for ESBWR Cleanup Water Line Break

Time

0-2 hr

0-8 hr

8-24 h-

24-96 hr

96-720 hr

Total

Limit

ESBWR TEDE (Rem) X/Q Ratio

EAB LPZ (Site/ESBWR)

6.OOE-01 2.26E-01

6.OOE-01 2.05E-02

Site TEDE (Rem)

EAB LPZ

1.70E-01

1.54E-02

O.OOE+00

O.OOE+00

O.OOE+00

1.54E-02

2.5

I
I

I

I

I

I
6.OOE-01 6.OOE-01 1.70E-01

2.5
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Chapter 17 Quality Assurance

The Early Site Permit Application Development Quality Assurance Manual establishes the quality
assurance plan for the development of the ESP application. The plan has been structured around
Virginia Power's operational Quality Assurance Plan for the existing units and uses many of the
same procedures and programs.

17.1 ESP Quality Assurance

The Early Site Permit Application Development Quality Assurance Manual is inclUded in
Section 17.1.

2-17-1 Revision 6
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1. Introduction

This manual delineates the Quality Assurance Plan for the development of an
Early Site Permit Application for the addition of new nuclear generation. It has
been developed with guidance from ASME-NQA-1 -2000.

The Quality Assurance Program (QA Program) outlines the organization,
programs and procedural requirements that will assure that the application is
developed in a quality manner and, where appropriate, in accordance with
10CFR50 Appendix B, "Quality Assurance Criteria for Nuclear Power Plants
and Fuel Processing Plants."

In order to simplify the QA process for the Early Site Permit Application
development, elements of the operating QA program shall be used to assure
quality. The operating QA program, VEP-1-5A, Operational Quality
Assurance Program Topical Report has detailed implementing procedures in
place, but has been developed to specifically exclude construction activities.
The Early Site Permit Application Development Quality Assurance Manual
provides details for the QA process for the development of an Early Site
Permit Application and specifies the use of the processes in place that meet
the operating QA program.

Where applicable, items that may or will affect the operating unit or units shall
be addressed under the operating QA program, VEP-1-5A, Operational
Quality Assurance Program Topical Report. In selected cases as stated in
this document, the existing operating QA program. VEP-1-5A will govern
compliance with this program. Also, many procedures and instructions that
comply with the Operational Quality Assurance Program shall also be used to
comply with this program.

Control, revision and approval of this manual will be performed in accordance
with Section 20, Issuance and Revision of the Early Site Permit Application
Development QA Manual.

2. Organization

General Description - Early Site Permit Development Organization

There are five groups within the Early Site Permit Development Organization
which affect the quality of the Early Site Permit Application. These groups are
Early Site Permit Project, Nuclear Operations, Nuclear Engineering, Nuclear
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Support Services, and Nuclear Oversight. The Nuclear Organization is shown
in Appendix A. A more specific description of the responsibilities of each
group is listed below.

A. Early Site Permit Project

The Early Site Permit Project is responsible for development of the Early
Site Permit Application, coordinating the technical input required,
managing subcontractors and assuring that all licensing requirements are
met. The Early Site Permit Project is the design authority for development
of the Early Site Permit.

B. Nuclear Support Services

Nuclear Support Services is responsible for support of the Early Site
Permit Organization by providing licensing and operations support,
personnel training, nuclear security and emergency preparedness support.
The Early Site Permit Project is part of the Nuclear Support Services
organization.

Supply Chain Management (Generation) is responsible for providing
material management, procurement, procurement engineering and other
supply chain functions. The Supply Chain Management (Generation)
Group is matrixed to Nuclear Support Services.

C. Nuclear Operations

Nuclear Operations is responsible for operation and maintenance of the
Nuclear Stations and Independent Spent Fuel Storage Installations
(ISFSIs). In addition, Nuclear Operations is responsible for quality
inspection activities for on site work, including that to support the Early
Site Permit application development, as necessary.

D. Nuclear Engineering

Nuclear Engineering is responsible for support of the Early Site Permit
Organization by providing engineering services and records management.
The engineering departments provide design engineering support.

Information Technology is responsible for providing information technology
services to the nuclear organization. The Information Technology Group is
matrixed to Nuclear Engineering.
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E. Nuclear Oversight

Nuclear Oversight is responsible for independently planning and
performing activities to verify the development and effective
implementation of nuclear management's quality assurance programs fcr
engineering, procurement, and construction activities associated with the
Early Site Permit development.

Nuclear Management

A. Senior Vice President - Nuclear Operations and Chief Nuclear Officer

The Senior Vice President - Nuclear Operations and Chief Nuclear Officer
has corporate responsibility for and directs the planning and development
of the Early Site Permit Organization staff, and organization resources.

B. Vice President Nuclear Support Services

The Vice President Nuclear Support Services is responsible to the Senior
Vice President - Nuclear Operations and Chief Nuclear Officer and has the
responsibility for development of the Early Site Permit Application.

The Vice President Nuclear Support Services has overall responsibility for
implementing the quality assurance program for the Early Site Permit
Organization.

1. Project Manager - Early Site Permit Project

The Project Manager - Early Site Permit Project is responsible to
the Vice President Nuclear Support Services for developing the
Early Site Permit Application and assuring that the Application
meets all of the requirements of the quality assurance program.

The Project Manager - Early Site Permit Project has overall
authority for all activities in support of the development of the
application. He is responsible for vendor interface for all vendor..
related activities, such as collecting and analyzing data and
conducting testing for site suitability. He is also responsible for
coordinating actions of Dominion personnel and departments.
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2. Director Nuclear Licensing & Operations Support

Director Nuclear Licensing & Operations Support is responsible 1o
the Vice President Nuclear Support Services for providing
regulatory compliance support, and providing licensing support
through NRC communications.

3. Director Nuclear Protection Services & Emergency Preparedness

Director Nuclear Protection Services & Emergency Preparedness is
responsible to the Vice President Nuclear Support Services for
providing nuclear station security, plant and ISFSI access
programs, station safety and loss prevention, and fitness for duty
programs. The Director Nuclear Protection Services & Emergency
Preparedness is also responsible for the overall management of
Nuclear Emergency Preparedness activities and is responsible for
development of the emergency planning sections of the Application.
Additional responsibilities include controlling site access,
implementation of the Fitness for Duty program and ensuring that
construction or ESP activities do not breach security measures of
the operating plants.

4. Director Nuclear Training

Director Nuclear Training is responsible to the Vice President
Nuclear Support Services for the training of personnel who operate
or support the Nuclear Stations. Training responsibilities include:
determining the need for training based on information provided by
the Early Site Permit Organization, developing performance-based
training programs, implementing training programs to support
employee and organization needs, and evaluating training
programs. Additional responsibilities include assuring that
personnel are properly trained to respond to potential hazards while
on site.

5. Director Supply Chain Management (Generation)

The Director Supply Chain Management (Generation) is
responsible to the Vice President Nuclear Support Services for the
material management, purchasing, procurement engineering, and
vendor surveillance functions. This responsibility is exercised in a
matrixed-reporting role.
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C. Director Nuclear Oversight

The Director Nuclear Oversight is responsible to the Senior Vice President
- Nuclear Operations and Chief Nuclear Officer for assuring the
compliance with the Quality Assurance Program for Early Site Permit
Application development. The Director Nuclear Oversight may make
recommendations to the Early Site Permit Development Organization's
management. If the Director of Nuclear Oversight disagrees with any
actions taken by the Early Site Permit Development Organization and is
unable to obtain resolution, the Director Nuclear Oversight shall bring the
matter to the attention of the Senior Vice President - Nuclear Operations
and Chief Nuclear Officer who will determine the final disposition.

1. Supervisor Nuclear Quality (Vendor Programs)

The Supervisor Nuclear Quality (Vendor Programs) is responsible
to the Director Nuclear Oversight for assuring compliance with the
established vendor Quality Assurance Programs and for evaluating
the quality programs of vendors and contractors performing ESP
activities important to safety. This is accomplished by scheduling
and conducting triennial external audits, annual vendor Quality
Assurance Program evaluations, reviewing audits conducted by
external organizations (e.g., other utilities and NUPIC), and
maintenance of the Safety-Related Vendors List and the
Commercial Grade Vendors List.

2. Nuclear Specialist (Audit Coordinator)

The Nuclear Specialist (Audit Coordinator) is responsible to the
Director Nuclear Oversight for assuring compliance with the
Operational Quality Assurance Program, administration of the
internal audit program, and interfacing with corporate Nuclear
Oversight personnel.

D. Vice President Nuclear Engineering

The Vice President Nuclear Engineering is responsible to the Senior Vice
President - Nuclear Operations and Chief Nuclear Officer and has
corporate responsibility for supporting development of the Early Site
Permit Application through engineering, projects, and nuclear analysis and
fuel activities.
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1. Director Information Technology Business Account (Generation)

The Director Information Technology Business Account
(Generation) is responsible to the Vice President Nuclear
Engineering for information technology direction and support of the
Nuclear Business Unit. This responsibility is exercised in a
matrixed-reporting role. Responsibilities include network
infrastructure maintenance and upgrade, network and application
security, network operations, automation strategy, application
development and support, and automation training. Additional
responsibilities include the evaluation of software quality for that
software utilized within Dominion.

2. Director Nuclear Engineering

The Director of Nuclear Engineering is responsible to the Vice
President Nuclear Engineering for implementing the operational
quality assurance program in the following areas:

* Design Engineering
* Configuration Management
* Site Engineering
* Records Management

Responsibilities of these groups include implementing engineering
standards for nuclear design control, engineering evaluation of
generic industry issues, management of engineering resources for
specific tasks, and engineering programs.

a. Manager Design Engineering

The Manager Design Engineering is responsible to the
Director Nuclear Engineering for orchestrating the resources
of the corporate discipline engineering groups, and Site
Design Engineering to support the competing needs of
projects, general site support activities and program support.
The Manager Design Engineering shall also ensure that
appropriate discipline engineering resources are dedicated
to the maintenance of the design basis infrastructure and
support of assigned programs.
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b. Manager Nuclear Site Engineering

The Manager Nuclear Site Engineering is responsible to the
Director Nuclear Engineering for managing engineering
resources in Systems Engineering, Component Engineering,
and Test and Inspection Engineering. The Manager Nuclear
Site Engineering also provides a day-to-day interface with
Station management.

c. Manager Nuclear Engineering

The Manager Nuclear Engineering is responsible to the
Director Nuclear Engineering for managing activities related
to the control and availability of design and licensing basis
information, configuration management, and the control of
nuclear records through effective implementation of the
records management program.

E. Senior Vice President Nuclear Operations

The Senior Vice President Nuclear Operations is the corporate individual
responsible to the Senior Vice President - Nuclear Operations and Chief
Nuclear Officer for the operation of the Nuclear Stations and ISFSIs. The
Senior Vice President Nuclear Operations has overall responsibility for
implementing the quality assurance program for the operational phase of
the Nuclear Stations and ISFSIs.

F. Site Vice President

Responsible to the Senior Vice President Nucleari Operations for, the
overall safe and efficient operation of the station' and ISFSI, and for the
implementation of quality assurance requirements in the areas specified
by the Operational Quality Assurance Program.

For the purposes of this program, the description of the duties of the Site-
Vice President and staff will be limited to those that impact the Early Site
Permit Application Development. All other topics are addressed in the
Operational Quality Assurance Program.

The Site Vice President has supervisory control over all Company
personnel within the station organization and administrative control over
all other Company and non-Company individuals within the nuclear site's
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boundary. The Site Vice President is the local representative of Company
management and is empowered to implement all Company policy with
regard to operations of the facility, support of Company public relations
policy, and employee relations policies. The Site Vice President is also
responsible for coordinating station functions with offsite (Company and
non-Company) agencies and services, and ensuring station personnel are
adequately trained in accordance with the Emergency Plan. The Site Vice
President fulfills the position of Plant Manager identified in the ISFI
Technical Specifications.

Director Nuclear Station S&L (Safety and Licensing)

The Director Nuclear Station S&L is responsible to the Site Vice
President for directing and coordinating nuclear safety issues at the
station and ISFSI. The Director Nuclear Station S&L is independent
of cost and scheduling concerns associated with operations,
maintenance, construction, and modification activities. The Director
Nuclear Station S&L is responsible for being cognizant of licensing
and regulatory issues, administering the Commitment Tracking
System (CTS), coordinating the station quality inspection program,
and coordinating activities related to non-radiological environmental
protection.

3. Quality Assurance Program

General Description

Objective

The objective of the Dominion Quality Assurance Program for Early Site
Permit Applications is to comply with the criteria as expressed in 10 CFR
50, Appendix B, as amended, and with the quality assurance program
requirements for nuclear power plants as described in the Operational
Quality Assurance Program Topical Report, VEP-1-5A. This program, its
policies and procedures are described herein: the Early Site Permit
Quality Assurance Program; the Nuclear Business Unit Standard (NBUS,;
and the corporate and station procedures. This program applies to those
quality-related activities that involve the functions of safety-related
structures, systems, and components associated with the construction cf
nuclear power stations and those non-safety-related components
described in the Site Safety Analysis Report. Examples of safety-related
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activities for the ESP program include, but are not limited to, site
geotechnical investigations, seismic analysis, and meteorological analysis.

Other portions of the Early Site Permit Application shall be developed
under a graded approach to quality, with appropriate controls applied to
ensure accuracy of information and conformance/compliance with
applicable codes, standards, regulatory requirements, and industry
practices.

Elements of the Operational Quality Assurance Program, VEP-1-5A,
Operational Quality Assurance Program Topical Report, shall be used to
assure compliance with this document. The existing programs and
procedures to support the Operational Quality Assurance Program shall
also be used. These programs include a Design Control process (which
also controls engineering vendor and Architect-Engineer interface) and
Record Retention processes.

Designated activities may be performed under a contractor's Quality
Assurance Program approved by the Dominion Quality Assurance
Program. The contractor's Quality Assurance Program when used for
activities will comply with the criteria expressed in 10 CFR 50, Appendix B,
as amended, and with the Regulatory Guides and ANSI Standards as
listed in Table 2. Periodic audits and assessments of those programs are
performed to assure compliance with Dominion procedures. In addition,
routine interfaces with project personnel assure that quality expectations
are met.

The goal of this program is to assure the accurate, efficient and detailed
development of an Early Site Permit Application in accordance with sound
engineering principles.

Site development in preparation for construction is not within the scope of
the Early Site Permit Project

This Quality Assurance Plan applies to those ESP activities that can affect
either directly or indirectly the safety-related site characteristics or analysis
of those characteristics. In addition, this plan applies to engineering
activities that are used to characterize the site or analyze that
characterization.

In general, the requirements specified here are detailed in implementing
procedures that are either Dominion implementing procedures, or vendor
implementing procedures governed by a vendor quality program. Vendor
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quality programs shall be verified to be in compliance with this Dominion
plan in accordance with administrative procedures.

Process

The program provides written policies, standards, procedures, and
instructions covering engineering, design, procurement, periodic
surveillance, and supporting tests, for the development of the Application.
Nuclear Business Unit (NBU) policies establish commitments to the
Quality Assurance Program. Detailed procedures and instructions are
issued in accordance with and to meet the requirements of this document.
Audit and inspection programs have been implemented to assure that
these procedures are being correctly applied.

Nuclear Oversight personnel, both station and corporate, report through a
line of management completely separate from operational, Early Site
Permit application development, and production management and
influences, and fulfill the following three-part role:

1. Audit to ensure that the overall development of the Application is
carried out in accordance with applicable codes and standards, NRC,
guides and regulations, company policies and commitments.

2. Serve as a management tool for station and corporate management
personnel, illuminating problem areas, detecting trends, and providing
recommendations regarding solution of problem areas when
applicable.

3. Provide all levels of management with an independent source of
information regarding the quality aspect of Application development
and comment resolution.

Issue Resolution

Differences of opinion between Nuclear Oversight personnel and other
departments are resolved by the cognizant Manager or Director and the
Director Nuclear Oversight or are forwarded through normal administrative
chains of both individuals for resolution at the executive level. Final
decision-making authority rests with the Senior Vice President and Chief
Nuclear Officer.

Audits

Nuclear Oversight conducts audits in accordance with the Quality
Assurance Program and performs other duties as directed by the Director
Nuclear Oversight. Nuclear Oversight representatives have access to all
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areas at any time deemed necessary for audits and activities related to
quality. They have access to station and corporate records required for in-
depth auditing of Application development, including confidential
personnel records (but only to the extent necessary to verify personnel
qualifications or other information related to quality).

The station staff, under the guidance of the Director Nuclear Station S&L
(Safety and Licensing) conducts inspections of work at the stations.

Other personnel assigned to conduct assessments and inspections in
accordance with the Quality Assurance Program have access to all areas
of the station necessary to accomplish those activities.

Quality Assurance Program

The Dominion Quality Assurance Program for the Early Site Permit
Application Development is displayed in a point-by-point comparison to
Appendix B, 10 CFR 50 in Table 1.

Identification of Safety Related Design Basis Activities

Safety Related Design Basis Activities are defined as those activities,
including sampling, testing, data collection and supporting engineering
calculations and reports that will be used to determine the bounding physical
parameters of the site. The development of the Application will involve site
testing, data collection and calculations that may create or bound safety
related design basis data. Site testing and data collection of information
pertaining to the physical characteristics of the site will be considered safety
related. In addition, calculations and other engineering data that bounds or
characterizes the site will be classified as safety related.

Periodic Review of the Quality Assurance Program

Audits of activities required by the Quality Assurance Program for the Early
Site Permit Application development will be conducted at least once per 24
months during the application development and NRC review processes.
These audits are performed under the cognizance of the Director of Nuclear
Oversight.

Qualification of Nuclear Oversight Personnel

The Director Nuclear Oversight shall have a four-year accredited engineering
or science degree or equivalent with a minimum of ten years experience
related to electric power generating facilities. At least five years of overall
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experience shall have been in a supervisory capacity, two years of which
should have involved quality assurance related matters.

The Supervisor Nuclear Quality (Vendor Programs) shall have a four-year
accredited engineering or science degree, or equivalent with a minimum of
two years overall experience or equivalent training in power plant operations
is a prerequisite with at least one year of this experience involved in nuclear
power station quality assurance program implementation.

The Nuclear Specialist (Audit Coordinator) shall have a four-year accredited
engineering or science degree, or equivalent with a minimum of two years
overall experience or equivalent training in power plant operations is a
prerequisite with at least one year of this experience involved in nuclear
power station quality assurance program implementation.

Personnel in the key positions listed will meet or exceed the above
requirements or, as an alternative, the applicable requirements of paragraph
4.4.5 of ANSI/ANS 3.1 (Draft 12/79) as clarified in VEP-1-5A, Operational
Quality Assurance Program Topical Report.

Qualification of Other Support Personnel

The Manager Vendor Quality shall have a four-year accredited engineering or
science degree, or equivalent with a minimum of two years overall experience
or equivalent training in power plant operations. At least one year of this
experience shall be involved in nuclear power station quality assurance
program implementation.

Replacement personnel in the key positions listed will meet or exceed the
applicable requirements of ANSI/ANS 3.1 (Draft 12/79) as clarified in VEP-1-
5A, Operational Quality Assurance Program Topical Report.

Certification of Nuclear Oversight Personnel

The certification of Nuclear Oversight personnel is accomplished in
accordance with the Quality Assurance Certification Program. This program
provides for the certification and recertification of auditors and lead auditors.
The program outlines the qualification and certification requirements for
personnel and requires the individual to be certified prior to performing
specified audit functions. Nuclear Oversight management has the
responsibility to certify audit personnel.
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Certification of Other Support Personnel

The certification of maintenance and modification inspection personnel [i.e.,
Quality Maintenance Team (QMT) and station Quality Control inspectors)],
Material Verification personnel and Vendor Surveillance personnel is
accomplished in accordance with the approved certification programs. These
programs outline the qualification and certification requirements of personnel
and require the individual to be certified prior to performing specified
functions.

Indoctrination and Training

All personnel performing or managing activities affecting quality shall receive
indoctrination and training in their job responsibilities and authority, general
criteria including applicable codes and standards, regulatory commitments,
company procedures and quality assurance program requirements.

A training program shall be established for those individuals responsible fcr
work affecting safety related design basis activities.

Records of required training shall be maintained in accordance with section
18 of this program.

4. Design Control

The Nuclear Design Control Program (NDCP), delineates procedures to
assure that design basis, regulatory requirements, codes and standards are
correctly translated into specifications, drawings, procedures, or instructions
for those items classified as safety related and that design changes, including
field changes, are subject to design control measures commensurate with
those applied to the original design and the applicable specified design
requirements. Nuclear Standards describe the design control program.

The responsibility for the development, identification of requirements,
monitoring, and implementation of an effective design control program is
delegated to the Vice President Nuclear Engineering with input as appropriate
from Vice President Nuclear Support Services. If changes to the operating
units are required to support the development of the Early Site Permit
Application, those activities shall be governed by VEP-1-5A, Operational
Quality Assurance Program Topical Report.
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The NDCP provides for verifying or checking the adequacy of design, such as
by the performance of design reviews, by the use of alternate or simplified
calculational methods, or by the performance of a suitable testing program.
When a testing program is solely used to test the adequacy of a design, the
test will be conducted under adverse design conditions. The provisions of this
section assure that individuals other than those who performed the original
design perform the verifying or checking process. These individuals are
identified and their authority and responsibility is described. The NDCP also
identifies the design documents that are required to be reviewed and the
personnel responsible for their review and revisions, to assure that design
characteristics can be controlled, inspected and tested, and that inspection
and test criteria are identified. Design documents, design change documents
and revisions thereto are distributed to responsible supervisors to determine
whether revisions to controlled design and operating documents are
necessary. Design documents and reviews, records and changes thereto are
collected, stored and maintained in a systematic and controlled manner.

The NDCP establishes measures for the selection and review for suitability of
application of materials, parts, equipment and processes that are essential to
safety-related or safety significant functions. These measures include the use
of valid and applicable industry standards and specifications, materials and
prototype hardware testing programs, and design reviews. In the event of a
design modification to a system which is safety related, engineering studies
are initiated to evaluate parts, equipment, processes, and material suitability
for repair of such equipment or components; previously approved items are
used without further review. Previously approved materials, parts or
components used for a different application are reviewed for suitability prior to
approval for their new application.

Quality measures are assured through all levels of the design control program
by the design control organization, station and corporate suppolt
organizations. Any errors or deficiencies noted in the design process are
documented on the design change forms and subsequently corrected. Any
non-conforming conditions identified are documented and corrected ill
accordance with the Corrective Action Process (section 17).

Procedures for design controls, analysis, and reviews have as their basis the
applicable portions of documents referenced in the Nuclear Design Controil
Manual, and include ANSI N45.2.11-1974 as modified in Table 17.2.0 of VEP-
1-5A, Operational Quality Assurance Program Topical Report.

An Engineering Standard is used to establish the interface between the
company and contractors for design activities. The standard requires that the
licensee's program requirements be followed in the preparation, review and
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approval of design documents such as design changes, specifications and
drawings.

Suitable design controls are applied to such disciplines as reactor physics;
seismic stress, thermal, hydraulic, radiation and accident analysis,
compatibility of materials; and accessibility for inservice inspection,
maintenance and repair. Designs are reviewed to assure that (1) design
characteristics can be controlled, inspected, and tested, and (2) inspection
and test criteria are identified.

Some activities described in this section are included in the operational QA
program and may not be needed for ESP application development. Examples
of safety-related activities for the ESP program include, but are not limited to,
site geotechnical investigations, seismic analysis, and meteorological
analysis.

5. Procurement Document Control

Administrative procedures describe the program for completing procurement
documents including review, approval, document control, and change control.
In addition, references to procedures that govern the actions of Nuclear
Oversight and Vendor Surveillance are made which include provisions for
access to the suppliers' facilities and records, for source inspection or audit:,
and qualification of vendors prior to the initiation of quality related actions
when the need for such inspection and/or audit has been determined. This
program also provides for records to be prepared, maintained, made available
for review, or delivered to the Company prior to use or installation of the
hardware, such as drawings, specifications, procedures, procurement
documents, inspection and test records, personnel and procedure
qualifications, material, chemical and physical tests results, and the
identification of quality assurance requirements applicable to the items or
services purchased, including sub-tier procurement requirements when
required.

Administrative procedures are established to ensure that procurement
documents reference all actions required by a supplier in accordance with the
applicable codes, specifications, and drawings. Any non-conforming
conditions identified shall be documented and corrected in accordance with
the Corrective Action Process (section 17).

Procurement documents incorporate the design basis technical and quality
requirements including the applicable regulatory requirements, component
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and material identification requirements, drawings, specifications, codes and
industrial standards, test and inspection requirements, and special
instructions for special processes such as welding, heat treating, non-
destructive testing and cleaning as applicable. Design basis information is
developed in accordance with the Design Control process (Section 4).

Procurement documents for spare or replacement parts of safety-related
structures, systems and components are subject to technical and quality
controls at least equivalent to those used on the original equipment.

Procurement documents are prepared, reviewed, and approved as delineated
in administrative controls. Copies of procurement documents, or equivalent
documents such as Receiving Reports or Requisitioner's Purchase Orders,
are retained and are available for review. The Operational Quality Assurance
Program Topical Report, VEP-1-5A, Table 17.2-0 contains the standards,
requirements or guides from which the procedures implementing this section
are based.

Some activities described in this section are included in the operational QJ%
program and may not be needed for ESP application development. For
development of the ESP Application, activities subject to this criterion are
limited to the procurement of vendor services.

6. Instructions, Procedures and Drawings

Detailed written procedures are established, approved, implemented, and
maintained to control development of the Application.

Other activities affecting quality of safety related items within the scope of 1 'D
CFR 50, Appendix B are prescribed by documented instructions, procedures,
or drawings of a type appropriate to the circumstances. These activities are
accomplished in accordance with these instructions, procedures, or drawings.
Applicable instructions, procedures, or drawings include for reference
appropriate qualitative and/or quantitative acceptance criteria for determining
that important activities have been satisfactorily accomplished.

Administrative procedures describe the requirements for developing,
reviewing, approving, and controlling procedures, instructions and drawings
used for testing as well as design development, administrative, and other
activities performed in support of development of the Application. These
requirements include references, prerequisites, precautions, limitations,
manufacturer's specifications, check-off lists, and acceptance criteria (as
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appropriate). When applicable the acceptance limits and requirements
contained in the design and procurement documents constitute a portion of
the acceptance criteria referenced and contained in written testing
procedures.

Changes to procedures or instructions require the procedure or instruction to
be revised before a change can be implemented. The revision process will
have the same level of review as the original procedure or instruction.
Drawing changes are controlled under the Design Control process (Sectioi
4).

New procedures and instructions and procedure or instruction revisions are
also reviewed using an Activity Screening to determine if any impact exists oli
the operating unit and if so, whether a safety evaluation is required. If the
procedure, instruction or drawing has an impact on the operating unit, review
and approval of the procedure, instruction or drawing shall be accomplished
in accordance with VEP-1-5A, Operational Quality Assurance Program
Topical Report. Revisions that do not require a safety evaluation and have no
impact on the operating unit are reviewed by cognizant management prior to
implementation. The Operational Quality Assurance Program Topical Report.,
VEP-1-5A, Table 17.2-0 contains the standards, requirements or guides from
which the procedures, drawings and instructions implementing this section
are based.

7. Document Control

Measures are established and documented describing the control of
documents, such as procedures, instructions, and drawings, to provide for
their review, approval, and issue, and changes thereto, prior to release and to
assure they are adequate and the quality requirements are stated. Normally
changes to documents are reviewed and approved by the same organizations
that performed the original review and approval; however, this responsibility
may be delegated to other qualified responsible organizations. Approved
changes are incorporated into procedures and drawings and other
appropriate documents associated with the change. Procedures, drawings
and instructions and changes thereto are processed, distributed and
controlled and obsolete copies are disposed of. The company maintains a
record of all holders of procedures and drawings and an index of all
procedures and drawings, listing the current revision date. Instructions require
that a copy of the appropriate procedure be available at the activity location
prior to the commencement of that activity. These measures are addressed in
the Administrative Procedures for each station.
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Administrative procedures list certain documents that require strict
administrative control for distribution, revision, and routing. These documents
are categorized as "Controlled Documents." Examples of controlled
documents are Station Procedures, and Station Drawings. Also set forth are
the distribution and controlling procedures for design and procurement
documents. The Operational Quality Assurance Program Topical Report,
VEP-1-5A, Table 17.2-0 contains the standards, requirements or guides from
which the procedures implementing this section are based. Record Retention
will be in accordance with Table 17.2-2 of VEP-1 -5A.

8. Control of Purchased Material, Equipment and Services

An evaluation of suppliers is performed prior to contract award, except in
emergency situations where an item or service is needed to preclude
development or deterioration of an unsafe condition at the plant, by one or
more of the following: (1) A review of the supplier's capability to comply with
the elements of 10 CFR 50, Appendix B that are applicable to the type cf
material, equipment, or service being procured, (2) A review of previous
records and performances of suppliers who have provided similar articles of
the type being procured, (3) A survey of the supplier's facilities and quality
assurance program to determine his capability to supply a product or service
which meets the design, manufacturing, and quality requirements, or (4) A
review of qualification information supplied by another utility or outside
organization.

Surveillance of suppliers during fabrication, inspection, testing, and shipment
of materials, equipment, and components is planned and performed in
accordance with written procedures to assure conformance to the purchase
order requirements as applicable. These procedures provide for:

a. Instructions that specify the characteristics or processes to be witnessed,
inspected or verified, and accepted; the method of surveillance and the
extent of documentation required; and those responsible for implementing
these instructions. Surveillance shall be performed on those items where
verification of procurement requirements cannot be determined on receipt.

b. Audits and/or inspections which assure that the supplier complies with all
quality requirements.

Administrative procedures describe the requirements for controllingI
purchased material, equipment, and services including commercial grade
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items for use on safety-related applications. The requirements applied to
spare and replacement parts are at least equivalent to those applied to the
original parts.

Inspections and surveillance of suppliers of nuclear safety-related items is
performed under the direction of the Vice President Nuclear Engineering and
the Vice President Nuclear Support Services. The results of these actions are
documented and filed. The periodic inspections assure that applicable
material and equipment received at the station meet the requirements of the
specifications, purchase orders, code, drawings, or other purchasing
documents. This assurance includes the review of documentation received,
physical inspection, cleanliness, packaging, marking or functional testing, as
required.

Purchased items are normally under the control of the Supply Chain
Management (Generation) organization. This organization is authorized to
contact system organizations and NSSS, A/E contractors and subcontractors
through the auspices of system representatives for assistance as required.
Verification of these activities is accomplished under the direction of the
Director Nuclear Oversight.

Any non-conforming conditions identified are documented and corrected in
accordance with the Corrective Action Process (section 17).

Periodic evaluations of procurement history of the suppliers are performed by
Nuclear Oversight to verify continued supplier capability.

Documentation concerning the quality of material, components, and
equipment received is reviewed by a representative of the Vice President
Nuclear Engineering or the Vice President Nuclear Support Services for
conformance with the Purchase Requisition and Purchase Order. The
Operational Quality Assurance Program Topical Report, VEP-1-5A, Table
17.2-0 contains the standards, requirements or guides from which the
procedures implementing this section are based.

9. Identification and Control of Materials, Parts and Components

During the development of an Early Site Permit Application, no safety-related
materials, parts or components will be procured or used. For this reason, this
criterion is not applicable to the development of an Early Site Permit
Application.
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1 0. Control of Special Processes

The safety-related scope of the development of the ESP application will not
involve the use of special processes. For this reason, this criterion is not
applicable to the development of an Early Site Permit Application.

11. Inspection

Inspection procedures for those activities affecting quality will be established
as appropriate, prior to work being performed. Written procedures will be
developed as needed to include inspection hold points.

Examinations, measurements, or tests of materials or components associated
with safety-related equipment and systems are performed for each work
operation, where necessary, to assure quality. If inspection is impossible cr
inappropriate, indirect control by monitoring methods, equipment, and
personnel is provided. Both methods are provided when control is inadequate
without both.

Examinations, measurements, or tests that require witnessing are identified
as "inspection hold" points in procedures. The inspection performed at a hold
point is specific in nature; quality characteristics and acceptance/rejection
criteria are included or qualitative criteria such as operability checks,
compliance with procedural steps, or cleanliness instructions are specified.
The inspection is documented by signature or initials on the written procedure
form.

The inspection program requires that inspectors be assigned as appropriate
for the activity being inspected. An inspector may be a member of the
organization performing the activity. However, they must be qualified and
shall not be the person performing the activity or the supervisor directly
responsible for the activity. Maintenance and modification inspection
personnel are under the administrative direction of the Quality Inspection
Coordinator when performing Quality Control inspections. Personnel so
assigned shall become familiar with the procedure being used and other
pertinent documents such as technical manuals and drawings prior to
performing the inspection.

Maintenance and modification inspection personnel, Material Verification
personnel and Vendor Surveillance personnel meet the qualification
requirements of ANSI N45.2.6-1978, under NRC Regulatory Guide 1.58 as
clarified in VEP-1-5A, Operational Quality Assurance Program Topical Report
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Table 17.2-0. The inspectors' qualifications are periodically reviewed for
recertification.

Generally, all physical inspections are under the control of the on-site
organization. However, the Site Vice President is authorized to request
assistance as required from corporate support organizations.

Additionally, inspection activities pertaining to Design Control (Section 4);
Procurement Document Control (Section 5); and Corrective Action (Section
17) shall be controlled in accordance with provisions established for this
function in the referenced sections contained herein. The Operational Quality
Assurance Program Topical Report, VEP-1-5A, Table 17.2-0 contains the
standards, requirements or guides from which the procedures implementing
this section are based.

Some activities described in this section are included in the operational QA
program and may not be needed for ESP application development. The
performance of site geotechnical investigations is an example of a safety-
related activity for the ESP program that may involve inspections to assure
compliance with procedures.

12. Test Control

Testing done in support of the Early Site Permit application development will
be controlled by written test procedures. These test procedures will include cr
reference:

1. The requirements and acceptance limits contained in applicable design
and procurement documents.

2. Test prerequisites such as the availability of adequate and appropriate
equipment and calibrated instrumentation; trained, qualified, and licensed
or certified personnel; the completeness of the item to be tested; suitable
and controlled environmental conditions; provisions for data collection and
storage.

3. Instructions for performing the test.

4. Inspection points as appropriate.

5. Acceptance and rejection criteria.
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6. Methods of documenting or recording test data and results.

Any instrumentation used shall be in a calibration program. This program
provides, by the use of equipment history data, status, records, and
performance schedules, for the date that calibration is due and indicates the
status of calibration. The identity of person(s) performing calibration is
provided on the calibration documents. The Operational Quality Assurance
Program Topical Report, VEP-1-5A, Table 17.2-0 contains the standards,
requirements or guides from which the procedures implementing this section
are based.

13. Control of Measuring and Test Equipment

A program has been established and documented in administrative
procedures that describes the calibration technique and frequency,
maintenance, and control of all "Measuring and Test Equipment" (portable
instruments, tools, gauges, fixtures, reference and transfer standards, and
non-destructive test equipment) which are used in the measurement:,
inspection, maintenance, and monitoring of safety-related components,
systems, and structures. Measuring and test equipment does not include:
measuring equipment used for preliminary checks or utility troubleshooting
where accuracy is not required. There is also no intention to imply a need for
special calibration and control measures of rulers, tape measures, levels, and
other basic tools if normal commercial practices provide adequate accuracy.
Controls for measuring and test equipment include the transportation,
storage, and protection of the equipment; the handling of associated
documents giving the status of all items under the calibration system such as
maintenance history, calibration test data, and individual log sheets assigned
to each device; and the permanent marking of each device by a unique
number.

The maintenance, calibration technique, and frequency of calibration cf
measuring and test equipment utilized in activities affecting quality are
normally performed as specified in the manufacturer's instruction manual or in
approved written procedures. In some cases the calibration interval may be
assigned or changed based on accumulated experience by trained
technicians. The recall system may include provisions for the temporary
extension of the calibration due date under certain conditions specified in
approved procedures.

If standards are not available or there is some special reason that procedures
cannot be followed, the modified procedures and/or interval are documented,
including justification. In other cases, rather than require calibration at
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specified intervals, procedures may specify the device be calibrated prior to
use, as in the case of torque wrenches or micrometers. Where permitted by
commercially available state of the art equipment, reference standards are no
more than 1/4 the error allowed in the measuring and test equipment
calibrated by that standard.

Measuring and test equipment used on safety-related systems or equipment
are calibrated utilizing reference standards whose calibration has a known
valid relationship to nationally recognized standards, such as the National
Institute of Standards and Technology (NIST), or accepted values of natural
physical constants. If no national standard exists, the basis for calibration is
documented. Whether the device is calibrated at the power station or at an
NIST traceable outside laboratory, one or more stickers are affixed on a
conspicuous surface identifying, but not limited to, date of calibration and next
calibration due date.

When measuring and test equipment utilized in activities affecting quality are
found to be out of calibration an evaluation will be performed and documented
concerning the validity of previous tests and the acceptability of devices
previously tested. All previous tests and measurements performed during the
current or proceeding calibration cycle shall be redone if the evaluation so
indicates.

Implementation of the measuring and test equipment programs is assured
through Nuclear Oversight audits and through inspections by the appropriate
line organizations during performance of work. The Operational Quality
Assurance Program Topical Report, VEP-1-5A, Table 17.2-0 contains the
standards, requirements or guides from which the procedures implementing
this section are based.

14. Handling, Storage and Shipping

Measures have been established in administrative procedures to provide
adequate methods by qualified personnel for the classification, packaging,
cleaning, preservation, shipping, storage, and handling of material and
equipment received at the station.

These measures, prepared in accordance with design and specification
requirements, define responsibility, levels of cleanliness, tagging, and storage
levels for categorized items.
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The procedures also control cleaning, handling, storage, packaging, shipping,
and preservation of materials, components, and systems to preclude damage,
loss, or deterioration by environmental conditions such as temperature or
humidity. Implementation of these measures is verified through inspections by
Materials Verification and Vendor Surveillance inspectors.

The Operational Quality Assurance Program Topical Report, VEP-1-5A,
Table 17.2-0 contains the standards, requirements or guides from which the
procedures implementing this section are based.

Some activities described in this section are included in the operational QA
program and may not be needed for ESP application development. The
handling, storage, and potential shipping of soil samples taken during site
geotechnical investigations is an example of a safety-related activity for the
ESP program that is subject to this criterion

15. Inspection, Test and Operating Status

Measures for the identification and documentation of the inspection and test
status for items to prevent inadvertent bypassing of specified inspections and
tests are established in administrative procedures and in station operating
procedures. These measures define the three general categories of
inspection and test status for items: Accept, Reject, or Hold. They provide for
status identification through the use of stickers, tags, record cards, test
records, check-off lists, or logs.

The operating status of items and/or equipment is identified through records,
checklists, or operational tagging systems that are maintained to indicate the!
status and authority to operate the item and/or equipment and is not generally
applicable to the ESP application development.

Testing to support the ESP project is controlled by specific test procedures
that assure that all evolutions are controlled.

The application and removal of the various status tags, stickers, and other
indicators is controlled by Station Procedures.

16. Nonconforming Materials, Parts, or Components

A documented system for controlling non-conformances observed during
receipt inspection, storage, fabrication and erection, installation, initial and/or
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acceptance testing, or initial operation is established and provides for the
preparation, issuing, and distribution of Deviation Reports and Discrepant
Shipment Reports in accordance with prescribed procedures.

Due to the scope of the ESP application development project, no parts or
materials are expected to be received from offsite sources. This section
governs soil and site characterization samples and their storage and
shipment (if necessary).

Specifically, instructions require that the individual discovering a non-
conformance identifies, describes, and documents the non-conformance on a
Deviation Report or a Discrepant Shipment Report in accordance with
administrative procedures.

When a non-conforming item is identified, it is placed in the hold area
established in the storeroom or other segregated location, if practical, and
identified with a hold tag to prevent its inadvertent use. If material is
dispositioned as "reject" the hold tag shall remain attached to the
material/component until loaded for departure from site and shall only be
removed in accordance with approved procedures by authorized personnel at
that time.

Hold items may be released on a risk basis following the documented
approval of such risk release by the Site Vice President on a Release on a
Risk Basis Form. Each risk release is handled on a case basis and depends
on the nature of the hold status. The basis and conditions of the release are
described on the form, including the criteria for clearing the original hold
status.

Rejected material is not risk released.

A Deviation Report or a Discrepant Shipment Report for a non-conforming
material, part, or component dispositioned "accept as is" requires all
engineering analysis and approval. The results of this review and approval
are documented and become a part of station records.

Should the disposition of a non-conformance require the rework or repair cf
materials, parts, components, systems, or structures, such rework or repair i;
reinspected or retested by a method which is at least equal to the original
inspection or test method. The inspection requirements and the inspection,
rework, or repair procedures are documented and become a part of station
records.
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The disposition and approval of non-conformances are the responsibility of
the on-site organization. However, the Site Vice President has the authority t:
request assistance as appropriate from Corporate support organizations or
from Nuclear Oversight.

The Station Deviation Reports trends are periodically reviewed for conditions
adverse to quality by station management.

Implementation and verification of the procedures for the control of non-
conformances are assured through audits and inspections.

Non-conformances found at a vendor's facility during surveillances are
controlled by procedures administered by Nuclear Engineering.

17. Corrective Action

Corrective action measures are established as an integral part of the
processing and resolving of non-conformances and failures in service.
Through these measures, assurance is confirmed that significant adverse
quality conditions are identified, documented, their cause determined, and the
corrective actions have been taken that preclude repetition of the adverse
quality conditions. Verification of the proper implementation of corrective
action measures and close-out of corrective action documentation is assured
through the monitoring effort of the staff and the audits conducted by Nuclear
Oversight. Adverse conditions significant to quality, the cause of the
conditions, and the initiation of corrective action are reported to appropriate
levels of both offsite and onsite management by use of Deviation Reports and
audit findings. If further corrective action is required the appropriate
management program for performing, tracking and closing the issue will be
used.

Nuclear Engineering maintains a program to evaluate complex design
concerns that may lead to adverse quality conditions at the nuclear stations.
The Potential Problem Reporting (PPR) system allows for detailed,
multidiscipline reviews of complex design concerns that may yield station
deviation reports. Many design concerns cannot be determined to be adverse
to quality until a detailed design review is performed. The PPR process;
controls this activity as part of the Nuclear Design Control Program.

The procedures for processing a Deviation Report require that each adverse
condition significant to quality be categorized as either requiring a Licensee
Event Report, Special Report or NRC Notification or as a non-reportable
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deviation. Non-reportable deviation refers to deviations not reportable to the
Nuclear Regulatory Commission. The reporting requirements differ for each of
the categories of deviation but require the appropriate levels of management
be notified in each case.

The corrective action program is controlled in accordance with VEP-1-5A,
Operational Quality Assurance Program Topical Report. This program will be
used to resolve all corrective action items.

Authority to Stop Work

Nuclear Oversight and inspection personnel have the authority, and the
responsibility, to stop work in progress which is not being done in accordance
with approved procedures or where safety or equipment integrity may be
jeopardized. This extends to off-site work performed by vendors furnishing
safety-related materials and services to the Company.

Imposition of "Stop Work"

A. Nuclear Oversight - The Nuclear Oversight or inspection representative
advises the cognizant supervisor or supervisory personnel to stop work in
progress whenever they determine that it is not being conducted in
accordance with applicable procedures, instructions, guides, or standards or
may jeopardize the safe operation of the station. Nuclear Oversight
representatives inform the Director Nuclear Oversight of the stop work order.
Inspection personnel inform the Director Nuclear Station S&L of the stop work
order. The Director Nuclear Oversight or the Director Nuclear Station S&L
then notifies the Vice President Nuclear Support Services of the decision tb
stop work because of adverse quality conditions.

B. Vice President Nuclear Support Services - The Vice President Nuclear
Support Services evaluates the determination to stop work.

1. If the Vice President Nuclear Support Services concurs with the
decision to stop work, the necessary corrective action is initiated.
Only after the discrepancy has been corrected and the corrective
action approved by the initiating organization does work resume.

2. In the event the Vice President Nuclear Support Services does not
concur with the decision to stop work, direction may be given to
resume work by notifying the Director Nuclear Oversight and the
appropriate supervisory personnel in the organization of the
decision. The issue shall also be referred to the Senior Vice
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President - Nuclear Operations and Chief Nuclear Officer for review
and approval.

C. Senior Vice President - Nuclear Operations and Chief Nuclear Officer
- The Senior Vice President - Nuclear Operations and Chief Nuclear Officer is
responsible for approving or disapproving the Vice President Nuclear Support
Services' decision in those cases where the Senior Vice President - Nuclear
Operations and Chief Nuclear Officer does not concur with the decision to
resume work following a stop work order.

D. Director Nuclear Oversight - The Director Nuclear Oversight may refer
any issues concerning the handling of "stop work" to the Senior Vice
President and Chief Nuclear Officer. The Director Nuclear Oversight may
direct imposition of "stop work" whenever such action is deemed to be
appropriate. Imposition of offsite "stop work" performed by vendors shall be
controlled by appropriate administrative procedures.

18. Quality Assurance Records

The requirements and responsibilities for quality assurance records
transmittal, retention, and maintenance subsequent to completion of work at
the power station have been established and are documented in
administrative procedures.

VEP-1-5A, Operational Quality Assurance Program Topical Report will govern
the requirements and commitments for the retention and storage of Quality
Assurance Records.

19. Audits

Internal audits of selected aspects of construction phase activities are
performed with a frequency commensurate with safety significance and in a
manner which assures that biennial (2 years) audits of safety-related activities;
are completed. In addition, due to the relatively short nature of the application
development process, an audit will be scheduled of the project prior to
application submittal. The audits are scheduled on a formal preplanned audit
schedule. The audit system is reviewed periodically and revised as necessary
to assure coverage commensurate with current and planned activities.
Additional audits may be performed as deemed necessary by management.
The scope of the audit is determined by the quality status and safety
importance of the activities being performed. These audits are conducted by
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trained personnel not having direct responsibilities in the area being audited
and in accordance with preplanned and approved audit plans or checklists.

Nuclear Oversight is delegated the responsibility for conducting periodic
internal and external audits. Internal audits are conducted to determine the
adequacy of programs and procedures, that they are meaningful, and comply
with the overall Quality Assurance Program. External audits determine the
adequacy of vendor and contractor 10 CFR 50, Appendix B QA Programs. An
audit includes an objective evaluation of quality-related practices, procedures,
and instructions; the effectiveness of implementation; and the conformance
with policy and directives. An audit also includes the evaluation of work area,
activities, processes, and items and the review of documents and records.
Provisions are established requiring that audits be performed in those areas
where the requirements of Appendix B to 10 CFR 50 are being implemented.
These areas include as a minimum, but are not limited to, those activities
associated with the preparation, review, approval, and control of design and
design changes, procurement documents, instructions, procedures, and
drawings; receiving and plant inspections; indoctrination and training
programs; and the remaining criteria in Appendix B to 10 CFR 50.

The results of each audit are reported in writing to the Project Manager, the
Vice President Nuclear Support Services and the Senior Vice President --
Nuclear Operations and Chief Nuclear Officer. Additional internal distribution
is made to other concerned management levels in accordance with approved
procedures.

Management responds to all audits and initiates corrective action where
indicated. Where corrective action measures are indicated, documented
follow-up of applicable areas through inspections, review, re-audits, or other
appropriate means is conducted to verify implementation of assigned
corrective action.

If the Director Nuclear Oversight determines the response to an internal audit
finding is unacceptable or if a finding response is not received in the time
allotted or if corrective action for a finding is not accomplished as indicated on
the response, the matter is brought to the attention of the Vice President
Nuclear Support Services or appropriate Corporate Director for resolution. If
the Director Nuclear Oversight does not agree with the resolution proposed,
the Director of Nuclear Oversight notifies appropriate levels of management in
accordance with established escalation procedures. The escalation of
external audit issues identified by Nuclear Oversight is controlled by
administrative procedures. The responsibility for analyzing audit reports for
trends and effectiveness lies with the Director Nuclear Oversight. As trends
are discovered or if the effectiveness of the program is in question, the



Early Site Permit Application Development
Quality Assurance Manual

'Dc r1naok Page 32 of 37
Rev. 2

analysis of the Director Nuclear Oversight is forwarded to the management
level consistent with the seriousness of the problem.

The Operational Quality Assurance Program Topical Report, VEP-1-5A,
Table 17.2-0 contains the standards, requirements or guides from which the
procedures implementing this section are based.

20. Issuance and Revision of the Early Site Permit Application
Development QA Manual

Until the submittal of the Early Site Permit Application, the administrative
control of this manual will be the responsibility of the Project Manager - Early
Site Permit Project. This manual shall be revised as appropriate to
incorporate additional commitments as they are established during the
application development process. New revisions to the manual will be
reviewed, at a minimum, by the Project Manager - Early Site Permit Project,
and the Director of Nuclear Oversight and approved by the Vice President,
Nuclear Support Services.

Distribution of this manual will be controlled in accordance with Section 7.



Dor,.-n'i

Early Site Permit Application Development
Quality Assurance Manual

Page 33 of 37
Rev. 2

Appendix A
FIGURES



.IlDnc

Early Site Permit Application Development
Quality Assurance Manual

Page 34 of 37
Rev. 2

Figure 1
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Table 1
Relationship of the Early Site Permit Application Development QA Manual to

Appendix B, 10 CFR 50

Appendix B
10 CFR 50
Criterion

I

QA
Manual
Section

2
Title Abstract

-

Organization

II

III

IV

V

VI

VII

VIII

Ix

X

3 Quality Assurance
Program

4 Design Control

5 Procurement
Document Control

6 Instructions,
Procedures and
Drawings

7 Document Control

8 Control of Purchased
Material, Equipment
and Services

9 Identification and
Control of Material,
Parts and
Components

10 Control of Special
Processes

11 Inspection

Defines the relationship of
departments to the quality
assurance effort associated
with the development of an
ESP
Defines the Construction
Quality Assurance program, its
overall responsibility and
provisions.
Defines the policy,
responsibility and procedures
for exercising design control
Establishes the policy for
procurement control
Establishes guidelines for
preparing instructions,
procedures and drawings
Establishes policy for control of
procedures, documents and
instructions
Establishes methods for
assuring that purchased items
conform to the specified quality
requirements
Not applicable to ESP
Development

Not applicable to ESP
Development
Establishes a program for
inspection activities affecting
quality
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Table 1 (continued)
Relationship of the Early Site Permit Application Development QA Manual to

Appendix B, 10 CFR 50

Appendix B
10 CFR 50
Criterion

QA
Manual
Section Title Abstract

xi

XII

XIII

XIV

XV

XVI

XVII

XVIII

12 Test Control

13 Control of Measuring
and Test Equipment

14 Handling, Storage
and Shipment

15 Inspection, Test, and
Operating Status

16 Non-Conforming
Material, Parts and
Services

17 Corrective Action

18 Quality Assurance
Records

19 Audits

Establishes a program to
control testing through written
test procedures
Establishes a policy for control
and calibration of test and
measuring equipment
Establishes policy for this
function as related to material
and equipment.
Makes reference to appropriate
administrative procedures
which govern this function.
Establishes policy for reporting
and controlling non-conforming
materials, parts, or
components.
Establishes the policy for
identifying, documenting,
notifying, determining causes
and preventing defects from
occurring
Assures maintenance,
identification, and retrieveability
of records
Defines policy and procedures
for audit programs
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Report of Geotechnical Exploration and Testing MACTEC Project No. 30720-2-5400
North Anna ESP Project February 11, 2003

SECTION 1
INTRODUCTION

MOACTEC Engineering and Consulting (MACTEC) was retained by Bechtel Power
Corporation (BECHTEL) to conduct a geotechnical exploration and associated laboratory
testing at the North Anna Power Station in Louisa County, Virginia. MACTEC executed
its services per BECHTEL Subcontract Number 24830-006-HC4-CYOO-00001.

The geotechnical services were completed as part of the Early Site Permitting (ESP)
project for Dominion Power. The field work commenced on November 18, 2002 and
was completed on December 18, 2002. Surveying activities to locate the actual test
locations were completed on January 8, 2003.

Tile Scope of Work was defined in Exhibit D of the Subcontract which included
BE]CHTEL Technical Specification 24830-006-SR9-CYOO-00001-000, and is briefly
described below.

* Locate exploration points by survey.
* Coordinate the location of underground utilities with plant personnel prior to

advancing any exploratory activities.
. Drill geotechnical exploratory borings at locations specified by BECHTEL,

adjusting as necessary to accommodate access and utility conflicts. Geotechnical
borings were completed at seven locations identified as B-801 through B-807.

* Conduct Standard Penetration Testing (SPT) to obtain samples of soil.
undisturbed sampling of soil as directed by BECHTEL field representatives, and
rock coring to obtain samples of rock.

• Prepare field logs for all drilling and sampling and transfer all samples to a
secure, on-site sample storage facility.

* Seal all boreholes by grouting.
* Complete drilling, with selective soil sampling, for the installation of water level

observation wells at nine locations identified as OW-841 through OW'-849. Soil
sampling was not included in the technical specifications but was requested by
BECHTEL's field representatives.

* Develop observation wells and conduct field permeability testing using slug
testing methods.

* Install locking well covers and concrete well pads at observation well locations.
* Conduct cone penetrometer testing (CPT) at specified locations. The project

specifications called for CPT testing at seven locations. However. due to site
access issues and shallow refusal, the CPT testing program was modified to
include testing at eight locations (not including offset tests). Test numbers for
completed CPT locations are as follows: CPT-821 to CPT-825, CPT-827, CPT-
828, and CPT-830.

P 4AP
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* Conduct cross-hole seismic tests at one location (B-802) using a three hole array.
Due to subsurface conditions encountered at the B-802 location, BECHTIL
approved additional cross-hole testing at a second location (B-805).

* Conduct laboratory testing on soil and rock samples as assigned by Bechtel.
* Provide a summary report for all testing.
* Provide daily reports of all field activities.
* The Technical Specifications included provisions for test pits. However, no test

pits were assigned or completed.

Sampling and testing related to the geotechnical exploration was designated as "Safety-
Related" by BECHTEL. As such, the work was completed under a Quality Assurance
Program meeting the Code of Federal Regulations I OCFR50, Appendix B and
cinforming to the provisions of ANSUASME N45.2-1977.

This data report describes the field and laboratory testing methods and presents the
results.

2
2.5.4E
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SECTION 2
TEST METHODS

2.1 Surveying

The surveying for the project was conducted in two phases. The initial phase was to
complete preliminary boring layout based on initial coordinates for test locations
provided by BECHTEL. After completing an initial assessment of test locations and
potential utility and access conflicts, it was determined that the test points in the central
plant area would be identified by MACTEC and BECHTEL personnel by locating them
relative to existing site features and structures. Preliminary test locations away from the
central plant area and in wooded areas were located by the surveyor (Stantec Consulting,
a MACTEC subcontractor) using conventional survey methods.

T ie second phase was done after completion of all testing. The surveyor returned to tir-e
site and determined locations and elevations of the actual test points. Elevations were
referenced to NAVD 88. BECHTEL requested that all horizontal locations be provided
in Commonwealth of Virginia Grid coordinates. During project startup, it was found that
the grid coordinates shown on original plant drawings were referenced to the 1927 plane
grid. Since the plant construction, Virginia has adopted a revised grid (the 1983 grid).
No drawings were located which linked plant features to the 1983 grid, and the plant
itself has its own coordinate grid. Available current Virginia reference monuments are
tied to the 1983 grid system; however, it is possible to convert 1983 grid points to the
older 1927 grid system. BECHTEL requested that the survey use the 1983 grid
references and that a table for all points be prepared showing both the 1983 and the 19'27
coordinates. In addition, two existing plant monuments were located by survey to
provide a link to previous surveys and coordinates. Survey reference points linked to the
current 1983 Virginia grid could not be identified on the plant site. Therefore, the
surveyors ran a traverse into the plant from Louisa County Monuments TR 2001 and TR
22 to establish control points.

Prior to the completion of the survey, several markers identifying test locations were
removed or damaged. The test locations impacted included: CPT-821, CPT-821A, CPT-
821B, B-802 (geotechnical boring only), and CPT-823. Approximate locations for each
of these test points were reestablished by MACTEC personnel and located by the
surveyors. The locations for these subject points are noted as approximate in the Survey
Results Table included in Appendix B. A plan showing the locations of all test locations
is also included in Appendix B.

2.2 Utility Location

Representatives of MACTEC and BECHTEL used preliminary survey locations and
physical features to mark planned locations of borings, wells, cross-hole test sites, arid
CPT probes. These preliminary locations were provided to Dominion. Poxwer plant
personnel for utility clearance.

3
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Dominion personnel used electromagnetic and ground penetrating radar methods to check
the planned test locations for the presence of underground utilities. The planned
locations were adjusted as required by Dominion Power to provide the necessary utility
clearances.

A Digging, Drilling, and Cutting (DD&C) permit for the boring and testing operations
WaS written by Dominion Power and provided to MACTEC for field use. The DD&C
was appended to include each new test location as utility clearance was provided. A
representative of Dominion Power was present at each test location until the drilling had
advanced to a depth of at least ten feet.

2.3 Drilling Equipment/Methods

Drilling equipment mobilized to the site included the following:

* CME 550 Drill Rig mounted on an ATV carrier
* CME 45 Drill Rig mounted on a trailer
* Deitrich D-50 Drill Rig mounted on a tracked carrier
* Ingersoll Rand Model T3W truck mounted air-rotary rig

In addition, a rubber tired ATV with a 300-gallon water tank was mobilized to the site
and used to haul materials and supply water to the drill rigs.

Borings were advanced in soil using rotary wash drilling techniques until SPT refusal
(defined as the physical inability to advance the hole using wash drilling procedures or 50
blows for one inch or less of penetration, whichever occurred first) was encountercd.
Once SPT refusal was encountered, a steel casing was set, and the holes were advanced
using wire-line rock coring equipment and procedures described in ASTM D 2113. A
five foot long "NQ" core barrel with a split inner barrel was use for all rock coring.
Fresh water obtained from Lake Anna was used for all drilling and coring operations. In
Boring B-805, a slurry formed by mixing bentonite with fresh water was used. Four inch
diameter casing was used to stabilize the upper portions of each boring as necessary.

Hcllow stem augers, with a 4.25-inch inside diameter and a nominal 8-inch outside
diameter, were used' to advance all observation well holes except for OW-845. Soil
samples were obtained at 2.5-foot and 5-foot intervals in the augered holes as described
in Section 2.4. OW-845 was drilled using the rotary air percussion rig in order to
advance into rock. No soil samples were obtained in OW-845.

The holes required for cross-hole testing in rock, B-802A, B-802B and B-802C. were
advanced using the rotary air percussion drill rig. A 10-inch diameter bit was useI
through soil and weathered rock zones and a 6-inch diameter bit was used in rock. ND
sampling was done in these holes.
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The holes for the cross-hole testing in soil, B-805A, B-805B and B-805C, were advanced
using rotary wash techniques. A 6-inch diameter bit was used to advance these holes to
the top of rock. No sampling was done in these holes.

SSpecific equipment used at each borehole is included on the borehole logs included in
Appendix C.

All boreholes and the cross-hole casings were filled prior to demobilizing from the site
using a cement-bentonite grout. The cross-hole casing at B-802B was left open for
possible additional testing. As required in specification section 4.1.2, the grout was
placed by pumping through a tremie pipe inserted to the bottom of the borehole.
The grout mixture specified in 4.1.2 (7 gallons of water and 5 pounds of bentonite per 94-
pound sack of cement) proved too thick to pump with conventional pumps. MACTEC
proposed and BECHTEL's field representative approved use of the same grout mix us-d
for observation well installation for sealing the boreholes.

2.4 Sampling in Geotechnical Borings

Soil sampling in the geotechnical borings (B-801 through B-807) was conducted at
intervals ranging from 2.5 feet to 5 feet using equipment and methods described in
ASTM D 1586. The sampler was typically driven a minimum of 18 inches in soil with
blows recorded for each six inch interval of penetration. In very hard soils and weathered
rock, driving was terminated at 100 blows and the actual penetration recorded. (e.g., 100
blows / 3 inches).

The split spoon sampler was opened at the drill site and the recovered materials were
visually described and classified by MACTEC's rig geologist. A selected portion of the
sample (typically the material for the lower portion of the sample) was placed in a glass
sample jar with a moisture proof lid. Sample jars were labeled, placed in cardboard
bcxes, and transported to an on-site storage area.

The technical specifications defined SPT refusal as 50 blows for 6 inches or less of
penetration. For the purposes of determining the depth at which to begin rock coring
procedures, BECHTEL agreed that refusal to soil drilling would be defined as physical
inability to advance the hole using wash drilling procedures or 50 blows for one inch or
less of penetration, wvhichever occured first. In practice, the sampler was typically struck
with 100 blows and the actual penetration measured and recorded on the boring logs.

Rock recovered by the coring process was carefully removed from the split inner barrel
and placed in wooden core boxes with wooden blocks used to mark ends of runs. When
core recovery was less than 100%, the rig geologist placed foam spacers in the core box
to mark the estimated locations for the missing material. Filled core boxes were taken -to
the on-site sample storage facility. Photographs of the cores were taken at the sample
storage facility. Core Photographs are included in Appendix C.

5
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The rig geologist visually described the core and noted the presence of joints and
fractures, distinguishing mechanical breaks from natural breaks where possible. The rig
geologist also calculated percent recovery and Rock Quality Designation, (RQD) prior to
moving the core from the drill site. Core descriptions as well as drilling data, recovery
data and RQD are shown on the Core Boring Report for each borehole included in
Appendix C.

2.5 Observation Wells

2.5.1 Well Installation

Nine observation wells were installed on the site as part of this project - eight screened in
the soil/weathered rock zone and one screened in the rock. The wells were installed per
section 5.3 of the specification.

Boreholes for all observation wells except OW-845 were advanced using hollow stem
augers with a 4.25-inch inside diameter and a nominal 8-inch outside diameter. The
holes were advanced to depths specified by BECHTEL's field representative. Although
not required in the specifications, BECHTEL requested that samples be obtained at
approximately 5-foot intervals during the drilling for soil classification purposes (except
at well OW-845). A split spoon sampler was driven by an automatic hammer for
sampling purposes. The driving resistances obtained with automatic hammers are known
to be typically lower than those obtained with manually operated hammers due Pro
differences in energy delivered to the drill rods. Manually operated hammers using rope
and cathead were used in the geotechnical borings, and arc believed to have been used in
previous explorations done at the site in the 1970's.

As agreed with BECHTEL representatives, the driving resistances for the samples
obtained using the automatic hammer in the observation well boreholes are not to be
relied upon for use in correlations based on standard penetration test values or for
comparisons with data obtained using manually operated hammers. Therefore, driving
resistance data has not been included on the borehole logs for the observation weli.s
which are included in Appendix D. The driving data was recorded, however, and is
included on the field logs maintained by the rig geologist.

Borehole depths shown on the borehole logs indicate the total depth drilled and sampled.
Due to small amounts of drill spoil at the base of the augers, or due to the sampler
advancing beyond the augered depth, the total depth shown on the borehole log may he
slightly greater than the well depth reported on the companion well installation record.

Soil samples obtained from the split spoon sampler in the observation well boreholes
were placed in glass sample jars with moisture-proof lids. The jars were labeled ani
placed in cardboard boxes and transported to the on-site sample storage facility.
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COne observation well, OW-845, extended into rock. The hole for this well was advanced
using the rotary air percussion- drill rig. No samples of soil or rock were obtained from
this borehole.

Upon reaching the designated depth for a well, slotted PVC casing connected to solid
sections was set. A sand pack and bentonite seal were then placed. A grout plug was
placed from the top of the bentonite seal to the ground surface in each borehole. The
grout mix specified in specifications was found too thick to pump with the equipment on
site. A modified grout mix consisting of one bag of Portland Cement (94 pounds), 2.5
pounds of bentonite and 7 gallons of water was proposed by MACTEC and accepted by
BECHTEL's field representative. The modified mix was used for all well installations.

The depth of the screened interval, length of the screen and general well configuration
were designated in the field for each well by BECHTEL's field representative. Since the
ground surface elevations at the well sites were not determined until after the well pads
were placed, the top of the PVC casing elevation, less the casing stickup above ground
surface as measured at the time of installation, was used to back-calculate the ground
surface elevation shown on well installation records and the well borehole logs. All
water depth measurements are referenced to the top of the PVC casing. The elevation of
the top of the casing was also used along with measurements of the well sections to
calculate elevations for the well monitoring interval. Well installation logs showing the
details of the construction for all wells are included in Appendix D. A summary tatle
with pertinent observation well informnation is shown in the Summary Table in Appendix
A.

All wells were capped with a locked steel well cover extending approximately two feet
above grade. A concrete pad, two feet square and six inches thick, was also placed
around each well cover per the specification.

2.5.2 Well Development

After well installation was completed, wells were developed by pumping. Tile
development procedure agreed to with BECHTEL was to remove 2 to 3 standing well
volumes of water initially by pumping, cycling the pump on and off to create a surging
effect. After initial pumping, the procedure called for removal of 6 standing well
volumes while monitoring pH- and conductivity with a field meter and visually observing
the turbidity. The wells were considered developed when the pH and conductivity
stabilized and the pumped water was reasonably free of suspended sediment.

Well development records are attached in Appendix D. These records indicate most
w.lls produced moderate to high inflows of water. All wells were developed
satisfactorily using the planned procedure.

7
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2.5.3 Field Permeability Tests

Field permeability testing was conducted in each observation well using procedures
described in Section 8 of ASTM D 4044. This procedure is commonly termed the slug
test method. Slug testing involves establishing a static water level, lowering a so'tid
cylinder into the well to cause an increase of water level in the well and monitoring the
time rate for the well water level to return to the pre-test static level. This method is
commonly called the "slug-in" method. After that stabilization, the slug is rapidly
removed to create a lowering of the water level in the well, and the time rate for water to
recover to the pre-test static level is recorded. This method is commonly called the "slug-
out" method. Electronic transducers and data loggers are used for measuring the waler
levels and times during the test. Due to the rates of recovery and adverse weather
conditions at the time of testing, the slug-in and slug-out tests were conducted at different
times in some wells.

A summary sheet with the calculated coefficients of permeability from the slug tests is
included in Appendix A. The field records, data logger output sheets, and
analysis/calculations are attached as Appendix E.

2.5.4 Water Level Measurements

On December 17, 2002, after completion of the field permeability testing, MACTEC
representatives checked water levels in all wells installed plus additional wells designated
by BECHTEL. Measurements were made using an electric water level meter and
referenced to the top of the casing. Some of the previously-existing wells had no
reference mark at the top of the casing; in these cases, the higher side of the casing, if
applicable, was used as the reference point. The water levels recorded are shown on the
table in Appendix A. For two of the wells - WP-3 and WP-4 - no elevations of the tops
of the casings were available from Dominion. These two wells are not part of the normal
network monitored by Dominion personnel.

2.6 Cone Penetometer Testing

Locations for seven Cone Penetrometer Tests, (CPT) were included in the original scope
of work for this project. Specified probe depths ranged from 30 to 40 feet below ground
surface. MACTEC personnel staked the probes at the specified locations; however, due
to soft, wet ground conditions, several of the probes were relocated to more accessible
locations. All test locations were approved by the BECHTEL field representative and
cleared by plant utility personnel prior to pushing.

CPT testing was completed by Applied Research Associates, Inc. (ARA), a subcontractor
to MACTEC. ARA utilized a 30-ton self-contained truck rig to complete the work. Each
probe was advanced to cone refusal, (the limit of the pushing capacity of the rig).
Seismic testing was completed at intervals of five feet in CPT-822 and CPT-825. Pore
pressure dissipation tests were completed in CPT-827 and 823. All testing was done in
accordance with project specifications and ASTM-5778
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Refusal was encountered at a depth of less than 10 feet at three test locations, CPT-82 1,
CPT-824 and CPT-828. At CPT-821, two offset probes were attempted which also
refused at a shallow depth. Utility conflicts prevented an offset test location at CPT-824'.

CPT tests were numbered from CPT-821 to CPT-830; however, CPT-826 and CPT-829
were not completed due to utility and site access issues. Results for all CPT testing are
included in Appendix F

2.7 Cross-Hole Testing

Cross-hole testing was conducted at two locations - B-802 and B-805. The methods of
A-STM D 4438/D 4428M were specified in section 8.1 of the specifications. Section 8.1
called for one borehole in each cross-hole array to be sampled in accordance with section
4.B.2 of the specifications. After reviewing the planned depth of the cross-hole testing
(90 feet) and based on the anticipated presence of rock above the assigned depth,
MACTEC proposed and Bechtel approved drilling and sampling to be done in an offset
boring. The drilled and sampled borings are identified as B-802 and B-805. The cros3-
hole test holes are identified as B-802A, B-802B and B-802C and B-805A, B-805B ard
B805C.

The provisions of ASTM D 44281D 4428M call for a maximum borehole size of six
inches for cross-hole testing. The cross-hole equipment needs a minimum diameter of 2-
7/3 inches to accommodate the geophones. These considerations require an outside
casing diameter of about 4 inches maximum to assure adequate space for grout
placement; thus the 6-inch diameter hole is also practically the minimum hole size.
Standard rock coring bits used in geotechnical exploratory work do not produce a 6-inch
diameter borehole. In order to advance a borehole through soil and into rock, the soil
portion of the hole must be larger than the desired hole in the rock to prevent collapse of
the soil. Thus, it was concluded that cross-hole testing in soil and in rock could not be
accomplished in the same set of casings.

MACTEC proposed that two sets of cross-hole casings be installed at location B-802
with one set for testing below the soil-rock interface and one set for testing above the
soil-rock interface. However, it was found that the depth to rock at location B-802 was
very shallow, approximately 8 to 10 feet. Discussions with Grumman Exploration,
MACTEC's subcontract geophysicist, indicated that with such a shallow depth to rock,
cross-hole testing in the soil would yield limited, if any, reasonable results due to
refraction of the seismic waves off the rock surface causing interference. Optiors
considered wvere to reduce the spacing between the casings or to relocate the soil test
casings to another spot where the depth to rock was greater. Because geotechnical boring
B-805, located in the general vicinity of B-802 and at a similar elevation, had indicated a
depth to rock-of about 30 feet, BECHTEL approved conducting the soil cross-hole testing
at location B-805.
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For location B-802, the air percussion drill was used to advance boreholes for the cross-
hole tests. A 10-inch diameter borehole was advanced slightly into rock and an 8-inch
diameter PVC casing set to stabilize the soil portion of the hole. A 6-1/8 inch diameter
bit was used to extend the boreholes to the assigned termination depths of 90 feet.

For location B-805, rotary wash drilling with one of the geotechnical drill rigs using a 6-
inch diameter bit was used to advance the boreholes to approximately 30 feet.

Because the specification required a deviation survey of the cross-hole casings,
inclinometer casing as manufactured by The Slope Indicator Company was installed in
each borehole. Centralizers were placed on the casing, and the annular space between the
casing and the borehole was filled with Portland cement grout.

Installation of the cross-hole casings encountered minor difficulties during the grout
placement at B-802A. Excessive grout take was noted. During the drilling of B-802A, a
relatively large inflow of water had been noted. MACTEC concluded the large grout
take was due to grout flowing into open fractures in the rock. Grouting was suspended
and resumed the following day vith successful completion. Grout losses were not noted
in the other two boreholes at the B-802 location.

ASTM D 4428/4428M calls for a grout unit weight in rock of 140 pounds per cubic foot
(pcf). To achieve this unit weight, a cement-water mix with a water-reducing admixture
was planned due to concerns about the ability to pump the mix. Field work found that a
unit weight of about 128 pcf was the maximum that could be achieved and still maintain
a mnix fluid enough to pump. Since the primary concern with the grout was to achieve a
continuous fill of the annular space, the lower unit weight was considered acceptable.
Discussions with Grumman indicated the difference in unit weight considered over an
approximate 1-inch layer would not affect the seismic velocity measurements.

After setting the casings, and after the cross-hole testing, a deviation survey was
conducted in each of the inclinometer casings. The survey was done with a Slope
Indicator Digitilt probe, and the data was recorded by a Slope Indicator DataMale
recorder. The surveyor later established the grid coordinates for the center of each casing
as well as the bearing of the inclinometer reference groove. Horizontal distances between
eazh pair of cross-hole receiver casings were computed at 2-foot increments from the top
down using the deviation survey results. These distances were furnished to Grumman for
their use in analyzing the cross-hole velocity data. Appendix G contains a drawing
showing the orientation of the cross-hole casings, the results of the deviation survey and
the computed distances.

The cross-hole velocity measurements were performed on December 12, 2002 by
Grumman. MACTEC, in consultation with Grumman, reviewed the available borehole
data to select one end of each array as the energy source hole with the other two casings
used for the receiver geophones. Due to the large amount of grout used in B-802A, this
casing was used for the energy source. Casings for the energy source were
pumped/bailed prior to testing to remove water.
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The cross-hole measurements were made using a manually-actuated, reversible polarity,
shear wave impulse source to create a shock wave at each test depth. Triaxial geophones
were lowered into each receiver casing and positioned such that for each test, the impulse
scource and the geophones were at the same depth relative to the ground surface. Tests
were conducted at 5-foot intervals in the rock test location (B-802) as required by the
specifications. At location B-805, due to the relatively short length of the casings, tests
were conducted at 2.5-foot intervals to 21 feet, then at 5-foot intervals to obtain more
data points.

The cross-hole testing was conducted in accordance with ASTM D4428/D4428M
("preferred method") with the following minor deviations:

* A timing accuracy test was not performed at the site as the system had been
calibrated within two weeks prior to the filed testing.

* Separate tests for P-wave and S-wave were not conducted as the equipment used
has an adequate sampling rate to allow proper interpretation.

* Arrival times were visually observed at the site on the computer monitor, but
arrival times were not determined in the field as it is more accurate to evaluate
the data and determine arrival times using computer assistance later.

The signals produced by the impulse sources and received by the geophones were
recorded by a Geometrics Model S12 signal enhancement seismograph. The data were
analyzed by Grumman to produce estimated values for Vp (compression wave velocity)
and Vs (shear wave velocity) at the test depths. The results are presented in the figures
and tables in Appendix H.

During the analysis, it was found that a background high frequency noise signal was
present at the B-802 location. The source of the noise was judged as external to the test
equipment. As a result of the interference, estimated values for Vp could not be obtained,
and Vs values could not be interpreted at test depths below 45 feet. Grumman believes
that downhole testing using one of the casings may have a potential for improved data
quality in light of the interference signal. One casing (B-802B) was left open to allow fCr
possible future testing.

Subsequent to the original field work, downhole seismic testing was conducted in Boring
B-802B. Reasonable data were obtained for Vp. The shear wave was reasonably well-
defined to a depth of 45 feet, but less well-defined to 65 feet. Below approximately 65
fee, the shear wave appeared to be absent. The results of the test are presented in the
report, figures and tables in Appendix J.
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SECTION 3
SAMPLE STORAGE

3.1 On-Site Sample Storage Facility

At the request of BECHTEL and consistent with MACTEC's quality requirements, an
on-site sample storage facility was established. The sample storage facility was located
within the "A Level" area of the plant's warehouse facility. The "A Level" has limited
access and is climate controlled. MACTEC personnel erected sections of chain link
fence, six feet high, to form the approximately 12-foot square area. A locking gate was
included in one of the side sections.

Upon sample transport to the warehouse facility, MACTEC personnel first logged each
sample container, (boxes of glass jars or rock core boxes) into the plant's "Non-Stock"
inventory system. The non-stock inventory number was then placed on the sample
container. The sample containers were then placed into the secured sample storage area
ard logged into the project sample inventory log book.

Any samples removed from the facility were noted in the sample inventory log book. A
chain of custody form was also completed for all samples removed from the facility.

12
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SECTION 4
LABORATORY TESTING

Laboratory testing of soil and rock samples was completed based on the BECHTEIL
Geotechnical Laboratory Test Assignment sheet dated December 18, 2002. Laboratory
testing of soil included moisture content, Atterberg Limits, grain size and chemical
analysis. Nineteen pieces of rock core were tested for unconfined compressive strength.
Six of the test specimens were instrumented with strain gages to allow measurement of
stress-strain curves and calculation of modulus of elasticity.

All testing of soil samples except for chemical analysis, was completed in MACTEC's
Raleigh, NC laboratory. All rock testing was completed at MACTEC's Atlanta, GA
laboratory. Testing was completed in accordance with Section 10.0 - Laboratory Testing,
of the project specifications.

For the rock testing, MACTEC's field geologist obtained intact sections of core from the
depth intervals designated on the assignment sheet in all but one case. Core pieces were
longer than would be required for testing to allow for preparation. Due to insufficient
intact length of rock in one assigned interval (B-804, 35-38'), MACTEC's field geologist
selected a piece of rock of the same type from the next core run for testing. The
substitute piece was from 38.9 to 39.9 feet. Mr. John Davie of Bechtel was advised of
the substitution and concurred.

Chemical testing for pH, sulfates and chlorides in selected soil samples as assigned by
Bechtel was conducted using EPA methods SW9045 and 9056/300.0. The testing was
done by Severn Trent Laboratory (STL) of Savannah, Georgia, a subcontractor to
MACTEC.

All soil and rock samples were shipped under Chain-of-Custody from the site storage
area to MACTEC's Raleigh, North Carolina laboratory. If required, samples were further
divided and/or shipped to the appropriate testing laboratory under Chain-of Custody.

The rock core specimens were prepared in accordance with ASTM D 4543-01. Tne
testing was done at the "as-received" moisture content. The unconfined compressive
strength tests were conducted in accordance with ASTM D 2938-95 with minor
modifications as noted on the summary sheet. The testing with stress-strain
measurements was conducted in accordance with ASTM D 3148-96. Two of the test
specimens had length to diameter ratios that were less than the 2.0 minimum
recommended by ASTM. The actual ratios were 1.8 and 1.9. In addition, two samples
had diameters that were very slightly less (.006") than the minimum recommended in tile
ASTM standard. The diameter deviation is not significant relative to the test results.

Modulus of elasticity values for the rock cores tested with stress-strain measurements
were calculated using the average slope method, with the Poisson's ratios computed over
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the same interval used for the modulus. For one sample, this method yielded a value of
Poisson's ratio of 0.54, which suggests the core was deforming plastically over the
interval chosen. The stress-strain curve for this test also exhibited two distinct slope
portions. The modulus value and Poisson's ratio for the portion of the curve in the initial
stress range were calculated and resulted in a more reasonable value for Poisson's ratio.
For completeness, both results are included in Appendix I.

Summary sheets for the laboratory testing results are included in Appendix A. Copies of
the Laboratory Assignment sheets and the results of all soil and rock testing are included
in Appendix I.

A. summary sheet showing the unconfined compressive strengths and moduli of elasticity
is attached in Appendix A. Full reports for the tests are included in Appendix 1.
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013SERVATION WVELL SUMMARY
NORTH ANNA ESP PROJECT

BECHTEL SU13CONTRACT NO. 24830-006-HC4-CYOO-00001
__ MACTEC JOB NO. 30720-2-5400

Well Total Top of Casing Mcasurement Interval Water Level
Number Depth, ft * Elevation, ft** Elevations, ft *** Elevation, ft (Date) ****

OW-841 34.3 251.6 215.8 - 230.0 249.2 (12-13-02)
OW-842 49.6 336.7 285.6 -299.9 307.4 (12-12-02)
DW-843 49.2 320.6 269.9 - 282.7 284.9 (12-12-02)
OW-844 24.6 273.5 247.4 - 259.3 265.0 (12-13-02)
OW-845 55.0 297.3 240.8 - 256.1 272.6 (12-12-02)
DW-846 32.7 297.3 263.1 - 275.5 272.5(12-12-02)
tDW-847 49.8 319.7 268.4 - 283.2 285.3 (12-12-02)
DW-848 47.3 284.5 235.7 - 243.9 241.9 (12-13-02)
DW-849 49.8 298.5 247.2 - 261.4 [ 265.4 (12-13-02)

* Measured relative to ground surface.
** 4 Casing is 1.5 ft above ground surface at time of drilling.
*** Includes interval from bottom of well casing to top of sand pack.
*4 ** Water level measured immediately prior to slug testing, after well development.

'I
Prepared by: ( . 4 Date: Z --r3
Checked by: j/k4&L - Date: -'-.x
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First Quarterly Water Level Summary (12-17-02)
North Anna ESP Project

Observation jDepth to Water 1 Elevation (ft) |Remarks: Time, Weather Conditions
Point below Ref. Pt. (ft) FRef. Pt. lWater Observation Point Condition, etc.

__ Partly Cloudy, low 40's
OW-841 2.7 251.6 248.9 No cap on PVC casing inside locking cover
OW-842 29.2 336.7 307.5
OW-843 35.5 320.6 285.1
OW-844 8.0 273.5 265.5
OW-845 24.6 297.3 272.7
OW-846 24.8 297.3 272.5
OW-847 34.3 319.7 285.4
OW-848 42.8 284.5 241.7
OW-849 33.0 298.5 265.5 No cap on PVC casing inside locking cover

P-10 12.0 286.4 274.4 Ref Pt. mark is fading
P-14 55.5 327.1 271.6 No mark for Ref Pt.
P-18 43.3 329.0 285.7 No mark for Ref Pt.
P-19 38.0 322.3 284.3
P-20 45.7 320.6 274.9
P-21 Dry to 58 319.2 No mark for Ref Pt.
P-22 43.7 320.5 276.8
P-23 35.3 296.4 261.1
P-24 17.0 293.4 276.4

WP-3 18.2 Sediment in bottom at 43.4'; No mark for Ref Pt.
WP4NA Water level is below pump: No mark for Ref Pt.
* No eleva:ion available for top of casing

Service Wa3ter Reservoir Elevation 314.6 ft.
Lake Leve! Elevation 248.1 ft.

Wells labeled OW were installed by MACTEC in November and December, 2002.
All other wells listed were installed by others at unknown times.

Elevations for OW points obtained by Stantec as part of current project.
Elevations for other points furnished by Dominion.

Field Measurements by M. Howe .

Sheet Prepared by: "f4 Date:__.'
Checked by: tf4L Date: i/'f..3
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North Anna ESP Project
Summary Table of Hydraulic Conductivity (K) Results

MACTEC Job Number: 30720-2-5400

DATE OF K VALUE RESULTS
WELL ID SLUG IN SLUG OUT COMMENTSTEST FTIDAY CMISEC FTIDAY CMISEC

OW-841 12/13/2002 2.2E+00 ( 7.8E-04 2.3E+00 8.2E-04

OW-842 12/12/2002 9.3E-01 3.3E-04
- 12/17/2002 9.3E-01 3.3E-04

OW-843 12/12/2002 1.4E+00 4.9E-04
12)17/2002 1.3E+00 } 4.5E-04

OW-844 12/13/2002 2.5E-01 | 8.9E-05 2.8E-01 9.9E-05
1 2 1 / 2 0 6 . 3 . . . . . . _ . _ . _ _ _ .. _ _ _ _ _ _., _ _ _ _ _ _. _ _ _. _ ... _ , _ _. _ . . _..

OW-845 12/12/2002 1.8E+00 6.3E-04 3.1E+00 1.1E-03 K values are questionably (see graph)
12/1712002 NA NA Recovery tarquick to calculate K values (seE

OW-846 12/12/2002 1.9E+00 ( 6.8E-04 3.4E+00 1.2E-03

12/13/2002 5.8E-01 2.1E-04
OW-847 12/17/2002' 6.6E-01 2.3E-04

OW-848 12/13/2002 3.4E+00 1.2E-03 2.8E+00 9.9E-04 K value may be overestimated due to H20 1l

OW-849 12/13/2002 2.OE+00 7.OE-04 3.2E+00 1.1E-03
Notes:
Prepared by /date: BWJ 12-20-02 dig'-
Checked by / date: tvgrl/ >- 7



'7MACTEC
MACTEC ENGINEERING AND CONSULTINGi INC.

RALEIGH, NORTH CAROLINA
REPORT OF STANDARD TEST METHOD FOR

LABORATORY DETERMINATION OF WATER CONTENT OF SOIL AND ROCK BY MAS;
(ASTM D 2216)

PROJECT NAME: North Anna ESP

MACTEC PROJECT NUMBER: 30720-2.5400

BECHTEL JOB NO: 24830
DATE: 2/11103

SAMPLE IDENTIFICATION NATURAL LIQUID & PLASTIC LIMITS | hFINER USCS

BORING TYPE I DEPTH MOISTURE *L PL Pi #200 SIEVE pH CHLORIDES SULIFATES CLASSIFICATION

| (feet) l (%. _ _ mglkg M!kg

B-801 SS-1 0-1.5 22.2 39 29 10 6.3 130.0 <27

B-801 SS-5 8.5-10 39.9

B-801 SS-6 13.5-15 55.1

B-802 SS-2 3.7-5.2 19.5

B-803 SS-3 6.1-7.6 18.9 30 26 4

B-803 SS-4 8.6-10.1 23.2 24.4

B-803 SS-6 13.7-15.3 20.9 5.7 100.0 <23

B-803 SS-8 23.6-25.1 18.5

B-804 SS-3 3.5-5 54.2

B-804 SS-6 11-12.5 46.1

B-804 SS-8 18.5-20 22.1

B-805 SS-4 7.5-9 27.2 NP NP NP 27.5 SM

B-805 SS-7 18.5-20 25.1

B-806 SS-3 5.6-7.1 27.1 6.7 920.0 <24

B-01 SS-3 4.5-6 40.1 49 45 4

8-807 SS-6 12.3-13.8 42.8 46 40 6 5.7 170.0 <:'8

B-807 SS-8 21.8-23.3 28.9 41 34 7 42.6 SM-SC

B-807 SS-10 31.5-33 26.7 37.7

B-807 SS-12 41.4-42.9 21.8 44.2

TESTING
EQUIPMENT:

SCALES: 3.1.99
OVEN: 5.1.10
WASH SIEVE: 5.4.39

TECHNICIAN: JLB
CALCULATIONS: JLB
CHECKED BY: TLM

PREPARED BY: .i4 i'-&. -; _.'
Trudy L. Muff.Lratory Manager

REVIEWED BY: z

APPROVED BY:

Sfephen J. Clscenzo
Principal ProfessionalU*-';"*>
J. A n iceP.E.
Principal Engineer/Project Manager
Registered Virginia, 5264



(MACTEC
Summary of Laboratory Rock Core Tests on Intact Specimens
Unconfined Compressive Strength and Modulus of Elasticity

Project No.:
Project Name:

30720-2-5400
North Anna ESP

Boring Depth MACTEC Unconfined Modulus of Poisson's
No. Lab ID # Compressive Elasticity, psi Ratio

Strength
(ft) (psi)

B-805 41.3-41.9 001639 3,400 336,000* 0.15*
B-804 38.9-39.9 001640 27,150
B-804 43.5-44.9 001641 25,200
B-805 80.8-81.6 001642 4,430
B-801 48.7-49.7 001644 28,420 8,670,000 0.27
B-804 49.9-50.5 001645 12,300 3,190,000 0.43
B-801 24.1-24.8 001646 27,210
B-806 42.6-43.2 001648 2,720
B-802 20.4-21.0 001649 8,640
B-802 66.0-66.7 001650 14,710 4,613,000 0.24
B-806 25.1-25.8 001651 610
B-803 54.1-54.7 001652 13,010
B-803 129.4-130.1 001653 26,730
B-802 85.3-85.9 001654 9,370
B-803 70.4-71.1 001655 23,210 7,133,000 0.34
B-803 90.3-91.0 001656 27,590
B-803 155.6-156.4 001657 22,030 7,173,000 0.33
B-802 44.9-45.6 001658 11,760
B-806 64.1-64.5 001659 27,360

Modulus of Elasticity and Poisson's ratio computed using average slope method.

* These values represent low-stress portion of stress-strain curve. Values computed over
middle portion of curve indicate E = 522,000 and Poisson's Ratio of 0.54. A value of.54

suggests plastic behavour of the core at the higher stress levels.
L~ LI

Prepared by: ' /c-j9.

Checked by: wJy-

Date: ___ ___o _

Date: -? /S:x-/1 3?

2.5.4B-



APPENDIX B
SURVEY DATA AND TEST LOCATION PLAN
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North Anna Survey Data Table
I NAVD88 DATUM STATE PLANE COORDINATES (NAD83) SOUTH ZO01E STAIE PLANE COORO:N

BORING I ELEV TO TOP Of BLUE CAP GROLU% ELEVATION BEARING (10 A END) NORIH;NC EASTIl HORITHC
E:-801 V 248.9 39iO351.5739 11686737.9892 144033.5S57
E:-802 V 271.5 39D9956.9016 11686380.8110 143638.8229
E:-802A V 271.222 211.1 N 71-36 22' W 3909943.5519 11686399.2814 143525.4774
E-8028 V 271.356 271.2 N 391134' W 3909945.4028 11686389.7511 143627.3262
B-802C V 271.446 271.4 S 80'00'35' E 3909947.3175 1168637S.7512 143629.2387
E:-803 V 292.4 3909921.5113 11685763.7633 143603.3008
E;-804 V 320.0 3909497.2390 11685134.7547 143178.9007
E:-805 V_ 271.1 3910361.5788 11686246.9595 144043.4649
E:-805A V 271.028 271.2 S 59-1930" E 3910364.0260 11686236.6888 144045.9099
E;-805B V 271.126 271.4 N 73'02'24' E 3910354.9S67 11686240.7396 144036.8716
E:-805C V 271.016 271.3 N 77'19'54' E 3910345.9275 11686244.7671 144027.8134
E.-806 V 299.2 3909416.2434 11683977.2831 143097.6599
E:-807 V . 310.6 3909849.0828 11683980.4378 143530.4933

CPT _ CRO1lo ELEVADON _

(P1-821 V __. 271 3909965 11686353 143647
CPT-821A h V _ 271 3909957 11686348 143639
(P1-821B V _ _ 271 3909966 11686367 143648
(PT-822 V 271.1 3910375.4066 11686237.2013 144057.2904
(PT-823 " V 296.3 3909850.0235 11685756.1761 143531.8125
( P1-824 V 276.1 3910054.2670 11686009.5911 143736.1071
(PT-825 V 332.5 39094 77.9442 11685267.2998 143159.6345
(PT-827 V __ _ 271.1 3910688.2442 11683569.4372 144369.5540
(PT-828 V 270.0 3910652.8241 11683066.3705 144334.0281
(PT-830 V 307.5 3909848.9822 11686000.3856 1 143530.8236

08S. WELL _ ELEV TOP er PVC CASIN _
C'W-841 V 251.622 3910556.1514 11686804.1141 - 144233.1541
OW-842 V 336.740 3909034.7635 11685149.1315 142716.4352
(W-843 V 320.580 3909725.1724 11685056.8319 143406.8139
COW-844 V/ 273.507 3909908.5159 11686589.6454 143590.7828

__W-845 V 297.309 3909858.6642 11685741.1107 f 143540.4499
(iW-846 V/ 297.270 3909845.0918 11685721.8162 _ 143526.8736
(01-?,47 V 319 720 3908945.4511 11686447.6923 142627.4022
(XFIW-848 VI 284.512 _ 3910853.3688 11686272.7632 144535.2523
0iW-849 7 298.536 j 3910786.2446 11684731 0221 144467.7995

These points were not field locoaed but pioced by MACTECs estimated location. the elevations were established trom a field survey of the surrounding area
This is a field located point of the estimated location ot CPT 823.

