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3rd Commercial GT-MHR Utility Advisory Board
Meeting Minutes

DATE: January 15, 2002
LOCATION: San Diego Airport Hilton, San Diego, CA

Attachments:

Attachment 1 - Meeting Agenda

Attachment 2 - List of Attendees

Attachment 3 - GT-MHR UAB Membership

Attachment 4 - UAB Chronology Since October 4, 2001

Attachment 5 - Committee Chart and Assignments

Attachment 6 - Licensing Working Group Report

Attachment 7 — Near Term Deployment Working Group Report
Attachment 8 — Construction and Operations Working Group Report
Attachment 9 - Fuels Working Group Report

Attachment 10 - Engineering Working Group Report

Attachment 11 - NEI Ron Simard Presentation NEI Near Term Deployment
Programs

Meeting Minutes

Dan Keuter opened the meeting at 7:30 AM by welcoming all participants. He gave
special recognition to the participants from Russia and DOE. Also, he welcomed the
new utility participants from SCE, Constellation Nuclear and PSE&G. The agenda
is included as Attachment 1.

T.Quinn proposed a motion to accept TEPCO, represented by Shinichi Kawamura
to the UAB. Seconded by R. Phelps. Motion passed unanimously. Dan congratulated
our TEPCO representative for joining the UAB and looked forward to their
participation. )

Walt Simon from GA also welcomed all to the meeting and thanked the participants
for their interest in the GT-MHR.

Motion was made to accept the minutes from the last meeting of Oct 4" by Kenneth
Hughey — seconded by M. Smith. Motion passed.

T. Quinn noted the listing of attendees included as Attachment 2 and the list of UAB
members included as Attachment 3 and requested any change to the membership
listing.

Ted noted the chronology of activities by the UAB since October 4™ which is
included as Attachment 4.
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Each Working Group provided a report in the following sections. Membership of
Each Working Group is included in Attachment 3. Committee Chart and
Assignments is included as Attachment S.

Licensing Working Group - Larry Parme

Larry Parme reviewed the slides included in Attachment 5. He stated that the first
formal meeting with the NRC for Pre-Applications activities for the GT-MHR was
held on Dec 3,2001 and went very well. An NRC SECY on generic issues should be
issued shortly.

ACTION: Malcolm LaBar was requested to provide status on the ESP parameters
GA provided to the utilities, NEI and EPRI to determine the quality and calculation
backup for each numerical value for possible NRC submittal. )

Larry noted that the Utility Requirements Document for the GT-MHR has been
scanned electronically and will be updated for the licensing section in the coming
weeks.

Dan asked if there was anything else that the UAB could do to help the Licensing
Working Group. Larry stated that the financial assistance would be the most help
as the budget is limiting the actions that can be accomplished in 2002.

Larry was also requested to solicit working group members from the new utilities
joining the UAB. Marv Smith noted that it may be helpful for the utilities to
sequence support based on expertise needed at a given time. Larry said he would
use the utility member to help coordinate this.

ACTION: Ted Quinn was requested to forward a copy of the Near Term
Deployment Report (Final) to all members.

Near Term Deployment Working Group — Malcolm LaBar

Malcolm presented results of the DOE Near Term Deployment Group Report —
included as Attachment 7.

Ron Simard noted that the actions included were being worked on by the various
NEI task force groups.

Dan noted that the update to the capital costs for the GT-MHR is a critical element
that is needed as soon as possible by the utilities to assess viability of this option. He
said this should be our number one priority for the Construction and Operations
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Working Group. This is necessary to assess the competitiveness of the GT-MHR
with the combined cycle natural gas alternative.

ACTION: C&O Working Group to place high priority on updating cost numbers.

Mark Haynes provided an update on each of the four areas of legislative action and
initiatives that he has led, as follows:

- PU disposition

- Commercial deployment for electricity

- H2 production

-  Transmutation

He noted the input to FY-03 budget for each case. He also noted the major
challenges to Near Term Deployment as follows:

1.) Need to synchronize Russian and U.S. plans for PU disposition

2.) Putting together the 50-50 cost share portion for our participation in a DOE
demonstration project

3.) Work on much higher levels of funding for the Russian program in FY03

Tom Roell noted that an option may be to work with DOE on the closeout funding
for the FFTF and work to transfer as much of the future funding in this category to
the advanced reactor programs especially the GT-MHR.

Mark noted that the first major challenge is key to success for the future. Pete
Karcz noted that the GTMHR option was not noted by DOE as part of the base or
the expanded plan for disposal of PU by the U.S. or Russia, in the latest report. It
was noted that this report would be available soon. GA is addressing the priority of
the GT-MHR option with the Russians.

Construction and Operations Working Group Report

Malcolm provided the report included as Attachment 8.

ACTION: Ron Simard to provide Malcolm with the INPO Staffing Report for
Advanced Reactors

ACTION COMPLETED: Ron Simard provided the NEI costing model to Malcolm
for financing advanced reactors.

Marv Smith noted that the fuel storage for the GT_MHR was severely limited and
needed to be expanded to meet utility expectations to last 10 -15 years or more
onsite.
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Dan Keuter thanked all members and participants and adjourned the meeting at
2:30 PM.

By:

Edward (Ted) Quinn
Committee Secretary — January 15, 2002

Attachments



7:30 AM

8:00 AM

8:00 AM

10:00 AM

10:15 AM

10:30 AM

10:45 AM

11:00 AM

11:30 AM

12:00 AM

12:15PM

12:30 PM

Rev. D-Open

4th GT-MHR UTILITY ADVISORY BOARD MEETING

Tuesday, May 21st, 2002

Board Room - Hilton Embassy Row Hotel

Washington, D.C.

AGENDA
Continental Breakfast

CLOSED UTILITY AND GA MEETING

Welcoming and Introductions
Overview of role of actions of UAB
Introductions of new members

Approval of Minutes, Jan, 2002 Meeting
" and Chronology Since January

Utility Discussion follows

OPEN UAB MEETING
Welcome and introduction of all participants
DOE NP2010 Program

NRC Approach to GT-MHR Licensing

Report of UAB Working Groups

. Licensing

. Near Term Deployment Group/
Construction and Ops

. Fuels
. Engineering
. Hydrogen

Lunch - and presentation of NEI Status

Afternoon items to address:

1:00 PM

GT-MHR Business Plan Presentation

D. Keuter

D. Keuter/T. Quinn

D. Keuter
T. Miller

J. Flack

L. Parme

M. Haynes/M. LaBar

D. McEachern/A. Shenoy
A. Shenoy
K. Schultz

R. Simard

M. LaBar



2:00 PM

3:00 PM

4:00 PM

Status of GT-MHR Program in Russia

( Need detailed update of open issues
from January meeting.)

US Utilities Visit to Russia to review
the GT-MHR Design Progress

DOE Demonstration Project Setup

Open Issues and Discussion

Adjourn the Meeting

N. Kodochigov/
A. Shenoy

A. Shenoy/T. Quinn

Led by Dan Keuter

All
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GT-MHR UTILITY ADVISORY BOARD

UAB Chair

Mr. Dan Keuter

Vice President, Nuclear Business Development
Entergy Nuclear Operations

1340 Echelon Parkway

Jackson, MS 39213

(601) 368-5744

(601) 368-5323 fax

email: dkeuter @entergy.com

UAB Vice-Chair

Mr. Michael Sellman

President and CEQ

Nuclear Management Company
700 First St.