" Virginia Stote Plane NA083 (SGutn Zone) coordinates converted to State Plane NAD27 (North Zone) using Corpscon tor Windows 'arsior S '.Q8

I hereby certify that field surveys were performed in accordance with applicable project specifications
(11/22/02 - 12/30/02) under my supervision to determine the values listed in this table except where
noted. /ll data was collected directly from Louisa County Survey Control Monuments (pair # 14,
monuments 2001 to 22) using the coordinates provided in Virginia State Plane, NAD83 - South Zone
(U.S. Survey Foot) and the reference datum of NAVD 88. The NAD27 coordinates were derived via
office computations as noted.

'id R. Gardy, CS # 00151

1-
P I.-

0 (30
'i -i�

')� U DI1.)
.1N

% 4
'10.



APPENDIX C
GEOTECHNICAL BORING LOGS,

CORE BORING REPORTS, AND PHOTOGRAPHS
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I M

lY

IAJOR DIVISIONS GROUP
SYMBOLS TYPICAL NAMES GROUF

SYMBOI
I + I

CLEAN
GRAVELS

(Little or no fines)

i- qfI.. MGW Well graded gravels, gravel - sand
mixtures, little or no fines.

COARSE
GRAINED

SOILS
(More than 50% of

material is
LARGER than

No. 200 sieve size)

GFRAVELS
(More than 50% of
coarse fraction is
LARGER than the
No. 4 sieve size)

SANDS
(More than 50% of
coarse fraction is
SMA LLER than
the No. 4 Sieve

Size)

V..-, A

a

ROCK
GP Poorly graded gravels or grave - sand

mixtures, little or no fines.

GRAVELS
WITH FINES

(Appreciable
amount of fines)

CLEAN
SANDS

(Little or no fines)

1:'-)J1 GM Silty gravels, gravel - sand - silt mixtures.

4\�j WF
0>1 HR

-�--'*� + -4

GC Clayey gravels, gravel - sand - clay
mixtures.

_ SW nWell graded sands, gravelly sands, little or |Watr Table at time of drilliI1I I no fines. r_ _

SP
Poorly graded sands or gravelly sands.
little or no fines.

4-

SANDS WITH
FINES

(Appreciable
amount of fines)

SM Silty sands, sand - silt mixtures

SC Clayey sands, sand - clay mixtures.

i i i __

I11ML
Inorganic silts and very fine sands, rock
flour, silty of clayey fine sands or clayey
c:lfc anal ... t Ulal lci;

Correlation of I
with Relativp Do

i

SILTS AND CLAYS
(Liquid limit LESS than 50)

I I I I *L'~ O-U - -I .tItIIa -,Ly__________________________________
iC I nrgannic lways;of low f t o medium SAND & GRAVEL

L plasticity, gravelly clays, sandy clays, silty -Re
clays, lean clavs. .1No. of Blows 11elative Dens'FINE

GRAINED
SOILS

(More than 50% of
material is

SMALLER than
No. 200 sieve size)

OL Organic silts and organic silty clays of
low plasticity.

0 - 4 Very Loose
5- 10 Loose

. . _

11MH
Inorganic silts, micaceous or
diatomaceous fine sandy or silty soils,
elastic silts.

II - 20 Firm
-*1_

21 - 30 Very Firm
SILTS AND CLAYS

(Liquid limit GREATER than 50) Inorganic clays of high plasticity, fat clays 31 - 50 | Dense
t~ Ver Densre5

01o Organic clays of medium to high
plasticity. organic silts.

HIGHLY ORGANIC SOILS I rI Pn " dT Pcat and other highly organic soils.

BOUNDARY CLASSI FICATIONS: Soils possessing characteristics of two groups are designated by
combinations of group symbols.

SAND GRAVEL
SILT OR CLAY S D CobblesG

Fine I Medium JCoarse Fine | Coarse

No.200 No.40 No.10 No.4 3/4" 3" 12"
U.S. STANDARD SIEVE SIZE

KEY TO SX
DESCP

Reference: The Unified Soil Classification System, Corps of Engineers, U.S. Army Technical
Memorandum No. 3-357, Vol. 1, March, 1953 (Revised April, 1960)

EMI



VM.ACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 1 OF 2

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS
Iv¶

'BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA FGEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. 8-801 0) HR. 1.3

COLLAR ELEV. 248.9 ft (NAVD 88 NORTHING 3,910,351.57 (NAD 83)| EASTING 11,686,737.99 (NAD 83) 24 HR. 1.0

TOTAL DEPTH 49.8 ft DRILL MACHINEOME-550. ATV |DRILL METHOD Rotary Wash/Core HAMMER TYPE .40 lb. Manual, #5

DATE STARTED 12/3/02 COMPLETED 12/4102 SURFACE WATER DEPTH N/A
ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. V L

(it) (it) 0.5ft 0.5f` 0.51 0I 20 40 60 8,0 1?0 NO. G SOIL AND ROCK OESCRIPTION

248.9 0.0 _ Ground Surface j -489 000
4"0o.%f u.u

474 1 6

3 I

, _- ... 4 6

245.4 3.5 _ _
4 4 6

242.9 6.0 _
--- 7 9

240.4 8.5
7 7 _

1235 4 13.5 ___

.110--

01. ...
10

. ...

10.. ...

. . . . .

; 16

15

16.
_ .:.:
. .. .

. .. .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

Sb-1

SS-2

SS-3

. 2469

Fill: Orange, brown, and tan, i.1ff, fine to
coarse sandy. silty. CLAY (CL)

20

SS-4

Fill: Brown, stiff. micaceous, s ightly fine sandy,
SILT (ML)

_245 A 35
Fill: Brown and tan, loose to fitm, micaceous.
silty, fine to coarse SAND (St)

2139 120

230.4

22-.9

18.5

- 20.0

3 3

10

51010.oft

43

3

57/0.1 II SS-7

SS-8

Fill: Brown and tan, firm, micaceous. clayey,
fine to coarse sandy SILT (ML)

_.2299 190
Weathered Rock: Gray, QUARTZ GNEISS

_ 228 9 20 0
1010 61to

100100.t Hard Rock: Gray, slightly weathered to fresh,
closely to widely fractured. hard to very hard,
QUARTZ GNEISS with Biotite .5%) and trace
magnetite

w

21.5t:

3
-37.4

. . . . . .

. . . . . .

. . I . . . .

. . . . . .

2.5.4B-2f



#MACTEC
3301 Atli ntic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 2

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS
4A J

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2.5400 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-801 0 HR. 1.3

COLLAR ELEV. :248.9 ft (NAVD88 NORTHING 3,910,351.57 (NAD 83)| EASTING 11,686,737.99 (NAD 83) 24 HR. 1.0

TOTAL DEPTH 49.8 ft DRILL MACHINERME.550, ATV |DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 12/3/02 COMPLETED 12/4/02 SURF CE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. L
20 01 SOIL AND ROCK DESCRIPTION

Mt) (ft) (1.5ft 0.5fl 0.5ft 0 20 40 60 e0 100 NO. /MOIIG_

211.5 37.4 Continued from previous page ___ . _ . . . . _ __ . . _. _ . __

. . . . . .

. . . . .

. . . . .

. . . . . .

. . . . .

Hard Rock: Gray, Slightly weathered to fresh,
closely to widely fractured, harl to very hard,
QUARTZ GNEISS with Biotite (5%) and trace
magnetite (continued)

199. 49 8
_------- Boring and Coring terminated at 49.8 ft in Hard

Rock: Very slightly weathered lo fresh,
moderately closely fractured, viry hard, Quartz
Gneiss with biotite (5%) and trace magnetite

Bits Used: 3' Roller cone; N-si::e core bit (Face
discharge, diamond impregnated)

Drilling Fluid: Water

Borehole filled by grouting 12/13/02

I

9
aY1

0

.j
-z

w

I

174.1 T74.8

2.5.4B-:



AMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 1 OF 1 AI1w'r
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2.5400 COUNTY LOUISA VA GEOLOGIST M. Lear

PROJECT NAMI: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. 13-801 (I HR. 1.3

COLLAR ELEV. 248.9 ft (NAVD 88) NORTHING 3,910,351.57 (NAD 83) EASTING 11,686,737.99 (NAD 83) 24 HR. 1.0

TOTAL DEPTH 49.8 It DRILL MACHINE CME-550, ATV I DRILL METHOD Rotary Wash/Core I HAMMER TYPE 140 b. Manual, #5

DATE STARTED 12/3/02 COMPLETED 12/4/02 SURFACE WATER DEPTH N/A

CORE SIZE NC) TOTAL RUN 29.8 ft DRILLER K. Pendley

ELEV. DEPTH R~UN DRILL RE.RUN ST. RCRATD~
(if) (ifT (If) RATE EC . ROD SAM.REC. ROD DESCRIPTION AND REMARKS

_ _ _( M i n /tft ) ~ ~ O , GO I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Begin Coring @ 20.0 ft
228.9 20.0 4.8 3:36 (4.8) (4.8) RUN 1 E Hard Rock: Gray, slightly weathered to fresh, closely to widely fractured. hard to very'u u

100% 100% hard. QUARTZ GNEISS with Biotite (5%) and trace magnetite
4:19 (2 joints at 30-35° with trace clay; 1 joint at 70° with trace clay; 2 coarse quartz and

5:54 - potassic feldspar veins at 600 with gradational margins from 20 9ft to 21.3ft and 22.2ft

5:17

224.1 24.8 2:51/0.8
5.0 3:19 (5.0) (5.0) RUN 2 (4 joints at 700 with clay and orange Fe stain; 1 joint at 30' with orange Fe stain)

100% 100%
3:18

3:31

3:35

3:40
219 1 29.8 _-

5.0 3:55 (5.0) (5.0) RUN 3 (5 joints at 40-500 with trace clay; 1 joint at 200 with trace clay)
100% 100%

4:01

5:50

5:51

8:26
214.1 34.8 _

5.0 13:12 (5.0) (5.0) RUN 4 (2 joints at 400 with clay, quartz, and orange Fe stain: 2 joints al 60-70f with trace clay)
100% 100%

9:34

3:26

3:29

5:25
209.1 39.8 525 _

5.0 4:26 (5.0) (5.0) RUN 5 (1 joint at 400 with trace clay)
100% 100%

3:50

3:58

3:40

3:55
204.1 44.8 wt rc lyadoag esan

:5.0 3:49 (5.0) (5.0) RUN 6 (2 joints at 30-400 with trace clay and orange Fe stain)

100% 100%
4:51

4:23

5:00

6:14
U 49.8 - _ 1991 498

Z Boring and Coring terminated at 49.8 ft in Hard Rock: Very sligrtly weathered to fresh.
moderately closely fractured, very hard, Quartz Gneiss with biotite (5%) and trace

O rmagnetite

Bits Used: 3" Roller cone; N-size core bit (Face discharge, diamond impregnated)

L Drilling Fluid: Water

I oBorehole filled by grouting 12113/02

O LmlLu

Lu _
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IMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 1 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

#j§ 1'rI

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-802 0 HR. 5.2

COLLAR ELEV. 271.5 ft (NAVD 88 NORTHING 3,909,956.90 (NAD 83) EASTING 11,686,380.81 (NAD 83) 24 HR. 3.4

TOTAL DEPTH 90.0 ft I DRILL MACHINeRME.550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED' 12/9/02 | COMPLETED 12/10/02 | SURFACE WATER DEPTH N/A

ELEV.

(fI)

DEPTH I BLOW COUNT

(to r0.sft i o.s5 | o5 n |

BLOWS PER FOOT
40 60 80
I I-I

SAMP. I/
SOIL AND ROCK DESCRIPTION20 1001 NO.

271.5 0.0 1 _ Ground Surface

270.5 1.0

__ 26 22 14

267.8 3.7
15 22 22

265.5 6.0 I I -.

I......

263.2

E

8.3

37.4

12 38 62/u.2n

3.6 . . . . . . . . .

.. . ...... .. ....

. - tO090.7ft,

. . . . . . . . . . . . .
10010.0ft

. .. . . . . . . . . .

. . . . . . . . . . . .

. . .. . . . . . . .

. . . . . . . . . . .

5 3C
Residual: Tan and gray, dense. slightly
micaceous, silty, fine to coarse SAND (SM)

5 -C - - - - 6
Weathered Rock: Brown, BIOTITE QUARTZ
GNEISS

2 _ _83263.:
Hard Rock: Gray with tan, orange, and brown
Fe stain, moderately severe to moderately
weathered, very closely to lose ly fractured.
moderately hard to hard. BIOTI7E QUARTZ
GNEISS

0

F-

9

. . . .

. . . .

. . .

. . .

. . .

2459
Hard Rock: Dark gray, slightly weathered to
fresh, very closely to moderately dlosely
fractured. hard, BIOTITE QUARTZ GNEISS

256

-I

F-

wj2

2.5.4B-32



AMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS
el0 4. V

jECHTEL PRCOJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA GEOLOGIST M. Les r

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-802 0 HR. 5.2

COLLAR ELEV. 271.5 ft (NAVD 88 NORTHING 3,909,956.90 (NAD 83)| EASTING 11,686,380.81 (NAD 83) 24 HR. 3.4

TOTAL DEPTH 90.0 ft I DRILL MACHINEOME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 12/9/02 COMPLETED 12/10/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. / I

(t)(R) 0.5ft 0.5ft o 51t 0 20 40 60 80 100 NO. M SOIL AND ROCK DESCRIPTION

234.1 37.4 _Continued from previous page
Hard Rock: Dark gray, slightly weathered to
fresh, very closely to moderately closely
fractured, hard, BIOTITE QUARTZ GNEISS
(continued)

7

- 74.8

. . . .
. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

....

....

....

...

............

......

......

......

......

......

.. ...

......

......

......

. ....

......

......

......

......

......

......

......

215 5 560
Hard Rock: Gray and pink, locally with orange
Fe stain, slightly weathered, very closely to
moderately closely fractured, hard, QUARTZ
GNEISS with Biotile (5%)

I.

f-
0
C.

2002 71.3
__ _ .

S

I-.l

wU 196.7

_ Hard Rock: Dark gray. very sill-htly weathered
to fresh, closely to moderately closely
fractured, hard, BIOTITE QUARTZ GNEISS

*j* **�4 . �-A--) -

2.5.4B-



0MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 3 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

of.t
- �60'tif -"

011 V,
BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME. NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. E3-802 0 HR. 5.2

COLLAR ELEV. 271.5 ft (NAVD 88 NORTHING 3,909,956.90 (NAD 83)| EASTING 11,686,380.81 (NAD 83) 21. HR. 3.4

TOTAL DEPTH 90.0 ft DRILL MACHINECME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual. #5

DATE STARTED 12/9/02 COMPLETED 12/10/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. A/

( (It) 0.Sft O5ft 0 0 20 40 60 80 100 NO MO SOILANDROCKDESCRIPTION
196.7I I - Contnued______prvioupae_ _._.__.__ ._..._.

196.7 74.8 Continued from previous page {J

I

...

. ..

. ..

. ..

. ..

K
Hard Rock: Dark gray, very slightly weathered
to fresh, closely to moderately closely
fractured, hard. BIOTITE QUARTZ GNEISS
(continued)

188A A4 q
"'I

.181 5

Hard Rock: Gray, slightly to vEry slightly
weathered, closely to moderately closely
fractured, hard. QUARTZ GNE.ISS with Biotite
(5%)

90a
- .- _ -1-- Boring and Coring terminated 3t 90.0 ft in Hard

Rock: Slightly to very slightly weathered,
closely to moderately closely factured. hard,
Quartz Gneiss with biotite (5%)

Bits Used: 3 Roller cone; N-s:ze core bit (Face
discharge, diamond impregnated)

Drilling Fluid: Water

Borehole filled by grouting 121 13102

0

.,

o
Lw 159.3' 112.2

2.5.4B-'



AMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 1 OF 3
I

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. E-802 0 HR. 5.2

COLLAR ELEV. 271.5 ft (NAVD 88) NORTHING 3,909,956.90 (NAD 83)| EASTING 11,686,380.81 (NAD 83) 24 HR. 3.4

TOTAL DEPTH 90.0 ft IDRILLMACHINECME-550.ATV |DRILL METHOD RotaryWash/Core HAMMERTYPE 14011.Manual,#5

DATE STARTED 1219102 COMPLETED 12/10/02 SURFACE WATER DEPTH N/A

CORE SIZE NC! TOTAL RUN 81.7 ft DRILLER K. Pendley

EE.DTHIN DRILL RUN SiAT L
ELEV. D N RATE REC. IND SAMP. REC. RO 0 _ DESCRIPTION AND REMARKS

Begin Coring @ 8.3 ft
263.2

261.6

8.3

9.9

2:29 (1.6) (0.5)
100%1 31%

1:1910.6 I I

RUN I

5.0 1:43 (4.3) (2.1) RUN 2
86% 42%

1:40

2:03

1:53

1:48
256.6 14.9E 1:48

5.0 1:15 (4.0) (2.3) RUN 3
80% 46%

11:22

1:05

1:17

1:15
251.6 19.9 ____

5.0 1:04 (4.5) (3.6) RUN 4
90% 72%

1:00

1:11

1:20

1:45
246.6 24.9

5.0 2:11 (4.8) (3.9) RUN 5
96% 78%

1:32

1:24

1:24

1:30
241.6 29.9 __ 130

5.0 1:31 (5.0) (4.4) RUN 6
1:38 100% 88%

1:33

1:53

236.6 34.9 1:56
5.0 1:17 (4.4) (4.2) RUN 7

88% 84%
1:19I 1:34
1:50

1:3
231.6 1399

5.0 1:27 (5.0) (3.3) RUN 8
100% 66%

1:55

1:45

2:01

226.6 44.9 1:

- i-'-' Hard Kock: Uray with tan, orange, and brown Fe stain, Moderalely severe to
moderately weathered, very closely to closely fractured, moderately hard to hard,
BIOTITE QUARTZ GNEISS
(5 joints at 50.60° with clay and orange Fe stain)
(11 joints at 50-60° with clay and orange Fe stain; S joints at 0-10° with clay and
orange Fe stain; Severely weathered fracture zone with no reccvery from 11.3ft to
12.Oft)

(9 joints at 50600 with clay and orange Fe stain; Severely weat hered fracture zone
with no recovery from 17.6ft to 18.6ft)

(5 joints at 50-60° with brown Fe stain; 2 joints at 0-100 with brown Fe stain; Severely
weathered fracture zone with no recovery from 24.4ft to 24.9ft)

2459 (5 joints at 50-600 with brown and orange Fe stain; 1 joint at 70-800 with orange Fe 25f
'stain) _
Hard Rock: Dark gray, slightly weathered to fresh. very closely :o moderately closely
fractured, hard. BIOTITE QUARTZ GNEISS

(10 joints at 40-500 with trace orange Fe stain)

(1 joint at 680 with clay and quartz; Severely weathered fracture zone with no recovery
from 37.91t to 38.5ft)

I
(11 joints at 0-10° with trace clay and brown Fe stain. joints al 5060' with trace clay;
1 joint at 700 with clay and chlorite)

(3 joints at 40.50c with trace clay, chlorite, and red and orange l:e stain)5.0 I 1:54 (5.0) I (4. ') HUN 9

.4



AMACTEC
3301 ATLANTIC AVENUE
RALEIG 4, NC 27604

CORE BORING REPORT
SHEET 2 OF 3 4� 1

R 01!
BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720.2-5400 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-802 I) HR. 5.2

COLLAR ELEV, 271.5 ft (NAVD 88) NORTHING 3,909,956.90 (NAD 83) EASTING 11,686,380.81 (NAD 83) 21 HR. 3.4

TOTAL DEPTH 90.0ft | DRILL MACHINE CME-550,ATV DRILLMETHOD RotaryWash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 12/9/02 COMPLETED 12/10/02 SURFACE WATER DEPTH N/A

CORE SIZE NO TOTAL RUN 81.7 ft DRILLER K. Pendley

ELEV. RUN DRILL RUN STRATA L
RATE REC. ROD SAMP. REC. )ROD DESCRIPTION AND REMARKS

(if ( (ft (Mm/if?) (4) Z) NO. ~)~ G DESCRIPTION_______________AND _____REMARKS_______

Continued from previous page

1:42

1:43

1:48

1:56

100%I 96% Hard Rock: Dark gray, slightly weathered to fresh, very closely to moderately closely
fractured, hard. BIOTITE QUARTZ GNEISS (continued)

221.6 49.9
5.0 1:32 (50) (5.0) RUN 10

100% 100%
1:34

1:39

1:36

216.61 54.9 1_43

(1 joint at 600)

1:14

1:42

1:58

2:17

2:15

(0%) (40
100%1 80%

RUN 1i (4 joints at 50-60' with brown Fe stain; 4 joints at 30-41 with biown Fe stain)
2`155 56(

r. :
Asx _

211.61 59.9
5.0 1:37 (5.0) (3.6) RUN 12

100% 72%
1:43

1:40

2:20

2:51
206.6 64 9 2:51

5.0 2:40 (5.0) (4.0) RUN 13
100% 80%

2:45

2:43

2:36

2:6-

I

K

Hard Rock: Gray and pink, locally with orange Fe stain, slightly weathered, very closely
to moderately closely fractured, hard, QUARTZ GNEISS with Fliotite (5%)

(6 joints at 3040' with trace clay: 2 joints at 50-61? with brown Fe stain: 1 joint at 700
with clay, quartz, and red Fe stain)

(5 joints at 30-40' with orange Fe stain, 4 joints at 0.100 with trmce clay; I joint at 60°
with clay, quartz, and orange Fe stain)

5.0

lI-
0
i-
9 196.6

2:35

2:52

2:43

2:45

2:15

(5.0)
100%

(4.6)
96%

200 2 713
Hard Rock: Dark gray, very sligntly weathered to fresh, closely to moderately closely
fractured, hard, BIOTITE QUARTZ GNEISS

RUN 14 (3 joints at 40-50' with trace clay)

74.9
5.0 1:23 (5.0) (3.6) RUN 15

PI 100% 72%
a! 1:27
0

< 1:21

1:18

I 1:05a9 7
V4 - -9So ., .- ek

(11 joints at 3040' with brown Fe stain; 2 joints at 50-60 with trace clay)

(4 joints at 3040' with trace clay and orange Fe stain. 2 joints ;3t 60-701 with trace
clay and chlorite)U.-

l'-
U

5.0 1:13

1:18

1:19

(5.0) (4.5)
100%1 90%

IKUN lbi

- - .I - I .



%MACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 3 OF 3 .14i

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA; VA I GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-802 o HR. 5.2

COLLAR ELEV. 271.5 ft (NAVD 88)| NORTHING 3,909,956.90 (NAD 83) EASTING 11.686,380.81 (NAD 83) 24 HR. 3.4

TOTAL DEPTH 90.0 It DRILLMACHINE CME-550,ATVV DRILLMETHOD RotaryWash/Core HAMMERTYPE 140 1b. Manual, #5

DATE STARTED 12/9/02 COMPLETED 12/10/02 SURFACE WATER DEPTH N/A

CORE SIZE NO TOTAL RUN 81.7 ft DRILLER K. Pendley

ELEV. DEPTH FUN DRILL RUN ST.RATA L(ft) f' RATE REC I R SAMP REC. RO_ DESCRIPTION AND REMARKS
(l~) (ft) 1) (M im/fl) IV , V N O . Z ' G _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- I -Continued from previous page
1:20 Hard Rock: Dark gray, very slightly weathered to fresh, closely to moderately closely
1:20 Bfractured, hard, BIOTITE QUARTZ GNEISS (continued)

1866 849 _186 84 9
. __ 1:24 (5.1) (4.7) RUN 17 Hard Rock: Gray, slightly to very slightly weathered, closely to rioderately closely

100% 92% fractured, hard, QUARTZ GNEISS with Biotite (5%)
1:21 (4 joints at 30400; 1 joint at 70 with chlorite)

1:23

1:30

1:5711.1
181.5 90.0 1815 9002

Boring and Coring terminated at 90.0 ft in Hard Rock: Slightly tc very slightly
weathered. closely to moderately closely fractured, hard, Quart: Gneiss with biotite
(5%)

Bits Used: 3" Roller cone; N-size core bit (Face discharge, diamond impregnated)

Dritling Fluid: Water

Borehole filled by grouting 12,13/02

0

LU
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VMA4CTEC
3261 Atlanfic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 1 OF 5

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

BECHTELPROJECT NO. 24830 |MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA IGEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B.803 0 HR. 20.9

COLLAR ELEV. .292.4 ft (NAVD 88 NORTHING 3,909,921.51 (NAD 83)| LASTING 11,685,763.76 (NAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft DRILL MACHINMME.550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11/22102 ICOMPLETED 12/2/02 |SURFACE WATER DEPTH N/A

ELEV. jDEPTH BLOW COUNT

(ft) (It) [7 5t .5t t t 0.5ft0

BLOWS PER FOOT
20 40 60

I I l

SAMp.jV/1 L I
SOIL AND ROCK DESCRIPTION0

2924 A on 03
I J ..-... J- .-I vu' J .U

duz.4

9RR A -

u.u 3 7

16 19 12

286.3 6.1

5 7 7

283.8 8.6
'1 13 9

281.3 -11.1 _
5 6 F7

278.7 -13.7
1 0 12 17

2738 18.6
10 9 9

268.8 23.6
14 14 17

263.8 28.6

12 . . - ..........

. . . .. .. .. .. .. .. .

31
. . . . ... . .. . . . .

. ..... .. .. .. .. .

* 14 . ....

. . . . . . . . . . . . .. . . ....

22

1- . . . . . . . . . . ...

. \ . . . . . . . . . . . . . . .

23 . . -. . . ... .. .. ........ .

3. . .. .. .. .. .. ...

.. ... .. .. .... ...

18.. . ... . .. .. .. ..

. . . \ . . . . . . . . . . . . . .

31

30. ...........

. . .. .. .. .. .. .. ...

... 30 ,..
. . . . . . . . . . . . . . . . .

Residual: Brown, orange, and tan, loose,
clayey. gravelly, coarse SAND ISC)

.2899 _ _ _ ____ __ 25
Residual: Tan, dense, slightly clayey. fine to
coarse sandy. GRAVEL (GP)

_286 9 - - - - - - - - - - - - - - - - - 5
Residual. Orange and tan. firm, slightly
gravelly, clayey, fine to coarse "AND (SC)

2844 80
Residual Orange. tan, whitish tan, and grayish
white. firm to dense. micaceous silty, fine to
coarse SAND (SM)

2614 310
Weathered Rock: Gray and orancge Fe stained,
BIOTITE QUARTZ GNEISS

R

I-1

1 I 14 16

258.8

w 255.0

- 33.6

37.4

43 57/0.4ft 100/0951

. . . . . .

I

2.5.4B-41



jMACUTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 5

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (tf)

BORING NO. B.803 0 I-IR. 20.9

COLLAR ELEV. :292.4 ft (NAVD 88 NORTHING 3,909,921.51 (NAD 83) EASTING 11,685,763.76 (NAD 83) 24 HIR. 21.0

TOTAL DEPTH 170.3 ft I DRILL MACHINRZME-550, ATV | DRILL METHOD Rotary Wash/Core |HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11122/02 COMPLETED 12/2102 SURFACE WATER DEPTH NIA

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. / L
(ft) () C.5ft 0.5ft 0.5ft 0 20 40 60 80 100 NO. OIOLANDGROCKDESCFIPTION

255.0 37.4 Continued from previous page_
_ ~~ ~ ~ ~~ ~ ~ ~ _. _ _a.__ - n_ _ ..... _ . ..

253.8

248.8 -

243.6

217.6

- 38.6

- 43.6

- 48.8

74.8

50.0f5!

50/0.2ft

10005 t

1O. . .2.

1 . . .

. . ..

. 1001.0tt1

. . . . .

ss.1I

SS-1 2

SS-13

Weathered Rock: Gray and orange Fe stained.
BIOTITE QUARTZ GNEISS (continued)

, 92al A AA A

. .

. . .

. . .

. . .

. . .

Hard Rock: Grayish white, slightly to very
>lightly weathered, closely to moderately
/ closely fractured, hard, QUARTZ GNEISS with

Biotite (5%)

2339 585
Hard Rock: Gray, very slightly weathered.
closely to moderately closely fractured, very

a 2320 hard, QUARTZITE 604
. I . . . .

. . . . .

. . . . .

. . . . .

Hard Rock: Gray and pink, localv with orange
Fe stain, very slightly weathered to fresh, very
closely to very widely fractured, hard to very
hard. QUARTZ GNEISS with Bictite (5%) and
Magnetite (trace to 1%) and trace pyrite

I
Ur

w
I-

2.5.4B-42



%MAlCTEc
3301 Atlantic Avenue
Raleigh, VC 27604

GEOTECHNICAL BORING LOG
SHEET 3 OF 5

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA | GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-803 0 HR. 20.9

COLLAR ELEV. 292.4 ft (NAVD 88) NORTHING 3,909,921.51 (NAD 83) EASTING 11,685,763.76 (NAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft DRILL MACHINRZME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual. #5

DATE STARTED 11/22/02 |COMPLETED 12/2/02 SURFACE WATER DEPTH N/A

ELEV.IDEPTHI BLOWCOUNT I BLOWSPERFOOT ISAMP.iV/[ L I

M)I(ft) t-0-5ft I 0.5ft I051 10 20 40 60 80 100
I I I I I

NO. I/oJ |
bUIL ANLD HUCK DESCRIPT I UN

Hard Rock: Gray and pink, locally with orange
Fe stain, very slightly weatherec to fresh, very
closely to very widely fractured, hard to very
hard. QUARTZ GNEISS with Bitite (5%) and
Magnetite (trace to 1%) and trace pyrite
(continued)

F
11
00

9U1

-I

I~.

; 180.2
a_

112.2

. . . . . . . I

. . . . . . . .

. . . . . . . .

. . . . . . . .

�6 6. J. 6 6 .6. �

2.5.41-4



I MAUI ILU
3301 Itlantic Avenue
Raleigh, NC 27604

GEOTECHNUCAL BORING LOG
SHEET 4 OF 5

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

1BECHTEL PRO)JECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2U5400| COUNTY LOUISA, VA I GEOLOGIST M. Leur

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-803 0 HR. 20.9

COLLAR ELEV. 292.4 ft (NAVD 88d NORTHING 3,909,921.51 (NAD 83) EASTING 11.685,763.76 (NAD 83) :!4 HR. 21.0

TOTAL DEPTH 170.3 ft DRILL MACHINSOME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11122/02 COMPLETED 12/2/02 |SURFACEWATERDEPTH N/A

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. ALI
...__.I _ .t --- / OS SOIL AND ROCK DESCRIPTION

(ft) I(ft) IO0.ft I O.Sft I 0.Sft 1 UU NO. Iland ---
. _

Hard Rock: Gray and pink, ljcafly with orange
Fe stain, very slightly weathered to fresh, very
closely to very widely fracturd, hard to very
hard, QUARTZ GNEISS wite Biotite (5%) and
Magnetite (trace to 1 %) and :race pyrite
(continued)

I .. .

. I . . .

. . . .

. . . .

. . . . , _

M

P
I.-
a

0
0
(In

I-

g

t-

LCW0 142.8 * 49.6

. . . I . . .

. .. . . .



jMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 5 OF 5

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

- j.'Vj�Ar ,
I ,-P-"'r ;!�

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2.54001 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME' NORTH ANNA ESP IATER LEVEL (ft)

BORING NO. EI-803 0 HR. 20.9

COLLAR ELEV. 292.4 ft (NAVD 88) NORTHING 3,909,921.51 (NAD 83) EASTING 11,685,763.76 (NAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft DRILL MACHINECME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11/22/02 COMPLETED 1212/02 |SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. V L I
. _ . SOIL AND ROCK DESCRIPTION

(1t) M) 0.5ft 0.5ft A0.ft0 20 4,0 60 80 100 NO. Mot G

142.8 149.6 _ 1. Continued from previous page __ __ __Aa. __^. __ __ _FAX__ _.......

. . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . . . .

. . .

. . .

. ..

. ..

. . .

. . .

Hard Rock: Gray and pink, locally with orange
Fe stain, very slightly weathenrd to fresh, very
closely to very widely fracturec.. hard to very
hard, QUARTZ GNEISS with Mtiotite (5%) and
Magnetite (trace to 1%) and trace pyrite
{continued)

17221 1703
-4--- + - -4 + 4 4'-'-'�

Fi

9

W.

w IL _

L.

r187.0

Boring and Coring terminated ait 70 3 t in
Hard Rock: Fresh, very widely fractured, very
hard, Quartz Gneiss with biotite (5%).
magnetite (1 %) and trace pyrilti

Bits Used: 3" Roller cone: N-si.e core bit (Face
discharge, diamond impregnated)

Drilling Fluid. Water

Borehole filled by grouting 12I1(03

105.4
I _ - I - I I

2.5.48



/MACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET I OF 4
00"I'41'.i� � 'i

I ��

BECHTEL PROJI.CT NO. 24830 |MACTECPROJECTNUMBER:.30720-2-5400 COUNTY LOUISA.VA GEOLOGIST M.Lear

PROJECT NAME: NORTH ANNA ESP VYATER LEVEL (ft)

BORING NO. B803 0 HR. 20.9

COLLAR ELEV. :292.4 ft INAVD 88) NORTHING 3,909,921.51 (NAD 83) EASTING 11,685,763.76 INAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft |DRILL MACHINE CME-550, ATV |DRILL METHOD Rotary Wash/Core I HAMMER TYPE 140 I). Manual, #5

DATE STARTED 11/22/02 COMPLETED 12/2/02 SURFACE WATER DEPTH N/A

CORE SIZE NQ TOTAL RUN 121.5 ft DRILLER K. Pendley

EE.DPHFN DRILL RUN STRATA LELEV.D EPTH FUN RATE REC. ROD SAMP. REC. ROD 0 DESCRIPTION AND REMARKS
(f) (ft :f (Min/It) Z) NO. G___________________________________

- _ -Begin Coring @ 48.8 ft
243.6 48.8 1.6 2:38 (1.3) 11.3) RUN 1 \X4\ b Hard Rock: Grayish white, slightly to very slightly weathered. closely to moderately 45 a

81% 81% closely fractured, hard, QUARTZ GNEISS with Biotite (5%)
242.0 50 4 1080__ 1:080.6 (2 joints at 45' with trace clay and white mica)

:3.0 2:12 (5.0) (5.0) RUN 2 (2 joints at 20° with trace clay; 1 joint at 500 with clay and orange Fe stain; 1 joint at
12 100% 100% 70'with clay and brown Fe stain)

1:48

2:12

2:21

2:44
237.0 55.4 __

3.0 3:02 (4.4) (3.3) RUN 3 (1 joint at 50' with clay and brown Fe stain; Severely weathered fracture zones with
88% 66% no recovery from 56.9tt to 57.3ft and 58.3ft to 58.5ft - Severe wlter loss in these

2:24 zones for duration of drilling)

1:10
233.9 585

3:18 Hard Rock: Gray, very slightly weathered, closely to moderately closely fractured. very

232.0 60.4 617 2320 hard. QUARTZITE 0

5.0 1:53

2:40

3:52

4:25

5:00

(5.0) (5.0)
100% 100%

RUN 4

I

Hard Rock: Gray and pink, locally with orange Fe stain, very slightly weathered to
fresh, very closely to very widely fractured, hard to very hard, QUARTZ GNEISS with
Biotite (5%) and Magnetite (trace to 1%) and trace pyrite
(1 joint at 600 with trace clay, white mica, and brown Fe stain; 2 joints at 30-35' with
white mica and orange Fe stain)

227.0 65.4
5.0 4:13 (5.0) (4.4) RUN 5

100% 88%
4:33

5:16

4:56

5:59
222.0 70 4 __ 5,

4.9 6:27 (4.9) (4.5) RUN 6
100% 92%

5:40

5:44

6:02

217.1 75.3 8:21/0.9
5.0 6:36 (5.0) (5.0) RUN 7

100% 100%
o 7:43

o 7:55

U 10:05

12:53
o 212.1 80.3

5.0 1:45 (4.9) (4.4) RUN8
98% 88%

1:53

3:00

o 2:56

2:25
c 207.1 65.3 -.

(7 joints at 0-10' with white mica and orange Fe stain: 1 joint at 30° with white mica)

(3 joints at 0-10' with white mica and orange Fe stain. 2 joints a: 30-35' with white
mica and orange Fe stain; 1 joint at 600 with clay and brown Fe stain)

(1 joint at 40° with clay and orange Fe stain; 2 joints at 70° with clay, orange Fe stain.
and Mn oxide; 1 joint at 80-85' with orange Fe stain)

(3 joints at 0-10° with white mica. clay, and brown Fe stain; 1 jo nt at 45' with brown
Fe stain; 1 joint at 750 orange Fe stain; Severely weathered fracture zone from 81 Oft
to 81.3ft)

5.0 2:41 1(5.0) 1(5.0) 1RUN 9 (I joint at 70' with trace clay)
5.0 :1 50 (.) RU on at 70 withS trcecly



jfMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 2 OF 4 0 Ati; r� I.-- jl�i ,
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAMfE: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B3-803 0 HR. 20.9

COLLAR ELEV. 292.4 ft (NAVD 88)| NORTHING 3,909,921.51 (NAD 83)| EASTING 11,685,763.76 (NAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft DRILLMACHINE CME-550,ATV IDRILLMETHOD RotaryWash/Core I HAMMERTYPE 140bI.Manual, #5

DATE STARTED 11/22/02 COMPLETED 12/2/02 SURFACE WATER DEPTH N/A

CORE SIZE NC) TOTAL RUN 121.5 ft DRILLER K. Pendley

EE.DPhUN DRILL RUN STRATA L.ELEV. DEPTH R RAN RATE REC ROD SAMP. REC. I ROD | DESCRIPTION AND REMARKS
(_i) (M) () (Min/ft) tft e V2orNO. Ge

Continued from previous page

90.3

2:58

2:21

3:35

3:53

100% 1100%

202.1
5.0 3:04 (5.0) (5.0) RUN 10

100% 100%
3:47

7:56

6:05

6:26
197.1 95.3

5.0 7:13 (5.0) (5.0) RUN 11
100% 100%

8:11

8:09

9:45

15:22
192.1 100.3

1.0 29.20 (1.0) (1.0) RUN 12
191.1 101.3 100% 100%

.0 3:07 (4.0) (4.0) RUN 13
100% 100%

2:08
2:07

2:08
187.1 105.3 _

51.0 2:05 (5.0) (5.0) RUN 14
100% 100%

2:10

2:22

2:34

2:311
182.1 110.3 __ 2:

5.0 2:55 (5.0) (5.0) RUN 15
100% 100%

3:05

3:06

3:50

o 4:28
177.1 115.3

r..0 3:49 (5.0) (5.0) RUN 16
(.1 1 100% 100%

Z 7:09

L? 11:48

22:34

172.1 120.3 . 7:35 - -

Hard KOCK: Gr~ay ana pink, locally With orange Fe stain, very slightly weatherea to
fresh, very closely to very widely fractured, hard to very hard. OUARTZ GNEISS with
Biotite (5%) and Magnetite (trace to 1%) and trace pyrite (contirued)

(1 joint at 750 with clay and chlorite)

(1 joint at 80-90° with trace clay and brown Fe stain: 1 joint at 5t0 with brown Fe stain)

F (No joints)

(1 joint at 500)

(No joints)

(1 joint at 30° with coarse white mica)

(Coarse quartz and potassium feldspar vein/zone from 1 15.3ft to 1 16.3ff at 65°)

(1 joint at 550 with chlorite mineralization)0
U

-aI.-
x

'0 3:45

2:03

2:06

(5.0) (5.0)
100% 1100%

RUN 17

_0L.v.n b



AMACTEC
3301 ATIANTIC AVENUE
RALEIGN, NC 27604

CORE BORING REPORT

SHEET 3 OF 4 -14
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA IGEOLOGIST M. Lear

PROJECT NAMIE: NORTH ANNA ESP VATER LEVEL (ft)

BORING NO. 13-803 a HR. 20.9

COLLAR ELEV. 292.A ft (NAVD 88) NORTHING 3,909,921.51 (NAD 83) EASTING 11.685,763.76 (NAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft DRILL MACHINE CME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11/22/02 COMPLETED 12/2/02 SURFACE WATER DEPTH NIA

CORE SIZE NC) TOTAL RUN 121.5 ft DRILLER K. Pendley

_ DRILL RUN STRATA LELEV. DEPTHIRLN RATE REC. ROD SAMP. REC. ROD G DESCRIPTION AND REMARKS
(Mf (ft) (if) (Min/ft) ~ ~ NO. ( q) G_____________________________________

. _Continued from previous page

125 .3
2:38
3:04

167 i
5.0 3:32 (5.0) (5.0) RUN 18

100% 100%
4:07

5:04

7:35

13:00
162.1 130.3 _ _

5.0 3:15 (5.0) (5.0) RUN 19
100% 100%

3:45

3:57

4:25

4:15
157.1 135.3

5.0 4:30 (5.0) (5.0) RUN 20
100% 100%

5:51

7:19

10:29

17:14
152.1 140.3

.0 14:21 (5.0) (5.0) RUN 21
100% 100%

18:42

9:26

2:18

2:22
147.1 145.3 __ _

;.0 2:03 (5.0) (5.0) RUN 22
100% 100%

2:.34

2:36

2.40

142.1 150.3 2:47
15.0 3:31 (5.0) (5.0) RUN 23

100% 100%
3:39

4:14

Uz 4:45

6:16
< 137.1 155.3

..0 3:20 (3.0) (3.0) RUN 24
100% 100%

7:56

10:54
134.1 158.3

- _.0 3:53 (2.0) (2.0) RUN 25
'- 2100% 100%

2:55

Hard Rock: Gray and pink, locally with orange Fe stain, very sli ghtly weathered to
fresh, very closely to very widely fractured, hard to very hard, QUARTZ GNEISS with
Biotite (5%) and Magnetite (trace to 1 %) and trace pyrite (contirued)
(No joints)

(No joints)

(Coarse quartz, potassium feldspar, and white mica vein/zone from 137.8ft to 138.3ft at
60° with gradational margins)

(Coarse quartz, potassium feldspar, and white mica vein/zone from 144.3ft to 144.8ft at
65° with gradational margins)

(Coarse quartz, potassium feldspar, and white mica vein/zone frim 147.0ft to 147.1ft at
60° with gradational margins)

(No joints)

(No joints)

(No joints)

!e,0- 2:47 (5.0) 1 (5.0) -RUN 26 (No joints)
- � .1. .1. A U - U A A (No joints)

,



AMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 4 OF 4 I- e~
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA |GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. E-803 0 HR. 20.9

COLLAR ELEV. 292.4 ft (NAVD 88) NORTHING 3,909,921.51 (NAD 83) EASTING 11,685,763.76 (NAD 83) 24 HR. 21.0

TOTAL DEPTH 170.3 ft DRILL MACHINE CME-550, ATV I DRILL METHOD Rotary Wash/Core |HAMMER TYPE 140 lb. Manual. #5

DATE STARTED 11/22/02 COMPLETED 12/2/02 SURFACE WATER DEPTH N/A

CORE SIZE N) TOTAL RUN 121.5 ft DRILLER K. Pendley

ELEV. DEPTH | FUN DRILL I RUN SIRTATE|ECERO SM-ROD DESCRIPTION AND REMARKS

M I Y)I (ft)P"WflIV TNO

Continued from previous page
Hard Rock: Gray and pink, locally with orange Fe stain, very sliphtly weathered to
fresh, very closely to very widely fractured. hard to very hard. OUARTZ GNEISS with
Biotite (5%) and Magnetite (trace to 1%) and trace pynte (continued)

(No joints)

122 . 170 I

- Boring and Coring terminated at 1 70.3 ft in Hard Rock: Fresh, vE'ry widely fractured.
Boring and Coring terminated at 170.3 It in Hard Rock: Fresh, very widely fractured.
very hard. Ouartz Gneiss with biotite (5%). magnetite (1%) and trace pyrite

Bits Used: 3" Roller cone; N-size core bit (Face discharge, diamond impregnated)

Drilling Fluid: Water

Borehole filled by grouting 12/9/03

0

q
c-
z

-J

0

-I
I-

U
Wru

I
X ! , , e e | I I -I 4
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A'MACTEC
3301 Atlantic Avenue
Raleigh, ,YC 27604

GEOTECHNICAL BORING LOG
SHEET 1 OF 2

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS
00"1Wfr

BECHTEL PROJE:CT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL Ift)

BORING NO. B-804 0 ltR. 26.3

COLLAR ELEV. 320.0ft (NAVD 88 NORTHING 3,909,497.24 (NAD 83)| EASTING 11,685,134.75 (NAD 83) 24 1R. 28.6

TOTAL DEPTH :59.91t | DRILL MACHINECME-550, ATV IDRILL METHOD Rotary Wash/Core HAMMER TYPE 141 lb. Manual, #5

DATE STARTED 12/4/02 COMPLETED 12/6/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. L
I 0 1001 SOIL AND ROCK DESCRIPTIONM (ft) 0c5ft 0.5ft O.Sft 0 20 40 60 80 100 NO. MOIG SOILANDROCKDESCRIPTION

320.0 0.0 _ Ground Surface _ 3200 _ °°
318.U - U.5

318.5 t1.5
.- 5 a

316.5 3.5 _ _
'I 3 3

314.0 6.0
11 3 3

311.5 8.5
2 2 3

309.0 11.0
3 2 3

306.5 13.5
2 36

. . .. . ..=

1l~3

. . . . . * . . . . . .

.; . .. .. .. .. .. .. .. ...

. .. .. .. .. .. .. .. .. ...

. . . . .. .. .. .. .. .. ...

. ...... . .

. . . . . . . . . . . . . . . . . . . .

.

. . . . .. . .. . . . . . . . . .

. . .\ . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

.... . . . ... . .. .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . 1D0/04tt .

. . . . . . . . . . . . . . . .0 / 40

SS-1

SS-2

SS-3

Residual: Reddish brown. stif. slightly gravelly.
318 5 slightly sandy, CLAY (CL)

15
, Residual: Brown, stiff, mircaceous, fine sandy,

SILT (ML)

315 0 o5C
Residual: Brown, orangish brown, gray, and
tan I e tn vrv firm mir2rpnit qioimhtiv

SS-8

296.5

291.5

286.6

23.5

28.5

- 33.4

37.4

1t 12 - 12

ctayey, silty, fine 10 medium SAN D (SM) with
relict rock fabric

297 5 225
Weathered Rock: Gray, QUARTZ GNEISS

2886 334

10010.31t'
I-

0

0

C.)

5010.:ttt
. . . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

'100I0 ,50/0.(lft SS-11

1

Wi3 282.6l

>4
Hard Rock: Tan and gray, modera ely to

2854 slightly weathered, very closely to Iosely 34
L-2547 lfractured, mmoderatelyhaardttohhardQQUARTZ

IGNEISS with Biotite (5%) ,
L IWeathered Rock: No recovery - Interpreted as|

UARTZ GNISS
- Hard Rock: Gray, locally with tan and orange

2.5.4B-54



IMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 2

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

�tv
(�Qoy

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA VA GEOLOGIST M. Lear

PROJECT NAMI NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. 13-804 C HR. 26.3

COLLAR ELEV. 320.0 ft (NAVD 88) NORTHING 3,909,497.24 (NAD 83)F EASTING 11,685,134.75 (NAD 83) 24 HR. 28.6

TOTAL DEPTH 59.9 It DRILL MACHINEBME.550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 12/4/02 I COMPLETED 12/6/02 I SURFACE WATER DEPTH N/A

ELEV. DEPTH [_BLOW COUNT

(At) (It) 0S5t 0.5ft 1 .5t I1 BLOWS PER FOOT
20 40 60

1 1 i

L
0 SOIL AND ROCK DESCRIPTION0

r v . . -. .
Fe stain, very slightly weathered to fresh,
moderately closely to widely fractured, hard to
very hard, QUARTZ GNEISS with Biotite (5%)
and Magnetite (trace to 1%)
Hard Rock: Gray, locally with tOn and orange
Fe stain, very slightly weathered to fresh,
moderately closely to widely fractured, hard to
very hard, QUARTZ GNEISS swith Biotite (5%)
and Magnetite (trace to 1%) (continued)

I-

260 *
Boring and Coring terminated at 59.9 ft in Hard
Rock: Very slightly weathered tc fresh, widely
fractured, very hard, Quartz Gneiss with biotite
(5%) and magnetite (1%)

Bits Used: 3' Roller cone: N-size core bit (Face
discharge, diamond impregnated)

Drilling Fluid: Water

Borehole tilled by grouting 12117102

a
0

0
U

S

I.-

Uj

Yi0: 245.2 74.8

2.5.4B-E



jMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT
SHEET 1 OF 1 AIj-1V1

BECHTEL PROJECT NO. 24830 |MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-804 0 HR. 26.3

COLLAR ELEV. 320.0 ft (NAVD 88) I NORTHING 3,909,497.24 (NAD 83) EASTING 11,685,134.75 (NAD 83) 24 HR. 28.6

TOTAL DEPTH 59.9 ft DRILLMACHINE CME-550,ATV |DRILLMETHOD RotaryWash/Core I HAMMERTYPE 140 It. Manual. #5

DATE STARTED 12/4102 COMPLETED 12/6/02 SURFACE WATER DEPTH N/A

CORE SIZE No TOTAL RUN 26.5 ft DRILLER K. Pendley

E E .D P H F N DRILL RUN STR LA IELEV. DEPTH F UN RATE REC. ROD SAMP. REC. ROD 0 DESCRIPTION AND REMARKS
Mft Mft) ) (Minlft) Z) ( NO. (~ ) __ DESCRIPTION___ __ __ __ __ __AND _ __ __REMARKS_ __ __ _

Begin Coring @ 33.4 ft
286.6 33.4 1.5 1:43 (1.2) (0.7) RUN 1 _ b Hard Rock: Tan and gray. moderately to slightly weathered. very closely to closely Ad 4

80% 47% 285 4 fractured, moderately hard to hard. QUARTZ GNEISS with Bioti e (5%) 34 6
285.1 34.9 0:500.5 (2.6) (2.6) RUN 2 -284.7 Weathered Rock: NO recovery - Interpreted as QUARTZ GNEISS 353

87% 87% Hard Rock: Gray, locally with tan and orange Fe stain, very sligh-tly weathered to fresh,
2:53 , moderately closely to widely fractured, hard to very hard. QUARTZ GNEISS with

Biotite (5%) and Magnetite (trace to 1%)
3:01

282.1 37.9 _ _ __ _ _

2.0 2:19 (1.9) (1.9) RUN 3 (No Joints)
95% 95%

2:37
280.1 39.9 __ 2:37

3.0 1:25 (5.0) (5.0) RUN 4 (2 joints at 40-500 with trace clay, white mica, and orange Fe stain)
100% 100%

1:25

1:29

1:44

1:40
275.1 44.9

3 .0 2:07 (5.0) (4.8) RUN 5 (5 joints at 0-10° with trace clay and orange Fe stain)
100% 96%

2:31

2:14

1:43

1:33
270.1 49.9 __ _

:3.0 1:21 (5.0) (5.0) RUN 6 (2 joints at 550 with orange Fe stain)
100% 100%

1:35

1:34

1:52

1:54
265.1 54.9 _ _ _ _ _ _

35.0 1:45 (5.0) (5.0) RUN 7 (11 joint at 100' with trace clay)
100% 100%

2:04

1:54

2:00

2:14
260.1 59.9 __ 260 1 599

Boring and Conng terminated at 59.9 ft in Hard Rock: Very slighty weathered to fresh.
widely fractured, very hard, Quartz Gneiss with biotite (5%) and magnetite (1%)

Bits Used: 3" Roller cone; N-size core bit (Face discharge, diamond impregnated)

Drilling Fluid. Water

Borehole filled by grouting 12/17/02

U

I-

U
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A'MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 1 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

oi
i AA 0, VI

o 14

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2.5400 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-805 0 HR. 10.6

COLLAR ELEV. :271.1 ft (NAVD 88 NORTHING 3,910,361.58 (NAD 83) EASTING 11,686,246.96 (NAD 83) 24 HR. 9.6

TOTAL DEPTH 90.1 ft DRILL MACHINECME-550, ATV DRILL METHOD Mud Rotary/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11/20/02 COMPLETED 11/22/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. A-
0 20 40 60 0 SOIL AND ROCK DESCRIPTION

M_("_ ) (__f_ _0.5f 0.5f I 2 810 10; N GMO[

271.1 0.0 Ground Surface L 2711 000
1.I

268 6

- u.5

- 2 F5

6 6

6 11

266.2 4.9
- 6 7 7

263.6 - 7.5
5 7 10

260.5 ' 106
12 12 13

257.6 135
18 19 19

. . . . . . . . . . . . . . . .
4o Rerovery 20. .. . . .. .. .

. ... . ... .. .. .. .. .. ...

. .. . .. .. .. .. ....
417

. .. .. \. .. .. .. .. I.....
. ..5 . . .. .. .. . .

. . . . . . . . . . . . . . . \

38
. .. .. ... . .. .. .. .. .. .

. .. ..... .. .. .. .. ....

. .I . .. . . . . . . . .

. . . . . . A i. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . X , .
. . . . . . . . , . . . \. . . . . .

. . . . . . . . . . . . . . . .

. . .. .. ........ 100/.

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

SS-1

SS-2

Residual: Orange and tan, stiff tD very stiff,
micaceous. slightly sandy, SILT (ML)

SS-3

SS4

SS-5

SS-6

_2666 4._
Residual: Black, red, orange and white.
micaceous, stiff to hard, slightly sandy. SILT
(ML) with relict rock fabric

_26386 7.!
Residual: Black, orange, and write, dense to
very dense, micaceous, silty, fiea SAND (SM)
with relict rock fabric

247.6

242.7

*23.5

28.4

11 14 20 Fgs 7

- 242 7

5610.2ft SS-8

\ SS-9

C

100,O.05ft' j&
�Z_
�Rt

7q2-

-Z-

Weathered Rock: Black and orarge Fe
stained, BIOTITE GNEISS

24 _0 31.1
-- Hard Rock: Black and white. slightly

2389 weathered, closely fractured, moderately hard, 32.

Weathered Rock: Partial recover/, BIOTITE
GNEISS

235 5 356
Hard Rock: Black and white, mocerately

K23 4 3 weathered, very closely to closety fractured. 36 8
- - -\Medium to moderatejy hard BI TEGJE Sa

284

23-

w~r 233.7 37.4

2.5.4B-5E



'-IjMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

1--t r
BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA |GEOLOGIST M. Lear

PROJECT NAMIE NORTH ANNA ESP VATER LEVEL (ft)

BORING NO. 13-805 C HR. 10.6

COLLAR ELEV. 271.1 ft (NAVD 88NORTHING 3,910,361.58 (NAD 83)1 EASTING 11,686,246.96 (NAD83) 24HR. 9.6

TOTAL DEPTH 90.1 ft DRILL MACHINEWME-550. ATV DRILL METHOD Mud Rotary/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11/20102 I COMPLETED 11/22/02 I SURFACE WATER DEPTH NIA

ELEV. I DEPTHL BLOW COUNT
("t) (f') 0.5ft 1 0.5ft 1 0.5ft

BLOWS PER FOOT I SAMP. I
SOIL AND ROCK DESCRIPTION

... . Is

, -

. . . . . .

. . . . . .

. . . . .

.. . . .

. . . .

Weathered Rock: No recovery - Interpreted as
232.4 BIOTITE GNEISS (continued) 38.7

Hard Rock: Gray, black, and while, moderately
to very slightly weathered, very closely to
moderately closely fractured. moderately hard
to hard, locally slightly schistose. BIOTITE
GNEISS

1965 7A 6

_-

0

AS

i-.

00
a-

-

U) 196.3 74.8
_ _

) - �- .� ________________________________________ L-.L.-.-� -

2.5.48-5!



jMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 3 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

Sk!

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME. NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. E-805 O HR. 10.6

COLLAR ELEV. 271.1 ft (NAVD 88 NORTHING 3,910,361.58 (NAD 83)| EASTING 11,686,246.96 (NAD 83) 24 HR. 9.6

TOTAL DEPTH 90.1 ft DRILL MACHINE-ME-550, ATV I DRILL METHOD Mud Rotary/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 11/20/02 COMPLETED 11/22/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. V L

(ft) (t) 15ff 05ff 0 20 40 60 80 1qo NO 0 SOIL AND ROCK DESCRIPTION
M ) M OIG.5_ _ _ __t_ _I_0_5_t_ _ _ __0_NO._

196.3 74.8 Continued from previous page
19.4 Weathered Rock: No recovery - Interpreted as

mBlOTITE GNEISS (continued)
- Hard Rock: Gray, black. and white, moderately

weathered to fresh, very closely to widely
fractured, moderately hard to hard, slightly
schistose, BIOTITE GNEISS

1810 __

._ . . . . .I - - . - -. . , - -_ Boring and Coring terminated at 90.1 ft in Hard
Rock: Slightly weathered to fresh. closely to
moderately closely fractured, hard, slightly
schistose, Biotite Gneiss

Bits Used: 3' Roller cone; N-size core bit (Face
discharge, diamond impregnate 1)

Drilling Fluid Water/Bentonite (weight
unknown)

Borehole filled by grouting 12/6/32

0

1itiI.-

C1I-
0
0

I-. 158.9 112.2

2.5.4B-6



IMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 1 OF 2
;UAhI

0 AvC
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME:: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. EI-805 0 HR. 10.6

COLLAR ELEV. 271.1 ft (NAVD 88)1 NORTHING 3,910,361.58 (NAD 83)| EASTING 11,686,246.96 (NAD 83) 24 HR. 9.6

TOTAL DEPTH 90.1 ft DRILL MACHINE CME-550, ATV DRILL METHOD Mud Rotary/Core HAMMER TYPE 14011). Manual. #5

DATE STARTED 11/20/02 COMPLETED 11/22/02 SURFACE WATER DEPTH N/A

CORE SIZE NCO TOTAL RUN 61.6 ft DRILLER K. Pendley
DRILL RUNSTRATA LELEV. UN RATE REC. ROD SAMP. REC. ROD DESCRIPTION AND REMARKSELEV. DEPTHRIPTUONDRDILLMRRN(fI) (ft) (ft) 4 (M in/im ZI N O . T]_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__ = = =Begin Coring @ 28.5 ft

242.6

241.0

28.5

30.1

1:25 (0.0)
00/%

0:52t0.6

(NIA)I RUN I Weathered Rock: No recovery - Interpreted as BIOTITE GNEISS

5.0 1:45 (2.9) (1.1) RUN 2
58% 22%

1:08

1:06

1:09

0:41
236.0 35.1 __ 04

:5.0 1:40 (2.6) (0.4) RUN 3
52% 8%

1:22

1:37

1:31

2:10
231.0 40.1

t .0 1:12 (5.0) (2.6) RUN 4
100% 56%

1:28

1:37

1:45

1:49
226.0 451 ___

5.0 1:25 (4.0) (2.1) RUN S
80% 42%

1:21

1:22

1:18

1:31
221.0 60.1

i.0 1:35 (4.5) (4.1) RUN 6
90% 82%

1:18

0:57

1:16

1.37
2 216.0 55.1 1-

'i.0 1:12 (4.5) (3.6) RUN 7
90% 72%

1:00

1:10

z 1:39

c 211.0 60.1 1:53
Oi. 1:45 (4.1) (3.7) RUN 8

Hard Rock: Black and white, slightly weathered, closely fractured, moderately hard.
238.9 BIOTITE GNEISS 32.2

Weathered Rock: Partial recovery. BIOTITE GNEISS

235.5 (2 joints at 0-10° with trace clay; 2 joints at 30-350 with trace cda:; I joint at 20' withL 356
olua tzpand fio~bte 1loi~nt at 5Q° wth CQugrtz and Bititql__________

234.3 Hard Rock: Black and white, moderately weathered. very closelt to closely fractured36 8
-Imedium to moderateY hard BIOTITE GNEISS '- _

Weathered Rock: No recovery - Interpreted as BIOTITE GNEIS:

232.4 387
Hard Rock: Gray, black, and white, moderately to very slightly weathered, very closely
to moderately closely fractured, moderately hard to hard, locally slightly schistose,
BIOTITE GNEISS
(14 joints at 30-350 with trace clay and Fe stain; 2 joints at 0-10'

(7 joints at 30-35' with trace clay and Fe stain; 5 joints at 10-2c0: Severely weathered
fracture zone with no recovery from 48.1fh to 49.1ft)

(5 joints at 30-350 with trace clay; Severely weathered fracture z )ne with no recovery
from 53.ft to 53.6ft)

(1 joint at 30°; 3 joints at 15-200 with trace clay and Fe stain; 0.21t wide Quartz vein at
56.2ft; Severely weathered fracture zone with no recovery from fi6.8t to 57.3ft)

(5 joints at 30° with trace clay and Fe stain; 0.2ft wide coarse Quartz and Homblende
vein at 600; Severely weathered fracture zone with no recovery fPom 62.9ft to 63.8ft)

Yu

5i
LU

C2
Lu-

2:11

1:33

1:53

2:06

820%6 i40io

65.1206.0
_ *,,.0I 1:56 (5.0) 1(3.5) RUN 9 (I I joints at 10-1 5� with clay and Fe stain; 1 joint at 60)

1:6 (.0) .5) R__ _1 _ont ''t' 1.15 wihcAyrn esan on t60
f



AMACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 2 OF 2 A[Q5V
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. ES-805 0 HR. 10.6

COLLAR ELEV. 271.1 ft (NAVD 88)| NORTHING 3,910,361.58 (NAD 83)| EASTING 11,686,246.96 (NAD 83) 24 HR. 9.6

TOTAL DEPTH 90.1 ft DRILL MACHINE CME-550, ATV i DRILL METHOD Mud Rotary/Core HAMMER TYPE 1401a. Manual, #5

DATE STARTED 11120102 COMPLETED 11/22/02 SURFACE WATER DEPTH N/A

CORE SIZE NCI TOTAL RUN 61.6 ft DRILLER K. Pendley

V. D _N DRILL RUN STRATA LELEV. DEPTH RATE REC. ROD AMP. REC. ROD DESCRIPTION AND REMARKS
(Minift) NO. O.j G _

Continued from previous page

1:42 100% 70% Hard Rock: Gray, black, and white, moderately to very slightly weatnered. very closely
to moderately closely fractured, moderately hard to hard, locallN slightly schistose.

1:38 BIOTITE GNEISS (continued)

1:41

1:58
201.0 70.1

5.0 1:34 (4.5) (3.8) RUN 10 (2 joints at 50° with clay and Fe stain; 4 joints at 30-35 with clav and Fe stain)
90% 76%

1:58

2:07

2:02

1:12 - 196 5 74 6
196.0 75.1 Weathered Rock: No recovery . Interpreted as BIOTITE GNEISS

5.0 1:10 (4.4) (4.0) RUN 11 1954 757
88% 80% Hard Rock: Gray, black, and white. moderately weathered to fr esh, very closely to

2:16 widely fractured. moderately hard to hard, slightly schistose, BIOTITE GNEISS

2:08

2:12

2:16
191.0 80.1 'a!

5.0 1:44 (5.0) (4.6) RUN 12 (4 joints at:500with trace clay and Quartz; 0.1ttwide Quartz ven at 512 at 84.0ft)
100% 92%

1:37

1:56

1:33

1:57
186.0 85 1 _y

5.0 2:05 (5.0) (4.4) RUN 13 (5 joints at30-350 with clay, Quartz, and Fe stain; 2joints at86065°with clay. Quartz,
100% 88% and Fe stain; 3 joints at 0-10° with trace clay)

2:19

2:39

1:52

1:51
181.0 90.1 1810 901

Bonng and Coring terminated at 90.1 ft in Hard Rock: Slightly weathered to fresh,
closely to moderately closely fractured, hard, slightly schistose. Biotite Gneiss

Bits Used: 3" Roller cone; N-size core bit (Face discharge. diamond impregnated)

Drilling Fluid: Water/Bentonite (weight unknown)

Borehole filled by grouting 12/6/02

Uz

jC

U

-J -- - - -- - -
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A'MACTEC
3301 Atl antic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 1 OF 2

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

'��n

0-0,41 "'I

�" -1 -'

'BECHTELPROJECT NO. 24830| MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Lear

PROJECT NAME NORTH ANNA ESP VATER LEVEL (ft)

BORING NO. E-806 0 HR. 6.3

COLLAR ELEV. (NAVD 88 NORTHING 3,909,416.24 (NAD 83)| EASTING 11,683,977.28 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 64.5 fft DRILL MACHINEIME-550, ATV |DRILL METHOD Rotary WashlCore HAMMER TYPE 1410 lb. Manual, #5

DATE STARTED 12/12/02 COMPLETED 12/13102 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. / L
_ / O SOIL AND ROCK DESCRIPTION

VQ M) 0.5ft0.5ft 0G5ft0 20 40 60 80 10t NOi G

299.2 0.0 _ _ Ground Surface 2 9 2 0 00
2987. 1-

14 27 15

2960 3.2
9 9 7 15

2936f 5.6

. ..... . .

t *22.

. I . . . . . .

. . . . . . . .

SS.1

SS.2

291.2

289.0

8.0

102

37.4

10

. . . . . . . . .

. . . . . . . . .

. . . . . . . .

-ES-13 7

0

Fill: Tan, dense, silty, sandy, GRAVEL (GM)
(Railroad Bed)

296 7 2.5
Residual: Brown and dark gray. firm to very
firm, micaceous. clayey. fine to coarse SAND
(SC)

291.7 76
Weathered Rock: BIOTITE GNEISS* ibo~o.ift'

b .. . .

ISS-4 )

Lss-5 288 4 108
Hard Rock: Dark gray. moderately to slightly
weathered, very closely to closely fractured,
moderately hard to hard, BIOTITE GNEISS
with Epidote (5%)(7 joints at 40-50° with clay;
Severely weathered fracture zone with no
recovery from 10.8ft to 11.4ft)

284 7 14.5
283 Hard Rock: Grayish white, moderately 153

weahered, very close to closeN fractured.
moderately hard, QUARTZ GN ISS with

otite (5%)
Weathered Rock: Partial recovery - Interpreted
as BIOTITE GNEISS

278.2 21 0
Hard Rock: Dark gray, moderately to slightly
weathered, very closely to closely fractured,
moderately hard to hard, BIOTIrE GNEISS
with Epidote (5%)

> 273 4 25 8
Weathered Rock: Partial recovery - Interpreted
as BIOTITE GNEISS

265 8 33 4

0

i-
0

U

Za

ZI

f-

0 261.8
LU

Hard Rock: Dark to lignt gray, Iccally with
orange Fe stain, moderately to slightly
weathered, very closely to moderately closely
fractured, moderately hard to he rd, BIOTITE
GNEISS

2.5.4B-6E



IMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 2

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

4ji'7,

'BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAME. NORTH ANNA ESP WVATER LEVEL (ft)

BORING NO. El-806 0HR. 6.3

COLLAR ELEV. (NAVD 88 NORTHING 3,909,416.24 (NAD 83) EASTING 11,683,977.28 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 64.5 ft DRILL MACHINEZME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 12/12/02 COMPLETED 12/13/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. L
_.5ft 0.5ft OS5t 20 40 60 80 100 NO. MOl SOIL AND ROCK DESCRIPTION

M_ _(it) I _ _ _ _ _ _ _ _ _ _ 2 0 4 0 _ 0 _ _ 1 0 _ N . _ G_

261.8 37.4 Continued from previous page
Hard Rock: Dark to light gray, boally with
orange Fe stain, moderately to slightly
weathered, very closely to mocerately closely
fractured, moderately hard to hard, BIOTITE
GNEISS (continued)

I1

243 4 55 8
Weathered Rock: Partial recovery - Brown.

2 BIOTITE GNEISS

2388 60 4
Hard Rock: Dark gray. moderately weathered.
v. close to closely fractured, moderately hard.

0/ BIOTITE GNEISS

> 235,6 63 6

M- 9-U 7
Hard Rock: Gray, stightly weatthered to tresh,
closely fractured, hard. QUART; GNEISS with 6~... - -4

C-

0

8
UJ

\Biotite (5%/-)
Boring and Conng terminated at 64.5ft in Hard
Rock: Slightly weathered to fres,, closely
fractured, hard, Quartz Gneiss vith Biotite
(5%)

Bits Used: 3" Roller cone; N-size! core bit (Face
discharge, diamond impregnated)

Drilling Fluid: Water

Borehole filled by grouting 12/12102

8

WiJ

u- 224.4r_ - 74.8
---

2.5.4B-6(



A'MACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 1 OF 2 - :t I�0_0.e1
[P �'l

BECHTEL PROJECT NO. 24830 |MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA |GEOLOGIST M. Lear

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. El-806 0 HR. 6.3

COLLAR ELEV. (NAVD 88) NORTHING 3,909,416.24 (NAD83) EASTING 11,683,977.28 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 64.5 ft DRILL MACHINE CME-550, ATV DRILL METHOD Rotary Wash/Core HAMMER TYPE 1401. Manual, #5

DATE STARTED 12/12/02 COMPLETED 12/13/02 SURFACE WATER DEPTH NIA

CORE SIZE NCI TOTAL RUN 54.3 ft DRILLER K. Pendley

ELEV D R ATE R EC. RIL OD SAMP. REC. RD 0 DESCRIPTION AND REMARKS
_ (Min/ft) C NO.i G @ _10.2_

I___ Begin Coring @ 10.2 ft
289.0 10.2 4.3 2:02

1:34

2:05

2:03

1:23

1:34

0:57/0.6

(3.7) (2.8)
86% I 65%

RUN 1 l- 288.4 i0n
Hard Rock: Dark gray, moderately to slightly weathered, very cdsely to closely
fractured, moderately hard to hard. 810TITE GNEISS with Epid:te (5%)(7 joints at
40-50° with clay; Severely weathered fracture zone with no recc very from 10.8fl to
11.4ft)

-

284,71 14.5 -284 7 14 5
2.6 (0.8) (0.6)

31% 23%
RUN 2 283 9 Hard Rock: Grayish white, moderately weathered, very close to closely fractured, 153

moderatelv hard. QUARTZ GNEISS with Biotite (5%)
Weathered Rock: Partial recovery - Interpreted as BIOTITE GN EISS

282.1 17 1

_ = 0:45/0.4
281.5 17.7 2.4 v 154 , (0.4) (0.0) RUN 3

1:31 17% 0%
279.7 19.5 __ _ _ _ _ __ _ _

F279 20.1

24.5

5.0 1:09

0:57

1:22

1:15

1:19

(3.5)
70%

(1.2)
24%

RUN 4

278.2 21 0Hard_ Rock Dakgamdrtl osihl wahrd ey^eyt lsl
_ :

274.7 i
Hard Rock: Dark gray, moderately to ShightOyweathered, very closely to closely
fractured, moderately hard to hard, BIOTITE GNEISS with Epidtte (5%)

1.8 1:14

0:57/0.8

(1.4) (1.2)
78% 67%

RUN 5
971 A 25. F

26.3 Weathered Rock: Partial recovery - Interpreted as BIOTITE GN 1lSS
3.2 1:03/0.2 (0.3) (0.0) RUN 6

1:48 9% 0%
1:47

1:45
269.7 29.5 _

3.6 1:52 (0.0) (0.0) RUN 7
0% 0%

1:01

1:45

266.1 33.1 1:22/0.6 1
1.4 1:02/0.4 (1.1) (0.4) RUN 8

264.7 34.5 1:36 79% 29%
5.0 1:39 (5.0) (3.4) RUN 9

100% 68%
1:34

R 1:40

1:31

o 259.7 39, 1:21
o 5.0 1:41 (5.0) (3.9) RUN 10
Z 100% 78%

1:31

1:23

1:30

i 1:27
_254 7 44.5 _ ._ .A ...

F
28 3 Joints at 30A4 With trace clay) 334

Hard Rock: Dark to light gray, locally with orange Fe stain. moderately to slightly
weathered, very closely to moderately closely fractured, moderately hard to hard.
BIOTITE GNEISS
(6 Joints at 3040° with trace clay and orange Fe stain; 1 joint at 80-900 with clay,
quartz and orange Fe stain)

(13 Joints at 30.40' with trace clay and orange Fe stain)

(5 Joints at 3040° with orange Fe stain; Severely weathered fracture zone with partial
recovery from 49.0ft to 49.5ft).1

U
"4

5.0 1:24

1:21

1:20

(4.7) (4.0)
94% I 80%

RUN 11

_- 11Pr;A IF



IMACTEC
3301 ATIANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT
SHEET 2 OF 2

A-

-. OfOr'!

5�4 V
BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA I GEOLOGIST M. Lear

PROJECT NAMl-: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. 13-806 C HR. 6.3

COLLAR ELEV. (NAVD 88) NORTHING 3,909,416.24 (NAD 83) EASTING 11,683,977.28 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 64.5 ft DRILL MACHINE CME-550, ATV DRILL METHOD Rotary Wash/Core I HAMMER TYPE 140 lb. Manual, #5

DATE STARTED 12/12102 COMPLETED 12/13102 SURFACE WATER DEPTH N/A

CORE SIZE NO TOTAL RUN 54.3 ft DRILLER K. Pendley

ELEV. DEPTH RLIN DRILL RUN STRATA LitH RATE REC. REC. ROD _ DESCRIPTION AND REMARKS
___ (t)(M/init) Z) Z, NO Z) ___ G _________________________

Continued from previous page
1:15 Hard Rock: Dark to light gray, locally with orange Fe stain, moderately to slightly

weathered, very closely to moderately closely fractured, modenrtely hard to hard,

2491:20 7 BIOTITE GNEISS (continued)
5.0 1:31 (4.5) (3.7) RUN 12 (7 joints at 30.400 with trace clay and orange Fe stain: Severely weathered fracture

90% 74% zone with no recovery from 49.5ft to 50.011)
1:34

1:25

1:30

1:41
244.7 54.5

5.0 2:15 (3.0) (0.0) RUN 13 (3 Joints at 30400 with clay; 2 joints at 0-100 with clay and Fe stain)
216 60% 0% 2434 55 a

Weathered Rock: Partial recovery - Brown, BIOTITE GNEISS
1:35

1:34

2:30
239.71 59.51 2.30_

5.0 2:19 (4.6) (2.0) RUN 14
96% 40%- - 2388 60 4

1:55 Hard Rock: Dark gray, moderately weathered. v. close to closel y fractured, moderately
hard, BIOTITE GNEISS

1:35

2:11
235 6 63 6

234.7 64.5 -546 = - Hard Rock: Gray, slightly weathered to fresh, closely fractured. hard, QUARTZ 6 5

Boring and Coring terminated at 64.56t In Hard Rock: Slightly we athered to fresh,
closely fractured, hard, Quartz Gneiss with Biotite (5%)

Bits Used: 3" Roller cone; N-size core bit (Face discharge. diamond impregnated)

Drilling Fluid: Water

Borehole filled by grouting 12/12/02

l'-

U
z
;.,

-J0

0

-i
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OMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET I OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS
V1 I1

I RBECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-6400 COUNTY LOUISA, VA GEOLOGIST B. Deo!bald

PROJECT NAME NORTH ANNA ESP 'NATER LEVEL (ft)

BORING NO. B-807 D HR. ND

COLLAR ELEV. (NAVD 88 NORTHING 3,909,849.08 (NAD 83) EASTING 1,163,980.43 (NAD 83) 21 HR. FIAD

TOTAL DEPTH 72.1 ft DRILL MACHINEUME-45C, Trailer DRILL METHOD Mud Rotary/Core HAMMER TYPE 140 lb. Manual

DATE STARTED 12/12/02 COMPLETED 12/13/02 I SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMp. 7/ L I
(ft) (i) a~ oit051 ? 2 ~ ~ ~ ~ O 0 SOIL AND ROCK DESCRIPTION

0 (fl) 0.5tt 0.5fl 0.5R 20 40 60 80 10G NO. M L 3

310.6 0.0 _ e' Ground Surface _,3106 = -°C

1U.0 U.U 7

308.3 T2 3
3- 710

306.1 4.5
2 7 8

303.6 7.0
3 5 7~

300.9 97
3 S 8

298.3 12.3
3 5

295.8 14.8
-4 9 12

288.9 21.7
2 8 1

2841 26.5
-,0 30 70

270.2 31.4 __ _ _

12

. i7'

15

12-

. . .
1h3

SS-1

. . . . . . . . .

. .. . . . . . .

SS-3

..... ............ ..
.. . .. .. .. .. .. ..

. . . . . . . ... . . .1 . . .

... . .. .. .. .. .. .. ..

. .. .. ....... .......... ...

. . . . . . . . . . . . . . . . . . .

. . .. .. .. .. .. .. .. ...

.. . . . . . . . . . . . . . .

. . . . . . . .t

. .. . . . . . . . . . . .

. . . . . . . . . . . ,/ . . . .

....... . . . . . . . . . . .

, . . .. .. .. ...

. . . . . . . -

. . . . . . . . . . . . . . ..

SS-5

SS-6

SS-7

I.

Residual: Orange, tan, and white, stiff to very
stiff, micaceous, clayey. fine sandy, SILT (ML).
locally with rock fragments

2896 210
Residual: Orange. tan, and whit!, very stff,
micaceous, clayey, silty, fine SAND (SM),
locally with rock fragments

2856 250
Residual: Gray, white, and orangle. very dense,
micaceous. silty, fine to coarse iAND (SM)
with rock fragments

2756 3

9
45 40 I 40

8
"I

J
t- 274.2

iw 273.2 SS-1 1 '
36.4
37.4

li L
Weathered Rock: Interpreted as QUARTZ
GNEISS

2.5.4B-71



AMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 2 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS

r:-i ,II

BECHTEL PROJIECT NO. 24830 | MACTEC PROJECT NUMBER: 30720.2.5400 COUNTY LOUISA, VA GEOLOGIST B. DeobIld

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-807 0 HR. ND

COLLAR ELEV. (NAVD 88) NORTHING 3,909,849.08 (NAD 83) EASTING 1,163,980.43 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 72.1 ft DRILL MACHINEOME-45C, Trailer DRILL METHOD Mud Rotary/Core HAMMER TYPE 120 lb. Manual

DATE STARTED 12112/02 COMPLETED 12/13/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. % / LI
___ SOIL AND ROCK DESCRIPTION

(ft) (ft) { . 0 .511 05Kt 0 20 40 60 80 100 NO. Moi G

273.2 37.4 Continued from previous page H .. SOIL A R .PT

Weathered Rock: Interpreted a:; QUARTZ
GNEISS (continued)

da 1 .I 9I -
38 35 65/0.4ft

264.3 r 46 3

259.3 51.3 ---- -

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

2544

235.8

56.2

I 50 37

1600iO snag
. . .

. ...

. ...

. .. .

10Ig to

. . ..

. . ..

..

..

,SS-132

SS-14~
_2616

-254 6

_ _ _ __-Wy -_____ _ _ _49 0
Residual: No recovery- Interpreted as very
dense, silty, SAND (SM)

56 0

50/Y. -ift Weathered Rock: Interpreted as QUARTZ
2535 GNEISS - 57.1

Hard Rock: Tan, pink, and black. Fe stained,
moderately severe to moderately weathered,
very closely to closely fractured, moderately
hard, QUARTZ GNEISS

0I
fY

238 5

LW

72 1
- _ _ _- .. - 1 -. . .-__ _ _ _

74.8

Boring and Coring terminated at 72.1t in Hard
Rock: Moderately severe to mod 8rately
weathered, very closely to closelt fractured.
moderately hard, Quartz Gneiss

2.5.4B-72



AMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

GEOTECHNICAL BORING LOG
SHEET 3 OF 3

SEE ATTACHED CORE BORING REPORT FOR CORING DETAILS
4is

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-54001 COUNTY LOUISA, VA GEOLOGIST B. Deobz Id

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. B-807 0 HR. ND

COLLAR ELEV. (NAVD 88 NORTHING 3,909,849.08 (NAD 83)1 EASTING 1,163,980.43 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 72.1 ft I DRILL MACHINECME-45C, Trailer DRILL METHOD Mud Rotary/Core HAMMER TYPE 1-0 lb. Manual

DATE STARTED 12112102 COMPLETED 12/13/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. /LI
_1 0 0 SOIL AND ROCK DESCRIPTION(f) (ft) j CG0.5f O.Stt 0 20 40 60 80 100 NO. MOI

235.8 74.8 Continued from previous page ._ l . ___ us. 5 _. __ coe M:e orea

Lsits Used: ;3 Roller cone: N-wie c ore bit (Face
- discharge, diamond impregnated)

- Drilling Fluid Water/Mud (weight unknown)

- Borehole filled by grouting 12/1 7/02

r-UZ
g
aive

I.-
AnU._ - 112.21984

2.5.4B-7:



-/4A'MACTEC
3301 ATLANTIC AVENUE
RALEIGH, NC 27604

CORE BORING REPORT

SHEET 1 OF 1
C?� -,I'owII#Qf/

BECHTEL PROJECT NO. 24830 |MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA I GEOLOGIST S. Deotald

PROJECT NAME: NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. 3-807 ( HR. ND

COLLAR ELEV. (NAVD 88)| NORTHING 3,909,849.08 (NAD 83)1 EASTING 1,163,980.43 (NAD 83) 24 HR. FIAD

TOTAL DEPTH 72.1 ft DRILL MACHINE CME-45C, Trailer DRILL METHOD Mud Rotary/Core HAMMER TYPE 140 lb. Manual

DATE STARTED 12)12/02 COMPLETED 12/13102 SURFACE WATER DEPTH N/A

CORE SIZE NMVD4 TOTAL RUN 15.0 It DRILLER D. White

EE.DPH UN DRILL RUN SiRM LELEV. |DEPTH | RTE REC. ROD SAMP. REC. ROD _ DESCRIPTION AND REMARKS

_ _ (M mintt) % )O l~ G _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I Begin Coring @ 57.1 ft
253.5 57.1 5.0 3:08 (0.5) (0.0) RUN 1 Q ; Hard Rock: Tan, pink, and black, Fe stained, moderately severe to moderately

2:10 10% 0% weathered, very closely to closely fractured, moderately hard. QUARTZ GNEISS

2:15

2:20

2:40
248.5 62.1 ___

5.0 2:00 (3.7) (0.5) RUN 2
74% 10%

2:10

2:30

2:40

2:50
243 5 67.1 ___

5.0 2:20 (0.9) (0.0) RUN 3
18% 0%

2:20

1:40

2:00

2:00
238 5 72.1 ___ ___238 5 721

Boring and Coring terminated at 72.1ft in Hard Rock: ModeratelV severe to moderately
weathered, very closely to closely fractured, moderately hard. Quartz Gneiss

Bits Used: 3" Roller cone; N-size core bit (Face discharge. diamond impregnated)

Dnlling Fluid: Water/Mud (weight unknown)

Borehole filled by grouting 12117/02

0

0

C.,
-J
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APPENDIX D
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OBSERVATION WELL INSTALLATION RECORDS
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vM A&CTEC OBSERVATION WELL BORING LOG I
3301 Atlantic Avenue SHEET 1 OF 1 -i4;,.
Raleigh, NC 27604

1ECHTEL PROJIECT NO. 24830 MACTEC PROJECT NUMBER: 307202-5400 COUNTY LOUISA, VA GEOLOGIST M Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. CW-841 O HR. ND

COLLAR ELEV. :250.1 ft (NAVD 88) NORTHING 3,910,556.15 (NAD 83) EASTING 11,686,804.11 (NAD 83) 24 HR. ND

TOTAL DEPTH 35.6 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA4.25" HAMMERTYPE 140 lb.Automatic

DATE STARTED 11/25/02 COMPLETED 11/26/02 SURFACE WATER DEPTH N/A

ELEV. DEPTHL BLOW COUNT BLOWS PER FOOT 'SAMP. /L
(11) I (fi) I t).5ft 0.5ft 0.5fI 0 20 40 60 80 1001 NO 1 0 I SOIL AND ROCK DESCRIPTION

I-. I Iz-u. I I IGround Surface . 2501 0 0C
2OU.1T *.U - 1 Fill: Orange. tan, and brown mottled, loose.

.. .. .micaceous. silty, fine to coarse SAND (SM)

. . . . .... . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . ......

245.3 4.824.3 4.8 . . . . .... ... .. .. ... ... .... 2 . . . . . . . 2

. . . . . . . . . . . . . . . ... . ... . . .

..... ............... . ' .

Samples were obtained for descriptive
purposes only .. .. ..... . .. .. .. .. . .. . .

240.3 9.824.3 .9 . .. .. . .. . . . . . . ... ....... ............. 3:._

. .. .. .. .. .. .. ... .. . . . . .

.......... . . . . . . . . . . . . . . . . . . .
235~~~~~~. 4 1. 7 . . . . . . . . . . . . . . . .. . . . .. .. . . . ........4l . ._

. . . . . . . . . . . . . . . . .. ... . .
235.4 14.7

. . . . . . . . . . . . . . . . . . . .4eiul a n rnemwd eydne

. . .. . . . 2 . . .'- 331I . . . . . . . . . 17.0
Residual: Tan and orange mottled, very dense.

. .. . . . silty, fine to coarse SAND (SM) with relict rock
fabric

230.2 19.9
. ._ .'. . . ., . _

228.1 22.0

Weathered Rock: GNEISS sam 3led as tan to
. . . . . . .. . . . . . . . . . . . .orange mottled, very dense, silt,, fine to coarse

SAND (SM) with relict rock fabn:

"2i................. ..... ........ . . . . . . . . . . . . . . .
6

223 1 27__0

Residual: Tan to orange mottlec. very dense,
0 . . . . . . . . . . . . . . . . . . . . lsilty, fine to coarse SAND (SM) with relict rock

0 fabric
tz 22 . 2.. . .. .. . . .... . . . ... .. . _..... .'z 220.3 29.8

7

218 1 32.0
o W.....Veathered Rock: GNEISS sam)led as orange

. . . . . . . . . . . . . . to tan mottled, very dense. silty, fine to coarse
216.4 33.7 SAND (SM)

. . .. . . . . . . 8

0

I-

356
Boring terminated at 35.6 ft in Weathered
Rock: GNEISS sampled as verb dense. silty,
fine to very coarse SAND (SM)

See Well Installation Record for well
ennqtn "ginn dptOil

2.5.413-77



.-Id#MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 2
/0' -IA4 P]

[I- P

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. O'N-842 HUR. ND

COLLAR ELEV. 335.2 ft (NAVD 58) NORTHING 3,909,034.76 (NAD 83) EASTING 11,685,149.13 (NAD 83) 24 HR. ND

TOTAL DEPTH !1.0 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 140 lb. Automatic

DATE STARTED 1213102 COMPLETED 1213/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLIO)W COUNT I

(ft) (I) F0.5f 0.5ft 0.5ft to

BLOWS PER FOOT
20 43 60

SAMpIVA L
SOIL AND ROCK DESCRIPTION

335.2 Ground Surface coo
- u.u)

4.5

Fill: Brown, firm, slightly fine to ffedium sandy,
clayey, SILT (ML)

330.7

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . .

Samples were obtained for descriptive
purposes only

-332.7 _ 2.5
Residual: Tan, brown, green, bli k, and white
mottled, firm to dense, locally mic aceous. silty,
fine to medium SAND (SM) with iefict rock
fabric and locally with manganese oxide
staining

.325.7 -9 5

320.7

315.7

310.7

305.7

14.5

19.5

~ 245

- 29.5

- 34.5

0'

z

S

CZ

. . . . . . . . . .

&01 3007

t=
G

_

wU
ee

. . . . . I . . .

I-

2.5.4B-7



gMALCTEC
3301 Atlartic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 2 OF 2

;�-k--, %--1
�' �14-0it. ,[r i��title r- -� -, rt��-40

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2.5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (lf)

BORING NO. OVW-842 0 HR. ND

COLLARELEV. 3'15.2ft (NAVD88) NORTHING 3,909,034.76 (NAD83) EASTING 11,685,149.13 (NAD 83) 24 HR. ND

TOTAL DEPTH 51.0 ft | DRILL MACHINE Diedrich D-50 |DRILLMETHOD HSA4.25 I HAMMER TYPE 14C lb. Automatic

DATE STARTED 12/3/02 COMPLETED 1213/02 SURFACE WATER DEPTH NIA

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT ISAMP. LI
20 4 0 SOIL AND ROCK DESCRII'TION

(ft) M Oift 0.5ft 0.5ft f 20 40 60 80 t00NO. MOIG

297.8 . __ _ Continued from previous page _.

2957

290.7

287.0

- 39.5

44.5

48.2

. . . . .. . . . . . . . . . . . . .

. . . . . . .. . . . . . . . . . . .

. . . .. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

.. . . . . . . . . . . . . . . .

. . .. . . . . . . . . . . . . . .

9

2A

Residual: Tan, brown, green, blat k, and while
mottled, firm to dense, locally micaceous, silty,
fine to medium SAND (SM) with relict rock
fabric and locally with manganes 3 oxide
staining (continued)

St .0

Boring terminated at 51.0 ft in Re:;idual: Very
firm, micaceous, silty, fine SAND (SM) with
relict rock fabric

See Well Installation Record for well
construction details

0
0

0

CZ

_j

c _

2.5.4B-7



A'MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET I OF 2
II-;'� 1�. 4, f-

fm 'eci4 --T
'BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OVV-843 0 HR. ND

COLLAR ELEV. 319.1 ft (NAVD 88) NORTHING 3,909,725.17 (NAD 83) EASTING 11,685,056.83 (NAD 83) 24 HR. ND

TOTAL DEPTH El1.0 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 14C lb. Automatic

DATE STARTED 12/4/02 T'COMPLETED 12/4/02 SURFACE WATER DEPTH N/A

ELEV IDEPTHI [BLOWCOUNT I BLOWS PER FOOT ISAMP.lVA L I

MI) I (ft) I 0f 0.St t J 0 l5ft ? 20 40 60
I I I

80 100
I I NO. I o

SOIL AND ROCK DESCRI DTION

Ground Surface 00c
Residual: Dark green to yellow. f rm to dense,
very slightly micaceous. silty. fine SAND (SM)
with relict rock fabric

. . . . . . . . . . . . . . . . .

* Samples were obtained for descriptive
purposes only

. . . . . . . . . . . . . . . . . .

312.1 - I - I - - - - - - - _ - - - 7.0
Residual Orange. brown, and pink mottled.
stiff, very slightly fine sandy, SILT (ML) with
relict rock fabric and manganese oxide stain

. . . . . .

. . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

302.1 _ _ _ _ 17.0
Residual: Orange, brown, dark green. and
yellow mottled, firm to dense. locally
micaceous, silty, fine SAND (SM) with relict
rock fabric and manganese oxide stain

. . . . . . . . . . . . .

. . . I . . . . . . . . . . .

. . . . . . . . . . . . . . . .

2.5.4B-8i



dMACTEC
3301 Atla 'itic Avenue
Raleigh, t1C 27604

OBSERVATION WELL BORING LOG

SHEET 2 OF 2
e �i�' -'i4

10 I/
BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 307202- 5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OW.-843 0 FIR. ND

COLLAR ELEV. 319.1 ft (NAVD 88) NORTHING 3,909,725.17 (NAD 83) EASTING 11,685,056.83 (NAD 83) 24 FIR. ND

TOTAL DEPTH 51.0 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 140 lb. Automatic

DATE STARTED 12/4/02 COMPLETED 12/4/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMp,. V L
__X SOIL AND ROCK DESCRIPTION

(ft.) 05ft . o.s 0 20 4,0 60 80 100 NO. 0 5 Sh MOIG

281.7 - Continued from previous page _

279.6-

274.6-

271.1

- 39.5

- 44.5

48 0

. . . . . . . . . . . . . . . . . . .

. . .. . . . . . . . . . . . . . . .

. . .. . . . . . . . . . ..

. . . . . . . . . . . . . . . . . .

I . . .. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . .. . . . . . . . . . . . . .

. ... . . .pu p s s o l . . . . . .

. . .. ... .. .. ...

Residual: Orange, brown, dark green. and
yellow mottled, firm to dense, locally
micaceous, silty, fine SAND (SM) with relict
rock fabric and manganese oxide stain
(continued)

268 51 c
_ _ l__ _ _. ...

.
. .

Boring terminated at 51.0 ft in Residual: Firm,
micaceous, silty, fine SAND (SM; with relict
rock fabric and manganese oxide stain

See Well Installation Record for welt
constructon details

e

c

qe

8

0i

C-l
W
1,-

.LI - - I.

2.5.4B-E



-AdMACTEC
3301 Atlan 'Ic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 1
� � -wii44 �4; Q1

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA |GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OW-844 0 HR. 18.7

COLLAR ELEV. 272.0 ft (NAVD 88) NORTHING 3909,908.82 (NAD 83) EASTING 11,686,589.64 (NAD 83) 24 HIl. ND

TOTAL DEPTH 213.2f f DRILL MACHINE Diedrich D-50 IDRILL METHOD HSA 4.25" iHAMMER TYPE 140 lb. Automatic

DATE STARTED 11/23/02 COMPLETED 11/23/02 | SURFACE WATER DEPTH N/A
_ ' - _ I

ELEV. DEPTHL BLOWCOUNT BLOWS PER FOOT

(it) I (It) °o 5f| 0.5f | 0.5ff 20 40 60

SAMP. 17/ I
NO. Mir

SOIL AND ROCK DESCRIPTION
80 100

272.0 T _ Ground Surface 000

/Z U

267.5

262.5

257.5

252 5

248 1

Ulu

4.5

9.5

14 5

.195s

23.9

were obtained for
purposes only

Samples

. . . .

. . . . . .

. . . . . .

. . . . ..

. . . . ..

or ds . .pt .

. . . . . .

. . . . ..

descriptiv

.. . . .

Fill: Orange and brown, firm to loose, silty, fine
SAND (SM) with trace quartz rock fragments
and abandoned conduit/constructon debris

2650 7 0
Residual: Black and white, dense io very
dense, silly, fine SAND (SM) with relict rock
fabric

249.5 22,5
Weathered Rock: BIOTITE GNEI rS sampled
as gray to black, very dense, silty. fine SAND
(SM)
Auger refusal at 24.6ft

. . . . . . .

. . . . . .

. . . . . . .

l-

a
0

z
.

262

Boring terminated at 26.2 It in Weathered
Rock: BIOTITE GNEISS samplec as very
dense, silty, fine SAND (SM)

See Well Installation Record for well
construction details

C
C

-

G 6LL

2.5.4B-E



*MA.CTEC
3301 Atlar tic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 1
r, � --I].rj-.L)AO.V44[� C'0 �;

9ECHTEL PROJECT NO. 24830 |MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST S. Criscenro

PROJECT NAME NORTH ANNA ESP WATER LEVEL (Ift)

BORING NO. OVI-845 0 HR. ND

COLLAR ELEV. 29l5.8 ft (NAVD 88) NORTHING 3,909,858.66 (NAD 83) EASTING 11,685,741.11 (NAD 83) 24 HR. ND

TOTAL DEPTH 35.0 ft DRILL MACHINE Ingersol Rand T3W DRILL METHOD Air Rotary 6 1/8" HAMMER TYPE NIA

DATE STARTED 1213/02 COMPLETED 12/3102 SURFACE WATER DEPTH NIA

ELEV DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. V L

(tt)(I )0.i o.sft 0. 0 20 40 60 80 10 NO. SOILAND ROCK DESCRIPTION

295 I _I Iro _ _ MO 8 IG O f

295.8 j .Ground 1.1295 8 0 00
0 -55 feet Onried without samplin I

. . . . . . . .

. . . . . . . . .

. . . . . . . .

0

L5?

z
F.4
0

I

.. . .. .
. .. ...

0-c

-I

- 240.8 55 5
-_ 4 - -

Boring terminated at 55.0 ft

2.5.4B-8



,0MACTEC
3301 Atlaiic Avenue
Raleigh, NIC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 1
i4t441--11C'ov'II[L�

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OW-846 O HR. NO

COLLAR ELEV. 295.8 ft (NAVD 88) NORTHING 3,909,845.09 (NAD 83) EASTING 11,685,721.82 (NAD 83) 24 HR. ND

TOTAL DEPTH 23.5ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 14C lb. Automatic

DATE STARTED 11/22/02 COMPLETED 11/22/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. 77 L

2ft9 0.5f6 0.5fG 0 2 d0 40 60 80 I0 NO. G00

295.8 __Ground Surface Tr295 8 0 X
U.U

291.8

286.3

281.3

276.3

271.3

266.3

4.0

9.5

14.5

19.5

24,5

29.5

. . . .

. . . . .

. . . . .

ISamples

. . I . . . . . . . . . . .

. . .. . . . . -

. . . . . . . . . . . .

were obtained for descriptive
purposes only

I1 Residual: Orange, yetlow, tan. and Drown,
loose to very dense, silty, fine to coarse SAND
(SM) locally with gravel and relict rock fabric

. . . . . .

.. . . .

. . . . .

. . . . .

3

4

Q.

0

C.

Uz
C.

0

. . . . . . . . ..

. . . . . . . . .

r.) It 33

cl

C
iLU

- Boring terminated at auger refusal 33.5 ft on
Hard Rock: QUARTZ GNEISS

See Well Installation Record for wet
construction details

2.5.4B-8e



A'MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 2
'Rf�W.44 .1

Y

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2.5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OVI-847 0 HR. ND

COLLAR ELEV. 318.2 ft (NAVD 881| NORTHING 3,908,945.45 (NAD 83)| EASTING 11,686.447.69 (NAD 83) 24 HR. ND

TOTAL DEPTH 51.8 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 140 lb. Automatic

DATE STARTED 11/26/02 COMPLETED 11/26/02 SURFACE WATER DEPTH N/A.C M SUFC WAE DET N/A
ELEV. DEPTH BLOW COUNT

(Yt) I(t) [ O',-tF-ft 1 0.5ft 1 °?t
BLOWS PER FOOT

20 40 60
I I I

SAMP. )V / L
0 I SOIL AND ROCK DESCRIPlTION

3182 Oct318.2 Ground Surface

313.4

308.6

3034

298 3

293. 1

288 0

U.u

48

96

1486

199

25 1

30.2

35.2

Residual: Orange, brown, and tan motted, firm
to sbff, micaceous. locally mediun to coarse
sandy, clayey, SILT (ML) locally with
manganese oxide stain

. . . .

Samples

. . . . . . . .

were obtained for
purposes only

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

2962 2 _____ 2.0
Residual: Orange. yellow, tan, and brown
mottled, loose to very firm. micaceous. silty.
fine to coarse SAND (SM) with rel ct rock fabric
and locally with manganese oxide stain and
trace angular quartz rock fragmenls

0
!Z

6

Q-

Zz

CZo

.e:

I-C 283,0

is

2.5.4B-8'



AMACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 2 OF 2
I wl

� �_141; (

11_�

3ECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2.-5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WA1 ER LEVEL (ft)

BORING NO. OW-847 0 Hit. ND

COLLAR ELEV. 313.2 ft (NAVD 88) NORTHING 3,908,945.45 (NAD 83) EASTING 11,686,447.69 (NAD 83) 24 Hi. ND

TOTAL DEPTH 51.8 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA4.25 I HAMMER TYPE 140 lb. Automatic

DATE STARTED 11126102 COMPLETED 11126102 SURFACE WATER DEPTH N/A

ELEV. DEPTH 3LOW COUNT BLOWS PER FOOT SAMP. 7 L
( 01 SOILAND ROCK DESCRIFTION

(2f) ift) 0.5f 0.f 0.5f 0 20 40 0 80 100 NO. Mtu froo__

280.8 Conlinued from previous page 1T
278.0

272.8

269.9

40.2

-454

48.3

. . . . . . . . . . . . .

. . .. . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . . . .

Samples were obtained for
. .. .. .purposes-only

.. .. ... . .. ...

. . . . . . . . . . .

. . . . .

. . I . .

. . . . .

de.c. .t.v.

. . . . .

. . . . .

. .. . .

280.2 _ 380
- Residual: Yellow, green, tan, brorn, and white

mottled. stiff to very stiff, micaceo js, SILT (ML)
with relict rock fabric and locally vith
manganese oxide stain

10

I I

266 4
-_-_ _ _' ... . -

:

F

Boring terminated at 5 1.8 ft in Res;idual: Very
stiff, micaceous. SILT (ML) with rElict rock
fabric

See Well Installation Record for - ell
construction details

U
U1

rz
C-

vr

0S
-J

W
C^

2.5.4B-8



j4MACTEC
3301 AtI2 ntic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 2
//�-' WilC'o I1-!�'414 it -��

f�' F/
BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OVV-848 O HR. ND

COLLAR ELEV. ;83.0 ft (NAVD 88)1 NORTHING 3,910,853.37 (NAD 83)| EASTING 11,686,272.76 INAD 83) 24 HR. ND

TOTAL DEPTH .47.4 ft DRILL MACHINE Diedrich D-50 | DRILL METHOD HSA 4.25" | HAMMER TYPE 140 lb. Automatic

DATE STARTED 11124/02 ICOMPLETED 11124102 I SURFACE WATER DEPTH N/A

ELEV. DEPTH _ BLOW COUNT
(M ) (ft) 05ft 0511 1 0.51ft

_ .
I1 BLOWS PER FOOT L

0 SOIL AND ROCK DESCRIPTIONI 0

Ground Surface

. . . .

. . .

Samples

. . .

. . .

. . . . .

. I. . .

were obtainc
purposes

. . . . .

ed for descriptve
only

276.0 ____________.___ _ 7.0
Residual: Gray to brown, firm, very slightly fine
sandy, clayey, SILT (ML)

270.5 125
Residual: Gray, brown, and tan, locally rmottled,
dense to very dense, micaceous, silty, fine to
medium SAND (SM) with relict rock fabric

.I

252.0 _ _ _ _ _ _ _ _ _ _ 31.0
Weathered Rock: BIOTITE GNEISS sampled
as brown, gray, tan, and black mot led, very
dense. micaceous, silty, fine SAND (SM) with
relict rock fabric

. . . . . . . .

. . . . . . .

. . . . . . . .

2.5.4B-8



%WMACTEC
3301 Ati;ntic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 2 OF 2

BECHTEL PROJECT NO. 24830 | MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA I GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OW-848 0 14R. ND

COLLARELEV. 283.0ft (NAVD88)FNORTHING 3,910,853.37 (NAD 83) EASTING 11,686,272.76 (NAD 83) 241HR. ND

TOTAL DEPTH 47.4 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 140 lb. Automatic

DATE STARTED 11/24/02 COMPLETED 11/24/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOWCOUNT BLOWS PER FOOT SAMP. V/ L

(tt) (tt, C.5tt 0o5tt 0.5ot 0 20 40 60 80 100 NO. 0 / SOILANDROCKDESCFIPTION

245.6 _ _ Continued from previous page ... _.

242.9

237.7

40 1

- 453

I

Vleathered Rock: BtsIuiit-E 1jNI-lSS sampled
as brown, gray, tan, and black mottled, very
dense, micaceous, silty, fine SAND (SM) with
relict rock fabric (continued)

. . . . . . . . . . . . . . . . . . .

Samples were obtained for descriptive
*purposes only.

.. . . . . . p .r . . .o .l. . . . . . .

- 235 6 474
Boring terminated at auger refheal at 47.4ft in
Weathered Rock: BIOTITE GNEISS sampled
as very dense, silty, fine SAND (SM) with relict
rock fabric

See Well Installation Record for well
construction details

0

0
LU

g

c

i2

_

2.5.4B-



0MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 1 OF 2
0/'-A'4jjuo'

ow r

BECHTEL PROJECT NO. 24830 MACTEC PROJECT NUMBER: 30720-2-5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OW-849 O HR. ND

COLLAR ELEV. :297.0 ft (NAVD 88) NORTHING 3,910,786.24 (NAD 83) EASTING 11,684,731.02 (NAD 83) 24 HR. ND

TOTAL DEPTH 51.0 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 1 1.0lb. Automatic

DATE STARTED 1216/02 COMPLETED 12/6/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. V/ L
20 _ SOIL AND ROCK DESCFRIPTION

(fIt) (f) (.5ft 0.5ft 0.5ft o 20 40 60 8 0 100 NO. MOIG

297.0 _ Ground Surface _ 2970

292.5

287.5

282.5

277.5

272.5

267.5

u.u

4.5

1 Residual: Omage, stiff, slightly elayey, SILT
(ML) with root fragments

.. . . . . . . . . . .

.. . . . . . . . . . ..

. . . . . . . . . . .

Samples were obtained for
purposes only

. . . . .

. .. . .

. . . . .

. . . . .

. . . . . .

2

9.5

14.5

3

. . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

294,5 2
Residual: Orange and tan mottl~d, loose to
firm, locally micaceous, silty, fin3 to coarse
SAND (SM) with relict rock fabriz. quartz rock
fragments, and trace Fe staining

265 0 32.0
Residual: Tan and orange motling, very inm to
very dense. micaceous, slightly clayey, slightly
silty, poorly graded, fine to coarse SAND (SP)
with relict rock fabric

0I
U

ZC

19.5

24,5

29.5

34 5

6

5

. . . . . .

7

¢1 262.5

0
-J
W

2.5.4B-8



%0MACTEC
3301 Atlantic Avenue
Raleigh, NC 27604

OBSERVATION WELL BORING LOG

SHEET 2 OF 2
/p '51

BECHTEL PROJE CT NO. 24830 MACTEC PROJECT NUMBER: 30720.2.5400 COUNTY LOUISA, VA GEOLOGIST M. Howe

PROJECT NAME NORTH ANNA ESP WATER LEVEL (ft)

BORING NO. OW-849 0 HR. ND

COLLAR ELEV. 297.0 ft (NAVD 88) NORTHING 3,910,786.24 (NAD 83) EASTING 11,684,731.02 (NAD 83) 24 HR. ND

TOTAL DEPTH 51.0 ft DRILL MACHINE Diedrich D-50 DRILL METHOD HSA 4.25" HAMMER TYPE 140 lb. Automatic

DATE STARTED 12/6/02 COMPLETED 12/6/02 SURFACE WATER DEPTH N/A

ELEV. DEPTH BLOW COUNT BLOWS PER FOOT SAMP. 7 LI

(I) U 05ff 0.5f 0.5f 0 20O 40 60 80 1O0 NO. 0 SOIL AND ROCK DESCRIPTION

259.6 Continued from previous page

257.5

252 5

248.7

39.5

44.5

- 48.3

... .. ............
.~ ..............

... ... ..... ......

....... ............

..... . .. . . . . . . . . .

..... .. ............

. .................
... ..............

9

10

11

2460

hesidual: Tan and orange motto g. very timn to
very dense. micaceous, slightly clayey. slightly
silty, poorly graded, fine to coarse SAND (SP)
with relict rock fabric (continued)

Boring terminated at 51.0 f in Residual: Very
firn, slightly micaceous, slightly clayey. slightly
silty, poorly graded, fine to coarse SAND (SP)
with relict rock fabric

See Well Installation Record for well
construction details

9

Z'

C,Iz0
0

z

8
v)

21)

0

w1

-I

2.5.4B-91



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUMBER OW-841

LOCATION (NAD83) 3910556.15N 11686804.11E

GROUND SURFACE ELEVATION (NAVDE88) 250.1 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 41/4 in. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 11126/02

REFERENCE POINT ELEVATION (NAVD86) 251.6 ft

SLOT SIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC -,Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZE/MODEL N/ALOCK BRAND Masterlock

KEY CODE/COMBINATION 0536

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR -

NOT TO SCALE

GROUND
SURFACE

LENGTH OF
SOLID SECTION
22.0'

DEPTH TO TOP OF -
BENTONITE SEAL \
17.0' TOTAL DEPTH

OF WELL
34.3'BENTONITE

DEPTH TO TOP OF -

GRANULAR MATERIAL
20.1'

RISER

THREADED COUPLING LENGTH OF
SLOTTED SECTION
9.7'

STABILIZED WATER
LEVEL AFTER
DEVELOPMENT
2.45 FEET
BELOW TOP OF
INNER CASING
MEASURED ON

12/13/02
GRANULAR BACKFILL LENGTH OF

TAIL PIPE
2.6'

CAP

^ REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE I 1,- 5 . ,-

Ali---

NORTH ANNA POWER STATION 'MACTEC
MINERAL, VIRGINA OBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Be-htel Subcontract 3301 Atlantic Avenue

24830-006-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.4B-91



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUMBER OW-842

LOCATION (NAD83) 3909034.76N 11685149.13E

GROUND SURFACE ELEVATION (NAVD88) 335.2 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 4114 in. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 12/03/02

REFERENCE POINT ELEVATION (NAVD83) 336.7 ft

SLOT SIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC - Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZE/MODEL NIALOCK BRAND Masterlock

KEY CODE/COMBINATION 0536

. .

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR

CKUP 1.5' NOT TO SCALE

GROUND
..w SURFACE

GROUT

DEPTH TO TOP OF
BENTONITE SEAL \

DEPTHS TO TOP OF
GRANULAR MATERIAL
35.3'

LENGTH OF
SOLID SECTION
37.4'

BENTONITE

- RISER

THREADED COUPLING

SCREEN

GRANULAR BACKFILL

CAP

REFERENCE POINT SHOULD BE
TOP OF IN'4ER CASING IF POSSIBLE

LENGTH OF
SLOTTED SECTION
9.6'

LENGTH OF
TAIL PIPE
2.6'

TOTAL DEPTH
OF WELL
49.6'

STABILIZED WATER
LEVEL AFTER
DEVELOPMENT
29.33 FEET
BELOW TOP OF
INNER CASING

MEASURED ON
12/12/02

-. ,.~ -. ... , - C .,

NORTH ANNA POWER STATION MA CA
MINERAL, VIRGINA JlVI fkcI_ FEE OBSERVATION WELL

EESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel Subcontract 3301 Atlantic Avenue

24830-006-HC4-CY00-00001 Raleigh, North Carolina 27604

2.5.4B3-9



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUMBER OW-843

LOCATION (NAD83) 3909725.17N 11685056.83E

GROUND SURFACE ELEVATION (NAVD88) 319.1 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 41/4 in. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 12104/02

REFERENCE POINT ELEVATION (NAVD8E) 320.6 ft

SLOT SIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC - Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZE/MODEL N/ALOCK BRAND Masterlock

KEY CODE/COMBINATION 0536
I

LOCKABLE COVER -. ,

VENTED CAP

WELL PROTECTOR -

KUP 1.5' NOT TO SCALE
GROUND

oz SURFACE

GROUT - .

DEPTH TO TOP OF \
B _NTONITE SEAL
3:3.3'

DEPTH TO TOP OF
GRANULAR MATERIAL
36.4

LENGTH OF
SOLID SECTION
37.0'

I
I I ,.'

- BENTONITE

- RISER

-

TOTAL DEPTH
OF WELL
49.2'

STABILIZED WATER
LEVEL AFTER
DEVELOPMENT
35.67 FEET
BELOW TOP OF
INNER CASING
MEASURED ON

12/12/02

THREADED COUPLING

SCREEN

GRANULAR BACKFILL i

CAP
'REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE

LENGTH OF
SLOTTED SECTION
9.7'

LENGTH OF
TAIL PIPE
2.5'

IIs I R7'_' / - -

NORTH ANNA POWER STATION 4ACTEC
MINERAL, VIRGINA OBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel Subcontract 3301 Atlantic Avenue

24830-006-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.4B-9'



OBSERVATION WELL INSTALLATION RECORD

JOB NAME -NORTH ANNA ESP

WELL NUMBER OW-844

LOCATION (NAD83) 3909908.82N 11686589.65E

GROUND SURFACE ELEVATION (NAVD88) 272.0 ft

GRANULAR~ BACKFILL MATERIAL #2 Well Gravel

SCREEN UNTERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 4114 In. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 11124102

REFERENCE POINT ELEVATION (NAVD8 3) 273.5 ft

SLOT SIZE -0.010 in.

SCREEN DIAMETER 2 In.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC - Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Maft Howe

SIZE/MODEL NIALOCK BRAND Masterlock

KEY CODE/COMBINATION 0536

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR -

KU P 1. 5' NO7 TO SCALE
GROUND

z SURFACE

GROUT - N

DEPTH TO TOP OF
BENTONITE SEAL
9.4'

DEPTH1 TO TOP OF
GRANULAR MATERIAL
12.7'

LENGTH OF
SOLID SECTION
14.4'

- BENTONITE

- RISER

THREADED COUPLING

SCREEN

GRANULAR BACKFILL

CAP
* REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE

LENGTH OF
SLOTTED SECTION
9.6'

LENGTH OF
TAIL PIPE
0.6'

TOTAL DEPTH
OF WELL
24.6'

STABILIZED WATER
LEVEL AFTER
DEVELOPMENT
8.48 FEET
BELOW TOP OF
INNER CASING
MEASURED ON
12/13/02

/

NORTH ANNA POWER STATION,-]\/IAcTPC
MINERAL, VIRGINA 1 - -iOBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel Subcontract 3301 Atlantic Avenue

24830-006-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.413-9



OBSERVATION WELL INSTALLATION RECORD

JOB NAME: NORTH ANNA ESP

WELL NUMBER OW-845

LOCATION (NAD83) 3909858.66N 11685741.11 E

GROUND SURFACE ELEVATION (NAVD88) 295.8 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE Air Rotary

JOB NUMBER 37020-2-5400

INSTALLATION DATE 12103102

REFERENCE POINT ELEVATION ^ (NAVD;38) 297.3 ft

SLOTSIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING Bedford Well Drilling
CONTRACTOR

MACTEC FIELD S. Criscenzo - MACTEC
REPRESENTATIVE L. Matthews - Bechtel

SIZEIMODEL NIA

BOREHOLIE DIAMETER 6 118 in.

LOCK BRAND Masterlock

KEY CODEICOMBINATION 0536

LOCKABLE COVER -

VENTED CAP

WELL PROTECTOR

GROUT

DEPTH TO TOP OF
EDENTONITE SEAL
36.0'

LENGTH OF
SOLID SECTION
42.8'

BENTONITE

..'v'1

NOT TO SCALE

GROUND
SURFACE:

TOTAL DEPTH
OF WELL
55.0'

STABILIZED WATER
LEVEL AFTER
DEVELOPMENT
24.72 FEET
BELOW TOP OF
INNER CASING

MEASURED ON
12/12.'02

DEPTH TO TOP OF
GRANIJLAR MATERIAL
39.7'

- RISER

THREADED COUPLING

SCREEN

GRANULAR BACKFILL

CAP

LENGTH OF
SLOTTED SECTION
9.7'

LENGTH OF
TAIL PIPE

- 2.5'

t* REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE .'J'. el!-)

NORTH ANNA POWER STATION :'(/ MACTEC
MINERAL, VIRGINA - OBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel Subcontract 3301 Atlantic Avenue

24830-006-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.4B-9



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUMBER OW-846

LOCATION (NAD83) 3909845.09N 11685721.82E

GROUND S;URFACE ELEVATION (NAVD88) 295.8 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 41"4 in. I.D.

BOREHOLE: DIAMETER 8 in.

LOCK BRAND Masterlock

KEY CODE&COMBINATION 0536

JOB NUMBER 37020-2-5400

INSTALLATION DATE 11/23102

.

REFERENCE POINT ELEVATION - (NAVD88) 297.3 ft

SLOT SIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 In.

DRILLING CONTRACTOR MACTEC -Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZEIMODEL N/A

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR

GROUT -

LENGTH OF
SOLID SECTION
29 ',

DEPTH TO TOP OF N
BENTONITE SEAL
15.6'

DEPTH TO TOP OF -

GRANULAR MATERIAL
20.3'

11
BENTONITE

._I

a-

NOT TO SCALE

GROUND
7' SURFACE

TOTAL DEPTH
OF WELL
32.7'

STABILIZED WATER
LEVEL AFTER
DEVELOPMENT
24.82 FEET
BELOW TOP OF
INNER CASING

MEASURED ON
12/12/02

- RISER

_FTHREADED COUPLING LENGTH OF
SLOTTED SECTION
9.8'

SCREEN -

GRANULAR BACKFILL LENGTH OF
TAIL PIPE
0.6'

CAP f* REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE

II'.-C - - -

NORTH A NJNA POWER STATION T UACTEA
MINERAL, VIRGINAlOBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel SubcontraCt 3301 Atlantic Avenue

24830-C'06-HC4-CY00-00001 Raleigh, North Carolina 27604

2.5.4B-9(



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUMBER OW-847

LOCATION (NAD83) 3908945.45N 11686447.69E

GROUND SURFACE ELEVATION (NAVD88) 318.2 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 4114 in. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 12/03102

REFERENCE POINT ELEVATION (NAVD83) 319.7 ft

SLOT SIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC - Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZE/MODEL N/ALOCK BRAND Masterlock

KEY CODE]COMBINATION 0536
I

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR -

ICKUP 1.5'

GROUT-

DEPTH TO TOP OF 'N

ESENTONITE SEAL
30.0'

DEPTH TO TOP OF -

GRAN'JLAR MATERIAL
35.0'

LENGTH OF
SOLID SECTION
37.6'

BENTONITE

- RISER

NOT TO SCALE

GROUND
Z SURFACE

TOTAL DEPTH
OF WELL
49.8'

STABILIZED WATER
LEVEL AFTER

I DEVELOPMENT
34.45 FEET

_ BELOW TOP OF
INNER CASING

MEASURED ON
12/12'02

THREADED COUPLING

SCREEN -

GRANULAR BACKFILL

LENGTH OF
SLOTTED SECTIOI
9.6'

LENGTH OF
TAIL PIPE
2.6'

* REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE

4 - ~-> - -

NORTH ANNA POWER STATION MACTEC
MINERAL, VIRGINA OBSERVATIN WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATIO-N RECOR
BEchtel Subcontract 3301 Atlantic Avenue INSTALLATION RECORD

24830-306-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.4B-9



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUM3ER OW-848

LOCATION (NAD83) 3910853.37N 11686272.76E

GROUND SURFACE ELEVATION (NAVD88) 283.0 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MNTERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 4"4 in. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 11125102

REFERENCE POINT ELEVATION (NAVD83) 284.5 ft

SLOT SIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC - Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZE/MODEL NIALOCK BRAND Masterlock

KEY CODE/COMBINATION 0536

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR -. 4

STICKUP 1.5' NOTTO SCALE
GROUND

z/ SURFACE

GROUT

DEPTH TO TOP OF
BENTONITE SEAL
34.4'

DEPTH TO TOP OF
GRANULAR MATERIAL
39.1'

LENGTH OF
SOLID SECTION
42.2'

- BENTONITE

- RISER

TOTAL DEPTH
OF WELL
47.3'

STABILIZED WATER
LEVEL AFrER
DEVELOP MENT
42.65 FEET
BELOW TOP OF
INNER CASING

MEASURED ON
12/13/02

THREADED COUPLING

SCREEN -

GRANULAR BACKFILL -

CAP

LENGTH OF
SLOTTED SECTION
5.0'

LENGTH OF
TAIL PIPE
0.1'

* REFERENCE POINT SHOULD BE
TOP OF INNER CASING IF POSSIBLE / .-I ~.- '~.4

NORTH ANNA POWER STATION
MINERAL, VIRGINA OBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel Subcontract 3301 Atlantic Avenue

24830-C,06-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.4B-91



OBSERVATION WELL INSTALLATION RECORD

JOB NAME NORTH ANNA ESP

WELL NUMB3ER OW-849

LOCATION :NAD83) 3910786.24N 11684731.02E

GROUND SJRFACE ELEVATION (NAVD88) 297.0 ft

GRANULAR BACKFILL MATERIAL #2 Well Gravel

SCREEN MATERIAL PVC Schd. 40-Standard

RISER MATERIAL PVC Schd. 40-Standard

DRILLING TECHNIQUE HSA 414 in. I.D.

BOREHOLE DIAMETER 8 in.

JOB NUMBER 37020-2-5400

INSTALLATION DATE 12/06/02-

REFERENCE POINT ELEVATION '(NAVD813) 298.5 ft

SLOTSIZE 0.010 in.

SCREEN DIAMETER 2 in.

RISER DIAMETER 2 in.

DRILLING CONTRACTOR MACTEC - Atlanta, GA

MACTEC FIELD
REPRESENTATIVE Matt Howe

SIZEIMODEL N/ALOCK BRAND Masterlock

KEY CODE/COMBINATION 0536

LOCKABLE COVER

VENTED CAP

WELL PROTECTOR

) NOT TO SCALE
GROUND

o/ SURFACE

GROUT

DEPTH TO TOP OF
BENTONITE SEAL
32.2'

DEPTH TO TOP OF
GRANULAR MATERIAL
35.6'

LENGTH OF
SOLID SECTION
37.6'

BENTONITE

I

- RISER

I

TOTAL DEPTH
OF WELL
49.8'

STABILIZED WATER
LEVEL AFTER
DEVELOP.MAENT
33.13 FEET

BELOW TOP OF
INNER CASING
MEASURED ON

12/13/02

THREADED COUPLING

SCREEN

GRANULAR BACKFILL

CAP

* REFERENCE POINT SHOULD BE
TOP OF IN1IER CASING IF POSSIBLE

LENGTH OF
SLOTTED SECTION
9.7'

LENGTH OF
I TAIL PIPE

2.5'

NORTH ANNA POWER STATION '0/ AcTE
MINERAL, VIRGINA (iN4Iii XOBSERVATION WELL

ESP PROJECT MACTEC Engineering and Consulting, Inc. INSTALLATION RECORD
Bechtel Subcontract 3301 Atlantic Avenue

24830-C006-HC4-CYOO-00001 Raleigh, North Carolina 27604

2.5.4B-9
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5IMACTEC
MACTEC Engineerlng and Cons ulItIng, Inc.

3301 AtlantIc Avenue
Raleigh, North Carolina V'604

Observation Well Develoomont Wokshee

MACTEC JOEI NUMBER 30720-2-5400 OBSE

SITE NAME North Anna Power Station

DATE (MO/DAY NR) _ _ _ _ _ _ _ _

FIELD PERSONNEL + Ho--

WEATHER CDNDmONS j-COSL5

TOTALWELL DEPTH (TWD) 3 ,'S .:c

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE '

DESCRIPTION OF MEASURING POINT T e ) c,
DEPTH TO GROUNDWATER (DGW)

METHOD OF WELL EVACUATION DISPOSABLE D CTHI
BAILER

TOTAL VOLUME OF WATER REMOVED 53 GAL

CASING MATERIAL PVC m S.S. TEFL

SCREENED INTERVAL (FROM ID PLATE) &3 S -

RVATION WELL NUMBER _ 4 ,- ,,

TIME (MILITARY)

FT. (DEPTH BELOW MEA';URING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)
-

ON [
CASI

] 01

NG DIAMETER 1 IN.

rHER /7)

_ (DEPTHS BELOW LAND SURFACE - FT.)

7>,v S, -s .: &STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE: POSTIABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW F2 MOE

YES M NO FI COMMENTS

YES I 1Z

YES Lii NO f;]

YES L: NO E

YES LI NO E

YES Q NO ID
)ERATE [: HIGH $ COMME

G1ROUNDWATFR PARAMETERS

.r, , .- , V . ' -C I

�' ."? f ey

- ,

VOLUME (GAL) 5 , , _ __ . _ , , __ *ct3

pH (S.U.) 6/It _ ._' 6. . _47 C.

,SP.COND. (Vmmo1mm) 0* iog 0. 10 1 O 4 1 > .s ~s

WATER TEMP. (-C) Ip/jA oilA _ _ _ _ _ A__ __ _ __ v/, H

TURBIDITY^ (') C<) } 'i) _ 1_ _ (I) (I)

- -7:NI = r

*VISUAL DElERMINATION ONLY (1) CLEAR (2) SLIGHT (3) MODERATE (4) HIGH <* Gg

C .o ) -a n y q s .1 tj' I set s e d i ern.-, n "e "s o
ckocanens rnd sWttng3%abmce 1 c eU \t mporary interr fibsbondt nn r oybvobnt vokhsdoc

2.5.4B)



9

%MACTEC MACTEC EngIneooing and ConsultUng, Inc.
3301 Atlantlc Avenw

Raleigh, North Carolina Zr604

Observation Welt DeveloDrnent W 6ksheet

MACTEC JOB NUMBER 30720-2-5400 OBS

SITE NAME North Anna Power Station

DATE (MO/DAY/YR) P-lI) I -

FIELD PERSONNEL 6., - i

WEATHER C:ONDmONS c ct- W" s

TOTAL W ELE DEPTH (TYWD) g I - /6

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE

DESCRIPTION OF MEASURING POINT 0 D * C-

DEPTH TO G ROUNDWATER (DGW) xq 9I

METHOD OF WELL EVACUATION DISPOSABLE [] <
BAILER

SERVATION WELL NUMBER OLdj - 6'c-

TIME (MILITARY)
.

FT. (DEPTH BELOW MEAS'URING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)

i tlie ,Pvp

TOTAL VOLLI ME OF WATER REMOV

CASING MATERIAL PVC I

SCREENED INTERVAL (FROM ID PU

STEEL GUARD PIPE AROUND CASIN

LOCKING CAP

PROTECTIVE POST/ABU TMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW E1

ED

ATE)

_ _ __ GAL.

S.S. Ii] TEFLON

-37. v - s. I

CASING DIAMETER _ IN.

] OTHER _________

(DEPTHS BELOW LAND SURFACE - FT.)

IG YES L_3 NO E COMMENTS

YES V NO D .

YES NO 5
YES 11 NO 111 NO _ l
YES M NO y
YES NO _

MODERATE [I] HIGH COMMENTS

GROUNDWATER PARAMETERS, A M\d

fti 4  : ' 3 w'

11$ P,- 3 , - ~

.'I: !1, s

. ^,

VOLUME (GAL.) 3 .

pH (S.U.) -j.3e -. 4A ji1- ' .L 4 " ____

SP.COND.( MLcS/CM) " v 1'- C7 .I'14 0. t_

WATERTEM.(.C) VIA'+ i,: :1iA _ _ :J$ A

TURBIDI1Y* c :--) ( _ t.) __ 15Ž j,)

= D , _- .HIG.

'VISUAL DETERMINATION ONLY (1) CLEAR (2) SLIGHT (3) MODERATE (4) HIGH 09;>ak.

cdos ad sefli igsbaI -Mngso1j-P-y irt-mIle.loWn atvwa dovolapn wvrko doc

/'
2.5.4B-1 o'



v

3.j MACTE MACTEC Engineering and Conultung, Inc.
3301 Atlantic Avenutm

Raleigh, North Carolina 27604

Observation Well Develomeni W okshet

MACTEC JCB NUMBER 30720-2-5400 OBSERVATION WELL NUMI

SITE NAME North Anna Power Station

DATE (MO/DAY/YR) ) -ho / D;L TIME (MILITARY)

FIELD PERSONNEL - s i)

WEATHER CONDmONS (lSxJ, 4 4. - 5

TOTAL WELL DEPTH (TWD) L 1  r. 40-gk 61P0O

HEIGHT OF IMEASURING POINT ABOVE LAND SURFACE I

DESCRIPTION OF MEASURING POINT \ D. .

DEPTH TO GROUNDWATER (DGW) 3)- 9-v

METHOD OF WELL EVACUATION DISPOSABLE OTHER: 5 j,
8AILER .rkil b'

TOTAL VOLLIME OF WATER REMOVED L& 30 GAL CASIN

CASING MAlERIAL PVC Fz S.S. m TEFLON [ Oil

SCREENED INTERVAL (FROM ID PLATE) qD.,L - L-1 ,9

BER 6_ , -& 3

FT. (DEPTH BELOW MEASURING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)

.vt1-14 P _p

G DIAME1

iER

(DEPTI

iER J.. IN.

pi /EO

4HS BELOW LAND lURFACE - FT.)

Jltf S-b; P ( e8 /fSSTEEL GUARD PIPE AROUND CASING YES [O NO COMMENTS

LOCKING CAP YES, ,it NO Im]
PROTECTIVE: POST/ABUTMENT YES F NO F 1 74-

NONPOTABLE LABEL YES [ NO Lg

ID PLATE YES [] NO _

WELL INTEGRITY SATISFACTORY YES NO []

WELL YIELD LOW E MODERATE HIGH [ COMMENTS

6/'1N)OUNDWATER P4ARAMETERS I F /"'J-

L, / /,_'--
w

..Jyd-e'. ' 4

sR RP:v o-

IJp4 C I i 0 t koae

_.. (vi 4t

VOLUME (GAI_) ________ .c / -o1 U;7 4 ,o& ________ I5 .

pH (S.U.) _OA ___ T'7. 9.?2. 9. 4 6 . .1Q 13J _|q

SP. COND.(Iul8H0=M) P? Pi7 C. /4Ž o . I 7 Cj). 17Z t J Q 1

WATER TEMP. (C) :1/A i/j ____ /',jA |

TURBIDITY' i.xL () (ŽL. §.) JeJ _i)

*VISUAL DETEIRMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH

1)/eX + 44 Z. cto', IVA P_,Z C-k ¢ Ivt n ~ I , y <> _m 5ec &A:t-t;Pbt 5/>eef
CaWocurxneas d s&tQssatcioc2I Sttngs'mpo'ry termet S01bWgi as devekomeit workshetdoc

2.5.4B-1 0



S

5MLACTEC
MACTEC Engineering and Consulting. Inc.

3301 Atlantic Avenue
Raleigh, North Carolina 27604

Observatlon Well Doveviponent %'oksheet

MACTEC JOB NUMBER 30720-2-5400 OBSERVATION WELL NUMI

SITE NAME North Anna Power Station

DATE (MO/DAY/YR) TIME (MILITARY)

FIELD PERM4NSL

WEATHER CONDm

TOTAL WELL DEPTH (TWO)

HEIGHT OF Ml ASURING POINT VE LAND SURFACE

DESCRIPTION OF MEASURING POINT

DEPTH TO GROUNDWATER (DGW) \

METHOD OF WELL EVACUATION DISPOSABLE OTHER:
BAILER

TOTAL VOLUWE OF WATER REMOVED \ GAL. CASIN

CASING MATERIAL PVC 3 S.S. D T N OTH

SCREENED INTERVAL (FROM ID PLATE) \

BER - 0-0-6,43

FT. (DEPTH BELOW MEASURING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)

G DIAMETER

iER

IN.

(DEPTHS BELOW LAND SURFACE - FT.)

STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE POSTIABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW Fi MO[

w

YES D NO D COM\

YES LI NO E
YES FD NO El
YES FD NO FD

YES El NO E]

YES D NO 5i

)ERATE [1 HIGH L CC

GROUNDWATER PARAMFTFRS

rNTS

-

-

_

)MMENTS .N\

VOLUME (GAL.) 0 d- ..•- ________

pH (S.U.) 7'8d- Liff 2. 4 4

SP. COND. (ptM4G6/CM) 0(6r 5,, (6Y 0j963 M_//__O _

WATER TEMP. (C) 449 /__ f1/$- /* __ __ _

TURBIDITY' CI) /) Cl)

*VISUAL DETERMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH ( IL

7,
~a.~ tt *nd ~ S~tte fla Ueflf VO ry Intw'm e filesIaekiA nm a deye c~, e , w CE1he .Ldoc2. 4 B 1 02.5.4B-1 03



w

%MIACTE(
MACTEC JOB N4UMBER 30720-2-5400

SITE NAME North Anna Power Station

DATE (MO/DAYYR) !J-lw( 0 d

FIELD PERSOliNEL ' ,f

WEATHERCONDmONS { th 1

TOTAL WELL DEPTH (TWD) b . 1

HEIGHTOF MIzASURING POINTABOVE LAND SURFACE

DESCRIPTiON OF MEASURING POINT 7' O .

DEPTH TO GROUNDWATER (DGW) . '

METHOD OF VWELL EVACUATION DISPOSABLE [
BAILER

MACTEC Engineering and Consulting, Inc.
3301 Atlantic Avenue

Raleigh, North Carolina 27104

Observation Well Develormont VIj6kshe

OBSERVATION WELL NUMBER 2L- - 6Li Lij

TIME (MILITARY)

O - I /l- I/
FT. (DEPTH BELOW MEASURING POINT)

FT.

I tbk)

FT. (DEPTH BELOW MEASURING POINT)

~Jii~."k L,4 PV.- P

TOTAL VOLU ME OF WATER REMOVED

CASING MATERIAL PVC R
SCREENED INTERVAL (FROM ID PLATE)

STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE POST/ABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW E53 MOt

/__ 7GAL.

S.S. LI TEFLON

I 'q l - J Li.

CASING DIAMETER

1 OTHER

A

. . .

IN.

(DEPTHS BELOW LAND SURFACE- FT.)

';":.!'" 1{!-6 t ^ r .> -YES E NO III COMMENTS

YES [5 NO Li
YES D: NO F-1

YES Li NO K
YES ML NO 1

YES EL NO LI
)ERATE 2 ' HIGH E1 COMME

r nel ILIMATArDn A IRECr=M

.S- f-.\, 1,v, {2, ti.@' T' -

I~ _ , 1 ., e -. -4

,+ C.-f 1,14; . ,

,'-' 5+- . .X;,- Pes 1,/ :Z-

NTS , -- > .' I 9 g

,; " 4"'11 q,-V
_rJUIA11'4LVVA I LC 1 -' _ . , fvI 1 ) / ' /

VOLUME (GAL.) 3 I I -_______

pH(S.U.) _ _ _ _ q________ '. Lf

SP. COND. (AISI/CM) 9 0) I O90 3 D o C j

WATER TEMP. ('C) ___t___ n f ,'11 tA /I, 1 /4 j 144

TURBIDI7Y (3) (3) 7C 3.. __ _'. (i)

*VISUAL DETERMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH

Tsi) - l -i. / -'g-1 - '(1 e :_) ^ 4,

cOonraents and setin~sWatiocal s m9UPoray brtent fibssn anna develpment wcftheetdoc

2.5.4B-1 0



a :

MACT EC MAC
MACTEC JOB NUMBER 30720-2-5400 OBSERVATION WELL NUMI

SITE NAME North Anna Power Station

DATE (MO/DAY ) TIME (MILITARY)

FIELD PERSONNEL

WEATHER CCNDmONS

TOTAL WELL DEPTH (TWD)

HEIGHT OF MEASURING POINT ABOVkNN D SURFACE

DESCRIPTION OF MEASURING POINT \ (

DEPTH TO GR OUNDWATER (DGW)

METHOD OF WELL EVACUATION DISPOSABLE OTHER:
BAILER\

TOTAL VOLUME OF WATER REMOVED \GAL. CASIN

CASING MATERIAL PVC El S.S. M TE OTt

SCREENED INTERVAL (FROM ID PLATE)

CTEC Engineering and Consultrng, Inc.
3301 Atlantic Avenue

Raleigh, North Carolina 27504

ervapton Well Develomrnent V oksb

IBER C pJ-6>'16140S'vz

FT. (DEPTH BELOW MEAS'JRING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)

IG DIAMEtER

HER

IN.

(DEPTHS BELOW LAND SURFACE - FT.)

STEEL GUARD PIPE AROUND CASIN

LOCKING CAP

PROTECTIVE 12OST/ABU TMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW El

IG YES M NO i coM

YES Fl NO El
YES Fl NO El\

YES El NO l\
YES Mi NO E

YES [I NO L
MODERATE Fl HIGH Fl COMMENTS

GROUNDWATER PARAMETERS

.

__, _ __ _, _ - Vp _ _ _ ........... __ .e

VOLUME(GAL) d__ _________

pH (S.U.) .6 3 714e 7 6 7t'L ______

SP. COND. (vWttOS/CM) - £ O O__DID___ _

WATER TEMP. (C) L 44 gx9. / 1.4 _ ;,._

TURB8DITY- ' ) OD _ C) ) _-

VISUAL DETERMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH OK-

Cldoooxrw" and se, atbcsocW seftovnsemPorwy htlmet Mbsbkgn anny d..veIopw t o she*Ldoc 2.5.4B-1 0!
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* M ACTEI
MACTEC JOB NUMBER 30720-2-5400

SITE NAME North Anna Power Station

DATE (MOIDAYNR) )-/i/,3

FIELD PERSONNEL ; / "'-S ' i-' i;

WEATHER CCNDmONS | f. A *,

TOTAL WELL DEPTH (TWD) -4e O S

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE

DESCRIPTION OF MEASURING POINT -

DEPTH TO GROUNDWATER (DGW) r 1
METHOD OF WELL EVACUATION DISPOSABLE

BAILER

MACTEC Engineoting and Consutlng, Inc.
3301 Atlantic Avenue

Raleigh, North Carolina 276D4

Observation Well Develorxnent W okshoet

OBSERVATION WELL NUMBER 7- L- 5

TIME (MILITARY)

FT. (DEPTH BELOW MEASURING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)

F] /KTHEh: " _

TOTAL VOLUME OF WATER R

CASING MATERIAL PN

SCREENED INTERVAL (FROM

STEEL GUARD PIPE AROUND

LOCKING CAP

PROTECTIVE POST/ABU TMEN

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTC

WELL YIELD LOW D

EMOVED

IC PE

IID PLATE)

S/
S.S. O

LtSI3,6 -- s

GAL

TEFLON

~-. 3

CASING DIAMETER

OTHER

'9--
v141

IN.

. ' .

(DEPTHS BELOW LAND Sl)RFACE - FT.)

CASING YES E NO 2tpPCOMMENTS

YES NO D1

[T YES,0rt11"NO Eli
YES 2 NO

YES n NO __-

)RY YES Ei NO L __

MODERATE HIGH LI COMMENTS

n-t'/,9Ce i)i-hey;GROUNDWATER PARAMETERS fr/g-rG

,� T-
17 'a � , ;;-, - - , .3 A- f
.,4 , 1,c r1.1 /f - t-?Ie-_% ,

,e d .~ ~ ~ I',; Ak /4 ^'-

- 's - 1- %,, ".. f- -,r� I */V,,�

e p- !I - j f.¶.w e'j-. 1t-?

VOLUME (GAL.) A L)- id 3 -i i

pH (S.U.) _________ o-93 ' -8 3 S ___i ____

P. COND. (p&IOSc/CM) t. I.1A OxLAb*
WATER TEMP. (IC) .JA- ,.1 t-inJ. ' 1  ____;_____

TURBIDITY 'I) I I) I;I) 10 t__Cl___

1)6-UA DETERMINATIO N ON LY ' CL ____________ ___________ ___ __ _ _ _ _ _ _ _

|VISUAL DETERMINATION ONLY (1) CLEAR (2) SLIGHT (3) MODERATE (4) HIGH (7)I; ?9.;
Odoaumems aSW stetsn~s~aUcam1~ &GUins~emporary kwtmet files~odk%~ anna develoment wwkdsheoLdoc
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M A CE MACTEC Engineering and Consulting, Inc.
3301 Atlantic Avenue

Raleigh, North Carolina 27604

Observation Well Development I 6kahoet

MACTEC JOS NUMBER 30720-2-5400 OBSERVATION WELL NUMBER O 9J - 9 LII

SITE NAME North Anna Power Station

DATE (MO/DAYfYR) I ILI } lME (MITARY) __

FIELD PERSONNEL . + t/c1 :

WEATHER CONDIONS P-tL -S_-_ Xv

TOTAL WELL. DEPTH (WD) - '' I.3C lh/IkL4> FT. (DEPTH BELOW MEASURING POINT)

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE F T.

DESCRIPTION OF MEASURING POINT T6  c.C

DEPTH TO GROUNDWATER (DGW) -> FT. (DEPTH BELOW MEASURING POINT)

METHOD OF WELL EVACUATION DISPOSABLE j OTHER: i g
BAILER >) tl;v

TOTAL VOLUME OF WATER REMOVED .p 33 GAL. CASING DIAMETER __ IN.

CASING MATERIAL PVC S.S. [-1 TEFLON [] OTHER _ _/_

SCREENED INTERVAL (FROM ID PLATE) (DEPTHS BELOW LAND SURFACE - FT.)

STEEL GUARD PIPE AROUND CASING YES NO F] COMMENTS -,--/ l .v ,- S

LOCKING CAP YES Q NO El ,- - /4.. * 2

PROTECTIVE. POSTIABUTMENT YES E NO A X -. A r .

NONPOTABLE LABEL YES [I NO J- 1
ID PLATE YES El NO b- .

WELL INTEGRITY SATISFACTORY YES NO _

WELL YIELD LOW E MODERATE El HIGH E COMMENTS _

GROUNDWATER PARAMETERS

. - ,

VOLUME (GAL) _ . _ ____6__ *

pH (S.U.) .- 5iti 57. .- 5,/G..
SPHOND(1-qSCM 1 . 1LW'1 Q ) . 6?9: T'n; .O a
WATER TEMI'. (C) ti/e ii $- _ _ _ _ _ / 1 6169L /

TURBIDITY- ( i L ..... t 3)3

*VISUAL DETERMINATION ONLY (1) CLEAR (2) SLIGHT (3) MODERATE (4) HIGH (9 4
. . . .. , . __ ................................................ 6 S

T'O - i\5 ' + 6 It'- - -t ?v!;nA Vbe

OcWowt and su inmrstabwU~OC s0"semorry irdent fies'o~k9\n anna dve'lopmerd workeheotdoc

2.5.4B-1 0
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%:MACTEC
MACTEC Engineering and Consulting, Inc.

3301 Atlantic Avenue
Raleigh, North Carolina 27604

Observation Well Develogment Woks

MACTEC JOB NUMBER 30720-2-5400

SITE NAME North Anna Power Station

DATE (MOlDAYNYR) __ _ __ __iC_

FIELD PERSONNEL a-'; d fc-

WEATHER CODNDmONS ( t -; 1? y

TOTAL WELL DEPTH (TWD) .3,::

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE

DESCRIPTION OF MEASURING POINT > C .

DEPTH TO GROUNDWATER (DGW) 3( lfo

METHOD OF WNELL EVACUATION DISPOSABLE
BAILEV I

TOTAL VOLUME OF WATER REMOVED J-' J8?

CASING MATERIAL PVC .S [
SCREENED INTERVAL (FROM ID PLATE) 3 . L

OBSERVATION WELL NUMBER L,_ Lf jL

TIME (MILITARY) j rL(t&

1741 i fe, �- FT. (DEPTH BELOW MEASURING POINT)

FT.

HER?

GAL

TEFLON

/S1_~

FT. (DEPTH BELOW MEASURING POINT)

SLb,4re 1,_j_. /V_/o
-

CD
CASING DIAMETER <3 IN.

OTHER 0 4gf

(DEPTHS BELOW LAND S URFACE - FT.)

tMENTS _P)^,/ 3 ̂ . _i v,/STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE POST/ABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW [] MOE

YES W NO DJ COM

YES R NO D

YES D NO

YES Mi NO MA

YES [M NO 0 g,

YES I NO L:1
)ERATE E HIGH L

GROUNDWATER PARAMETEI

'. . . /

- CO ('MENTS./%

COMMENTS L-9 '4.t FH--S

VOLUME(GAL) 1 1 _ _ _ 1__ If

pH (S.U.) . 7 , 7 B _ ____/___

SP. COND. (pMNGSICM) IN I _____ _____ _.0____

WATER TEMP. VC) .lf___ ,,._/l_ A*/' /1/147 iA_

TURBIDITY N L (1) CE (2) S ( MODERATE2(4)_HIGH

VIlSUAL DETE!RMINATION ONLY (1)CLEAR (2)SUIGHT (3)MODERATE (4)HIGH -St <zcz .

TwS -1 x iJ z f-- -J' t4w,4 .1 , . t; V
OdcuTmeft urd seningsm4cW irgsienmporary uwmnt fsiMktn urna devepment worksreLdoc Ck6?402- 2.5.4B-1 08
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MrACTEC
MACTEC JOB NUMBER 30720-25400

SITE NAME INorth Anna Power Station

DATE (MO/DAYIYR)

FIELD PERSONNEL

WEATHER CONDITIONS

TOTAL WELL DEPTH (TWO)

HEIGHT OF MEASURING POINT ABOLAND SURFACE

DESCRIPTION OF MEASURING POINT

DEPTH TO GROUNDWATER (DGW)

METHOD OF WELL EVACUATION DISPOSABLE\[:
BAILER \

MACTEC Engineerng and Consultdig, Inc.
3301 Atlantic Avenue

Raleigh, North Carolina 27604

Observation Well Develooment Wch~t

OBSERVATION WELL NUMBER DS -8 s(7- fbS1:

TIME (MILITARY)

FT. (DEPTH BELOW MEASURING POINT)

Fr.

FT. (DEPTH BELOW MEASURING POINT)

TOTALVOLUME OF WATER REMOVED

CASING MATERIAL PVC M]
SCREENED INT,,-ERVAL (FROM ID PLATE)

STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE FOST/ABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW C MOC

CASING DIAMETER

3I OTHER

IN.

(DEPTHS BELOW LAND SURFACE - FT.)

YES E] NO C NMME
YES D NO 1

YES 2 NO El
YES E: NO a

YES E NO Eli
YES D NO a

)ERATE a HIGH E Cc

GROUNDWATER PARAMETERS

VOLUME(GALI _ _ _ 3 di__

pH (S.U.) = 6, ____D____ _

SP.COND.(hM"eS/CM) o, 0  a tc o 6  s . ad-__
WATER TEMP. (IC) /49- __ _ _ _ _-

TURBIDITY' b) 6i) (I) _ _-

* A D= _ _AI.- _ .. _____

*VISUAL DETERMINATION ONLY (1)CLEAR (2) SLIGHT (3) MODERATE (4) HIGH .},

- _ j._,_t.V rv ok"m fiI6s~hZ, mti davnek-mNt % ~t.do 2.5.4B-1 0!
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3 MACTEC
MACTEC Engineering and ConstIng, Inc.

3301 Atlantic Avenue
Raleigh, North Carolina 27604

Observation Well Dvelom okshet

MACTEC JOB NUMBER 30720-25400 OBSERVATION WELL NUMI

SITE NAME North Anna Power Station

DATE (MOID)AYIYR) W>/ip /0- TIME (MILITARY)

FIELD PERSONNEL +-. 4o+ .'CW

WEATHER CONDmONS e/a-*,_ J D S

TOTAL WELL DEPTH (TWD) L4A. 64L6'vT'

HEIGHT OF MEASURING POINTABOVE LAND SURFACE ' &

DESCRIPTION OF MEASURING POINT > £ (

DEPTH TO GROUNDWATER (DGW) 4!,. 7'|

METHOD OF 'NELL EVACUATION DISPOSABLE n] ejTSR_
BAILERvi t# b ,

TOTAL VOLU ME OF WATER REMOVED 8 GAL CASIN

CASING MATIRIAL PVC S.S. I] TEFLON n I
SCREENED IIJTERVAL (FROM ID PLATE) L - 4 A

BER &D) 0 8

&IJo

FT. (DEPTH BELOW MEASURING POINT)

FT.

FT. (DEPTH BELOW MEASURING POINT)

wL';-_ pV--

G DIAMETER <; IN.

iER n_

(DEPTHS BELOW LAND SURFACE - FT.)

STEEL GUARD PIPE AROUND CASING

LOCKING CAI)

PROTECTIVE POST/ABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGFITY SATISFACTORY

WELL YIELD LOW Dl MOE

YES F NO F2 COMME

YES 2 NO E

YES n NO El
YES E NO E3
YES [LI NO -

YES EJ NO D

)ERATE :3 HIGH f C

GROUNDWATER PARAMETERS

-NTS iVw--,Z? /S~Z tA/ 1-t> .' A

¢ 495. *lrv- _.~

/ 5 R 5,* S 2.e

PIl/Vx 4,,'£- -- Iws~,/ t

)MMENTS-C

VOLUME (GAL-) 3 -L L _________ .

pH (S.U.) .5tga 'i ,3z - 43 5 T iSA8
Apld4 . -

SP.COND.(pfmqmCM) O. )eOj o ,;3? C O_

WATER TEMP. (C) __/_ __________ ?-__/;4

TURBIDITY _ _ ____ i.-) 6'-)(

'VISUAL DETERMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH LA'k

- b. . i- x t'.- - -J "bk
a:o\nwts and seftingsXa1bool SeirvsIternporary itemat 5e 1

6kWAn anna deveomem worksheetdoc
61 2 5, 4- 1f4~V 2.5.4B-1 1I0
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M*ACCTEC
MACTEC JOB NUMBER 30720-2-5400

SITE NAME North Anna Power Station

DATE (MO/DA) R)

FIELD PERS01NEL

WEATHER CONDITIONS

TOTAL WELL DEPTH (TWD)

HEIGHT OF MEASURING POINT ABOVtND SURFACE

DESCRIPTION OF MEASURING POINT

DEPTH TO GROUNDWATER (DGW)

METHOD OF WELL EVACUATION DISPOSABLE
BAILER \

MACTEC Engineering and Consulting, Inc.
3301 Atlantic Avenue

Raleigh, North Carolina 27604

Observation Well D)eveloonmLnt W;i*heet

OBSERVATION WELL NUMBER an w - ''1F . , _

TIME (MILITARY)

.

FT. (DEPTH BELOW MEASURING POINT)

FT.

OTHER:

FT. (DEPTH BELOW MEASURING POINT)

TOTAL VOLUME OF WATER REMOVED

CASING MATERIAL PVC D
SCREENED INTERVAL (FROM ID PLATE)

STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE POST/ABU TMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW n MOI

__ _ __GAL.

S.S. El TEL E
CASING DIAMETER

OTHER

IN.

(DEPTHS BELOW LAND SURFACE - FT.)

YES 3 NO I coE
YES _ NO a

YES D NO D

YES :1 NO D

YES ED NO D

YES ] NO D

DERATE :1 HIGH Fl Cc

rGRflLINrlWATF PARAMFTFRS

NTS _

)MMENTS __ _ _ _
"N

VO LU M E (G AL.) . _._ _ _ _ _ _ _, _ _ _ _ _ _ _ _ _ _ __ _ _. __ __ _ _ _

pH (S.U.) 7 .A t _ A t

SP. COND. 3F-I-S/CM) ah 33 a .38,'5 _-

WATER TEMP (-C) _ __ M__ _

- =
TURBIDITY' E R A L ) S G (4

*VISUAL DETERMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH )-, ,;

6/
. -. 4 mu tw,*lJocI sedwmsumrorwV indri. fi1esWkfti mm duv6ombes workhLdoc 2.5.4B-1 1 1
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#]MACTEC
MACTEC Engineering and Consulting, Inc.

3301 Atlantic Avenu
Raleigh, North Carolina 27104

Observation Well Develoornent VI oksho

MACTEC JOB NUMBER 30720-2-5400 OBE

SITE NAME North Anna Power Station

DATE (MOIDAY/YR) 1/I ?-Ii(,

FIELD PERSCNNEL 4-

WEATHERCC)NDmONS -Q Low 3yS

TOTAL WELL DEPTH (TWD) 5 I <'0

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE

DESCRIPTION OF MEASURING POINT T D. C.

DEPTH TO GROUNDWATER (DGW) S 3f5

METHOD OF WELL EVACUATION DISPOSABLE 1 C]
BAILER

TOTAL VOLU ME OF WATER REMOVED / e, S G

CASING MATERIAL PVC S.s [ TEI

SCREENED INTERVAL (FROM ID PLATE) 3' 3 6 Z.13

SERVATION WELL NUMBER 09"J- 8Y-

TIME (MILITARY) I )sg,

.

FT. (DEPTH BELOW MEASURING POINT)

FT.

-

AL.

FLON

3

FT. (DEPTH BELOW MEASURING POINT)

-Sobr.A &ie3k W-Jtle v,~,p

D

STEEL GUARD PIPE AROUND CASING

LOCKING CAP

PROTECTIVE POST/ABUTMENT

NONPOTABLE LABEL

ID PLATE

WELL INTEGRITY SATISFACTORY

WELL YIELD LOW [] MO[

, .

CASING DIAMETER AL IN.

OTHER 7/4l

(DEPTHS BELOW LAND SURFACE - FT.)

NTS v3 " $ /- #-- -

.MS/z~

x/y V'ri S stE9S41 r f9

YES 5 NO m COMME

YES [1 NO a

YES M NO E
YES E NO F1
YES E NO m '

YES El NO m

)ERATE D HIGH ED C(

GROUNDWATER PARAMETERS

:-, 4-- /- .- -v 1--,

)MMENTS

VOLUME (GAL.) _ 1 l ,L if '6's-

pH (S.U.) _ _ __ _ L ( '.7/ ( 7 <LILŽ
SP. COND. uiOS/CM) _ _ -Z OAJ O -/ 0.0 83 •c)iO/?

WATER TEMP. tC) / , . Iv2' . _ / _9

TURBIDITY' (__ _ L _____

VISUAL DETERMINATION ONLY (1)CLEAR (2)SLIGHT (3)MODERATE (4)HIGH 621 /•/1 '
, , . .. t i .,. / -

1'
-Ousoo~rwts "n set*ungswcatcumW sftngsvtwnpowY wnemet ffiss'o~kfn anna devek~mard wcok9-meetdo
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APPENDIX E
WELL PERMEABILITY TEST RESULTS
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

Li Raleigh, North Carolina
_ Slue Test Data Sheet

MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400
Date: . 3 Time: Oly)v Observation Well No.: o -6 t1
Weather Conditions: ', t u, lXj

Method of Slug water , fin¶e'anical) or Test Method: Rising Head or
Withdrawl (circle one): press Zi e

(circle)
Diameter of Screen: ; in. Diameter of Casing: A in.
Tota.l Well Xi .,; ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of 9li ft Depth interval of screened . JfW
Screened Section: portion:
Depth to Groundwater: t. 'x ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date .' - ----- -6 --c f-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ . .J.. L ;( i ,)

_- .. ,..... . ...... -

2.5.4B-1
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North Anna ESP Project

Hydraulic Conductivity (K) Calculation Worlrsheet

MACTEC Job Number: 30720-2-5400

Veil: OW-841
est Date: 12)13120C2

Test Type Recovery (slug in)

WELL CATA

Conducted by: Grimes and Howl-
Entered/date: 12/15/02

Checked/date: l (im •. / . ?A

TE T DATA

SWL = 2.45 (it BTOC)
WO 35.80 Itt STOC)
WD= 31.30 (it OGS)

DTSP 2).10 (it 8GSi
rc = 08 (II)
n= 0.30

rw= 1.33 ItI
rc (adjusted) = (1.08 (t1l

Le= 97 (it)
Lw = 3:.35 (it)

Le/rw = 2S.39
H = ( C.04 (4t)

CALCULATION OF K

K = Itrc^2 In(Re/rw))/2LeI(1/)ln(yo/yt)

yo = 1.425 (It) from plot
yt = 0.472 (It) from plot

I = 0.644 (minutes) from plot
uri(Relrh) = 2.70

K . 2.2ED00 (ft/day)

K * 7.68E-04 (cm/sec)

Calculation of inIRelrw)

Where: Lw * H:

tn(Re/rw) = 1f .1/(in(L/wrw)l)llA.Bln(lt-Lw)/lnv))/1Le!.rw))1= 2.70

Where: Lw v H:

In(R~emi) = ttI.1/1ln(Lwlrwl)iIC(/Le/rw))!^1 = 3.23

Calculation of Coefficients
Value rarce for Lefrw from Table of Coetficients

l.9I
I ,i;1 2.51 0.351 2.1 I

Int-eo ated values of A. B and C for Le/rw

F= 29.9l 249 0o.35T 2.081

Elapsed time Log y y WL Data Logger

Ir}tL It OTOC} resull
0 MNUMI 0.000 2.45 0

0.011 -3.00 0.001 2.449 -0.001

0.022 -0.26 0.550 1.9 -0.55
0.033 0.06 1.142 1.308 -11 42

0.044 0.19 1.561 0.889 -1 561
0.055 0.28 1.901 0.549 -1.901

0.066 0.33 2.157 0.293 -2.157

0.077 0.34 2.175 0.275 -2.175

0 088 0 43 2.708 -0.255 -2.708

0 099 0 38 2 423 0 027 -2 423

0.11 0 40 2 533 -0.083 -. 7533

0 121 0.34 2 169 0.281 -7.169

0132 0.35 2223 0.227 -2.223
0143 033 2157 0293 -2157
0.154 0 25 1.776 0674 -1. 776

0.165 0.27 1.854 0.596 -1.854
0 176 0.04 1.102 1.348 -1 102
0187 0.44 2.726 -0.276 -2 726

0 198 0.35 2.233 0.217 -2.233
0.209 0.38 2.396 0 054 -2.396

0.22 0.32 2.076 0.374 -2.076

0 231 0.32 2.083 0.367 -2.083
0.2427 0.29 1.946 0 504 -1.946

0.2552 0.36 2.286 0.164 -2.286
0.2683 0.33 2129 0.321 -2.129

0.2823 008 1.210 1.24 -1.21
0.2972 0.18 1.530 0 92 -1 53
0.3128 0.15 1.419 1.031 -1 419
0.3295 0.15 1.425 1.025 -1.425
0.3472 0.13 1.341 1.109 -1.341
0.3658 0.11 1.295 1.155 -1295
0.3857 0.10 1 249 1.201 -1 249
04067 008 1.201 1.249 -1.201

0.4288 0.06 1.152 1.298 -1.152
0.4523 0.04 1.106 1.344 -1 100

0.4772 0.02 1.059 1.391 -1.059

0.5035 0.01 1.033 _1.417 -1.033
0.5315 -0.02 0.948 1.502 -0 948

0 5612 -0.04 0.909 1.541 -0 909
0 5925 -0.06 0 861 1.589 -0 861
0.6257 -0.09 0.814 1 636 -0 814

0 6608 -0.12 0.766 r 6841 -0.766
06982 -0 14 0.722 = .728 -0.722

0.7377 -0.17 0 675 _.775 -0.675

0 7795 -0.20 0625 .825 -0.625

0.8238 -0.23 0.595 1.855 -0.595
0.8708 -0.26 0 549 1.901 -0 549
0.9207 -0 29 0.510 1 94 -0.51

0 9133 -0.33 0 472 1 978 -0.472

1.0292 -0 36 0 436 2.014 -0 436
1.0883 -0.39 0.405 - 2.045 0405
1 151 -043 0.373 2.077 -0.373

1.2173 -0 46 0.344 2.106 0.34t
1.2877 -0.51 0.311 2.139 -0.311

1.3622 -0 44 0 363 2.087 -0.363

14412 -058 0.265 2185 -0.265
1.5248 -0.62 0.241 2 209 -0.241

1.6133 -0.66 0.220 ,.23 -0.22

1.7072 -0.69 0.202 2 248 -0.202
1 8065 -074 0.184 2266 -0.184

1 9118 -0.77 0168 2282 -0.168
2 0233 -0 82 0.153 2 297 -0 153
2 1415 -0,85 0.141 2 309 -0.141

2.2667 -0.89 0.128 2.322 -0.128
2.3992 -093 0.117 2.333 -0117

2.5397 -097 0 107 2.343 -0.107

2.6885 -1.02 0.096 2.354 -0 096

2.846 -1.05 0.089 2.361 -0.089

3.0128 -1.09 0.081 2 369 -0.081
3.1897 -1.12 0.075 2.375 -0075

3.377 -1.16 0.069 2.:181 -0.069

3 5753 -1.21 0.062 23:88 -0.062

3.7855 -1.24 0,058 2r:192 -0 058
4.0082 -1.28 0053 2:197 -0.053

4.244 -1.31 0.049 2.-:01 -0.049

4.4938 -1.35 0.045 2.z 05 -0.045

4.7585 -1r41 0.039 2.411 -0.039

5.0388 -1 46 0 035 24115 -0.035

5 3357 -1.48 0.033 2417 -0 033

5 6S02 -1.52 0 030 2.42 -0.03
5.9833 -1.57 0 027 2.423 *0.027

6.3362 -1.62 0.024 2.426 -0024

6 71 -1.66 0 022 2.428 -0.022

7.106 -1.70 0.020 2.43 -0.02

7.5253 -1.72 C.019 2.431 -0.019

7 9697 -1.72 0 019 2.411 -0.019

Coefficients Table

- - 0.25| SI - 0.85

61 1l7 fi 0 25 6 I 090

I - 1.t)

9 I 1 Igo

Is 2.10 15 1 02, 15 I 1.50

2.10

40 2 75 40 045 1 40 2.45

- 33JC SC 270

6( 300

-I ___ 0601 701 340

.80 39 90 I PO 065 1 80I1 360

9N 4 20 90 0.70 9 3 85

_ 450 10O 0.73 t0o 4.20

i5o 545 150 098 15-70

200 6.10 200 1.20 200 7.00

2_0 6 70 250 1 30 250 8 00

3C0 7.10 300 1 50 300 880

400 7.75 400 1.90 400 9.90

500 8 20 500 2 20 500 10 60

600 8 50 600 2.33 600 I 11.10

700 8 70 700 2 50 700 11.50

800 8.90 800 2 70 80O 11.80

900 900 [ 900 L 75 9 00 12.00
100 9.20 1000 t24

1500 9.50 3S I 1500 12.90

Reference: BouwerIl989). Bouwer and Rice(1976)

2.5.4B-1 1



OW-841(slug-in) Recovery vs. Tilme
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/ MACTEC Engineering and
Consulting

o Ir3301 Atlantic Avenue
A0 ^s. ss J _ Raleigh, North Carolina

Slut Test Data Sheet
MIACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400_

Dai:e: 1' I, 3 - .1 Time: _',"i ,s- Observation Well No.: -'jij

Weather Conditions: , . ,3

Method of Slug water,efainic or Test Method: (Jising Heaidor
Withdrawl (circle one): pressure 111iii Head

(circle)
Diameter of Screen: ;'_ in. Diameter of Casing: a- in.
Total Well 3 i..ftl below reference point Reference Point: Permanent mark on top
Depth: of casins
Length of ci L ft Depthintervalofscreened ?J.4 - >ft
Screened Section: portion:
De.pth to Groundwater: ).'2 m ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date U

.Xi 93i :J.LE3 if/~ A ffJ tT-) tVr e. o 7t

Yz, ;3 :t.,, IT J ex

_I

.A
_' _tf

5, ! A ; CIt 1ASk

2.5.4B-1 1-



North Anna ESP Project
Hydraulic Conductnivty (K) Calculation Worksheet

MACTEC Job Number 30720-2-5400

Well: OW-8 11

Test Date: 1211312002

Test Type Recovary (slug out)

WELL DOTA

Conducted by: Grimes and Howe

Entered/date: 12/15/02

Checked/date: ---- ,:2 .0; /2/zc-/c Ž_

TEST DATACALCULATION OF K

SWL = 2.45 tit bTOCI
WD = 35.80 (It BTOC)
WO = 34.30 (ht BGS)

DTSP = 20.10 (It BGS)
rc = 0.08 (It)
nk 0.30

rw = 0.33 Itt
rc (adjusled) 0.08 )111

Le. 9 7 (h)
Lw = 33.35 (ft)

Le/rw = 29.39
1-la 50(I 00 (h)

< = ((rc^2 In(Re/rw)ll2Lel(IAtln(yotVtl

Yo = 2.180 (h) from plot
yt = 0.829 (It) from plot

I = 0.540 (minutes) trom plot
In(Re/rw) = 2.70

K = 2.3E+OO (t/day)

K * 8.2E04 lrremseel

IElapsed time |Log y ._ WL I Data Logger
Iflminl ! _ __ - I rgiutll

I u I NNUM! I u.u00 I0 2. 4 U
2.45 _ 0

0.033 i - -006 I 0 877
0.044 1 0.14 1.385 3.835 -_ 1 385

1.024 1 3 474 = 1 024

00o8s i
035 1 4 709 = 2,259

0132 0.36 1 2.267 I 4 717 = 2 267

0 165 035 I 2.236 . 4.686 1 2.236

Calculation of tn(Re/rw)

Wriere. Lw a H:

In(Re/rw) = lit1.1/ln(Lv,/rw)))+fA+Bln((H-Lwyrw))/(Le/rw)11-= 2.70

Where: Lw = H.

InfRe/AwI 1 Ill 1(In(Lv,/rw1)l+lrC/telrwlflel 1 323

0.209
0.22
0 231

0.2427
0.2552
0.2683
o 2823
0.2972
0.3128
0.3295
0 3472
0.3658
0 3857

-0.4087

0.33 1 2 160 1 4.61 = 2.16

0.30 1 1.995 4 4445 1 995

80_ I 4.31 = 1.86
1.804
1 746

023 1 1687i 4.137 = 1 i687
Calculation of Coetlicrents

ValL e range or LP/rw from Table of Co icipnIs
| Lre/rw | A | 8 C |

25 241 0.311 19
i 30 1 25 1 035 1 2.11

0.18 I 1.500 _ 3.95 1 1.5

0 4772 1 0 12 1 1312 _ 3762 1 1.312

tnteroolated vahles of A. B and C fo, LeIrw
I 2939 j 2 49 1 0 35 1 2.0.3 1

0.5612 O Os 1.119 3 569 _
1 058 1 3 508 1

0 6608

Coetlicients Table
0.6982
0 7377
0,7795
0.8233

-0 05 I 0.884 1 3.334 _ 0.884

3 1P2 0 732

O 8708 -0.17 0 681 3 131 4

7 1 1.80 7 025 j 7 . 1.00
1.0883 o -0.29 I 0.51 I 2961 I- o s1

10 1.95 10 1 025 loI 130
I 1.2877 -1 -(

2 2 23 20 -0 2
25 2 0 25 1 .31
30 1 2 S-C1 30 1 0 35

1 2.5 1040
v l 2.826 .. 0376 -

25 1 .90
2.10

1.6133 -0 53 1 0.292 l 2.742 1 0.292
0.271 To

PO 3 45
'o 1)i 3 70

60 60 3.00
7n0. 0 - 70 3.40

100 4.50 loo 0.75 =
l 150 i 5.45T 1s0 0.98 = 150 5.70

7.00

300 _ 7 7.10
400 7 _775

_ 500 1 820
4001 1.90 4

2.201 500) 10 60

2.0233 -0.67 .212 1 2662 - 0212
2.1415 .0.71 0.196 2.646 0.196
2.2667 0.74 0.183 2.633 0.183
2 3992 -0.77 0.168 2.618 0.188

2 5397 -080 0 157 2.607 0 157
2.6885 -084 0145 2.595 0145
2.846 -0.86 0 137 2.587 0.137

3.0128 -0 90 0.127 2.577 0.127
3.1897 -0 93 0.118 2 568 0.118

3.377 -0 95 0.112 2.562 01 12
3.5753 -0.98 0 105 2.555 0 105
3 7855 .1.00 0 099 2 549 0.099
4.0082 -1.04 0.092 2.542 0.092
4.244 -1.05 0.089 2.539 0.089

4 4938 -1.07 0.085 2.535 0 085
4 _755 -1.09 0 082 2.532 0.082
5.0388 -1 12 0.076 2.526 - 0076
5.3357 -1 12 0.075 2.525 0075
5.6502 .1.14 0.072 2.522 0.072
5.9833 -1.15 0 071 2.521 0071
6.3362 -1.18 0.066 2.516 _ 0066

8001 8.901F 8001 2 70 -= 800 I 11.80

I 9 00 1 9 001 900 2.75 90C I 12.00
2.83J 10C 1 2 40
R c w.3 19 I SC 1u a

Reference. Bouwotr(1989). Bouwer and Rice(1976)

l___ 6 71__ -1 20 0 0064 2 513 _ 0 063
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OW-841 (slug-out) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

Raleigh, North Carolina
Slut! Test Data Sheet,

MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400
Date: ' Time: 'iSt S- Observation Well No.: . - J-
Weather Conditions: ' .... ,
Method of Slug waterfiiechinicil, or Test Method: Rising Head or
Withdrawl (circle one): pressure faliing Head

(circle)
Diameter of Screen: . in. Diameter of Casing: )- in.
Total Well <7' '1 ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of :J../ ft Depth intervalofscreened ..'3ft
Screened Section: portion:

th to Groundwater: 2Ti-3. ft below reference point
Groundwvater Measurements Collected Prior Comments/Remarks