Hudson, WI 54016

(715) 377-3325 Denise

(715) 377-3355 fax

email: mbsellman@nmcco.com

Mr. Terry Pickens

Manager, Regulatory/Strategic Services
Nuclear Management Company

700 First Street

Hudson, WI 54016

(715) 377-3390

(715) 386-1013 fax

email: tapickens @nmcco.com

Mr. W. Kenneth Hughey

Senior Manager, Nuclear Business Development
Entergy Nuclear Operations

1340 Echelon Parkway

Jackson, MS 39213

(601) 368-5327 Joyce

(601) 368-5323 fax

email: whughev@entergy.com
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Mr. Steve Melancon
Entergy Nuclear

1340 Echelon Parkway
Jackson, MS 39213
(601) 368-5365

(601) 368-5323 fax
(601) 668-4726 cell

email: smelanc @entergy.com

Mr. Carl Crawford

Manager of Nuclear Communications
Entergy Nuclear

1340 Echelon Parkway

Jackson, MS 39213

(601) 368-5658

(601) 368-5659 fax

(601) 927-5870 cell

email: ccrawfo@entergy.com

Mr. Gary Gates

Vice President and CNO
Omaha Public Power District
P.O. Box 399

Fort Calhoun, NE 68023

(402) 636-3202 Linda Hutchins
(402) 636-3229 fax

email: wgates @oppd.com

Mr. Ralph Phelps

Division Manager, Nuclear Engineering
Omaha Public Power District

Fort Calhoun Station

(402) 533-7210

(402) 533-7296 fax

email: rphelps @oppd.com

Mr. Eugene (Gene) Grecheck

Vice President — Nuclear Support Services
Dominion Energy

5000 Dominion Blvd

Glen Allen, VA 23060

(804) 273-2442 Cathy West

(804) 273-3471 fax

email: Eugene grecheck@dom.com
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Dr. Armen A. Abagayn - Russian Utility Representative
Vice-President,

ROSENERGOATOM

24/26 Bolshaya Crdynka Str.

Moscow, 109017, Russia

239-26-05

239-26-09 fax

e-mail: abagyan@rosenergoatom.ru

Ms. Deanna R. Mummert - Constellation Nuclear
Director, Nuclear Strategy
1997 Annapolis Exchange Parkway
Suite 500
Annapolis MD 21401
(410) 897-5006
(410) 897-5081 fax

email: Deanna.mummert@hdgq.cn.com

Mr. Joseph A. Mihalcik

Principal Engineer — Special Projects
Constellation Nuclear Generation Group
Calvert Cliffs Nuclear Power Plant

1650 Calvert Cliffs Parkway, PUP-A
Lusby, MD 20657

(410) 495-4780

(410) 495-2828 fax

email: joseph.a.mihalcik@ccnppi.com

Mr. Harold Keiser

President and CNO

PSEG Nuclear

P.O. Box 236, Mail Code N09
Hancocks Bridge, NJ 08038
(856) 339-1100

(856) 339-1104 fax

email: harold.keiser @pseg.com

Mr. Jeff Keenan

Senior Attorney

PSEG Nuclear

P.O. Box 236, Mail Code N09
Hancocks Bridge, NJ 08038
(856) 339-5429

(856) 339-1234 fax

email: jeffrie.keenan @pseg.com
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Mr. Harold Ray

Executive Vice President, Generation
Southern California Edison

8631 Rush St.

Rosemead, CA 91770

(626) 302-1695

(626) 302-2782 fax

email: harold.ray@sce.com

Mr. Dave Pilmer

Southern California Edison

San Onofre Nuclear Generating Station
P.O. Box 128

San Clemente, CA 92674-0128

(949) 368-1486

(949) 368-

email: pilmerdf@songs.sce.com

Mr. Joe Donahue

Executive Director, Nuclear Engineering and Services
Carolina Power and Light

A Progress Energy Company

410 S. Wilmington St.

Raleigh, NC 27601

(919) 546-3638

(919) 546-4361 fax

email: joe.donahue@pgnmail.com

Mr. Shinichi Kawamura

Manager, Nuclear Power Programs
Tokyo Electric Power Company
1901 L St. NW Suite 720
Washington, D.C. 20036 USA

(202) 457-0790

(202) 457-0810 fax

email: kawamura@tepco.com

Mr. Linden Blue

Vice-Chair - GA

3550 General Atomics Court
P.O. Box 85608

San Diego, CA 92186-9784
(858) 455-4300

(858) 455-2122 fax

email: linden.blue@gat.com
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Dr. Walter Simon - GA
Vice President