to Slug Test
th to Groundwater Date . 5 '-l. ,,, --

sews, ~ ~ Jy i,/c,

' .3 :' ',

~~~~~~~~i- : - * _,' -

2.5.4B-1 20



Norlh Anna ESP Projeci
Hydraulic Conduortcly (K) Calculation Wodksheet

MACTEC Job Number: 30720-2-5400

WINl OW842

Tel Dal. 12117/2002

T. I Type n.lco ry fslug el

Conducled by Gren s and Mo.re

Enlmaed/dalo WSWyl2l1/1200

Checkedidale oz{ 7

TEST DATAWLI DATA

SWL = 2923 Z i blOC)
WD . SI 16 (11 OTOCI
WD = 4966 (II BGS)

DTSP . 35 30 (II BGSI
IC= n0 e (Itt
n. 0030

1. = 033 (H)
IC NIdyISledi) 0 08 Itl)

CALCULATION IO

K * (Itre2 mlRr/rw)Y2L8e)Il/tIrdyolyi)

ye . 2 670 (fi) yon plot
yl = 0569 (I) ftre ohl

I . 2 343 (ninutr.) 1ror gkI
tn(lleryt)w * 2 30

K . S.3E-01 (ftday)

K . 3.3E.04 (.ehme)

asod Ia,'I Log y I Y I WL Dal. Loner
)/ nl I h I I RTOC) r5,,

Le= 79 Ifll
Lo. 2193 (In

Le,, . 23 94
H - 50 00 OIll

C aenlalon oI loIRe/r )

Whele L., H.

1,(W18hrj .* I/L rat.)A. er'(HLwyw)Ve)("I. 233

Where L..H

In/Rodyt) = I1l , (tW ./dl.!C/jLtew/ll0t = 2 94

Calealalon ol CCelberents
Val e rOm l ter rer Tabe ol Coe ll-,nrs
te n A r C

20 2 23 0 29 1 75
30 25 035 2.1

lolerrplafed yahoo 01 A I and C lto terre
1 2394 34 1 031 1 89

Colroi-ems Table

Reo Vrne Bre 1909). Bose- and tree1976)

0 007 29 223 00X7

2.5.4B-1 21
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OW-842 (slug-in 12-17) Recovery vs. Time
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MACTEC Engineering and
ConsultingMC E Z/ /3301 Atlantic Avenue

L VRaleigh, North Carolina

Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number 30720-2-5400

Date: lS/t~lt.J Time: c'6.35 ObservationWellNo.: 0-6'1-
Weather Conditions: c i .o t' _

Method of Slug water, je anicabor Test Method: 'Rising Heaor
Withdrawl (circle one): pressure 1 Fi-ug- Fead

(circle)
Diameter of Screen: ., in. Diameter of Casing: - in.
Total Well 4 ft ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of YZ15 ft Depth interval of screened 3 "T 7 Jft
Scrtened Section: ' -m,"- portion:
Depth to Groundwater: 3 3 ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date L

z '- / ,-I.??..- -

1 .. b .

,, (I.- . , Li ......... tt -

2.5.4B-1 2:



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Well OW-842
Test Date! 12.1212002

Test Type: Recovery (slug out)

Conducted by: Grimes and Howe
Entered/date: 1215102

Checked/date: *ah ,J~z% /
2

-/ /tZ

TEST DATAWFLL IDATA

SWL = 29.33 ItI t IOC)
WD= 51.16 (It BTOC)
WD) = 49.66 (11 BGS)

DTSP = 35.30 (t1 BGS)
rc= 0.08 0tt)
n = 0.30

rw = 0.33 OIt)
rc (adiustedl a 0.08 (it)

Le= 7.9 (It)
Lw = 21.83 (Itt

Lernw = 23.94
If = "lo 00 0tl

CALCULATION OF K

K = I(rc^2 In(Remrw)Y2Le'(0/t)ln(vo1l(0

VO = 2.548 (t) Ironm plot
Vt = 0.771 (II) Irom plot
I . 1.857 (minutes) from plot

gr4FletnA) = 2.38

K . 9.3E-01 (fW/day)

K . 3.3E-04 1cm/sec)

- -- I -
tcapsed tme I Lo0( V I V V L I Iata Loqqe

lrrin, "n t B lCI rsult, s

-C

Calculation of Inne/Irw)

Wnere: w .H;

ln)Re/rw) = [(I l(laI(Lw/rwll)).A-Bfl((H Lw)/rw)V(Le/rw))- I= 2.38

where: L. = H:

11lrw l n = ((I ln,,ll.CItPnrlll'1 2.94

31 798
31 772
31 762
:tl 766

31. 708
31 .714
31.66

31.652
31 648
3.629
31.596
31 576
31.502
31.546
31.523
31 .498
31.473
31.461
31 424
31.402
31 389
31.345
31.333
31 291
31.257
31.242
31.173
31.132
31.157
31.074
31.034
30,997
30.947

Calculation of Coelficients
bI.I. r-ru' lorI v-s,, Irom TN.e ot Co-lfi-nls

I

lntero0liled values 0o A B and C tor 8Lr9w
2394 24 031 '.8

Coellicients Table = 30 9-7-

-o I 15 0251 1 1'30

1 30 1 2.50 1 30 1 0 35 1 30 2 0

900

neferencw: Bouwer)1989) L3ouwer and Rice(1976) 29 483
29 467

5.602 -0.92 I 0.119 29.44 1 29.449
5.9833 -0.98 .105 29.430 i 29 435

29 39
8.9
94668 .1 -1.31 J 0049 - 293 29.379

?9.3/2
29 372
29.372

2 ; 29 37 29.37?
[ 29 3 1?

2.5.4B-1 2'



OW-842 (slug-out) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue4MACTEC VRaleigh, North Carolina

Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: '.: 'i? Time: ' Observation Well No.: .' -d

WeatherConditions: i . ,Vf amp

Meihod of Slug water,4ie&Iianicak, or Test Method: Rising Head or
Withdrawl (circle one): pressure ,gillifg Head;

- ~(cfrcle~j
Dia meter of Screen: a in. Diameter of Casing: L in.
Total Well ' e ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of ' ' ft Depth interval of screened " .} 'h ft
Screened Section: portion:
Depth to Groundwater: c . * ft below reference point
Grcundwater Measurements Collected Prior CommentsfRemarks

to Slug Test
Deth to Groundwater Date 3

3..'ILoe ..- .

* I ! , . .t ., -1 I :1 - I

L. i ! . ,- I !. :' ,

-\ . . ;

'L - .' I
ct. I a, -

2.5.4B-1 2f



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Well: O'N-843

Test Date: 1,/17/2002

Test Type: Recovery (slug in)

Conducted by:

Entered/date:

Grimes and Howe

WSG/12118/2002

Checked/date: , /2/;,/lez-.

TEST DATAWELL DATA CALCULATION OF K

SWL = 35.53 lft BTOC)
WD = 50.90 (It 0TOC)
WD = 49.40 (It sGS)

DTSF = 36.40 (f1 BGS)
rc = 0.08 (It)
n= 0.30

rw = 0 33 (it)
rc (adjusted) = 0.08 (It)

Le = 9.7 (hI
Lw= 15.37 (It)

Le.rw = 29.39
Ft = 50 00 itIl

K = 1lrc02 In(Re/rw))2Le) (1Illn(yo/yt)

yo = 1.569 (I) from plot
yt = 0.518 (P.) from plot
t = 0.993 (minutes) from plot

In(Re/nw) = 2.33

K = 1.3E+00 (fl/day)

K = 4.SE-04 (cm/sec)

Elapsed trne Lo gy I y Adjusted
1 h - (It

rs= WL u Data Logger
/h ATftv I~~. -.. iy *X iL 1 t

0 -010 I t) 8j 3 34727
0 0112 _.0 12 - 0.766 34.764
0.0223 0 13 0.733 1 34 797
0 0335 -0.12 1 0 758 t 34.772 0045

0 024
-0 233
-0 418
-0 5950-0782

0 0893
0 1005
0 1117
0.1228
0.134

0 1452
0.1563
0.1675
01787
0.1898

0.15 1 1.398 34 13'
23 - -0 699

3 1 33 45 '.. -t 275

0.36 1 2.275 1 33.25) .1 -1 472

Calculation of In(Re/rw)

Where: Lw < H:

lIrRe/rwl ) Il1.1U(lII(Lw/rw))I.(A+Bln(IH-Lw/rw))/ILe/rw)A1l= 2.33

Where: Lw = H;

Ir Re/rwl = r11 1/(l wtw/rwl ))fCG/Le/rw)1^l.1 5 2.78

Calculation of CoehtfcienIs
Jalue ranoe for Le/rw from Table of Coeflicients

_ t e/rw _A 8l e | c I
25 24 0.31 1

30 25 035 21

Interrelated valtues of A F and C for Le/rw
2939 249 0.35 2.08

Coellicients Table

4 1 75 4 o 25 4 0.75
5 = 1 76 5 0.25 O 85
6 _ 1 77 6 0.25 6 0.90
7 I 1 0 7 -0.25 7 f - .00
8 = 183 8 0.25 8 110
9 I 190 9 0 25 9 1.20

10 195 10 0.25 10 1.30
15 2.10 is 0 27 1 S1 1 So
20 2 23 20 0.29 20 1.75
25 2 40 25 0.31 25 1.90

R30 _ 2.e0 30 0owe 30 2.10
-40 _ 2 75 43 0.45 40 2.45
50 30 so5 0 50 50 2.70
60 3 345 60 osf -60 - 300
70 _ 3 70 70 0 60 70 _ 3 40
so 3.90 80 -O 65 6 0 _ 3 60
go 4 20 901 0,70 90 3 85

too _4 so0 100 0.75 1W0 4.20
150 5 S45 150 0.98 150 5.70

200 _ 6 10 200 1 20 200 7 00
250 _ 6 70 250 1 30 250 8 00
300 _ 7.10 300 1.50 300 8.80

r 400 7 7E 400 1.90 400 9.90
S00 _ 8.20 500 2.20 5C10 10 60

_600 _ 8 5C _S00 2.33 eoo 1 1 10
7W00 8.70 700 2.S0 700 1 1.50
8W _ 8 90 Soo 2.70 8W0 1 1.80
900 _ 9 0C 900 2.75 900 12 00

1 000 _ 9 20 lt0W 2.83 loco 12 40

Reference Bouwer(t989). Bouwer and Flice(1976)

2.611 t 32.919 t *1 808
3 -1 827

02 3. .1 793
0.2233 0.40 2531 32.999! -1 728
0.235

0.2475
0 2607
0.2747

0 39
0.38
038
0.35

2.447 I 33 08:. I -1 644

2.258 I 33,27.- -1 455
-1.462
-1 393

0 3218 0. 36 33.268
rf_

-1 463
-1 251
-1.229
-1 291

D3.
0378 032 33 43e=

-0 874
-n 882

0 24 t 1.732 1 =3379 -0.929

0.4695
0 4958
0 5238
0 5535

0.23 _ 1.687 - 33.842 1 -0 884

0.i6 1 1.512 I 34.01 I -0 709
0 5848 0.1 34 07E I -0 651

0.6905 0 o il 1.277 34.253 -0 474
0.73 0.09 1.22 34 31 -0 417

0.7718 0.07 1.162 34368 -0359
00.862 0 04 1 102 34428 99
0 8632 0 02 1046 34 484_ -0 243
O.9t3 -0 0 0,983 34 547 _ -0.18

0 9657 -003 O.828 34 602 -0 125
1.0215 -0.06 0.871 34 659 -0 068
1 0807 -0 09 0.82 34 71 _ -0 017
1.1433 -0 12 0.763 34.767 0 04
1.2097 -. 15 0.711 34 819 0 092
1 28 -0.18 0.661 34 869 0.142

1 3545 -021 0.61 34 92 0 193
1.4335 -0.25 0.562 34.968 0 241
1 5172 -0.29 0.518 35 012 _ 0285
1.6057 -0.32 0.475 35.055 0 328
1.6995 -0.36 0.432 35.098 __ 0371
1.7988 -041 0393 35.137 041
1.9042 -0.45 0.356 35 174 0 447
20157 -0.49 0.32 35 21 0483
2.1338 -0.54 0.289 35.241 0_514
2.259 -0.5 0 258 35 272 0 545
2.3915 -0 64 0.231 35 299 0 572
2 532 -0.69 0.204 35.326 0.599
2 6808 -0.74. 0.181 35.349 0 622
2.8383 - 80 0 159 35.371 0 644
3 0052 -0 86 0 138 35.392 0 665

3.182 -09t 0.122 35.408 = 0681
3.3693 -0.97 O.106 35.424 _ 0 697

3 5677 -1.05 O 0 09 I 35 44 0 713 I

1.1
0.724
0 737
0.746
0 754
0 763
0 7125.0312 1 S -1=

5.328 1 -1.57 0 027 1 3 35 50
0 .0 3 3507 _

0 01 35 'As

0 776
0781
01765

2.5.4B-1 2



OW-843 (slug-in #3 12-17) Recovery vs. Time
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MACTEC Engineering and
ConsultingAT I /Iz3301 Atlantic Avenue

Li Raleigh, North Carolina

Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Datc:sj7A , 1)-/, - Time: l)- ~ Observation Well No.: c-- -

Wei'ifier Conditions: .'C, S a A.;,

Method of Slug water, iiiChanki-a or Test Method: Pising Head or
Withdrawl (circle one): pressure Falling Head

(circle)
Diameter of Screen: 5L in. Diameter of Casing: 1 in.
Totsil Well *5L8Vl ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of '1 R Depth interval of screened Yd-*-- s ft
Screened Section: portion:
Depth to Groundwater: .5:Ži ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date * ; ,1_ .L

-. ' A

= ______________________ -9 L-e .•'..

L , .- l! !-. .,

2.5.4B-1 2'



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Well: OW-843

Test Date: 12/12/2002

Test Type: Recovery (slug out)

Conducted by:
Entered/date:

Grimes and Howe

12/15102

Checked/date: l /l/zo'/-oz

WELL DATA CALCULATION OF K TEST DATA

SWL = 35.69 (It BTOC)
WD = 50.90 Itt BTOC)
WD = 49.40 (ht BGS)

DTSP = 36.40 (It BGS)
rc = 0.08 (It)
n= 0.30

rw = 0.33 1tf)
rc (adjusted) = 0.08 (It)

Le = 9.7 (nt)
Lw = 15 21 (It)

Le/rw = 29 39
H = 50 00 (ft)

K = j(rc^2 In(Re/rw)yI2Le-(1tt)In(yo/yt)

yo = 1.873 (h) from plot
yt 5 0.817 (ht) from plot
t = 0.692 (minutes) trom plot

ln(Re/rw) = 2.33

K 1 t.4E+00 (t/day)

K . 4.9E-04 (cm/see)

_ . ......... ... .

Elapsed time Logy
tmintl I

y jT WL _ Data Logger

1*~3 W1 B~oc _ resu l0 004 1 35.69 _ [ 3569
100o4 I 35 69& _ 35 694-

0.022 7.-2.22 1 C

8 36268 _ 36.268
0.055 012 1.307 I 7
0 066 3 I3

37 602
37 631 37 (3

0.099 0 28
0.11 0.28-

0.121 0.27
06132 0 27
O0143 0 26

1 918 I 37ri

3 37.563 _ 37.563
1.839 _

0.154 0.26
025
0.25 1.761 - 37.451 1

Calculation ot In(Re/rw)

Where: Lw < H:

In(Re/rw) = - 1 .1.(ln(Lw/rw))I+IA+Bln((H-Lw)/rw))/(Letrw)I'-l 2.33

Where: Lw = H;

IniRe/tw) = 111.1, InfLwlrw)Cl lC1(Le/rw)l<l = 2.78

0.187 0 25 1.

I - 37.399 _ 37.399
O 22 I 0.23 1.689 _
0.231

o 2427
0.2552
0.2683

6 _ 37.326
0.21 1 616 _1

37.269
540 1 37.23

0.31281 0 18
37.23
3t.22

37.1980.3295 s 0.18

Calculation ot Coetficients
- Value ranqP for Le/rw rorm Table ot Ccetlicients

6 37.096 37.096
0 3857 014 1.372 _
0 4067 0 1

F 0l 2 51 0,3l - 2 A I - 36 954 1 36.954
0.4772 1 0. 09

interpoated values ot A. P and C tor Le/rwr 29 39 1 2 49 0. 351 2.083
0 nR
006 I 1.141 I ,

0 5612
0 5925
0 6257
0.6608

0.01 _ 1.021 1 36 711
-0 01 I

0 6982
Coefficients Table TV 36.58 1 36588

.0.07 3
-0 09 I_

0 8708 -0 11 I
5

1 77 -

1 8 P I
183

_ 98 _ 190
r .0 I 1195

0.25
0.25
0.25
0.25
0.25

0.700 T 36.39
36428

1.0292 - -. t18 I

-j

8 1 1.10
9

10
15
20

I 1 36.282 1 36.282
-0.26 I

0.27 15
0.29. 20

1.50
1.75
1.90
2.10

-25 2.40 25 0.31
30 2.50 30 0.35
40- 2.751- 40 0 45

1 2877
1 3622
1.4412
1.5248
1.6133
1.7072
1.8065
191 18

.034 0455 T
6 176 I 36.176

40
I - 50

90
100
150
200
250
300
400
500
600
700

300
_ 3.45

3 70
r -3.90

4 20
4.50

_ 5.45
6.10
6 70
7.10
7 75
8 20
8 50
=: 70

0.65 70 3.4060.6 80 - 3.60

-0.44 0.3f66 1 36.056.

-0.47 0.339 3136 029
0.36005

-0 54 0.290 35.98 .
_0 57 0.269 35.959

80

36 085
7 36 056

f36 029
36.005
35.96

22667M -0.60
2.3992 I -0864

0.249 1 s
5.70
7.002001 1.20) 200

250 1 30 1 250

2.84fi -0874 _ 1806 i 35.87
3 0128 1 -0.78 - 016781 i 35.857

S00I 10 602.20 I

35.887
35 87
35.857

35 845
35 832
35.822
35.8 16

600 2 331 600 1 11.10
35.822
35.816

800 I

900 ___

3.785 -T -0.90 1 0.126

2 900 12.00
2.8re 00 21 u n40

1500 I--12.90

Refe~rence: eouwer(1989), Bouwer and Rice(1976)

4.0082 -0.92 0.119 | 358 09 35.80935.79911 3 35 80
4244 [ -096 I 0 109 35.799 35.799

4.4938 + -0.98 1 0.105 35 795
47585 : -100 J 00993 35.789

5.0388 1 -1.02 -0 095 _
5.3357 | -1 04 0,091
SI r02 > -.1 n MAo
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OW-843 (slug-out #2) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

L Raleigh, North Carolina

MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: 1 ?1fy3> Time: O 7/D Observation Well No.:P Ot -9'i'-
WeatherConditions: .- ' . 3i' - t/'>&

Method of Slug water, ecani~Lal, or Test Method: Rising Head or
Withdrawl (circle one): pressure (alIin HeD

(circle)
Dianmeter of Screen: ,- in. Diameter of Casing: *X in.
Total Well AJ-P' ft below reference point Reference Point: Permanent mark on top

Depth: of casing
Length of ' c ft Depth interval of screened t

Screened Section: portion:
Depth to Groundwater: 9' '1>' ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depith to Groundwater Date L}6-1 S #

11- •A' Z)
6 f t { 2~~~X ML /C /$J/.-/,4 >

5.4 ~ & ~ . 4- 1 :A. ?- T-"
hA~--

2.5.4B-1 3



North Anna ESP Proiect
Hydraulic Condoctivty (K) Calculation Worksheel

MACTEC Job Number: 30720-2-5400

Well. OW-844
Test Date 1213/2002

Test Typr: Recovery Islug in)

WELL VAT A

Conducred by: Grimes and Howe
Entered/date: 12/102

Checketdldale: S f41L b ;;1 /z/2tS/zD

CALCULATION or K TEST DATA

SHLe 8s48 (II IJ1OC)
VWD= 26.10 (hBt1OC)
WD= 24J60 (t BGS)

DTSP = 12 70 (H lBGS)
c= 0 08 (II)

n=- 030

IN 0.33 (t1)
rc (adiusteer) 0.08 (8)

Lt 96 (ff)
LUv 17.G2 (11)

Le/ne = 29.09
H o S 0 (hl

Calculavlon of Intneimw

K . I(rc^2 It(Re/nrw)2Lej'(ItI)l,(yo/yr)

yo a 3 022 (t) from pot
yt = 2.000 (8) from plot
I = 1.868 (Mminules) from plot

In(Rel/n) = 2.38

K . 2.5E-01 ((fday)

K a. 9E405 tens/ect

Elapsed toMe I Log y I I WL ILat Logger
Imin) llt) m RTOrM _estus

Wtert Lw . H,

Inlce/) jl .ttlLwaru))(Alnll Lwlrw)(L8(twlr1 2.38

Where: Lw . H.

fnl(.R) I ttl lNIwsn IC/Lerw .= 2.80

Calcuolt.on of Coelttcienis
Valve r In e Io. h alNe o0 Coefcients
Lent ce A R a 1 C oL 4t . .M A etroet ens O

Inte2Moated valus ol A. R and C for Le'-nw
909 74 034 1 20

Coefnrcienis Table

4

601oi 1I.i

Rleference: Boower,(9891. Bouwer and Rlce(1976)

2.5.4B-1 "



OW-844 (slug-in) Recovery vs. Time
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MACTEC Engineering and
ConsultingMCE I V 3301 Atlantic Avenue

! 1L Raleigh, North Carolina

Slut! Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: j. )-.'- IJ-I3 - V,4-Time: ., ObservationWellNo.: C"--; 6 ft

Westher Conditions: . !, <. , J )

Method of Slug water, Test Metod: RisingHeadbr
Witlidrawl (circle one): pressure Falling Head

(circle)
Diameter of Screen: *:. in. Diameter of Casing: - in.
Total Well )L. '1. ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of ' • ft Depthintervalofscreened iLI,-h)U.- ft
Screened Section: portion:
Depith to Groundwater: y. ' * ft below reference point

Groundwater Measurements Collected Prior Comments/Remarks
to Slug Test

Depth to Groundwater Date

/ f__.__________1_______________ * 9 ;
2

_s -;

**7 t ,, -T t rr.

'I , .j .~-I -.- - t , f ,
i 1-z- A.~

f: "L- si'1-

2.5.4B-1 35



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Well. OW f44

lest Date 12/132002

Test Type. Reco rery (slug ougt

WELL CATA

Conducted by Grimes and Howe

Enteredidate: 121t1502

Checked/date: '- 1? / /oC2qz_

TEST DATA

SWL = 8.48 ttt E IOC)
WD= 26.10 t1t BTOC)
WD = 24 60 Itft BGS)

DTSP = 12.70 (It BOS)
rc = 0.08 ttt)
n= 0.30

CALCULATION OF K

K = Ilrc2 tn(F`c1lw)lY2Lel(t/l)n(voivtl)

Vo = 3.318 (It) trom plot
Vt = 2.052 (Jt from plot
I = 1.966 (mwiutes) from ptot

IntRelrwi = 2.38

K . 2.8E-O1 (t/day)

K = 9.9E-05 lcm/sec)

Elapsed time Loo V I .i WL4 I Data Lorqqcr
IIini 1H In n.1

0
).881

rw= 033 (It)
rc (adjusted) = 0.08 O t I

0.c
OX

0.10
0.~

3.479
3 459
3 4

Le= 9.6 (t)
Lw = 17.62 (tl)

Le rw . 29.09
H = 5000 ('t)

-I

11

3 419

tCalculation of in(Re/rw)

Where: Lw . Rc

initle/rwj = (( t.t/(l nL wnrlA.tHA.Rln(tH LwVrw))/Le/rw)l I = 2.38

Where: Lw = H;

in(Relr) = I1 l an/fw)l e/melwi-1 . 2 86

0.52
0 52
0 52
0.52
0.52
0.5t 3 263

ct;lculaionol o Coellicients
Value ratna tort e/rw trom Table of Coelficienis

_ P Nrs_ C I
1I9

lilerpolaled values ot A R and C tor telrw
j 29.09 2 49 V 0.34 2.06 1

.7 2.946 t it

Coellikients Table

= A83 I

4- 12

31
0

7- _ 10 359 _

= 8.201 j 0 SO

1.433

Re'erence: Bouwer(1989L. Bouwer and Pice(1976) 4 1.097 9

0.709 9-1
0.65 9.

7.9697 -0 23 0 591 9 071 I 0.591
-0.27 T 0 536 9.016 _ =
-O 32 0.484 8.964 _

77
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OW-844 (slug-out) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

1Li Raleigh, North Carolina
Slug Test Data Sheet

MACTEC Job Nime: North Anna ESP MACTEC Job Number: 30720-2-5400
Date: I0-//)-t d- Time: / Observation Well No.: 6 Y'r
We2!ther Conditions: A'v- A 5
MethodofrSug water, ecbanial, or Test Method: Risiaead or
Withdrawl (circle one): pressure ^aling Head

Diamneter of Screen: , zin. Diameter of Casing: in.
Total Well 5-&6c'ft below reference point Reference Point: Pennanent mark on top
Depth: of casin2
Len gth of r '7 ft Depth interval of screened 4 6 -- ft
Screened Section: portion:
Depth to Groundwater: a7-iHeft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date

5LIF. , -&v1p A h 1_ 4v&s _,,* . Sd U

Z.' , .- . -, 4,,,~-- ;Z,: L. tr-

I I 1 3 lip-P -) _... - i . S

It'./-
i),p', "

-1r, .. L /v 11 ;, , - -), j-'Z- t,

J.. e

2.5.4B-1



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Well: OW-8 5
Test Dare 121121.'002
Test Type: Recovery (slug inm

WELL DATA

Conducted by: Grimes and Howe

Entered/date: 12/15/02
Checked/date: - ;./2c'/C Z

TEST DATACALCULATION OF K

I

SWL = 24.72 Itt HIUC)
WD = 56.50 (ft BTOC)
WD = 55.00 (1: BGS)

DTSP = 39.70 (ft BGS)
rc = 0.08 (ft)
n = 0.30

rw = 0.33 (fr)
rc ladjusted) = 0.08 (MIt

Le= 9.7 (it)
Lw = 31.78 ftt)

Le/rw = 29.39
H= 50 00 (It)

K = J(rc^2 In(Re/rw))/2Le|( t/tpln(yo/yt)

yo = 0.048 (h) from plot
yt = 0.025 (fh) from plot
I = 0.470 (minutes) from plot

In(Re/rw) = 2.70

K = 1.8E+00 (ft/day)

& K = 6.3E-04 (cm/eec)

( 1s> & ,i, P*>/)

Ltapsed timeI Log y y - WL
(min) | (fh (f BTO )

._ . _.

. -0.003
* -0.003

0.033-1 -2.40 1 0.004 24.71 E_ . -0.004 _

LData Logger
results

0.044 1 *2.52 T 0.003

-24.717 7 -0.003
0.077 1 -2.52 1 0.003 24.717 1 -0 003
0.088 1 -0 74 T 0.182 24.!

.0.349
o -0.281

0.132 1 -0.59 f 0255 24465 *0.255
0.143 - .80 - 0.159 24.
0.154 -0.58 0.262 24.4
0.165 -0.54 0.291 24'
0.176 -0.50 0.317 24.4
0.187 -0.49 0.324 24

Il

403 = -0.317
Calculation of ln(Re/rw)

Where: Lw e H.

In(Re/rw) = ((1. 1/(tn(L w/rw)l.r(A+Dln((lH-Lw)/rw)l/(Le/rw)^-1t= 2.70

Where: Lw = H.

InlRe/rw) = tt1.1/(lnlLw/rw))l+(C/(Le/rw))11-1 = 3.23

0.198 -0.33 - 0.467 1
0.209

-0.094

-1.19 0.065 24.f
0.2552 * -1.26 0.055

-0.174
-0.065
-0.055
-0.0 12
-0.187

_ 24.6
0.3128 -1.07 - 0.086 I

-0.12
0.086
0.003
0027

0.3295

Calculation of Coefficients
Valure ranoe for Le/rw from Table of Coefficentt

-1.28 0.053
0.3857 1 -1.12 0.076

' a' l ' 1
72.41 0.31 1 I
2.5 1 0.35 t !2.1

24 .667
24.644
24.645 =
24 .661
24.672 =

-0.053
-0.076

-0.059

_ 30 I -0.048

Irterpolated values of A. a and C for Le/re
r 29.39 1 2.49 1 0.3S 1 2 081

-1.34 1 004

2 1 -0.046 I
.137 I 0.043 1 24.f

0.5925
-0.039

I 24.683 -0.037
-1.44 0.036 1 24.684

Coetlcients Table 0 .7177 -1.46
A 7FA- ; ._V |

0 77Y *1.49u~~o 1 -tea J.032 I

5

7
8
9

10
15
20
25
30-go

1.77

1.90

3 .90

2 .23
2 .4 0

2.75

3.70
3.90

4.20

5.45
6_10

8

10

20

25

40
50
605
70

40 1

70

0.25

0.25
0.25
0.25
0.27
0.29
0.3t
0.35
0.45
0.50

0 60
0.65
0.70
0.75
0.98
1120

1.50
1.90
2.20
2.33
2.50
2.70

7
-8 1.10 1.0883 -1.66 T i
9 1.20

10 1.30
15 1.50
20 1 .75
25 1.90
30 2.10
40 2.45
50 2.70
60 3.00
70 3.40
80 3 60
90 3.85

t00 4.20

0.1 24.701- -0. 09
0.017 24.703 + _0001 71.2677 -1.77

I.3622 -i

4 6 = -0.014
1.6133
1.7072

-1.89 0.013 1 24.707

6

-0.01
-0.009

74 1115-1 60 ' 0.25 - n 002
-I .6 ~0.023 24 67 _ -.

0.09 24.711
0.007 [ 242.1415 i -2.15

2.2667
2.3992

-2.15
150 5.70

-- .OM

300
400

IL, 0U01,4

300( 7.10
400
500

7.75
h- .20

600 11.10

730 1 1.S0
30
9w-I

830
900

11.80
12.000MT 9nO

1090 2 9 _ 100 = 2_83 100O0o 12.40
= 1 1 =Ii _ I Ss 31b I s b r- I2.90

Reference: Bouwer(t989). Bouwer and Rice(1976

2.5.4B-1 3!



OW-845 (slug-in 12112102) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

MCB CSlue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: '." - Time: ' Observation WellNo.:
Weather Conditions: ' - *is. -
Method of Slug water, n-ch-nical, or Test Method: Rising Head or
Wit hdrawl (circle one): pressure .falling Head,

(circle
Diameter of Screen: -jin. Diameter of Casing: .1 in.
Totail Well < ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of ' ft Depth interval of screened '- 3i.3 ft
Screened Section: portion:
Depth to Groundwater: L-' I -- ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date

= 1 , -A I l'CSu. "'' " -

.;r *. -

. '.._ I _ , -,,

I I

2.5.4B-1 41



Nofth Anna ESP Project
Hydraulic Concdtivity (K) Calculation Worksheet

MACTEC Job Number. 30720-2-5400

Well: OW-84S

Test Date: 12117/2002
Test Type: Pecovery (slg in)

v"ELL DATA

Condwcted by: Gnmes anrd (awe

Enteredidate WSGIQ/18/02
Checked/dale: ; AJQ/ /./zc/Oz_

TEST DATACALCULATION OF K

SWL . 24.65 16 STOC)
WD. 56.50 (h DTOC)
WD,= 55.0S o h DGS)

DTSP = 39.70 Ift SGS)
rc = 0.08 (h)
n a 0.30

K .l Mrc^? kslFerwi)/2Le)l (Urk(yo/yIt

yo = (I) trom plot
yt = (h) from plot
t = (mfnules) trom plot

ln(Re/nw) = 2.70

K . $DI Viol ()tday)

K - #DIVIO! (cm/ne)l

Elapsed time Lo9 Y WL Data Logger
(min t thl__ th M TOCM LIesh

' 0125

rw. 0.33 (h)
rc (aqsletd) = 0.08 () I

Le . 9 7 1t1
Lw. 31 es (h

Le/nn 29 39
H . *000 (h)

Calculawon ol bsllar.w)

Where: Lw. ft.

In;Re!rw) = 11 .lelt(Lw/nw),lABlnl.Lwl/iwiyiLe/iw)r 1 2.70

Whewe: Lw . H.

IntR/nwl . tl i0 I(wkw * C/ l.evrw -I 3 23

Calcularon of Coefficients
Val.c rans br tefrom Table of Coenti ants

I erm I A I 13 I C -
2.4 1
9s1

InLeilaled valies ot A II and C tar t elew
r | :.9 0.35i 208 I 0 S315 -

Coellscier.ts Table

F-

15is1

o 0093

alere erce: Bouwer(19891. Bouwer and Htice(1976)

- 24.564 0.086 1
46565 _- 0 085

24 578 _ 0.012
2457 _ 0 072

12462 -I 09 I 8 0 08 2 1 24 d568 Lo 082 J

2.5.4B-1 4



OW-845 (slug-in 12/17102) Recovery vs. Time
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MACTEC Engineering and
ConsultingACTEC3301 Atlantic Avenue

J Li Raleigh, North Carolina

Slut! Test Data Sheet
MATCJo ae:NrhAnnEP MACTEC Job Number. 30720-2-5400

Date: ITime: 15,y-1; Observation Well No.: '
Weather Conditions: 4-41., ~i- O-I.W't4 ).--
Method of Slug water, ec-dfia-nl~e or Test Method: (lV.s~inHeia or
Wit~hdrawl (circle one): pressure Falling Head

(circl)
Diameter of Screen: c~in. Diameter of Casing: ~ '. in.
Totail Well 5-~ ~ft below reference point Reference Point: Permanent mark on top

Deth: of casing
Leng3th of ~ I' %7 ft Depth interval of screened L43--.-~7Jft
Scruened Section: portion:

Žith to Groundwater: ~'. ? ft below reference point
Groundwater Measurements Collected Prior Commients/Remarks

to Slug Test
Depth to Groundwater Date

.) 1-1.e:- J T^

)L A z.. r

50)

b-'" - : ~* ~-/'•J-4

4 tJ, -**

2.5.4B-1 441



Well: OW-845
Test Date: 12112/2002

Test Type: Re.-overy (slug out)

WELL DATA

North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Conducted by: Grimes and Howe

Entered/date: 12/15/02

Checked/date: , /;14t3,c.,, /2

SWL = 24.72 (it BTOC)
WD = 56.50 (It BTOC)
WD = 55.00 (It BGS)

DTSP = 39.70 (ft BGS)
rc = 0.08 (ft)
n = 0.30

rw= 0.33 tfh)
rc (adjusted) = 0.08 (h)

Le = 9.7 Ift)
Lw= 31.78 Ilt)

Lelrw = 29.39
H = 50 00 itf)

CALCULATION OF K

K = I(rc02 In(Re/rw))/2Le](1/t)ln(yolyl)

yo = 0.065 (Il) from plot
yt = 0.027 (It) from plot
I * 0.369 (minutes) from plot

In(Re/rw) = 2.70

K = 3.1E+00 (tt/day)

K = 1.1E-03 (cm/sec)

Elapsed time Log y _WI. |Data Logger

0 tNUM! 0.000 24.72 24 72
0 011 -1.77 0.017 24.7:37 24.737
0.022 -0.71 0.196 24 916 24.916
0.033 0 24 1.720 26 44 26.44
0.044 -0.54 0.290 2501 25.01
0.055 -0.99 0.102 24 8.'2 24.822
0066 0.49 0.324 25 014 25.044
0 077 -0 23 0 585 253()5 25.305
0 088 0 30 0.506 .25 2.V6 25.226

TEST DATA

0.099

24.73 1 24.73
0.132 -2.52 i 0 003 24 7.3 1 24 723

Calculation of In(Re/rw)

Where: Lw < H:

tn(Relrw) =i1 1 )(ln(Lw/rw))1.(A+Bln((H-Lw)/rw))/lLelrw)W-1= 2.70

Where: Lw = H.

In(Retrwi = I1 .1/(ln Lw/rw l)ltC/(t.e/rw)r 1I = 3 23

0.143 -1 34 0 046
0.154 -0.92 0.121
0.165 .0.82 0.153
0 176 -081 0.154
0.187 -. 0.90 0.125
0.198 .1.02 0.095
0.209 -1.12 0 076
0.22 .1.21 0 062
0.231 -1.16 0.069

0.2427 -1.06 0 088
0.2552 -1 05 0.089
0.2683 .1 03 0.0g4

0.2823 -0.30 0.501

0.2972 -0.82 0.151

0 3128 .1.37 0 043

0 3295 -1 19 0.065
0.42 -1 . 062

0.3658 121 0.06

0.3857 .t1.25 0.056

0,4067 -1 .30 10.050

24 8 3 24.873

24 815
24.7'6
24.7E2
24.7E9
24 SC8
24.809

24 796
.24 782
.24.789

24 808
24.809

Calculation of CoefficienitS
\'alue ranqe for Le/rw from Table of Coelficient!

11rw A I B I C
0311 1.9I

I 30 1 2.51 0.35 _
I 0o045

Intermollted values of A 8 and C for Le/r-
F 29.39 1 249 1 0.35 1 2.08 j

0.5035 1 -1.38 0042

06257 -1.49 I 0 032

Coefficients Table

. Lelrw I �,

0 6608 -1 54 0.029
0.6982 -1 57 0.027
0.7377 -1.59 0 026
0 7795 -1.60 0.025
0 8238 -1.66 0.022
0o8708 -1 70 0.020
0 9207 -172 0 019
0.9733 -1.77 0.017
1.079? n 0o016
0883 -1 80 0.016

1.151 -1 89 0.013

24 87I 24.871
24.763 24.763
24.785 24 785
24.782 24.782
24.781 24 781
24.775 24.776
24.7i 24.77
24.7, 24.77
24.7. 24.76

24.76 5 24.765
24.76? 24.762
24 75 3 24.756
24.7e 24.76
24 755 24.756
24 752 24.752
24 749 24.749
24 74r 24 747
24.74,, 24.746
24.74.5 24.745
24.74:? 24.742
24 74 24 74

24 73fl 24 739
24.73;'- 24.737
24 733; 24 736
24 731. 24 736
24.73:F 24.733
24 73:1 24.733
24.73. 24.732
24 73 24.73
24.73

24 72'_ 24 729
24.72:' 24.727
24 7231 24.726
24 721 24.726
24 72' 24.724
24 72', 24.724

090

8 1.83 _

9 I

7
8
9

10
15

1.00
1.10
1.20
1.30 1.2173 -1.89 0013

15 F 0.27 1.50
20 1 2.23 20 0.29 1-
251 2 J 1 25

1.2877
1.3622
1.4412
1.5248
1.6133

t1

2.45 -215
50

60
70
80
90

100
150

345
3.70
3 90
420
4 .50

60
70
80
90

too

0.50
0 52
0 60
0.65
0.70
0.75

50 2.70 1.7072
0.007
0.006
0 006
0.004
0.004- 2.0233 1 -2.40

90
100

3.85 2.1415 -2.52
4.20 2 2667 _

5.45 150 0.98 '1501 5.70

0 003
0003
0.001
0.000
0 000

24.72:1

200 6.10 1 200 24.72 1 24.72
24.72 24 72

1.50I - 300 I 8.80 2 846 1 #NUMI -0 001

400- 7.75 400
500 = 8.20 L 500

1.90
2.20
2.33
2.50

-24.719

24.717 24.717
700 11.50 3.5753 1 #NUM' I -0 003 24.717 1 24.717

2.70 800 11 so
9u0 2 75 900
1000 2.831 1000

12.00
12.40o000 920

3.7855 NNUM' -0.004 24 71E 2471f
4.0082 IINUM' - 003 24717_ 24717
4.244 #NUM! -0 004 24 716 24.716

4 4938 j NUMi -0 004 24.716_ 24 716
4.7585 #NUM' 0.004 24.716_4 2.716

I

_9 50I 1500 Q 3.1 81 1 12

Pefor...... o--.,f1QAQ1 Bo-..-andRiref1Q7A S R 038 gNMr, " -0) 004
I amreic uzuscl ;wR nL~JUC ll ................................ s7x .... vv......w-vws

I
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OW-845 (slug-out #2 12/12) Recovery vs. Time

1 0.000

1.000
1w-0

0)
1-

0

A.1,*

*- F . v

(.1 00 -4'

I-

(.010 +*

0.001 --

0 q

v_ 0i e Thin- i ot--TC^~., 'Tb

.121tR Zge. axZ.

* S

"-,

0 2 4
Elasped Time in minutes



5 j,-.7- -
MACTEC Engineering and Consulting

r A 3301 Atlantic Avenue
Li _Raleigh, North Carolina

*T Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: 'J/,/k Time: ' ,. ObservationWellNo.: ti.-brs

Weather Conditions: j-'<, >

Method of Slug water, Iecb -ico, or Test Method: Rising Head or
Withdrawl (circle one): pressure -- '

(circle)
Diameter of Screen: p in. Diameter of Casing: 1 in.
Totall Well 3t 3o ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of 1 ;h- fi Depth interval of screened to -3M4ft
Screened Section: portion:
Depth to Groundwater: J'8i ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Blah to Groundwater Date -

e)-ql el Dl -

1. ' e i1A - - -Jo-

2.5.4B-1 4



North Anna ESP Project

Hydraulic Conductivity (K1) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Wetl: CW-846

Test Date: t it12/2002

Test 7ype: Recovery (slug in)

WELL DATA

SWLC 24.82 lit BIOC)
WD. 34.30 (It STOC)
WD = 32.80 Itt BM S)

DTSP . 20.30 (I1 BGS)
rc 0.08 O it)
n= 0.30

rw= 0.33 (it)
rc (adjusted) = 0.19 Itt)

le= 9 75 fit)
Lw = 9.48 (tl)

Le/nw 29.55
H 50.00 Iltt

Calculation o0 tntRe/rw)

CALCULATION OF K

Conducted by: Grimes and Howe

Entered/daic; l5tS102

Checked/date: ,A ,v x/7.r /Cp;
TEST DATA

Elapsed time Loq V . \VL Daia Loorer
I n tl$I W Is Iu.ns

O #NUM ]O 24. O
0.01 t -300 on I0.001 24.819 I 0001

K - roM2 ln(HeIrwtt/2Lel-(l/ltnsyolyt)

vo = 0.704 (tt) from pot0
Vt = 0.495 (tt) from 81ot
t = 1.069 (minutes) from plot

lIn(Re/rtv) = 2.13

K * 1.SE400 (tvday)

K = 6.8E-04 (m1/secl
0.099

0 187 7L 0.41 I 2 593 1-22.7277 A1 -2.5q31
-306 1

Where: Lw l H.

ln(FRe/rw) - I 1. tl(InILw/,wM)t)tA-BInl(H Lwirw)l/(Le/)r-1t = 2.13

Wshere: Lw = F;

r.(Rr./nvt I llt rl/ w/rwtIt.IC//Le/rw))1v-t = 2.50

-1.617

-i.W

Calculation of Coelticients
-n I - nw Irom T.a. l r.,,fAi,-j1 0.3857 _ 0 732 1 24.011I8 *-0.732

-s:

t .04
I MY 2

1 4-
t O.?

I.-I-olIed sI,,es ot A SA -nA C trr I rIrw O Qi4

[ 29L 2.491 - 0 35 2.08t
- _0.08 0 823

iI -0.1 .8

-0.872
7 -0 823

0 7A3

0.6257 1 -o.t21 0.754 I 24.06 - -0.754
*o734

I 717

Coefficients Tatle 0.704
O 692
I 682

0 6r 24.1437-0 671

___ 8 F-1 83

1 9&18 - 0.32T 0.48 1 24 3.1 -0 48 -
0 46s

*.447

_ 250

Ss-o0 - 1 0_60
600 1

70 -j 810 iOO I 2.50 1 700
800 1 _ 89__0 2.70 1 800

7 46171 o -0 40- 0396 744241 t-0.336

Rolerence: Bouwer(I 989). Bouwer and Rice(l976)

4.846 -04t1 0391 24.429 -0.391

5.6793 -0.41 0.386 24.434 _ -O 386
5846 -0.41 0.385 24 435 _ 038

60127 -0 41 0.385 4 435 _ 0 385
6 1793 -0.42 0.383 24.437 _
6.346 0.42 0.33 24 437 -0 383

10127 0 42 _I 0.382 24.438
7.1793 -0.47 0382 24.438

7.3- 1T46 _ -0.42 I 0.3?A$? 24 438A -j

-0.382
-0 387
-0 3P2

2.5.4B-1 Z



OW-846 (slug-in) Recovery vs. Time
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MACTEC Engineering and
Stag/ /1 Prn maConsulting

3301 Atlantic Avenue
Li LXRaleigh, North Carolina

Slut Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: '. ~-/j-i. Time: LI-3 fi5-3 Observation Well No.: g..-
Weather Conditions:..h-f 5.. .'-.s J-/45-;>j- 5 &-

Method of Slug water cc1iiecbainkpl, or Test Method: CRiing Hadlor
Withdrawl (circle one): pressure Falling Head

(circle)
Diameter of Screen: S- in. Diameter of Casing: A2. in.
Total Well ' ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Leng-th of '5I7S ft Depth interval of screened 14
Screened Section: portion:
Depth to Groundwater: I". !?A ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date e .i'; I

~~z-~~ .* .- ~ ;-.''i

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L. v. S t .

- - . ., ,-4-. .c 3 o. r
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North Anna ESP Project
Hydraulic Conductivity (K) Calculation Workshct~

MACTEC Job Number 30720-2-5400

Well OW.846

Test Date: 12(1?21002

Test Type: Recovery (slug-out)

Conducted by: Gnmes&Howe

Erleredldate. Grimes/t2/1Sr02

Checkedldate .3),v 2

T EST DATA'NLL DATA

SWL - 24 82 Il BTOC)
VID . 34 30 (It STOC)
VID = 22.80 (t BGS)

DTSP 20.30 (ft GS)
rc_ 008 (tl
n. 030

w. 0.33 0t)

rc (adtistrd) * 019 (Il)

I.e 9 75 t1)
Iw. 948 tn)

L.0 w . 29.55
H. 50 00 IftI

CALCULATION or K

K . Itrc^2 tlnflelrw))/2Leelttmntvov

yo. 1.707 tM)tromPlo
VI . I. 162 (n) trom Pri
I 0 652 (minutes) Ironm plol

ltn(Renw) . 2.13

ElaPsect herr Log I I y I WL 7)aba Logger
(mini nn I RI TOC _ results

K = .AE4O00 (trday)

K-. 12E03 (IcMs/

Cakulaton ofl nRerwl)

Wrere Lw < H

In(Reirw) . It(I ti/nlnLwrwll).(AB3nltH-Lwilrwj/(Leen)Jlu- 213

Where: Lw = H

-.- erw . ItItlnf l wIw)~ti ~ -wl I.?5
I".. .... 1, -1Calcu 1-1 ah-on1 of Colcet

Car ubl ,oln of Cerffic ents
VterarelrLerrlr- t v bah o Coe Iken.

2S 24S1 031 =

_nte 2ator 1 r 0 ladCts !-/r

295St1 441 035 - 2081

Coeficients Table

felermince Bouner(1989). Bouwer and Rce(1976)

I 25 5s7 L 25 SS I

-o"
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OW-846 (slug-out) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

Raleigh, North Carolina

_1 Slus! Test Data Sheet_
MACTEC Job Nime: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: / Time: 1310 Observation Well No.: vc -9qi

Weather Conditions: t".-, f _C 's
Method of Slug water,(nic- or Test Method: Risi Ijead or
Withdrawl (circle one): pressure ( <ing7Head

(circle)_
Diameter of Screen: ,,t in Diameter of Casing: x in.
Total Well 7_,- fi below reference point Reference Point: Permanent mark on topn
Depnh: of casing
Length of 7.? ft Depth interval of screened 3At--vS'-ft
Screened Section: portion:
Dplh to Groundwater: ,'-/.4fi below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date 'k., !v, .c.

3'1.31 ' i -Ig, i . ,:-

_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _-_ _5__ _ _ _

._ t; ' Ij { &_ - 7,:,

' I
"j e- C

.; . . ;~ , _.

IL/ / iL j 5

I _;.,. , ,( ,-\1.nt-

- -

1.1

I)rX 1;. ,, _, It
Ls , - . ',L& X , -!L ........ %:_*^T

40 C: A1



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number. 30720-2-5400

Well: OW-tt47
Test Date: 12/1:J20O2

Test Type: Recoiery (slug in)
WELL DATA

Conducted by: Grimes and Howe
Entered/date: 12/15/02

1lST DATACALCULATION OF K

SWL = 34.31 (ft BTOC)
WD = 51.30 (tt 3TOC)
WD = 49.80 (ft EGS)

DTSP = 35.00 (tI BGS)
rc= 0.08 (ft)
0= 0.30

rw . 0.33 (It)
rc (adjusted) 0.08 (It)

Le= 7.9 (et)
Lw= 16.99 (It)

Le/rw = 23.94
H = 50 00 (II)

Calculation of tn(Re/rw)

K = I(rc'2 In(Relrw))/2Lel)(1/t)ln(yo/yt)

yo = 2.480 (It) fom plot
Vt = 1.195 (It) from plot
I = 1.620 (minutes) foom plot

tn(Rel/w) = 2.27

K , 5.86E-01 (ttrday)

K= 2.1E-04 (em/sec)

Where: Lw' H;

tn)Re/rw) = lil.1/(ln(Lw/rw)l),IA.Blnr(HLwyrw))/(Le/rw)hl = 2.27

Where: Lw = H:

ln(Re/rwl = III 1/(ln(Lovirwl)lIC/(Le/rw)lt'-1 = 2.78

Elapsed time Log y y | W. | Data Logger

0 CNUMI O _34._ 1 _ __°
0011 -2.40 0.004 34r3)6 0O004
0 022 2.40 0.004 34.3)6 0 004
0.033 2.40 0 004 34 31)6 0.004
0.044 -2.40 0.004 34.30)6 0 004
0 055 2 .52 0.003 34.3017 0 003
0 066 -3 00 0.001 34.31)9 0.001
0 077 -2 40 0 004 34.316 0 004
0 088 -2 52 0.003-X 34 3(7 0.003
0 099 *3 00 0.001 34,3t9 0 001
011 CNUM' 0 34 31 0

0121 -2.52 04003 3t.3C 7 0003
0 132 -2 52 04003 34 3C7 0 003
0143 -300 0001 343C_9 0001
0 1S4 -3 00 0 001 34 3C9 0 001
o1I65 *3.00 0 Do1 34.309 0.001
0 176 -3 00 0.001 34.30_ 0 001
0187 NNUMI 0 34.3' 0
0 198 -3 00 0.001 34.30_ 0.001
0.209 #NUMq 0 34 31 0
0.22 -0.63 0.233 34.077 -0 233

0231 -0.45 0.352 33953 -0.352
0.2427 -004 0.916 33.391 *0.916
0.2552 0.01 1.028 33 28:. -1.028
02683 o0.2 1.045 33.26! -1 045
0 2823 0 11 1.277 33.03:1 -1.277
0.2972 0.23 1 692 32.6111 -1 692
0.3128 0.30 1.986 32.3217 -1.986
0.3295 0.36 2.269 32 041 -2.269
0.3472 0.38 2,418 31.891_ -2.418
0.3658 0.39 2.447 31 .86 = -2 447
0.3857 0o44 2 764 31.54f -2.764
0 4067 0 47 2.975 31.33t -2.975
0.4288 0.50 3.189 31.121 -3 189
0.4523 0.50 3.194 31.116 -3.194
04772 0.50 3.149 31.161 -3.149
0.5035 0.52 3.318 30.992 -3.318
0 5315 0 47 2.966 31.344 -2.966
0.5612 0 48 3.028 31.282 -3 028
0 5925 0 43 2.679 31 631 -2 679
0 6257 0.46 2.905 31 405 -2 905
0 6608 0.40 2 508 31 .802 -2.508
0 6982 0 48 2.991 31.319 -2.991
07377 038 2.41 31.9 -2 41
0.7795 0 39 2.48 31.83 -2 48
08238 0.38 2417 31.893 -2417
0 8708 0.37 2.359 31.951 -2.359
0 9207 0.36 2.299 32.011 -2.299
09733 0 35 2.243 32 067 -2.243
1 0292 0 34 2.181 32 129 -2181
10883 0.33 2.119 32 191 -2 119

1 151 0.31 2 057 32.253 -2.057
1 2173 0.30 1.993 32.317 -1.993
1 2877 0 29 1.931 32.379 _ 1931

Calculation of Coelficients
1 ca I lrnnr t- TV. M. cr ..

3 04 7 2. 5 _

l

cr I
1.75 1

21 1

In erm ated values of A 3 and C for L w/rw.
234 I 031 | 1.8 I

Coefficients Table

5 1 1.761 5
6

0.2 6 085

0 25 1 7 1.00
0 25 I. a8 I ... 1.10I

7
8 I 83 i 8

1 3622 1 0 27 1 1.868 32.442 -1 -1.868
1 44123040a 'AU

30 1 2.10> 1 5248 142 7:;

_345
3 73

_390
.1 20
-I 50

1.8065 1 0 91 [ - 1 533 32777 W -11533
0.65 . [o 1 3.60

300 100 0 75 [
33.049 1. 1
33 115 _ 1.19512 3992 1 0 08 I 1.195

250 1l 1 30 250.1 800
-300 | ta50 } 300

- . 75T .4X031 190 400 3128 j 00 0 937
3 1897 -0 06 1 0.875

1 I

360 33.435 - 1 -0 875
I[In 3:

700 1 &
80 R-M go

70 f s250
8110 I 370

900 I 1.00 1 900I -. 2.75

700 11.50

600 182 00
I ON4- 12 40

_ so I 5() X 9
4 244 -1 -0.23 1 0592 33.718 1 -0 592

Reference: Bouwer)1989). Bouwer and Rice(1976) 5.0388 I -0.35 1 00447 33 863 0 44 704

59833 -0.48 0 329 33981 2
6 3362 -053 0.296 34M04 -0.296

7 5253 1 -0.67 1 0.216 I 34 094I 7967 -0.73 0.193
8 4433 -0.77 0171__8 
9188 0 81 0 154 _

1 117
-0.216
-0 193 l
-0 171
-0 154

2.5.4B-1 54



OW-847 (slug-in) Recovery vs. Time
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MACTEC Engineering and Consulting
0n0 A3301 Atlantic Avenue

VL Raleigh, North Carolina
SlueJ Test Data Sheet

MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400
Date: j>/j'3.'. Time: ^ Observation Well No.: {ant -.q~
We:ather Conditions: .5.,,... . .,4,.. .2 ,

Method of Slug s-ater,(clafica2, or Test Method: (Rising Head or
Wit bdrawl (circle one): pressure Falling Head

(circle)
Diameter of Screen: .A in. Diameter of Casing: _.)- in.
Total Well P '. - ft below reference point Reference Point: Permanent mark on toD
Depth: of casing
Length of QC' f Depth interval of screened P ' 7 ft
Screened Section: portion:
Depth to Groundwater: . ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test . -

Depth toGroundwater Date -

31 , !i';±
SX~~~~~~~~~ : @* / o ?, .,,.,: ,.
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T.sr T e y eeoW y plu9 ouor

WELL OATA

North Anna ESP Project
Hydraulic Conducthvty (K) Caiculatror Wolksheet

MACTEC Job Number 30720*2-5400

COndrortd DY Gnrncs and How.

Eol-red/lrd. WS1311211&8

CheckrEdS lD ATA

TEST DATACALCULATKON Of K

SWL . 34 34 (p a IOC) K 1.('c2 In(H./rwiY2L.rltA()Iyofy1r
WD= 5130 (t STOC)
WD= 980 (9 60S0 yo . 3543 (f) Ircrn plol

DTSP. 3500 (I800t y:. 239TthorrproA

" * 008 0 (h I 0 761 (rwUtr..) Irorn pkn

n 030 In(30nw). 2 27

rw . 3 33 th)
.0 Iudi 0 038 tn) K . 66E641 (ft/d.y)

L-. 79 ("It K= 2.3E04 (C's.e.c
Lwr . IoO 96I

L.w . 23 94
_ H= 5000 94

twIps..drlnr LO9 Y Yi WL Our. Lw'So,
_L^ _ L_ ( I fir IIT0C1 LISXOW

Wr.r. Lw H.

hNRes s =1t (^L l-Aeng wrla wr* 2.27

tWel, Iwr .10 vfL .OI Lw . L - 2.78
Wr1e, wu ON fl w~}.~~Z l11.27

Caklcuro of4 C-..er.rs
VI.ho A or L.- 1rwIo T7.1. od Cweffn-s

2nr .o1l 24/cs o 1 A aced C (o LA '.
23041 2341 03X1 t91

Crelaren-s I.M.

RiWn. Bcs 3ru 8 Boses , .04d 80-11976)
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OW-847 (slug-out 12-17) Recovery vs. Time
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

1L JRaleigh, North Carolina

Slue Test Data Sheet
MAlCTEC Job Nanme: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: t>-h-v,- Time: I Thy Observation Well No.: i--8zf

Weather Conditions: ' 3u '

Method of Slug water, !ha, or Test Method: R Head or
Withdrawl (circle one): pressure (E ai

(circle)
Diameter of Screen: ;in. Diameter of Casing: l in.
Total Well 7qY.F} ft below reference point Reference Point: Pernanent mark on top
Depth: of casing
Length of s .rc ft Depth interval of screened 9- 7.Jft
Screened Section: portion:
Depth to Groundwater: '&l±6- ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date ' / vi-. - - '

_ 43. e41 IJ-/o6/pr-

2.5- 'F'.it y.

st-1 3 s: o S. , /1: j l -e

bl f' ~~r 2 ' -- / 8 8 ;' '? ( -'?

2.5.4B-1



North Anna ESP Project

Hydraulic Conductivity (K) Calculation Worksheel

MACTEC Job Number: 30720-2-5400

Well: OW-543

Test Date: 12/13/002

Test Type: Flecove ry (slug in)

WELL DATA

Conducted by: Gnrmes and Howe

Entered/date: 12/15/02

Checked/date:.- S ,,j ,; -~soa

TEST DATA

V - .. X .1.. . I .

SWL = 42.65 (Itt 8 OC)
WO = 48.87 (tt BTOC)
WOD= 47.37 (It EGS)

DTSP = 39.10 (tI BGS)
rc = 0.08 0ftt
n = 0.30

rw = 0.33 (ttt
rc (adjusted) = 0.19 (tto

Le = 5.02 (ntt
Lw = 6.22 (ttI

Le/rw = 15.21
H = 50 00 Itt)

CALCULATION OF K

K = I(rc12 In(Fle/rw))/2Le1'(/lit)nlyo/ytt

YO = 1.537 (It) from plot
VI = 0.953 (tI) from plot
I = 1.255 (minutes) from plot

In(Re/rw) 1.67

K * 3.4E,00 (ft/day)

K = 1.2E-03 (cm/sect

Elapsed time I ogy

I 
coni%

aV IVData Logger

0.066 1 -2.52 1 0 0
o f -.300 I I
0o -300

n(I

- 0 11 4
0 752 4

1.013 4

I 261 4

0 0154 -1 0 16 1 429 41 :'21 I .1 .429
0 1 -1 831 ]..40 879J- -1.831
0.1 1.991 40 (;59 1 -1 .991

Calculation of IntRe/rw)

Where: Lw HN

In(Relrwl - III.1/jin(Lw.rwl))l.A.Blin(HLw)lrw))/(Le/rw)r1.= 1.67

Where: Lw = H:

In(Retrw = 1(1 tt/(ln(Lw rwDI *C(Le/rwM -1 = 213

0.2552
A 28)13
0.2823 028 -1.893
0.2972 1 0.26 -1 817
0.3128. 0.25 I 1 776 401.72 1 -1.778

Calculaton of Coefficients
.l- It- , f- Pw 1mmr- Table o Cracdffiintt

I Leo - C
11
1 9l

lnt.)rpoloato values 0 A, B and C for LeJrw
I1521| 2.11 027 1 151I

Coefticients Table

6 -i 77 i

1 7 1.80 7

20.1 2 231 20 1 0291 201

0.3295 024 1.718 40132 -1.718
0.3472 0 22 1 672 40.S78 -1.672
0.3658 0.21 1 633 41.C17 -1.633
0.3857 0.20 1.603 41,C47 -1.603
0.4067 0.20 1.577 41.C73 -1.577
0.4288 0 19 1 557 41. 93 -1.557
0.4523 0 19 1.531 41.113 -1.537
04772 0.18 1.518 41.132 -1 518
0.5035 0.A8 1.56 41.142 -1.506
0.5315 0.17 1.478 41.172 -1.478
0 5612 0 16 1.451 41.193 -1 457
0.5925 0.16 1437 41.213 -1.437
06257 0.15 1.414 41.236 -1.414
0 6608 0.14 1.392 41.258 -1.392
0.6982 0.14 1.37? 41.278 -1.372
07377 0.13 1.349 41 331 -1.349
0.7795 0.12 1.329 41.3?1 -1.329
0.8238 0.12 1 304 41.316 -1.304
0.8708 0.11 1.28 41:17 -1.28
0 9207 0 10 1.257 41.3)3 -1.257
0.9733 009 1 233 41.417 -1.233
1.0292 008 1.208 41.412 -1 208
10883 007 1.182 414,8 -1.182
1.151 0.06 1 IS5 41.4 5 -1.155

1.2173 005 1 128 41.5a 2 -1 128
1.2877 004 1 101 41.519 -1 101
1.3622 0 03 1 073 41.5'7 *1.073
1 4412 002 1 043 41i6)7 -1 043
1 5248 001 1.013 41.617 -1 013
1 6133 -0.01 0984 41.656 -0.984
1 7072 -0.02 0953 41 617 -0.953
1.8065 -004 0921 41 7'9 -0921
1.9118 *0.05 0.89 41.76 -0.89
2 0233 -0.0? 0 858 41.7!2 -0 858
2.1415 -008 0.827 41 8:23 -0.827
2.2667 -0.10 0.792 41.81/8 -0 792
2.3992 -0.12 0.761 41.8_9 -0.761
2 5397 -0 14 0 728 41.9:'2 -0.728
2.6885 4016 0 695 41.955 -0.695
2.846 -0.18 0 659 41.9)I1 -0.659

3 0128 -0.20 0.626 42.024 -0.626
3.1897 .0 23 0 593 42 0'.7 -0.593
3.377 -0.25 0.56 42.03 -0.56

3.5753 -0 28 0 527 42.1; 3 -0 527
3 7855 -0.31 0 495 42.1' 5 -0 495
4.0082 _ 0.33 0.463 42.1t.7 -0.463
4.244 -0.36 0 433 42.217 -0 433

4 4938 -0.39 0 403 42.2'7 -0.403
4 7585 -0.43 0.374 42.2)6 -0.374
5 0388 -0 46 0.347 42.3(3 -0 347
5.3357 -049 0 3? 42 33 -0.32
5.6502 -0.53 0 294 42.3 6 -0.294
5.9833 -0 57 0.271 42 379 -0.211

.3.45 1 . 60 1 0.52 1

40

'i45 1

1.30 1-

400 1.90 400 9 90
500 2 20 500 10.60
600 2 33 600 11.10
700 2.50 700 11.50
800 2.70 800 11.80
900 2 75 900 12.00

1000 2 83 1000 12.40
1L oo 12 90

Reference Itouwerl 19891. Bouwer and Rice(1976)

6.3362 1 -0.61 0.247 [ 42.4C3

6.71
7.106
7 5253

-064 0 221
0 247

.0.227
-0.205
-0 185
-0 168
-0.151
-0 133

-0 77' 0 'l68l 42,482
0. .2 O t 142499

-0.88 10 133 42517

I [ 16 0262 6
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MACTEC Engineering and

ConsultingACTE \ /3301 Atlantic Avenue
Raleigh, North Carolina

Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: 1±.-"4 -Iuif, s ime: 1<f 3'CObservation Well No.: c - rr
Weuther Conditions:
Method of Slug water, mechanical, or Test Method: (Ring Head or
Wit:bdrawl (circle one): pressure' Falling Head

(circle)
Diameter of Screen: 5 in. Diameter of Casing: L- in.
Total Well ' ?fi below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of f f Depth interval of screened '-! 4'& i

Screened Section: portion:
Depth to Groundwater: 1 'J. ft belowreferencepoint
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date

_ '3,44 - 7: I ' i, zu;1Lj- ~

- I
,'! .I..~. . ' .-I . -

- f 1, � , . L %-:. i, I- L . 11. .L' ' L-It) k-

2.5.4B-1 6.



North Anna ESP Project

Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Well: CW 848

Test Date: I 1/1312002

Test Type: Fecovery (stug oult

Conducted hy:

Entered/date:

CheCked/date:

Grimes and Howe

12/15/02

WEtL DATA

SWIL = 42.65 (lt BTOC)
WD = 48.87 (tt BTOC)
WD = 47.37 11t BGS)

DTSP= 39.10 (HtBGS)
rc = 0.08 (it)
n= 0.30

rw = 0.33 f1t)
rc (adiusted) = 0.19 ftt)

Le = 5.02 itt)
Lw 6.22 lIt)

Lelrw = 15.21
H= 5000 S to l

CALCULATION OF K

K= -(rc12 ln(Re/rw)l/2Le]ll(/t)ln(yo/yt)

yo = 1.229 (It) from plot
Yt= 0.785 (tl) from plot

I = 1.426 (minutes) Irom plot
InfRelrw) = 1.67

K . 2.8E400 (tlday)

K . 9.9E-04 Icrinsec)

TEST DATA

Elapsed time 'Log y y I L I Data Logger
(mi) I __ ((t) J (ft RT(C results

0022 -2.52 0 003 42.6 3 1 0
0.033 *0.38 0415 430tS

0 044 0.00 101 43 6S 1 1

0.099 I 0.11 t 13 1 43 95, 1.3

£

0.1 54
0 163

Calculaton of tllRc/rw)

Where: Lw e H.

ln(Re/rw) = Il1/lilLw.rw)=lABinllH.Lw)lrwll/Le/rwl1^-1= 1.67

Where Lw = H:

In(R/rwl =[I 1 t/(l(Lwrw)l)),(C/tLe/rw)lYt1 = 2 13

I0 176 -
_0 187

0 "I98

-- 0 220 _

0231
0 2427
0 2552

0.C 4388 _ 1* 232

43.84-4
t) 43 839

4383: 1 t82

C
007

Calculation of Coefficients
Laiue range for Lerw Ircn' Tabte of Coelticients

- A I A 8 C 005-I

Intertraled values of A, E and C for Le'rw
V 1521 ) 2.1I1 ) 027 1.51

Coefficents Table 0 7377 13
0 r795

-0 8238 *0 02 _ 0 963

-0.02 0.9SI1
-0.03 0.935

*0 03 0.924
*004 0.911

6 1 1.771 6( e 0.251 - 61 090g
I7o 1 80 o 0.2 2-i _ 7 7

81. 1.831 -. 81 .0 25

43.667 1017
43651 1 001

0.993
43.63 _ 0 98

4361 0 963
43.601 .o951
43 585 0 935
43 574_ 0 924
43.561 0 911
43.545_ 0 95
43.531 0 o81
43 515_ 0 865

__ __ 0 6851
43 485 _ 0 835
43 469 0 819
43.452 0 802
43.435 0 785
43.419_ 0 769

43.4 0.75
43.383 0.733
43364 0 114
43.346 0 696

-150]

1 6m3 3 -

90) c
2 2667 [- -0.17 I 07677 i 43.327 -= - 0 677

250 6 70 r -- 250 1 1.301 250 1. 8o0
300 7 10 1 300 1 1.50 :fo00
400 = 7 75 400 1 1.901 400 1

2.201 $001 10.60
3 50 1 00.. 1 2 33I (100 I 11.10

-_2 3992. -0 1 8-
2.5397 -0.20 0
2.6885 -0.21
-2.846 -0 22

-3 0128 -0.24<
3 189 -0.25 0
3,371 -027 C

3 5753 *0.29 C
3?785b -0 31 C
4 0082 -0 32 0

9 w 065
>7 -0637

i8, 0 . 61eI"87 0 597

8.70
3.90
900

2.501 700 11 50
2.701 8001 11.80
2.75 3.00 12.00

=50 _ 9 "I 150 3I 18 . .!& 12IO Ote
9 2 

O 3 10B e0 Bo e a

Aeforerice: Bouwer(l1989). Etouwer and Rice(t 976) -0 41 i 03"
*0 43 03_
.0 45 0.3
*0.47 0.3q

0.393
0 374
0.3545 6502

5 9833
6 3362

54 - 4.3004
-1 42 987:_ 0337

-054 0.319 42.969
-O' 52 0 303 42.96953 _
*0 54 0 Q286 42.936_

0.319

-50 1 0 2 4 1 4 2 892 0 2 7059 0 255 42.905 _I 0 255
-0 62 1 0,24 1 42.89 _ 0.24r84

a...

2.5.4B-1 6
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MACTEC Engineering and Consulting
3301 Atlantic Avenue

e0, Li ._Raleigh, North Carolina

SlutE Test Data Sheet
MACTEC Job Nime: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: t-Ijrjfj- Time: 911 Observation Wel No.: :.-. {
WeatberConditions: '1c j - 7;S
Method of Slug water, ,Chi, or Test Method: Rising Head or
Witladrawl (circle one): pressure

Diameter of Screen: A in. Diameter of Casing: - in.
Tota.l Well f!.L Pft below reference point Reference Point: Pennanent mark on top
Defpth: of casing
Lengthof \ ft Depthintervalofscreened 3)4.L-13ft
Screened Section: portion:
Depth to Groundwater: 3- 13 ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
th to Groundwater Date -D ;". w - '

|___ ,, ) '1

-r,,.- -!, ( L .. ;. .,., �-y �- , /'-,. �' , - -re 1-..

2.5.4B-1



North Anna ESP Project
Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number 30720-2-5400

Well: OV-849

Test Date: 12I 3Q2002

Test Type: Recovery (slug in)

WEL, DATA

Conducted by. Grimes and Howe

Entered/date 12/1/S02

Checked/dale: - ;,,/ , /2 / /'0 Z.-

TEST DATACALCULATION OF K

SWL= 33.13 (IIBTOCi
WD = 51.30 (h BTOC)
WD = 49.80 Iff BGS)

l DTSP = 3560 (1 BGS)
rc = 0.08 (It)
n= 0.30

rw = 0.33 (h)
rc (adjusted) = 0.08 (It)

Le = 9.7 III)
Lw= 18.17 hf)

Lefrw = 29.39
H = 50.00 tilf

K = l(rcV2 tn(Relrw)y2Le (1/0lln(yo/yt)

yo 5 1.493 ( ffrom Plot
yt = 0.542 (11) from plot
t = 0.588 (minutes) from Plot

tn(Re/rw) = 2.44

K = 2.OE+00 (ft/day)

K = 7.OE-04 (cm/sec)

Calculation ot inine/rw)

Where: Lw c H.

tn(Re/rw= 1X1 .1/lr(Lw/rw))l-tA+Bln((H-.Lwl/rw))/(Le/rw)l^-1 = 2.44

Where: Lw = H.

Wnlfle/rwi1 .1II /tlrlLw/rwl)tC/fLAe/rw)l`1-1 = 2 94

Calculation of Coefficients
Value rance for Le/rw from Table of Coefficients

I I Ihw

2A 5 231 G291

-

intereolaterd values ot A 8 and C tor Le;iv
[. 29 391 2 49 0 351 2.081

Elapsed time Log y IY WL Data Logger
imn) 1 (it 070C

0 MNIUM! 0 33.13 _ 0
0.011 -3Q00 001 33.129 0001
0.022 #NUM _ 0 33 13 0
0.033 -3.00 0.001 33.129 0.001
0 044 -2.52 0 003 33.127 0.003
0.055 -0.81 0155 32.975 -0.155tS
0.068 -0 27 0.533 32.597 -0 533
0 077 -0.12 0 759 32 371 -0.759
0 088 -0.03 0.935 32 195 -.0935
0099 008 1 205 31925 -1.205
0.11 0.24 1 757 31 373 -1.757
0.121 0 1 2.039 31 091 -2 039
0.132 0 39 2 449 30 681 -2 449
0 143 0D43 2.72 30 41 .2 72 _

0.1S4 0.40 2517 30613 -2.517
0.165 0.46 2.903 30.227 -2.903
0 176 0 48 3 028 30.102 -3.028
0.187 0.41 2.546 30 584 -2.546
0.198 0.36 2.281 30 849 -2.281
0.209 0.39 2.436 30 694 -2.436
0 22 0.39 2 453 30 647 -2.483

0 231 0.31 2.042 31.088 .2.042
0.2427 0.36 2 307 30.823 -2.307
0.2552 0.40 2.49 30 64 -2 49
0.2683 0.35 2.249 30.881 .2.249
0 2823 0.22 1.674 31.456 .1.674
0.2972 0.25 1 798 31 .332 -1.798
0.3128 0.26 1.837 31.293 .1.837
03295 0.32 2113 31.017 -2.113
0 3472 0.22 1 674 31.456 .1.674
03658 0 21 1.628 31. 502 -1 628
0 3857 0 17 1.493 31.637 .1.493
0 4067 0.15 1 425 31.705 .1.425
0.4288 0.14 1.365 31.765 -1.365
0.4523 0.12 1 304 31.826 .1,304
0.4772 0 10 1.245 31.885 .1.245
0 5035 0.08 1i214 31 .916 1.214
0.5315 0.05 1 12 32.01 -1.12
0.5612 003 1 06 32.07 -1Q06
0.5925 0.00 1 002 32.128 .1.002
0.6257 -0 02 0.945 32185 -0.945
0.6608 -0.05 0.892 32.238 -0 892
0.6982 -0.08 0 833 32.297 -0.833
0.7377 -0 11 0.779 32 351 -0.779
0.7795 .0.14 0 729 32.401 -0.729
0.8238 .0.17 0679 32.451 -0.679
0 8708 -0.20 0.63 32 499 -0.631
0.9207 I -Q 23 _0.585 325 -0.585
0.9733 -0.27 0.542 32.588 -0 542
1.0292 .0.30 0 502 32.628 -0.502
1.0883 033 0 464 32.666 -0.464
1.151 -0.37 0 426 32.704 -0 426
1.2173 -041 0.393 32 737 -0.393
1.2877 -044 0.359 32 771 -0.359
1.3622 -0.48 0.331 32.799 -0.331
1.4412 -052 0 303 32.827 -0.303
1.5248 -0.56 0.276 32.854 -0.276
1.6133 -0 60 0 253 32.877 -0.253
1.7072 -*0.64 0 23 32.9 .0.23
1.8065 -0 68 0 21 32.92 -0.21
1.9118 -.072 0 191 32.939 -0.191
2.0233 -0.76 0.174 32.956 .0.174
2.1415 -0.80 0.16 32.97 -0.16
22667 -0.84 0.144 32.986 -0.144
2 3992 -0.87 0.134 32.996 -0.134
2 .5397 -0.92 0 121 33 009 -0.121
2.6885 -0.96 0.109 33.021 -0.109
2.846 -0.99 0.102 33.028 -0 102

3 0128 -1.04 0.092 33.038 -0.092
3.1897 -1 07 0.085 33.045 -0 085
3.377 -1.12 0.075 33.055 -0.075

3.5753 -1.16 0 069 33.061 -0.069
3 7855 -1.21 0.062 33.068 -0.062
4.0082 -1 25 0.056 33.074 -0.056
4.244 -1 30 005 33 08 -O.OS

4 4938 -1.33 0.047 33.083 -0.047

4.7585 -1.37 0.043 33.087 -0.043
5.0388 -1 43 0.037 33.093 -0.037

5.3357 -1 46 0.035 33.095 -0.035

Coellicents Table

l -5 --1.76 1 .5I 0.251 - 1 0.85

6E 177 6 0.90

V-- 18 1.F30 7 1.00
1 83
1 90

25 1 -2.40 1 .. 2 1.90
______ -- 2so0- 30[ 2.10

40 1 275 40 0.45 40 1 2 45

= 3 no 501 0 50 1 50 1 2.70
3.4S 60 0.52 60 3.00

90 4.20 0.70 go I L 3.65
100 4 50 100 0.75 100 4.20
150 545 150 098 1S0 570
200 6.10 200 1.20 200 7.00
250 6.70 250 1.30 250 8.00

300 7.10 300 1 50 300 8.80
400 7.75 400 1.90 400 9 90

S00 820 S00 2.20 500 10.60

600 8.50 600 2.33 5600 1110
700 8 70 700 2.50 700 1150

800 _ (9 0 620 2.7 800 t 1.80
900 9.00 900 2.75 900 1200

20 1000 2.83 11000 12 40

_ . _ -~q_6L19

Reference: Bouwer(t 989), douwer and Rice(I 976)

5.6502 1 -1 49 { 0.032 33 098 1 -0032

- 6.71 33.103 1 -O 027

7 1M 1[ 33108 [ -0022
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OW-849 (slug-in) Recovery vs. Time
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MACTEC Engineering and
ConsultingACTEC /3301 Atlantic Avenue

Li 1Raleigh, North Carolina

Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number. 30720-2-5400

Date: )-II3l ) Time: ' 35 Observation Well No.: Q IJ'
Weather Conditions: n;j %A , -3,- .3 )

Method of Slug water, 0eiAn, or Test Method: QRnHaor
Withdrawl (circle one): pressure Falling Head

(circle)
Diameter of Screen: . in. Diameter of Casing: 3 in.
Total Well 5'i3v ft below reference point Reference Point: Pernanent mark on top
Depth: of casing
Length of , ft Depth interval of screened ?tz - ..... ft
Screened Section: portion:

hto Groundwater: -?13 ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depith to Groundwater Date . , ,.... . .. -. ';

= . _ _ _ _ _ _ _ _ _ _ 2 , L ; - _ _ _ _ _ _ _ _ _ _ _ _> 1 , ..Sy , ~. _

I. .j,, ,,, .,} -

w._ .t j -- v

A,.. I **.' ' . L . -. - h - I,

': - . _ , I V ''-. tI 5t .. f . 1 , c I- ,,-.,,/

114-

b 11. -, .- :.v _ 2. gNLI

2.5.4B-1 68



North Anna ESP Project

Hydraulic Conductivity (K) Calculation Worksheet

MACTEC Job Number: 30720-2-5400

Welt: OW-849
Test Dale: 12/1132002

Test Type: Flecovery (slug out)

Conducted by:

Entered/date:

Checked/dale:

Grimes and Howe
12/15/02

S ._ 2 -

TEST DATAWELL. DATA

SWL = 33.06 (lt BTOCI
WD= 51.30 (It STOC)
WD = 49.eO (it BGS)

DTSP = 35.60 (It BGS)
c= 0.08 (it)
n= 0030

r6 = 0.33 AtI)
rc (adjusted) = 0.08 (It)

Le = 9 7 (ft)
Lw = t1.24 (It)

Letrw = 29.39
H = 50.00 (ItI

CALCULATION OF K

K = ((rc42 tn(Re/rwBl2Letl (lttn(yo/yt)

Vo $ 2.895 (t) from plot
yt5 1.695 (it) from plot
I= 0.194 (minutes) from plot

In Re/rw) = 2.44

K = 3.2E*00 (ft/day)

K = 1.1E-03 (crnlsect

Calculataon of tn(Re!rw)

Where: Lw < H;

tn(Re/rw) = J1I. t1(lrn Lw/rwl)l+(A+Bln((H.Lwl/rw)l/(Le/rw)r-I 1 2.44

Where: Lw = H;

lnlRe/ w} = (f 1/(ln Lw/rwvll)ltC1(Le!rw)}rlI = 2.94

Calculation of Coetficients
Value ranroe lor Le/rw from Table of Coefticient l
Le/rw A W- 8f C-

25I 2.4 01 1.9

3 0 I __2 5 1 0,35 2.

Impnterorita valuesq at A. F and r for L~e/n

Elapsed time Log y WL Data Logger

(min) IQ -f) i FT( wsut
0 #NUMi 0 33 03 0

0 01t -0 52 0.303 33.3 3 0.303

0.022 _0.14 0 722 33.7e2 0.722

0 033 017 1.491 34.5E 1 1.491

0.044 0.32 2 08 35.14 208

0.055 0,47 2.964 36 024 2.964

0.066 0.50 3.153 36.213 3 153

0077 0.48 3 015 36,075 3015
o0.086 0 46 2.895 35.9 5 2 895
0 099 0.44 2,784 35 844 2.784

01i 0.43 2 692 35 757 2 692

0.121 041 2.59 35 65 2.59

0.132 0.40 2.512 35 si? 2.512

0.143 039 2.429 35.48) 2.429

0.154 0.37 2.354 3541411 2.354

0.165 0.36 2.283 35.34) 2.283
0176 0.35 2.21H 35.27,t 2.218

0,187 0.33 2.15 35.21 2.15

0.198 0 32 2.083 35. 14:1 2,083

0 209 0.31 2.027 35.08' 2.027
0.22 0 29 1 968 35,0211 1.968

0.231 0.28 1.916 34.97(i 1.916

0.2427 0 27 1.862 34 922 1 862

0.2552 0.26 1.804 34.866. 1.804
0 2683 0.24 1.749 34 80Z 1.749

0.2823 0 23 1.695 34.75!. 1.695
0.2972 0.22 1.643 34.70:: 1.643

03128 0.20 1.583 34.64:_ 1.583

0.3295 018 1.525 34 58e_ 1.525
0.3472 0.17 1.466 34.52f 1.466

0 3658 0.15 1.412 34.472 1.412

0.3857 0O13 1.359 34 419 1 359

0 4067 0.11 1.298 34.358 1.298

04288 0.10 1.245 34 305_ 1.245
0.4523 0.07 1 182 34242 1.182
0.4772 0.05 1.118 34.178 1.118

0.5035 0 04 1,09 34 15 1 09

0.5315 0.00 1.006 34 066 1 006

0.5612 -0.02 0 96 34 02 0.96

0.5925 -0 04 0 907 33 967_ 0 907
0.6257 -0 07 0.854 33 914 0 854

0.6608 -0.10 0 801 33 861 0 801

06982 .0.12 0.752 33.812_ 0.752
0.7377 -0 15 0.702 33 762_ 0 702

0,7795 -0.1B 0 656 33 716 0.656

0 8238 -0.21 0.611 33 671 _ 0 611
0.8708 -0 24 0 569 33 629 _ 0 569
0.9207 -0 28 0.529 33 589 _ 0.529

0 9733 .0.31 0.489 33.549 0.489
1.0292 -034 0453 33513 0.453

1.0883 -0.38 0.42 33 48 0.42

1.151 -0.41 0.387 33.447 0 387

1.2173 -0.45 0.357 33,417 0.357

1 .2877 -0.48 0.328 33.388 0328

1.3622 -0.52 0.303 33.363 0.303

1 4412 -0.55 0 279 33.339 0.279
1.5248 -0 60 0 254 33 314 0.254
1.6133 -0 63 0.234 33.294 0.234

1.7072 -0.67 0216 33.276 0.216
1.8065 -0 70 0.198 33.258 0.198
1 9118 -0.74 0.18 33.24 0.18

2.0233 -0.78 0 165 33.225 0 165

2.1415 -0 82 0.152 33 212 0.152

2.2667 -0.86 0.139 33.199 0.139

2.3992 -0.89 0.128 33.188 0.128
2.5397 -0.94 0.116 33.176 0.116
2.685 -0.98 0.105 33.165 _ 105

2 846 -1.02 0 096 33.156 _ 0.096

3.0128 -.105 0089 33149 0.089
3 1897 -1.09 0 081 33.141 0.081

3.377 -1.14 0072 33.132 0072

3.5753 -1.18 0.066 33.126 0 066
3 7855 -1.23 0059 33.119 0.059

4 0082 1 0. 3.1 -155

29.39 F 249 V- 0.3'1 2081

Coefticients Table

6 1.77 61 0.25 6 090

91 - 1.901 91 0.251 9) 120

10 1.95 10 0.25 10 130

15 2.10 15 0.27 15 1 .50

20 2.23 20 0.29 20 1.75

25 2.40 25 0.31 25 1.90

3C 2 50 30 0 35 30 2.10
40 2.75 40 0.45 40 2.45

50 3.00 50 0.50 50 2.70

60 _ 3.45 60 0.52 60 3.00

70 3.70 70 0.60 70 3 40

80 3.90 80 0.65 80 3 60

90 4.20 90 0.70 90 3 85

100 4.50 100 0.75 100 4.20

150 5.45 150 0 98 150 570

200 6.10 200 1.20 200 7.00

250 6 70 250 1.30 250 8.00

30 7.10 300 1.50 30 880
400 7.75 400 1.90 400 9.90

5 820 500 2 .20 500 10 60

600 850 600 2.33 600 11.10

70 8.70 700 2,50 -700 11.50

I 800 I 8 90 I800o 2.701 r 8001 11 80

900 I 2.75 1 900 12 00
1240

L
i 12an
. .... .

Reterence: Eouwer(1989), Oouwer and Rice(1976.

2.5.4B-1 6



I---- ,,-

OW-849 (slug-out) Recovery vs. 'rime

1

IO

0

0

0
4.

1

- ... ..... ...... . __._, ,-------
'hr IRI

£1.0'

by ,,; 0 d

0.1
4

0.01
0 1 2 3 4

Elasped Time in minutes

C. Ic



k IA W JOB NO. -7y-2e,-- SHEET_/ OF _Z

±dlmvv PHASE TASK _-

-Z... RESOURCES CREATING SOLUTIONS

LAW Engineering and Environmental Services, Inc. JOB NAME plea A iSP

5710 Oleander Drive BY . DATE

Suite 11 0 aA;

Wilmington. NC 28403 CHECKED BY _______DATE J z2 / "2.

_ /~b . .

.. :,l Z. 1t t SA _Zi,6"/

.. .... D o -

1-4;7B

.4 �- 6 �. r, 4, h'2

6A"C3, ;rb
I ,4;,

3.o0.0 '
ear~~ I¢ +, ,S ¢

i

S f . I:A D __ - al .- 4 . ./ _
I- - - ~ -- - - . -

Le/r Io g Cr~aZ. A.I 74 " I
0. t--..

I I

li, '41')) / \ LL 1 Y\

II

bAJJ!r C
I 19 b

(t-rl 1

.* J tL

.;b IF .
I ..'jP X

| _. Z)7ap.-:>
rr

35.:l°. .'

24, b '..
Ap. .

' Ia

(Z~

ro C)

.P

i&5 V ;L. .
I>

( .,
i

i
III 1.)

Ile- ' '- - . (,
1- r Z ri

7) �' I

s I ___

I 2- L4' I S - / -. r1y

(--g<- ir4 =';t158 | 0x!li 'tpIt> ~r~
! I . _.o)£f ,-I"

J Z.

IJ:- .

w ) 7..

I.
o * ;

( P

II

1- 4D'. < d i~fg
4.p!("-- CF.6'11a'~ ~eu

.. t---* . _-. _.__. . ._ _ I .

WSJ5' !

Cf ~r, v n..L <t~.m
tE.?;)- *A~i~U11sst) in (P. . ,* I I I

.( I £ Lf

1�-' =-

I

I
L;. ;} .. l .i

I *: IZ

1/I ZI

A., d

B
I I

c*'--nol FLY.

t i>'4S1*sJ1 } Fze8 ;E;:8\?.n

.__ ... _.__ ._ __ __.

� '01�
-0z''q

1's- ,
7 -U %,C x ) 0 -; �' t A, � �'

i

iUd0eo)

Ira ! n'

-- r - -.. - ..
I I

. -

14, = I; Z 9 1 -4ir

f. I

r __ _-

fi 't. (,6 . ' X/ -5' -
_I _ * .........................................

ja~z +1t

! g' " ,o-G.,, 25
i i

a t0 c.^
V.

2.5.4B-1 7



I

5 LAW
RESOURCES CREATING SOLUTIONS

*LAW Engineering and Environmental Services, Inc.
5710 Oleander Drive
Suite 1 10
Wilmington, NC 28403

JOBNO. ,626-1-eSft SHEET____ OF 0.

PHASE TASK S _

JOB NAME sof2t bei iP ash<A- Z

BY_ _ __ DATE i ; // O L_

CHECKED BY _ _ _ _ _ DATE DATE_ _ I_/2_/

l

Ii . I I '
I . I I

0.,:)1-1 � i
i I

.::: 1 1 1 ��8 ;_ -� Ii ii
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i
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-5 1 o �- - -�-
MACTEC Engineering andNKA('mr -' PConsultingIV1AU1EL ~ /3301 Atlantic Avenue

Y it Li v.1JRaleigh, North Carolina

Slue Test Data Sheet
MACTEC Job Name: North Anna ESP MACTEC Job Number: 30720-2-5400

Date: Rh 3 Time:,,y3S3 Observation Well No.: -'dt
Weather Conditions: fLIj, > .x 1t 3
Method of Slug waterqpanicaor Test Method: *bsing Hea or
Wit'hdrawl (circle one): pressure-- iFaigie~id

(circle)
Diameter of Screen: ;- in. Diameter of Casing: 'a- in.
Total Well >7b.ft below reference point Reference Point: Permanent mark on top
Depth: of casing
Length of Cq V; ft Depth interval of screened 7.o-ZW'ft
Screened Section: portion:
Deth to Groundwater: .e ft below reference point
Groundwater Measurements Collected Prior Comments/Remarks

to Slug Test
Depth to Groundwater Date

13<> s.b I) I, ._ Ia 6 O

Mv~: t S/.V Dv

-5.. .

59-i 4r-x-'-t'4" C' a I)' laJ /,: , t d t

2.5.4B-1 7$



I -
to Anna ESP Pacsct

Hyfraubc ConduetLy (K) Cakation WIhot
MACTEC Job Wwnber. 30720-2-5400

Wa. 0N441

Test 00(0: 112002
Test Type: R .wvry (&ug 0)

Condudce by:

Checkedffia:

Grows and Howe
12 1502

WELL DATA

SW¶ 245 (ft 2 STOC)
WV* 35.80 (8t STOC)

W * 34 30 (r BIT)

QTSP 2010 VIOSOS)

IC. 008 (8)
=0,30

ow. 0.33 0)
IC (Mdo,",80 - (0l)

Lo 9 97 0)
Lw. 33.35 (I0)

Lelrw * 29.39
s000 o(a

CALCULATION OF K

K - i(rc2 rnRe/rw)mer(A)ItnryI)

.o. 2.180 () hta po M
Vt. 0.8211 t) ftI ploto
I . 0.540 (woutes) "Tn pMot

k(Reln) = 2.70

K * 2.3Eo40 (Nday)

K . 8.2E.04 (argloe)

TEST DATA

Elpsdtbt o Y .WL Da M

j-1 I ) ( I 1 Lowe_

0 I OJU' I t 0000 2 43 1 a

0011 I AduI I 0 0000 I 242 I 0

011 I )30 2289 4.719 1 2I

COMAtMU of in(Relrw)

Vh.-n: L. 9 H.

ho(R.b ) * (1.1/00(L/u))))IA .Bbo(tN.Lw)/ ))(Leho)r.1. 2.70

V*,et: L.o * M.
:twIH.

It.R5 rflJH1 17Lairwlr IUJ(L wr l^.l. ,-

Cafiin of CoPlktients

Ie. W b L/nw hmnm 7tbb. a Cooftdi.s . -

_ 1L.5 A I _ I C

25 24 031 10

30 25 035 21

hbftgn d '10os ol A, B ed C hlr Lo/-w

1 2039 249l 03S 20I

Cot5oos TbbW

La/n A L- s Left C

4 I 75 4 025 4 075

5 1 79 5_ 025 5 o08

e 1 n 025 a 090

7 1Do 7 025 7 D00o

_ 1e3 a 025 a 010

- 190 0 25 _ 1.20

10 195 00 0.25 10 030

15 2 10 1$ 0 27 Is 1.50

20 2 23 20 029 20 175

25 2 40 25 0 31 25 1 go

30 2.50 30 0.35 30 2 10

40 2.75 40 040 40 245

50 3 00 s0 0. 0 so 2,70

e0 345 e0 0.2 so 300

70 3.70 70 0 8 70 3 40

_ eo_ _ _ 30 Ss0 - _ 3.80

90 4.20 0I 0.70 00 3.85

100 4 s0 100 075 00 4.20

ISO 5 45 150 0 9 150 5670

200 0e10 200 1.20 200 7.00

250 8 70 250 130 250 8 00

300 7.10 So0 I0so 300 a W
400 7.75 400 1 go 400 0 go

500 8.20 500 2.20 500 10.80

700 0.70 700 2 3 7000 11.50

700 890 _00 2'0 700 1t0s
000 _ 8900 000 2.' 900 12000

900 9000 0 0S2o5o0 12.00

1000 9.20 1000 203 1000 1240

1500 _ - 9 S0 1500 3 t8 1500 12 00

03472 1 0.23 1 10687 4 4137 1 -1 87

0.4067 f - 0.14 I8Sw 390 I I 5

04m 0.12 1.302 1 3.762 | 1.312

08"1s

0.5X12 0.0 1 1.119 1 35S6 I 1.109

0872 j -0.00 I 0m29

0.7795 -0.11 0.730

0 I 0.14 0. 2

3.314 O4

0829

l 078

3.182 072

00708 I -0.17 1 008 1 3.31 I C."8I

OW-841(slug-out) Recovery vs. Time

10.000

3 1.000
C

-i
6;

-J AD

t

I I
I. I .

0 1 2 3 4 5 6 7

Elasped Time in minutes

0.010

l
Reerecre: Booweo(1989). Bo0w0 r and R.ce(I976)
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OW-841(slug-out) Recovery vs. Time
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0 Hydrogeology and Groundwater Modelir

QLA- e4 ( (69>( t¶1')

14

A
AND

C

12

10

8

6

4

4

B
3

2

I

0

0
I.*

2

0

lA A L e/rw

Figure 31.5 Dimensionless parameters A, B, and C as a function of Le/rw for calculation
of ln(Re/rw) in the Bouwer and Rice slug test. (Bouwer, H., 1989: The Bouwer and Rice
slug test. Ground Water, 27(3), p. 304-309. Reprinted by permission of Ground Water
Publishing Company. Copyright 1989. All rights reserved.)

HYDRAULIC CONDUCTIVITY

wince time (t) and displacement (s) are the only variables in logaritlunic equati(
), the plot of t versus s on a semi-log paper must show a straight line. Howev9 he drawdown of the water table in the aquifer becomes more significant duri:
itpart of the test, the basic assumption of equation (31.4) does not hold any mc
lata points start to deviate from the straight line.
'he slope of the best-fitting straight line through field data is found as:



APPENDIX F
CONE PENTROMETER TEST RESULTS
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CPT Soil Classification Legend

Zone Q,/N Description Normalized Friction Ratio
Classification Chart

I

2

3

4

5

6

7

8

9

El
Di
iii
El
El
LI1
Li
El
El

2

1

1.5

2

3

4.5

6

I

2

Sensitive, Fine Grained

Organic Soils-Peats

Clays-Clay to Silty Clay

Sift Mixbtres-Clayey Sift to Silty Clay

Sand Mixtures-Silty Sand to Sandy Silt

Sands-Clean Sand to Silty Sand

Gravelly Sand to Sand

Very Stiff Sand So Clayey Sand'

Very Stiff, Fine Grained -

J19

U

21

0j.1

:2

0
Z

() Heavl Ovenconsolidaled or Cemented

0.s 0.0 s.0 10

FRICTION RATIO. f, xlO0X
NORMALIZED C _ OA

(Ref. Robesn, 1990)

Coefficient of Permeability (cm/s)

Zone
1
2
3
4
5
6
7
8
9

Description
Sensitive Fines

Organic Soils-Peats
Clays

Silt Mixtures
Sand Mixtures

Sands
Gravelly Sands
Very SUTff Sands
Very Stiff Fines

Permeability
10-5
10-5
10Q-7
10-6
10-4

10-2

10-1

1 0-5
10-6

Applied Research Associates, Inc., South Royalton, Vermont 05068
(802) 763-8348, cptgara.com, http://www.ara.com
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The classification profiles can be very detailed due to the high spatial resolution

afforded by collecting one sample every 2 cm (0.8 in) for CPT profiles. Frequently

significant variability in soil types over small changes in elevation can be observed in the

profiles. To provide a simplified soil stratigraphy for comparison to standard boring logs,

a layering and generalized classification system was implemented. Layer thicknesses are

determined based on the variability of the SBT profile. The layer sequence begins at the

ground surface and layer thicknesses are determined based upon changes in the standard

deviation of the SBT number. Whenever an additional 6-inch increment deviates from

the previous increment, a new layer is started, otherwise, this material is added to the

layer above and the next 6-inch section is evaluated. The soil type for the layer is

determined by the mean value for the complete layer.

The lithology text seen on the plots is determined according to the following

conditions:

Mean Value Abbreviation Description

I - 2.25 Sen Clay Sensitive Clay

>2.25 - 2.75 Soft Clay Soft Clay

>2.75 - 3.25 Clay Clay

>3.25 -3.75 Si Clay Silty Clay

>3.75 - 4.25 Cl Silt Clayey Silt

>4.25 - 4.75 Sa Fine Gr Sand - Fine Grained

>4.75 - 5.75 Sand Mix Sand Mix

>5.75 - 6.75 Sand Sand

>6.75 - 7.5 Gr Sand Gravelly Sand

>7.5 - 8.5 OC Over Consolidated

>8.5 - 9 OC-Clay Over Consolidated-Clay

2.5.4B-1 80



Applied Research Associates Northing: 3909965 Date: I
South Royalton, VT 05068 Easting: 11686t353 Test IC
802-763-8348 Elevation: 71_ Proecl
Email: cptined.ara.com Client: MACTEC
http://www.ara.com Site: NORTH ANNA ESP

Sleeve Stress
6 (tat

lnp Stress COR

(ttf)0

n.....

10

_ * 4 , #

_7

-I * I . 4

_ r j ;I

Ratio COR
600 0 (%)

Pore Pressljre
6 0 (tat) O Clal

I i . I

20

40

- _ _

Class l'R: Frlctlo Ratbo Uasstit
IM - . . . .
__

Maixmum depth: 4.25 (ft)



r
Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
http:l/www.ara.com

Northing: 3,9000Q51 57
Easting: I11686348

Elevation: 271

Date: 1
Test ID
Project

Client: MACTEC
Site: NORTH ANNA ESP

Sleeve Stress
6 (tsf)

Tip Stress COR
(tat)0

0

10

I S I I

r

Ratio COR
600 0 (%)

.k . .

I t I I f L-

Pore Pressure
6 0 (ttf)

i I b- * -

S
3 0 Clat

-rr-Is.

0

AO0

!50 . . . .

M~aximum depth: 3.1 S (R) Class FiR: Friction Ratio Classib



Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
httD:/IwrwA.ara .com

Northing: ,9(0996tj
Easting: 1 1686-367

Elevation 7 1

Client: MACTEC
Site: NORTH ANNA ESP

Date: 1
Test IC

I Pro ecc

Sleeve Stress
6 (tst)

lIp Stress COR
(tsf)0

0

*10

:'0

. . . I - .

8

I I I I

ar c I

F

Ratio COR
600 0 (%)

Pore Pressure
6 0 (tst)

3C
3 0 Clal

I i I I

I-

ZIO

410

IGO I IL
Class FR: Frticion Ratio Classif

. ,
. . . . .

Maxhnum depth: 1.19 (ft)
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Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
http://www.ara.com

Northing: 3909850.0235
Easting: 1 1685756.1761

Elevation: 296.3

Date: 1'
Test ID:
Proiect:

Client: MACTEC
Site: NORTH ANNA ESP

Sleeve Stress

6 (tsf)

Tip Stress COR

(tsf)

Ratio COR
600 0 (%)0 6

Pore

0

'>

_

:7

Pressure

(tat) 3

Si

0 Claw~

_ I

Class F R: Friction Ratio Clasafc

54)

Maximum depth: 32.35 (t)



Applied Research Associates Northing: 910()05X.267(0 Date: 11
South Royalton, VT 05068 Easting: 11X6o009.5911 Test ID:
802-763-8348 Elevation: 276.1 Project:
Email: cpt@ned.ara.com Client: MACTEC
http:Ilww .ara.com Site: NORTH ANNA ESP

Sleeve Stress
6 (tat)

Tip Stress COR
(tsa)

Ratio COR
600 0 (0 6

for 0 . _ , . .

ItV

a

Ij

Ie

I:

1 -i ~ I I

L
I

t 0 0 1 2

Pore Pressure
0 (tsf) 3

I II-

SE
0 Class

I : .

3C1

40

Iaxkrm depth: 3.98 (a) Class FR: Friction Ratio Classifi



r
Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
http://Hww.ara.com

Northing: 391i06.2442
Easting: X1683569.4372

Elevation: 277.

Date: 1:
Test ID:
Project:

Client: MACTEC
Site: NORTH ANNA ESP

Sleeve Stress
6 (tsf)

Tip Stress COR

0 (tsf) 600
Ratio COR

0 (%)

-I

6

Pore Pressure

0 (tsf) 3

r1

SE
0 Claw

Class FR: Frdlon Rabo ClassHk

104)

Maxnu depth: 57.69 (R)



Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
http://wwvN'.ara.com

Northing: 3910652.S241
Easting: 1MS3066.3705

Elevation: 270.0

Date: 1
Test ID:
Proiect:

Client: MACTEC
Site: NORTH ANNA ESP

6
,._

Sleeve Stress

(tsf) 0
T7p Stress COR

(tsf)

(i
*- A

1('

20

30

4(0

I 0

_ _

Ratio COR
600 0 (%)

_ .

Pore Pressura
6 0 (tst) 3

0 -

H

I I

SC

0 Class

"Al - ' . . . .

t.4axhum depth: S.01 (ft) Class FR: Friction Ratio Classfic
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Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
http:I/wAww.ara.com

Northing: 3910652.8241
Easting: 1 1683iil66.3705

Elevation: 27,r

Date: 1.
Test ID:
Project:

Client: MACTEC
Site: NORTH ANNA ESP

Sleeve Stress
6 (tsf)

Tip Stress COR
(tsf)0

(l , - I I , . . .

IC,

2C

e
i:
a.

7IL

I I I I I

Ratio COR
600 0 (%)

_ I -

Pore Pressuie
6 0 (tst)

SE
3 0 Clasw

-T''''-

3C

4C

5(f -.. . . .

#Aaxhlmum deph 229 (ft) Class F R: Fritdon Ratio Clasific



Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
httxl:/wv'v.ara.com

Northing: 3910375.4066

Easting: 1 16862-1723-71
Elevation: 271.1

Date: 1
Test ID
Project

Client: MACTEC
Site: NORTH ANNA ESP

.1.

Sleeve Stress
6 (tsf)

Tip Stress COR
(ttf)

Ratio COR
600 0 (%)0 6

tD

Pore Pressure S

0. (tsf) 3 0 Cba

Class FR: Friction Ratio Classfk

33

Maxinum dept: 22.61 (ft)



Applied Research Associates Northing: 390)9477.9442 Date: 1
South Royalton, VT 05068 Easting: II165267.2998 Test ID
802-763-8348 Elevation: 3a3- Proiect.
Email: cpt@ned.ara.com Client: MACTEC

I httpJ/www.ara.com Site: NORTH ANNA ESP

Sleeve Stress

6 (tst)

Tip Stress COR
(tst)

Ratio COR

600 0 (%)

Pore Pressure

6 0 (tsf)0

S
3 0 Clas

1r
i -

- --we2)

El
0
0

100 IJ 1.....
Cass FR: Fricton Ratio 0assificMaxiwm depth: 52.47 at)



r _ .. = . ............................ 
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Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt~ned.ara.com
http-.:/www.ara.com

Northing: 3'9O1)477.9442

Easting: l 165'267.2()99

Elevation: -';-5

Date: 1:
Test ID.
Project:

Client: MACTEC
Site: NORTH ANNA ESP

Sleeve Stress
6 (tst)

Tip Stress COR

(tsf)

Ratio COR
600 0 (%)

Pore Pressu -e

6 0 (tsf)0

Si

3 0 Clas.

F

0a

Class FR: Ftiction Ratio Classifx:4M*&xkhum depth: 52.47 (ft)
Page 1 of 2



Applied Research Associates Northing: 3909477.(442 Date: 1
South Royalton, VT 05068 Easting: 1 16,51677299x Test ID:
802-763-8348 Elevation: 332.5 Proiect:
Email: cpt@ned.ara.com Client: MACTEC
http://vww.ara.com Site: NORTH A1lNA ESP

Sleeve Stress

6 (tsl)

Tip Stress COR
0 (tsf)

Ratio COR

600 0 (%)
Pore Pressure

6 0 (tsf)
SE

3 0 Class

5C

60

70

a,

d_~ I_ T :

._ 7

i b f *I

: _
_.

.

_ _

_

.
^

W

_

.

.

.

..

.

80

90

100
Maujwl depth: 52.47 (")

Pae 20f 2
Class FFM Friction Ratio ClasslfikaG
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Applied Research Associates
South Royalton, VT 05068
802-763-8348
Email: cpt@ned.ara.com
http://wsmw.ara.com

Northing: 390t)S)s489822
Easting: 11686000.3856

Elevation: 30'7

Date: .i:
Test ID:
Project:

Client: MACTEC
Site: NORTH ANNA ESP

Sleeve Stress
6 (tsf)

Tip Stress COR
0 (tsaf)

Ratio COR
600 0 (%)

_ . I t . .

Pore Pressure
6 0 (taf) 3

_ I

I--

SE
0 Clase

- Chs

I I I I

- -C

_ C

Maxbnum depth: 15 79 (Rv) Class FR: Friction Reto Classafc



CPT-822 APPLIED RESEARCH ASSOCIATES, INC.
Shear Wave Time of Arrival

12/Dec/2J02

0

i I, I, I I I I I

-N Distance Wavespeed

(feet) (fL/s)

10

20 10 - 22 1274 *--
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a) 40
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Applied Research Associates
CPT-822

S Wave
12/Dec/2002

0.0

6.1

:0.2

14.9

19.8

22.3

C)
Ca

File 312d2O6S 8C.0

Time ( milliseconds )
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CPT-825 APPLIED RESEARCH ASSOCIATES, INC. 12/12/02

Shear Wave Time of Arrival

0 ' I WI | I IZ I I I I

I0

10

Distance Wavespeed
(feet) (f /s)

20 6 6-30 1175

30 - 45 1661
45 - 52 2438

30

.3

o 40

50

60

70

File 312D207S 80

Time (seconds)
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Applied Research Associates
CPT-825

S Wave
12/Dec/2002

0.0

6.1

10.2

14.9

19.7

24.7

29.6

V)

V

C,

34.6

39.6

41.6

4 3.5

51.9

File 312d2O7S 80.0

Time ( seconds )
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CPT-827
4 F

Depth: 32.50
Thu 12/Dec/2002

4U-,

d)
b-

0)
IL-

2

1

. I I I . I . . .. I . . . . I . .. I . . I . . I
- I- I I L I II

0.1 1 10

Time (seconds)
100 1,000
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CPT-823
2 I'

Depth: 26.99
Wed 1 /Dec/2002

1 -

tA

IL

oF

-1 F-

I I I If I II-2 - . .I I I I I I I
0.1 0.5 1

I I I I II III

5
Time (seconds)

10 50 100

2.5.4B-1 99



CPT-827
on

Depth: 32.50
Thu 12/Dec/2002

15.-

i,_

;3 10i-
(Ii
3-

C-

5F

i

: 0 -
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C.1

I I 111111 I I I I I I I I l l I I I I I l l I I I 11

I 10
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100 1,000
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CPT-823
10

Depth: 26.99
Wed 11/DecI2002
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APPENDIX G
DEVIATION SURVEY CROSSHOLE CASINGS

2.5.4B-20
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NORTH ANNA ESP PROJE1
MACTEC JOB NO. 30720-2-

B-8(

CROSSHOLE CASING DISTANCGCALCULATION SHEET
CT Prepared by: ' Date:
-5400 Checked by: /__-____ Date:_

)2B B-802C
I

Depth, ft N
0
2
4:
6
8

10 v

12 :
14 ,
16 ,
18
20
22 I
24 a
26
28
30 3
32 3
34 3
36
38 3
40 3
42 3
44 3
46 3
48 3
50 3
52 3
54
56 3
58 3
60 3
62 3

E N E
3909945.4

3909945.37
3909945.349
3909945.34
3909945.34

3909945.345
3909945.355
3909945.369
3909945.385

3909945.4
3909945.408
3909945.416
3909945.425
3909945.433
3909945.44
3909945.443
3909945.445
1909945.438
3909945.43
1909945.424
1909945.425
3909945.432
1909945.439
3909945.452
3909945.464
3909945.474
3909945.486

3909945.5
.909945.516
909945.534
909945.552
909945.573

11686389.75
11686389.78
11686389.82
11686389.85
11686389.89
11686389.93
11686389.97
11686390.02
11686390.06
11686390.11
11686390.17
11686390.23
11686390.28
11686390.34
11686390.4

11686390.45
11686390.51
11686390.57
11686390.64
11686390.71
11686390.78
11686390.86
11686390.94
11686391.01
11686391.08
11686391.16
11686391.24
11686391.32
11686391.4

11686391.49
11686391.59
11686391.69

3909947.32
3909947.351

3909947.38
3909947.411
3909947.444
3909947.482
3909947.524
3909947.568
3909947.613
3909947.659
3909947.708
3909947.759
3909947.812
3909947.865
3909947.919
3909947.974
3909948.034
3909948.101
3909948.175
3909948.254
3909948.332
3909948.412
3909948.492
3909948.573
3909948.656
3909948.736
3909948.816
3909948.892
3909948.967
3909949.043
3909949.122
3909949.208

11686379.75
11686379.78
11686379.81
11686379.84
11686379.87
11686379.9

11686379.92
11686379.94
11686379.96
11686379.98

11686380
11686380.02
11686380.04
11686380.06
11686380.07
11686380.09
11686380.11
11686380.14
11686380.17
11686380.21
11686380.24
11686380.26
11686380.29
11686380.31
11686380.32
11686380.34
11686380.35
11686380.37
11686380.38
11686380.39
11686380.41
11686380.42

Delta N
-1.92

-1.9804829
-2.0309254
-2.0708418
-2.1047587
-2.1366617
-2.1682145
-2.1990804
-2.2278018
-2.2598641
-2.3001778
-2.3423062
-2.3868399
-2.4316464
-2.4795983
-2.5308555
-2.5890269
-2.6631264
-2.7453954
-2.8292467
-2.9073323
-2.9801422
-3.0523317
-3.1217929
-3.1918497
-3.2619055
-3.3298867
-3.3921496
-3.4506326
-3.5093853
-3.5704056
-3.6342864

De'ta E
10

10.00133
10.00289
1 ('.00788
1(1.01786
10.03111
10.04924
10.07537
1C.10417
10.13585
10.17056
10.20679
10.24617

10.2854
10.32441
10.36344
10.40188
10.43323
10.46598

1D.5041
10.54328
10 59473
10 64779
10.70229
10.75848

10.8181
10.88116
10.94756
11.01946
11.09775
11.18126
11.269B6

Distance
10.1E
10.2C
10.21
10.22
10.24
10.26
10.28
10.31
10.35
10.38
10.43
10.47
10.52
10.57
10.62
10.67
10.72
10.77
10.82
10.88
10.94
11.01
11.08
11.15
11.22
11.30
11.38
11.46
11.55
11.64
11.74
11.84

Crosshole Distance Calculation Sheet, B-802 location
1



64
66
68
70
72
74
76
78
80
82
84
86
88
90

3909945.594
3909945.614
3909945.633
3909945.652
3909945.669
3909945.688
3909945.706
3909945.721
3909945.734
3909945.746
3909945.758
3909945.772
3909945.792
3909945.816

11686391.8
11686391.91
11686392.02
11686392.13
11686392.24
11686392.35
11686392.45
11686392.56
11686392.66
11686392.76
11686392.86
11686392.97
11686393.07
11686393.16

3909949.308
3909949.414
3909949.523
3909949.633
3909949.741
3909949.845
3909949.943
3909950.042

3909950.14
3909950.237
3909950.33

3909950.421
3909950.509
3909950.594

11686380.44 -3.713479 11.35945
11686380.47 -3.8003499 11.44776
11686380.49 -3.8891598 11.53719
11686380.51 -3 9805984 11.62695
11686380.53 -4.0722546 11.71166
11686380.55 -4.1567401 11.79414
11686380.58 -4.2371288 11.87528
11686380.6 -4.3204107 11.9564

11686380.62 -4.4058201 12.03837
11686380.64 -4.4905526 12.12202
11686380.66 -4.5722656 12.20489
11686380.68 -4.6490619 12.28451
11686380.7 -4.7176571 12.36482

11686380.72 -4.7776835 12.44622

11.95
12.06
12.18
12.29
12.40
12.51
12.61
12.71
12.82
12.93
13.03
13.13
13.23
13.33

Crosshole Distance Calculation Sheet, B-802 location
2



CALCULATION OF DEVIATION AT INCREMENTAL DEPTHS FOR CROSSHOLE CASINGS

Casing No. B-802B Prepared by:. L Date:_______
Checked by: 'I Date: *i F/c3

Depth, ft A Deviatior B Deviatior Resultant Angle y calc angle Delta N(in) delta E (in) N (ft) E(ft)

0 0 0 0 0 3909945.4 1168638

2 -0.5338 -0.0922 0.54 9.80 41.00 -0.36 0.41 3909945.37 1168638

4 -0.9816 -0.2414 1.01 13.82 36.98 -0.61 0.81 3909945.349 1168638

6 -1.3363 -0.4968 1.43 20.39 30.41 -0.72 1.23 3909945.34 1168638

8 -1.6147 -0.8318 1.82 27.25 23.55 -0.73 1.67 3909945.34 1168638

10 -1.8586 -1.2389 2.23 33.69 17.11 -0.66 2.13 3909945.345 1168638

12 -2.0798 -1.705 2.69 39.34 11.46 -0.53 2.64 3909945.355 1168638

I4 -2.303 -2.2378 3.21 44.18 6.62 -0.37 3.19 3909945.369 1168639

16 -2.5229 -2.8099 3.78 48.08 2.72 -0.18 3.77 3909945.385 1168639'

18 -2.7706 -3.3878 4.38 50.72 0.08 -0.01 4.38 3909945.4 1168639

20 -3.0994 -3.9571 5.03 51.93 1.13 0.10 5.03 3909945.408 1168639

22 -3.4507 -4.5432 5.71 52.78 1.98 0.20 5.70 3909945.416 1168639'

24 -3.8198 -5.1557 6.42 53.47 2.67 0.30 6.41 3909945.425 1168639'

26 -4.176 -5.7562 7.11 54.04 3.24 0.40 7.10 3909945.433 11686394

28 -4.5437 -6.3283 7.79 54.32 3.52 0.48 7.78 3909945.44 116863

30 -4.9435 -6.8842 8.48 54.32 3.52 0.52 8.46 3909945.443 11686391

32 -5.376 -7.4366 9.18 54.14 3.34 0.53 9.16 3909945.445 11686394

34 -5.8906 -7.9354 9.88 53.41 2.61 0.45 9.87 3909945.438 11686391

36 -6.469 -8.4998 10.68 52.73 1.93 0.36 10.68 3909945.43 11686391

38 -7.0603 -9.1205 11.53 52.26 1.46 0.29 11.53 3909945.424 11686391

40 -7.6118 -9.8093 12.42 52.19 1.39 0.30 12.41 3909945.425 11686391

42 -8.1154 -10.559 13.32 52.45 1.65 0.38 13.31 3909945.432 11686391

44 -8.6227 -11.3222 14.23 52.71 1.91 0.47 14.22 3909945.439 11686391

46 -9.0677 -12.096 15.12 53.14 2.34 0.62 15.10 3909945.452 1168639

48 -9.5069 -12.8702 16.00 53.55 2.75 0.77 15.98 3909945.464 1168639

50 -9.9854 -13.6574 16.92 53.83 3.03 0.89 16.89 3909945.474 1168639

52 -10.4726 -14.4691 17.86 54.10 3.30 1.03 17.83 3909945.486 1168639

54 -10.9574 -15.3298 18.84 54.44 3.64 1.20 18.81 3909945.5 1168639'

56 -11.4547 -16.2494 19.88 54.82 4.02 1.39 19.83 3909945.516 116863!

58 -11.9717 -17.2171 20.97 55.19 4.39 1.60 20.91 3909945.534 1168639'
60 -12.5328 -18.2544 22.14 55.53 4.73 1.83 22.07 3909945.552 1168639,

62 -13.1165 -19.3733 23.40 55.90 5.10 2.08 23.30 3909945.573 1168639'

Crosshole Deviation Calculation B-802B
1



64 -13.7554 -20.5507
66 -14.4144 -21.7363
68 -15.071 -22.9109
70 -15.7339 -24.0763
72 -16.3771 -25.1914
74 -17.005 -26.3155
76 -17.6395 -27.4416
78 -18.2861 -28.5245
80 -18.9504 -29.5824
82 -19.6205 -30.6288
84 -20.2944 -31.6766
86 -20.9304 -32.7283
88 -21.5011 -33.7978
90 -22.0306 -34.9133

24.73
26.08
27.42
28.76
30.05
31.33
32.62
33.88
35.13
36.37
37.62
38.85
40.06
41.28

56.20
56.45
56.66
56.84
56.97
57.13
57.27
57.34
57.36
57.36
57.35
57.40
57.54
57.75

5.40
5.65
5.86
6.04
6.17
6.33
6.47
6.54
6.56
6.56
6.55
6.60
6.74
6.95

2.33 24.62 3909945.594 116863
2.57 25.95 3909945.614 1168639
2.80 27.28 3909945.633 1168639
3.02 28.60 3909945.652 1168639
3.23 29.87 3909945.669 1168639
3.45 31.14 3909945.688 1168639,
3.67 32.41 3909945.706 1168639
3.86 33.66 3909945.721 1168639
4.01 34.90 3909945.734 1168639.
4.15 36.14 3909945.746 1168639:
4.29 37.37 3909945.758 1168639:
4.47 38.59 3909945.772 1168639;
4.70 39.78 3909945.792 1168639:
4.99 40.98 3909945.816 1168639:

Crosshole Deviation Calculation B-802B
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CALCULATION OF DEVIATION AT INQREMENTAL DEPTHS FOR CROSSHOLE CASINGS
Casing No. B-802C Prepared by: 1. Date: '-Y3

Checked by: 8 Date: I :/c 5

Depth, ft
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
51
54
56
58
60
62

A Deviation
0

0.3226
0.6355
0.9288
1.1698
1.3973
1.5893
1.7333
1.8734
1.9973
2.124
2.257

2.3784
2.4835
2.5747
2.6726
2.7854
2.976

3.2242
3.4522
3.694

3.8054
3.9106
3.9643
3.9926
4.0186
4.031

4.0459
4.0517
4.0277
4.0162

4.009

B Deviation Resultant
0

0.433
0.8462
1.2691
1.7208
2.219

2.7624
3.3302

3.899
4.4875
5.1077
5.7442
6.4109
7.0805
7.7587
8.4427
9.1856

10.0373
10.9906
11.9856
12.9878
13.9795
14.9683
15.9706
16.9805
17.9674
18.9355
19.8677
20.7802
21.7061
22.6718
23.7077

0
0.54
1.06
1.57
2.08
2.62
3.19
3.75
4.33
4.91
5.53
6.17
6.84
7.50
8.17
8.86
9.60

10.47
11.45
12.47
13.50
14.49
15.47
16.46
17.44
18.41
19.36
20.28
21.17
22.08
23.02
24.04

Angle y
0

53.31
53.09
53.80
55.79
57.80
60.09
62.50
64.34
66.01
67.42
68.55
69.65
70.67
71.64
72.43
73.13
73.49
73.65
73.93
74.12
74.77
75.36
76.06
76.77
77.39
77.98
78.49
78.97
79.49
79.95
80.40

calc angle Delta N(in) Delta E(in)

43.31
43.09
43.80
45.79
47.80
50.09
52.50
54.34
56.01
57.42
58.55
59.65
60.67
61.64
62.43
63.13
63.49
63.65
63.93
64.12
64.77
65.36
66.06
66.77
67.39
67.98
68.49
68.97
69.49
69.95
70.40

0.37
0.72
1.09
1.49
1.94
2.44
2.98
3.51
4.07
4.66
5.27
5.90
6.54
7.19
7.85
8.56
9.37

10.26
11.20
12.15
13.11
14.06
15.04
16.03
17.00
17.95
18.86
19.76
20.68
21.63
22.65

0.39
0.77
1.14
1.45
1.76
2.04
2.29
2.52
2.75
2.98
3.22
3.46
3.68
3.88
4.10
4.34
4.67
5.08
5.48
5.89
6.18
6.45
6.68
6.88
7.08
7.26
7.43
7.60
7.74
7.89
8.06

N (ft)
3909947.32

3909947.351
3909947.38

3909947.411
3909947.444
3909947.482
3909947.524
3909947.568
3909947.613
3909947.659
3909947.708
3909947.759
3909947.812
3909947.865
3909947.919
3909947.974
3909948.034
3909948.101
3909948.175
3909948.254
3909948.332
3909948.412
3909948.492
3909948.573
3909948.656
3909948.736
3909948.816
3909948.892
3909948.967
3909949.043
3909949.122
3909949.208

Crosshole Deviation Calculation B-802C
1



64
66
68
70
72
74
76
78
80
82
84
86
88
90

4.0382
4.0872
4.1098
4.1218
4.1453
4.2043
4.2941
4.3589
4.4064
4.4323
4.4774
4.5451

4.584
4.6267

24.9307
26.2402
27.5635
28.9061
30.2366
31.5038
32.7226
33.935

35.1403
36.3216
37.4674
38.5896
39.6696
40.7078

25.26
26.56
27.87
29.20
30.52
31.78
33.00
34.21
35.42
36.59
37.73
38.86
39.93
40.97

80.80 70.80
81.15 71.15
81.52 71.52
81.88 71.88
82.19 72.19
82.40 72.40
82.52 72.52
82.68 72.68
82.85 72.85
83.04 73.04
83.19 73.19
83.28 73.28
83.41 73.41
83.52 73.52

23.85
25.13
26.43
27.75
29.06
30.30
31.48
32.66
33.84
35.00
36.12
37.21
38.27
39.29

8.31 3909949.308 1
8.58 3909949.414 V
8.83 3909949.523 1
9.08 3909949.633 1
9.33 3909949.741 1
9.61 3909949.845 1-
9.91 3909949.943 1

10.19 3909950.042
10.44 3909950.14 1
10.67 3909950.237 1
10.92 3909950.33 1
11.18 3909950.421 1
11.40 3909950.509
11.63 3909950.594 1

Crosshole Deviation Calculation B-802C
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NOR7H ANNA ESP PROJECT
MACTEC JOB NO. 30720-2-5400

CROSSHOLE CASING DISTAICE CALCULATION SHEET
Prepared by: Date: i - i -X

Checked by:. En Date: i/,4/c3
B-805B Delta N I Delta E

N E
B-805A

EDepth, ft N
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28

3910364.026
3910364.048
3910364.064
3910364.074

3910364.07
3910364.049
3910364.017
3910363.971
3910363.911
3910363.843
3910363.767
3910363.681
3910363.582

3910363.47
3910363.348

0

11686236.69
11686236.68
11686236.67
11686236.66
11686236.64
11686236.62
11686236.58
11686236.53
11686236.48
11686236.43
11686236.37
11686236.32
11686236.26

11686236.2
11686236.14

3910354.987
3910354.982
3910354.973
3910354.968
3910354.968
3910354.979
3910354.989

3910354.98
3910354.969
3910354.963
3910354.97

3910354.989
3910355.026
3910355.078
3910355.152

11686240.74
11686240.73
11686240.71
11686240.69
11686240.67
11686240.65
11686240.63

11686240.6
11686240.56
11686240.52
11686240.48
11686240.43
11686240.35
11686240.24
11686240.12

9.039
9.066090599
9.091124818
9.106526772
9.102D7588

9.070430818
9.0284.36542
8.9904 43387
8.942413297
8.880154132
8.79681)7952
8.691540767
8.5563 78063
8.391564746
8.196011243

-4.051
4.048924
-4.041354
-4.034219
-4.031221
-4.031622
4.044928
-4.061367
-4.076217
-4.090536
-4.104496
-4.111241
-4.087378
-4.039951
-3.978371

Crosshole Distance Calculation Sheet B-805 Location
1



CALCULATION OF DEVIATION AT INCREMENTAL DEPTHS FOR CROSSHOLE CASINGS

Casing No. B-805B Prepared by: I ') Date: - --;3
Checked by: I {t.. Date: 1/F-,3

Depth, ft A Deviatior B Deviatior Resultant Angle y calc angle Delta N, in Delta E, in N, ft

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30

0
-0.1464
-0.3782
-0.6029
-0.8122
-1.0296
-1.2893

-1.681
-2.1408
-2.6179
-3.0605
-3.5659
-4.3709
-5.4053
-6.5424
-7.6099

0
-0.0211
-0.0581

-0.059
0.012

0.2098
0.4128
0.4306
0.4267
0.4992
0.7224
1.1131
1.8226
2.795

4.0685
5.7158

0
0.147913
0.382637
0.60578

0.812289
1.050758
1.353772
1.735274
2.18291

2.665071
3.144602

3.73559
4.735677

6.08517
7.704264
9.517402

0
8.201318
8.733639
5.589188
0.846466
11.51739

17.7537
14.36778
11.27236
10.79596

13.281
17.33582
22.63541
27.34281
31.8761

36.91023

25.16132 -0.0628878
25.69364 -0.1658956
22.54919 -0.2323024
16.11353 -0.2254439
5.442607 -0.0996629
0.793701 0.01875279
2.592219 -0.0784818
5.687645 -0.2163377
6.164036 -0.2861628

3.679 -0.2017783
0.375817 0.02450245
5.675407 0.4683236
10.38281 1.09669397
14.9161 1.98311109

19.95023 3.24737374

-0.1338779
-0.3448036
-0.5594685
-0.7803768
-1.0460208
-1.353642

-1.7334988
-2.1721638
-2.6496626
-3.1381217
-3.7355099
-4.7124633
-5.9855288
-7.4446599
-8.9462568

3910354.987
3910354.982
3910354.973
3910354.968
3910354.968
3910354.979
39`10354.989

3910354.98
3910354.969
3910354.963

3910354.97
3910354.989
3910355.026
3910355.078
3910355.152
3910355.258

Deviation Calculation Sheet B-805B
1



CALCULATION OF DEVIATIONAT INCREMENTAL DEPTHS FOR CROSSHOLE CASINGS

Casing No. B-805A Prepared by: _?I Date: ' 6-03
Checked by:' e - Date: -I/TC

Depth, ft A Deviation B
0 0
2 -0.2275
4 -0.4315
6 -0.6029
8 -0.7382

10 -0.8414
12 -1.0464
14 -1.2605
16 -1.4266
18 -1.5682
20 -1.6651
22 -1.7194
24 -1.7122
26 -1.6291
28 -1.5034

Deviation Resultant Angle x calc angle Delta N, in Delta E in
0 0 0

0.1699
0.2784
0.3144

0.18
-0.1761
-0.7464
-1.5166
-2.4456
-3.4795
-4.6018
-5.8397
-7.2053
-8.725

-10.3483

0.283941
0.513516
0.679953
0.759828
0.859631
1.285327
1.972038
2.83128

3.816565
4.893784
6.087564
7.405942
8.875787
10.45694

36.75286
32.82975
27.54112
13.70339
11.82103
35.50037
50.26883
59.74356
65.73906
70.10802
73.59383

76.6327
79.42373
81.73391

67.43286
63.50975
58.22112
44.38339
18.85897
4.820368
19.58883
29.06356
35.05906
39.42802
42.91383
45.9527

48.74373
51.05391

0.262199
0.459602
0.578019
0.531467
0.277867

-0.108009
-0.661161
-1.375378
-2.192313
-3.108083
-4.145008
-5.32314

-6.672529
-8.132754

-0.108967
-0.229052
-0.358092
-0.543031
-0.813483
-1.280781
-1.857903
-2.474769
-3.124089
-3.780072
-4.458401
-5.148996
-5.852943
-6.573115

N, ft -
3910364.026
3910354.048
3910364.064
3910354.074
3910364.07

39103;4.049
3910334.017
39103 ;3.971
39103633.911
39103,33.843
39103(33.767
39103133.681
39103133.582
3910:363.47

39103133.348

E, ft
1168(
1168E
1168(
1168(
1168(
1168(
1168E
1168E
1168E
1168E
1168E
1168E
1168E
11688
1168E

Deviation Calculation Sheet B-805A
1



DEVIATION SURVEY RECORDS FOR ALL THREE CASINGS
(ONLY SURVEYS FOR RECEIVER CASINGS USED IN CALCULATIONS)

2.5.4B-21



SITE
INSTALLATION
DESCRIPTION

CURFENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
: 802A
: Entered Manually

: 12120/2002 1:35:39 PM
:2591

: 12/20/2002 1:52:48 PM

Data Reduction for A Axis:
Depth Current Current Current Cum.

(It) AO A180 Incr. Dev. Dev. (in)
_ _ (in)

_ 0 _ '0.0000 0.0000
2 113 -126 0.1147 -0.1147
4 80 -88 0.0806 -0.1954

- 6 23 -33 0.0269 -0.2222
8 -1 .7 0.0029 -0.2251

10 -18 10 -0.0134 -0.2117
12 -48 41 -0.0427 -0.1690
14 -106 94 -0.0960 -0.0730
16 -129 123 -0.1210 0.0480
18 -155 143 -0.1430 0.1910
20 -178 169 -0.1666 0.3576
22 -214 204 .0.2006 0.5582
24 -238 229 -0.2242 0.7824
26 -261 251 -0.2458 1.0282
28 -267 258' -0.2520 1.2802
30 -278 271 -0.2635 1.5437
32 -292 284 -0.2765 1.8202
34 -310 301 -0.2933 2.1134
381 -299 292 -0.2837 2.3971

- 38 -261 253 -0.2467 2.6438
.40 -233 222 -0.2184 2.8622
.42 -209 197 -0.1949 3.0571
44 -147 140 -0.1378 3.1949
_ -148 137 -0.1368 3.3317

*18 -151 145 -0.1421_ 3.4738
O -149 140 -0.1387 3.6125

52 -127 116 -0.1166 3.7291
!4 -110 103 -0.1022 3.8314

-92 83 -0.0840 3.9154
58 -88 80 -0.0806 3.9960
60 -105 97 -0.0970 4.0930
62 -130 119 -0.1195 4.2125
64 -122 112 -0.1123 4.3248
66 -146 135 -0.1349 4.4597
68 -157 151 -0.1478 4.6075
0 - 182 -0.1805 4.7880
2 -227 216 -0.2126 5.0006
'4 -269 263 -0.2554 5.2560

76 -320 307 -0.3010 5.5570
7'8 -330 322 -0.3130 5.8699

0 -3531 343 -0.3341 6.2040
6 2

_ E4
-382 3701 -0.3610 6.5650- - _i _ - __
-385 377 -0.3658 1 6.9307

NANPP:8302A Page 1 12/20/2002 1:35:39 PM
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Depth
(t)

Current
AO

Current
A1 80

Current
Incr. Dev.

(in)
Dev. (in)

= 861 -4411 428 .0.41711 7.34781
88 -496 488 -0.4723

-0.5443
7.8202
8.3645_ .I.. . -573 561j

NANPP:802A Page 2 12/2012002 1:35:39 PM
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-

SITE
INSTALLATION
DESCRIPTION

CURRENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:802A
: Entered Manually

: 12/20/2002 1:35:39 PM
:2591

: 12/20/2002 1:52:48 PM

Data Feduction for B Axis:
De Current Current Current Cur.

(tt) BO 81ao Incr. Dev. Dev. (in)
. (in)

0 0.0000 0.0000
2 344 -348 0.3322, -0.3322
4 306 -312 0.2966 -0.62B8
6 221 -239 0.2208 -0.8496
8 108 -117 0.1080 -0.9576

10 8 -171 0.0120 -0.9698
12 -91 851 -0.0845 -0.8851
14 -72 73' -0.0696 -0.81 55
16 -58 54 -0.0538 -0.7618
18 -31 28 -0.0283 -0.7334
20 -12 _ . -0.0086 -0.7248
22 -27 21 -0.0230 -0.7018
24 -14 12 -0.0125 -0.6893
26 -34 271 -0.0293 -0.6600
28 -66 631 -0.0619 -0.5981
30 -89 83 ! -0.0826 -0.5155
32 -99 971 -0.0941 -0.4214
34 -80 84 -0.0787 -0.3427
36 -64 581 -0.0586 -0.2842
38 -34 31 -0.0312 -0.2530
40 -8 3 -0.0053 -0.2477
42. 28 -30 0.0278 -0.2755
-441 92- -96 0.0902 -0.3658
461 108 -113 0.1061 -0.4718
481 147 -153 0.1440 -0.6158
50 198 -200 0.1910 -0.8069
52 210 -208 0.2006 -1.0075
54 2 246 -239 0.2328 -1.2403
56 272 -276 0.2630 -1.5034

[IZ.8 276 -280 0.2669 -1.7702
30 250 _ -256 0.2429 -2.0131
32 216 -219 0.2088 -2.2219
i54 266 -268 0.2563 -2.4782
i36 2671 -278 0.2616 -2.7398
i38 258 -264 0.2506 -2.9904

0 _ 2-257 0.2438 -3.2342
- 72 235 -241 0.2285 -3.4627

74 214 -208 0.2026 -3.6653
76 164 -179 0.1646 -3.8299
78 152 -155 0.1474 3;9773

130 142 -1461 0.1382 -4.1155
132 119 -125 0.1171 -4.2326

-1161 -- 0.1104F -4.3430
. . _ .

NANPP:802A Page 3 12)2012002 1:35:39 PM
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DEipth
(ft)

Current Current
801 Bro

Current
Incr. Dev.

(in)

C Cum.
Dev. (in)

=.T.[O3~-.46
88 16
901 -24

-23 0.01871 -4.4448
18 -0.0202 i -4.4248

_ , _ _ _,

NANPP:802A Page 4 1212012002 1:35:39 PM
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NANPP:802A - A Axis
E:

1212202 01:35 PM

NANPP:802A - B Axis
E3

lY21200 01:35 PM
. . . ..

(I

IC1C

20

30

40

LL.

Cso

60

70

80

90

-2-

* I4

* I

44 I

. . . . . .

__1 --- :---r1_ T_ l____ _r--- -_1-- __4

. 4 I I I

4 I I I I
I I r ! 4 4 r

0

4 I I 4 4 4 4 I

I I I I 4 4 4 I
.,__4 _ I_ _ _ 4 4 _ _ 4___i __l

I I I I I I 4 I

. 4 I I I I 4

I I * I 4 4 4

, , , I I
I , , ,4

, * 4

a t , I , I 4 I

.4 . j , . , . 4

|' :
4 I w I .

I ,~ 4;1 .

I 4 I 4 I 4 I I
-.J… … L*.....J I....J

4 4l 4 ' 4

4 4 I 4
I 4 4 .1 1 4

I I I 4l I4

I I 4

4 4 4 .4I I
4 4 4 I 4

I I I I 4

* I t I 141

. 4 I g b 4 4
4 . I 4 I i I 4~~~---- -i--_ it----

. 4 Ix
…LI I. II.I J …

. . I I I I I 4
4 4 4 I I I I 4

._J444 __ __ __ __4_4_ !4.I4 .4 'IXI44~ 'I'

10-

20

30 -

40

rD
LT

t 50

60

70

80

90

. , , 4 I I l ,

. , , I , I I I

4 4 I 4 I I 4

I I I I I I4 1

I 4 I I I 1 4

I I I 4 I 4 1

I I I I 1 * 1

4 4 I * 4 * I I

I I I I I I I 1 1

' I ' I ' '4

* 4 4 I 4I 4441

. , , I * * 4 4 49

,, .4 .4 ' $
,. , .. . , , .- - ,. I

4 I 4 I

I 4 4 4 4 ,0 , , I

-I 4 I 4 I4

I4 4 I I 4I I I44
. 4 4 44J)'44I ,r

4 4 . i.I I I I r I

4 4 I * I I I I

I I I I _l

.4 I I I I I 4 * I

.ii ii *4I~4 4414 *f .

- .

- - _ -

I' - -'- -

I - ! -

I4!44

I-
-1 0 1 2 3 4 5 6 7 8

Cumulative Devialion in Inches

. I I . . I i- .

4.5 40 -5 o0 .. 5 -20 1.5 .10 405 0.0 0.5 ID

Cumulative Deviation in Inches

NANPP:802A Page 5 12/2012002 1:35:39 PM
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SITE
INSTALLATION
DESCRIPTION

CURRENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:802B
: Entered Manually

:1212012002 1:54:55 PM
:2591

: 12120/2002 2:03:40 PM

Data Reduction for A Axis:
Depth Current Current

(ft) A0 A180
_ ... ,_

Current Cum.
Incr. Dev. Dev. (in)

(in)
0.0000 0.0000

2 - 545 -567 0.5338 -0.5338
4 461 -472 0.4478 *0.9816

1 6 364 -375 0.3547 -..3383
8 282 -298 0.2784 -1 .6147

10 248 -260 0.243B -1.8586
12 225 .236 0.2213 -2.0798
14 ' 227 -238 0.2232 -2.3030
16 223 -235 0.2198 -2.5229
18 254 -262 0.2477 -2.7706

336 -349 0.3288 -3.0994
22 360 -372 0.3514 -3.4507
24 379 -390 0.3691 -3.8198
26 367 _ -375 0.3562 -4.1760
28 378 -388 0.3677 -4.5437
30 411 -422 0.3998 -4.9435
32 446 1 -455 0.4325 -5.3760
-. 528 ! -544: 0.5146 -5.8906
36 597 -608 0.5784 -6.4690
38 609 -623 0.5914 -7.0603
40 570 -579 0.5515 -7.61 i8
42 512 -537 0.5035 -8.1154
44 523 -534 0.5074 -8.6227
46 ,456 -471 0.4450 -9.0677
48 450 -465 0.4392 -9.5069

_ 50 493 -504 0.4786 -9.9854
52 500 -515 0.4872 -10.4726
54 501 -509 0.4848 -10.9574
56 516 -520 0.4973 -11.4547

-58 533 -544 0.5170 -11.97171
60 580 -589 0.5611 -12.5328
62 602 -614 0.5837 -13.1165

= 64 6585 - -673 0.6389 -13.7554
661 681 -692 0.6590 -14.4144
68' 677 -691 , 0.6566 -15.0710
70: 685 -696 0.6629 -15.7339
72, 667 -673 0.6432 -16.3771
74 646 .6621 0.6278 -17.0050

i 761 654 -668 0.6346 -17.6395
78' 667 -680 0.6466 -18.2861
80; 686 -698 0.6643 -18.9504
82 692 -704 0.6701 -19.6205

i 84; L 695 '709! 0.6739 1 -20.2944

NANP':802B Page 1 12/20/2002 1:54:55 PM
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Depth -Currenti Current Current Cum.
(t) AO: A180 Incr. Dev. Dev. (in)

86 659 .666 0.6360 -20.9304
88 590 599 - 0.5707 -21.5011

I 90 549 . .- 541 0.52941 -22.0306

NANPP:802B Page 2 1212012002 1:54:55 PM
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SITE
INSTALLATION
DESCRIPTION

CURRENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:802B
: Entered Manually

: 12120/2002 1:54:55 PM
:2591

: 12/2012002 2:03:40 PM

Data Reduction for B A
Depth Current I

(ft) B0
Current Current

B180!I ncr. Dev.
(in)

Cum.
Dev. (in)

0 0 0. 0.0000
A_ . I

. 00.0000
-0.092293

4156
-99 0.0922

-1551 0.14931 -0.2414
6 264 -268 0.2554 -0.4968
8: 346 -352 0.3350 -0.8318

10 423 -425 _ 0.4070 -1.2389
12 483 -488f 0.4661 -1.7050
14 554 -556 0.5328 -2.2378
16 596 . -596 0.5722 -2.8099
18 600 -604 0.5779 -3.3878
20 593 -593 0.5693 -3.9571
22 613 -608 0.5861 -4.5432
24 639 -637 0.6125 . -5.1557
26 _ 624 -627 0.6005 -5.7562
28 593 -599 0.5722 -6.3283
30 578 .580 0.5558 -6.8842,
32 574 -577 0.5525 -7.4366
34 516 -523 0.4987 -7.9354
36 588 88 0.5645 -8.4998
38 645 -648 0.6206 -9.1205
40 716 -719 0.6888 -9.8093
-2 778 -784 0.7498 -10.5590

44 803 -787 - 0.7632 -11.3222
46 810 -802 0.7738 -12.0960
. 805 -806 0.7742 -12.8702
50 820 -8201 0.7872 -13.6574
52 -4.7 -844| _ 0.8117 -14.4691
54 898 -895 0.8606 -15.3298
56 954 -962 0.91 97 -16.2494
58 1004 -1012 0.9677 -17.2171
60 1077 -1084 1.0373 -18.2544
62 1144 -1187 1.1189 -19.3733
64 1225 -1228 1.1774 ! -20.5507
66 1235 -1235 1.1856 I -21.7363:
68, 1222 -1225 1.1746 -22.9109
70' 1211 -1217 1.1654 -24.0763
72 1161 -1162 1.1150 -25.1914
74. 1170 -1172 1.1242 -26.3155
761 -_1172 -1174 1.1261 -27.4416
78 '''1i26 -1130 1.0829 -28.5245
80 1101 -1103 1.0579 -29.5824
82 1096 -1084 1.0464 -30.6288
84 1092 -1091 1.0478 -31.6766

NANF'P:802B Page 3 12120/2002 1:54:55 PM
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Cum.Depth
(ft)

Current Current Current
BO BI 80 Incr. Dev.

. __ . . .. (in)
1092 -1099 1.0517

Cumn.
Dev. (in)

-32.7283
_ _

. . . . . _ . _ . _ _ _ _ _

88 1110I -111B 1.0694 -33.7978
90 1154, -1170Q 1.1155 -_34.9133I

NANPF':802B Paae 4 12120/2002 1:54:55 PM
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NANPP:802B -A Axis
E1

1212012002 01:54 PM
I .

o- ---- I-1------------------

120 - - - - - - - - - - -

70 - - - -- -L -- - - - -- -1 - - - -

* I I I

;I I I

40 ---------- - - - -- - -

90:

I, '' I I

. I I; I60 , / ---

70-. #-

. * . I I

. .- @ I I

, . .

90j--L-'…J--_L ________

NANPP:802B- B Axis
[3

121201002 01:54 PM
* . . . . . .
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I .~ . t 1 1 I I

I 1 1, 1 4

, 8 1. I 1 1 , I . ,lt
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___ II

-20 -15 -10 -5
Cumulauve Deviation in Inches

0 -35 -30 -25 -20 -15 -10 *5 0
Cumulative Deviabon in Inches

NANPP:1302B Page 5 12/2012002 1:54:55 PM
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SITE
INSTALLATION
DESC:RIPTION

CURFIENT SURVEY
Probe Serial No

DATE PRINTED

Data Reduction for A Axis:

: NANPP
:802C
: Entered Manually

: 12/20/2002 2:04:16 PM
:2591

: 12/20/20022:12:11 PM

it Current: Cum.
D Incr. Dev. Dev. (in)

... 0.(in)
Ci. 0.00001 0.0000

DEopth Current Currer
ftt) A0 A18

- O[
2

0I i . _ _ __ _ _+
-347 325 -0.3226 0.3226

-0.3130 0.63554
6

-331
-311

321
3001 -0.2933

_ 
_ . .

. _ _ _ - _ . _ - _ . . _

0 9288
1.16988

10
12

-256
-243

246 1 -0.2410
231 * -0.2275

. . _ _ _ . __ _

_ 1.3973
1.5893. . - _ .

-204 1961 -0.1920
14 -1551 145 -0.1440 1.7333
16 -:-i51 I t41 -0.1402 1.8734
18 -1331 125 -0.1238 1.9973
20 -136: 128 -0.1267 _ 2.1240
22 -146; 131 -0.1330 2.2570

2 -131: 122 -0.1214 2.3784
26 -115 104 -0.1051 2.4835
28 -99 91 -0.0912 2.5747
30 -109 95 -0.0979 2.6726
32 -123: 112 -0.1128 2.7854
34 -204 193 -0.1906 2.9760
36 -266_ 251 -0.2482 3.2242
38 -246 - 229 -0.2280 3.4522
40 -212: 199 -0.1973 1 3.6494
42 -169 _ 156 -0.1560 3.8054
44 -117i 102 -0.1051 3.9106
46 -60 52 -0.0538 3-.9643
48 -38 21l -0.0283 3.9926
50 -30 24 *0.0259 4.0186
52 -18 8 -0.0125 4.0310
54 -19 12 0.0149 i 4.0459
656 -10 2 -0.0058 4.0517

_58] 19 -31 0.0240 ' 4.0277
60i 5 -19 0.0115! 4.0162
62 1 -14 0.0072 4.0090
64: -36 25 --0.0293 4.0382
66 i -60 421 -0.0490 4.0872

_ 68 I -30 17! -0.0226 4.1098
701 -20 _ 5 ! -0.0120 4.1218
72! -34 15 -0.0235 4.1453
74 65 58 -0.0590 4.2043
76 -100 87 1 -0.0898 4.2941
78 -74 .6t61 -0.0648 4.3589
80 -55 44! -0.0475 4.4064

~82 -34 20; -0.0259 4.4323
-53 41, -0.0451 4.4774

NANPP:802C Page 1 12120/2002 2:04:16 PM
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SITE
INSTALLATION
DESCRIPTION

CURFIENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:802C
: Entered Manually

: 12/20/2002 2:04:16 PM
:2591

:12/2012002 2:12:11 PM

Data Reduction for B Axis:
Depth

(ft)

--'2

Current
BO

0

Current I Current
B180 Incr. Dev.

__ , (in)
0.0000

Cum.
Dev. (in)

0.0000
. _ 

. _

I -452 450 -_0.4330 0.4330
-0.41t33 0.B4624 _ -430

6 __ -440
431

_ , . _ _ _ _

441 1 -0.4229 . _.

1.2691
:.72081i 8 -470

1 101 -520
471 -0.4517
518 1 -0.4982

:_ __ _ _ . . __

12
14

= 1-6

-565
-592

*56T7 -0.5434
_591 -0.5678

2.2190
2.7624J
S.3302

: 

_

__ __ . -
----593 I 592

: __
-05688
-0.5885

3.8990
4.4875,1 -614

201 -648
612
6441 -0.6202 5.1077

2 -662 664 -0.6365 5.7442
24 -692 697 -0.6667 6.4109
26 -696 699 _ -0.6696 7.0805
28 -706 707' -0.6782 7.7587
30 -715 710 -0.6840 8.4427
32 -755 751 -0.7229 9.1656
34 -905 911 -0.8717 10.0373
36 -995 991 -0.9533 10.9906
38 -1039 1034 -0.9950 11.9856
40 -1044 1044 -1.0022 12.9878
42 -1031 1035 -0.9917 13.9795
44 -0i28 1032 -0.9888 14.9683
46 -1040 1048 -1.0022 15.9706
48 -1053 1051 -1.0099 16.9805
50 -1027 t 1029 -0.9869 17.9674
52 -1006, 1011 -0.9682 8.9355
54 -969i 973s -0.9322 19.8677
5 -951; 950 -0.9125 20.7802
58 -964! 965! -0.9259 21.7061
60 -1010 i 1002 -0.9658 22.6718
62 -10801 1078 -1.0358 23.7077
64 -1274 12i7 _-1.2230 24.9307
66 -1365 1363: -1.3094 26.2402
68 -1378. 1379 -1.3234 27.5635
70 -1398 13991 -1.3426 28.9061
72 i -1387 13851 -1.3306 30.2366

**74 -1323 1317 -1.2672 31.5038
76 -1272 1267 _ -1.2187 32.7226
78 -1263 1263 -1.2125 33.9350
80 -1256 1255 -1.2053 35.1403
827 -1230 1231 -1.1813 36.3216

L 641 _ -1192 11951 -1.1458 37.46741

NANFP:802C Page 3 12120/2002 2:04:16 PM
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Depth Current Current Current Cum.
(ft) BO BI 80 Incr. Dev. Dev. (in)

_, _ (in)
86 -1170 1168 -1.1222 38.5896
88 -1122 1128 -1.0800 39.6696
90 _ -1082 1081 1 -1.0382 40.7078

NANPP:302C Page 4 12120/2002 2:04:16 PM
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NANPP:802C - A Axis
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SITE
INSTALLATION
DESCRIPTION

CURF.ENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:805A
: Entered Manually

: 1211912002 5:28:37 PM
: 2591

:1114/20031:27:11 PM

Data Rleduction for A Axis:
Dtipth Current Current Current Cum.

(ft) AO Al80 Incr. Dev. Dev. (in)
(in)] _

0 ° 0 0.0000 0.0000
230 -244 0.2275 -0.2275

4 209 -216 0.2040 -0.4315
6 172 -185 0.1714 -0.6029
8 137 -145 0.1354 *0.7382

10 1041 -111 0.1032 -0.8414
12 210 -217 0.2050 -1.0464
14 218 -228 0.2141 -1.2605
16 168 -178 0.1661 -1.4266
18-_ 144 -151 0.1416 -1.5682
20 97 -105 0.0970 -1.6651
22 53 -6 0.0542 -1.7194
24 -13 2 -0.0072 -1.7122
26 -92 81 -0.0830 -1.6291

= 28 -135 127 -0.1258 -1.5034

NANIIP:805A Page 1 12/1912002 5:28:37 PMl
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SITE
INSTALLATION
DESCRIPTION

CURFIENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:805A
: Entered Manually

: 12/19/2002 5:28:37 PM
:2591

: 1/1412003 1:27:1 1 PM

Data Reduction for B Axis:
Dopth Current Current Current CUm.

(ft) BO B180 Incr. Dev. Dev. (in)

0 0__ _______0 0.0000
2 -178 176 -0.1699 0.1699

- 4 -116 110 -0.1085 0.2784
6 42 33 -0.0360 0.314

. 8 134 -146 0.1344 0.1800
10 366 -380 0.3581 -0.1781
_ 2 586 -598 0.5683 -0.7464
1 4 796 -809 0.7704 -1.5168
16 964 -971 0.9288 -2.4456
18 1073 -1081 1.0339 -3.4795
20 1166 -1172 1.1222 -4.6018
22 1285' -1294 1.2379 -5.8397
24 14191 -1426 1.3656 -7.2053
26 1576 -1590 1.5197 -8.7250

= 28 1687 -1695 1.6234 .10.3483

NANPP;805A Page 2 12/1912002 5:28:37 PM
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NANPP:805A -A Axis
E1

1211912002 0528 PM
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SITE
INSTALLATION
DESCRIPTION

CUFRRENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
: 805B
: Entered Manually

: 12J2012002 12:14:33 PM
:2591

: 12/20/2002 2:18:14 PM

Data Reduction for A Axis:
Depth Current Current Current Cum.

(ft) AO A180 Incr. Dev. Dev. (in)
I _ _ _ _fin) I

0 0 0 0.0000 0.0000
2 144 -161. 0.1464 -0.1464
4 237 -246 0.2318 -0.3782
6 228 -24- 0.2246 -0.6029
8 213 -223 0.2093 -0.8122

10 222 -231 0.2174 -1.0296
12 264 -277 0.2597 -1.2893
14 402 -414 0.3917 -1.6810
16 475 -483 0.4598 -2.1408
18 491 -503 0.4771 -2.6179
20 457 -465 0.4426 -3.0605

_ 22 523 -530 0.5054 -3.5659
24 831 -8464 0.8050 -4.3709
26 1072 -1083 1.0344 -5.4053
28 1178 -1191 1.1371 -6.5424
_ _ 1107 -1117 1.0675 -7.6099

NANtPP:805B Page 1 12/20/2002 12:14:33 Phi
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SITE
INSTALLATION
DESCRIPTION

CURRENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
:805B
: Entered Manually

:12/20/2002 12:14:33 PM
:2591

: 12/20/2002 2:18:14 PM

Data Reduction for B Axis:
De3pth I Current Current

(tt) BO 1B80
Current

Incr. Dev.
. . 0n)
0.0000

Cum.
Dev. (in)

0.000010 0 0
2 24 -20 0.0211 t -0.0211
4 39 -38 0.0370 -0.0581
61 1 -1 0.0010 -0.0590
8 -78 70' -0.0710 0.0120

10 -207 205 -0.1978 0.2098
12 -218 205 -0.2030 0.4128
14 -19 18 -0.0178 0.4306
161 5 -3 0.0038 0.4267
18 -78 73 -0.0725 0.4992
20 -235 230 -0.2232 0.7224
22 -409_ 405 -0.3907 1.1131
24 -741 737 -0.7094 1.8226
26 -10171 1009 -0.9725 2.7950
28 -13291 1324 -1 .2734 4.0685
30 -17151 1717 -1.6474 5.7158

NANPP;805B Page 2 12/20/2002 12:14:33 PM
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NANPP:805B - A Axis

12120,200212 14 PM

NANPP:805B - B Axis
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SITE
INSTALLATION
DESCRIPTION

CURRENT SURVEY
Probe Serial No

DATE PRINTED

: NANPP
: 805C
: Entered Manually

1 12/2012002 12:27:39 PM
:2591

: 12/2012002 1:32:57 PM

Data Reduction for A Axis:
_ . . _

Dopth Current
(ft) AO

Curre6n Current Cum.
AlB0 Incr. Dev. Dev. (in)

0 0.0000 0.0000I O 1
2 -82 62' -0.0691: 0.0691
4 -63 49 -0.0538' 0.1229
6 -42 28 -0.0336 0.1565
8 10 -21 0.0149 0.1416

10 9 -19 0.0134 0.1282
12 -101 92 -0.0926 0.2208
14 -280 270 -0.2640 0.4848
16 -438 430 -0.4166 __0.9014
18 -433 420 -0.4094 1.:3109
20 -210 198 -0.1958 1.5067
22 -62 52 -0.0547 1.5614
24 61 -77 0.0662 1.4952
26 101 -110 _ ._1013 1.3939
28: 205 -204 0.1963 1.1976
30, 303 -3161 0.2971 0.9005

NANP P:805C Page 1 1212012002 12:27:39 PM
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SITE
INSTALLATION
DESCRIPTION

CURRENT SURVEY
Probe Serial No

: NANPP
: 805C
: Entered Manually

:12/20/2002 12:27:39 PM
: 2591

DATE PRINTED : 12/20/2002 1:32:57 PM

F . t . . ~ tr .. A- :,

NANPP:805C Page 2 12/20/2002 12:27:39 PM
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NANPP:805C - A Axis NANPP:805C -B Axis
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APPENDIX H
CROSSHOLE SEISMIC REPORT AND DATA
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Grumman Exploration, Inc.
2309 Dxrset Road
Columbus, Ohio 43221
(614) 488-7860 tel; (614) 488-8945 fax

Non-der.,racti'e Subsurface Etx/orafion
Near-sujface Geophyjics

January 14, 2003

Mr. J. Allan Tice
Mactec Engineering and Consulting Services, Inc.
3301 Atlantic Avenue
Raleigh, NC 22080

RE: Report of Cross-hole Seismic Testing, North Anna ESP Project, North Anna Nuclear
Facility, Lake Anna, Virginia, GE1 Project No. 01-22089, MACTEC JOB NO.
30720-2-5400

Dear Al:

Grumman Exploration, Inc. has completed the cross-hole seismic testing at the above
referenced site located on Lake Anna, Virginia. This letter-report summarizes the field
procedures used and results of the tests performed at this site. The attached spreadsheets and
plots Sunmarize the estimated seismic velocities for the boreholes tested.

Project Description
Mactec Engineering and Consulting Services, Inc. is engaged in geotechnical investigations at
the above referenced site. Cross-hole seismic testing was requested to assist in the evaluation
and design of possible structures and foundations proposed for this location. Among the
requirements and assumptions of the cross-hole testing procedure are: homogeneous isotropic
subsurface materials, horizontal layering of subsurface materials, receiver hole verticality,
minimal lateral stratigraphic variability and low ambient noise. Estimating a P or S wave
arrival time onset can be complicated by the presence of noise and other interfering wave
trains.

2.5.4B-2:



Report of Cross-hole Seismic Testing
North Anna ESP Project, North Anna Nuclear Station, Virginia
Mactec Engineering and Consulting Services, Inc.
January 14, 2003 Page 2

Field Procedures
Grumman Exploration, Inc. conducted cross-hole seismic tests using boreholes B-805a, b, and
c , and B-802a, b and c on December 12, 2002 as specified by Mactec Engineering and
Consulting Services, Inc. The cross-hole seismic tests were performed in accordance with D-
ASTIM D4428/D4428M, with minor, approved exceptions noted on the field log. The depth of
the two sets of test borings was approximately 29-ft and 92-ft for borings B-805 and B-802
respectively. The cross-hole tests in B-802 was performed in the bedrock portion of the hole
(deeper than -25-ft), while the testing performed in B-805 was performed entirely in the
unconsolidated portion of the overburden. The receiver borings were lined with 2.875"
diameter PVC inclinometer casing that were grouted in-place using a cement bentonite grout.
Borehole deviation surveys were performed by Mactec Engineering and Consulting Services,
Inc.

The following field equipment and procedures were used to conduct the tests:

* Geometrics, Inc. SmartSeis S-12, 12 channel, digital signal enhancement seismograph,
* Dual triaxial geophones, with mechanical sidewall clamping mechanisms [receiver

holes], and
* Reversible polarity, dowhole impulse hammer source with trigger [shot hole]

In B14:05 (soil/weathered rock boring), the tests were performed at intervals that corresponded
to the approximate centers of the soil sampling intervals. In B-802, the tests were performed at
5-ft intervals to the end of the boring. The nominal receiver hole separation at the ground
surface was approximately I -ft however borehole deviation surveys were performed by
Mactec Engineering and Consulting Services, Inc. The test preparation procedures consisted of
lowering each geophone to the desired test depth in each receiver hole. The impulse source
was placed in the shot hole to the corresponding testing depth. The impulse source was
activated multiple times until a satisfactory signal response was obtained. Two separate tests
were performed at each depth. Between 2 and 6 impacts per test were stacked to help enhance
the P and S-wave signatures and cancel spurious noise effects. Sampling intervals of 0.03125
and 0.064 milli-seconds [msec] and record lengths (sweep-times) of between 64 and 128 milli-
seconds were used. A total of 2048 samples were digitally recorded per channel per shot and
no filtering was used during acquisition. The seismograph was calibrated by the manufactuxer
two-weeks prior to the tests and the geophones were also manufactured and purchased new
within three weeks of the tests. Sources of possible noise and other interfering vibrations
included vehicle traffic, construction activity, heavy machinery operation and nearby concrete
cutting operations.

The data were observed and recorded in the field during acquisition and later returned to the
offices of Grumman Exploration. Inc. for further review and analysis. The analysis consisted
of estimating the earliest onset of the P-wave and S wave for each depth level tested. Some of
the S-waves were analyzed by comparing similar S-wave onsets, peaks and/or zero crossings

I Grumman Exploration, Inc.
2309 Dorset Road, Columbus, Ohio 43221
(614) 488-7860 tel, (614) 488-8945 fax
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Report of Cross-hole Seismic Testing
North Anna ESP Project, North Anna Nuclear Station, Virginia
Mactec Engineering and Consulting Services, Inc.
Januaiy 14, 2003 Page 3

across the seismic traces. A computer program developed by Grumman Exploration, Inc. was
used to extract and display the raw, unfiltered P and S-wave traces for each test interval. Nc
alteration (e.g. filtering, processing) of the raw signals was performed. Using the arrival time
estimates and the measured ground-level receiver-hole separation distance, P and S wave
velocities were calculated for each depth interval. The vertically aligned geophones (channels
I and 4) were used primarily for the S-wave analysis and the lateral geophones for the
compressional (p-wave) assessment. Copies of the seismic waveforms used in the
interpretation are attached.

Cross.-hole Seismic Testing Results
The attached spreadsheets summarizes the cross-hole seismic testing results for test hole
locations B-802 and B-805 at the North Anna ESP Project site. Each spreadsheet represents a
separate test performed at each depth. The spreadsheets include summaries of the P and S-wave
arrival. times, the calculated estimates of apparent P-wave and S-wave velocity and poisson's
ratio for each test interval. Graphs illustrating these results are also included with each
spreadsheet and as separate figures.

B-805 (soil/unconsolidated overburden)
The cross-hole seismic waveforms were reasonably clear and uncomplicated by noise
interference with the exception of the deepest test intervals, near the bedrock contact. The
downhole seismic impulse source is optimized for the Shear (S)-wave and the S-wave onset was
more readily apparent than the earlier P-wave on the waveforms for B-805. The compressional
(P)-wave onset was complicated by high-frequency noise, particularly at the deepest test
intervals. The computed compressional wave velocities (Vp) generally appear higher than
would be anticipated given the observed soil/overburden profile. Possible explanations for the
elevated Vp include the presence of higher velocity weathered bedrock within the overburden,
saturation of the deeper test intervals, and possible P-wave arrival time estimation inaccuracies
caused by excessive noise interference.

B-802 (bedrock)
Severe high frequency noise appears to have severely degraded the overall quality of the B-802
results and complicated the interpretation of these results. A possible shear wave arrival was
apparent only on the tests performed from 27-ft to approximately 45-ft. Deeper than 45-ft, no
apparent shear-wave could be discerned from the results. Although excessive high-frequency
noise severely complicated all of the recorded waveforms, no clear late-time waveforms (e.g.
possible shear-waves) were apparent on the deeper records (>-45-ft). No compressional wave
waves could be clearly interpreted on the seismic records. The compressional waveforms, if
present, may have been obscured by the high-frequency noise. The observation of the P-wave
onset may have been further complicated by the anticipated high Vp in the bedrock interval and
resultant very small arrival time differential between receiver locations. The bedrock within the
test arca appears to readily transmit high-frequency noise from various noise sources throughout

Grumman Exploration. Inc.
2309 Dorset Road, Columbus, Ohio 43221
(614) 488-7860 tel, (614) 488-8945 fax
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Report of Cross-hole Seismic Testing
North Anna ESP Project, North Anna Nuclear Station, Virginia
Mactec Engineering and Consulting Services, Inc.
Januaiy 14, 2003 Page 4

the site. An attempt to filter the seismic traces was performed, however, the results did not
appear to improve the interpretation of the waveforms.

General Qualifications
It is considered possible that one or more of the circumstances noted below may have affected
the P and S-wave velocities or their estimation through various regions of the subsurface. Bias
in the arrival time picks and consequently the velocity estimates may be the result of one or
more possible circumstances including: inaccuracies in the wave arrival time picks, irregular or
incomplete borehole annular space filling, refraction effects, lateral stratigraphic changes,
limitations on the resolution of the digitized signal, and the presence of interfering noise and
other wavetrains.

The cross-hole seismic data presented herein represent estimates of subsurface properties in the
interval between the two receiver boreholes tested using the measurement procedures described
above. No warranty, certification, or statement of fact, either expressed or implied, regarding
actual subsurface properties surrounding the borehole tested is contained herein. If questions or
uncertainties exist regarding the actual parameter values, supplemental in-situ or laboratory tests
or other invasive explorations should be conducted to document actual subsurface material
properties. No inference of subsurface properties can be made for depth intervals not tested.

Grumman Exploration, Inc. has appreciated this opportunity to be of service again to Mactec
Engineering and Consulting Services, Inc. If you have any questions or comments regarding
this report, please feel free to contact us.

Sincerely,

Grumman Exploration, Inc.

David L. Grunman, Jr.
President/Geophysicist

Attachments:

Sp'readsheets: B802 Xhole Seismic.xls
B805 Xhole Seismic.xls
Figure 1 (B-805)
Figure 2 (B-802)
Field data acquisition logs for B-802 and B-805

~ Grumman Exploration. Inc.
2309 Dorset Road, Columbus, Ohio 43221

11 (614) 488-7860 tel, (614) 488-8945 fax
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Cross-Hole Seismic Testing Summary Table
TestIWell ID: B-802 Grut

Project: Noth Anna ESP Project 23091

Location: North Anna Power Station, Mineral, Virginia Test Date: 12/12/2002 Colurr

ClientlOwner: Mactec Calc. Date: 1/14/2003 (614).

Field Staff: dig
Well Descr.: 2.875" PVC/inclinometer, grouted, -92' depth Data Proc by: dig

Soil Shear Bulk Young's Poisson's
[ rest Interval Velocity Density Modulus Modulus Modulus Ratio

Interval (flsec) (pcf)

Depth (ft) VP V. _ G K E -Depth (ft) Mate

27.00 4508 27.00
30.00 5334 30.00
:30a 5204 30a

35.00 5997 35.00
40.00 5208 40.00
40a 5468 40a

45.00 5556 45.00
5').00 50.00
55.00 55.00
60.00 60.00
60a 60a

65.00 65.00



Downhole Seismic Testing Field Data Spreadsheet
Test/Well ID: B-802

Project: Noth Anna ESP Project
Location: North Anna Power Station, Mineral, Virginia

Client/Owner: Mactec

Downhole Seismic Testing
1114/2003

Page 2 of 3

Grumman Exploration, Inc.
Nominal Test Hole Separation:

-10 ft
Test Est'd Velocity (fps) Esimated Wave Arrival Time (msec) receiver

Notes VP Vs PeOSR P80sA S 805B SOSA separation (ft

27.0 4508 n/a n/a 2.25 4.60 10.593
30.0 5334 n/a n/a 2.00 4.00 10.668
30a repeat 5204 n/a n/a 1.95 4.00 10.668

35.0 5997 n/a n/a 1.50 3.30 10.794
40.0 5208 nla n/a 2.10 4.20 10.937
40a repeat 5468 n/a n/a 2.05 4.05 10.937

45.0 5556 n/a n/a 2.50 4.50 11.112
50.0 n/a n/a n/a n/a 11.299
55.0 n/a n/a n/a n/a 11.504
60.0 n/a n/a n/a n/a 11.737
60a repeat n/a n/a n/a n/a 11.737

65.0 n/a n/a n/a n/a 12.007
70.0 n/a n/a n/a n/a 12.289
75.0 n/a n/a n/a n/a 12.557
80.0 n/a n/a n/a n/a 12.819
BOa repeat n/a n/a n/a n/a 12.819

85.0 n/a n/a n/a n/a 13.084
-89.00 . n/a n/a n/a n/a 13.283

Field Equipment: EG&G Smart'Seis S-12, 12-channel, signal enhancement siesmograph
Two Triaxial Geophones, 10-ft nominal surface separation distance centered at depth indicated

Downhole, reversible polarity hammer source
Per checked deviation survey provded by Mactec

n/a uninterpretable/poor quality waveform

2.5.4B-12



Test/Well ID: B-802
Project: Noth Anna ESP Project

Location: North Anna Power Station, Mineral, Virginia
Client/Owner: Mactec

Poisson'sP and S Velocity vs Depth
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Cross-Hole Seismic Testing Summary Table
TestIWell ID: B-805 Grun

Project: Noth Anna ESP Project 2309 C
Location: North AnnaPower Station, Mineral, Virginia Test Date: 12/12/2002: Colum

Client/Owner: Mactec Calc. Date: 1/14/2003 (614)V
Field Staff: dig

Well Descr.: 2.875" PVC/inclinometer, grouted, -29' depth Data Proc by: dig
Soil Shear Bulk Young's Poisson's

[ 1 Test Interval Velocity Density Modulus Modulus Modulus Ratio
Interval (ft/sec) (pcf)

Depth (ft) v s y G K E _ U Depth (ft) Matei

2.50 1243 612 0.340 3.50
6.00 1245 701 0.268 6.00
6.00 1660 604 0.424 6.00
8.50 1658 650 0.409 8.50
1-1.00 1652 748 0.371 11.00
1 13.50 4936 977 0.480 13.50
16.00 6552 936 0.490 16.00
18.50 5741 1072 0.482 18.50
21.00 5683 1380 0.469 21.00
26.00 5478 1023 0.482 26.00
26.00 1150 26.00
27.00 1047 27.00



Downhole Seism'c Testing
1/14/2003

Page 2 of 3
Downhole Seismic Testing Field Data Spreadsheet

Test/Well ID: B-805
Project: Noth Anna ESP Project Grumman Exploration, Inc.

Location: North AnnaPower Station, Mineral, Virginia Nominal Test Hole Separation:
Client/Owner: Mactec -10 ft

Test Est'd Velocity (fps) Esimated Wave Arrival Time (msec) receiver
Depth Notes VP Vs P805B PB05A S8O5B S8SA separation (ft)1

3.5 1243 612 13.00 21.00 19.50 35.75 9.943911
6.0 1245 701 11.00 19.00 17.40 31.60 9.96011l
6.0 repeat 1660 604 11.50 17.50 20.50 37.00 9.96011
8.5 1658 650 10.00 16.00 15.60 30.90 9.94764

11.0 1652 748 11.50 17.50 19.50 32.75 9.90961
13.5 4936 977 10.00 12.00 15.50 25.60 9.87221
16.0 6552 936 3.50 5.00 15.00 25.50 9.82763
18.5 5741 1072 1.50 3.20 10.60 19.70 9.75956
21.0 5683 1380 2.80 4.50 13.00 20.00 9.661 05
26.0 5478 1023 2.20 3.90 11.40 20.50 9.3134';
26.0 repeat 1150 3.60 n/a 11.40 19.50 9.3134'
27.0 1047 3.00 n/a 10.70 19.50 9.21198

LJ_______
Field Equipment: EG&G SmartSeis S-12, 12-channel, signal enhancement siesmograph

Two Triaxial Geophones, 10-ft nominal surface separation distance centered at depth indicated
Downhole, reversible polarity hammer source

1 Per checked deviation survey provded by Mactec
n/a uninterpretablelpoor quality waveform
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Test/Well ID: B-805
Project: Noth Anna ESP Project

Location: North AnnaPower Station, Mineral, Virginia
Client/Owner: Mactec

Poisson'sP and S Velocity vs Depth
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Estimated Velocity (fps) B-805
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WAVE FORMS FROM FIELD DATA

B-802 INCLUDES BOTH VERTICAL AND LATERAL GEOPHONES
B-805 INCLUDES ONLY THE VERTICAL GEOPHONES

GRAPHS ARE CAPTIONED BY BOREHOLE LOCATION AND DEPTH
AN "a" AFTER THE DEPTH INDICATES A REPEAT READING

2.5.4B-25(
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Far geophones-i

Geophones

-el

2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19 .21 22 23 24:
10 20

Time, msec

B-802 27'



Legend: Near geophones
Far geophones-r

Geophones

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2'1 22 23 24 2'

IGeophones Time, msec

B-802 30'



jI Legend: Near geophones
Far geopliones-r,

Geophones

p 7 V 10 ' '12! I '6 I- 20b1 21i 22 23 24 2.5 2

Time. nisec

B-802'30'a



Legend: Near geophones
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Legend: Near geophones
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Legend: Near geophones-
Far geophones-re
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Legend: Near geophones-
Far geophones-re
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Legend: Near geophones-
Far geophones-re

Geophones

7 8 9 10 11 12 13 14 15 16 17 18 19 2 21 27 23 24 25

Time, msec

B-802 55'



Legend: Near geophones-
Far geophones-re
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Legend: Near geophones-
Far geophones-re
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Legend: Near geophones.
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Legend: Near geophones.
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Legend: Near geophones-
Far geophones-re
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Legend: Near geophones-
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APPENDIX I
LABORATORY TESTING DATA
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GEOTECHNICAL LABORATORY TEST .ASSIGNME

Date 11127/2002-12/18/02 Job Name North Anna ESP Job No. 24830 Requested

SAMPLE LOCATION PHYSICAL PROPERTIES STRENGTH TESTS

Grain Size 0 .
Analsis .s 4 0 -E

.- U)C

Fe 0 20 0E O4 CL0

.. cr 40-45 En _ 0 :

< E ) Cj 0 ~ C :
_ 0) 0 .Z (1 4 _ 0 . o - -.

0 a~~ o ) ~ ~ c .f) -

. cor 80-8 ru1 _ _ . i _ _ _ _ . ) I~ ' _ ~ 1 x 0_0_ _ _

805 jar 7.5-9. SS3 x _ __ x _x _______

.. 85-20 SS7 x =_=-_

core 40-45 run2 _ _ _ = = = x ________

core 80-85 run62 __ _ __ _ _x -___

= cor 90 95 ru1 _ _ _===___=== x__

803 jar 7.5-7. SS3 x __ x

core 70-45 run1 8 _ __ x ___

core 90-95 run24 __ X

c o j r e 612 - 1 36 r u n l _ _ _

_ _ _ac r e 1 5 5- 1 5. r u n 4 X _ _ _

8 1 jar 3 0 -1 5.5 S S I x _ _ _ _ _ __ _ _ _

_ _ _ jar 83.6 5-1 S S S _ x- - _ _

REMARKS: Please contact John Davie of Bechtel if there are any questions: Phone (301) 228-7647; Fax (3.01) 682-6415; e-ma
unconfined compression testing of rock cores, select typical rock core samples.



GEOTECHNICAL LABORATORY TEST ASSIGNME

Date 11J27/2002-12/18/02 Job Name North Anna ESP Job No. 24830 Requested

SAMPLE LOCATION PHYSICAL PROPERTIES STRENGTH TESTS

a CGrain Size , 0 _

Analysis -

0 U . X a a) -E (
a, . C L a , . aCD

0 1 -jar 1351 SS6 _f __
C a-. C 1 > < - a .0~ 0 0tm .(E > Ca, E 9'>E

.. ia 111. SS _ x_)

.. jr1.-2S 8 _ _ U - a, a, __==_

_0.55 r6 __ _ .
c 6- 0u 1= ) 0. 0. £1. .0 a, a, U C 2 core C run1 _

E E E * ~ . , a, >_a) Q~2 O0 C c O o Uo. ,
(UM (U mC CL.) S = C (U 0 _ _ - .00 A. q

0 U) UO Ci ):) Co( Ul: C 1) U) o-... _ _ ~ 0 C- .5 5 E C) 0 d CO

801 jr 13.5-15 SS6 x x ___

____ core 20-25 runl X

core 45-50 runS x ___

804 jar 3.5-5 SS3 x

jar 11-12.5 SS6 x____

jar 18.5-20 SS8 x_ _ __ _ _ _

core '35-38 rr IL, V (o ' - - - - x - - - - -

____ core 40-45 run4 X

core 50-55 runS x ____

802 jar 3.7-5.2 SS2 __ _X __

core 20-25 run4

core 45-50 run9 __x

core 65-70 runl3 x ____

core 85-90 runl7 x

REMARKS: Please contact John Davie of Bechtel if there are any questions: Phone (301) 228-7647; Fax (301) 682-6415; e-ma
unconfined compression testing of rock cores, select typical rock core samples.



GEOTECHNICAL LABOKATORY TEST ASSIGNME

Date 11/27t2002-12/18/02 Job Name North Anna ESP Job No. 24830 Requested

SAMPLE LOCATION PHYSICAL PROPERTIES STRENGTH TESTS

Grain Size _

Anal 1s C Cu . V; V;
D c- ID - a

806 5.1-- wD ) S x- = = _ a
- ;5 L I M M D..C a

6 'a 5 > _ _-
6=Cu E (5E- core 6045 rn t_81)7I -oO - Cu -x

CD a) Cu + .. U
0. 0. 3 -In. u Cu

0 ~C: 0 r- C -
E E E > > oD af C

o u Cu SS10 _ x = _ --= U) C1 ) co S co, - x T) = = U = = L= =0 __ __

806 ja 5.6-7.1 SS3 x x _____

Icore 24.5-26 runS __ xI

core 40-45 run~l) X

core 60-65 run'14 x

807 jar 4.5-6 SS4 x __ x

____ jar 2.3-13. SS6 x _ x x

____ jar 1.8-23. SS-8 x __x x

_jar 31.5-331 SS10 x ___

jar 1.-2 SS12 ____x____

REMARKS: Please contact John Davie of Bechtel if there are any questions: Phone (301) 228-7647; Fax (301) 682-6415; e-mz
unconfined compression testing of rock cores, select typical rock core samples.



5:IMACTEC
MACTEC ENGINEERING AND CONSULTING, INC.

RALEIGH, NORTH CAROLINA
REPORT OF STANDARD TEST METHOD FOR

LABORATORY DETERMINATION OF WATER CONTENT OF SOIL AND ROCK BY MA';S
(ASTM D 2216)

PROJECT NAME: North Anna ESP
MACTEC PROJECT NUMBER: 30720-2-5400

BECHTEL JOB NO: 24830
DATE: 2/11103

SAMPLE IDENTIFICATION NATURAL LIQUID & PLASTIC LIMITS % FINER _ USCS
BORING TYPE J DEPTH MOISTUR LL PL PI #200 SIEVE pH CHLORIDES SUI.FATES CLASSIFICATION

- f et) 1%) mgWkL iigrkgJ.

B401 SS-1 0-1.5 22.2 39 29 10 6.3 130.0 c27

B-8m1 SS-5 8.5-10 39.9

B-801 SS-6 13.5-15 55.1

0-802 SS-2 3.7-5.2 19.5

B4803 SS-3 6.1-7.6 18.9 30 26 4

B-803 SS4 8.6-10.1 23.2 24.4

B-803 SS-6 13.7-15.3 20.9 5.7 100.0 .:23

B-803 SS-8 23.6-25.1 18.5

B-804 SS-3 3.5-5 54.2

13804 SS- 11i-12.5 46.1

B-804 SS-8 18.5-20 22.1

B-805 SS4 7.5-9 27.2 NP NP NP 27.5 SM

B-805 SS-7 18.5-20 25.1

B-806 SS-3 5.6-7.1 27.1 6.7 920.0 - 24

B-807 SS-3 4.5.6 40.1 49 45 4

B-807 SS-6 12.3-13.8 42.8 46 40 6 5.7 170.0 - 28

B-807 SS-8 21.8-23.3 28.9 41 34 7 42.6 SM-SC

B-807 SS-10 31.5-33 26.7 37.7

B-807 SS-12 41.4-42.9 21.8 44.2

TESTING

EQUIPMENT:

SCALES: 3.1.99
OVEN: 5.1.10
WASH SIEVE: 5.4.39

TECHNICIAN: JLB
CALCULATIONS: JLB
CHECKED BY: TLM

PREPARED BY: --L'- •I
Trudy L. M )ratory Manager

REVIEWED BY: -X

APPROVED BY:

Sfephen J. C9IScenzo
Principal Professional

JAD R P.E.
Principal Engineer/Project Manager
Registered Virginia, 5264



CRAIN SIZE DISTRIBUTION TEST REPORT
c c..
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Project No.: '.C,72(-2-5400

Pro oject: l 41RTH ANIJ A ESP

* Locat:.orn: F-801 33c-5 '.5-10'

RemarkIs:

NOD=NOT DETERMIrIED

SPECIFIC GRAVITY

IS ASSUIMED

I D a t I-: 1 ~,2,~:2 "_' I' _;

GRt IrI 5IE 0I-TRIBUTI0IJ TEST REPORT

LAW ENGINEERING, INC. Fi'.,ree IJo. A

2.5.4B-28



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 4

P -e: 1/2/2003
ject No.: 30720-2-5400

Project: NORTH ANNA ESP

Sample Data

Location of Sample: B-801 SS-5 8.5-10'
Sample Description: B-801 SS-5 8.5-10'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-4 Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 4

Mechanical Analysis Data

Initial.
Dry sample and tare= 150.96
Tare = 0.C'0
Dry sample weight = 150.96
Tare for cumulative weight retained= 0

'ieve Cumul. Wt. Percent
retained finer

f 4 0.00 100.0
# 10 0.46 99.7
# 20 6.52 95.7
# 40 33.55 77.8
it 60 58.58 61.2
ft 140 84.15 44.3
# 200 90.76 39.9

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve

+ + 75mm. = 0.0 % GRAVEL = 0.3 % SAND = 59.8
k FINES 39-9

D85= 0.56 D60= 0.239 D50= 0.151

2.5.4B-28



GRAIN SIZE DISTRIBUTION TEST REPORT
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!.2ATERIAL DESCRIPTI'JiI

Pro j ect rHo .: 3' C 72 C,-2 -54 OC, Rerma rl s:

F'C=- JOT DETE RMI l-DProject: HOF;1 H Al Nl A ESP

Locatiron: F-LT.G1 SC-6
SPECIFIC GPRAVITYf

IS ASSUMED

D at e: i 1,;C-- .c ClD ?

GR-II IiI:_E DIISTRIBlJTI01 TEST REPORT

LAW ENGINEERING. INC. F i a'j r e Hlo . -.
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 3

r- e: 1/2/2003
ject No.: 30720-2-5400

Project: NORTH ANNA ESP

Sample Data

Location of Sample: B-801 SS-6 13.5-15'
Sample Description: B-801 SS-6 13.5-15'
USCS Class: ML Liquid limit: ND
AASHTO Class: A-4(0) Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 3

Mechanical Analysis Data

Initial
Dry sample and tare= 91.60
Tare = 0.00
Dry sample weight = 91.60
Sample split on number 10 sieve

'it sample: data:
ample and tare = 81.22 Tare 0 Sample weight 81.22

Cumulative weight retained tare= 0
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

# 4 0.00 100.0
# 10 0.08 99.9
# 20 4.54 94.3
ii 40 14.71 81.8
i 60 22.21 72.6
# 140 32.68 59.7
# 200 36.40 55.1

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.9
Weight of hydrometer sample: 81.22
Calculated biased weight= 81.29
Table of composite correction values:

Temp, deg C: 15.3 20.3 27.1
Comp . corr:

9 A AR_:



- 6.5 - 5. 0 - 3.0
Meniscus correction only=-1
Specific gravity of solids= 2.63
^ rcific gravity correction factor= 1.005

rometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
time, min

2.0
5.0

15. 0
30.0
65.0

240.0
1440.0

Temp, Actual
deg C reading
21.4 44.0
21.4 40.0
21.4 37.0
21.4 35.0
21.3 32.0
21.7 29.0
21.0 26.0

Corrected K
reading
39.3 0.0135
35.3 0.0135
32.3 0.0135
30.3 0.0135
27.3 0.0135
24.4 0.0134
21.2 0.0136

Rm Eff. Diameter Percent
depth mm finer

43.0 9.2 0.0290 48.6
39.0 9.9 0.0190 43.7
36.0 10.4 0.0112 39.9
34.0 10.7 0.0081 37.5
31.0 11.2 0.0056 33.7
28.0 11.7 0.0030 30.2
25.0 12.2 0.0012 26.2

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve
a + 75mm. = 0.0 % GRAVEL = 0.1
% SILT = 22.3 % CLAY = 32.8

% SAND = 44.8

D85= 0.50 D60=
D30= 0.0028

0.107 D)50= 0.033

2.5.4B-2'



GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 15

r e: 1-2-2003
ject No.: 30720-2-5400

Project: NORTH ANNA ESP

===========================_===================================================

Sample Data

Location of Sample: B-802 SS-2 3.7-5.2'
Sample Description: B-802 SS-2 3.7-5.2'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-2-4(0) Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 1

Mechanical Analysis Data

Initial
Dry sample and tare= 174.3.6
Tare = 0.00
Dry sample weight = 174.1.6
Tare for cumulative weight retained= 0

ieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
X 4 5.93 96.6
# 10 15.16 91.3
# 20 41.13 76.4
X 40 71.05 59.2
# 60 97.38 44.1
# 140 132.15 24.1
X 200 140.21 19.5

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve

a+ 75mm. = 0.0 % GRAVEL = 8.7 % SAND = 71.8
% FINES = 19.5

D85= 1.29 D60= 0.437 D50= 0.305
D30= 0.1429

2.5.4B-29



GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: S

.e: 1/2/20J3

.ject No.: 30720-2-5400
Project: NORTH ANNA ESP

=====================================================================:==========

Sample Data

Location of sample: B-803 SS-4 8.6-10.1'
Sample Description: B-803 SS-4 8.6-10.1'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-2-4 Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 5

Mechanical Analysis Data

Initial.
Dry sample and tare= 112.71
Tare = 0.()0
Dry sample W(eight 112.71
Tare for cumulative weight retained= 0

'ieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
# 4 0.36 99.7
X 10 2.78 97.5
X 20 10.58 90.6
i 40 33.34 70.4

6 50 55.82 50.5
f 140 79.83 29.2
# 200 85.21 24.4

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on 4200 sieve
0 + 75mm. = 0.0 % GRAVEL = 2.5 % SAND = 73.1
% FINES = 24.4

D85= 0.67 D60= 0.322 D50= 0.246
D30= 0.111-;

2.5.4B-29



GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 2

. e: 1/2/2003
iject No.: 30720-2-5400

Project: NORTH ANNA ESP

Sample Data

Location of Sample: B-803 SS,-6 13.7-15.3'
Sample Description: B-803 S!3-6 13.7-15.3'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-2-4(0) Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 2

Mechanical Analysis Data

Initial
Dry sample and tare= 174.53
Tare = 0.0(
Dry sample weight = 174.53
Sample split on number 10 sieve

it sample data:
,ample and tare = 105.59 Tare = 0 Sample weight = 105.59
Cumulative weight retained tare= 0

Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 4 0.00 100.0
# 10 2.96 98.3
i 20 11.36 87.7
e 40 35.82 65.0
# 60 56.40 45.8
# 140 77.72 25.9
#i 200 83.16 20.9

Hydrometer Analysis Data

Separation st.eve is number 10
Percent -# 10 based on complete sample= 98.3
Weight of hydrometer sample: 105.59
Calculated b .ased weight= 107.41
Table of composite correction values:

Temp, deg C: 15.3 20.3 27.1
Comp. corr::

2.5.4B-29'



- 6.5 - 5.0 - 3.0
Meniscus correction only=-1
Specific gravity of solids= 2.63
1 -cific gravity correction factor= 1.005

,rometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
time, min

2.0
9. 0

15. 0
30.0
71.0

246.0
1440.0

Temp, Actual
deg C reading
20.9 20.0
20.9 15.0
21.0 14.0
20.9 12.0
20.9 9.0
21.7 8.0
21.1 8.0

Corrected K
reading
15.2 0.0136
10.2 0.0136
9.2 0.0136
7.2 0.0136
4.2 0.0136
3.4 0.0134
3.2 0.0135

Rm Eff. Diameter Percent
depth mm finer

19.0 13.2 0.0348 14.2
14.0 14.0 0.0169 9.5
13.0 14.2 0.0132 8.6
11.0 14.5 0.0094 6.7
8.0 15.0 0.0062 3.9
7.0 15.1 0.0033 3.2
7.0 15.1 0.0014 3.0

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve
% + 75mm. = 0.0 ' GRAVEL = 1.7
% SILT = 17.2 % CLAY = 3.7

% SAND = 77.4

D85=
D30=
Cc =

0.76 D60= 0.373 D50= 0.283
0.1323 D15= 0.03859 D10= 0.01869
2.5119 Cu = 19.9526;

2.5.4B-2F



CRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 10

"Ce: 1-2-2003
iject No.: 30720-2-5400

Project: NORTH ANNA ESP

============:=================_=================================================

Sample Data

Location of Sample: B-803 SS-8 23.6-25.1'
Sample Description: B-803 SS-8 23.6-25.1'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-2-4 Plasticity index: ND

Notes

Remarks: ND=-NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 6

Mechanical Analysis Data

Initial
Dry sample and tare= 142.55
Tare = 0.00
Dry sample weight = 142.55
Tare for cumulative weight retained= 0

'ieve Cumul. Wt. Percent
retained finer

X 4 0.00 100.0
X 10 0.26 99.8
# 20 5.41 96.2
# 40 32.09 77.5
# 60 68.56 51.9
# 140 107.81 24.4
# 200 116.12 18.5

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve
a + 75mm. = 0.0 % GRAVEL = 0.2 % SAND = 81.3
% FINES = 1'3.5

D85= 0.53 D60= 0.295 D50= 0.240
D30= 0.1347

P S2aR-t



(,RAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 11

e: 1-2-2003
-ject No.: 30720-2-5400

Project: NORTH ANNA ESP

Sample Data

Location of Sample: B-804 SS-3 3.5-5'
Sample Description: B-804 SS-3 3.5-5'
USCS Class: 1ML Liquid limit: ND
AASHTO Class: A-4 Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 7

Mechanical Analysis Data

Initial.
Dry sample and tare= 135.24
Tare 0.00
Dry sample weight 135.24
Thre for cumulative weight retained= 0

ieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
# 4 0.22 99.8
# 10 1.00 99.3
X 20 3.84 97.2
if 40 16.42 87.9
ff 60 33.97 74.9
of 140 56.91 57.9
# 200 62.03 54.1

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve
a + 75mm. = 0.0 % GRAVEL, = 0.7 % SAND = 45.1
% FINES = 54.2

D85= 0.37 D60= 0.122

2.5.4B-30'



GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test. No.: 12

'e: 1-2-2003
eject No.: 30720-2-5400

Project: NORTH ANNA ESP

…== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = _

Sample Data
___-_____-_-_____-_______-_______-_______________-_-___________________________

Location of Sample: B-804 SS-6 11-12.5'
Sample Description: B-804 SS-6 11-12.5'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-4 Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 8

Mechanical Analysis Data

Initial
Dry sample and tare= 176.24
Tare = 0.00

Dry sample weight = 176.24
Tare for cumulative weight retained= 0

'ieve Cumul. Wt. Percent
retained finer

0.5 inches 0.00 100.0
0.375 inches 2.58 98.5
# 4 4.58 97.4
# 10 5.74 96.7
X 20 9.55 94.6
# 40 26.11 85.2
# 60 52.51 70.2
# 140 87.74 50.2
# 200 94.90 46.2

Fractional Components

Gravel/Sand based on 410 sieve
Sand/Fines based on #200 sieve
W + 75mm. = 0.0 % GRAVEL = 3.3 % SAND = 50.6
%g FINES = 46.1

D85= 0.42 D60= 0.172 D50= 0.103

2.5.4B-3



(:RAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 13

e: 1-2-2003
. eject No.: 30720-2-5400
Project: NORTH ANNA ESP

=========================_=========-===========================================

Sample Data

Location of Sample: B-804 SS-8 18.5-20'
Sample Description: B-804 SS-8 18.5-20'
USCS Class: SM Liauid limit: ND
AASHTO Class: A-2-4 Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 9

Mechanical Analysis Data

Initial
Dry sample and tare= 133.91
Tare = 0.00
Dry sample weight 133.91
Tare for cumulative weight retained= 0

ieve Cumul. Wt. Percent
retained finer

# 4 0.00 100.0
# 10 0.04 100.0
X 20 5.94 95.6
# 40 37.80 71.8
# 60 67.88 49.3
# 140 97.44 27.2
# 200 104.29 22.1

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve

+ 75mm. = 0.0 % GRAVEL, = 0.0 % SAND = 77.9
a FINES = 22.1

D85= 0.62 D60= 0.324 ED50= 0.254
D30= 0.12:30

P 'F 4R-,
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 1

- Be: 1/2/2003
.ject No.: 30720-2-5400

Project: NORTH ANNA ESP

===============================================================================

Sample Data

Location of Sample: B-805 SS-4 7.5-9'
Sample Description: B-805 SS-4 7.5-9'
USCS Class: SM Liquid limit: NP
AASHTO Class: A-2-4(0) Plasticity index: NP

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 1

Mechanical Analysis Data

Initia:L
Dry sample and tare= 168.13
Tare = 0.00
Dry sample weight = 168.13
Sample split on number 10 sieve

.it sample data:

.ample and tare = 99.56 Tare 0 Sample weight = 99.56
Cumulative weight retained tare= 0

Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 4 0.00 100.0
# 10 0.02 100.0
I 20 4.08 95.9
# 40 18.13 81.8
# 60 35.61 64.2
# 140 64.22 35.5
# 200 72.15 27.5

Hydrometer Analysis Data

Separation sieve is number 10
Percent -4 10 based on complete sample= 100.0
Weight of hydrometer sample: 99.56
Calculated biased weight= 99.57
Table of composite correction values:

Temp, deg C: 15.3 20.-3- 27.1
Comp. corr:

2.5.4B-3(



(;RAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 14

e: 1-2-2003
* ,Ject No.: 30720-2-5400
Project: NORTrH ANNA ESP

Sample Data

Location of Sample: B-805 SS-7 18.5-20'
Sample Description: B-805 SS-7 18.5-20'
USCS Class: EM Liquid limit: ND
AASHTO Class: A-2-4 Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 10

Mechanical Analysis Data

Initial
Dry sample and tare= 120.52
Tare = 0.00
Dry sample weight = 120.52
Thre for cumulative weight retained= 0

ieve Cumul. Wt. Percent
retained finer

# 4 0.00 100.0
# 10 0.11 99.9
# 20 3.76 96.9
# 40 21.65 82.0
X 60 45.83 62.0
# 140 80.96 32.8
4 200 90.24 25.1

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve
% + 75mm. = 0.0 W GRAVEL,= 0.1 %SAND = 74.8
% FINES = 25.1

D85= 0.47 D60= 0.237 E50= 0.182
D30= 0.0942

2.5.4B-30!
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 16

t e: 1-2-2003
,ject No.: 30720-2-5400

Project: NORTH ANNA ESP

===============================================================================-

Sample Data

Location of Sample: B-806 SS-3 5.6-7.1'
Sample Description: B-806 SS-3 5.6-7.1'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-2-4(0) Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 2

Mechanical Analysis Data

Initial
Dry sample and tare= 120.73
Tare = 0.00
Dry sample weight 120.73
Sample split on number 10 sieve

'it sample data:
ample and tare = 98.05 Tare 0 Sample weight = 98.05

Cumulative weight retained tare= 0
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

f 4 0.00 100.0
# 10 0.21 99.8
# 20 0.21 99.6
# 40 3.62 96.1
# 60 20.51 78.9
# 140 61.66 37.0
# 200 71.41 27.1

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.8
Weight of hydrometer sample: 98.05
Calculated biased weight= 98.22
Table of composite correction values:

Temp, deg C: 15.3 20.3 27.1
Comp. corr:

2.5.4B-3



-- 6.5 - 5.3 - 3.0
Meniscus cor::ection only=-1
Specific gravity of solids= 2.63

'cific gravity correction factor= 1.005
srometer type: 152H Effective depth L=.16.294964 - 0.164 x Rm

Elapsed
time, min

2.0
5.0

17.0
41.0
62. 0

244 . 0
1440.0

Temp, Actual
deg C reading
20.5 23.0
20.5 21.0
20.6 19.0
20.6 19.0
20.9 18.0
21.6 16.0
21.1 16.0

Corrected K Rm
reading
18.1
16.1
14. 1
14. 1
13.2
11.4
11.2

0.0136
0.0136
0.0136
0.0136
0.0136
0.0135
0.0135

22.0
20.0
18 . 0
18.0
17.0
15.0
15.0

Eff.
depth
12.7
13. 0
13.3
13. 3
13.5
13.8
13 . 8

Diameter
mm
0 .0344
0.0220
0.0121
0.0078
0. 0063
0.0032
0.0013

Percent
finer
18.5
16.4
14.4
14.4
13.5
11.6
11.5

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines biased on #200 sieve
i + 75mm. = 0.0 % GRAVEL = 0.2
%- SILT = 14.3 %- CLAY = 12.8

% SAND = 72.7

D85= 0.29 D60= 0.171 1)50=
D30= 0.084;2 D15= 0.01382

0.141

2.5.4B-3
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 17

e: 1-2-200)3
-ject No.: 30720-2-5400

Project: NORTH ANNA ESP

------------ :==------------------------------------------------------=--==-----==-

Sample Data

Location of Sample: B-807 SS,-8 21.8-23.3'
Sample Description: B-807 SS,-8 21.8-23.3'
USCS Class: SM-SC Liquid limit: 41
AASHTO Class: A--(1) Plasticity index: 7

Notes

Remarks: ND=N4OT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 3

Mechanical Analysis Data

Initial
Dry sample and tare= 183.66
Tare = 0.C0
Dry sample weight = 183.66
Sample split on number 10 sieve

it sample data:
.ample and tare = 97.65 Tare = 0 Sample weight = 97.65
Cumulative weight retained tare= 0

Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 4 0.00 100.0
f 10 5.04 97.3
# 20 13.34 84.0
U 40 26.07 71.3
# 60 36.65 60.8
# 140 50.37 47.1
if 200 54.83 42.6

Hydrometer Analysis Data

Separation s:eve is number 1.0
Percent -# 1() based on complete sample= 97.3
Weight of hydrometer sample: 97.65
Calculated b ased weight= 100.41
Table of composite correction values:

Temp, deg C: 15.3 20.3 27.1
Comp. corr:

2.5.4B-31 '



- 6.5 - 5.0 - 3.0
Meniscus correction only=-1
Specific gravity of solids= 2.63

-.cific gravity correction factor= 1.005
Arometer type: 152H Effective depth L= 16.294964 - 0.164.x Rm

Elapsed
time, min

2.0
5.0

25.0
30.0
60.0

240.0
1539.0

Temp, Actual
deg C reading
20.3 46.0
20.3 39.0
20.4 30.0
20.4 29.0
20.E 24.0
21.6 18.0
21.0 14.0

Corrected
reading
41.0
34.0
25.0
24.0
19.1
13.4
9.2

Rm

0.0137 45.0
0.0137 38.0
0.0137 29.0
0.0137 28.0
0.0136 23.0
0.0135 17.0
0.0136 13.0

Eff. Diameter Percent
depth mm finer
8.9 0.0289 41.0

10.1 0.0194 34.0
11.5 0.0093 25.0
11.7 0.0085 24.0
12.5 0.0062 19.2
13.5 0.0032 13.4
14.2 0.0013 9.2

Fractional Components

Gravel/Sand :based on 410 sieve
Sand/Fines based on #200 sieve
% + 75mm. = 0.0 % GRAVEL, = 2.7 % SAND = 54.6
% SILT = 26.1 9% CLAY = 16.6

D85=
D30=
Cc =

0.90 D60= 0.240 D50= 0.129
0.0146 D15= 0.00412 DlO= 0.00155
0.5754 Cu = 154.8817

2.5.4B-31'
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 18

e: 1-2-2003
. ,ject No.: 30720-2-5400
Project: NORTH ANNA ESP

Sample Data

Location of Sample: B-807 SS-10 31.5-33'
Sample Description: B-807 SS-10 31.5-33'
USCS Class: SM Liquid limit: ND
AASHTO Class: A-4(0) Plasticity index: ND

Notes

Remarks: ND=IqOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 4

Mechanical Analysis Data

Initial
Dry sample and tare= 180.87
Tare = 0.00
Dry sample weight 180.87
Tare for cumulative weight retained= 0

ieve Cumul. Wt. Percent
retained finer

# 4 0.00 100.0
it 10 0.25 99.9
# 20 14.68 91.9
# 40 47.99 73.5
# 60 72.48 59.9
# 140 102.54 43.3
# 200 112.82 37.6

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve

+ 75mm. = 0.0 % GRAVEL = 0.1 % SAND = 62.2
% FINES = 37.7

D85= 0.64 D60-' 0.251 D50= 0.155

2.5.4B-31;



GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIA- DESCRIPTION

Project No.: 30720-2-540()

Project NORTH ANNA ESP

* Locat-.on: 9-807 SS-12 411.1-42.9'

Remarks:

ND=NOT DETERMINED.

SPECIFIC GRAVITY

IS ASSUMED

Date: 1--2--2003

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC. Figure No. 5



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 19

e: 1-2-2003
. eject No.: 30720-2-5400
Project: NORTH ANNA ESP

Sample Data

Location of Sample: B-807 SS-12 41.4-42.9'
Sample Description: B-807 SS-12 41.4-42.9'
USCS Class: SM Liquid limit: ND
.AASHTO Class: A-4(0) Plasticity index: ND

Notes

Remarks: ND=NOT DETERMINED. SPECIFIC GRAVITY
IS ASSUMED

Fig. No.: 5

Mechanical Analysis Data

Initial
Dry sample and tare= 151.70
Tare = 0.CO
Dry sample weight = 151.70
Thre for cumulative weight retained= 0

ieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
# 4 0.15 99.9
X 10 0.87 99.4
# 20 6.70 95.6
# 40 21.05 86.1
# 60 42.60 71.9
# 140 76.12 49.8
4f 200 84.59 44.2

Fractional Components

Gravel/Sand based on #10 sieve
Sand/Fines based on #200 sieve
t + 75mm. = 0.0 % GRAVEL = 0.6 % SAND = 55.2
6 FINES = 44.2

D85= 0.40 D60= 0.164 C50= 0.106

2.5.4B-31 9



fTMACTEC
Unconfined Compressive Strength of Intact Rock Core Specimens

(ASTM D2938-95) (Modified1'3 )

Proicct No.:
Project Name:

30720-2-5400.07.800
North Anna ESP1

Tested By: Daniel Johnsor
Test Date: 1/21/2003

Reviewed By: Thomas Dobra
Review Date: 1/27/2003Specimen Specifications:

2Minimum diameter-

3L/D ratio
47mm (1.85")

2.0<L/D<2.5

4Straightness: 0.02" maximum gap

5Flatness: 0.00 15" difference between maximum and minimum readinj

Boring Depth MACTEC Moisture Dry Specimen Specimen L/D Type Rate of
No. Lab ID# Contcnt DCnSltY Diameter Length (L) Ratio or Loading

(D) Break
(ft) () (pci) (in) (in) _bs/mi)

B-80. 41.3-41.9 001639 0.2 169.6 1.859 3.685 2.0 Shear 800
1B-804 38.9-39.9 001640 0.1 162.5 1.868 3.986 2.1 Cone 15.000

B-804 43.5-44.9 001641 0.1 163.0 1.868 4.000 2.1 Cone 14,000
[B-805 80.8-81.6 001642 0.2 181.3 1.854 3.774 2.0 Shear 6,000
|B-801 48.7-49.7 001644 0.1 164.0 1.863 4.051 2.2 Cone 10,000
B-804 49.9-50.5 001645 0.1 162.3 1.863 3.943 2.1 Cone & Shear 5,000
|B-801 24.1-24.8 001646 0.1 164.0 1.864 4.010 2.2 Cone 14,000
{B-806 42.6-43.2 001648 0.3 169.4 1.853 3.264 1.8 Cone & Shear 4,000
B3-802 20.4-21.0 001649 0.2 160.8 1.861 3.973 2.1 Shear 6,000
B-802 66.0-66.7 001650 0.3 160.4 1.859 3.757 2.0 Cone & Split 5,000
13-806 25.1-25.8 001651 1.2 144.5 1.844 3.918 2.1 Crumblej 800
B-803 54.1-54.7 001652 0.1 162.4 1.858 3.830 2.1 Shear 12,000
B-802 129.4-130.1 001653 0.1 164.3 1.868 4.096 2.2 Shear 14.000
lB-802 85.3-85.9 001654 0.3 161.8 1.859 3.773 2.0 Cone & Shear 10,000
B-803 70.4-71.1 001655 0.1 163.4 1.866 4.168 2.2 Cone & Shear 10.000
B-803 90.3-91.0 001656 0.1 163.0 1.872 3.903 2.1 Shear 14,000
B-803 155.6-156.4 001657 0.3 164.2 1.873 3.910 2.1 Conc & Shear 10,000
B-802 44.9-45.6 001658 0.1 175.5 1.862 4.105 2.2 Cone & Shear 8,000
B-80 i 64.1-64.5 001659 0.1 1 63.6 1.844 3.589 1.9 Cone & Shear 15,000 =

Comments: Top bearing plate to specimen diameter ratio was 1.67 (Per Section 5.4 of ASTM D2938, max. allow. is 1
2 All specimen diameters except as shaded met the minimum requirements per ASTM D4543-01.

1 Specimens shown were outside the allowable tolerance for L/D ratio or vwere less than the ml
4 Straightness of elements was determined by Procedure A as referenced in ASTM D-.543-01, Section 5.1
5 Flatness of the specimen was determined by Procedure B as referenced in ASTM D4543-01, Section 5.:
Physical description of the samples is listed on a separate report.
Test temperature was room temperature, 20-22 0 C. Lab ld#s 001643 and 001647 not assigned.
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Before testing Atter testing

B-80( Depth (ft): 42.6-43.2

Physical Description: Moderately weathered, moderately
hard, Biotite Gneiss with strong foliation at 30-400
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B-80E Depth (ft): 25.1-25.8

Physical Description: Moderately weathered, moderately
hard, Biotite Gneiss with strong foliation at 30-400
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Before testing

B-802 Depth (ft): 85.3-85.9

Physical Description: Slightly weathered, hard, Quartz
Gneiss with weak foliation at 50-600



Before testing,

B-803 Depth (ft): 90.3910

Physical DecpinFehvry hard 'Quartz Gneiss-.
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B-802 Depth (ft): 44.9-45.6

Physical Description: Slightly weathered, hard, Biotite
Quartz Gneiss with strong foliation at 50-600



Before testing

B-8016 Depth (ft): 64.1-64.5

Physical Description: Fresh, Quartz Gneiss with weak
foliation at 50-600



|' MACTEC
Elastic Modulii of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab I):
Sample I.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001639
B-805 Depth 41.3-41.9 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CB3W- 120
EA-06-500BH-120
2.090
2.0V
Thomas N. Dobras
1/28/2003

Specimen Information

Average Diameter, inch

Average Height, inch

Moisture Content (%)