3550 General Atomics Court
P.O. Box 85608

San Diego, CA 92186-9784
(858) 455-2237

(858) 455-2122 fax

email: walter.simon @gat.com

Admiral Dennis Wilkinson
President-Emeritus — INPO
1449 Crest Road

Del Mar, CA 92014

(858) 481-9266 home

email: dwilkinson @mdmcorp.com

UAB Secretary

Mr. Edward (Ted) L. Quinn
Vice President

MDM Services

28202 Cabot Road, Suite 205
Laguna Niguel, CA 92677
(949) 365-1350

(949) 365-1361 fax

email: equinn@mdmcorp.com
Ex-officio:

Mr. Ron Simard

NEI

1776 1 Street, NW

Suite 400

Washington, D.C. 20006
(202) 739-

(202) 739- fax

email: ris@nei.org

Mr. Tom Miller
U.S. Department of Energy
Office of Nuclear Energy, Science and Technology
NE-20, A-286
19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-4517
(301) 903-5057 fax

email: tom.miller@hqg.doe.gov

Updated: April 26, 2002
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Mr. Peter Karcz

DOE

Office of International Technology Projects
Office of Fissile Material Disposition

1000 Independence Ave SW

Washington, D.C. 20585

(202) 586-0488

(202) 586-3883 fax

email: peter.karcz@hgq.doe.gov

Ms. Alice Caponiti

U.S. Department of Energy

Office of Nuclear Energy, Science and Technology
NE-20, B414

19901 Germantown Road

Germantown, MD 20874-1290

(301) 903-6062

(301) 903-5057 fax

Email: alice.caponiti@hg.doe.gov

Mr. Phil Wong

DOE Oakland Operations Office

Livermore Environmental Programs Division
(925) 422-1765

(925) 422-0832 fax

email: phil.wong@oak.doe.gov

Mr. Richard Baker

DOE Chicago Operations Office
(630) 252-2647

(630) 252-2654 fax

email: Richard.Baker@ch.doe.gov

GT-MHR WORKING GROUPS MEMBERSHIP

LICENSING

Larry Parme — GA — Chair
General Atomics Co.

2237-S Trinity Drive (3™ Floor)
Los Alamos, NM 87544

(505) 661-4413

(505) 661-2525 fax

email: Laurence.Parme@gat.com
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Joe Hegner - Dominion
5000 Dominion Blvd
Glen Allen, VA 23060
(804) 273-2770

(804) 273-2745 fax

email: Joseph Hegner@dom.com

George Zinke — Entergy
1340 Echelon Parkway
Jackson, MS 39213
(601) 368-5381

(601) 368-5323 fax

email: gzinke @entergy.com

Renee Millison — Entergy
1340 Echelon Parkway
Jackson, MS 39213

(601) 368-5511

(601) 368-5323 fax

email: rmillis@entergy.com

Tom Matthews — OPPD
Fort Calhoun Station
P.O. Box 399

Fort Calhoun, NE 68023
(402) 533-6938

(402) 533-7291 fax

email: tcmatthews @oppd.com

ENGINEERING

Arkal Shenoy — GA - Chair
3550 General Atomics Court
P.O. Box 85608

San Diego, CA 92186-9784
(858) 455-2552

(858) 455-2469 fax

email: Shenoy@gat.com
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Renee Millison — Entergy
1340 Echelon Parkway
Jackson, MS 39213

(601) 368-5511

(601) 368-5323 fax

email: rmillis@entergy.com
Spencer Semmes — Dominion

5000 Dominion Blvd
Glen Allen, VA 23060
(804) 273-4182

(804) 273-2745 fax

email: spencer_semmes@dom.com

Mr. Ralph Phelps

Division Manager, Nuclear Engineering
Omaha Public Power District

Fort Calhoun Station

(402) 533-7210

(402) 533-7296 fax

email: rphelps @oppd.com
CONSTRUCTION AND OPERATIONS

Mr. Malcolm LaBar - Chair
3550 General Atomics Court
P.O. Box 85608

San Diego, CA 92186-9784
(858) 455-3358

(858) 455-

email: Malcolm.labar @gat.com

Mr. Mike Bourgeios — Entergy
Entergy Nuclear

1340 Echelon Parkway
Jackson, MS 39213

(601) 368-5676

(601) 368-

email: mbourge@entergy.com

David Batalo — Dominion
5000 Dominion Blvd
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Glen Allen, VA 23060

(804) 273-2246

(804)273-2745 fax

email: David Batalo@dom.com

Mr. Tom Palmisano

Nuclear Management Company, LLC
700 First St.