Ultimate Load, lbf

1.859

3.685

0.2 _

9222

RUN#2
Load, a Longitudinal c£ Transverse c

lbf I pu inch/inch _' inch/inch

0 -11 1 11

400 -550 ' 19

800 -969 _J _ 24

1,200 . -1426 I 69

1,600 -1865 125

2,000 l -2283 1_ 220

2,400 -2624 340

2,800 i -2948 470

3,200 -3272 . 600

3,600 -3578 755

4,000 -3850 915

4,400 -4144 l 1109

4,800 -4425 1319

5,200 __ -4701 4 1560

5.600 -4966 1818

6,000 l -5251 2119

7,000 -5967 2990

8,000 -_ 6803 4240

9,000 -7966 6300

2.5.4B-33



|;MACTEC
Elastic Moduli of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample I.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001639
B-805 Depth 41.3-41.9 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-120
EA-06-500BH-120
2.09
2.0V
Thomas N. Dobras
01128/03

Average Diameter, inch 1.859
Average Length, inch 3.685
Length/Diameter ratio 2.0
Specimen Area, inch2  2.714
Moisture Content (%) 0.2

Rate of loading (lbs/min) 800
Compressive Strength, psi 3,400

Longitudinal e Correction, inch/inch -0.000011
Transverse e Correction, inch/inch 0.000011

Modulus of Elasticity, psi 522,000
Poisson's Ratio 0.54

[ RUN#2
Stress, Longitudinal e Transverse e

psi inch/inch inchlinch
0 __ 0.000000 0.000000

147 0.000539 -0.000008
295 0.000958 -0.000013
442 0.001415 -0.000058
589 0.001854 -0.000114
737 0.002272 -0.000209
884 0.002613 -0.000329

1,032 0.002937 -0.000459
1,179 0.003261 -0.000589
1,326 0.003567 -0.000744
1,474 0.003839 -0.000904
1,621 0.004133 -0.001098
1,768 0.004414 -0.001308
1,916_ 0.004690 -0.001549
2,063 0.004955 -0.001807
2,211 0.005240 -0.002108
2,579 0.005956 -0.002979
2,947 0.006792 -0.004229
3.316 0.007955 -0.006289

Note: Points chosen are in Bold.

Comments: Material description and photographs submitted in separate report
Test temperature was room temperature at 20-22 uC
Analysis using middle portion of curve. Poisson's ratio indicates plastic deformation ,J . ;>e.

Analysis was rerun using lower portion of curve. See attached sheet.
.

2.5.4B-33E



I' ACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001639 Boring No. B-805 (41.341.9 ft)
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IMACTEC
Elastic Moduli of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148.96

Project Name:
Project Number:
MACTEC Lab ID:
Sample I.D.:
Tested By:
Test Date:

North Anna ESP Transverse Strain Gage Series: EA-06-20CBW-120
30720-2-5400.07.800 Longitudinal Strain Gage Series: EA-06-500BH-120
001639 Gage Factor: 2.09
B-805 Depth 41.3-41.9 ft Excitation Voltage: 2.0V_ ; r,
David Jensen Reviewed by: The3zfl.4ct; b 2W 5
01124103 Review Date: 01128/03

_ .

Average Diameter, inch
Average Length, inch
Length/Diameter ratio
Specimen Area, inch2

Moisture Content (%)
Rate of loading (lbstmin)

Compressive Strength, psi
Longitudinal e Correction, inch/inch
Transverse e Correction, inch/inch

Modulus of Elasticity, psi
Poisson's Ratio

1.859
3.685
2.0

2.714
0.2
800

3,400

-0.000011

336,000
0.15

RUN#2
Stress, Longitudinal e Transverse e

psi inch/inch inch/inch

0 0.000000 0.000000
147 0.000539 -0.000008
295 0.000958 -0.000013
442 0.001415 -0.000058
589 0.001854 -0.000114
737 0.002272 -0.000209
884 0.002613 -0.000329

1,032 0.002937 -0.000459
1,179 0.003261 L-0.000589 l

1.326 0.003567 -0.000744
1,474 0.003839 -0.000904
1,621 0.004133 -0.001098

1.768 0.004414 -0.001308
1,916 0.004690 -0.001549
2.063 0.004955 -0.001807
2.211 0.005240 -0.002108
2,579 0.005956 -0.002979
2,947 0.006792 -0.004229
3,316 0.007955 -0.006289

Note: Points chosen are in Bold.

Longi:udinal
Modulus

273415.144
351720.197
322474 .316
335696.498
352561.633
432172.324
454848.032

454848.032
481603.799
541804.274
501261.097
524451.112
533952.038
556116.085
517090.395
514562.718
440702.041
316790.117

Transverse
Modulus

-18421345.31
-29474152.49
-3274905.832
.2631620.758
-1551271.184
-1228089.687
-1133621.25
-1133621.25
-950779 1126
-921067.2653
-759643.1054
-701765.5355
-611496.9396
-571204.5056
-489603.8619
-422993 0036
-294741.5249
-178848 0127

Poisson's Volumetric Strain
Ratio C

0.014842 0

0.011933 0.000523
0.098468 0.000932
0.127563 0 001299
0.227273 0o001626
0.351906 0.001854
0,401235 0 001955

0 401235 0.002019
0.506536 0.002083
0.588235 0.002079
0.659864 0.002031
0 747331 0.001937
0.873188 0.001798
0.973585 0.001592
1.05614 0.001341
1.21648 0.001024
1 495215 -2E-06
1.771281 -0.001666

-0.004623

Comments: Material description and photographs submitted in separate report
Test t Bmperature was room temperature at 20-22 0C
Analysis using lower portion of curve 1; ) 2 ;-;i

. /- E;;;- - -
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;tMACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001639 Boring No. B-805 (41.3-41.9 ft)

* Axial C Lateral Lateral Axial
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0JMACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001639 Boring No. B-805 (41.'-41.9)
(ft)
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J' MACTEC
Elastic Modulii of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample I.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001644
B-801 Depth 48.7-49.7 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-120
EA-06-50013H- 120
2.090
2.0V
Thomas N. Dobras
1/28/2003

Specimen Information

Average Diameter, inch

Average Height, inch

Moisture Content (%)

Ultimate Load, lbf

1.863

4.051

0.1 ____

77,484

RUN#2
Load, Longitudinal £ ' Transverse c

1br g inch/inch i g inch/inch

0 L -15 ! 24

5,000 l -301 65

10,000 l -539 112

15,000 -768 161

20,000 -983 ! 214
25,000 -1196 268

30,000 -1406 : 330

35,000 -1618 400 °

40.000 -1827 473

45,000 -2034 551

50,000 -2248 644

55,000 -2459 759

60,000 l -2677 910

65,000 -2898 1128

70,000 -3126 1499

75,000 -3328 2300

2.5.4B-34r



I/
~MACTEC

Elastic Moduli of Intact Rock Core Specimens -in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample l.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001644
B-801 Depth 48.7-49.7 ft
David Jensen
01/24103

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-1 20
EA-06-500BH-120
2.09
2.0V
Thomas N. Dobras
01/28/03

Average Diameter, inch 1.863
Average Length, inch 4.051
Length/Diameter ratio 2.2
Specimen Area, inch 2.726
Moisture Content (%) 0.1

Rate of loading (Ibs/min) 10,000
Compressive Strength, psi 28,42C

Longitudinal e Correction, inch/inch -0.000015 _

Transverse e Correction, inch/inch 0.000024
Modulus of Elasticity, psi 8,670,000

Poisson's Ratio 0.27

RUN #2
Stress, i Longitudinal e | Transverse e

psi inch/inch inch/inch
0 0.000000 _ 0.000000

1,834 _ - 0.000286 _ -0.000041
3,668 0.000524 -0.000088
5,503 0.000753  -0.000137
7,337 0.000968 _ ; -0.000190 _
9,171 0.001181 -0.000244

11,005 0.001391 -0.000306
12,840 0.001603 -0.000376
14,674 0.001812 -0.000449
16,508 0.002019 _ -0.000527

18,342 _ 0.002233 -0.000620
20,177 0.002444 -0.000735
22,011 0.002662 -0.000886
23,845 0.002883 -0.001104
25,679 -0.003111 -0.001475
27,513 0.003313 -0.002276

Note: Points chosen are in Bold.

Comments: Material description and photographs submitted in separate report
lest temperature was room temperature at 20-22 uC

2.5.4B-34



4ACTBC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001644 Boring No. B-801 (48.7-49.7 ft)

* Axial * Lateral Axial Lateral,
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MACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

NIACTEC Laab ID 001644 Boring No. B-801 (48.7-49.7 ft)
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`J MACTEC
Elastic Modulii of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample I.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001645
B-804 Depth 49.9-50.5 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20C'BW- 120
EA-06-50OBH- 120
2.090
2.0V
Thomas N. Dobras
1/28/2003

Specimen Information

Average Diameter, inch 1.863 _ _

Average Height, inch 3.943 |

Moisture Content (%) 0.1
Iltimate Load, lbf 33,532

RUN # 2
Load, Longitudinal E, Transverse c

lbf tinch/inch I g inch/inch

0 -8 10

2,000 -641 80

4,000 -1065 180

6,000 -. -1423 279

8,000 -1718 i 380
10,000 -1980 476

12,000 -2211 573

14,000 -2443 673

16,000 -2670 _ 802
18,000 , -2938 998

20,000 -3198 1235

22,000 -3461 1514

24,000 -3735 1855

-26,000 -4012 2287

-28,000 i -4298 ! 2824

30,000 -4609 3582

32,000 I -4960 ! 4737

2.5.4B-34



) MACTEC
Elastic Moduli of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample l.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001645
B-804 Depth 49.9-50.5 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-120
EA-06-500BH-120
2.09
2.0V
Thomas N. Dobras
01/28/03

Average Diameter, inch
Average Length, inch
Length/Diameter ratio
Specimen Area, inch'
Moisture Content (%)

Rate of loading (lbs/min)
Compressive Strength, psi

Longitudinal e Correction, inch/inch
Transverse e Correction, inch/inch

Modulus of Elasticity, psi
Poisson's Ratio

1.863
3.943

2.1 _
2.726

0.1
5000

12,30'
-0.000008
0.000010
3,190,0(10

0.43 _

RUN #2
Stress, Longitudinal e Transverse e

psi inch/inch inch/inch
0 0.OOQ000 0.000000

734 , 0.000633 -0.000070
1,467 0.001057 -0.000170
2,201 0.001415 I -0.000269
2,935 . 0.001710 -0.000370
3,668 i 0.001972 . -0.000466
4,402 _ 0.002203 I-0.000563
5,136 0.002435 __0.000663
5,870 0.002662 I -0.000792
6,603 0.002930 -0.000988

.7,337 0.003190 -0.001225
8,071 0.003453 ; -0.001504
8,804 0.003727 -0.001845
9,538 0.004004 -0.002277
10,272 0.004290 -0.002814
11.005 0.004601 -0.003572

Note: Points chosen are in Bold.

Comments: Material description and photographs submitted in separate report
Test temperature was room temperature at 20-22 0C

2.5.4B-341



( MIACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001645 Boring No. B-804 (49.9-50.5 ft)
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J M4ACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001645 Boring No. B-804 (49.9-50.5 ft)
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AfterTesting (No Before Testing Picture Available)

','B-804 Depth (ft): 49.9-50.5

Physical Description: Fresh, very hard, Quartz Gneiss"'
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|J MACTEC
Elastic Modulii of Intact -Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ISD:
Sample l.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001650
B-802 Depth 66.0-66.7 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-120
EA-06-500 BH- 120
2.090
2.0V
Thomas N. Dobras
1/28/2003

Specimen Information

Average Diameter, inch

Average Height, inch

Mk1oisture Content (%)
Ultimate Load, lbr

1.859

3.757

0.3
39,933

| RUN #2
Load, 'Longitudinal sE Transverse c

lbf p inch/inch p inch/inch

0 -IJ 10
1,000 -193 _ __17

2,000 -374 24

3,000 -535 39

4 0 0 -678_ 45
5,000 -798 56

6,000 -912 68

7,000 j -1020 81

8,000 -1122 97

9,000 -1221 III

10,000 -1316 127

12,000 -1503 161

14,000 -1677 196

16,000 -1844 I 233

18,000 -1995 271

20,000 i -2142 f =312' 2

25,000 -2500 424

30,000 j -2830 565

35,000 -3139 761

2.5.4B-35:



|(MACTEC
Elastic Moduli of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample l.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001650
B-802 Depth 66.0-66.7 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-120
EA-06-500BH-120
2.09
2.0V
Thomas N. Dobras
01/28/03

Average Diameter, inch 1.859_l
Average Length, inch 3.757
Length/Diameter ratio 2.0
Specimen Area, inch2  2.714
Moisture Content (%) 03

Rate of loading (lbs/min) 5000
Compressive Strength, psi 14,710

Longitudinal e Correction, inch/inch -0.000011
Transverse e Correction, inch/inch 0.000010

Modulus of Elasticity, psi 4,613,000
Poisson's Ratio 0.24

RUN #2
Stress, Longitudinal e Transverse e

psi inch/inch I inchtinch
0 I 0.000000 0.000000

368 0.000182 -0.000007

737 0.000363 _ l 0.000014
1,105 0.000524 -0.000029
1,474 ! 0.000667 -0.000035
1,842 _ 0.000787 -0.000046
2,211 0.000901 -0.000058
2,579 _ 0.001009 -0.000071
2,947 0.001111 -0.000087
3,316 . 0.001210 -0.000101

3,684 0.001305 -0.000117
4,421 0.001492 -0.000151
5,158 _0.001666 -0.000186
5,895 0.001833 -0.000223
6,632 0.001984 -0.000261
7,369 0.002131 -0;000302

._._. ~1.~_____ -. ... ___

9,211 0.002489 -0.000414
11,053 0.002819 _-0.000555

12,895 i 0.003128 : -0.000751
Note: Points chosen are in Bold.

Comments: Material description and photographs submitted in separate report
Test temperature was room temperature at 20-22 0C

2.5.4B-35



IACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001650 Boring No. B-802 (66.0-66.7 ft)
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JM4ACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001650 Boring No. B-802 (66.0-66.7 lit)
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re testing with strain gauges
attached

P

B-802 Depth (ft): 66.0-66.7

Physical description: Slightly
weathered, hard, Quartz Gneiss
with strong foliation at 30-400



J MACTEC
Elastic Modulli of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab 1D:
Sample l.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001655
B-803 Depth 70.4-71.1 fl
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW-1 20
EA-06-50OBH- 120
2.090
2.0 V
Thomas N. Dobras
1/28/2003

Specimen Information

Average Diameter, inch

Average lleight. inch

Moisture Content (%)
Ultimate Load. lb,

I .866
4.168

0.1

63,464

RUN t 2
Load, I Longitudinal E Transverse E

lb, ! V inch/inch 1 inch/inch

0 I -8 8

1,000 '-110 -16

2,000 -233 24

3,00(1 -348 34

4,000 -4.6243--

5,000 I -572 55 __

6,00(1_ -673 - 67

7,00( . -770 81

_8,00( j -859 94
9,000_ -945 - 107

10,000) -1023 123

12,000 -1177 152
14,000' -1317 183

16,000 -1448 i 216

18,000 -1572 248

20,00) -1692 L 282

25,000; -1971 371

30,000 -2237 468

35,000) -2494 580

40,000 -2741 71 3

45,000 -2988 883

50,000 -3230 1120

55,0() -3468 I 1520
60,000 -3689 2223

2.5.4B-35



OMACTEC|
Elastic Moduli of Intact Rock Core Specimens In Uniaxial Compression

ASTM D 3148-96

Project N ame: North Anna ESP Transverse Strain Gage Series: EA-06-20CBW-120
Project Number: 30720-2-5400.07.800 Longitudinal Strain Gage Series: EA-06-500BH-120
MACTEC Lab ID: 001655 Gage Factor: 2.09
Sample l D.: B-803 Depth 70.4-71.1 ft Excitation Voltage: 2.0 V
Tested By: David Jensen Reviewed by: Thomas N. Dobras
Test Date: 01/24103 Review Date: 01/28/03

Average Diameter, inch 1.866
Average Length, inch 4.168
Length/Diameter ratio 2.2
Specimen Area, inch2  2.735
Moisture Content (%) 0.1

Rate of loading (lbs/min) 10,000
Compressive Strength, psi 23,210

Longitudinal e Correction, inchfinch -0.000008
Transverse e Correction, inch/inch 0.000008

Modulus of Elasticity, psi 7,133,000
Poisson's Ratio 0.34

RUN#2r Stress, Longitudinal e I Transverse e
PSI inch/inch inch/inch

1 _ ..0.000000 °. 0.000000

366 0.000102 * -0.000008

731 _ _ 0.000225 i -0.000016

__ 1.097 I 0.000340.-. -0.000026
_1,463 _ _ 0.000454 -0.000035

1,828 0.000564 -0.000047
2,194 _ 0.000665 i -0.000059

02,560 0000762 -0.000073
2,925 0.000851 -0.000086

03.91 0.000937 -0.000099
3,657 - 0.001015 1 -0.000115
4,388 0.001169 -0.000144
5,119 0.001309 -0.000175
5,851 0.001440 _ -0.000208
6,582 0.001564 , -0.000240
7,313 0.001684 -0.000274
9,142 0.001963 i -0.000363
10,970 0.002229 -0.000460
12,798 0.002486 -0.000572
14,627__ 0.002733 -0.000705
16,455 0 002980 i -0.000875
18,283 0.003222 i -0.001112

20,112 L 0003460 -0001512
21,940 L 0.003681 -0.002215

Note: Points chosen are in Bold.

Comment;: Material description and photographs submitted in separate report
Test temperature was room temperature at 20-2 C
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,JMACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001655 Boring No. B-803 (70.4-71.1 ft)

* Axial * Lateral -- Axial - Lateral I

I 8.00(3
y = 7.1535E+.C6x - 4.8780E+03

R2 = 9.9939E-0116.000

4

14.000

12.000._

cr-

.U 0

10.000
.

8.OO(

6.00(

0

4.00(3

y = -2.08E+07x + 1.51E+03

R2 = 9.98E-O1

2.00(0

- I 11 I I

-0.0010 -0.0005 0.0000 0.0005 0.0010 0.0015

STRAIN, pt inch/inch

0.0020 0.0025



2N.IACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001655 Boring No. B-803 (70.4-71.1 ft)

._

co

cw

VD

20,000

I 5,00()

10,000

5,000

-0.0030 -0.0020 -0.0010 0.0000 0.0010 0.0020 0
LATERAL STRAIN, inch/inch AXIAL STRAIN, i
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Before testing with strain gauges
attached

,A

B-803 Depth (ft): 70.4-71.1

Physical Description: Very slightly
weathered, hard, Quartz Gneiss
with weak foliation at 50-600



IJ MACTEC
Elastic Modulii of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample I.D.:
Tested By:
Test Date:

North Anna ESP
30720-2-5400.07.800
001657
B-803 Depth 155.6-156.4 ft
David Jensen
01/24/03

Transverse Strain Gage Series:
Longitudinal Strain Gage Series:
Gage Factor:
Excitation Voltage:
Reviewed by:
Review Date:

EA-06-20CBW- 120
EA-06-500:3H- 120
2.090
2.0V
Thomas N. Dobras
1/28/2003

Specimen Information

Average Diameter, inch

Average Height, inch

Moisture Content (%)
Ultimate Load, 1bf

1.873 ___

3.91

0.1

60,698

RUN #2
Load, Longitudinal cl Transverse r

Ibf It inch/inch inch/inch

0 -9 - 10

-000 -469 , 57

10,000 -815 114

15,000 -1130 179

20,000 -1420 250
25,000 -1688 325

30,000 _ -1945 411

35,000 -2197 __ 504

40.000 -2447 610

4 5,00 0  -2700 l 730

50,000 -2958 874

55,000 -3227 1064
60,000 -3554 l 1366

2.5.4B-36'



J MACTEC
Elastic Moduli of Intact Rock Core Specimens in Uniaxial Compression

ASTM D 3148-96

Project Name:
Project Number:
MACTEC Lab ID:
Sample l.D.:
Tested By:
Test Date:

North Anna ESP Transverse Strain Gage Series:
30720-2-5400.07.800 Longitudinal Strain Gage Series:
001657 Gage Factor:
B-803 Depth 155.6-156.4 ft Excitation Voltage:
David Jensen Reviewed by:
01/24/03 Review Date:

EA-06-20CBW-1 20
EA-06-500BH-120
2.09
2.0V
Thomas N. Dobras
01/28/03

Average Diameter, inch
Average Length, inch
Length/Diameter ratio
Specimen Area, inch2

Moisture Content (%)
Rate of loading (Ibs/min)

Compressive Strength, psi
Longitudinal e Correction, inch/inch
Transverse e Correction, inch/inch

Modulus of Elasticity, psi
Poisson's Ratio

1.873
3.910___

2.1
2.755 _

0.1
10,000-
22,030

-0.000009-
0.000010
7,173,OC0

0.33

RUN#2
Stress, Longitudinal e Transverse e

psi inch/inch ! inch/inch
0 1 0.000000 _ I 0.000000

1,815 _ 0.000460 -0.000047
3,6239 0.000806 -0.000104
5,444 I 0.001121 I -0.000169
7,259 0.001411 -0.000240
9,073 * 0.001679 -0.000315
10,888 0.001936 0i 0000401
12,703 0.002188 i -0.000494
14,518 1 0.002438 -0.000600
16,332 0.002691 -0.000720
18,147 0 002949 i -0.000864
19,962 0.003218 -0.001054
21,776 0.003545 -0.001356

Note: Points chosen are in Bold.

Comments: Material description and photographs submitted in separate report
Test temperature was room temperature at 20-22 "C =
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JMACTEC North Anna ESP Project 30720-2-5400
MODULUS OF ELASTICITY

MACTEC Lab ID 001657 Boring No. B-803 (155.6-156.4 ft)

* Axial * Lateral -- Axial -Lateral

14,00(0
y n 7.1753E+06x - 2.987.3E+03

R2 = 9.9996E-01.

12.000

.

._

CL

E-

(n

a

10.00(3
y = -2.14E+07x + 2.24E+03

R2 a 9.98E-01
8.00(0

0

.

(b00(

4.00(0

2.000

I I

-0.00 10 -0.0005 0.0000 0.0005 0.0010 0.0015 0.0020

STRAIN, 1i inch/inch



04MACTEC North Anna ESP Project 30720-2-5400
MOI)ULUS OF ELASTICITY

MACl'EC Lab ID (101657 Boring No. 13-803 (155.6-156.4 ft)

20,000

15,000.'7

U�
U)
w
94
E-
Cn I

-0.0020 -0.0010 0.0000 0.0010 0.0020 O.C

LATERAL STRAIN, inch/inch AXIAL STRAIN,



4V

Before testing Before testing with strain gauges
attached

B-8013 Depth (ft): 155.6-156.4

Physical Description: Fresh, very
hard, Quartz Gneiss with weak
foliation at 50-600



APPENDIX J
DOWNHOLE SEISMIC REPORT AND DATA
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Grumman Exploration, Inc.
2309 Dorset Road
Columbus, Ohio 43221
(614) 488-7860 tel; (614) 488-8945 fax

:Nonl destr ,dn- .SnIrulasrce. Fxp/otiort
NeAc..re Geoph ysics

March 17, 2003

Mr. J. Allan Tice
Mactec Engineering Services, Inc.
3301 Atlantic Avenue
Raleigh, NC 22080

RE: Report of Supplemental Downhole Seismic Testing at the North Anna Power Station
ESP, Mineral Virginia, GEI Project No. 01-22089,
MACTEC JOB NO. 30720-2-5400

Dear Al:

Grumman Exploration, Inc. has completed the downhole seismic testing at the above
referenced project site located near Mineral, Virginia. This letter-report summarizes the field
procedures used and results of the tests performed at this site. The attached spreadsheets and
plots summarize the estimated seismic velocities and derived parameters for the borehole
tested.

Pro ect Description
Mactec Engineering Services, Inc. is engaged in geotechnical investigations at the site.
Downhole seismic testing of a single borehole was requested to supplement an earlier cross-
hole seismic test that may have yielded inconclusive results. Among the requirements and
assumptions of the downhole testing procedure are: homogeneous isotropic subsurface
materials, consistent annular space material, filling and diameter, and minimal ambient noise.

Field Procedures
Grumman Exploration, Inc. conducted downhole seismic tests at borehole B-802b on February
12, 2003 as specified by Mactec Engineering Services, Inc. B-802b was part of a three
borehole set that was originally installed for cross-hole seismic tests. The borehole was lined
with approximately 92-ft of 2.875" diameter inclinometer casing and was grouted in-place

2.5.4B-36f



Report of Downhole Seismic Testing
North Anna Power Station ESP, Mineral, Virginia
Mactec Engineering Services, Inc.
March 17. 2003 Page 2

using a cement bentonite grout according to ASTM D4428/D4428M. Approximately 50-ft of
waler in the cased hole was removed prior to testing.

The following field equipment and procedures were used to conduct the tests:

Geometries, Inc. SmartSeis S-12, 12 channel, digital signal enhancement seismograph,
" Four triaxial downhole geophones, 10-ft separation with leaf-spring sidewall

clamping mechanisms, and
Ad Sledge hammer source, steel plate and weighted wood plank.

Tests were performed at 5-ft intervals from approximately 10-ft to 84-ft. Note that a 10-ft
geophone separation was used to provide a longer measurement time interval between
geophones in the anticipated high velocity bedrock. The seismograph sampling rate was 64
microseconds (0.064 msec) with a total sweep time of 128 milliseconds. A total of 2048
samples for each of the 12-channels were acquired for each shot. A pre-trigger delay of 5-
mssec was used to provide additional data in a brief time window just prior to the initiation of
the test. The test preparation procedures consisted of lowering the geophones to the desired
test depth and releasing the sidewall clamping mechanism on each geophone. Three tests were
performed at each test depth using multiple impacts from a sledgehammer striking an
alumninum plate. The attached summary sheet describes the test nomenclature and test
positions. The impact plate was struck from three positions: ground-surface (vertical, P-wave)
and opposite sides of the horizontal plank (lateral, S wave, opposing polarities). The impacts
from opposite sides of the plank were used to help identify the onset of the shear wave by
observing the reversal in wave polarity. Between 2 and 7 impacts were stacked to help
enhance the compressional (P) and shear (S) wave signatures and cancel spurious noise effects.
A 4 WD vehicle was used to weight the plank.

The data were observed and recorded in the field during acquisition. Both low and high-pass
digital filters (250 Hz and IC) Hz, respectively) were used to help reduce interfering noise
effects within the borehole. A preliminary assessment of the first five interval tests was
performed in the field to observe the processed initial test results and adjust the acquisition
parameters as needed. Upon the completion of the testing, the data were returned to the offices
of Grumman Exploration, Inc. for further review and analysis.

A computer program developed by Grumman Exploration, Inc. was used to extract and display
the P and S-wave traces for the geophones used for each test interval. Using the arrival time
estimates, P and S wave velocities were calculated for each depth interval. The velocity
calculation was based on the difference in arrival times and an assumed straight-line travel
distances to each geophone using the in-hole depth to each geophone and the ground-level
offset distance of the seismic impulse. An attachment summarizes the velocity calculation
methodology.

I Grumman Exploration. Inc.
2309 Dorset Road, Columbus, Ohio 43221
(614) 488-7860 tcl, (614) 488-8945 fax
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Report of Downhole Seismic Testing
North Anna Power Station ESP, Mineral, Virginia
Mactec Engineering Services, Inc.
March 17, 2003 Page 3

The analysis consisted of estimating P-wave and S wave arrivals for each depth level tested.
Three general approaches were used to estimate the compressional and shear wave arrival
times:

* Composite plots illustrating all the results from all geophones at all test depths to
observe general data trends;

* Multi-geophone arrival time assessment: examining the arrival time differences
between successive gcophones for each test position, repeated for all test positions; and

* Single-geophone assessment: examining the arrival time differences between
individual geophones for different test depths, repeated for all four geophones.

The criteria for selecting arrival times included (1) observing the apparent first onset of the P
or S-wave, and/or (2) identifying a characteristic waveform, peak, polarity reversal, zero-
crossing or shape that was consistently present between successive records. Apparently
erroneous or unrealistically high or low velocity estimates were eliminated from the data
summary tables. Because four geophones were used for each test, multiple velocity estimates
for some of the test intervals were available.

Downhole Seismic Testing Results
The attached spreadsheets summarize the downhole seismic testing results for test borehole B-
802b at the North Anna Power Station ESP site in Mineral, Virginia. The spreadsheet includes
a su~mmary of the compressional wave velocity (Vp) and the shear wave velocity (Vs). Some of
the interval velocity estimates were averaged if multiple test results were available for that
interval. Plots of these results are also included. The following paragraphs summarize some of
the results of the downhole seismic tests:

* High Compressional wave velocities: The estimated compressional wave velocities
ranged between 10,000 feet-per-second (fps) to over 16,000 fps. It is not clear why
significantly lower Vp estimates occurred in the 70-ft to 85-ft depth interval. For very
high velocity materials, such as occur at the North Anna ESP site, small variations in
the arrival time estimates (on the order of 0.1 millisecond) can cause large changes in
the Vp estimates (e.g. >1,500 fps for every 0.1 msec arrival time difference for material
with Vp over 12,000 fps). Consequently, signal resolution limitations, interfering noise
and slight biases in the arrival time estimates can all contribute to disproportionate, large
variations in the Vp estimates. Other possible explanations for the apparent lower
velocity levels may be attributable to geologic factors such as the possible presence of
fracture zones and fracture filling, changes in lithology, enhanced weathering, and
anisotropy.

o Shear Wave velocities were correspondingly high and were estimated in the range of
3,500 to 6,300 fps in the areas were reliable shear wave information was available. The

Grumman Exploration. Inc.
2309 Dorset Road, Columbus, Ohio 43221
(614) 488-7860 tel, (614) 488-8945 fax
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Report of Downhole Seismic Testing
North Anna Power Station ESP, Mineral, Virginia
Mactec Engineering Services, Inc.
March 17, 2003 Page 4

shear wave information appeared less reliable and thus more inconclusive below
approximately 45-ft.

* Compressional waveforms: The compressional wave onset was fairly clear throughout
the borehole. P-wave arrival times became more inconsistent and unreliable below
approximately 65-ft where more coincident p-wave arrivals occurred (i.e. approx. same
arrival time for different depths). Possible refraction effects, geologic conditions and
noise interference may be responsible for some of the irregular P-wave arrivals.

* Shear waveforms: the shear-wave was generally well defined to a depth of
approximately 45-ft. Although well-defined S-wave waveforms appeared to be present
below 45-ft, the waveforms below this depth tended to provide more unrealistic velocity
estimates and consequently fewer of the S-wave results were used below 45-ft. Below
approximately 65-ft, the S-wave appears to be absent. The higher amplitude signals
with the appearance of an S-wave may actually represent noise wavetrains because (a)
maximum seismograph amplification of the waveforms and (b) the signal peaks all
occur at approximately the same time. Ambient vibrations in the 30 to 40 Hz range are
apparent in the records from bottom 20-ft of B-802b. Possible explanations for the
apparent loss of signal in the lowermost sections of the borehole include excessive
interfering ambient noise and possible incomplete grout filling or grout set-up within the
annular space near the hole bottom.

Bia; in the arrival time picks and consequently the velocity estimates could result from one or
more possible circumstances including: difficulty in estimating the S and P wave arrival times,
irregular or incomplete borehole annular space filling, refraction effects (non-straight line travel
path), limitations on the resolution of the digitized signal, and the presence of interfering noise
and other wvavetrains.

General Qualifications
The downhole seismic data presented herein represent estimates of subsurface properties in the
immediate vicinity of the boreholes tested using the measurement procedures described above.
No warranty, certification, or statement of fact, either expressed or implied, regarding actual
subsurface properties surrounding the borehole tested is contained herein. If questions or
uncertainties exist regarding the actual parameter values, supplemental in-situ or laboratory
tests or other invasive explorations should be conducted to document actual subsurface material
properties. No inference of subsurface properties can be made for depth intervals not tested.

I Grumman Exploration, Inc.
2309 Dorset Road, Columbus, Ohio 43221
(614) 488-7860 tel, (614) 488-8945 fax
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ReFort of Downhole Seismic Testing
North Anna Power Station ESP, Mineral, Virginia
Mactec Engineering Services, Inc.
March 17, 2003 Page 5

Grumman Exploration, Inc. has appreciated this opportunity to be of service again to Mactec
Engineering Services, Inc. If you have any questions or comments regarding this report,
please feel free to contact us.

Sincerely,

Grumman Exploration, Inc.

David L. Grumman, Jr.
President/Geophysicist

Grumman Exploration, Inc.
2309 Dorset Road, Columbus, Ohio 43221

l(614) 488-7860 tel, (614) 488-8945 fax

2.5.4B-37'



Downhole Seismic Testing Summary Table
Test/Wfell ID: B-802b

FProject: North Anna ESP
Location: Mineral, VA Test Date: 2/12/2003

Client/owner: Mactec Calc. Date: 3/17/2003
Field Staff: dig

Well Descr.: 2.875" PVC, grouted, -91' depth Data Proc by: dig

Grumma
t/Y 2309 Dorse

Columbus, i
(614) 488-7

Eqp: Geometrics

4 triaxial gei
sledge ham.1est

Interval
Depth (ft)

Interval Velocity
(ft/sec)

Soil
Density

(pcf)

Shear Bulk
Modulus I Modulus

Young's
Modulus

E

Poisson's
Ratio

V. V. G K Depth (ft) Material I, - 1 & 1. 4 + 4-� - 4

;2.50
.'.50
12.50
17.50
22.50
27.50
32.50
37.50
4:2.50
47.50
5:2.50
55.00
57.00
57.50
62.50
67.00
67.50
7.'.00
8;'.00

4526
6603

11813
13798
10854
14047
14106
16502
14468
16559
13623
13260
16576
16590
13280
16601
9970
9976

385
854

3435
1482
5278
3398
4513

6364
6382
5371

5835

6030

0.496
0.491

0.492
0.414
0.446
0.442

0.413
0.379
0.441

0.429

0.424

2.50
7.50
12.50
17.50
22.50
27.50
32.50
37.50
42.50
47.50
52.50
55.00
57.00
57.50
62.50
67.00
67.50
77.00
B7.00

_ I_ I 1 .5. 1 1

Notes: Blank value denotes uninterpretable data



.c Project: North Anna ESP Grumman Exploration, Inc. 2003
Borehole: B-802b Location: I Mineral, VA

. _ |Wave Type: Shear

_ _Ground Offset 7.35 ft
Arrival rime Est's, Geophones A, B, C and D Velocity

Dpth A.1 A.2 B.1 C.1 C.2 D.1 D.2 Avg (fps) Depth
0. -11 5.00 0. 0

2.5 1 1 ' _ 2.5

5.0 '1 9.OO .19.00 5.0

7.5 Ec" _ _ ____________7.5

10.0 'M023.00 ;-.-.23.25 10.0
12.5 | 1i8U 4*> 12.5
15.0 .;x22.40 _ 24.50 .15.00 15.0

17.5 l2 L.2 3 | | tE.J.. . t.. 17.5
20.0 -. :..2650 27.00' t20.30 20.0

22. 7 7 !|l|l i:r* 22.5
25.0 *...27.40 -27.05 -23.00 25.00 25.0
27.5 I77 I 32U _J'I > 27.51
30.01 -' 28.75 429.25½ 24.50 W25.90 30.0
32.5 j !7,,II ~ to vdl;>- 3.

35.0 ' 30.00 30.50.- 25.25 : 26.75 35.0
37.5 j I I [- _ __r37.5

40.0 ; $.32.00 .30.90. - 'i27.00 ::. '2720 40.0
4t2. I_ _ _ _ _ _ ________ 42.5

45.0 .r3t '0 '35.00.- -:3o.SO ;: .27.75' 2M0O 45.0
47.5 | l(I _ - ' i 47.5
50.0 4.j-'260.00. * 36480,i. 7 ^ '>-30.50 .29:40 50.0
52.5 t 4j tD.ll S.
55.0 #i5.,2S.25 _ ___ si43t.60 UP0,. 75 .0. 5 5 .0
5735 MI llt S3 5 57-51
60.0 2 10 60.0

65.0 ___i,_PT.50!' 5 $t 65.0
67.5 _ _____ | |ZII41Z1]l:'l 67.5
70.0 ____ ____i30 142I7i 4f2311 70.0

77.5 77.5
80.0 _ _ _ _1_ _ _ __ _ _ 80.0 _ _ _

_5 =_ 82.:S1_
87.5 1_ _ _ _1 _ _ _ _ __ _ _ _ _ _ _ _ 87.5 _ _ _ _

90.0 { 90.0

Notes: _adedc Cells are qeopnone Iocations W/ est-a arrnval times (msec),
___evalues are veloct estimates s or aepn interval

_queslionab1e erroneous velocity esrimates DianKea I
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IP -rPojecttNorth Anna ESP I i IGnimman Exploration, Inc. 2003
_ E, orehole: B-802b Location:IMineral, VA

____ _Wave Type :Com ression
CGround Offset 6.00 It

Arrival 1rime Est' s,Geophones A, B, C and D _ Velocitv
Dopth A B C D Avg (fp Depth

2. s 52_ .:__,- 2.5
5.0 : 7.30', .' .507_so 5.0
7.5 5 n, ,57 4 7.5 _

10C*O_ i0*.0 10.0
12.5 12.5
15.0 ¾. . :- 1t;.0 ~.w; .t-fo~fiO_ 15.0
17.5 . , I1tti3l 11s 4 17.5
20.0 t i $12.2Ob -? ti1~v.WI.0 _______1 20.0__________
22.5 2 I ''__ _ __ _ __ _ _ _ _
25.0 .- -- 4 .80 11. 40, i'_____ 25.0 _

27.5 j ifs' l4' 27.5
30.0 f,, 4 3O; r 441616w.cs 1UVjs42 1S __30.0 _

32 3 .(~j ,::; 2.5
35.0 . st2.4, -: 12;00. .: ;t2.SO __ 35.0
37.5C t 4I4 't .R 37.5 P

40.0 ? 40.0 _______i ________42*°

45.0 -I 45.0
47.5 I 24011 i65lS ________ 47.5
50.0 w ._ _ _ _ _ _ _ _ _ _ _ _ __0.0

52.5 | tb;s It -7 Z.
55.0 eM- ___4___r 55.0
57.5 16576 7 _ __ __ _ _ 57.5
60.C $ - 65.0
70.0 i nttQ 62.5
65.0 65.0
67.5 I Ef-'vO T77 8tl, 67.5
70.0 ;8 _70.0

55. _w -- sm . 1
57.0 132__ _ ;0 , 57.01

67.0 13-SO _49. 7-.C
69.0 .. 13.90 69.0

I 10.0
75.j _ _ _ _ _ _ _ __ 7S.C
77.0 (Zti7£ ~77.0
79.0 _ _ 79.0

_ .0.0_
85.0t8w 85.0
87.0 _ _ _ '___ __, ,, 87.0
89.0 _.__ _ _1___ 89.0

0.01

_ Iaes: .i naae ensare g eopnonacationsw/est aarnval times (msec)
I -F values are velociy estimates s) tor aeptn interva _*

___q__uest-onaolelerroneous velocy estimates Dianmea I
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Estimated Velocity (fps) B-802b
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Grumman Exploration Inc.
2309 Dorset Road, CUlumbus, Ohio 43221

Poect North Anna ESP Project - Downhole Seismic
- -

North Anna Power Station, Mineral, Virginia
-

Mactec Eng. Svcs. IBY digI
Date :2/20/03

Cants01-22089 I|
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i
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vsoI..AVsI -
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ts, ts.1=

ho , h5,

Compressional wave velocity for the depth interval i to i+A&

Shear wave velocity for the depth interval i to i+A

Vertical distance/separation between successive geophones
Geophone depth at test depth i, Geophone depth at test depth i+A

Estimated arrival times for the shear wave for successive geophones

Ground offset distance between shot location and center of borehole for

the compressional and shear wave shots, respectively

Grumman Exploration, Inic.
2309 Dorset Road, Columbus, Ohio 4324 1

Po DOWNHOLE SEISMIC CALCULATI DNS

O Grumman Exploration, Inc. 2003
Locabon

CoEnt
IBy dig Date 3/01/03 1

F"ufe Title Schemaic Downhe Coputabons Pt No. Chedode Scae nts~~ I I
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WAVE FORMS FROM FIELD DATA

Wave forms from each geophone are presented on a series of sheets. Each sheet shows
data from the indicated geophone at different depths below the surface as shown on the
left side of the sheet, reading from bottom to top of the sheet. There are four geophones -
A (at the top of the array), B (at the top middle of the array), C (at the bottom middle of
the array) and D (at the bottom of the array). The horizontal axis is time in milliseconds.
The vertical axis is amplitude of the signal and has a variable scale.

The color plots are coded as follows:
Purple - vertical signal
ReM - lateral signal geophone 1
Orange - lateral signal geophone 1, opposite polarity
Light Blue - lateral signal geophone 2
Dark Blue - lateral signal geophone 2, opposite polarity

2.5.4B-379



I o"wA A(lp)

4 -

104 0 -

.4 -

-a--

2D -

10 -

4 0-

to -

lie Its 1o Vs tw

IIIi.

Ii
i�r

11
!i

- .f-
14

;i
i!
I

iI

- -~ Ii ,I 0 - ;
r 0 a lo .

we50 as w 0 10 110 it1 120 IS tO

04

-4

MUA

118 120 Is to

0 a 10 18 20 2X 30 X 0 40 45 30 88 O *0 " 78 10 66 66 6 13 18 11O 115 IO 1M 130

2.5.4B-380



QOW- A (1)

ci
CLA

3" 0

-CA

4.

I I

.2

M.a a

.1

A4

4

2

154 0

.2

.A

70 7U 0m so IS iD Ie 110 1tW i2 12 tO

'5 so 5 100 1N 110 ill ODI 1 n 1X

2.5.4B-381



a-phwA(Tp)

am a

42

4A

04

-OA

.04 '

2

1

404 a-

-1 -

-2 -

2-

1-

0*-

41 -

S so 1 Jo 100 105 116 tug 120 12 120

2.5.4B-382



01

.0I

42

"a

2.5.4B-382



Q. m od

22-

4 -

22-

," I .1

v . -a - w " s w l "a s to

" 0

I I

I 1

1.I

2.5.4B-384



GAl

0.2

I I I I4
42-

z4M -

0.4-.

42-

1
Ma 0

0.8

I I

044

Ul~ii

4J-

-I

iI I

2.5.4B-385



GoAt-o Bs pid-

0.1

S. 0

-1

0.2-

a" 0--0.

42-

4.2-

i

L2X

I-

44 J

CA

'12

484 0

042

2.5.4B-38E



eQ-pw B A N)

0W1

Om a

t1

.4

2.5.4B-387



O,,,mC d.W)

OA

02

=4 0

432

-0X

*A

GA254 a -

-A -

2 -

: -

.a a-

2

1

4*

*1 -- ~
-6 0 6 10

.21
A s0 75 UO I 10 5 10 10t5 110 1106 I 125 110

2.5.4B-388



0.1

W4 a

-0.1

02

0.1

4Ua 0

41

42

CA

02

4.. 0

42

4X

CA

a2

#4 0

.02

44

''of

2.5.4B-389



0mph..c(wU-bj

0.1

704 0

.01

0.1

** 0

41

ol I0.1

0.1 -

41 -

1.� \ � /I'"a, . v
a -0 " 3w�a* -

r

02

0.1

a 0

4.1

2.5.4B-390



om

C.

ma4 *

*O4

Ca.

c1

-tI



in

_too " 0 An

0A

OA

40* a

4A

4.8

*A -

MA D.

4-A -

@1-

OA -

4A -

-OA8 -

4 -

340 -

4.4 -

0 6 IC ItS 20 N 1 1 t MO

AI I

I

ts c

I

2.5.4B-392



0.1

OM 0

4.1

02

0.1

GM4 a

4.'

42

e4 0

02

-4A

O4

02

Aa

42

2.5.4B-393



bophano D ONYm)

W4a
C-O

40eI

aim
0A1 -

0. -

.&04 -

4m -

1x -

C- a-

.&I -

0.1 -

44 a -

1 -

2.5.4B-394



Oeophmb D tb m)

.--

i0° __:

BOm 0

II

! l 1 l !.a\ -ysti U i !,!I-liN I 10 " - 11 t iaI lII
a a a MV m pro 9 s 95 WD 106 110 Itl 1X 1X5 ISD

2.b.4B-395



'1 SCALE S`A2

S L o PlA

, _:_ _ _ _

5 - : I _

Figure 2.5-4B-1 Sub-Surface Investigation Location Plan

North Anna
Early Site Perm t Application 2.5.4B-396



LJDLJ XEROX)

GFW

Document Name:
Printing Time:
Copies Requested:
Virtual Printer:
Printed For:

004 North Anna ESP Application R6 (4 of 9).pdf
04/26/06 08:32:41
1
dt6115/611 5hold
BCR

GFVV E ]
04.12.25 

Job# 4879

04.1 2.25 Job # 4879



Job Messages XEROX

GFVV

Document Name: 004 North Anna ESP Application R6 (4 of 9).pdf

%f/.[Page: 1]%%
%%[Page: 2]%%
%%[Page: 3]%%
%%[Page: 4]%%
%%[Page: 5]%%
°%%[PagE: 6]%%
%%[PagE: 7]%%
%%[Page: 8]%%
%%[Page: 9]%%
%%[PagE: 10]%%
%%[PagE: 1 1]%%
%%[PagE: 12]%%
%%[Page: 13]%%
%%[Page: 14]%%
°%%[Page: 15]%%
%%[Page: 16]%%
%%[PagE: 17]%%
%%[PagE: 18]%%
%%[PagE: 19]%%
%%[PagE: 20]%%
%%[PagE: 21]%%
%%[Page: 22]%%
0%%[Page: 23]%%
°%%[Page: 24]%%
°%%[Page: 25]%%
%%[Page: 26]%%
%%[Page: 27]%%
%%[Page: 28]%%
0%%[Page: 29]%%
%%[Page: 30]%%
% %[Page: 31]%%
%%[Page: 32]%%
0%%[Page: 33]%%

%/Of[Page: 34]%%
%%[Page: 35]%%
%%[Page: 36]%%
%%[Page: 37]%%
O%%[Page: 38]%%

%%[Page: 39]%%
%%[Page: 40]%%
%%[Page: 41]%%
%%[Page: 42]%%
%%[Page: 43]%%
%%[Page: 44]%%
%%[Page: 45]%%
%%[Page: 46]%%
%%[Page: 47]%%
%%[Page: 48]%%
%%[Page: 49]%%
%%[Page: 50]%%

041.5Jb 
47

04.12.2'5 Job #41879



Job Messages

%%[Page: 51]%%
%%[Pago: 52]%%
%%[Pagf,: 53]%%
%%[Pago: 54]%%
00%[Pago: 55]%%
o%[ Page: 56]%%

%O%[Page: 57]%%
%%[Pago: 58]%%
%%[Pago: 59]%%
%%[Pago: 60]%%
%%[Page: 61]%%
%%[Pago: 62]%%
%%[Pago: 63]%%
%%[Pag(o: 64]%%
%%[Pago: 65]%%
%%[Pag(l: 66]%%
% %[Pago: 67]%%
%%[Pago: 68]%%
%%[Pago: 69]%APS: DRVR: ANORM: %
%%[Pago: 70]%%
%%lPago: 71]%%
%%[Page: 72]%%
%%[Pago: 73]%%
o%%[Pago: 74]%%
I%%[Pago: 75]%%
%%[Pago: 76]%%
%%[Pago: 77]%%
%%[Pago: 78]%%
%%[Pago: 79]%%
%%[Pago: 80]%%
%%[Pago: 81]%%
%%[Pago: 82]%%
%%[Pago: 83]%%
0%0[Pago: 84]%%
%%[Pago: 85]%%
%%[Pago: 86]%%
%%[Pago: 87]%%
%%[Pago: 88]%%
%%[Pago: 89]%%
0%%[Pago: 90]0%%
%%[Pag!: 91]%%
%%[Pag!: 92]%%
%%[Pag!: 93]%%
%%[Pag!: 94]%%
%%[Pago: 95]%%
%%[PagE!: 96]%%
%%[PagE!: 97]%%

04.12.25 
Job #4879

04.12.25 Job # .4879



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

2.5.5 Stability of Slopes

This section presents information on the stability of permanent slopes at the NAPS site. The
information has been developed in accordance with Review Standard RS-002, "Processing
Applications for Early Site Permits" (Reference 145), following the guidance presented in RG 1.70,
Section 2.5.5 (Reference 3). The geological, geophysical, geotechnical and seismological
information presented in this section is used as a basis to evaluate the stability of specific slopes at
the site.

The information presented in this section was developed from a review of reports prepared for the
existing units and the abandoned Units 3 and 4, geotechnical literature, and a subsurface
investigation conducted for preparation of this ESP application. The review included the
site-specific reports from the UFSAR (Reference 5), and reports prepared by Dames and Moore
regarding the design and construction of the existing units (Reference 7) and the abandoned
Units 3 and 4 (Reference 8).

A 55-foot high, 2-horizontal to 1-vertical (2h:lv) slope descends from north of the SWR down to
south of the existing excavation made for abandoned Units 3 and 4. This slope was excavated
during construction of the existing units, and is almost entirely in cut material. The top of this slope
is 200 feet from the top of the SWR embankment, and thus any potential instability of the slope
would have no impact on the stability of the SWR embankment.

The only new permanent slope that may be created in association with the new units would be to
the west of the SWR to accommodate the buried UHSs for certain new unit designs. The amount (if
any) of this cut depends on the design that would be selected. The maximum slope height
envisioned is about 55 feet, cut at a 2h:1v slope. The top of the slope would be at least 200 feet
from the top of the SWR embankment, the same distance as for the existing slope to the rorth of
the SWR. Thus, any instability of the new slope would not impact the SWR.

Although instability of the existing and possible new 2h:lv slopes would not impact the SWR,
sloughing or collapse of these slopes could impact the new units, depending on their final Iccation.
The stability of these slopes is addressed in the following sections. The new slopes of the
non-safety-related, deepened intake channel, which would be used for the normal cooling water
system supply of the new units, would be analyzed during detailed design, if required. Such
analysis is not part of the ESP SSAR.

2.5.5.1 Existing Slope Characteristics

The location and direction of the existing 2h:1v slope to the north of the SWR is shown in plan view
in Figure 2.5-65; the location is also shown in the photograph in Figure 2.5-66. The photog'aph in
Figure 2.5-67 shows the existing slope clearly, descending from the SWR to close to the excavation
for the now abandoned Unit 3 and 4 containment buildings. The structure behind the slope on the
SWR embankment is the Unit 1 and 2 valve house, which was originally designed to be the now
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abandoned Unit 3 and 4 pump house. A cross-section through the existing slope is shown on
Figure 2.5-68.

2.5.5.1.1 Slope Borings
As shcwn in Figure 2.5-65, two borings (B-15 and B-18) were performed previously on or close to
the area of the slope. These borings were conducted for the Unit 1 and 2 investigation. The profiles
of these borings are included in Figure 2.5-68. The boring logs are presented in Section 2.5.5.3. No
additional exploration for the slope was made during the ESP exploration program.

2.5.5.1.2 Slope Subsurface Conditions

The E',P site soils and bedrock are described in detail in Section 2.5.4.2.2. As can be seen from
Figure 2.5-68, the soils in the slope consist almost entirely of Zone IIA saprolites. Saprolites are a
further stage of weathering beyond weathered rock. They have been derived by in-place
disintegration and decomposition and have not been transported. Saprolites are classified as soils
but still contain the relict structure of the parent rock, and they also typically still contain some core
stone of the parent rock. The North Anna saprolites in many instances maintain the foliation
characteristics of the parent rock. They are mainly classified as silty sands, although there are also
sands, clayey sands, sandy silts, clayey silts and clays, depending very much on their degree of
weathering. The fabric is strongly anisotropic. The texture shows angular geometrically interocking
grains with a lack of void network, very unlike the well-pronounced voids found in marine or alluvial
sands and silts. The Zone IIA saprolites comprise, on average, about 80 percent of the saprolitic
materials onsite. About 75 percent of the Zone IIA saprolites are classified as coarse-grained
(sands, silty sands) while the remainder are fine-grained (clayey sands, sandy and clayey silts, and
clays). The majority of the saprolites obtained from the borings in the slope area are dense silty
sands.

The bedrock beneath the Zone IIA saprolite ranges from moderately to severely weathered
(Zone l1l), to fresh to slightly weathered (Zone IV). The bedrock throughout the North Anna site is
classified as a gneiss, which is a metamorphic rock that exhibits a banded texture (foliation) in
which light and dark bands alternate. It is composed of feldspar, quartz, and one or more other
minerals such as mica and hornblende. The majority of the bedrock obtained from the borings in the
slope Erea is a dark green or gray to black biotite hornblende gneiss.

The engineering properties of the site soils and bedrock are described in Section 2.5.4.2.5 and are
tabulated in Table 2.5-45. These properties are based on extensive field and laboratory testing
described in Section 2.5.4.3 and Section 2.5.4.2, respectively.

The liquefaction characteristics of all of the Zone IIA saprolite are thoroughly examined in
Section 2.5.4.8. That section concludes that the results of the liquefaction analysis indicate that
some of the Zone IIA saprolitic soils have a potential for liquefaction based on the ESP seismic
parameters. The liquefaction analysis did not take into account the beneficial effects of age,
structure, fabric, and mineralogy.
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2.5.5.1.3 Slope Phreatic Surface
The postulated phreatic surface is shown in Figure 2.5-68 for the existing slope. This surface has
been developed from the water table levels derived in Section 2.4.12. The depth of this phreatic
surface precludes any potential for liquefaction of the near-surface soils in the slope.

2.5.5.2 Design Criteria and Analyses

2.5.5.2.1 Required Factor of Safety

The following factors of safety are proposed by the Department of the Army (Reference 183):

Condition Minimum Factor of Safety

End of Construction 1.4

Long-Term Static (non-seismic) 1.5

Long-Term Seismic 1.1

2.5.5.2.2 Stability of Existing Slope
The photograph in Figure 2.5-67 of the existing 2h:1v slope to the north of the SWR was taken
about :20 years ago. The condition of the slope is essentially the same today. It was thoroughly
inspected during the ESP site investigation. The slope shows no signs of distress.

2.5.5.2.3 Analysis of Existing Slope

The static and dynamic stability of the existing slope to the north of the SWR was analyzed using
the computer program SLOPE/W (Reference 184).

a. Long-Term Static Analysis
The SLOPE/W Program used the Bishop method of slices (Reference 185) for analysis of the
long-term static condition. The analysis assumed the saprolite was predominantly coarse
grained (as shown in borings B-15 and B-18 close to the slope). The effective strength
parameters given in Table 2.5-45 were an angle of internal friction ¢' = 30 degrees and
efiective cohesion c' = 0.25 ksf for the coarse-grained saprolite.

The input to the analysis and the results are shown in Figure 2.5-69. The computed factor of
safety is about 1.75. This value is above the minimum 1.5 factor of safety required.

b. Seismic Slope Stability Analysis
The pseudo-static approach is used as a first approximation for the seismic analysis of slopes.
In this approach, the horizontal and vertical seismic forces are assumed to act on the slope in
a static manner, that is, as a constant static force. This is an obviously conservative approach,
since the actual seismic event occurs for only a short period of time, and during that time, the
forces alternate their direction at a relatively high frequency. Also, the pseudo-static analysis
tends to be run using the peak seismic acceleration; the mean acceleration during the design
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seismic event is significantly less than the peak value. A pseudo-static analysis using peak
acceleration values can be a useful tool in a limit analysis where the peak acceleration is
relatively low. In such analyses, the computed factor of safety may well exceed the minimum
of 1.1, thus requiring no further analysis. However, where the peak seismic acceleration
values are high, the pseudo-static analysis produces unreasonably low safety factor values.

The pseudo-static analysis was run using SLOPE/W. For the high frequency earthquake, the
peak horizontal acceleration used was 0.65g. This is the average peak acceleration in the top
55 feet of unimproved soil shown in Table 2.5-46 for 150 percent Gmax. (The maximum
horizontal acceleration is 0.99g at the ground surface.) The vertical acceleration used was
0.325g. The computed factor of safety was significantly less than the required 1.1. For the low
frequency earthquake, the equivalent peak horizontal acceleration used was 0.26g with a
vertical acceleration of 0.13g. The computed factor of safety was slightly less than 1.1.

Seed (Reference 186), in the 19th Rankine Lecture, addressed the over-conservatism intrinsic
in the pseudo-static analysis. He looked at the more rational approach proposed by Newmark
(Reference 187), where the effective acceleration time-history is integrated to determine
velocities and displacements of the slope. He also examined dams in California that had been
subjected to seismic forces, including several dams that survived the 1906 San Francisco
earthquake. Based on his studies, he concluded that for embankments that consist of
materials that do not tend to build up large pore pressures or lose significant percentages of
their shear strength during seismic shaking, seismic coefficients of only 0.15g are adequate to
ensure acceptable embankment performance for earthquakes up to Magnitude M = 8.25 with
peak ground accelerations of 0.75g. For earthquakes in the range of M = 6.5, Seed
recommends a horizontal seismic coefficient of only 0.1g with a vertical seismic coefficient of
zero.

The liquefaction analysis of the Zone IIA saprolite indicated some of the material has a
pctential for liquefaction. However, its age, fabric and interlocking angular grain structure,
along with the significant portion of low plasticity clay minerals present in the material, have
been demonstrated to give the grain structure a low susceptibility to pore pressure build-up or
liquefaction (Section 2.5.4.8). This material would not lose a significant proportion of its shear
strength during shaking. Thus, for the low frequency earthquake, with a design Magnitude
M = 7.2, the pseudo-static analysis should be limited to a horizontal acceleration of only 0.15g.

Allhough the 0.99g computed peak ground acceleration from the high frequency earthquake at
North Anna is greater than the 0.75g referenced by Seed, the highest accelerations are in the
top 5 feet of the soil - the average acceleration in the soil is closer to 0.62g below the top
5 feet. In addition, the design high frequency earthquake has a relatively low energy
(Vagnitude 5.4), which is significant when estimating its potential impact on slope stability.
Thus, at North Anna, a pseudo-static design using an inertia force of 0.1g will be adequate for
the high frequency earthquake.
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The pseudo-static analysis was again run using SLOPE/W. This time the horizontal
accelerations used were 0.1g and 0.15g, with zero vertical acceleration. The computed factors
or safety were greater than 1.1. The input to the analysis and the results for the 0.1g case are
shown in Figure 2.5-70.

Other researchers have also recommended substantially reducing the peak acceleration when
aoplying the pseudo-static analysis. Kramer (Reference 188) recommends using an
acceleration of 50 percent of the peak acceleration. Using the average peak acceleration for
the high frequency earthquake in the top 55 feet of 0.65g, the horizontal input using Kramer's
recommendation would be 0.325g and the vertical input would be 0.1625g. This level of input
provides a factor of safety against slope failure just above 0.9. Although this is somewhat less
than the required factor of safety of 1.1, it is considered marginal based on the high level of
seismic acceleration being applied and the relatively low energy level of the design
earthquake. For the low frequency earthquake, where the average peak acceleration in the top
55 feet is about 0.26g, the horizontal input using Kramer's recommendations would be 0.13g
and the vertical input would be about 0.065g. This results in a factor of safety of greater than
the required 1.1.

Based on the possibility of some liquefaction in the slope area and the marginal results
obtained using Kramer's method, measures would be taken to ensure the safety of the slope
arid of the structures that may be located close to the bottom of the slope. These measures
are outlined in Section 2.5.5.6.

2.5.5.3 Logs of Borings

As noted in Section 2.5.5.1, two sample borings were drilled on or close to the existing 2h:1v slope
to the north of the SWR. The logs of borings B-15 and B-18 are reproduced in Figure 2.5-71 and
Figure 2.5-72, respectively.

2.5.5.4 Compacted Fill

The existing 2h:1v slope described and analyzed in the previous sections is a cut slope and does
not contain fill materials in any significant quantity.

2.5.5.5 Proposed New Slope

As noted at the beginning of Section 2.5.5, a new slope may be excavated to the west of the SWR
to accommodate UHSs for the new units. The new slope would be approximately the same height
and wculd have the same 2h:1v slope as the existing slope presented in Section 2.5.5.1 through
Section 2.5.5.4. It would also be a cut slope like the existing slope, and would comprise similar
materials to those in the existing slope. Therefore, the analytical conclusions for the existing slope
would apply to the new slope, namely the new slope would be stable under seismic and long-term
static conditions.
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If the selected design for the new units requires that the new slope be constructed, and it is deemed
that any failure of the slope could impact the new units, then investigation and analysis of the slope
would be performed as part of detailed engineering and described in the COL application. If the
analysis, based on the subsurface investigation results, showed an inadequate factor of safety
against slope failure, then the design would be modified to eliminate any risk of slope failure. Such
modifications are outlined in Section 2.5.5.6.

2.5.5.6 Conclusions

Existing slopes and embankments that are not impacted by the new units (such as the SWR
embankments) are not analyzed. New slopes of the non-safety-related, deepened intake channel,
which would be used for the normal cooling water system supply of the new units, would be
analyzed during detailed design, if required. Such analysis is not part of the ESP SSAR.

The only existing slope whose failure could adversely affect the safety of the new units because of
its proximity to the ESP site is a 55-foot high, 2h:1v slope that descends from north of the SWR
down to south of the existing excavation made for abandoned Units 3 and 4. The slope is made
almost entirely in cut material. Static long-term analyses of the existing slope using the computer
program SLOPE/W gave values of factor of safety in excess of the minimum 1.5 required.
Pseudo-static analyses using ESP design values of horizontal and vertical seismic acceleration
gave safety factor values less than the minimum acceptable value of 1.1 for the high frequency
earthquake. However, when the seismic input was modified to conform to the reductions given by
Seed (Reference 186), the computed safety factors against slope failure were in excess of 1.1. The
Seed reductions are considered reasonable and valid. When the Kramer recommendations were
applied, the computed factor of safety against seismic slope failure was considered satisfactory for
the lovw frequency earthquake and marginal for the high frequency earthquake. Based on the
possibility of some liquefaction in the slope area and the marginal results obtained using Kramer's
method, measures would be taken to ensure the safety of the slope and of the structures that may
be located close to the bottom of the slope. These measures could include reducing the slope
steepness, removing and replacing materials that could lose significant strength during the design
earthquake, ground improvement measures such as soil nailing, moving structures further from the
toe of the slope, and/or providing walls/barriers to protect those structures.

A new slope may be excavated to the west of the SWR to accommodate UHSs for the new units.
The new slope would be approximately the same height, would have the same 2h:1v slope, and
would have the same soil and rock characteristics as the existing slope that was analyzed. If
analysis during the design stage of this slope indicates unacceptable factors of safety against slope
failure, modifications such as those proposed for the existing slope in the previous paragraph would
be employed.
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2.5.6 Embankments and Dams

Because Lake Anna would only be used for normal plant cooling of the new units, the North Anna
Dam, which is designed and constructed to meet requirements for a seismic Category I structure in
suppolt of the existing units, was not re-analyzed as part of this application. Analysis of the new
non-safety-related deepened intake channel slopes for the new units would be performed during
detailed design.

Construction of the new units would not adversely affect the slopes of the SWR for the existing
units. There is an existing 55-foot high embankment to the north of the SWR and to the south of the
new units. A similar embankment may be constructed to the west of the SWR to accommodate the
buried UHS of certain reactor designs that might be constructed on the ESP site. Instability Of these
slopes could affect the new units. This is described and presented in Section 2.5.5.

In summary, there are no embankments and dams to be addressed in this section.
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Table 2.5-1 Definitions of Classes Used in the Compilation of Quaternary Faults,
Liquefaction Features, and Deformation in the Central and Eastern
United States (After Crone and Wheeler, 2000)

Class
Category Definition

Class A Geologic evidence demonstrates the existence of a Quaternary fault of tectonic
origin, whether the fault is exposed for mapping or inferred from liquefaction to other
deformational features.

Class E. Geologic evidence demonstrates the existence of a fault or suggests Quaternary
deformation, but either: 1) the fault might not extend deeply enough to be a potential
source of significant earthquakes, or 2) the currently available geologic evidence is
too strong to confidently assign the feature to Class C but not strong enough to
assign it to Class A.

Class C: Geologic evidence is insufficient to demonstrate: 1) the existence of tectonic fault, or
2) Quaternary slip or deformation associated with the feature.

Class D Geologic evidence demonstrates that the feature is not a tectonic fault or feature;
this category includes features such as demonstrated joints or joint zones,
landslides, erosional or fluvial scarps, or landforms resembling fault scarps, but of
demonstrable non-tectonic origin.
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Table 2.5-2 Quaternary Faults, Liquefaction Features, and Possible Tectonic Features Within the '
(200-Mile Radius) (Modified from Crone)

Distance
from Site

Post-
EPRI Info

Feature

Central VA Seismic zone

Mountain Run/E~verona fault zone

Lebanon Church fault

Upper Marlboro faults

Old Hickory faults

Stanleytown-Villa Heights fault

Lancaster fault zone

Lindside fault zone

Pembroke faults,

Hares Crossroads fault

State

VA

VA

VA

MD

VA

VA

PA

VA, WV

VA

NC

County

14 counties

Orange, Culpeper, Fauquier

Albemarle

Prince Georges

Dinwiddie, Sussex

Henry

Lancaster

Giles (VA)

Giles

Johnston

Physiographic
Province

Piedmont

Piedmont

Blue Ridge

Coastal Plain

Coastal Plain

Piedmont

Piedmont

Appalachian Plateaus

Valley and Ridge

Coastal Plain

(mi.) Class (1986)

0

19

45

75

78

144

157

162

163

165

A

C

C

C

C

C

C

C

B

C

No

No

No

No

Yes

No

No

Yes

Yes

No

Cacoosing Valley earthquake PA Berks Valley and Ridge 186 C Yes

a. NA: Not Applicable

b. NR: Not Reported
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Table 2.5-3 Site Area Stratigraphic Column (5-Mile Radius)

AGE (Ma) OROGENIC CORRELATION OF MAP UNITS (c5Mile Radius)

Quaternary

Cenozoic 2 1 Cenozoic
Erosion

I Qal | Alluvium

Z ' : Sand and gravels (Miocer
Tertiary

,v Cretaceous

Moesozoic t
^50 Triassic

Permian

290

Carboniferous

360

Paleozoic Devonian

410

Silurian

440

Ordovician

505

Cambrian

To

Ordovician

Cambrian
and/or

590 Ordovician

Extensional
Episode

Allegheny
Orogeny

Acadian
Orogeny

Taconic
Orogeny

Penobscot
Orogeny

Extensional
Episode

Grenville
Orogeny

Plutonic Rocks Metasedimentiry and Metavolcanic Roct

Falmoulli
Intrusive Suitew

Ellisville
Pluton

Successor Basin
Terrane

i i

Quantico
Formation

EIiZOq

Back-Arc-Basir
Terrane

I --

Melange Zone I, IlIl, IV
(Mine Run Complox)

_I _

Island-Arc
Terrane

Ta R
Chopa- Met
wamsic morp

Formation Suil

ICt
Pre-

Cambrian Late
Source: Pawlides, 1930

Min and oMler, 2000
Faill, 1997, 199S900
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Table 2.5-4 Earthquakes 1985-2001, m>3.0, within 350N-410 N and 740W-820VWf

Latitude
Year Month Day North

1985 6

1986 3

1986 12

1986 12

1986 12

1987 1

1988 5

1988 8

1990 1

1991 3

1991 4

1991 6

1991 8

1992 1

1993 3

1993 3

1993 7

1993 10

1993 10

1994 1

1994 1

1994 8

1995 6

1995 7

1997 11

1997 11

1998 6

1998 10

2001 9

2001 12

10 37.248

26 37.245

3 37.58

10 37.585

24 37.583

13 37.584

28 39.753

27 37.718

13 39.366

15 37.746

22 37.942

28 38.231

15 40.786

9 40.363

10 39.233

15 39.197

12 36.035

28 39.25

28 39.25

16 40.327

16 40.33

6 35.101

26 36.752

7 36.493

14 40.146

14 40.741

5 35.554

21 37.422

22 38.026

4 37.726

Longitude Depth
West km mb m(coda) m(int) ML m(unk) Source

80.485 11.1 3.2 2.8 3.3 VT

80.494 11.9 2.9 3.3 VT

77.458 1.6 1.5 3.3 VT

77.468 1.2 2.5 2.2 3.5 VT

77.458 1 1.6 3.3 VT

77.465 2.5 1.9 3.3 VT

81.613 0 3.4 ANSS

77.775 14.3 2.7 3.3 VT

76.851 4.1 2.5 2.6 3.5 VT

77.909 15.5 3.8 3.3 3.5 VT

80.205 14.8 3.5 3.5 3.3 VT

81.335 7 3.0 VT

77.657 1 3.0 ANSS

74.341 7.9 3.1 ANSS

76.882 5 2.5 3.3 VT

76.87 0.9 2.7 2.1 3.5 VT

79.823 5 2.7 3.3 VT

76.77 2.1 3.3 VT

76.77 1.8 3.3 VT

76.007 5 4.2 ANSS

76.037 5 4.6 ANSS

76.786 0 3.6 3.8 3.5 VT

81.481 1.8 3.4 3.3 VT

81.833 10 3.0 3.1 VT

76.252 5 3.0 ANSS

76.549 0 3.0 VT

80.785 9.4 3.2 3.4 VT

78.439 12.6 3.8 3.4 VT

78.396 0.4 3.2 2.5 VT

80.752 8.5 3.1 VT

.

-

-
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Table 2.5-5 Summary of Bechtel Seismic Sources

Distancea
Mmax (mb)

Source Description (km) (mi) Pab and Wts.c

Smoothing
Options

and Wts.d

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazarde Geometry?f Mmax?g RI?h

Sources within 200 mi (320 km)

E Central Virginia

BZ5 S. Appalachians

24 Bristol Trends

BZ4 Atlantic Coastal
Region

0

0

0 0.35 5.4[0.10]
5.7[0.40]
6.0 [0.40]
6.6 [0.10]

0 1.00 5.7[0.10]
6.0[0.40]
6.3 [0.40]
6.6 [0.10]

1[0.331
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
3 [0.33]

1 [0.33]
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
3 [0.33]

Yes

Yes

Yes

Yes

No No No

No No No

No No No

No No No

61 38 0.25 5.7[0.10]
6.0 [0.40]
6.3 [0.40]
6.6 [0.10]

144 90 1.00 6.6[0.10]
6.8 [0.40]
7.1 [0.40]
7.4 [0.10]

------------------------------------------------------------------------------------------------------------------------
17 Stafford fault

zone

13 Eastern
Mesozoic

Basins

0 0 0.10 5.4[0.10]
5.7[0.40]
6.0 [0.40]
6.6 [0.10]

5 3 0.10 5.4[0.10]
5.7[0.40]
6.0 [0.40]
6.6 [0.10]

189 118 0.30 5.4[0.10]
5.7[0.40]
6.0 [0.40]
6.6 [0.10]

211 131 0.05 5.4[0.10]
5.7[0.40]
6.0[0.40]
6.6 [0.10]

1[0.33]
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
4 [0.33]

No No No No

No No No No

25 NY-Alabama
Lineament

23 Lebanon Trend

1[0.33]
2[0.341
4 [0.33]

1[0.33]
2[0.34]
4 [0.33]

No

No

No No No

No No No

19 Giles County 221 137 0.35 5.7[0.10]
6.0 [0.40]
6.3 [0.40]
6.6 [0.10]

1 [0.33]
2[0.34]
4 [0.33]

No No No No

2-2-357 Revision 6
April 2006



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysi5 Report

Table 2.5-5 Summary of Bechtel Seismic Sources

Contribi
to 99°Distancea Smoothing

Source

BZ6

F

Description

SE. Craton
Region

SE.
Appalachians

Mmax (mb) Options of EPI
(km) (mi) Pab and Wts.c and Wts.d Hazarn

229 142 1.00 5.4[0.10] 1 [0.33] No
5.7[0.40] 2 [0.341
6.0[0.40] 3 [0.33]
6.6 [0.10]

274 170 0.35 5.4[0.10] 1 [0.33] No
5.7[0.40] 2[0.34]
6.0[0.40] 4 [0.33]
6.6 [0.10]

Selected Sources Beyond 200 mi (320 km)

ited
V0
RI

New Information to Suggest
Change in Sour,:e:

Geometry?f Mmax?l RI?h

No No No

No No No

H Charleston Area

N3 Charleston
Faults

545 339 0.50 6.8 [0.20]
7.1 [0.40]
7.4 [0.40]

1[0.33]
2[0.341
4 [0.33]

1[0.33]
2[0.34]
4 [0.33]

No Yes;
ECFS

Southern
Section

No Yes;
ECFS

Southern
Section

No Yes;
RIof
550
yrs

No Yes;
RI of
550
yrs

579 359 0.53 6.8 [0.20]
7.1 [0.40]
7.4 [0.40]

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Fla = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
1 = constant a, constant b (no prior b);
2 = low smoothing on a, high smoothing on b (no prior b);
3 = low smoothing on a, low smoothing on b (no prior b);
4 = low smoothing on a, low smoothing on b (weak prior of 1.05).
Weights on magnitude intervals are [1.0,1.0,1.0, 1.0, 1.0, 1.0, 1.0].

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.
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Table 2.5-6 Summary of Dames & Moore Seismic Sources

Source

Distancea
Mmax (mb)

Description (km) (mi) Pab and Wts.c

Smoothing
Options

and Wts.d

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazarde Geometry?f Mmax?9 RI?h

Sources within 200 mi (320 km)

41 S. Cratonic
Margin (Default

Zone)

53 S. Appalachian
Mobile Belt

(Default Zone)

40 Central VA
Seismic Zone

42 Newark-
Gettysburg

Basin

0 0 0.12 6.1[0.80]
7.2 [0.20]

1 [0.75]
2 [0.25]

6 4 0.26 5.6[0.80] 1 [0.751
7.2 [0.20] 2 [0.25]

24 15 1.00 6.6[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

32 20 0.40 6.3 [0.75] 3[0.75]
7.2 [0.25] 4 (0.251

Yes

Yes

Yes

Yes

No No No

No No No

No No No

No No No

47 Connecticut
Basin

4 Appalachian
Fold Belts

4B Kinkin Fold Belt
(Giles Co. Area)

41 25 0.28 6.0[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

74 46 0.35 6.0[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

145 90 0.65 6.2[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

Yes No No No

Yes

Yes

No No No

No No No

------------------------------------------------------------------------------------------------------------------------
44 Stafford Fault

Zone

Col Combination
zone

4-4A-4B-4C-4D

45 Hopewell Fault
Zone

46 Dan River Basin

21 1.00 5.0[0.80] 1 [0.69]
7.2 [0.20] 2[0.23]

3[0.06]
4 [0.02]

46 NA 6.0[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

No

No

No

No

No

No No No

No No No

No No No

No No No

No No No

87 54 1.00 5.0[0.80]
7.2 [0.20]

1[0.69]
2[0.23]
3[0.06]
4 [0.02]

74 0.28 6.0[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

4C Kink in Fold Belt 173 108 0.65 5.0[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

6.0 [0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

48 Buried Triassic
Basins

175 108 0.28 No No No No
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Table 2.5-6 Summary of Dames & Moore Seismic Sources

Distancea

Source Description

8 E. Marginal
Basin

C02 Combination
zone 8-9

49 Jonesboro
Basin

(km) (mi) Pab

188 117 0.08

188 117 NA

204 127 0.28

Mmax (Mb)

and Wts.c

5.6[0.80]
7.2 [0.20]

5.6[0.80]
7.2 [0.20]

6.0 [0.75]
7.2 [0.25]

Smoothing
Options

and Wts.d

1[0.75]
2 [0.25]

1 [0.75]
2[0.25]

3 [0.75]
4 [0.25]

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazarde Geometry?f Mmax?G RI?h

No No No No

No

No

No No No

No No No

6 Rome Trough

7 Dunkard Basin

50 Buried Triassic
Basins

218 135 0.24 5.0[0.75]
7.2 [0.25]

281 175 0.38 5,7[0.75]
7.2 [0.25]

3 [0.75]
4 [0.25]

3[0.75]
4 [0.25]

3[0.75]
4 [0.25]

No

No

No

No No No

No No No

No No No290 180 0.28 6.0 [0.75]
7.2 [0.25]

Selected Sources Beyond 200 mi (320 km)

54 Charleston
Seismic Zone

533 331 1.00 6.6[0.75]
7.2 [0.25]

1[0.22]
2[0.081
3[0.52]
4 [0.18]

No Yes; ECFS
Southern
Section

No Yes;
RI of
550
yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Fa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
1 = No smoothing on a, no smoothing on b (strong prior of 1.04);
2 = No smoothing on a, no smoothing on b (weak prior of 1.04);
3 = Constant a, constant b (strong prior of 1.04);
4 = Constant a, constant b (weak prior of 1.04).
Weights on magnitude intervals are [0.1, 0.2, 0.4, 1.0. 1.0,1.0, 1.0]

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mnax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.

2- - 6 evso
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Table 2.5-7 Summary of Law Engineering Seismic Sources

Contributed New Information to Suggest
Distancea Smoothing to 99% Change in Source:

Mmax (mb) Options
Source Description (km) (mi) Pab and Wts.c and Wts.d

Sources within 200 mi (320 km)

17 Eastern 0 0 0.62 5.7[0.20] lb [1.00]
Basement 6.8 [0.80]

217 Eastern 0 0 1.00 4.9[0.50] lb [1.00]
Basement 5.7 [0.50]

of EPRI
Hazarde Geometry?f Mma,?g RI?h

GC011

107

Background

22 - 35

Eastern
Piedmont

22 Reactivated E.
Seaboard
Normal

M22 Mafic Pluton

GCO9 Mesozoic
Basins (8 -
Bridged)

CIo Combination
Zone 8-35

M21 Mafic Pluton

M23 Mafic Pluton

M20 Mafic Pluton

M24 Mafic Pluton

M27 Mafic Pluton

M19 Mafic Pluton

7 4 NA 6.8 [1.00] 2a [1.00]

7 4 1.00 4.9[0.30] la [1.00]
5.5[0.40]
5.7 [0.30]

7 4 0.27 6.8 [1.00] 2a [1.00]

23 14 0.43 6.8 [1.00] 5 [1.00]

28 18 NA 5.0[0.20] 1c [1.00]
5.8[0.50]
7.4 [0.30]

28 18 NA 6.8 [1.00] 2a [1.00]

47 29 0.43 6.8 [1.00] 5 [1.00]

73 45 0.43 6.8 [1.00] 5 [1.00]

79 49 0.43 6.8 [1.00] 5 [1.001

81 50 0.43 6.8 [1.00] 5 [1.00]

152 94 0.43 6.8 [1.00] 5 [1.00]

159 98 0.43 6.8 [1.00] 5 [1.00]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No No

No No

No No No

No No No

No No No

No

No

No

No

No

No

No No No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

_CI3 22- 24- 35 7 4 NA 6_ 8[ 00 2a_ No No No No__ _ _ __ _ .
GC13 22 - 24 - 35 7 4 NA 6.8 [1.00] 2a [1.00] No No No No

GC12 22 - 24 7 4 NA 6.8 [1.00] 2a [1.00] No No No No

105 Northern 60 37 1.00 4.6[0.90] la [1.00] No No No No
Coastal Plain 4.9 [0.10]

M25 Mafic Pluton 84 52 0.43 6.8 [1.00] 5 [1.00] No No No No

M26 Mafic Pluton 112 70 0.43 6.8 [1.00] 5 [1.00] No No No No

2- - 6 
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Table 2.5-7 Summary of Law Engineering Seismic Sources

Distancea

Source

8

M28

M18

M29

112

M30

M17

M16

101

M31

Description

Mesozoic Basins

Mafic Pluton

Mafic Pluton

Mafic Pluton

Ohio-Pennsylvania
Block

Mafic Pluton

Mafic Pluton

Mafic Pluton

Western New
England

Mafic Pluton

(km) (mi) Pab

194 120 0.27

200 124 0.43

211 131 0.43

220 136 0.43

223 138 1.00

240 149 0.43

272 169 0.43

281 175 0.43

313 194 1.00

Mmax (mb)
and Wts.c

6.8 [1.00]

6.8 [1.00]

6.8 [1.00]

6.8 [1.00]

4.6 [0.20]
5.1 [0.50]
5.5 [0.30]

6.8 [1.00]

6.8 [1.00]

6.8 [1.00]

4.5[0.15]
5.5 [0.85]

Smoothing
Options

and Wts.d

a and b
values

calculated
for C09

5 [1.00]

5 [1.00]

5 [1.00]

la [1.00]

5 [1.00]

5 [1.00]

5 [1.00]

1c [1.00]

Contributed
to 99%
of EPRI
Hazarde

No

No

No

No

No

No

No

No

No

No

New Information to Suggest
Change in Source:

Geometryt Mmax?G RI?h

No No No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

321 199 0.43 6.8 [1.00] 5 [1.00] No No No

Selected Sources Beyond 200 mi (320 km)

560 348 0.45 6.8 [1.00] 2a [1.00] No35 Charleston Seismic
Zone

Yes; ECFS
Southern
Section

No Yes;
RI of
550
yrs

a. C(losest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
la = High smoothing on a, constant b (strong prior of 1.05);
lb = High smoothing on b, constant b (strong prior of 1.00);
I c = High smoothing on a, constant b (strong prior of 0.95);
1d = High smoothing on a, constant b (strong prior of 0.90);
le = High smoothing on a, constant b (strong prior of 0.70);
2a = Constant a, constant b (strong prior of 1.05);
2c = Constant a, constant b (strong prior of 0.95);
2d = Constant a, constant b (strong prior of 0.90).
V/eights on magnitude intervals are all 1.0 for above options.
3a = High smoothing on a, constant b (strong prior of 1.05).
Weights on magnitude intervals are [0.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0] for option 3a.

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.
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g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.
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Table 2.5-8 Summary of Rondout Seismic Sources

Distancea Smoothing
Mmax (mb) Options

(km) (mi) Pab and Wts.C and Wts.d

Sources within 200 mi (320 km)

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazard' Geometry?t Mmax?; RlhSource

29

30

28

Description

Central VA

Shenandoah

Giles County

0 0 1.00 6.6[0.30]
6.8 [0.60]

1 [1.00]
(a=-0.900,

49

COl

C09

50

C07

C02

32

31

Appalachian

Background 49

49+32

Grenville

50 (02) + 12

Background 50

7.0 [0.10]

0 0 0.96 5.2 [0.30]
6.310.55)
6.5 [0.15]

188. 117 1.00 6.6[0.30]
4 6.8 [0.60]

7.0 [0.10]

66.9 42 1.00 4.8[0.20]
5.5 [0.60]
5.8 [0.20]

67 42 NA 4.8 [0.20)
5.5 [0.60]
5.8 [0.20]

67 42 NA 4.8 [0.20]
5.5 [0.60]
5.8 [0.20]

106. 66 1.00 4.8[0.20]
9 5.5 [0.60]

5.8 [0.20]

107 66 NA 4.8[0.20]
5.5 [0.60]
5.8 [0.20]

107 66 NA 4.8[0.20]
5.5 [0.60]

b=0.930)

1 [1.00]
(a=-1.710,
b=1.010)

1 [1.00]
(a=-1.130,
b=0.900)

2 [1.00]

3 [1.00]

3 [1.00]

2 [1.00]

3 [1.00]

3 [1.00]

1 [1.00]
(a=-2.110,
b=1.040)

1 [1.00]
(a=-1.200,

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

5.8 [0.20]

Norfolk Fracture 114.1 71 0.67 5.8[0.15]
Zone 6.5 [0.60]

6.8 [0.25]

Quakers 210. 131 1.00 5.8[0.15]
3 6.5[0.60]

6.8 [0.25] b=0.960)

24 Charleston

Selected Sources Beyond 200 mi (320 km)

526 327 1.00 6.6[0.20] 1 [1.00] No
6.8[0.60] (a=-0.710,
7.0 [0.20] b=1.020)

Yes; ECFS No Yes;
Southern RI of
Section 550

yrs
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a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
1, 6, 7, 8 = a, b values as listed above, with weights shown;
3 = Low smoothing on a, constant b (strong prior of 1.0);
5 = a, b values as listed above, with weights shown.

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.
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Table 2.5-9 Summary of Weston Seismic Sources

Contributed New Information to Suggest
to 99% Change in Source:Distancea Smoothing

Source

22

C21

C22

C34

C35

C23

C19

Description

Central VA Seismic
Zone

104-25

104-26

104-28BE-26

104-28BE-25

104-22-26

103-23-24

Mmax (Mb) Options of EPRI
(km) (mi) Pab and Wts.c and Wts.d Hazarde

Sources within 200 mi (320 km)

Geometry?f Mmax?9 Rl?h

0

0

0

0

0

17

43

0 0.82 5.4 [0.19]
6.010.65]
6.6 [0.16]

0 NA 5.410.24]
6.0[0.61]
6.6 [0.15]

0 NA 5.4[0.24]
6.0 [0.61]
6.6 [0.15]

0 NA 5.4[0.24]
6.010.61]
6.6 [0.15]

0 NA 5.4[0.24]
6.010.61]
6.6 [0.15]

10 NA 5.4[0.80]
6.0[0.14]
6.6 [0.06]

27 NA 5.410.26]
6.010.58]
6.6 [0.16]

0 1.00 5.4 [0.24]
6.010.61]
6.6 [0.15]

0 NA 5.4[0.24]
6.6 [0.61]
6.6 [0.15]

10 NA 6.0[0.85]
6.6 [0.15]

10 NA 5.4 [0.80]
6.0[0.14]
6.6 [0.06]

11 NA 5.4[0.24]
6.0[0.61]
6.6 [0.15]

11 NA 5.4[0.30]
6.0 [0.70]

11 NA 5.4[0.30]
6.0 [0.70]

lb [1.00]

1 a [0.30]
2a [0.70]

1 a [0.30]
lb [0.70]

1 a [0.20]
lb 10.80]

1 a [0.20]
lb [0.80]

1a [0.50]
2a [0.50]

Ia [1.00]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

_- - _- - _-- _- - _- - _- - _- _-- _- - _ ---------------------------------------------------- ------
104

C25

C20

C24

C26

C27

C28

Southern Coastal
Plain

104-28BCDE

104-22

104-22-25

104-28BCDE-22

104-28BCDE-22-2
5

104-28BCDE-22-2
6

0

0

17

17

17

17

17

1a [0.20]
2a [0.80]

1 a [0.30]
2a [0.70]

1a [0.30]
2a [0.70]

1 a [0.50]
2a [0.50]

1a[0.30]
2a 10.70]

1 a [0.70]
2a [0.30]

1 a [0.70]
2a [0.30]

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No
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Table 2.5-9 Summary of Weston Seismic Sources

Distancea
Mmax (mb)

Source Description (km) (mi) Pab and Wts.c

28B Zone of Mesozoic 24 15 0.26 5.4[0.65]
Basin 6.0 [0.25]

6.6 [0.10]

Col 28Athru E 24 15 NA 5.4[0.65]
6.0 [0.25]
6.6 [0.10]

28E Zone of Mesozoic 41 25 0.26 5.4[0.65]
Basin 6.0[0.25]

6.6 [0.10]

103 Southern 43 27 1.00 5.4 [0.26]
Appalachians 6.0 [0.58]

6.6 [0.16]

C17 103-23 43 27 NA 5.4[0.26]
6.0 [0.58]
6.6 [0.16]

C18 103-24 43 27 NA 5.4[0.26]
6.0 [0.58]
6.6 [0.16]

28D Zone of Mesozoic 116 72 0.26 5.4[0.65]
Basin 6.0 [0.25]

6.6 [0.10]

28C Zone of Mesozoic 142 88 0.26 5.4[0.65]
Basin 6.0 [0.25]

6.6 [0.10]

23 Giles County 213 132 0.90 6.0[0.81]
Seismic Zone 6.6 [0.19]

102 Appalachian 234 145 1.00 5.4[0.62]
Plateau 6.0 [0.29]

6.6 [0.09]

101 S. 236 147 1.00 5.4[0.19]
Ontario-Ohio-India 6.0 [0.68]

na 6.6 [0.13]

C12 101-7 236 147 NA 5.4[0.19]
6.0 [0.68]
6.6 [0.13]

C13 101-8 236 147 NA 5.4[0.19]
6.0 [0.68]
6.6 [0.13]

C14 101-29 236 147 NA 5.4[0.19]
6.0 [0.68]
6.6 [0.13]

Contributed New Information to Suggest
Smoothing to 99% Change in Source:

Options
and Wts.d

lb [1.00]

lb [1.00]

lb [1.00]

1 a [0.20]
2a [0.80]

1 a [0.70]
2a [0.30]

1 a [0.70]
lb [0.30]

lb [1.00]

lb [1.00]

lb [1.00]

1 a [0.20]
2a [0.80]

1 a [0.20]
2a [0.80]

1 a [0.70]
2a [0.30]

1 a [0.70]
2a [0.30]

1 a [0.70]
2a [0.30]

of EPRI
Hazarde Geometry?f Mma,?g Rl?h

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No No No

No

No

No

No

No

No

No

No

No

No

No

No

No

No No

No No

No No

No No

No No

No No

No No

No No

No No

No No

No No

No No

No No
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Table 2.5-9 Summary of Weston Seismic Sources

Contributed New Information to Suggest
Distancea Smoothing to 99% Change in Source:

Mmax (mb) Options of EPRI
Source Description (km) (mi) Pab and Wts.c and Wts.d Hazarde Geometry?f Mma,?g RI?h

C15 101-7-8 236 147 NA 5.4[0.19] 1a[0.70] No No No No
6.0[0.68] 2a [0.30]
6.6 [0.13]

C16 101-7-8-29 236 147 NA 5.4 [0.19] la [1.00] No No No No
6.0 [0.68]
6.6 [0.13]

24 New 255 159 0.90 5.4 0.26] lb (1.00] No No No No
York-Alabama- 6.0 [0.58]

Clingman 6.6 [0.16]

21 New York Nexus 296 184 1.00 5.4(0.621 lb [.00] No No No No
6.0 [0.29]
6.6 [0.09]

28A Mesozoic Basin 296 184 0.26 5.4[0.651 lb [1.00] No No No No
6.0 [0.25]
6.6 [0.10]

C07 21-19 296 184 NA 5.4(0.62] 1b[0.701 No No No No
6.0[0.29] 2b [0.30]
6.6 [0.09]

C08 21-19-IOA 296 184 NA 5.410.62] 1b10.70] No No No No
6.0 [0.29] 2b [0.30]
6.6 [0.09]

C09 21-19-1OA-28A 320 199 NA 5.4[0.62] lb [1.00] No No No No
6.0 [0.29]
6.6 [0.09]

C10 21-19-28A 320 199 NA 5.4[0.62] lb [1.00] No No No No
6.0 [0.29]
6.6 [0.09]

Selected Sources Beyond 200 mi (320 km)

25 CharlestonSeismic 532 330 0.99 6.6[0.90] lb [1.00] No Yes; ECFS No Yes;
Zone 7.2 [0.10] Southern RI of

Section 550
yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Fla = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121
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d. Smoothing options are defined as follows (from Reference 121):
1 a = Constant a, constant b (medium prior of 1.0);
1 b = Constant a, constant b (medium prior of 0.9);
1 c = Constant a, constant b (medium prior of 0.7);
2a = Medium smoothing on a, medium smoothing on b (medium prior of 1.0);
.'b = Medium smoothing on a, medium smoothing on b (medium prior of 0.9);
2c = Medium smoothing on a, medium smoothing on b (medium prior of 0.7).

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
tiough new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.2.
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Table 2.5-10 Summary of Woodward-Clyde Seismic Sources

Contributed New Information to Suggest
Distance8  Smoothing to 99% Change in Source:

Mmax (mb) Options of EPRI
Source Description (km) (mi) Pab and Wts.c and Wts.d Hazarde Geometry?' Mmaxl Rl?h

Sources within 200 mi (320 km)

B22 North Anna
Background

0 0 1.00 5.8 [0.33]
6.2 [0.34]
6.6 [0.33]

26 Central VA Gravity 4 3 0.434 5.4 [0.33]
Saddle 6.5 [0.34]

7.0 [0.33]

1 [0.25]
6[0.25]
7[0.25]
8 [0.25]

2[0.25]
3[0.25]
4[0.25]
5 (0.25]

2[0.25]
3[0.25]
4 [0.25]
5 [0.25]

Yes

Yes

No No No

No No No

27 State Farm
Complex

5 3 0.474 5.6[0.33]
6.3[0.34]
6.9 [0.33]

Yes No No No

----------------------------------------------------------------------------------------------------------------------
28 Richmond Basin 41 26 0.092 5.3[0.33]

6.0 [0.34]
7.2 [0.33]

61 Tyrone-Mt. Union 76 47 0.048 5.4[0.33]
Lineament 6.5 [0.34]

7.1 [0.33]

63 Pittsburg-
Washington
Lineament

186 116 0.050 5.4(0.33]
6.3[0.34]
7.1 [0.33]

21 NewJersey 192 120 0.135 5.3[0.33]
Isostatic Gravity 6.5[0.34]

Saddle 6.9 [0.33]

21A New Jersey 192 120 0.045 5.5[0.33]
Isostatic Gravity 6.3 [0.34]

Saddle No. 2 7.1 (0.33]
(Combo C2)

31A Blue Ridge 209 130 0.211 5.9 [0.33]
Combination - 6.3 [0.34]

Alternate 7.0 [0.33]
Configuration

3[0.33]
4[0.34]
5 [0.33]

3[0.33]
4[0.34]
5 [0.33]

3[0.33]
4[0.34]
5 [0.33]

2[0.10]
3[0.10]
410.10]
5[0.10]
9[0.60]

(a=-1.406,
b=1.020)

2[0.10]
3[0.10]
4[0.10]
5[0.10]
9[0.60]

(a=-1.406,
b=1.020)

2[0.25]
3(0.25]
4[0.25]
5 [0.25]

No

No

No No No No

No No No

No No No

No

No

No

No No No

No No No

No No No
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Table 2.5-10 Summary of Woodward-Clyde Seismic Sources

Distance"

Source Description (km) (ml) Pab

Smoothing
Mmax (mb) Options
and Wts.C and Wts.d

53 SE NY/NJ/PA
NOTA Zone

22 Newark Basin

247 153 0.100 5.5 [0.33]
6.310.34]
6.8 [0.33]

210.10]
310.10]
410.10]
5[0.10]
9 [0.60]

(a=-1.406,
b=1.020)

2[0.10]
3[0.10]
4[0.10]
5[0.10]
9[0.60]

(a=-1.503,
b=0.776)

Contributed
to 99%
of EPRI
Hazarde

No

No

New Information to Suggest
Change in Source:

Geometry?f Mmax?Il Rl?h

No No No

No No No259 161 0.078 5.510.33]
6.5 [0.34]
7.1 [0.33]

Selected Sources Beyond 200 mi (320 km)

29 S. Carolina Gravity
Saddle (Extended)

29A SC Gravity Saddle
No. 2 (Combo C3)

29B SC Gravity Saddle
No. 3 (NW Portion)

30 Charleston
(includes NOTA)

416 259 0.122

426 264 0.305

6.7 [0.33]
7.0 [0.34]
7.4 [0.33]

6.7 [0.33]
7.0[0.34]
7.4 [0.33]

416 259 0.183 5.4 [0.33]
6.0 [0.34]
7.0 [0.33]

2 [0.251
3[0.25]
4[0.25]
5 [0.25]

2[0.25]
310.25]
4[0.25]
5 [0.25]

2[0.25]
3[0.25]
4[0.25]
5 [0.25]

2 10.10]
3 [0.10]
4 [0.10]
5 [0.10]
9 [0.60]

(a = -1.005, b
= 0.852)

Yes

Yes

No

No No No

No No No

No No No

551 342 0.573 6.8[0.33]
7.3 [0.34]
7.5 [0.33]

No Yes; ECFS
Southern
Section

No Yes:
RI of
550
yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Fa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121
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d. Smoothing options are defined as follows (from Reference 121):
1 = Low smoothing on a, high smoothing on b (no prior);
2 = High smoothing on a, high smoothing on b (no prior);
3 = High smoothing-on a, high smoothing on b (moderate prior of 1.0);
.4 = High smoothing on a, high smoothing on b (moderate prior of 0.9);
5 = High smoothing on a, high smoothing on b (moderate prior of 0.8);
'D = Low smoothing on a, high smoothing on b (moderate prior of 1.0);
7 = Low smoothing on a, high smoothing on b (moderate prior of 0.9);
,3 = Low smoothing on a, high smoothing on b (moderate prior ofO.8).
Weights on magnitude intervals are all 1.0.
!3 = a and b values as listed.

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
s;ignificantly changed per Section 2.5.2.6.5.
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Table 2.5-11 Comparison of EPRI Characterizations of the Central Virginia Seismic
Zone

Largest Mmax Value Contributed
Distancea Considered by EPRI Team to 99%

EPRI Mmax (mb) of EPRI
Teamr Source Description km mi Pab and Wts.c mb Me Ha;:ardd

Bechtel E Central Virginia 0 0 0.35 5.4 [0.10] 6.6 6.49 yes
5.7 [0.40]
6.0 [0.40]
6.6 [0.10]

Dames & 40 Central VA 24 15 1.00 6.610.80] 7.2 7.51 Yes
Moore Seismic Zone 7.2 [0.20]

Law na na na na na na na na na
Engineer ingf

Rondoit 29 Central VA 0 0 1.00 6.6[0.30] 7.0 7.16 Yes
6.8 [0.60]
7.0 [0.10]

Weston 22 Central VA 0 0 0.82 5.4[0.19] 6.6 6.49 Yes
Seismic Zone 6.0 [0.65]

6.6 [0.16]

Woodwprd- 26 Central VA 4 3 0.434 5.4[0.33] 7.0 7.16 Yes
Clyde Gravity Saddle 6.5[0.34]

ConsultE nts 7.0 [0.33]

Range of Largest Mma, Value Considered by EPRI Teams = mb 6.6 - 7.2 M 6.5 - 7.5

Average of Largest Mmax Values for 5 EPRI Teams (mb) 6.9

Average of Largest Mmax Values for 5 EPRI Teams (M) 7.0

a. Closest distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Fa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Source contribution to 99% of EPRI hazard at North Anna from Table 2.5-18.

e. mb converted from M as described in Section 2.5.2.2.1.

f. Law Engineering team did not define a Central VA seismic zone, but did define several mafic pluton sources
ir, the central VA area. The seismicity parameters for the pluton sources were calculated from a large regibn
surrounding each pluton, which effectively captured a majority of seismicity from the CVSZ, as described in
Section 2.5.2.6.1.
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Table 2.5-12 Seismic Source Zone Parameters from Bollinger Study
(Reference 125)

Focal Depth Distribution (km)

Upper Bound Lower Bound
Mmax (Du) (C L)

Source Description a b MbLga Msa Mb 10% Quantile 90% Quantile

RZ6 Central VA 1.18 0.64 6.40 7.10 6.20 4.5 134

RZ3 Giles County, VA 1.07 0.64 6.30 6.80 6.06 4.4 15.1

CZ1 Complementary 2.70 0.84 5.75 5.80 5.36 3.3 1 E .5
(Background)

LZ1 Charleston, SC 1.69 0.77 6.90 8.10 6.98 5.0 1C.2

RZ4A Eastern TN 2.72 0.90 7.35 8.75 7.78 7.6 2C.8

RZ4 Eastern TN 2.72 0.90 6.45 7.15 6.27 7.6 2C.8

RZ5 NW SC and SW NC 2.14 0.82 6.00 6.20 5.66 2.3 11.2

LZ3 South Carolina 1.86 0.80 6.00 6.20 5.66 0.8 7.4
Piedmont and Coastal
Plain

LZ4 SC Fall Line 1.58 0.81 6.25 6.50 5.99 0.9 6.1

LZ2 Bowman, SC 1.34 0.78 6.00 6.20 5.66 2.4 5.8

LZ5 Area of LZ3 minus 1.70 0.80 6.00 6.20 5.66 0.9 6.5
Area of LZ4

LZ6 Savannah River Site 1.34 0.80 6.50 7.20 6.34 0.8 7.4

RZ1 New Madrid, MO 3.32 0.91 7.35 8.75 7.78 3.0 11.6
(small)

RZ2 New Madrid, MO 3.43 0.88 6.70 7.65 6.65 2.8 12.4
(large)

a. mb and Ms values presented in Reference 125. The mb to Ms conversion was defined by Nuttli in a written
communication to Bollinger.

b. hi converted from MbLg as described in Section 2.5.2.6.5.
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Table 2.5-13 Seismic Source Zone Parameters from Chapman and Krimgold Study
(Reference 126)

Approx.
Distancea

Area b b Mmax Mmaxe
Source Description km mi. (sq. km) a b (mbLg) (M) (mb)

1 Giles County, VA 210 130 5.1 x 103 1.07 0.64 7.25 7.53 7.22

2 Central VA 0 0 2.0 x 104 1.18 0.64 7.25 7.53 7.22

3 Eastern TN 510 317 3.7 x 104 2.72 0.90 7.25 7.53 7.22

4 Southern Appalachians (VA, NC, SC, TN) 150 93 7.6 x 104  2.42 0.84 7.25 7.53 7.22

5 Northern VA, MD 60 37 4.3 x 104 1.63 0.84 7.25 7.53 7.22

6 Central Appalachians (PA, NJ, NY) 180 112 6.8 x 104 2.84 0.98 7.25 7.53 7.22

7 Piedmont - Coastal Plain 25 16 4.4 x 105 2.32 0.84 7.25 7.53 7.22

8 Charleston, SC 570 354 1.2 x 103 1.69 0.77 7.25 7.53 7.22

9 Appalachian Foreland (TN, KY, OH, WVA, PA) 175 109 6.5 x 105 3.36 1.00 7.25 7.53 7.22

10 New Madrid, MO 1015 631 6.1 x 103 3.32 0.91 7.25 7.53 7.22

a. Closest Distance between site and source estimated (approximately) from Figure 1 in Reference 126.

b. a and b values from Reference 126.

c. Values listed in Reference 126. With the exception of New Madrid, they assumed all sources would have the
same Mmax as the largest EQ to have occurred in the southeastern U.S. region, the 1886 Charleston, SC event.

d. Note that more recent estimates of Charleston EQ magnitude are lower than M 7.53.
M 7.3 +0.26/-0.26 Reference 90
M 6.8 +0.3/-0.4 Reference 189

e. nib converted from M as described in Section 2.5.2.2.1.
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Table 2.5-14 Summary of Selected USGS Seismic Sources (Reference 127)

Largest Mmax
Value Considered

Mmax by USGS
(M)

Description and Wts. M mb a

Sources within 200 mi (320 km)

Extended Margin Background 7.5 [1.00] 7.5 7.20

Selected Sources Beyond 200 mi (320 km)

Charleston 6.8 [0.20] 7.5 7.20
7.1 [0.20]
7.3 [0.45]
7.5 [0.15]

New Madrid 7.3 [0.15] 8.0 7.49
7.5 [0.20]
7.7 [0.50]
8.0 [0.15]

Stable C raton Background 7.0 [1.00] 7.0 6.91

a. mb converted from M as described in Section 2.5.2.2.1.

Table 2.5-15 1989 EPRI PSHA Study Models

Model Description Weight

McGuire et al. Model developed by EPRI 0.5
(Reference 189)

Boore and Atkinson Published model 0.25
(Reference 190)

Nuttli Published model for peak parameters, combined with Newmark-Hall 0.25
(Reference 191) (Reference 192) amplification factors
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Table 2.5-16 Comparison of PGA Results for North Anna Using 1989 EPRI Sources
and Ground Motion Models

Ground motion (PGA)

Mean 50 cm/s2

50% 50 cm/s2

85% 50 cm/s2

Mean 250 cm/s2

50% 250 cm/s2

85% 250 cm/s2

mean 5 00 cm/s2

50% 500 cm/s2

85% 500 cm/s2

Original 1989a Replicated 1989 Differencea

1.6E-3 1.62E-3 +1%

1.4E-3 1.32E-3 -5%

2.9E-3 2.92E-3 +1%

7.OE-5 7.09E-5 +1%

4.8E-5 4.79E-5 0

1.3E-4 1.35E-4 +4%

9.3E-6 9.46E-6 +2%

5.5E-6 5.62E-6 +2%

1.7E-5 1.76E-5 +4%
.

a. *1989 results are only available to 2 digits accuracy in Reference 115, which
could lead to a +5% apparent difference.

Table 2.5-17 Comparison of Spectral Velocity Results for
EPRI Sources and Ground Motion Models

North Anna Using 1989

Parameter

Median 1 E-5 1 Hz amplitude

Median 1 E-5 2.5 Hz amplitude

Median IE-5 5 Hz amplitude

Median 1E-5 10 Hz amplitude

Original 19891

14.0 cm/s

14.5 cm/s

13.3 cm/s

10.4 cm/s

Replicated 1989

14.2 cm/s

14.5 cm/s

13.7 cm/s

10.3 cm/s

Difference

+1%

0%

+3%

-1%

a. Reference 115, Appendix E, Table 3-62
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Table 2.5-18 Seismic Sources Contributing to 99% of Hazard for Each 1989 EPlRI
Team

Earth Science Team Sources used

Bechtel 24, E, BZ4, BZ5

Dames & Moore 4, 40, 41, 42,47, 4b, 53

Law Engineering 17, 107, 22, 217, C09, C10, C11, M19, M20, M21, M22, M23, M24, M27

Rondout Associates 28, 29, 30

Woodward-Clyde Cons. 26, 27, 29, 29A, B22

Weston Geophysical Corp. 22, C19, C21, C22, C23, C34, C35

Table 2.5-19 Significant Seismic Source at North Anna by 1989 EPRI Team

Earth Science Team

Bechtel

Dames & Moore

Law Engineering

Seismic
source

E
BZ5

40

17
M22

29

27
26

B22

22

Description

Central VA seismic zone
Local background

Central VA seismic zone

Eastern basement
Local mafic pluton source

Central VA seismic zone

Central VA seismic zone
Alternate Central VA seismic zone
Local background

Central VA seismic zone

Rondout Association

Woodward-Clyde Consultants

Weston Geophysical
Corporation

Table :2.5-20 Controlling Earthquake Magnitude and Distances Using 1989 EPIRI
Sources and Ground Motion Models

Low frequency (1 and 2.5 Hz)

High frequency (5 and 10 Hz)

mb Ma

6.2 5.9

5.9 5.5

repi, km rCDb, km

25 23

18 17

a. NI converted from mb as described in Section 2.5.2.2.1.

b. r( D converted from rep; as given in Reference 116, model F3.
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Table 2.5-21 Spectral Amplitudes Using 1989 EPRI Sources And Ground Motion
Models

Frequency

1 Hz -

2.5 Hz -

Median/Mean

10- 5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

1989 Ground Motions

0.0910 g

0.219 g

0.232 9

0.519 g

0.439 9

0.753 9

0.660 g

0.827 g

5 Hz

10 Hz

Table .2.5-22 Updated Seismic Hazard Results at ESP Site

Frequency

1 Hz

2.5 HIz -

Median/Mean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10`5 mean

Updated Models

0.0961 9

0.134 9

0.316 9

0.364 g

0.639 9

0.735 g

1.020 9

1.216 9

1989 Models

0.0910 9

0.219 9

0.232 g

0.519 9

0.439 9

0.753 g

0.660 g

0.827 g

Difference

+6%

-39%

+36%

-30%

+46%

-2%

+55%

+47%

5 Hz

10 Hz -

Table 2.5-23 Controlling Earthquake Magnitude and
(Using Median 10 Ground Motion)

Distances, Updated Models

mb Ma

Low frequency (1 and 2.5 Hz)

high frequency (5 and 10 Hz)

5.9 5.6

repi, km

20

15

-

rCDb, km

19

155.7 5.3

a. M1 converted from mb as described in Section 2.5.2.2.1.

b. r( D converted from repi as given in Reference 116, model F3.
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Table 2.5-24 Spectral Accelerations Corresponding to Mean 5 x 10 5Annual
Frequency

Spectral
Acceleration Average

at Combined spectral
Frequency 5 x 10o5, g frequency, Hz Acceleration, g

1 0.0652
1.75 0.118

2.5 0.170

5 0.339
7.5 0.443

1C 0.547

Table 2.5-25 Controlling Earthquake Magnitudes and Distances Corresponding to
Mean 5 x 10-5 Annual Frequency

Frequencies

Low (1 and 2.5 Hz)
(using distant events only)

Hich (5 and 10 Hz)

.

M rCD, km

7.2 308

5.4 20

Table 2.5-26 Summary of Performance-Based Spectrum Calculations

-

-

Frequoncy
Hz

0.5

1

2.5

10

25

100 (PGA)

Mean I x 10O4

Amplitude, g

0.0298

0.0463

0.120

0.235

0.373

0.569

0.214

Mean I x 104
Amplitude, g

0.0944

0.134

0.364

0.735

1.216

1.99

0.753

-

AR

3.17

2.89

3.03

3.13

3.26

3.50

3.52

SF

1.51

1.40

1.46

1.49

1.54

1.63

1.64

A(fl, g

0.0450

0.0650

0.175

0.351

0.578

0.930

0.351
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Table 2.5-27 Selected Horizontal SSE Amplitudes, V/H Ratios from Reference 171,
and Resulting Vertical SSE Amplitudes

Frequency
Hz

1 OC'

50

30

25

20

10

8

6

5

4

3

2.5

2

1

0.8

0.6

0.5

0.4

0.3

0.2

0.1

Selected Horizontal
SSE Amplitudes, g

0.374

0.780

0.924

0.930

0.869

0.578

0.499

0.405

0.351

0.266

0.200

0.175

0.145

0.0651

0.0581

0.0498

0.0450

0.0337

0.0229

0.0129

0.00412

VIH Ratio

1.00

1 .12a

0.94a

0.88

0.83a

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

Selected Vertical
SSE Amplitudes, g

0.374

0.877

0.866

0.818

0.717

0.434

0.375

0.304

0.263

0.200

0.150

0.131

0.109

0.0488

0.0436

0.0373

0.0338

0.0253

0.0172

0.00965

0.00309

-

-

a. V/H ratios calculated by log-log interpretation.
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Table 2.5-27A Selected Zone III-IV Control Point Horizontal SSE Amplitudes, 'I/H
Ratios from Reference 171, and Resulting Vertical SSE Amplitudes

Frequency
Hz

1 00

50

30

25

20

10

8

6

5

4

3

2.5

2

I

0.8

0.6

0.5

0.4

0.3

0.2

0.1

Selected Horizontal
SSE Amplitudes, g

0.555

1.195

1.470

1.476

1.446

0.945

0.717

0.481

0.376

0.287

0.214

0.179

0.142

0.0677

0.0576

0.0488

0.0429

0.0343

0.0233

0.01298

0.00382

V/H Ratio

1.00

1.12

0.94

0.88

0.83

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

Selected Vertical
SSE Amplitudes, g

0.555

1.33

1.38

1.29

1.20

0.708

0.537

0.360

0.282

0.215

0.160

0.134

0.106

0.0507

0.0432

0.0366

0.0321

0.0257

0.0174

0.00973

0.00286
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Table 2.5-28 Mean 5 x 10 5Spectral Amplitudes for RG 1.165 Reference Proba~bility
Approach and for Sensitivity Studies

Mean 5 x 10'5 Mean 5 x 10'5 Mean 5 x 10'5
Spectral Spectral Spectral

Amplitude (g), Amplitude (g) Change From Amplitude (g) Change From
RG 1.165 RP Using Alternate RG 1.165 RP Using Alternative RG 1.1135 RP

Frequency Approach Mmin Approach Sigma Approach

PGA

25 Hz

10 Hz

5 Hz

2.5 Hz

1 Hz

0.5 Hz

0.319

0.845

0.547

0.339

0.17

0.0652

0.0434

0.246

0.651

0.437

0.287

0.156

0.0642

0.0428

-22.9%

-23.0%

-20.1%

-15.3%

-8.2%

-1.5%

-1.4%

0.297 -6.9%

0.702 -16.9%

0.517 -5.5%

0.329 -2.9%

0.162 -4.7%

0.0592 -9.2%

0.0336 -22.6%

Table 2.5-29 Zone IIA Constituents

Coarse-Grained
Thickness

Location Sampled, ft SP/GP SM

Units 1&2 2204 9.4% 67.8%

Units 3&4 1112 17.5% 78.8%

SWR 1223 23.3% 44.7%

ISFSI 451 - 45.5%

ESP 105 2.4% 68.5%

Average 10.5% 61.1%

Sources: Table 2.5-30 through Table 2.5-36, and Table 2.5-38

Ml

1.5'

3.7'

22.7

2.4'

20.2

10.1

Fine-Grained

- MH/CL/CH

%O 20.3%

°/n _ a

1%

SC

1%

1%

6.3%

47%

3%

5.1%

8.9%

3.6%14.7%

a. Cash in box denotes absence of that constituent at that location
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Table 2.5-30 Summary of Units 1&2 Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blDws/ft

1 144,104 2,204,897 275 87 -a 1 35 - 7 24 to 600 138

2 144,381 2,204,733 285 97 - 3 29 - - - -

3 144,667 2,204,564 279 80 - 2 33 - - - -

4 144,000 2,204,665 291 104 - - 25 - - - -

5 144,175 2,204,567 294 116 - 1 20 7 - - -

6 144,348 2,204,464 289 110 - 1 28 - - - -

7 144,559 2,204,340 275 151 - - 55 - - - -

8 143,897 2,204,438 299 97 - 1 7 - - - -

9 144,176 2,204,273 281 92 - 8 55 - - - -

10 144,463 2,204,108 256 79 - 2 31 - 7 17 to 1220 151

11 143,794 2,204,206 307 107 - - 22 7 - - -

12 143,964 2,204,103 289 106 - 1 17 - - - -

13 144,139 2,204,000 270 90 - - - 24 - - -

14 144,358 2,203,876 275 87 - 1 42 - - - -

15 143,742 2,203,980 317 117 - 5 34 5 - - -

16 143,971 2,203,814 297 117 - - 30 - - - -

17 144,253 2,203,655 271 94 - 1 67 - - - -

18 143,582 2,203,751 314 130 - 1 21 - - - -

19 143,751 2,203,649 298 120 - 3 22 - - - -

20 143,932 2,203,549 283 104 - 2 18 - - - -

21 144,144 2,203,423 275 93 - 10 37 - - - -

22 143,479 2,203,521 317 123 - 4 49 - - - -

23 143,758 2,203,356 305 97 - 1 7 10 - - -

24 144,041 2,203,191 293 90 - 3 57 - - - -

25 143,371 2,203,289 305 112 - 1 49 - - - -

26 143,655 2,203,126 297 97 - 4 2 - - - -

27 143,938 2,202,959 279 92 - 4 36 - 4 16 to 107 36

28 144,060 2,204,552 295 115 - - 25 - - - -
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-30 Summary of Units 1&2 Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blowslft blowslft

29 144,129 2,204,515 294 115 - 13 7 - - - -

30 144,015 2,204,418 293 92 - - 24 - - - -

31 144,036 2,204,256 281 100 - - 7 - - - -

32 143,960 2,204,294 288 109 - - 15 - - - -

34 144,297 2,204,385 286 86 - - 45 - - - -

35 144,238 2,204,136 273 75 - - 40 5 - - -

36 144,206 2,204,139 272 72 - - 60 - - - -

37 144,711 2,204,201 251 65 - - 50 - - - -

38 144,675 2,204,103 244 57 - - 40 - - - -

39 143,985 2,204,582 293 112 - - 31 15 - - -

40 143,892 2,204,320 297 112 - 4 11 27 - - -

41 143,335 2,203,820 326 77 - - 77 - - - -

42 142,737 2,204,067 305 76 - - 76 - - - -

43 143,737 2,204,722 285 60 - 2 42 8 6 69 to 140 88

44 143,119 2,204,974 275 76 - - 76 - - - -

45 143,282 2,204,569 309 76 - - 76 - - - -

46 143,167 2,204,242 317 75 - 4 71 - - - -

47 143,528 2,204,284 302 76 - - 76 - - - -

48 143,020 2,204,469 294 76 - 6 70 - - - -

49 144,222 2,204,490 291 120 - - 42 - - - -

50 144,123 2,204,232 287 83 - - 53 - 9 4 to 65 9

51 144,703 2,202,598 253 20 - - 2 - - - -

52 143,765 2,202,970 285 27 - 9 18 - - - -

53 144,082 2,202,414 301 27 - 19 8 - - - -

54 144,402 2,201,850 300 27 - 3 24 - - - -

55 144,474 2,202,231 323 27 - 9 18 - - - -

101 145,187 2,203,051 282 92 - 5 36 - - - -

102 142,058 2,205,639 288 100 - - 70 15 - - -
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-30 Summary of Units 1&2 Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blows/ft

103 141,134 2,206,732 265 125 - - 80 22 7 22 to 277 52

104 143,840 2,204,196 304 150 - - 19 - - - -

105 144,041 2,204,072 274 150 - - 30 - 2 6 to 7 7

106 144,206 2,203,930 274 150 - - 57 13 - - -

60 290 1 93 0% 1 5% 189% 1 6% 42 52

Tota I Median Percentage Total Nledian

Source: Reference 146

a. Dash in box denotes absence of that soil in boring, or no test performed.
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Noith Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-31 Summary of Units 1 & 2 Borings-Rock

Top of Rock
Borehole Details Elevation Median Recovery/RQD

Northing Easting Depth Elev. IlIl III-IV or IV IlIl IIII-V | IV

Boring ft ft ft ft ft ft Rec. RQD Rec. I RQD Rec.

1 144,104 2,204,897 87 275 216 239 64% 0% 87% 9% 100% 46%

2 144,381 2,204,733 97 285 -a 253 - - - - 79% 63%

3 144,667 2,204,564 80 279 245 226 100% 52% - - 96% 32%

4 144,000 2,204,665 104 291 - 267 - - 90% 0% 90% 22%

5 144,175 2,204,567 116 294 273 251 92% 70% 100% 35% 95% 55%

6 144,348 2,204,464 110 289 259 234 83% 22% 100% 86% 98% 93%

7 144,559 2,204,340 151 275 - 220 - - - - 98% 62%

8 143,897 2,204,438 97 299 - 289 - - - - 75% 40%

9 144,176 2,204,273 92 281 218 215 29% 25% - - 100% 97%

10 144,463 2,204,108 79 256 216 223 55% 33% - - 81% 70%

11 143,794 2,204,206 107 307 285 212 60% 0% - - 100% 28%

12 143,964 2,204,103 106 289 - 268 - - - - 97% 80%

13 144,139 2,204,000 90 270 246 240 22% 0% 91% 75% 100% 85%

14 144,358 2,203,876 87 275 225 211 30% 0% - - 90% 70%

15 143,742 2,203,980 117 317 278 249 50% 20% - - 93% 82%

16 143,971 2,203,814 117 297 - 267 - - - - 100% 90%

17 144,253 2,203,655 94 271 - 203 - - - - 100% 97%

18 143,582 2,203,751 130 314 292 225 10% 0% - - 87% 60%

19 143,751 2,203,649 120 298 273 234 25% 8% - - 75% 66%

20 143,932 2,203,549 104 283 263 245 33% 16% - - 95% 88%

21 144,144 2,203,423 93 275 235 206 25% 0% - - 96% 66%

22 143,479 2,203,521 123 317 264 254 43% 15% 57% 11% 91% 44%

23 143,758 2,203,356 97 305 287 274 76% 56% - - 95% 78%

24 144,041 2,203,191 90 293 - 233 - - - - 80% 71%

25 143,371 2,203,289 112 305 255 205 0% 0% - - 100% 73%

26 143,655 2,203,126 97 297 291 288 96% 65% - - 70% 59%

27 143,938 2,202,959 92 279 239 210 17% 0% - - 78% 40%

2--8 
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Noith Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-31 Summary of Units 1 & 2 Borings-Rock

Top of Rock
Borehole Details Elevation Median Recovery/RQD

Northing Easting Depth Elev. III III-IV or IV III III-IV IV

Boring ft ft ft ft ft ft Rec. RQD Rec. RQD Rec.]Rfj

28 144,060 2,204,552 115 295 - 270 - - 100% 25% 100% 38%

29 144,129 2,204,515 115 294 - 274 - - 100% 63% - -

30 144,015 2,204,418 92 293 - 269 - - 100% 60% 100% 77%

31 144,036 2,204,256 100 281 274 230 80% 42% 47% 17% 90% 47%

32 143,960 2,204,294 109 288 - 273 - - - - 97% 50%

34 144,297 2,204,385 86 286 206 241 62% 9% - - 80% 47%

35 144,238 2,204,136 75 273 233 - 50% 29% - - - -

36 144,206 2,204,139 72 272 - 212 - - 75% 42% - -

37 144,711 2,204,201 65 251 - 201 - - - - 75% 43%

38 144,675 2,204,103 57 244 - 204 - - - - 67% 32%

39 143,985 2,204,582 112 293 243 262 90% 42% 67% 18% 88% 70%

40 143,892 2,204,320 112 297 282 228 70% 21% 49% 4% - -

41 143,335 2,203,820 77 326 - - - - - - - -

42 142,737 2,204,067 76 305 - - - - - - - -

43 143,737 2,204,722 60 285 - - - - - - - -

44 143,119 2,204,974 76 275 - - - - - - - -

45 143,282 2,204,569 76 309 - - - - - - - -

46 143,167 2,204,242 75 317 - - - - - - - -

47 143,528 2,204,284 76 302 - - - - - - - -

48 143,020 2,204,469 76 294 - - - - - - - -

49 144,222 2,204,490 120 291 - 249 - - 83% 62% 85% 33%

50 144,123 2,204,232 83 287 - 234 - - - - 95% 92%

51 144,703 2,202,598 20 253 251 - 65% 17% - - - -

52 143,765 2,202,970 27 285 - - - - - - - -

53 144,082 2,202,414 27 301 - - - - - - - -

54 144,402 2,201,850 27 300 - - - - - - - -

55 144,474 2,202,231 27 323 - - - - - - - -
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-31 Summary of Units I & 2 Borings-Rock

Top of Rock
Borehole Details Elevation Median Recovery/RQD

Northing Easting Depth Elev. IlIl III-IV or IV IlIl III-IV IV

Boring ft ft ft ft ft ft Rec. D RQD Rec.||e

101 145,187 2,203,051 92 282 242 236 83% 40% - - 82% 62%

102 142,058 2,205,639 100 288 - - - - - - - -

103 141,134 2,206,732 125 265 - - - - - - - -

104 143,840 2,204,196 150 304 - 298 - - 55% 17% 100'/c 88%

105 144,041 2,204,072 150 274 244 242 80% 67% - - 92% 79%

106 144,206 2,203,930 150 274 216 204 57% 4% 96% 40% 100% 95%

60

Total

Source: Reference 146

5589 290 250 236 58% 18% 88% 30% 92% 66%

Total Median

a. Dash in box denotes absence of that rock in boring, and no Recovery/ROD recorded.
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North Anna
Early Site Permit ApDlication

Part 2 - Site Safety Analysis Report

Table 2.5-32 Summary of Units 3 & 4 Borings-Soils

Soil Zone
Borehole Details Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft | ftNo. blows/ft blows/ft

601 144,563 2,203,695 269 64 5 - 19 - 2 16 to 100 58

602 144,490 2,203,510 277 70 21 - - - - --

603 144,495 2,203,615 274 85 14 - 19 20 2 105 to 175 140

604 144,500 2,203,731 270 85 3 - 16 10 1 40 40

605 144,425 2,203,535 277 70 15 - 14 - 3 35 to 123 54

606 144,338 2,203,843 270 70 2 - 22 11 4 18 to 140 48

607 144,235 2,203,570 270 65 2 - 26 7 5 13 to 250 32

608 144,270 2,203,882 270 87 2 - 33 37 3 31 to 146 143

609 144,232 2,203,803 271 90 2 - 54 7 5 13 to 140 21

610 144,188 2,203,705 271 96 2 - 70 9 8 22 to 225 27

611 144,165 2,203,610 271 76 2 - 48 - 5 15 to 220 33

612 144,125 2,203,515 270 80 7 - 46 5 1 13 13

613 144,195 2,203,910 270 65 2 - 42 - 7 15 to 90 30

614 144,160 2,203,825 271 70 2 - 38 - 5 18 to 33 23

615 144,125 2,203,723 270 65 2 - 33 4 4 12 to 44 28

616 144,100 2,203,638 271 64 1 - 32 - 5 9 to 45 24

617 144,063 2,203,548 271 70 2 - 38 5 7 26 to 136 94

618 144,140 2,203,930 270 54 2 - 32 - 5 14 to 44 32

619 144,065 2,203,749 271 49 1 - 12 - 2 65 to 110 87

620 144,108 2,203,859 270 46 1 - 9 3 1 40 40

621 144,005 2,203,700 271 50 -a - 2 - - -

622 143,510 2,203,535 271 79 1 - 19 10 3 41 to 360 210

623 143,915 2,203,670 272 79 2 - 12 - 2 49 to 510 275

624 143,960 2,203,985 271 175 1 - 9 - 2 49 to 150 100

625 143,905 2,203,845 270 40 5 - - - 1 6 6

626 143,870 2,203,686 272 150 1 - 7 - 1 119 119

627 143,911 2,204,068 271 78 3 - 7 - - - -
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-32 Summary of Units 3 & 4 Borings-Soils

Soil Zone
Borehole Details Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range | Median

Boring f ft | ft ft ft ft tft No. blows/ft blows/ft

628 143,878 2,203,980 271 78 3 - - - -

629 143,795 2,203,780 272 79 1 - - - - -

630 143,775 2,203,725 271 78 3 - - - - --

631 143,345 2,204,005 322 105 - 11 77 - 8 13 to 262 48

632 143,815 2,204,355 294 75 1 - 15 18 3 44 to 116 56

633 143,880 2,204,570 284 59 8 - 5 15 - --

634 143,945 2,204,790 284 62 8 - 25 8 5 23 to 145 65

635 143,995 2,204,960 275 65 - 2 19 18 - --

636 144,415 2,203,750 270 70 3 - 26 15 5 15 to 400 200

637 144,340 2,203,570 271 75 10 - 20 - 3 14 to 200 42

638 144,660 2,203,660 268 50 3 - 5 20 1 116 116

639 144,590 2,203,475 274 61 23 - 8 10 2 128 to 160 144

640 144,290 2,203,935 269 82 - - 47 35 8 22 to 242 50

641 143,205 2,203,855 270 88 2 - 55 - 10 16 to 300 28

642 144,175 2,203,655 271 75 2 - 52 - 7 19 to 94 26

643 144,109 2,203,586 270 72 2 - 30 8 6 18 to 400 55

644 143,825 2,203,745 271 50 5 - - - - - -

645 143,895 2,204,010 271 78 5 - - - - --

646 144,665 2,203,790 268 47 8 - 39 - 8 20 to 240 68

647 144,705 2,203,430 256 40 - - 28 - 5 13 to 200 44

47 271 71 12% 1% 71% 16% 155 - 50

Total_] Median Percentage Total Median

Source: Reference 8

a. Dash in box denotes absence of that soil in boring, or no test performed.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-33 Summary of Units 3 & 4 Borings-Rock

Borehole Details Top of Rock El. Median Recovery/RQD

Northing Easting Depth Elev. Ill IV or III-IV III II-IV IV

Boring Ft Ft Ft Ft Ft Ft Rec. RQD Rec. RQD Rec.

601 144,563 2,203,695 64 269 237 245 98% 39% 95% 73% - -

602 144,490 2,203,510 70 277 238 255 84% 30% 69% 29% - -

603 144,495 2,203,615 85 274 209 230 57% 6% 100% 50% 100% 85%

604 144,500 2,203,731 85 270 251 190 75% 27% - - 100% 69%

605 144,425 2,203,535 70 277 248 - 98% 45% - - - -

606 144,338 2,203,843 70 270 205 223 20% 0% 100% 60% - -

607 144,235 2,203,570 65 270 235 227 - - 100% 55% - -

608 144,270 2,203,882 87 270 235 188 75% 23% - - 93% 49%

609 144,232 2,203,803 90 271 208 - 87% 14% - - - -

610 144,188 2,203,705 96 271 -a 191 - - 100% 86% - -

611 144,165 2,203,610 76 271 - 221 - - - - 97% 96%

612 144,125 2,203,515 80 270 - 212 - - - - 98% 75%

613 144,195 2,203,910 65 270 226 - 100% 51% - - - -

614 144,160 2,203,825 70 271 231 224 70% 5% 93% 55% 97% 69%

615 144,125 2,203,723 65 270 232 227 - - 78% 60% - -

616 144,100 2,203,638 64 271 238 227 67% 53% 95% 83% - -

617 144,063 2,203,548 70 271 226 221 96% 44% - - 94% 94%

618 144,140 2,203,930 54 270 - 236 - - - - 100% 90%

619 144,065 2,203,749 49 271 249 258 92% 0% - - 93% 93%

620 144,108 2,203,859 46 270 259 257 - - - - 99% 77%

621 144,005 2,203,700 50 271 269 246 69% 65% - - 100% 100%

622 143,510 2,203,535 79 271 246 241 75% 10% - - 100% 84%

623 143,915 2,203,670 79 272 258 234 80% 35% - - 100% 87%

624 143,960 2,203,985 175 271 - 261 - - - - 98% 80%

625 143,905 2,203,845 40 270 - 265 - - - - 100% 90%

626 143,870 2,203,686 150 272 - 264 - - 94% 40% 98% 91%

627 143,911 2,204,068 78 271 261 246 75% 20% 100% 66% 100% 91%

628 143,878 2,203,980 78 271 258 242 90% 9% 100% 61% 100% 90%

2--9 
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-33 Summary of Units 3 & 4 Borings-Rock

Borehole Details Top of Rock El. Median Recovery/RQD

Northing Easting Depth EIev. Ill IV or III-IV IlIl III-IV IV

Boring Ft Ft Ft Ft Ft Ft Rec. RQD Rec. IRQD Rec.

629 143,795 2,203,780 79 272 269 262 50% 20% 100% 80% 100% 90%

630 143,775 2,203,725 78 271 268 251 100% 58% 100% 75% 100% 75%

631 143,345 2,204,005 105 322 - 234 - - 52% 28% - -

632 143,815 2,204,355 75 294 262 - 80% 70% - - - -

633 143,880 2,204,570 59 284 257 229 70% 15% 100% 50% - -

634 143,945 2,204,790 62 284 251 - 96% 60% - - - -

635 143,995 2,204,960 65 275 224 236 86% 23% - - 86% 52%

636 144,415 2,203,750 70 270 241 - 60% 18% - - - -

637 144,340 2,203,570 75 271 241 227 65% 35% 50% 29% 85% 81%

638 144,660 2,203,660 50 268 - 239 - - 75% 35% - -

639 144,590 2,203,475 61 274 232 218 70% 8% - - 85% 50%

640 144,290 2,203,935 82 269 222 - 95% 39% - - - -

641 143,205 2,203,855 88 270 214 197 75% 35% - - 100% 73%

642 144,175 2,203,655 75 271 217 208 100% 20% - - 98% 70%

643 144,109 2,203,586 72 270 230 218 60% 40% 90% 70% - -

644 143,825 2,203,745 50 271 266 256 93% 31% 90% 30% - -

645 143,895 2,204,010 78 271 - 266 - - 100% 40% 100% 68%

646 144,665 2,203,790 47 268 - - - - - - - -

647 144,705 2,203,430 40 256 228 - 80% 25% - - - -

47 j |3461 271 12381 234 | 80% 127% | 95% |60% |100% |82%

Total Total Median

Source: Reference 8

a. Dash in box denotes absence of that rock in boring, and no Recovery/RQD recorded.
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Noith Anna
Early Site Permit Ap~lication

Part 2 - Site Safety Analysis Report

Table 2.5-34 Summary of Service Water Reservoir Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. | Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blows/ft

P-1( 142,876 2,204,869 283 27 -a - 27 - 4 20 to 142 34

P-11 143,495 2,204,410 324 53 13 - 40 - 7 13 to 23 16

P-12 143,561 2,204,416 298 30 - - 30 - 4 17 to 25 18

P-15 143,150 2,204,700 321 72 28 - 44 - 1 19 19

P-16 143,050 2,204,607 321 70 32 - 38 - 7 18 to 107 28

P-17 142,958 2,204,529 321 77 32 - 45 - 9 17 to 137 22

S1-1 143,495 2,204,430 326 92 12 - 80 - 12 17 to 100 26

S1-2 143,565 2,204,435 297 75 - - 75 - 7 15to 100 33

S1-3 143,078 2,204,777 285 64 - - 64 - 9 31 to 155 63

SWR-1 143,470 2,204,492 306 58 - - 43 15 27 9 to 24 17

SWR-2 143,438 2,204,492 306 58 - - 50 8 33 11 to 84 18

SWR-3 143,076 2,203,686 321 100 - - 100 - 19 12 to 142 45

SWR-4 143,396 2,203,983 320 101 - - 101 - 20 16 to 400 30

SWR-5 143,391 2,204,753 321 105 26 - 79 - 17 12 to 226 23

SWR-6 143,127 2,204,712 321 104 15 - 89 - 18 16 to 400 25

SWR-7 142,942 2,204,532 321 82 15 - 67 - 13 8 to 37 19

SWR-8 142,951 2,204,302 321 72 10 - 62 - 13 9 to 109 25

SWR-9 142,982 2,204,061 321 67 12 - 55 - 11 8 to 274 50

SWR-I0 143,133 2,204,685 321 64 31 - 33 - 13 14 to 36 21

SWR-11 142,980 2,204,685 286 38 16 - 22 - 5 17 to 300 48

SWR- 2 142,893 2,204,598 289 49 15 - 34 - - - -

SWR-, 3 143,242 2,204,792 321 72 27 - 45 - 9 13 to 62 22

22 321 71 18.5% c0 80% 1.5% 258 25

Totaij Median Percentage 0Total | 2edian

Source: Reference 5

a. DEash in box denotes absence of that soil in boring, or no test performed.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-35 Summary of Service Water Reservoir Borings-Rock

Borehole Details Top of Rock Elev.a

Northing Easting Depth Elev. Ill III-IV or IV

Boring ft ft ft ft ft ft

P-10 142,876 2,204,869 27 283 _b

P-11 143,495 2,204,410 53 324 - -

P-12 143,561 2,204,416 30 298 - -

P-15 143,150 2,204,700 72 321 - -

P-16 143,050 2,204,607 70 321 - -

P-17 142,958 2,204,529 77 321 - -

S1-1 143,495 2,204,430 92 326 - 234

S1-2 143,565 2,204,435 75 297 - 222

S1-3 143,078 2,204,777 64 285 - 221

SWR- I 143,470 2,204,492 58 306 248 -

SWR-2 143,438 2,204,492 58 306 248 -

SWR-:3 143,076 2,203,686 100 321 - 221

SWR-1 143,396 2,203,983 101 320 - 219

SWR-5 143,391 2,204,753 105 321 - 216

SWR-13 143,127 2,204,712 104 321 - 217

SWR-7 142,942 2,204,532 82 321 - -

SWR-13 142,951 2,204,302 72 321 - -

SWR-9 142,982 2,204,061 67 321 - -

SWR-10 143,133 2,204,685 64 321 - -

SWR-11 142,980 2,204,685 38 286 - -

SWR-12 142,893 2,204,598 49 289 - -

SWR-13 143,242 2,204,792 72 321 - -

22 1530 321 248 221

Total | Total Median

Source: Reference 5

a. Top of rock is estimated since there was no rock coring.

b. Dash in box denotes absence of that rock in boring.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-36 Summary of ISFSI Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blowslft

F-2 142,000 2,202,990 320 70 _a _ 65 - 14 14 to 78 18

F-4 141,982 2,202,850 317 59 - - 34 15 9 15 to 125 21

F-5 141,982 2,203,200 318 115 - - 64 - 15 9 to 44 25

F-6 141,864 2,202,850 316 59 - - 44 - 11 13 to 110 19

F-7 141,864 2,203,000 320 105 - - 75 - 18 10to 165 21

F-8 141,864 2,203,200 318 69 - - 35 29 9 16 to 36 24

F-9 141,746 2,202,850 311 105 - - 55 4 13 7 to 56 21

F-10 141,746 2,203,000 315 74 - - 50 19 12 20 to 80 27

F-11 141,746 2,203,200 309 69 - - 29 10 8 32 to 160 42

9 317 70 0 0 | 85.4 14.6 109| 21

Total Median Percentage Total Mlian

Source: Reference 6

a. Dash in box denotes absence of that soil in boring, or no test performed.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table :2.5-37 Summary of ISFSI Borings-Rock

Top of
Rock
Elev.

Avg.
Recovery/

RQDBorehole Details

Northing Easting Depth Elev. III III

Boring f| ft | ft ft Rec. RQD

F-2 142,000 2,202,990 70 320 255 0% 0%

F-4 141,982 2,202,850 59 317 268 50% 20%

F-5 141,982 2,203,200 115 318 254 15% 0%

F-6 141,864 2,202,850 59 316 272 23% 6%

F-7 141,864 2,203,000 105 320 245 11% 0%

F-8 141,864 2,203,200 69 318 254 80% 0%

F-9 141,746 2,202,850 105 311 252 20% 4%

F-10 141,746 2,203,000 74 315 246 95% 36%

F-11 141,746 2,203,200 69 309 260 41% 8%

Total]

Source: Reference 5

725 317 1 254 123% | 4I

Total Median
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis. Report

Table 2.5-38 Summary of ESP Borings, Observation Wells, and CPTs-Soils

BorehoIe/OW/CPT Details Soil Zone Thickness IIA N-Values

Boring/ Northing Easting Elev. Depth Fill I IIA IIB Range Median
OW/CIPT ft ft ft ft ft ft ft ft No. blows/ft |blows/ft

B-801 144,034 2,203,740 249 50 19 - - - - - -

B-802 143,639 2,203,383 271 90 3 - 3 - 1 44 44

B-803 143,603 2,202,766 292 170 -a - 31 - 9 12 to 31 22

B-804 143,179 2,202,137 320 60 - 2 21 - 8 5 to 24 8

B-805 144,043 2,203,249 271 90 - - 23 5 8 12 to 100 22

B-803 143,098 2,200,979 299 65 2 - 6 - 2 18 to 22 20

B-807 143,530 2,200,983 311 72 - - 21 21 10 12 tO 100 16

7 |292 | 72 I5 1% 167% |17% |38 | - |21

Total Median Percentage Total ledian

Soil Thickness, ft

OW-841 144,238 2,203,806 252 34 24

OW-842 142,716 2,202,151 337 50 50

OW-843 143,407 2,202,059 321 49 49

OW-844 143,591 2,203,592 274 25 24

OW-845 143,540 2,202,743 297 55 33

OW-846 143,527 2,202,724 297 33 33

OW-847 142,627 2,203,450 320 50 50

OW-848 144,535 2,203,275 285 47 33

OW-849 144,468 2,201,733 299 50 50

9 297 49 33

T otal| Median

CPT-821 143,647 2,203,355 271 4 4

CPT-822 144,057 2,203,239 271 23 23

CPT-823 143,532 2,202,758 296 32 32

CPT-824 143,736 2,203,012 276 4 4

CPT-825 143,160 2,202,269 333 52 52

CPT-827 144,370 2,200,571 277 58 58

CPT-828 144,334 2,200,068 270 5 5

CPT-830 143,531 2,203,002 308 16 16

a 276 20 20

Total Median

SourCe: Reference 147

a. Dash in box denotes absence of that soil in boring, or no test performed.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-39 Summary of ESP Borings, Observation Wells, and CPTs-Rock

Top of
Borehole/OWICPT Details Rock Elev. Median Recovery/RQD

III-IV III III-IV IV
Boring/ Northing Easting Depth Elev. IIl or IV

OWICPT ft ft ft ft ft ft Rec. ROD Rec. ROD Rec.

B-801 144,034 2,203,740 50 249 230 229 _a _ - - 100% 100%

B-802 143,639 2,203,383 90 271 265 263 - - 88% 44% 100% 84%

B-803 143,603 2,202,766 170 292 262 244 - - - - 100% 100%

B-804 143,179 2,202,137 60 320 298 287 - - 80% 47% 100% 98%

B-805 144,043 2,203,249 90 271 243 232 - - 90% 70% 100% 90%

B-805 143,098 2,200,979 65 299 292 288 25% 5% 86% 65% - -

B-807 143,530 2,200,983 72 311 276 254 - - 46% 0% - -

7 597 292 1 265 1 254 125% | 5% 186% 147% 1100% 9

Total Total Median

OW-841 144,238 2,203,806 34 252 228

OW-842 142,716 2,202,151 50 337 -

OW-843 143,407 2,202,059 49 321 -

OW-844 143,591 2,203,592 25 274 250

OW-845 143,540 2,202,743 55 297 264

OW-846 143,527 2,202,724 33 297 -

OW-847 142,627 2,203,450 50 320 -

OW-848 144,535 2,203,275 47 285 252

OW-849 144,468 2,201,733 50 299 -

9 393 297 1 251

Tota I Total Median

CPT-821 143,647 2,203,355 4 271

CPT-822 144,057 2,203,239 23 271

CPT-823 143,532 2,202,758 32 296

CPT-8 24 143,736 2,203,012 4 276

CPT-825 143,160 2,202,269 52 333

CPT-8 27 144,370 2,200,571 58 277

CPT-828 144,334 2,200,068 5 270

CPT-830 143,531 2,203,002 16 308

8 194 276

Total Total Median

a. Clash in box denotes absence of that soil in boring, or no test performed. Source: Reference 147.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-40 Summary of Soil Sampling Results

Borehole Median, ft Pi
No.
of Total Soil F

Location Boreholes Elevation Depth Thickness I

Units 1&2 60 290 93 40

Units 3&4 47 271 71 34 1

SWFR 22 321 71 71 1

ISFSI 9 317 70 64

ESP 7 292 72 23 1

Sources: Reference 5, Reference 6, Reference 146, Reference

ercentage per Zone

ill I IIA IIB
% % % %

0 5 89 6

2 1 71 16

8 0 80 2

0 0 85 15

5 1 67 17

8 and Reference 147

Zone IIA N-Values

Median
Number blows/ft

42 52

155 50

258 25

109 21

38 21

Table 2.5-41 Summary of Rock Coring Results

Ill Ill-IV IV

Location

Units 1&2 702 58

Units 3&4 647 88

18 493

27 491

88

95

30

60

1896

732

92 66

100 82

ISFSI 197 23 4 -a

ESP 94 25 5 91 86 47 255 100 98

Sources: Reference 6, Reference 146, Reference 8 and Reference 147

a. Dash in box denotes absence of that rock in boring, or no recovery/ROD recorded.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-42 Summary of Laboratory Tests Performed

Units
Test II & 2 1SWR IlSFSlI ESPI Total

Soil

Moisture content 72 339 30 9 450

Perzent passing #200 sieve __a 260 - - 260

Sieve analysis 15 63 19 10 107

Sieve and hydrometer analysis - 4 - 5 9

Atterberg limits b 4 16 13 5 38

Unit weight 71 163 11 - 245

Mineral analysis (thin section) 1 27 - - 28

Permeability 4 - 1 - 5

pH 2 - - 4 6

Sulfate 2 - - 4 6

Chloride - - - 4 4

Moisture density (Proctor) 2 - 3 - 5

CBF - - 3 - 3

Consolidation 5 15c 3 - 23

Unconfined compression 2 - 5 - 7

Triaxial compression (UU) 1 9 d 62 5 - 86

Triaxial compression (CIU) w/pp 5 8 6 - 19

Triax:ial compression (cyclic) 2 15 - - 17

Direct shear - 2 - - 2

Shockscope 3 - - - 3

Rock

Unit weight - - - 19 19

Unconfined compression 24 - - 13 37

Unconfined compression w/stress-strain 6 - - 6 12

Sources: Reference 5, Reference 6, Reference 146, Reference 8 and Reference 147.

a. Dash denotes no test performed.

b. Atterberg limit tests only listed for plastic samples tested.

c. Includes 5 constant strain tests with pore pressure measurement.

d. Includes 8 tests on prepared soil samples.
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Table 2.5-43 Summary of ESP Laboratory Test Results

Sample Identification Moisture Atterberg Limits % Finer Chc

Depth Content #200 ChIl
Boring Sample Number ft Liquid Limit Plastic Limit Plasticity Index Sieve pH m

B-801 SS-1 0-1.5 22.2 39 29 10 6.3 l

B-801 SS-5 8.5-10 _a _- - 39.9 -

B-801 SS-6 13.5-15 - - - - 55.1 -

B-802 SS-2 3.7-5.2 - - - - 19.5 -

B-803 SS-3 6.1-7.6 18.9 30 26 4 - -

B-803 SS-4 8.6-10.1 23.2 - - - 24.4 -

B-803 SS-6 13.7-15.3 - - - - 20.9 5.7 1

B-803 SS-8 23.6-25.1 - - - - 18.5 -

B-804 SS-3 3.5-5 - - - - 54.2 -

B-804 SS-6 11-12.5 - - - - 46.1 -

B-804 SS-8 18.5-20 - - - - 22.1 -

B-805 SS-4 7.5-9 27.2 NPb NP NP 27.5 -

B-805 SS-7 18.5-20 - - - - 25.1 - -

B-806 SS-3 5.6-7.1 - - - - 27.1 6.7 9

B-807 SS-3 4.5-6 40.1 49 45 4 - - -

B-807 SS-6 12.3-13.8 42.8 46 40 6 - 5.7 1

B-807 SS-8 21.8-23.8 28.9 41 34 7 42.6 - -

B-807 SS-10 31.5-33 26.7 - - - 37.7 - -

B-807 SS-12 41.4-42.9 21.8 - - = 44.2 - -

Source: Reference 147

a. Dash denotes no test performed.

b. NP - Non Plastic
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-44 Summary of ESP Laboratory Test Results-Rock

Boring Depth,
Number ft

B-801 24.1-24.8

1-801 48.7-49.7

B-802 20.4-21.0

D flflfl A A ^ A 1: f

.

Zone

IV

IV

III-IV

I%,

Unconfined
Compressive
Strength, ksi

27.21

28.42

8.64
.44 ,7

Modulus
of Elasticity,

ksi

-a

8670

Poisson's
Ratio

0.27

O-OWU W4.w1-+4.O IV I 1 - -

B-802 66.0-66.7 IV 14.71 4613 0.24

B-802 85.3-85.9 IV 9.37 - -

B-803 54.1-54.7 IV 13.01 - -

B-803 70.4-71.1 IV 23.21 7133 0.34

B-803 90.3-91.0 IV 27.59 - -

B-803 129.4-130.1 IV 26.73 - -

B-80'3 155.6-156.4 IV 22.03 7173 0.33

B-804 38.9-39.9 IV 27.15 - -

B-804 43.5-44.9 IV 25.20 - -

8-804 49.9-50.5 IV 12.30 3190 0.43

B-805 41.3-41.9 III-IV 3.40 336 0.15

P- °nt n A I 4 A4 - -

B-806 25.1-25.8

B-806 42.6-43.2

B-806 64.1-64.5

Source: Reference 147

III fib1 - -

III-IV

IV

2.72

27.36
.

a. Dash denotes no test performed.
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Table 2.5-45 Summary of Geotechnical Engineering Properties

Stratum IIA IIB IlIl

Coarse-grained Fine-grained Moderately S
Saprolite to Highly Ml
w/10 to Weathered W

50% Core Quartz Gneiss Que
Description Saprolite Saprolite Stone vl/Biotite v

Rock properties

Recovery,% - - 60

RQD,% - - 20

Unconfined compressive strength, ksi 0.6

USCS symbol SP, SM, SC ML, CL, MH, CH Mainly SM -

Range of fines content,% 15 to 45 -

Natural moisture content, w,% 26

Undrained shear strength, cu, ksf - 2.0

Effective cohesion, c', ksf 0.25 0.5 -

Effective friction angle, p', degrees 30 25 40

Total unit weight, y, pcf 125 130 145

SPT N-value, N60, blows/ft 20 100

Shear and compression wave velocity

Shear wave velocity range, ft/sec 600 to 1350 No range 1500 to 2500 25C
available

Shear wave velocity best estimate, ft/sec 950 1600 2000

Compression wave velocity best estimate, 2100 3500 4500
ft/sec

North Anna
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Table 2.5-45 Summary of Geotechnical Engineering Properties

Stratum IIA IIB IlIl

Coarse-grained Fine-grained Moderately Si
Saprolite to Highly M(
w/10 to Weathered WI

50% Core Quartz Gneiss Qua
Description Saprolite Saprolite Stone w/Biotite '

Elastic and shear moduli

Elastic modulus (high strain), Ehs 1200 ksf 3500 ksf 120 ksi 1

Elastic modulus (low strain), Els 9500 ksf 28,000 ksf 300 ksi 1

Shear modulus (high strain), Ghs 450 ksf 1300 ksf 50 ksi

Shear modulus (low strain), GIs 3500 ksf 10,000 ksf 125 ksi

Consolidation characteristics

Recompression ratio, RR 0.015 - -

Coeff. of secondary compression, C, 0.0008

Coeff. of subgrade reaction, k1, kcf 230 1500

Coefficient of sliding against concrete 0.35 0.45 0.6

Poisson's ratio, lo (high strain) 0.35 0.3 0.33

Static earth pressure coefficients

Active, Ka 0.33 0.22

Passive, KI 3.0 4.6

At-rest, KO 0.5 0.36

Hydraulic cond uctivity, cm/sec 5 x 10-4

Note:Dash denotes no design parameter given
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-46 ZPA Results from SHAKE Analysis

Profile I

Depth, ft Vs, ft/sec Gmax 150% Gmax Profile 2 Profile 3 Vs, ft/sec Profile 4

Low Frequency Case

0.( 700 0.458g 0.567g -a - 1275 0.415g

2.5 700 0.394g 0.503g - - 1275 0.396g

5.0 700 0.328g 0.357g - - 1275 0.338g

7.5 700 0.314g 0.329g - - 1275 0.247g

10.( 700/950 0.255g 0.283g - - 1275/1380 0.245g

12.5 950 0.286g 0.268g - - 1380 0. 239g

15.( 950 0.272g 0.273g - - 1380 0.224g

17.5 950 0.323g 0.228g - - 1380 0.212g

20.0 950/1200 0.300g 0.269g - - 1380/1500 O. 999

22.'5 1200 0.265g 0.294g - - 1500 0.205g

92r 12900 0 310n 0.28an - - 1500l 0239a

27.5

30.C

35.C

40.C

45.C0

50.0c

55.C

60.0

65.0

70.0

Outcrop

1200

1200/1600

1600

1600/2000

2000

2000

2000/3300

3300

3300

3300

6300

.

0.302g

0.2199

0.223g

0.229g

0.223g

0.180g

0.181g

0.175g

0.157g

0.151g

0.213g

0.2529 -

0.2689 0.463g

0.286g 0.361g

0.185g 0.359g

0.1809 0.335g

0.164g 0.301g

0.162g 0.212g

0.158g 0.184g

0.159g 0.171g

0.158g 0.151g

0.213g 0.213g

High Frequency Case

0.989g -a.

n Onsn-

0.393g

0.353g

0.250g

0.213g

0.227g

0.229g

0.214g

0.213g

1500

1500/1600

1600

1600/2000

2000

2000

2000/3300

3300

3300

3300

6300

0.,2419

0.275g

0.3~00g

0.224g

0.232g

0.193g

0.174g

0.169g

0.171g

0.1 63g

0.213g

-

.

-

0.0 700
7AA

0.906g
A 7(Vl),.

1275
.4 nV7

0.918g
A 0-7').

._ tuu U. f vJa J.ouuy - - I - U u.C I 4Y

5.0 700 0.6129 0.752g - - 1275 0.748g

7.5 700 0.654g 0.669g - - 1275 0.6989

10.0 700/950 0.7039 0.810g - - 1275/1380 0.605g
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-46 ZPA Results from SHAKE Analysis

Profile I

Depth, ft Vs, ft/sec Gmax 150% Gmax Profile 2 Profile 3 Vs, ft/sec Profile 4

High Frequency Case (continued)

12.5 950 0.698g 0.762g - - 1380 0.474g

15.0 950 0.632g 0.776g - - 1380 0.- 86g

17.5 950 0.627g 0.753g - - 1380 0.557g

20.0 950/1200 0.558g 0.744g - - 1380/1500 0.E;19g

22.5 1200 0.5119 0.834g - - 1500 0.648g

25.0 1200 0.590g 0.826g - - 1500 0.E95g

27.5 1200 0.658g 0.722g - - 1500 0.726g

30.0 1200/1600 0.630g 0.607g 1.034g - 1500/1600 0.667g

35.0 1600 0.674g 0.532g 0.902g - 1600 0.746g

40.0 1600/2000 0.652g 0.535g 0.680g 0.989g 1600/2000 0.506g

45.0 2000 0.535g 0.493g 0.572g 0.853g 2000 0.428g

50.0

55.0

60.0

65.0

70.0

Outcrop

2000

2000/3300

3300

3300

3300

6300

0.425g

0.321g

0.312g

0.291g

0.286g

0.431g

0.416g

0.435g

0.423g

0.384g

0.366g

0.431g

0.498g

0.411 g

0.400g

0.378g

0.451g

0.431g

0.542g

0.414g

0.371g

0.358g

0.339g

0.431g

2000

2000/3300

3300

3300

3300

6300

O.3:89g

O.";46g

O.2 36 g

0.203g

0.343g

0.4 31 g

a. Dash denotes soil not present.

Soil/Rock Columns

1. Profile from 0 to 70 feet, with 30 feet of unimproved Zone IIA saprolite, 10 feet of Zone IIB

saprolite, 15 feet of Zone IlIl rock, and 15 feet of Zone III-IV rock.

2. Profile from 30 to 70 feet depth for foundation sitting on 10 feet of Zone IIB saprolite, 15 feet of

Zcne IlIl weathered rock, and 15 feet of Zone III-IV rock.

3. Profile from 40 to 70 feet depth for foundation sitting on 15 feet of Zone IlIl weathered rock and

15 feet of Zone III-IV rock.

4. Profile from 0 to 70 feet, with 30 feet of improved Zone IIA saprolite, 10 feet of Zone IIB

saprolite, 55 feet of Zone IlIl weathered rock, and 15 feet of Zone III-IV rock.

2-2-407 Revision 6
April 2006



Noith Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-47 Allowable Bearing Capacity Values

Allowable Bearing
Zone Capacity, ksf

IIB 8

III 16

III-IV 8 0a

IV 160a

Note: The above values include a factor of safety against bearing failure of at least 3.
Minimum assumed foundation width is 5 feet. Minimum assumed foundation depth is 3 feet.

a. The new containment (reactor) buildings would be founded on Zone III-IV or Zone IV material.
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Close of Grenville Orogeny

North America 7 Africa

Late P'recambrian rifling; opening or Iupetus Ocean

a '~ Africa
Seafloor spreading

l'cnohscot Orogeny

arc

Tacoiuic Orogeny Taconic Suture Accretion of

'. /Chopawamsic arc

Na -Carolina Slate BeltFormation of Blue
Ridge Thrust nappe

Chopawamsic Carolina Spotsylvania
Alleghanian Orojgen3 terrane Slate Belt Fault

i -~v v \ ^ \O \ Africa
North America \\ \ ~I

Development of foreland Closure of lapetus Ocean;
fold-and-thrust belt Goochland collision of Africa vith North

terrane America

Triassic Rifting

Some Triassic basins form
by extensional reactivation
of Paleozoic thrust faults

Modified from Hatcher, 1987

Figure 2.5-2 Evolution of the Appalachian Orogen (after Hatcher, 1987)
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-North Anna Site

Uchee Belt
0 25 50 75 100 Miles

0 100 Kilometers

Source: Bledsoe and Marine, 1980
Fichter and Baedke, 2000

Figure 2.5-4 Lithotectonic Belts of the Piedmont Province
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| Cretaceous and younger sedimentary rocks ./

Triassic basins and related deposits /
1jGoochland Terrane: North American basement /

, .. JCarolina Slate Belt: Island arc complex ,

i f Chopawamsic Terrane: Island arc complex

| 1 Jefferson and Smith River Terranes: Sedimentary and volcanic rocks /
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Figure 2.5-6 Simplified Tectonic Map of Virginia
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Close or Grenville Orogeny

North America Africa

Late P'recambnrian rifting; opening or lapettis Ocean

America
Seafloor spreading

I)cposition or passive margin sequence

Formation of Blue
Ridge nappe

Acadian Orngeny

tnsression

Formation ofAllegblaniani Orogeny Goochland nappe Suturing of Africa
N to North America

Foreland fold-and- potsylvania Tac
thrust blt (repeated by movement

on tie Spotsylvania Fault)

Triassic Rifting
N a r Spotsylvania Fault

Formation of Triassic
basins, locally by

reactivation of
Paleozoic faults

Modif ed from Glover and others (19951

Figure! 2.5-7 Evolution of the Appalachian Orogen (after Glover and others, 1'i95)
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Figure 2.5-9 Tectonic Features Map (200-mile radius)
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Figure 2.5-13 Northern, Central, and Southern Segments of the East Coast
Fault System
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2.5.5 Stability of Slopes

This section presents information on the stability of permanent slopes at the NAPS site. The
information'has been developed in accordance with Review Standard RS-002, "Processing
Applications for Early Site Permits" (Reference 145), following the guidance presented in RG 1.70,
Section 2.5.5 (Reference 3). The geological, geophysical, geotechnical and seismological
information presented in this section is used as a basis to evaluate the stability of specific slopes at
the site.

The information presented in this section was developed from a review of reports prepared for the
existing units and the abandoned Units 3 and 4, geotechnical literature, and a subsurface
investigation conducted for preparation of this ESP application. The review included the
site-specific reports from the UFSAR (Reference 5), and reports prepared by Dames and Moore
regarding the design and construction of the existing units (Reference 7) and the abandoned
Units 3 and 4 (Reference 8).

A 55-foot high, 2-horizontal to 1-vertical (2h:lv) slope descends from north of the SWR down to
south cf the existing excavation made for abandoned Units 3 and 4. This slope was excavated
during construction of the existing units, and is almost entirely in cut material. The top of this slope
is 200 feet from the top of the SWR embankment, and thus any potential instability of the slope
would have no impact on the stability of the SWR embankment.

The only new permanent slope that may be created in association with the new units would be to
the west of the SWR to accommodate the buried UHSs for certain new unit designs. The amount (if
any) of this cut depends on the design that would be selected. The maximum slope height
envisioned is about 55 feet, cut at a 2h:1v slope. The top of the slope would be at least 200 feet
from the top of the SWR embankment, the same distance as for the existing slope to the nDrth of
the SWR. Thus, any instability of the new slope would not impact the SWR.

Although instability of the existing and possible new 2h:1v slopes would not impact the SWR,
sloughing or collapse of these slopes could impact the new units, depending on their final location.
The stability of these slopes is addressed in the following sections. The new slopes of the
non-safety-related, deepened intake channel, which would be used for the normal cooling water
system supply of the new units, would be analyzed during detailed design, if required. Such
analysis is not part of the ESP SSAR.

2.5.5.1 Existing Slope Characteristics

The location and direction of the existing 2h:1v slope to the north of the SWR is shown in plan view
in Figure 2.5-65; the location is also shown in the photograph in Figure 2.5-66. The photograph in
Figure 2.5-67 shows the existing slope clearly, descending from the SWR to close to the excavation
for the now abandoned Unit 3 and 4 containment buildings. The structure behind the slope :n the
SWR embankment is the Unit 1 and 2 valve house, which was originally designed to be the now
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abandoned Unit 3 and 4 pump house. A cross-section through the existing slope is shown on
Figure :2.5-68.

2.5.5.1.1 Slope Borings

As shown in Figure 2.5-65, two borings (B-15 and B-18) were performed previously on or c'ose to
the area of the slope. These borings were conducted for the Unit 1 and 2 investigation. The profiles
of these borings are included in Figure 2.5-68. The boring logs are presented in Section 2.5.5.3. No
additional exploration for the slope was made during the ESP exploration program.

2.5.5.1.2 Slope Subsurface Conditions
The ESP site soils and bedrock are described in detail in Section 2.5.4.2.2. As can be seen from
Figure 2.5-68, the soils in the slope consist almost entirely of Zone IIA saprolites. Saprolites are a
further stage of weathering beyond weathered rock. They have been derived by in-place
disintegration and decomposition and have not been transported. Saprolites are classified as soils
but still contain the relict structure of the parent rock, and they also typically still contain some core
stone Of the parent rock. The North Anna saprolites in many instances maintain the foliation
characteristics of the parent rock. They are mainly classified as silty sands, although there are also
sands, clayey sands, sandy silts, clayey silts and clays, depending very much on their degree of
weathering. The fabric is strongly anisotropic. The texture shows angular geometrically interlocking
grains with a lack of void network, very unlike the well-pronounced voids found in marine or alluvial
sands and silts. The Zone IIA saprolites comprise, on average, about 80 percent of the saprolitic
materials onsite. About 75 percent of the Zone IIA saprolites are classified as coarse-g ained
(sands, silty sands) while the remainder are fine-grained (clayey sands, sandy and clayey sills, and
clays). The majority of the saprolites obtained from the borings in the slope area are dense silty
sands.

The bedrock beneath the Zone IIA saprolite ranges from moderately to severely weathered
(Zone 111), to fresh to slightly weathered (Zone IV). The bedrock throughout the North Anna site is
classified as a gneiss, which is a metamorphic rock that exhibits a banded texture (foliation) in
which light and dark bands alternate. It is composed of feldspar, quartz, and one or more other
minerals such as mica and hornblende. The majority of the bedrock obtained from the borings in the
slope area is a dark green or gray to black biotite hornblende gneiss.

The engineering properties of the site soils and bedrock are described in Section 2.5.4.2.5 and are
tabulated in Table 2.5-45. These properties are based on extensive field and laboratory testing
described in Section 2.5.4.3 and Section 2.5.4.2, respectively.

The liquefaction characteristics of all of the Zone IIA saprolite are thoroughly examined in
Section 2.5.4.8. That section concludes that the results of the liquefaction analysis indica:e that
some of the Zone IIA saprolitic soils have a potential for liquefaction based on the ESP seismic
parameters. The liquefaction analysis did not take into account the beneficial effects of age,
structure, fabric, and mineralogy.
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2.5.5.1.3 Slope Phreatic Surface
The postulated phreatic surface is shown in Figure 2.5-68 for the existing slope. This surface has
been developed from the water table levels derived in Section 2.4.12. The depth of this phreatic
surface precludes any potential for liquefaction of the near-surface soils in the slope.

2.5.5.2 Design Criteria and Analyses

2.5.5.2.1 Required Factor of Safety

The following factors of safety are proposed by the Department of the Army (Reference 183):

Condition Minimum Factor of Safety

End of construction 1.4

Long-Term Static (non-seismic) 1.5

Long-Term Seismic 1.1

2.5.5.2.2 Stability of Existing Slope

The photograph in Figure 2.5-67 of the existing 2h:1v slope to the north of the SWR was taken
about 20 years ago. The condition of the slope is essentially the same today. It was thoroughly
inspected during the ESP site investigation. The slope shows no signs of distress.

2.5.5.2.3 Analysis of Existing Slope

The static and dynamic stability of the existing slope to the north of the SWR was analyzed using
the computer program SLOPEIW (Reference 184).

a. Long-Term Static Analysis
The SLOPEIW Program used the Bishop method of slices (Reference 185) for analysis of the
long-term static condition. The analysis assumed the saprolite was predominantly coarse
grained (as shown in borings B-15 and B-18 close to the slope). The effective strength
parameters given in Table 2.5-45 were an angle of internal friction 4/ = 30 degrees and
effective cohesion c' = 0.25 ksf for the coarse-grained saprolite.

The input to the analysis and the results are shown in Figure 2.5-69. The computed factor of
safety is about 1.75. This value is above the minimum 1.5 factor of safety required.

b. Seismic Slope Stability Analysis
The pseudo-static approach is used as a first approximation for the seismic analysis of slopes.
In this approach, the horizontal and vertical seismic forces are assumed to act on the slope in
a static manner, that is, as a constant static force. This is an obviously conservative approach,
since the actual seismic event occurs for only a short period of time, and during that time, the
forces alternate their direction at a relatively high frequency. Also, the pseudo-static analysis
terds to be run using the peak seismic acceleration; the mean acceleration during the design
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seismic event is significantly less than the peak value. A pseudo-static analysis using peak
acceleration values can be a useful tool in a limit analysis where the peak acceleration is
relatively low. In such analyses, the computed factor of safety may well exceed the minimum
of 1.1, thus requiring no further analysis. However, where the peak seismic acceleration
values are high, the pseudo-static analysis produces unreasonably low safety factor values.

The pseudo-static analysis was run using SLOPE/W. For the high frequency earthquake, the
peak horizontal acceleration used was 0.65g. This is the average peak acceleration in the top
55 feet of unimproved soil shown in Table 2.5-46 for 150 percent Gmax. (The maximum
horizontal acceleration is 0.99g at the ground surface.) The vertical acceleration used was
0.325g. The computed factor of safety was significantly less than the required 1.1. For the low
frequency earthquake, the equivalent peak horizontal acceleration used was 0.26g with a
vertical acceleration of 0.13g. The computed factor of safety was slightly less than 1.1.

Seed (Reference 186), in the 19th Rankine Lecture, addressed the over-conservatism intrinsic
in the pseudo-static analysis. He looked at the more rational approach proposed by Newmark
(Reference 187), where the effective acceleration time-history is integrated to determine
velocities and displacements of the slope. He also examined dams in California that had been
subjected to seismic forces, including several dams that survived the 1906 San Francisco
earthquake. Based on his studies, he concluded that for embankments that consist of
materials that do not tend to build up large pore pressures or lose significant percentages of
their shear strength during seismic shaking, seismic coefficients of only 0.15g are adequate to
ensure acceptable embankment performance for earthquakes up to Magnitude M = 8.25 with
peak ground accelerations of 0.75g. For earthquakes in the range of M = 6.5, Seed
recommends a horizontal seismic coefficient of only 0.1g with a vertical seismic coefficient of
zero.

The liquefaction analysis of the Zone IIA saprolite indicated some of the material has a
potential for liquefaction. However, its age, fabric and interlocking angular grain structure,

along with the significant portion of low plasticity clay minerals present in the material, have
been demonstrated to give the grain structure a low susceptibility to pore pressure build-up or
liquefaction (Section 2.5.4.8). This material would not lose a significant proportion of its shear
strength during shaking. Thus, for the low frequency earthquake, with a design Magnitude
M = 7.2, the pseudo-static analysis should be limited to a horizontal acceleration of only 0.15g.

Although the 0.99g computed peak ground acceleration from the high frequency earthquake at
North Anna is greater than the 0.75g referenced by Seed, the highest accelerations are in the
top 5 feet of the soil - the average acceleration in the soil is closer to 0.62g below the top
5 feet. In addition, the design high frequency earthquake has a relatively low energy
(Magnitude 5.4), which is significant when estimating its potential impact on slope stability.
Thus, at North Anna, a pseudo-static design using an inertia force of 0.1g will be adequate for
the high frequency earthquake.
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The pseudo-static analysis was again run using SLOPE/W. This time the horizontal
accelerations used were 0.1g and 0.15g, with zero vertical acceleration. The computed factors
of safety were greater than 1.1. The input to the analysis and the results for the 0.1g case are
shown in Figure 2.5-70.

Other researchers have also recommended substantially reducing the peak acceleration when
applying the pseudo-static analysis. Kramer (Reference 188) recommends using an
acceleration of 50 percent of the peak acceleration. Using the average peak acceleration for
the high frequency earthquake in the top 55 feet of 0.65g, the horizontal input using Kramer's
recommendation would be 0.325g and the vertical input would be 0.1625g. This level of input
provides a factor of safety against slope failure just above 0.9. Although this is somewhat less
than the required factor of safety of 1.1, it is considered marginal based on the high level of
seismic acceleration being applied and the relatively low energy level of the design
earthquake. For the low frequency earthquake, where the average peak acceleration in the top
55 feet is about 0.26g, the horizontal input using Kramer's recommendations would be 0.13g
and the vertical input would be about 0.065g. This results in a factor of safety of greater than
the required 1.1.

Based on the possibility of some liquefaction in the slope area and the marginal results
ottained using Kramer's method, measures would be taken to ensure the safety of the slope
and of the structures that may be located close to the bottom of the slope. These measures
are outlined in Section 2.5.5.6.

2.5.5.3 Logs of Borings

As noted in Section 2.5.5.1, two sample borings were drilled on or close to the existing 2h:1', slope
to the north of the SWR. The logs of borings B-15 and B-18 are reproduced in Figure 2.5-71 and
Figure 2.5-72, respectively.

2.5.5.4 Compacted Fill

The ex sting 2h:1v slope described and analyzed in the previous sections is a cut slope and does
not contain fill materials in any significant quantity.

2.5.5.5 Proposed New Slope

As noted at the beginning of Section 2.5.5, a new slope may be excavated to the west of the SWR
to accommodate UHSs for the new units. The new slope would be approximately the same height
and would have the same 2h:1v slope as the existing slope presented in Section 2.5.5.1 through
Section 2.5.5.4. It would also be a cut slope like the existing slope, and would comprise similar
materials to those in the existing slope. Therefore, the analytical conclusions for the existing slope
would apply to the new slope, namely the new slope would be stable under seismic and long-term
static conditions.
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If the selected design for the new units requires that the new slope be constructed, and it is deemed
that any failure of the slope could impact the new units, then investigation and analysis of the slope
would be performed as part of detailed engineering and described in the COL application. If the
analysis, based on the subsurface investigation results, showed an inadequate factor of safety
against slope failure, then the design would be modified to eliminate any risk of slope failure. Such
modifications are outlined in Section 2.5.5.6.

2.5.5.6 Conclusions

Existing slopes and embankments that are not impacted by the new units (such as the SWR
embankments) are not analyzed. New slopes of the non-safety-related, deepened intake channel,
which would be used for the normal cooling water system supply of the new units, would be
analyzed during detailed design, if required. Such analysis is not part of the ESP SSAR.

The only existing slope whose failure could adversely affect the safety of the new units because of
its proximity to the ESP site is a 55-foot high, 2h:1v slope that descends from north of the! SWR
down to south of the existing excavation made for abandoned Units 3 and 4. The slope is made
almost entirely in cut material. Static long-term analyses of the existing slope using the computer
program SLOPE/W gave values of factor of safety in excess of the minimum 1.5 required.
Pseudo-static analyses using ESP design values of horizontal and vertical seismic acceleration
gave safety factor values less than the minimum acceptable value of 1.1 for the high frequency
earthquake. However, when the seismic input was modified to conform to the reductions given by
Seed (Reference 186), the computed safety factors against slope failure were in excess of 1.1. The
Seed reductions are considered reasonable and valid. When the Kramer recommendations were
applied, the computed factor of safety against seismic slope failure was considered satisfactory for
the low frequency earthquake and marginal for the high frequency earthquake. Based on the
possibility of some liquefaction in the slope area and the marginal results obtained using Kramer's
method, measures would be taken to ensure the safety of the slope and of the structures that may
be located close to the bottom of the slope. These measures could include reducing the slope
steepness, removing and replacing materials that could lose significant strength during the design
earthquake, ground improvement measures such as soil nailing, moving structures further from the
toe of the slope, and/or providing walls/barriers to protect those structures.

A new slope may be excavated to the west of the SWR to accommodate UHSs for the new units.
The newv slope would be approximately the same height, would have the same 2h:1v slope, and
would have the same soil and rock characteristics as the existing slope that was analyzed. If
analysis during the design stage of this slope indicates unacceptable factors of safety against. slope
failure, modifications such as those proposed for the existing slope in the previous paragraph would
be employed.
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2.5.6 Embankments and Dams

Because Lake Anna would only be used for normal plant cooling of the new units, the North Anna
Dam, which is designed and constructed to meet requirements for a seismic Category I structure in
support: of the existing units, was not re-analyzed as part of this application. Analysis of the new
non-salety-related deepened intake channel slopes for the new units would be performed during
detailed design.

Construction of the new units would not adversely affect the slopes of the SWR for the eKisting
units. There is an existing 55-foot high embankment to the north of the SWR and to the south of the
new units. A similar embankment may be constructed to the west of the SWR to accommodate the
buried IJHS of certain reactor designs that might be constructed on the ESP site. Instability of these
slopes could affect the new units. This is described and presented in Section 2.5.5.

In summary, there are no embankments and dams to be addressed in this section.
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Table 2.5-1 Definitions of Classes Used in the Compilation of Quaternary Faulits,
Liquefaction Features, and Deformation in the Central and Eastern
United States (After Crone and Wheeler, 2000)

Class
Category Definition

Class A Geologic evidence demonstrates the existence of a Quaternary fault of tectonic
origin, whether the fault is exposed for mapping or inferred from liquefaction to other
deformational features.

Class B Geologic evidence demonstrates the existence of a fault or suggests Quaternary
deformation, but either: 1) the fault might not extend deeply enough to be a potential
source of significant earthquakes, or 2) the currently available geologic evidence is
too strong to confidently assign the feature to Class C but not strong enough to
assign it to Class A.

Class C Geologic evidence is insufficient to demonstrate: 1) the existence of tectonic fault, or
2) Quaternary slip or deformation associated with the feature.

Class D Geologic evidence demonstrates that the feature is not a tectonic fault or feature;
this category includes features such as demonstrated joints or joint zones,
landslides, erosional or fluvial scarps, or landforms resembling fault scarps, but of
demonstrable non-tectonic origin.
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Table 2.5-2 Quaternary Faults, Liquefaction Features, and Possible Tectonic Features Within the S
(200-Mile Radius) (Modified from Crone)

Feature

Central VA Seismic zone

Mountain Run/Everona fault zone

Lebanon Church fault

Upper Marlboro faults

Old Hickory faul :s

Stanleytown-Villa Heights fault

State

VA

VA

VA

MD

VA

VA

PA

VA, WV

VA

NC

PA

14 counties

Orange, Culpeper, Fauquier

Albemarle

Prince Georges

Dinwiddie, Sussex

Henry

Lancaster

Giles (VA)

Giles

Johnston

Berks

County
Physiographic

Province

Piedmont

Piedmont

Blue Ridge

Coastal Plain

Coastal Plain

Piedmont

Piedmont

Appalachian Plateaus

Valley and Ridge

Coastal Plain

Valley and Ridge

Distance
from Site

(mi.)

0

19

45

75

78

144

157

162

163

165

186

Class

A

C

C

C

C

C

C

C

B

C

C

Post-
EPRI Info.

(1986)

No

No

No

No

Yes

No

No

Yes

Yes

No

Yes

Lancaster fault zone

Lindside fault zone

Pembroke faults

Hares Crossroads fault

Cacoosing Valley earthquake

a. NA: Not Applicable

b. NR: Not Reported
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Table :2.5-4 Earthquakes 1985-2001, m>3.0, within 350N-410N and 740 W-820W

Latitude Longitude Depth
Year Month Day North West km mb m(coda) m(int) ML m(unk) Source

1985 6 10 37.248 80.485 11.1 3.2 2.8 3.3 VT

1986 3 26 37.245 80.494 11.9 2.9 3.3 VT

1986 12 3 37.58 77.458 1.6 1.5 3.3 VT

1986 12 10 37.585 77.468 1.2 2.5 2.2 3.5 VT

1986 12 24 37.583 77.458 1 1.6 3.3 VT

1987 1 13 37.584 77.465 2.5 1.9 3.3 VT

1988

1988

1990

1991

1991

1991

1991

1992

1993

1993

1993

1993

1993

1994

1994

1994

1995

1995

1997

1997

1998

1998

2001

2001

__

__

__

__

__

__

5

8

1

3

4

6

8

3

3

3

7

10

10

I

I

8

6

7

11

11

6

10

9

12

28 39.753

27 37.718

13 39.366

15 37.746

22 37.942

28 38.231

15 40.786

9 40.363

10 39.233

15 39.197

12 36.035

28 39.25

28 39.25

16 40.327

16 40.33

6 35.101

26 36.752

7 36.493

14 40.146

14 40.741

5 35.554

21 37.422

22 38.026

4 37.726

81.613

77.775

76.851

77.909

80.205

81.335

77.657

74.341

76.882

76.87

79.823

76.77

76.77

76.007

76.037

76.786

81.481

81.833

76.252

76.549

80.785

78.439

78.396

80.752

0

14.3

4.1 2.5

15.5 3.8

14.8 3.5

7 3.0

I

7.9

5

0.9 2.7

5 2.7

2.7

2.6

3.3

3.5

2.5

2.1

3.3

3.5

3.5

3.3

3.3

3.5

3.3

3.3

3.3

2.1

1.8

3.4 ANSS

VT

VT

VT

VT

VT

3.0 ANSS

3.1 ANSS

VT

VT

VT

VT

VT

ANSS

ANSS

VT

VT

VT

ANSS

VT

VT

VT

VT

VT

5 4.2

5 4.6

0 3.6

1.8 3.4

10 3.0

5

0

9.4 3.2

12.6 3.8

0.4 3.2

8.5 3.1

3.8

3.3

3.1

3.5

3.0

3.0

3.4

3.4

2.5
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Table 2.5-5 Summary of Bechtel Seismic Sources

Distancea
Mmax (mb)

Source Description (km) (mi) Pab and Wts.c

Smoothing
Options

and Wts.d

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazard' Geometry?' Mmax?g RI?h

Sources within 200 mi (320 km)

E Central Virginia 0 0 0.35 5.4[0.10]
5.7[0.40]
6.0[0.40]
6.6 [0.10]

0 1.00 5.7[0.10]
6.0[0.40]
6.3 [0.40]
6.6 [0.10]

1 [0.331
2[0.34]
4 [0.331

Yes No No No

BZ5 S. Appalachians

24 Bristol Trends

BZ4 Atlantic Coastal
Region

0

61 38 0.25 5.7[0.10]
6.0[0.40]
6.3 [0.40]
6.6 [0.10]

144 90 1.00 6.6[0.101
6.8 [0.40]
7.1 [0.40]
7.4 [0.10]

1[0.33]
2[0.341
3 [0.33]

1 [0.33]
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
3 [0.33]

Yes

Yes

Yes

No No No

No No No

No No No

17 Stafford fault
zone

13 Eastern
Mesozoic

Basins

25 NY-Alabama
Lineament

23 Lebanon Trend

0 0 0.10 5.4[0.10]
5.7[0.40]
6.0[0.40]
6.6 [0.10]

5 3 0.10 5.4[0.10]
5.7[0.40]
6.0 [0.40]
6.6 [0.10]

189 118 0.30 5.4[0.10]
5.7[0.40]
6.0[0.40]
6.6 [0.10]

1[0.331
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
4 [0.33]

1[0.33]
2[0.34]
4 [0.33]

No

No

No

No

No No No

No No No

No No No

No No No211 131 0.05 5.4[0.10]
5.7[0.40]
6.0[0.40]
6.6 [0.10]

5.7[0.10]
6.0[0.40]
6.3[0.40]
6.6 [0.10]

19 Giles County 221 137 0.35 1[0.33]
2[0.34]
4 [0.33]

No No No No
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Table 2.5-5 Summary of Bechtel Seismic Sources

Contributed New Information to Suggest
Distancea Smoothing to 99% Change in Sourc,3:

Mmax (mb) Options of EPRI
Source Description (km) (mi) Pab and Wts.c and Wts.d Hazarde Geometryf Mmaxg RI?h

BZ6 SE. Craton 229 142 1.00 5.4[0.10] 1 [0.331 No No No No
Region 5.7[0.401 2 [0.34]

6.0[0.40] 3 [0.33]
6.6 [0.10]

F SE. 274 170 0.35 5.4[0.10] 1 [0.33] No No No No
Appalachians 5.7[0.401 2[0.34]

6.0[0.40] 4 [0.33]
6.6 [0.10]

Selected Sources Beyond 200 mi (320 km)

H Charleston Area 545 339 0.50 6.8 [0.20] 1 [0.331 No Yes; No Yes;
7.1 [0.40] 2[0.34] ECFS RI of
7.4 [0.40] 4 [0.33] Southern 550

Section yrs

N3 Charleston 579 359 0.53 6.8 [0.20] 1 [0.33] No Yes; No Yes;
Faults 7.1 [0.40] 2[0.34] ECFS RI of

7.4 [0.40] 4 [0.33] Southern 550
Section yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. Naximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
1 = constant a, constant b (no prior b);
2 = low smoothing on a, high smoothing on b (no prior b);
3 = low smoothing on a, low smoothing on b (no prior b);
4 = low smoothing on a, low smoothing on b (weak prior of 1.05).
Weights on magnitude intervals are [1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0].

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Max exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.
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Table 2.5-6 Summary of Dames & Moore Seismic Sources

Distancea
Mmax (mb)

Source Description (km) (ml) Pab and Wts.c

Smoothing
Options

and Wts.d

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazarde Geometry?f Mmax?9 R1?h

41 S. Cratonic
Margin (Default

Zone)

53 S. Appalachian
Mobile Belt

(Default Zone)

40 Central VA
Seismic Zone

42 Newark-
Gettysburg

Basin

Sources within 200 mi (320 km)

0 0 0.12 6.1[0.80] 1[0.75]
7.2 [0.20] 2 [0.25]

6 4 0.26 5.6[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

Yes

Yes

Yes

Yes

No No No

No No No

No No No

No No No

24 15 1.00 6.6[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

32 20 0.40 6.3[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

47 Connecticut
Basin

4 Appalachian
Fold Belts

41 25 0.28 6.0[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

74 46 0.35 6.0[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

Yes

Yes

No

No

No No

No No

4B KinkinFoldBelt
(Giles Co. Area)

145 90 0.65 6.2[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

Yes No No No

44 Stafford Fault
Zone

CoI Combination
zone

4-4A-4B-4C-4D

45 Hopewell Fault
Zone

46 Dan River Basin

21 1.00 5.0[0.80] 1 [0.69]
7.2 [0.20] 2[0.23]

3[0.06]
4 [0.02]

46 NA 6.0[0.80] 1 [0.75]
7.2 [0.20] 2 [0.25]

No

No

No

No

No No No

No No No

No No No

No No No

87 54 1.00 5.0[0.80]
7.2 [0.20]

1 [0.69]
2[0.23]
3[0.06]
4 [0.02]

74 0.28 6.0[0.75] 3[0.75]
7.2 [0.25] 4 [0.25]

4C Kink in Fold Belt 173 108 0.65 5.0[0.75]
7.2 [0.25]

3[0.75]
4 [0.25]

No No No No

48 Buried Triassic
Basins

175 108 0.28 6.0[0.75] 3[0.751
7.2 [0.25] 4 [0.25]

No No No No
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Table :2.5-6 Summary of Dames & Moore Seismic Sources

Distancea Smoothing
Mmax (mb) Options
and Wts.c and Wts.dSource Description

8 E. Marginal
Basin

C02 Combination
zone 8-9

49 Jonesboro
Basin

6 Rome Trough

7 Dunkard Basin

50 Buried Triassic
Basins

(km) (mi) pab

188 117 0.08 5.6 [0.80]
7.2 [0.20]

188 117 NA 5.6[0.80]
7.2 [0.20]

204 127 0.28 6.0[0.75]
7.2 [0.25]

218 135 0.24 5.0[0.75]
7.2 [0.25]

281 175 0.38 5,7[0.75]
7.2 [0.251

290 180 0.28 6.0[0.75]
7.2 [0.25]

1 [0.75]
2 [0.25]

1 [0.75]
2[0.25]

3 [0.751
4 [0.25]

3 [0.751
4 [0.25]

3 [0.75]
4 [0.25]

3 [0.75]
4 [0.25]

Contributed
to 99%
of EPRI
Hazard'

No

No

No

No

No

No

New Information to Suggest
Change in Source:

Geometry?f Mm,?g RI?h

NoNo

No

No

No No

No No No

No No No

No No No

No No No

Selected Sources Beyond 200 ml (320 km)

54 Charleston
Seismic Zone

533 331 1.00 6.6[0.75]
7.2 [0.25]

1 [0.221
2[0.08]
3 [0.52]
4 [0.18]

No Yes; ECFS
Southern
Section

No Yes;
RI of
550
yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
1 = No smoothing on a, no smoothing on b (strong prior of 1.04);
2 = No smoothing on a. no smoothing on b (weak prior of 1.04);
3 = Constant a, constant b (strong prior of 1.04);
4 = Constant a, constant b (weak prior of 1.04).
Weights on magnitude intervals are [0.1, 0.2, 0.4, 1.0, 1.0, 1.0, 1.0]

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
tiough new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.

2-2-360 
Revision 6

2-2-360 Revision 6
April 2006



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-7 Summary of Law Engineering Seismic Sources

Contributed New Information to Suggest
Distancea Smoothing

Mmax (mb) Options
Source Description (km) (mi) Pab and Wts.C and Wts.d

Sources within 200 mi (320 km)

to 99%
of EPRI
Hazarde

Change In Sourco:

Geometry?f M,,,?g RI?h

17 Eastern
Basement

217 Eastern
Basement

Background

GCO1l 22 - 35

107 Eastern
Piedmont

22 Reactivated E.
Seaboard

Normal

M22 Mafic Pluton

GCO9 Mesozoic
Basins (8 -

Bridged)

Clo Combination
Zone 8-35

M21 Mafic Pluton

M23 Mafic Pluton

M20 Mafic Pluton

M24 Mafic Pluton

M27 Mafic Pluton

M19 Mafic Pluton

0 0 0.62 5.7 [0.20]
6.8 [0.80]

0 0 1.00 4.9[0.50]
5.7 [0.50]

7 4 NA 6.8 [1.00]

7 4 1.00 4.9[0.30]
5.5[0.401
5.7 [0.30]

7 4 0.27 6.8 [1.00]

23 14 0.43 6.8 [1.00]

28 18 NA 5.0[0.20]
5.8[0.50]
7.4 [0.30]

28 18 NA 6.8 [1.00]

47 29 0.43 6.8 [1.00]

73 45 0.43 6.8 [1.00]

79 49 0.43 6.8 [1.00]

81 50 0.43 6.8 [1.00]

152 94 0.43 6.8 [1.00]

159 98 0.43 6.8 [1.001

lb [1.00]

lb [1.00]

2a [1.00]

Ia [1.00]

2a [1.00]

5 [1.00]

ic [1.00]

2a [1.00]

5 [1.00]

5 [1.00]

5 [1.00]

5 [1.00]

5 [1.00]

5 [1.00]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No No No

No No No

No

No

No

No

No

No

No No No

No

No

No No

No No

No No No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

_C-- 22-24-35 7 4 NA _ [ No No No N o-------
GC13 22 - 24 - 35 7 4 NA 6.8 [1.00] 2a [1.00] No No No No

GC12 22 - 24 7 4 NA 6.8 [1.00] 2a [1.00] No No No No

105 Northern 60 37 1.00 4.6[0.90] Ia [1.00] No No No No
Coastal Plain 4.9 [0.10]

M25 Mafic Pluton 84 52 0.43 6.8 [1.00] 5 [1.00] No No No No

M26 Mafic Pluton 112 70 0.43 6.8 [1.00] 5 [1.00] No No No No
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Table :2.5-7 Summary of Law Engineering Seismic Sources

Distancea

Source

8

M28

M18

M29

Description

Mesozoic Basins

Mafic Pluton

Mafic Pluton

Mafic Pluton

(km) (mi) Pab

194 120 0.27

Mmax (mb)
and Wts.c

6.8 [1.00]

6.8 [1.00]

6.8 [1.00]

6.8 [1.00]

200

211

220

124

131

136

0.43

0.43

0.43

Smoothing
Options

and Wts.d

a and b
values

calculated
for C09

5 [1.00]

5 [1.00]

5 [1.00]

la [1.00]

5 [1.00]

5 [1.00]

5 [1.00]

Ic [1.00]

5 [1.00]

Contributed
to 99%
of EPRI
Hazarde

No

No

No

No

New Information to Suggest
Change in Source:

Geometryf M,,,?g RI?h

No No No

No

No

No

No

No

No

No

No

No

112 Ohio-Pennsylvania
Block

M30 Mafic Pluton

M17 Mafic Pluton

M16 Mafic Pluton

101 Western New
England

M31 Mafic Pluton

223 138 1.00 4.6[0.20]
5.1 [0.50]
5.5 [0.30]

240 149 0.43 6.8 [1.00]

272 169 0.43 6.8 [1.00]

281 175 0.43 6.8 [1.00]

313 194 1.00 4.5[0.15]
5.5 [0.85]

321 199 0.43 6.8 [1.00]

No

No

No

No

No

No

No No No

No No No

No

No

No

No

No

No

No

No

No

No No No

Selected Sources Beyond 200 mi (320 km)

35 Charleston Seismic
Zone

560 348 0.45 6.8 [1.00] 2a [1.00] No Yes; ECFS
Southern
Section

No Yes;
RI of
550
yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. IVaximum Magnitude (Mmax) and wveights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
la = High smoothing on a, constant b (strong prior of 1.05);
1b = High smoothing on b, constant b (strong prior of 1.00);
Ic = High smoothing on a, constant b (strong prior of 0.95);
Id = High smoothing on a, constant b (strong prior of 0.90);
le = High smoothing on a, constant b (strong prior of 0.70);
2a = Constant a, constant b (strong prior of 1.05);
2c = Constant a, constant b (strong prior of 0.95);
2d = Constant a, constant b (strong prior of 0.90).
W\eights on magnitude intervals are all 1.0 for above options.
3a = High smoothing on a, constant b (strong prior of 1.05).
Weights on magnitude intervals are [0.0, 1.0, 1.0, 1.0, 1.0, 1.0,1.0] for option 3a.

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.
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g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. F.l = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
s gnificantly changed per Section 2.5.2.6.5.

2-2-363 Revision 6
April 2006



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table :2.5-8 Summary of Rondout Seismic Sources

Contributed New Information to Suggest
Smoothing to 99% Change in Source:Distancea

Source

29

30

28

Description

Central VA

Shenandoah

Giles County

Mmax (Mb) Options of EPRI
(km) (mi) Pab and Wts.c and Wts.d Hazarde

Sources within 200 mi (320 km)

Geometry?t Mma,?g RIh

_ _ _. _ _ _ _ .

49

Col

C09

50

C07

C02

32

31

Appalachian

Background 49

49+32

Grenville

50 (02) + 12

Background 50

0 0 1.00 6.6[0.30]
6.8 [0.60]
7.0 [0.10]

0 0 0.96 5.2 [0.30]
6.3 [0.55]
6.5 [0.15]

188. 117 1.00 6.6[0.30]
4 6.8 [0.60]

7.0 [0.10]

66.9 42 1.00 4.8[0.20]
5.5 [0.60]
5.8 [0.20]

67 42 NA 4.8 [0.20]
5.5 [0.60]
5.8 [0.201

67 42 NA 4.8 [0.20]
5.5 [0.60]
5.8 [0.20]

106. 66 1.00 4.8[0.20]
9 5.5[0.60]

5.8 [0.20]

107 66 NA 4.8[0.20]
5.5 [0.60]
5.8 [0.20]

107 66 NA 4.8[0.20]
5.5 [0.60]
5.8 [0.20]

. _

111.00]
(a=-0.900,
b=0.930)

1 [1.00]
(a=-1.710,
b=1.010)

1 [1.00]
(a=-1.130,
b=0.900)

2 [1.00]

3 [1.00]

3 [1.00]

2 [1.00]

3 [1.00]

3 [1.00]

1 [1.00]
(a=-2.110,
b=1.040)

1 [1.00]
(a=-1.200,
b=0.960)

Yes

Yes

Yes

No

No

No

No

No

_ - -- - -- - -- - -- - - - - --

No

No

No No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Norfolk Fracture 114.1 71 0.67 5.8 [0.15]
Zone 6.5 [0.60]

6.8 [0.25]

Quakers 210. 131 1.00 5.8[0.15]
3 6.5 [0.60]

6.8 [0.25]

24 Charleston

Selected Sources Beyond 200 mi (320 km)

526 327 1.00 6.6[0.201 1 [1.00] No
6.8[0.60] (a=-0.710,
7.0 [0.20] b=1.020)

Yes; ECFS No Yes;
Southern RI of
Section 550

yrs
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a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Fla = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. Smoothing options are defined as follows (from Reference 121):
1, 6, 7, 8 = a, b values as listed above, with weights shown;
3 = Low smoothing on a, constant b (strong prior of 1.0);
5 = a, b values as listed above, with weights shown.

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights evan
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. Rl = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.
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Table :2.5-9 Summary of Weston Seismic Sources

Contributed New Information to Suggest
Distancea Smoothing to 99% Change in Source:

pb Mmax (Mb) Options of EPRI
Source Description (km) (ml) Pab and Wts.c and Wts.d Hazarde

Sources within 200 mi (320 km)

Geometry?f Mmax?9 Rl?h

22

C21

C22

C34

C35

C23

C19

Central VA Seismic
Zone

104-25

104-26

104-28BE-26

104-28BE-25

104-22-26

103-23-24

0

0

0

0

0

17

43

0 0.82 5.4[0.19]
6.0 [0.65]
6.6 [0.16]

0 NA 5.4 [0.24]
6.0[0.61]
6.6 [0.15]

0 NA 5.4 [0.24]
6.0[0.61]
6.6 [0.15]

0 NA 5.4[0.24]
6.010.61]
6.6 [0.15]

0 NA 5.4[0.24]
6.0 [0.61]
6.6 [0.15]

10 NA 5.4 10.80]
6.0 [0.14]
6.6 [0.06]

27 NA 5.4 [0.26]
6.0 [0.58]
6.6 [0.16]

0 1.00 5.4[0.24]
6.0 [0.61]
6.6 [0.15]

0 NA 5.4 [0.24]
6.6[0.61]
6.6 [0.15]

10 NA 6.0 [0.85]
6.6 [0.15]

10 NA 5.4 [0.80]
6.0[0.14)
6.6 [0.06]

11 NA 5.4 [0.24]
6.0[0.61]
6.6 [0.15]

11 NA 5.4 [0.30]
6.0 [0.70]

11 NA 5.4[0.30]
6.0 [0.70]

lb [1.00]

1 a [0.30]
2a [0.70]

1 a [0.30]
1 b [0.70]

1 a [0.20]
lb [0.80]

1 a [0.20]
lb (0.80]

1 a I0.50]
2a [0.50]

la [1.00]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

_- - - _.- _--- _- - - _ - -_ --_ -- - _ --------------------
104

C25

C20

C24

C26

C27

C28

Southern Coastal
Plain

104-28BCDE

104-22

104-22-25

104-28BCDE-22

0

0

17

17

17

1 a [0.20]
2a [0.80]

1 a [0.30]
2a [0.70]

1a[0.30]
2a [0.70]

1 a [0.50]
2a [0.50]

1 a [0.30]
2a [0.70]

1 a [0.70]
2a [0.30]

1 a [0.70]
2a [0.30]

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

104-28BCDE-22-2 17
5

104-28BCDE-22-2 17
6
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Table :2.5-9 Summary of Weston Seismic Sources

Contributed New Information to Suggest

Source

28B

Col

28E

103

C17

C18

28D

28C

23

102

101

C12

C13

C14

Distancea

Description (km) (mi) Pab

Zone of Mesozoic 24 15 0.26
Basin

28Athru E 24 15 NA

Zone of Mesozoic 41 25 0.26
Basin

Southern 43 27 1.00
Appalachians

103-23 43 27 NA

103-24 43 27 NA

Zone of Mesozoic 116 72 0.26
Basin

Zone of Mesozoic 142 88 0.26
Basin

Giles County 213 132 0.90
Seismic Zone

Appalachian 234 145 1.00
Plateau

S. 236 147 1.00
Ontario-Ohio-India

na

101-7 236 147 NA

101-8 236 147 NA

101-29 236 147 NA

MmaX (mb)
and Wts.c

5.4[0.65]
6.0[0.25]
6.6 [0.10]

5.4[0.65]
6.0[0.25]
6.6 [0.10]

5.4[0.65]
6.010.25]

6.6 [0.10]

5.4[0.26]
6.010.58]
6.6 [0.16]

5.4[0.26]
6.0[0.58]
6.6 [0.16]

5.4[0.26]
6.0[0.58]
6.6 [0.16]

5.410.65]
6.0[0.25]
6.6 [0.10]

5.4[0.65]
6.0[0.25]
6.6 [0.10]

6.0[0.81]
6.6 [0.19]

5.4 [0.62]
6.0[0.29]
6.6 [0.09]

5.4[0.19]
6.0 [0.68]
6.6 (0.13]

5.4[0.19]
6.0 [0.68]
6.6 [0.13]

5.4 [0.1 9]
6.0[0.68]
6.6 [0.13]

5.4[0.19]
6.0 [0.68]
6.6 [0.13]

Smoothing to 99%
Options of EPRI

and Wts.d Hazarde Geometry?' M,,,?g RI?h

No No No

Change in Sourc3:

lb (1.00]

lb [1.00]

lb [1.00]

1 a [0.20]
2a [0.80]

1a (0.70J
2a [0.30]

1 a [0.70]
lb [0.30]

lb [1.00]

lb [1.00]

lb [1.00]

1 a 10.20]
2a [0.80]

1 a [0.20]
2a [0.80]

1 a 10.70]
2a [0.30]

1 a [0.70]
2a [0.30]

1 a [0.70]
2a [0.30]

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No
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Table :2.5-9 Summary of Weston Seismic Sources

Distancea

Source

C15

C16

24

21

28A

C07

C08

C09

C10

Description

101-7-8

101-7-8-29

New
York-Alabama-

Clingman

New York Nexus

Mesozoic Basin

21-19

21-19-10A

21-19-1 OA-28A

21-19-28A

(km)

236

236

255

296

296

296

296

320

320

(mi)

147

147

159

184

184

184

184

199

199

Pab

NA

NA

0.90

1.00

0.26

NA

NA

NA

NA

Mmax (mb)
and Wts.c

5.4 [0.19]
6.0 [0.68]
6.6 [0.13]

5.4[0.19]
6.0[0.68]
6.6 [0.13]

5.4 [0.26]
6.0 [0.58]
6.6 [0.16]

5.4 [0.62]
6.0 [0.29]
6.6 [0.09]

5.4 10.65]
6.0 [0.25]
6.6 [0.10]

5.4 [0.62]
6.0 [0.29]
6.6 [0.09]

5.4 [0.62]
6.0 [0.29]
6.6 [0.09]

5.4 [0.62]
6.0 [0.29]
6.6 [0.09]

5.4[0.62]
6.0 [0.29]
6.6 [0.09]

Contributed
Smoothing to 99%

Options of EPRI
and Wts.d Hazarde

1 a [0.70] No
2a [0.30]

la [1.00] No

lb [1.00] No

lb [r.00] No

1 b [1.00] No

1 b [0.70] No
2b [0.30]

1 b [0.70] No
2b [0.30]

lb [1.00] No

lb [1.00] No

[200 mi (320 km)

lb [1.00] No

New Information to Suggest
Change in Sourca:

Geometry?f Mmax? 9 RI?h

No No No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

25 Charleston Seismic
Zone

Selected Sources Beyond

532 330 0.99 6.6 10.90]
7.2 [0.10]

Yes; ECFS No Yes;
Southern RI of
Section 550

yrs

a. C osest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121
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d. Smoothing options are defined as follows (from Reference 121):
1 a = Constant a, constant b (medium prior of 1.0);
1 b = Constant a, constant b (medium prior of 0.9);
1 c = Constant a, constant b (medium prior of 0.7);
2a = Medium smoothing on a, medium smoothing on b (medium prior of 1.0);
2b = Medium smoothing on a, medium smoothing on b (medium prior of 0.9);
2c = Medium smoothing on a, medium smoothing on b (medium prior of 0.7).

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. FRI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.2.
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Table 2.5-10 Summary of Woodward-Clyde Seismic Sources

Distancea
Mmax (mb)

Source Description (km) (mi) Pab and Wts.C

Smoothing
Options

and Wts.d

Contributed New Information to Suggest
to 99% Change in Source:
of EPRI
Hazarde Geometry?f Mmax? RI?h

Sources within 200 mi (320 km)

B22 North Anna
Background

0 0 1.00 5.8(0.33]
6.2[0.34]
6.6 [0.33]

26 Central VA Gravity
Saddle

27 State Farm
Complex

4 3 0.434 5.4[0.331
6.5[0.34]
7.0 [0.33]

1 [0.25]
6[0.25]
7[0.25]
8 [0.25]

2(0.25]
3[0.25]
4[0.25]
5 [0.25]

2[0.25]
3[0.25]
4[0.25]
5 [0.25]

Yes

Yes

Yes No No No

No No No

No No No5 3 0.474 5.6 [0.331
6.3[0.34]
6.9 [0.33]

- ----- - -- - ------ - -- - --------- - -- - - - -- - ------ - -- - -- - --------- - -- - - - -- -- --- ---------- - -- ---------- - -- - -- ------------

28 Richmond Basin

61 Tyrone-Mt. Union
Lineament

63 Pittsburg-
Washington
Lineament

21 New Jersey
Isostatic Gravity

Saddle

41 26 0.092 5.3 [0.33]
6.0[0.34]
7.2 [0.33]

76 47 0.048 5.4 [0.33]
6.5[0.34]
7.1 [0.33]

186 116 0.050 5.4 [0.33]
6.3 [0.34]
7.1 [0.33]

192 120 0.135 5.3[0.33]
6.5 [0.34]
6.9 [0.33]

192 120 0.045 5.5[0.33]
6.3(0.34]
7.1 [0.33]

209 130 0.211 5.9 [0.33]
6.3 (0.34]
7.0 (0.33]

310.33]
410.34]
5 [0.33]

310.33]
4[0.34]
5 [0.33]

3[0.33]
4[0.34]
5 [0.33]

2[0.101
3[0.10]
4[0.10]
5[0.10]
9[0.60]

(a=-1.406,.
b=1.020)

2[0.10]
310.10]
4[0.10]
5[0.10]
9[0.60]

(a=-1.406,
b=1.020)

2[0.25]
3[0.25]
4[0.25]
5 [0.25]

No

No

No

No

No

No

No No No

No No No

No No No

No No No

No No No

No No No

21A

31A

New Jersey
Isostatic Gravity

Saddle No. 2
(Combo C2)

Blue Ridge
Combination -

Alternate
Configuration
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Table 2.5-10 Summary of Woodward-Clyde Seismic Sources

Distancea

Source Description (km) (ml) Pab

Smoothing
MmaX (Mb) Options
and Wts.c and Wts.d

Contributed
to 99%
of EPRI
Hazarde

53 SE NY/NJ/PA
NOTA Zone

22 Newark Basin

247 153 0.100

259 161 0.078

5.5 [0.33]
6.3 [0.34]
6.8 [0.33]

5.5 [0.33]
6.5 [0.34]
7.1 [0.33]

2[0.10]
3[0.10]
4[0.10]
5[0.10]
9 [0.60]

(a=-1.406,
b=1.020)

2[0.10]
3[0.10]
4[0.10]
5[0.10]
9 [0.60]

(a=-1.503,
b=0.776)

No

No

New Information to Suggest
Change In Source:

Geometry?t Mmaxs RI?h

No No No

No No No

Selected Sources Beyond 200 mi (320 km)

29 S. Carolina Gravity
Saddle (Extended)

29A SC Gravity Saddle
No. 2 (Combo C3)

29B SC Gravity Saddle
No. 3 (NW Portion)

30 Charleston
(includes NOTA)

416 259 0.122

426 264 0.305

416 259 0.183

6.7 [0.33]
7.0 [0.34]
7.4 [0.33]

6.710.33]
7.0 [0.34]
7.4 [0.33]

5.4 [0.33]
6.0 [0.34]
7.0 [0.33]

2[0.25]
3[0.25]
4[0.25]
5 [0.25]

2[0.25]
3 [0.25]
4[0.25]
5 [0.25]

2[0.25]
3[0.25]
4 [0.25]
5 [0.25]

2 f0.10]
3 [0.10]
4 [0.10]
5 [0.10]
9 [0.60]

(a = -1.005, b
= 0.852)

Yes

Yes

No

No No No

No No No

No No No

551 342 0.573 6.8 [0.33]
7.3 [0.34]
7.5 [0.33]

No Yes; ECFS
Southern
Section

No Yes;
RI of
550
yrs

a. Closest Distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. Maximum Magnitude (Mmax) and weights (wts.); from Reference 121
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d. Smoothing options are defined as follows (from Reference 121):
1 = Low smoothing on a, high smoothing on b (no prior);
2 = High smoothing on a, high smoothing on b (no prior);
3 = High smoothing on a, high smoothing on b (moderate prior of 1.0);
4 = High smoothing on a, high smoothing on b (moderate prior of 0.9);
5 = High smoothing on a, high smoothing on b (moderate prior of 0.8);
6 = Low smoothing on a, high smoothing on b (moderate prior of 1.0);
7 = Low smoothing on a, high smoothing on b (moderate prior of 0.9);
8 = Low smoothing on a, high smoothing on b (moderate prior of0.8).
W'eights on magnitude intervals are all 1.0.
9 = a and b values as listed.

e. Did the source contribute to 99% of EPRI hazard calculated at NAPS?; from Table 2.5-18.

f. No, unless new geometry proposed in literature.

g. No, unless EPRI Mmax exceeded in literature. For Charleston, Mmax from Reference 127 and weights even
though new magnitude estimates do not generally exceed majority of EPRI Mmax values.

h. RI = recurrence interval; assumed no change if no new paleoseismic data or rate of seismicity has not
significantly changed per Section 2.5.2.6.5.
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Table :2.5-11 Comparison of EPRI Characterizations of the Central Virginia Seismic
Zone

Largest Mmax Value Conthibuted
Distancea Considered by EPRI Team to !9%

EPRI Mmax (mb) of lEPRI
Team Source Description km mi Pab and Wts.c Mb Me Hai ardd

Bechtel E Central Virginia 0 0 0.35 5.4 [0.10] 6.6 6.49 Yes
5.7[0.40]
6.0 [0.40]
6.6 [0.10]

Dames & 40 Central VA 24 15 1.00 6.6[0.80] 7.2 7.51 Yes
Moore Seismic Zone 7.2 [0.20]

Law na na na na na na na na na
Engineeringf

Rondout 29 Central VA 0 0 1.00 6.6 [0.30] 7.0 7.16 Yes
6.8 [0.60]
7.010.10]

Weston 22 Central VA 0 0 0.82 5.4[0.19] 6.6 6.49 Yes
Seismic Zone 6.0 [0.65]

6.6 [0.16]

Woodward- 26 Central VA 4 3 0.434 5.4[0.33] 7.0 7.16 Yes
Clyde Gravity Saddle 6.5 [0.34]

Consultants 7.0 [0.33]

Range of Largest Mmax Value Considered by EPRI Teams = mb 6.6 - 7.2 M 6.5 - 7.5

Average of Largest Mmax Values for 5 EPRI Teams (mb) = 6.9

Average of Largest Mmax Values for 5 EPRI Teams (M) = 7.0

a. Closest distance between site and source measured in Bechtel GIS system using EPRI source files.

b. Pa = probability of activity; from Reference 121

c. N/aximum Magnitude (Mmax) and weights (wts.); from Reference 121

d. SDurce contribution to 99% of EPRI hazard at North Anna from Table 2.5-18.

e. rr b converted from M as described in Section 2.5.2.2.1.

f. Law Engineering team did not define a Central VA seismic zone, but did define several mafic pluton sources
in the central VA area. The seismicity parameters for the pluton sources were calculated from a large region
surrounding each pluton, which effectively captured a majority of seismicity from the CVSZ, as described n
Section 2.5.2.6.1.

2--7 evso
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Table :2.5-12 Seismic Source Zone Parameters from Bollinger Study
(Reference 125)

Source Description

RZ6 Central VA

RZ3 Giles County, VA

CZ1 Complementary
(Background)

LZ1 Charleston, SC

RZ4A E-astern TN

RZ4 E-astern TN

RZ5 NW SC and SW NC

LZ3 South Carolina
Piedmont and Coastal
Plain

a

1.18

1.07

2.70

b

0.64

0.64

0.84

Mmax

mbL9

6.40

6.30

5.75

-

Ms'

7.10

6.80

5.80

Mb

6.20

6.06

5.36

Focal Depth Distribution (km)

Upper Bound Lower B3ound
(Du) (D1a)

10% Quantile 90% QLiantile

4.5 13.4

4.4 15.1

3.3 18.5

1.69

2.72

2.72

2.14

1.86

0.77

0.90

0.90

0.82

0.80

6.90

7.35

6.45

6.00

6.00

8.10

8.75

7.15

6.20

6.20

6.98

7.78

6.27

5.66

5.66

5.0

7.6

7.6

2.3

0.8

10.2

20.8

20.8

11.2

7.A

LZ4 SC Fall Line

LZ2 Bowman, SC

LZ5 Area of LZ3 minus
Area of LZ4

1.58

1.34

0.81

0.78

6.25

6.00

6.50

6.20

5.99

5.66

0.9

2.4

6.1

5.3
-

1.70 0.80 6.00 6.20 5.66 0.9 6.5

-

LZ6 Savannah River Site

RZ1 New Madrid, MO
(small)

1.34 0.80 6.50 7.20

3.32 0.91 7.35 8.75

6.34 0.8 7.4

7.78 3.0 11.6

RZ2 New Madrid, MO 3.43 0.88 6.70 7.65 6.65 2.8 12.4
(large)

a. mb and Ms values presented in Reference 125. The mb to Ms conversion was defined by Nuttli in a written
communication to Bollinger.

b. M converted from mbLg as described in Section 2.5.2.6.5.
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Table :2.5-13 Seismic Source Zone Parameters from Chapman and Krimgold Study
(Reference 126)

Approx.
Distancea

Area b b Mmaxc Mmaxe
Source Description km mi. (sq. km) a b (mbLg) (M) (mb)

1 Giles County, VA 210 130 5.1 x 103 1.07 0.64 7.25 7.53 7.22

2 Central VA 0 0 2.0 x 104 1.18 0.64 7.25 7.53 7.22

3 Eastern TN. 510 317 3.7 x 104 2.72 0.90 7.25 7.53 7.22

4 Southern Appalachians (VA, NC, SC, TN) 150 93 7.6 x 104 2.42 0.84 7.25 7.53 7.22

5 Northern VA, MD 60 37 4.3 x 104 1.63 0.84 7.25 7.53 7.22

6 Central Appalachians (PA, NJ, NY) 180 112 6.8 x 104 2.84 0.98 7.25 7.53 7.22

7 Piedmont - Coastal Plain 25 16 4.4 x 105 2.32 0.84 7.25 7.53 7.22

8 Charleston, SC 570 354 1.2 x 103 1.69 0.77 7.25 7.53 7.22

9 Appalachian Foreland (TN, KY, OH, WVA, PA) 175 109 6.5 x 105 3.36 1.00 7.25 7.53 . 7.22

10 New Madrid, MO 1015 631 6.1 x 103  3.32 0.91 7.25 7.53 7.22

a. Closest Distance between site and source estimated (approximately) from Figure 1 in Reference 126.

b. a and b values from Reference 126.

c. Values listed in Reference 126. With the exception of New Madrid, they assumed all sources would have the
same Mmax as the largest EQ to have occurred in the southeastern U.S. region, the 1886 Charleston, SC event.

d. Note that more recent estimates of Charleston EQ magnitude are lower than M 7.53.
M 7.3 +0.26/-0.26 Reference 90
M 6.8 +0.3/-0.4 Reference 189

e. rb converted from M as described in Section 2.5.2.2.1.
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Table 2.5-14 Summary of Selected USGS Seismic Sources (Reference 127)

Mmax
(M)

Description and Wts.

Largest Mmax
Value Considered

by USGS

M mba

Sources within 200 mi (320 km)

Extended Margin Background 7.5 [1.00] 7.5 7.20

Selected Sources Beyond 200 mi (320 km)

Charleston 6.8 [0.20] 7.5 7.20
7.1 10.20]
7.3 [0.45]
7.5 [0.15]

New Madrid 7.3 [0.15] 8.0 7.49
7.5 [0.20]
7.7 [0.50]
8.0 [0.15]

Stable Craton Background 7.0 [1.00] 7.0 6.91

a. ryb converted from M as described in Section 2.5.2.2.1.

Table 2.5-15 1989 EPRI PSHA Study Models

Model Description Weight

McGuire et al. Model developed by EPRI 0.5
(Reference 189)

Boore and Atkinson Published model 0.25
(Reference 190)

Nuttli Published model for peak parameters, combined with Newmark-Hall 0.25
(Reference 191) (Reference 192) amplification factors
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Table 2.5-16 Comparison of PGA Results for North Anna Using 1989 EPRI Sources
and Ground Motion Models

Ground motion (PGA)

Mean 50 cm/s2

50% 50 cm/s2

85% 50 cm/s2

Mean 250 cm/s2

50% 250 cm/s2

85% 250 cm/s2

mean 590 cm/s2

50% 50D cm/s2

85% 503 cm/s2

Original 1989a

1.6E-3

1.4E-3

2.9E-3

7.OE-5

4.8E-5

1.3E-4

9.3E-6

5.5E-6

1.7E-5

Replicated 1989

1.62E-3

1.32E-3

2.92E-3

7.09E-5

4.79E-5

1.35E-4

9.46E-6

5.62E-6

1.76E-5

Differencea

+1%

-5%

+1%

+1%

0

+4%

+2%

+2%

+4%

a. 1989 results are only available to 2 digits accuracy in Reference 115, which
could lead to a +5% apparent difference.

Table :2.5-17 Comparison of Spectral Velocity Results for North Anna Using 1989
EPRI Sources and Ground Motion Models

Parameter

Median 1 E-5 1 Hz amplitude

Median 1 E-5 2.5 Hz amplitude

Median 1E-5 5 Hz amplitude

Median 1 E-5 10 Hz amplitude

Original 1 989a

14.0 cm/s

14.5 cm/s

13.3 cm/s

10.4 cm/s

Replicated 1989

14.2 cm/s

14.5 cm/s

13.7 cm/s

10.3 cm/s

Difference

+1%

0%

+3%

-1%

a. Reference 115, Appendix E, Table 3-62

2-2-377 Revision 6
April 2006



Nor:h Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-18 Seismic Sources Contributing to 99% of Hazard for Each 1989 EPRI
Team

Earth Science Team Sources used

Bechtel 24, E, BZ4, BZ5

Dames & Moore 4,40, 41, 42, 47, 4b, 53

Law Engineering 17,107, 22, 217, C09, C10, C11, M19, M20, M21, M22, M23, M24, M27

Rondout Associates 28, 29, 30

Woodward-Clyde Cons. 26, 27, 29, 29A, B22

Weston Geophysical Corp. 22, C19, C21, C22, C23, C34, C35

Table :2.5-19 Significant Seismic Source at North Anna by 1989 EPRI Team

Earth Science Team

Bechtel

Dames & Moore

Law Engineering

Seismic
source

E
BZ5

40

17
M22

29

27
26

B22

22

Description

Central VA seismic zone
Local background

Central VA seismic zone
Eastern basement

Rondoul Association

Woodward-Clyde Consultants

Eastern basement
Local mafic pluton source

Central VA seismic zone

Central VA seismic zone
Alternate Central VA seismic zone
Local background

Central VA seismic zoneWeston Geophysical
Corpora-:ion

Table 2.5-20 Controlling Earthquake Magnitude and Distances Using 1989 EPRI
Sources and Ground Motion Models

Low frequency (1 and 2.5 Hz)

High frequency (5 and 10 Hz)

mt) Ma

6.2 5.9

5.9 5.5

repi, km

25

18

rCDb, km

23

17

a. M converted from mb as described in Section 2.5.2.2.1.

b. rCD converted from repi as given in Reference 116, model F3.
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Table :2.5-21 Spectral Amplitudes Using 1989 EPRI Sources And Ground Motion
Models

Frequency

1 Hz

2.5 Hz

Median/Mean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

1989 Ground Motions

0.0910 9

0.219 g

0.232 g

0.519 g

0.439g

0.753 g

0.660 g

0.827 g

5 Hz -

10 Hz

Table 2.5-22 Updated Seismic Hazard Results at ESP Site

Frequency

1 H;:

2.5 Fez

MedianlMean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

10-5 median

10-5 mean

Updated Models

0.0961 g

0.134 g

0.3169

0.364 9

0.639 9

0.735 9

1.020 g

1.216 g

1989 Models

0.0910 g

0.219 g

0.232 g

0.519 g

0.439 9

0.753 g

0.660 g

0.827 g

Difference

+6%

-39%

+36%

-30%

+46%

-2%

+55%

+47%

5 H;:

10 Hz

Table 2.5-23 Controlling Earthquake Magnitude and
(Using Median 10 Ground Motion)

Distances,' Updated Models

Low frequency (1 and 2.5 Hz)

high frequency (5 and 10 Hz)

mb

5.9

5.7

Ma

5.6

reps, km

20

15

rCDb, km

19

155.3

a. M converted from mb as described in Section 2.5.2.2.1.

b. r(:D converted from repi as given in Reference 116, model F3.
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Table :2.5-24 Spectral Accelerations Corresponding to Mean 5 x 10 5 Annual
Frequency

Spectral
Acceleration Average

at Combined spectral
Frequency 5 x 10`5, g frequency, Hz Acceleration, g

1 0.0652
1.75 0.118

2.5 0.170

5 0.339
7.5 0.443

10 0.547

Table 2.5-25 Controlling Earthquake Magnitudes and Distances Corresponding to
Mean 5 x 10-5 Annual Frequency

F:requencies

Low (1 and 2.5 Hz)
(using distant events only)

High (5 and 10 Hz)

M rCD, km

7.2 308

-

5.4 20

Table :2.5-26 Summary of Performance-Based Spectrum Calculations

Frequency
Hz

0.5

I

2.5

5

10

25

100 (PGA)

Mean I x 1-

Amplitude, g

0.0298

0.0463

0.120

0.235

0.373

0.569

0.214

Mean I x 104
Amplitude, g

0.0944

0.134

0.364

0.735

1.216

1.99

0.753

AR

3.17

2.89

3.03

3.13

3.26

3.50

3.52

SF

1.51

*1.40

1.46

1.49

1.54

1.63

1.64

A(t, g

0.0450

0.0650

0.175

0.351

0.578

0.930

0.351

2-2-380 Revision 6
April 2006



Norlh Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-27 Selected Horizontal SSE Amplitudes, VIH Ratios from Reference 171,
and Resulting Vertical SSE Amplitudes

Frequency Selected Horizontal
Hz SSE Amplitudes, g

100 0.374

50 0.780

30 0.924

25 0.930

20 0.869

10 0.578

8 0.499

6 0.405

5 0.351

4 0.266

3 0.200

2.5 0.175

2 0.145

1 0.0651

0.8 0.0581

0.6 0.0498

0.5 0.0450

0.4 0.0337

0.3 0.0229

0.2 0.0129

0.1 0.00412

V/H Ratio

1.00

1 .12a

0.94a

0.88

0.83a

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

Selected Vertical
SSE Amplitudes, g

0.374

0.877

0.866

0.818

0.717

0.434

0.375

0.304

0.263

0.200

0.150

0.131

0.109

0.0488

0.0436

0.0373

0.0338

0.0253

0.0172

0.00965

0.00309

.

.

-

-

-

-

a. V/H ratios calculated by log-log interpretation.
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Table 2.5-27A Selected Zone III-IV Control Point Horizontal SSE Amplitudes, V1/H
Ratios from Reference 171, and Resulting Vertical SSE Amplitudes

Freque ncy
Hz

100

50

30

25

20

10

8

6

5

4

3

2.5

2

1

0.8

0.6

0.5

0.4

0.3

0.2

0.1

Selected Horizontal
SSE Amplitudes, g

0.555

1.195

1.470

1.476

1.446

0.945

0.717

0.481

0.376

0.287

0.214

0.179

0.142

0.0677

0.0576

0.0488

0.0429

0.0343

0.0233

0.01298

0.00382

V/H Ratio

1.00

1.12

0.94

0.88

0.83

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

Selected Vertical
SSE Amplitudes, g

0.555

1.33

1.38

1.29

1.20

0.708

0.537

0.360

0.282

0.215

0.160

0.134

0.106

0.0507

0.0432

0.0366

0.0321

0.0257

0.0174

0.00973

0.00286

-

.

.
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Table 2.5-28 Mean 5 x 10 5 Spectral Amplitudes for RG
Approach and for Sensitivity Studies

1.165 Reference Probability

Frequency

PGA

25 Hz

10 H-z

5 Hz

2.5 Flz

1 Hz7

0.5 Filz

Mean 5 x 1 O's
Spectral

Amplitude (g),
RG 1.165 RP

Approach

0.319

0.845

0.547

0.339

0.17

0.0652

0.0434

.

Mean 5 x 1 0 5
Spectral

Amplitude (g)
Using Alternate

Mmin

0.246

0.651

0.437

0.287

0.156

0.0642

0.0428

Change From
RG 1.165 RP

Approach

-22.9%

-23.0%

-20.1%

-15.3%

-8.2%

-1.5%

-1.4%

Mean 5 x 105
Spectral

Amplitude (g) Change From
Using Alternative RG 1.1165 RP

Sigma Apprcach

0.297 -6.9Y 0

0.702 -16.9%

0.517 -5.5%/6

0.329 -2.9 Yo

0.162 -4.7%

0.0592 -9.2%

0.0336 -22.E%

.

Table :2.5-29 Zone IIA Constituents

Coarse-Grained Fine-Grained SC
Thickness

Location Sampled, ft SP/GP SM ML MH/CLICH

Units 182 2204 9.4% 67.8% 1.5% 20.3% 1%

Units 384 1112 17.5% 78.8% 3.7% -a _

SWR 1223 23.3% 44.7% 22.7% 6.3% 3%

ISFSI 451 - 45.5% 2.4% 47% 5.1%

ESP 105 2.4% 68.5% 20.2% - 8.9%

Average 10.5% 61.1% 10.1% 14.7% 3.6%

Sources: Table 2.5-30 through Table 2.5-36, and Table 2.5-38

a. Dash in box denotes absence of that constituent at that location
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Table 2.5-30 Summary of Units 1&2 Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blows/ft

1 144,104 2,204,897 275 87 pa 1 35 - 7 24 to 600 138

2 144,381 2,204,733 285 97 - 3 29 - - - -

3 144,667 2,204,564 279 80 - 2 33 - - - -

4 144,000 2,204,665 291 104 - - 25 - - - -

5 144,175 2,204,567 294 116 - 1 20 7 - - -

6 144,348 2,204,464 289 110 - 1 28 - - - -

7 144,559 2,204,340 275 151 - - 55 - - - -

8 143,897 2,204,438 299 97 - 1 7 - - - -

9 144,176 2,204,273 281 92 - 8 55 - - - -

10 144,463 2,204,108 256 79 - 2 31 - 7 17 to 1220 151

11 143,794 2,204,206 307 107 - - 22 7 - - -

12 143,964 2,204,103 289 106 - 1 17 - - - -

13 144,139 2,204,000 270 90 - - - 24 - - -

14 144,358 2,203,876 275 87 - 1 42 - -

15 143,742 2,203,980 317 117 - 5 34 5 - - -

16 143,971 2,203,814 297 117 - - 30 - - - -

17 144,253 2,203,655 271 94 - 1 67 - - - -

18 143,582 2,203,751 314 130 - 1 21 - -

19 143,751 2,203,649 298 120 - 3 22 - - - -

20 143,932 2,203,549 283 104 - 2 18 - - - -

21 144,144 2,203,423 275 93 - 10 37 - - - -

22 143,479 2,203,521 317 123 - 4 49 - -

23. 143,758 2,203,356 305 97 - 1 7 10 - - -

24 144,041 2,203,191 293 90 - 3 57 - - - -

25 143,371 2,203,289 305 112 - 1 49 - - - -

26 143,655 2,203,126 297 97 - 4 2 - -

27 143,938 2,202,959 279 92 - 4 36 - 4 16 to 107 36

28 144,060 2,204,552 295 115 - - 25 - - - -
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-30 Summary of Units 1&2 Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blDowsft

29 144,129 2,204,515 294 115 - 13 7 - -

30 144,015 2,204,418 293 92 - - 24 - - - -

31 144,036 2,204,256 281 100 - - 7 - - - -

32 143,960 2,204,294 288 109 - - 15 - - - -

34 144,297 2,204,385 286 86 - - 45 - - - -

35 144,238 2,204,136 273 75 - - 40 5 - - -

36 144,206 2,204,139 272 72 - - 60 - - - -

37 144,711 2,204,201 251 65 - - 50 - - - -

38 144,675 2,204,103 244 57 - - 40 - - - -

39 143,985 2,204,582 293 112 - - 31 15 - - -

40 143,892 2,204,320 297 112 - 4 11 27 - - -

41 143,335 2,203,820 326 77 - - 77 - - - -

42 142,737 2,204,067 305 76 - - 76 - - - -

43 143,737 2,204,722 285 60 - 2 42 8 6 69 to 140 88

44 143,119 2,204,974 275 76 - - 76 - - - -

45 143,282 2,204,569 309 76 - - 76 - - - -

46 143,167 2,204,242 317 75 - 4 71 - - - -

47 143,528 2,204,284 302 76 - - 76 - - -

48 143,020 2,204,469 294 76 - 6 70 - - - -

49 144,222 2,204,490 291 120 - - 42 - - - -

50 144,123 2,204,232 287 83 - - 53 - 9 4 to 65 9

51 144,703 2,202,598 253 20 - - 2 - - - -

52 143,765 2,202,970 285 27 - 9 18 - - - -

53 144,082 2,202,414 301 27 - 19 8 - - - -

54 144,402 2,201,850 300 27 - 3 24 - - - -

55 144,474 2,202,231 323 27 - 9 18 - - - -

101 145,187 2,203,051 282 92 - 5 36 - - - -

102 142,058 2,205,639 288 100 - - 70 15 - - -

2-2-385 
Revision 6

2-2-385 Revision 6
April 2006



North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-30 Summary of Units 1&2 Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Value!;

Northing *Easting Elev. Depth Fill I IIA IIB Range Median

Boring f ft | ft ft ft ft ft No. blows/ft |blowsIft

103 141,134 2,206,732 265 125 - - 80 22 7 22 to 277 52

104 143,840 2,204,196 304 150 - - 19 - - - -

105 144,041 2,204,072 274 150 - - 30 - 2 6 to 7 7

106 144,206 2,203,930 274 150 - - 57 13 - - -

60 290 93 0% 5% 89% 6% 42 52

Total Median Percentage Total Median

Source: Reference 146

a. Dash in box denotes absence of that soil in boring, or no test performed.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table .2.5-31 Summary of Units I & 2 Borings-Rock

Top of Rock
Borehole Details Elevation Median RecoverylRQD

Northing Easting Depth Elev. III III-V or IV IlIl III-IV IV

Boring ft ft ft ft ft ft Rec. RQD Rec. I RQD Rec.

1 144,104 2,204,897 87 275 216 239 64% 0% 87% 9% 100% 46%

2 144,381 2,204,733- 97 285 -a 253 - - - - 79% 63%

3 144,667 2,204,564 80 279 245 226 100% 52% - - 96% 32%

4 144,000 2,204,665 104 291 - 267 - - 90% 0% 90% 22%

5 144,175 2,204,567 116 294 273 251 92% 70% 100% 35% 95% 55%

6 144,348 2,204,464 110 289 259 234 83% 22% 100% 86% 98% 93%

7 144,559 2,204,340 151 275 - 220 - - - - 98% 62%

8 143,897 2,204,438 97 299 - 289 - - - - 75% 40%

9 144,176 2,204,273 92 281 218 215 29% 25% - - 100% 97%

10 144,463 2,204,108 79 256 216 223 55% 33% - - 81% 70%

11 143,794 2,204,206 107 307 285 212 60% 0% - - 100% 28%

12 143,964 2,204,103 106 289 - 268 - - - -. 97% 80%

13 144,139 2,204,000 90 270 246 240 22% 0% 91% 75% 100% 85%

14 144,358 2,203,876 87 275 225 211 30% 0% - - 90% 70%

15 143,742 2,203,980 117 317 278 249 50% 20% - - 93% 82%

16 143,971 2,203,814 117 297 - 267 - - - - 100% 90%

17 144,253 2,203,655 94 271 - 203 - - - - 100% 97%

18 143,582 2,203,751 130 314 292 225 10% 0% - - 87% 60%

19 143,751 2,203,649 120 298 273 234 25% 8% - - 75% 66%

20 143,932 2,203,549 104 283 263 245 33% 16% - - 95% 88%

21 144,144 2,203,423 93 275 235 206 25% 0% - - 96% 66%

22 143,479 2,203,521 123 317 264 254 43% 15% 57% 11% 91% 44%

23 143,758 2,203,356 97 305 287 274 76% 56% - - 95% 78%

24 144,041 2,203,191 90 293 - 233 - - - - 80% 71%

25 143,371 2,203,289 112 305 255 205 0% 0% - - 100% 73%

26 143,655 2,203,126 97 297 291 288 96% 65% - - 70% 59%

27 143,938 2,202,959 92 279 239 210 17% 0% - - 78% 40%

2--8 
evso
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Nor:h Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-31 Summary of Units 1 & 2 Borings-Rock

Top of Rock
Borehole Details Elevation Median RecoverylRQD

Northing Easting Depth Elev. Ill III-IV or IV Il III-IV IV

Borinq f ft ft ft ft Rec. RQD Rec. I RQD Rec.]1i

28 144,060 2,204,552 115 295 - 270 - - 100% 25% 100% 38%

29 144,129 2,204,515 115 294 - 274 - - 100% 63% - -

30 144,015 2,204,418 92 293 - 269 - - 100% 60% 100% 77%

31 144,036 2,204,256 100 281 274 230 80% 42% 47% 17% 90% 47%

32 143,960 2,204,294 109 288 - 273 - - - - 97% 50%

34 144,297 2,204,385 86 286 206 241 62% 9% - - 80% 47%

35 144,238 2,204,136 75 273 233 - 50% 29% - - - -

36 144,206 2,204,139 72 272 - 212 - - 75% 42% - -

37 144,711 2,204,201 65 251 - 201 - - - - 75% 43%

38 144,675 2,204,103 57 244 - 204 - - - - 67% 32%

39 143,985 2,204,582 112 293 243 262 90% 42% 67% 18% 88% 70%

40 143,892 2,204,320 112 297 282 228 70% 21% 49% 4% - -

41 143,335 2,203,820 77 326 - - - - - - - -

42 142,737 2,204,067 76 305 - - - - - - - -

43 143,737 2,204,722 60 285 - - - - - - - -

44 143,119 2,204,974 76 275 - - - - - - - -

45 143,282 2,204,569 76 309 - - - - - - - -

46 143,167 2,204,242 75 317 - - - - - - - -

47 143,528 2,204,284 76 302 - - - - - - - -

48 143,020 2,204,469 76 294 - - - - - - - -

49 144,222 2,204,490 120 291 - 249 - - 83% 62% 85% 33%

50 144,123 2,204,232 83 287 - 234 - - - - 95% 92%

51 144,703 2,202,598 20 253 251 - 65% 17% - - - -

52 143,765 2,202,970 27 285 - - - - - - - -

53 144,082 2,202,414 27 301 - - - - - - - -

54 144,402 2,201,850 27 300 - - - - - - - -

55 144,474 2,202,231 27 323 - - - - - - - -
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table :2.5-31 Summary of Units 1 & 2 Borings-Rock

Top of Rock
Borehole Details Elevation Median Recovery/RQD

Northing Easting Depth Elev. IlIl III-IV or IV IlIl III-IV IV

Boring ft ft ft ft ft ft Rec. IRQD Rec. I RQD Rec.

101 145,187 2,203,051 92 282 242 236 83% 40% - - 82% 62%

102 142,058 2,205,639 100 288 - - - - - -

103 141,134 2,206,732 125 265 - - - - - - - -

104 143,840 2,204,196 150 304 - 298 - - 55% 17% 100% 88%

105 144,041 2,204,072 150 274 244 242 80% 67% - - 92% 79%

106 144,206 2,203,930 150 274 216 204 57% 4% 96% 40% 100% 95%

60

Total]

Source: Reference 146

5589 290 250 236 58% 18% 88% 30% 92% 66%

I Total I Median

a. Dash in box denotes absence of that rock in boring, and no Recovery/RQD recorded.
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Nor:h Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table :2.5-32 Summary of Units 3 & 4 Borings-Soils

Soil Zone
Borehole Details Thickness Zone IIA N-Values

Northing Easting | Elev. Depth Fill I IIA IIB Range Median

Boringi ft | ft ft ft ft ft No. blows/ft blows/ft

601 144,563 2,203,695 269 64 5 - 19 - 2 16 to 100 58

602 144,490 2,203,510 277 70 21 - - - - - -

603 144,495 2,203,615 274 85 14 - 19 20 2 105 to 175 140

604 144,500 2,203,731 270 85 3 - 16 10 1 40 40

605 144,425 2,203,535 277 70 15 - 14 - 3 35 to 123 54

606 144,338 2,203,843 270 70 2 - 22 11 4 18 to 140 48

607 144,235 2,203,570 270 65 2 - 26 7 5 13 to 250 32

608 144,270 2,203,882 270 87 2 - 33 37 3 31 to 146 143

609 144,232 2,203,803 271 90 2 - 54 7 5 13 to 140 21

610 144,188 2,203,705 271 96 2 - 70 9 8 22 to 225 27

611 144,165 2,203,610 271 76 2 - 48 - 5 15 to 220 33

612 144,125 2,203,515 270 80 7 - 46 5 1 13 13

613 144,195 2,203,910 270 65 2 - 42 - 7 15 to 90 30

614 144,160 2,203,825 271 70 2 - 38 - 5 18 to 33 23

615 144,125 2,203,723 270 65 2 - 33 4 4 12 to 44 28

616 144,100 2,203,638 271 64 1 - 32 - 5 9 to 45 24

617 144,063 2,203,548 271 70 2 - 38 5 7 26 to 136 94

618 144,140 2,203,930 270 54 2 - 32 - 5 14 to 44 32

619 144,065 2,203,749 271 49 1 - 12 - 2 65 to 110 87

620 144,108 2,203,859 270 46 1 - 9 3 1 40 40

621 144,005 2,203,700 271 50 -a - 2 - -

622 143,510 2,203,535 271 79 1 - 19 10 3 41 to 360 210

623 143,915 2,203,670 272 79 2 - 12 - 2 49 to 510 275

624 143,960 2,203,985 271 175 1 - 9 - 2 49 to 150 100

625 143,905 2,203,845 270 40 5 - - - 1 6 6

626 143,870 2,203,686 272 150 1 - 7 - 1 119 119

627 143,911 2,204,068 271 78 3 - 7 - - - -
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Nor:h Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-32 Summary of Units 3 & 4 Borings-Soils

Soil Zone
Borehole Details Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring t ft | ft ft ft ft ft No. blows/ft blows/ft

628 143,878 2,203,980 271 78 3 - - - -

629 143,795 2,203,780 272 79 1 - - - - - -

630 143,775 2,203,725 271 78 3 - - - - - -

631 143,345 2,204,005 322 105 - 11 77 - 8 13 to 262 48

632 143,815 2,204,355 294 75 1 - 15 18 3 44 to 116 56

633 143,880 2,204,570 284 59 8 - 5 15 - - -

634 143,945 2,204,790 284 62 8 - 25 8 5 23 to 145 65

635 143,995 2,204,960 275 65 - 2 19 18 - - -

636 144,415 2,203,750 270 70 3 - 26 15 5 15 to 400 200

637 144,340 2,203,570 271 75 10 - 20 - 3 14 to 200 42

638 144,660 2,203,660 268 50 3 - 5 20 1 116 116

639 144,590 2,203,475 274 61 23 - 8 10 2 128 to 160 144

640 144,290 2,203,935 269 82 - - 47 35 8 22 to 242 50

641 143,205 2,203,855 270 88 2 - 55 - 10 16 to 300 28

642 144,175 2,203,655 271 75 2 - 52 - 7 19 to 94 26

643 144,109 2,203,586 270 72 2 - 30 8 6 18 to 400 55

644 143,825 2,203,745 271 50 5 - - - - - -

645 143,895 2,204,010 271 78 5 - - - - - -

646 144,665 2,203,790 268 47 8 - 39 - 8 20 to 240 68

647 144,705 2,203,430 256 40 - - 28 - 5 13 to 200 44

47 271 71 12% 1% 71% 16% 155 - 50

Total Median Percentage Total Ledian
Source: Reference 8

a. D3sh in box denotes absence of that soil in boring, or no test performed.
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Norl:h Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-33 Summary of Units 3 & 4 Borings-Rock

Borehole Details Top of Rock El. Median Recovery/RQD

Northing | Easting Depth Elev. IlIl IV or 111-IV liI III-IV I IV

Boring Ft Ft t Ft Ft Ft Rec. RQD Rec. RQD Rec. RQD

601 144,563 2,203,695 64 269 237 245 98% 39% 95% 73% - -

602 144,490 2,203,510 70 277 238 255 84% 30% 69% 29% - -

603 144,495 2,203,615 85 274 209 230 57% 6% 100% 50% 100% 85%

604 144,500 2,203,731 85 270 251 190 75% 27% - - 100% 69%

605 144,425 2,203,535 70 277 248 - 98% 45% - - - -

606 144,338 2,203,843 70 270 205 223 20% 0% 100% 60% - -

607 144,235 2,203,570 65 270 235 227 - - 100% 55% - -

608 144,270 2,203,882 87 270 235 188 75% 23% - - 93% 49%

609 144,232 2,203,803 90 271 208 - 87% 14% - - - -

610 144,188 2,203,705 96 271 pa 191 - - 100% 86% - -

611 144,165 2,203,610 76 271 - 221 - - - - 97% 96%

612 144,125 2,203,515 80 270 - 212 - - - - 98% 75%

613 144,195 2,203,910 65 270 226 - 100% 51% - - - -

614 144,160 2,203,825 70 271 231 224 70% 5% 93% 55% 97% 69%

615 144,125 2,203,723 65 270 232 227 - - 78% 60% - -

616 144,100 2,203,638 64 271 238 227 67% 53% 95% 83% - -

617 144,063 2,203,548 70 271 226 221 96% 44% - - 94% 94%

618 144,140 2,203,930 54 270 - 236 - - - - 100% 90%

619 144,065 2,203,749 49 271 249 258 92% 0% - - 93% 93%

620 144,108 2,203,859 46 270 259 257 - - - - 99% 77%

621 144,005 2,203,700 50 271 269 246 69% 65% - - 100% 100%

622 143,510 2,203,535 79 271 246 241 75% 10% - - 100% 84%

623 143,915 2,203,670 79 272 258 234 80% 35% - - 100% 87%

624 143,960 2,203,985 175 271 - 261 - - - - 98% 80%

625 143,905 2,203,845 40 270 - 265 - - - - 100% 90%

626 143,870 2,203,686 150 272 - 264 - - 94% 40% 98% 91%

627 143,911 2,204,068 78 271 261 246 75% 20% 100% 66% 100% 91%

628 143,878 2,203,980 78 271 258 242 90% 9% 100% 61% 100% 90%
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table .2.5-33 Summary of Units 3 & 4 Borings-Rock

Borehole Details Top of Rock El. Median Recovery/RQD

Northing Easting Depth Elev. Ill IV or Ill-IV IlIl III-IV I'/

Boring Ft Ft Ft Ft Ft Ft Rec. IRQD Rec. RQD Rec. i RQD

629 143,795 2,203,780 79 272 269 262 50% 20% 100% 80% 100% 90%

630 143,775 2,203,725 78 271 268 251 100% 58% 100% 75% 100% 75%

631 143,345 2,204,005 105 322 - 234 - - 52% 28% - -

632 143,815 2,204,355 75 294 262 - 80% 70% - - - -

633 143,880 2,204,570 59 284 257 229 70% 15% 100% 50% - -

634 143,945 2,204,790 62 284 251 - 96% 60% - - - -

635 143,995 2,204,960 65 275 224 236 86% 23% - - 86% 52%

636 144,415 2,203,750 70 270 241 - 60% 18% - - - -

637 144,340 2,203,570 75 271 241 227 65% 35% 50% 29% 85% 81%

638 144,660 2,203,660 50 268 - 239 - - 75% 35% - -

639 144,590 2,203,475 61 274 232 218 70% 8% - - 85% 50%

640 144,290 2,203,935 82 269 222 - 95% 39% - - - -

641 143,205 2,203,855 88 270 214 197 75% 35% - - 100% 73%

642 144,175 2,203,655 75 271 217 208 100% 20% - - 98% 70%

643 144,109 2,203,586 72 270 230 218 60% 40% 90% 70% - -

644 143,825 2,203,745 50 271 266 256 93% 31% 90% 30% - -

645 143,895 2,204,010 78 271 - 266 - - 100% 40% 100% 68%

646 144,665 2,203,790 47 268 - - - - - - - -

647 144,705 2,203,430 40 256 228 - 80% 25% - - - -

47 23461|271 1238 234 | 80% 127% | 95% 160% |100% |82%

Total Total Median

Source: Reference 8

a. Dash in box denotes absence of that rock in boring, and no Recovery/RQD recorded.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table .2.5-34 Summary of Service Water Reservoir Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft No. blows/ft blows/ft

P-10 142,876 2,204,869 283 27 -a - 27 - 4 20 to 142 34

P-11 143,495 2,204,410 324 53 13 - 40 - 7 13 to 23 16

P-12 143,561 2,204,416 298 30 - - 30 - 4 17 to 25 18

P-15 143,150 2,204,700 321 72 28 - 44 - 1 19 19

P-16 143,050 2,204,607 321 70 32 - 38 - 7 18 to 107 28

P-17 142,958 2,204,529 321 77 32 - 45 - 9 17 to 137 22

S1-1 143,495 2,204,430 326 92 12 - 80 - 12 17 to 100 26

S1-2 143,565 2,204,435 297 75 - - 75 - 7 15 to 100 33

S1-3 143,078 2,204,777 285 64 - - 64 - 9 31 to 155 63

SWR- 1 143,470 2,204,492 306 58 - - 43 15 27 9 to 24 17

SWR-2 143,438 2,204,492 306 58 - - 50 8 33 11 to 84 18

SWR-:3 143,076 2,203,686 321 100 - - 100 - 19 12 to 142 45

SWR-4 143,396 2,203,983 320 101 - - 101 - 20 16 to 400 30

SWR-5 143,391 2,204,753 321 105 26 - 79 - 17 12 to 226 23

SWR-6 143,127 2,204,712 321 104 15 - 89 - 18 16 to 400 25

SWR-7 142,942 2,204,532 321 82 15 - 67 - 13 8 to 37 19

SWR-8 142,951 2,204,302 321 72 10 - 62 - 13 9 to 109 25

SWR-9 142,982 2,204,061 321 67 12 - 55 - 11 8 to 274 50

SWR-10 143,133 2,204,685 321 64 31 - 33 - 13 14 to 36 21

SWR-11 142,980 2,204,685 286 38 16 - 22 - 5 17 to 300 48

SWR-12 142,893 2,204,598 289 49 15 - 34 - - - -

SWR-13 143,242 2,204,792 321 72 27 - 45 - 9 13 to 62 22

22 |321 |71 |18.5% |0 | 80% | 1.5% |258 | 2

Total Median Percentage Total |dian

Source: Reference 5

a. Dash in box denotes absence of that soil in boring, or no test performed.
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Norlh Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-35 Summary of Service Water Reservoir Borings-Rock

Borehole Details Top of Rock Elev.a

Northing Easting Depth Elev. IlIl III-IV or IV

Boring ft ft ft ft ft ft

P-10 142,876 2,204,869 27 283 _b

P-11 143,495 2,204,410 53 324 - -

P-12 143,561 2,204,416 30 298 - -

P-15 143,150 2,204,700 72 321 - -

P-16 143,050 2,204,607 70 321 - -

P-17 142,958 2,204,529 77 321 - -

S1-1 143,495 2,204,430 92 326 - . 234

S1-2 143,565 2,204,435 75 297 - 222

S1-3 143,078 2,204,777 64 285 - 221

SWR-1 143,470 2,204,492 58 306 248 -

SWR-2 143,438 2,204,492 58 306 248 -

SWR-'. 143,076 2,203,686 100 321 - 221

SWR-4. 143,396 2,203,983 101 320 - 219

SWR-5 143,391 2,204,753 105 321 - 216

SWR-El 143,127 2,204,712 104 321 - 217

SWR-7 142,942 2,204,532 82 321 - -

SWR-E; 142,951 2,204,302 72 321 - -

SWR-9 142,982 2,204,061 67 321 - -

SWR-1I) 143,133 2,204,685 64 321 - -

SWR-1 l 142,980 2,204,685 38 286 - -

SWR-12 142,893 2,204,598 49 289 - -

SWR-1:3 143,242 2,204,792 72 321 - -

22 1530 |321 248 221

Total Total Median

Source: Reference 5

a. Top of rock is estimated since there was no rock coring.

b. Dash in box denotes absence of that rock in boring.
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Norlh Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table :2.5-36 Summary of ISFSI Borings-Soils

Borehole Details Soil Zone Thickness Zone IIA N-Values

Northing Easting Elev. Depth Fill I IIA IIB Range Median

Boring ft ft ft ft ft ft ft ft No. blows/ft blovis/ft

F-2 142,000 2,202,990 320 70 _a _ 65 - 14 14 to 78 1,3

F-4 141,982 2,202,850 317 59 - - 34 15 9 15 to 125 21

F-5 141,982 .2,203,200 318 115 - - 64 - 15 9 to 44 25

F-6 141,864 2,202,850 316 59 - - 44 - 11 13 to 110 19

F-7 141,864 2,203,000 320 105 - - 75 - 18 10to 165 21

F-8 141,864 2,203,200 318 69 - - 35 29 9 16 to 36 24

F-9 141,746 2,202,850 311 105 - - 55 4 13 7 to 56 21

F-10 141,746 2,203,000 315 74 - - 50 19 12 20 to 80 27

F-11 141,746 2,203,200 309 69 - - 29 10 8 32 to 160 42

9 |317 1 70 0 | |85.4 1 14.6 109 2I

Total Median Percentage Total Median

Source: Reference 6

a. Dash in box denotes absence of that soil in boring, or no test performed.
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table :2.5-37 Summary of ISFSI Borings-Rock

Top of
Rock
Elev.

Avg.
Recovery/

RQDBorehole Details

Northing Easting Depth Elev. IIl III

Boring ft ft ft ft ft Rec. RQD

F-2 142,000 2,202,990 70 320 255 0% 0%

F-4 141,982 2,202,850 59 317 268 50% 20%

F-5 141,982 2,203,200 115 318 254 15% 0%

F-6 141,864 2,202,850 59 316 272 23% 6%

F-7 141,864 2,203,000 105 320 245 11% 0%

F-8 141,864 2,203,200 69 318 254 80% 0%

F-9 141,746 2,202,850 105 311 252 20% 4%

F-10 141,746 2,203,000 74 315 246 95% 36%

F-11 141,746 2,203,200 69 309 260 41% 8%

Total

Source: Reference 5

725 | 317 | 254 123% | 4%

Total I Median
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North Anna
Early Site Permit Application

Part 2 - Site Safety Analysis Report

Table 2.5-38 Summary of ESP Borings, Observation Wells, and CPTs-Soils

BoreholeIOW/CPT Details Soil Zone Thickness IIA N-Values

Boring| Northing I Easting Elev. Depth Fill I IIA |IIB Range I Median
OW/CF)T ft ft ft I ft ft | ft ft ft No. blows/ft blows/ft

B-801 144,034 2,203,740 249 50 19 - - - - - -

B-802 143,639 2,203,383 271 90 3 - 3 - 1 44 44

B-803 143,603 2,202,766 292 170 - 31 - 9 12 to 31 22

B-804 143,179 2,202,137 320 60 - 2 21 - 8 5 to 24 8

B-8095 144,043 2,203,249 271 90 - - 23 5 8 12 to 100 22

B-806 143,098 2,200,979 299 65 2 - 6 - 2 18 to 22 20

B-807 143,530 2,200,983 311 72 - - 21 21 10 12 to 100 16

7 292 | 72 15% | 1% 167% 17% 38 - 21

Total Median Percentage Total Median

Soil Thickness, ft

OW-841 144,238 2,203,806 252 34 24

OW-842 142,716 2,202,151 337 50 50

OW-843 143,407 2,202,059 321 49 49

OW-844 143,591 2,203,592 274 25 24

OW-845 143,540 2,202,743 297 55 33

OW-846 143,527 2,202,724 297 33 33

OW-847 142,627 2,203,450 320 50 50

OW-848 144,535 2,203,275 285 47 33

OW-849 144,468 2,201,733 299 50 50

9 297 49 33

T ot al| Median

CPT-821 143,647 2,203,355 271 4 4

CPT-822 144,057 2,203,239 271 23 23

CPT-823 143,532 2,202,758 296 32 32

CPT-824 143,736 2,203,012 276 4 4

CPT-825 143,160 2,202,269 333 52 52

CPT-82'7 144,370 2,200,571 277 58 58

CPT-828 144,334 2,200,068 270 5 5

CPT-830 143,531 2,203,002 308 16 16

8 276 20 20

Tot al Median

Source: Reference 147

a. Dash in box denotes absence of that soil in boring, or no test performed.
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Table :2.5-39 Summary of ESP Borings, Observation Wells, and CPTs-Rock

Top of
BoreholeIOW/CPT Details Rock Elev. Median Recovery/RQD

III-IV III III-IV I\
Boring!/ Northing Easting Depth Elev. IlIl or IV

OWICF'T ft ft ft ft ft ft Rec. RQD Rec. RQD Rec. RQD

B-80' 144,034 2,203,740 50 249 230 229 _a _ - - 100% 100%

B-802 143,639 2,203,383 90 271 265 263 - - 88% 44% 100% 84%

B-803 143,603 2,202,766 170 292 262 244 - - - - 100% 100%

B-80-4 143,179 2,202,137 60 320 298 287 - - 80% 47% 100% 98%

B-805 144,043 2,203,249 90 271 243 232 - - 90% 70% 100% 90%

B-80(; 143,098 2,200,979 65 299 292 288 25% 5% 86% 65% - -

B-807 143,530 2,200,983 72 311 276 254 - - 46% 0% - -

7 j | 597 292 1 265 254 1 25% | 5% 186% 147% |100% | 98%

T ot a otal Median

OW-841 144,238 2,203,806 34 252 228

OW-842 142,716 2,202,151 50 337 -

OW-843 143,407 2,202,059 49 321 -

OW-844 143,591 2,203,592 25 274 250

OW-845 143,540 2,202,743 55 297 264

OW-846 143,527 2,202,724 33 297 -

OW-847 142,627 2,203,450 50 320 -

OW-848 144,535 2,203,275 47 285 252

OW-849 144,468 2,201,733 50 299 -

9 393 297 251

Total otal Median

CPT-821 143,647 2,203,355 4 271

CPT-822 144,057 2,203,239 23 271

CPT-823 143,532 2,202,758 32 296

CPT-824 143,736 2,203,012 4 276

CPT-825 143,160 2,202,269 52 333

CPT-82'7 144,370 2,200,571 58 277

CPT-828 144,334 2,200,068 5 270

CPT-8';0 143,531 2,203,002 16 308

8 194 276

Total Total Median

a. Dash in box denotes absence of that soil in boring, or no test performed. Source: Reference 147.
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Table 2.5-40 Summary of Soil Sampling Results

Bore
No.
of

Location Boreholes Elevation

Units 1 &2 60 290

.Units 3&4 47 271

SWR. 22 321

ISFSI 9 317

ESP 7 292

Sources: Reference 5, Reference 6, I

I 

I

hole Median, ft Percentage per Zone Zone IIA N-Values

Total Soil Fill I IIA 1113 Median
Depth Thickness % % % % Number blcwslft

93 40 0 5 89 6 42 52

71 34 12 1 71 16 155 50

71 71 18 0 80 2 258 25

hole Median, ft Percentage per Zone

Total Soil Fill I IIA IIB
Depth Thickness % % % %

93 40 0 5 89 6

71 34 12 1 71 16

71 71 18 0 80 2

70 64 0 0 85 15

72 23 15 1 67 17

Reference 146, Reference 8 and Reference 147

Zone IIA N-Values

Median
Number blows/ft

42 52

155 50

258 25

109 21

38 21

Table :2.5-41 Summary of Rock Coring Results

Ill III-IV IV

Location

-

Units 1.&2

Units 3&4

ICCCII
-

702 58 18 493 88 30 1896

647 88 27 491 95 60 732

197 23 4 _a _ _ _

94 25 5 91 86 47 255

92 66

100 82
_

I.rI |I

100 98ESP

Source ,: Reference 6, Reference 146, Reference 8 and Reference 147

a. Dash in box denotes absence of that rock in boring, or no recovery/RQD recorded.
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Table :2.5-42 Summary of Laboratory Tests Performed

Units
Test II & 2 1SWR ISFSI IESP ITotal

Soil

Moisture content 72 339 30 9 450

Percent passing #200 sieve _-a 260 - - 260

Sieve analysis 15 63 19 10 107

Sieve and hydrometer analysis - 4 - 5 9

Atterberg limits b 4 16 13 5 38

Unit weight 71 163 11 - 245

Mineral analysis (thin section) 1 27 - - 28

Pemieability 4 - 1 - 5

pH 2 - - 4 6

Sulfate 2 - - 4 6

Chloride - - - 4 4

Moisture density (Proctor) 2 - 3 - 5

CBR - - 3 - 3

Consolidation 5 15c 3 - 23

Unconfined compression 2 - 5 - 7

Tria:ial compression (UU) 19 d 62 5 - 86

Triax:ial compression (CIU) w/pp 5 8 6 - 19

Tria:ial compression (cyclic) 2 15 - - 17

Direct shear - 2 - - 2

Shockscope 3 - - - 3

Rock

Unit weight - - - 19 19

Unconfined compression 24 - - 13 37

Unconfined compression w/stress-strain 6 - - 6 12

Sources: Reference 5, Reference 6, Reference 146, Reference 8 and Reference 147.

a. Eash denotes no test performed.

b. Atterberg limit tests only listed for plastic samples tested.

c. Includes 5 constant strain tests with pore pressure measurement.

d. Includes 8 tests on prepared soil samples.

2-2-401 Revision 6
April 2006



Table 2.5-43 Summary of ESP Laboratory Test Results

Sample Identification Moisture Atterberg Limits % Finer Chet

Depth Content 200 Chic
Boring Sample Number ft % Liquid Limit Plastic Limit Plasticity Index 'Sieve pH mc

B-801 SS-1 0-1.5 22.2 39 29 10 6.3 1

B-801 SS-5 8.5-10 _a _ - :39.9 -

B-801 SS-6 13.5-15 - - - - b5.1 - -

B-802 SS-2 3.7-5.2 - - - - 19.5 - -

B-803 SS-3 6.1-7.6 18.9 30 26 4 - - -

B-803 SS-4 8.6-10.1 23.2 - - - :24.4 - -

B-803 SS-6 13.7-15.3 - - - - :20.9 5.7 11

B-803 SS-8 23.6-25.1 - - - - 18.5 - -

B-804 SS-3 3.5-5 - - - - 54.2 - -

B-804 SS-6 11-12.5 - - - - 46.1 - -

B-804 SS-8 18.5-20 - - - - :22.1 - -

B-805 SS-4 7.5-9 27.2 Npb NP NP 27.5 - -

B-805 SS-7 18.5-20 - - - - 25.1 - -

B-806 SS-3 5.6-7.1 - - - - 27.1 6.7 9;

B-807 SS-3 4.5-6 40.1 49 45 4 - - -

B-807 SS-6 12.3-13.8 42.8 46 40 6 - 5.7 1,

B-807 SS-8 21.8-23.8 28.9 41 34 7 42.6 - -

B-807 SS-10 31.5-33 26.7 - - - 37.7 - -

B-807 SS-12 41.4-42.9 21.8 - - - 44.2 - -

Source: Reference 147

a. Dash denotes no test performed.

b. NP - Non Plastic
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Table 2.5-44 Summary of ESP Laboratory Test Results-Rock

Unconfined Modulus
Boring Depth, Compressive of Elasticity, Poisson's

Number ft Zone Strength, ksi ksi Ratio

B-801 24.1-24.8 IV 27.21 _a

B-801 48.7-49.7 IV 28.42 8670 0.27

B-802' 20.4-21.0 III-IV 8.64 - -

B-802 44.9-45.6 IV 11.76 - -

B-802 66.0-66.7 IV 14.71 4613 0.24

B-802' 85.3-85.9 IV 9.37 - -

B-803 54.1-54.7 IV 13.01 - -

B-803 70.4-71.1 IV 23.21 7133 0.34

B-803 90.3-91.0 IV 27.59 - -

B-803 129.4-130.1 IV 26.73 - -

B-803 155.6-156.4 IV 22.03 7173 0.33

B-804 38.9-39.9 IV 27.15 - -

B-80ZL 43.5-44.9 IV 25.20 - -

B-804 49.9-50.5 IV 12.30 3190 0.43

B-805 41.3-41.9 III-IV 3.40 336 0.15

B-805 80.8-81.6 IV 4.43 - -

B-806 25.1-25.8 III 0.61 - -

B-806 42.6-43.2 III-IV 2.72 - -

B-806 64.1-64.5 IV 27.36 - -

Source: Reference 147

a. Dash denotes no test performed.
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Table 2.5-45 Summary of Geotechnical Engineering Properties

Stratum IIA IIB IlIl

Coarse-grained Fine-grained Moderately Si
Saprolite to Highly Mc
w/10 to Weathered WI

50% Core Quartz Gneiss Qua
Description Saprolite Saprolite Stone w/Biotite w

Rock properties

Recovery,% - - 60

RQD,% - - 20

Unconfined compressive strength, ksi 0.6

USCS symbol SP, SM, SC ML, CL, MH, CH Mainly SM -

Range of fines -ontent,% 15 to 45 - -

Natural moisture content, w,% 26 -

Undrained shear strength, cu, ksf - 2.0 -

Effective cohesion, c', ksf 0.25 0.5 -

Effective friction angle, p', degrees 30 25 40

Total unit weight, y, pcf 125 130 145

SPT N-value, N60, blows/ft 20 100

Shear and compression wave velocity

Shear wave velocity range, ft/sec 600 to 1350 No range 1500 to 2500 250
available

Shear wave velocity best estimate, ft/sec 950 1600 2000

Compression wave velocity best estimate, 2100 3500 4500
fUsec

North Anna
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Table 2.5-45 Summary of Geotechnical Engineering Properties

Stratum IIA lIB Ill

Coarse-grained Fine-grained Moderately Si
Saprolite tcb Highly Mc
w/1 0 to Woathered We

50% Core Quartz Gneiss Qua
Description Saprolite Saprolite Stone w/Biotite w

Elastic and shear moduli

Elastic modLIus (high strain), Ehs 1200 ksf 3500 ksf 120 ksi 1

Elastic modLIus (low strain), Els 9500 ksf 28,000 ksf :300 ksi 1

Shear modulus (high strain), Ghs 450 ksf 1300 ksf 50 ksi

Shear modulus (low strain), GIs 3500 ksf 10,000 ksf. '125 ksi

Consolidation characteristics

Recompression ratio, RR 0.015 - -

Coeff. of secondary compression, C., 0.0008

Coeff. of subgrade reaction, k1, kcf 230 1500

Coefficient of sliding against concrete 0.35 0.45 0.6

Poisson's ratio, gi (high strain) 0.35 0.3 0.33

Static earth pressure coefficients

Active, Ka 0.33 0.22

Passive, KI 3.0 4.6

At-rest, KO 0.5 0.36

Hydraulic conductivity, cm/sec 5 x 10-4

Note:Dash denotes no design parameter given
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Table .2.5-46 ZPA Results from SHAKE Analysis

Profile 1

Depth, ft Vs, ft/sec Gmax 150% Gmax Profile 2 Profile 3 Vs, ft/sec Profile 4

Low Frequency Case

0.0 700 0.458g 0.567g -a - 1275 0.415g

2.5 700 0.394g 0.503g - - 1275 0.396g

5.0 700 0.328g 0.357g - - 1275 0.338g

7.5 700 0.314g 0.329g - - 1275 0.247g

10.0 700/950 0.255g 0.283g - - 1275/1380 0.245g

12.5 950 0.286g 0.268g - - 1380 0.2'39g

15.0 950 0.272g 0.273g - - 1380 0.2z24g

17.5 950 0.323g 0.228g - - 1380 0.212g

20.0 950/1200 0.300g 0.269g - - 1380/1500 0.199g

22.5 1200 0.265g 0.294g - - 1500 0.205g

25.0 1200 0.310g 0.281g - - 1500 0.239g

27.5 1200 0.302g 0.252g - - 1500 0.2419

30.0 1200/1600 0.219g 0.268g 0.463g - 1500/1600 0.275g

35.0 1600 0.223g 0.286g 0.3619 - 1600 0.300g

40.0 1600/2000 0.229g 0.185g 0.359g 0.393g 1600/2000 0.224g

45.0 2000 0.223g 0.180g 0.335g 0.353g 2000 0.232g

50.0 2000 0.180g 0.164g 0.301g 0.250g 2000 0.193g

55.0 2000/3300 0.181g 0.162g 0.212g 0.213g 200013300 0.174g

60.0 3300 0.175g 0.158g 0.184g 0.227g 3300 0.169g

65.0 3300 0.157g 0.159g 0.171g 0.229g 3300 0.171g

70.0 3300 0.151g 0.1589 0.151g 0.214g 3300 0.163g

Outcrop 6300 0.213g 0.213g 0.213g 0.213g 6300 0.213g

High Frequency Case

0.0 700 0.906g 0.989g -a. _ 1275 i 0.18g

2.5 700 0.792g 0.860g - - 1275 0.E 72g

5.0 700 0.612g 0.752g - - 1275 0.748g

7.5 700 0.654g 0.669g - - 1275 0.698g

10.0 700/950 0.703g 0.810g - - 1275/1380 0.605g
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Table 2.5-46 ZPA Results from SHAKE Analysis

Profile I

Depth, ft Vs, ft/sec Gmax 150% Gmax Profile 2 Profile 3 Vs, ft/sec Profile 4

High Frequency Case (continued)

12.5 950 0.698g 0.762g - - 1380 0.474g

15.C 950 0.632g 0.776g - - 1380 0.-L86g

17.5 950 0.627g 0.753g - - 1380 0.557g

20.0 950/1200 0.558g 0.744g - - 1380/1500 0.619g

22.5 1200 0.511g 0.834g - - 1500 0.648g

25.0 1200 0.590g 0.826g - - 1500 0.695g

27.5 1200 0.658g 0.722g - - 1500 0.726g

30.0 1200/1600 0.630g 0.607g 1.034g - 1500/1600 0.667g

35.0 1600 0.674g 0.532g 0.902g - 1600 0.746g

40.0 1600/2000 0.652g 0.535g 0.680g 0.989g 1600/2000 0.506g

45.0 2000 0.535g 0.493g 0.572g 0.853g 2000 0.428g

50.0

55.0

60.0

65.0

70.0

Outcrop

2000

2000/3300

3300

3300

3300

6300

0.425g

0.321 g

0.312g

0.291 g

0.286g

0.431 g

0.416g

0.435g

0.423g

0.384g

0.366g

0.431 g

0.498g

0.411g

0.400g

0.378g

0.451g

0.431 g

0.542g

0.414g

0.371 g

0.358g

0.339g

0.431g

2000

2000/3300

3300

3300

3300

6300

0.389g

0.346g

0.336g

0.303g

0.343g

0.431 g

a. Dash denotes soil not present.

Soil/Rock Columns

1. Profile from 0 to 70 feet, with 30 feet of unimproved Zone IIA saprolite, 10 feet of Zone IIB
saprolite, 15 feet of Zone IlIl rock, and 15 feet of Zone III-IV rock.

2. Profile from 30 to 70 feet depth for foundation sitting on 10 feet of Zone IIB saprolite, 15 feet of
Zone IlIl weathered rock, and 15 feet of Zone III-IV rock.

3. Profile from 40 to 70 feet depth for foundation sitting on 15 feet of Zone IlIl weathered ro'ck and
15 feet of Zone III-IV rock.

4. Profile from 0 to 70 feet, with 30 feet of improved Zone IIA saprolite, 10 feet of Zone IIB
saprolite, 55 feet of Zone IlIl weathered rock, and 15 feet of Zone 111-IV rock.
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Table 2.5-47 Allowable Bearing Capacity Values

Allowable Bearing
Zone Capacity, ksf

IIB 8

III 16

III-IV 8 0a

IV 160a
INote: The above values include a factor of safety against bearing failure of at least 3.

Minimum assumed foundation width is 5 feet. Minimum assumed foundation depth is 3 feet.

a. The new containment (reactor) buildings would be founded on Zone III-IV or Zone IV material.
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Figure 2.5-1 Regional Physiographic Map (200-Mile Radius)
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Close of Grenville Orogeny

North Americac Af. rca -

Late Precambrian rifting; opening of lapetus Ocean

North~v.-"rner~a'\'------Afric
Seafloor spreading

Penobscot Orogeny

Taconic Orogeny Taconic Suture Accretion of $
%> Chopawamsic arc I

North America

Formation of Blue
Ridge Thrust nappe

* Carolina Slate Belt

'>tw e' /Fault

_\ ) o\ Africa

I Closure of lapetus Ocean;
Goochland collision of Africa with North

terrane America

Development of foreland
fold-and-thrust belt

Triassic Rifting

Some Triassic basins form
by extensional reactivation
of Paleozoic thrust faults

Modified from Hatcher, 1987

Figure 2.5-2 Evolution of the Appalachian Orogen (after Hatcher, 1987)
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Figure 2.5-3 Regional Geologic Map (200-Mile Radius) (Sheet I of 2)
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Figure 2.5-4 Lithotectonic Belts of the Piedmont Province
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Explanation
(geologic descriptions from east to west)

Terrane

G cretaceous and younger sedimentary rocks / \.

riassic basins and related deposits

3Goochland Terrane: North American basement

Carolina Slate Belt: Island arc complex

G Chopawamsic Terrane: Island arc complex

@Jefferson and Smith River Terranes: Sedimentary and volcanic rocks
Blue Ridge: North American basement depositionally overlain by late Proterozoic- .

early Cambrian continental margin deposits

A Autochthonous North American deposits

SymbolsRIG

Province boundary

Terrane Belt boundary

Figure 2.5-6 Simplified Tectonic Map of Virginia
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Close of Grenville Orogeny

North America Africa

Late Precambrian rifting; opening of lapetus Ocean

Seafloor spreading

Deposition of passive margin sequence

Passive <
margin _ Crolina terrane'

sequence

Taconic Orogeny Taconic Suture

Formation of Blue Chopawamsic arc
Ridge nappe

Acadian Orogeny

=I
tasression

Alleghanian Orogeny
Formation of

Goochland nappe Suturing of Africa
to North America

Formation of Triassic
basins, locally by

reactivation of
Paleozoic faults

Modified from Glover and others (I 995)

Figure 2.5-7 Evolution of the Appalachian Orogen (after Glover and others, 1995)
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Figure 2.5-9 Tectonic Features Map (200-mile radius)
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Figure 2.5-11 Site Area Geologic Map (5-Mile Radius) (Sheet I of 2)

North Anna
Early Site Permi: Application 2-2-421



Legend for Site Area Geologic Map:

Fredericksburg Geologic Quadrangle
(1:100,000)
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Figure 2.5-11 Site Area Geologic Map (5-Mile Radius) (Sheet 2 of 2)
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Part 2 - Site Safety Analysis Report
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Figure 2.5-12 Quaternary Features Map
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Figure 2.5-13 Northern, Central, and Southern Segments of the East Coast
Fault System
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Central and Eastern North American Seismicity
1568- 1987
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Figure 2.5-14 Seismic Source Zones and Seismicity in Central and Eastern North Arnerica
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