Hudson, WI 54016

(715) 377-3432

(715) 377-3355 fax

email: Thomas.palmisano @nmecco.com

Mr. John Polcyn — Bechtel
Vice President

5275 Westview Drive
Frederick, MD 21703-8306
(301) 228-6559

(301) 631-0849 fax

(301) 471-5010 cell

email: jpolcyn @bechtel.com

Mr. Tom Roell - Fluor
President, Fluor Federal Services
1101 Wilson Blvd, Suite 1900
Arlington, VA 22209

(703) 351-6445

(703) 469-1591 fax

email: tom.roell @fluor.com

Mr. Dennis Demoss
Senior Vice President
Sargent & Lundy

55 E. Monroe
Chicago, IL 60603
(312) 269-3737

(312) 269-7313 fax

email: dennis.demoss @sargentlundy.com

Mr. Mike O’Connell

Manager — Nuclear Services Group
Stone and Webster/ A Shaw Group
100 Technology Center Drive
Stoughton, MA 02072

(617) 589-1544
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(617) 589-1315 fax
email: Michael.oconnell @stoneweb.com
FUELS

Donald McEachern — GA - Chair
2237 Trinity Drive

Building 2, Third Floor

MS: C-341

Los Alamos, NM 87544

(505) 661-4407

(505) 661-2525 fax

email: Donald.mceachern@gat.com

Mr. Alan Smith — Entergy
Entergy Nuclear

1340 Echelon Parkway
Jackson, MS 39213

(601) 368-5433

(601) 368-

email: Lsmith8§ @entergy.com

Paula Larouere — Dominion

5000 Dominion Blvd

Glen Allen, VA 23060

(804) 273-2269

(804) 273-3543 fax

email: Paula Larouere@dom.com

Observer

Ms. Alice Caponiti

U.S. Department of Energy

Office of Nuclear Energy, Science and Technology
NE-20, B414

19901 Germantown Road

Germantown, MD 20874-1290

(301) 903-6062

(301) 903-5057 fax

Email: alice.caponiti@hgq.doe.gov

NEAR TERM DEPLOYMENT
Mr. Mark Haynes — Co-Chair

Vice President
General Atomics

10
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2001 Pennsylvania Ave., Suite 650
Washington, D.C. 20006

(202) 496-8209

(202) 659-1110 fax

email: Haynes @ga.radix.net

Mr. Malcolm LaBar - Co-Chair
General Atomics

3550 General Atomics Court
P.O. Box 85608

San Diego, CA 92186-9784
(858) 455-3358

(858) 455-

email: Malcolm.labar@gat.com

Mr. Edward (Ted) L. Quinn
Yice President

MDM Services

28202 Cabot Road

Suite 205

Laguna Niguel, CA 92677
(949) 365-1350

(949) 365-1361 fax

email: equinn@mdmcorp.com

Mr. W. Kenneth Hughey

Sr Manager, Nuclear Business Development
Entergy Nuclear Operations

1340 Echelon Parkway

Jackson, MS 39213

(601) 368-5327

(601) 368-5323 fax

email: whughey@entergy.com

Mr. Carl Crawford

Manager of Nuclear Communications
Entergy Nuclear

1340 Echelon Parkway

Jackson, MS 39213

(601) 368-5658

(601) 368-5659 fax

(601) 927-5870 cell

11
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email: ccrawfo@entergy.com

Marvin Smith — Dominion

5000 Dominion Blvd

Glen Allen, VA 23060

(804) 273-2244

(804) 273-2745 fax

email: Marvin Smith@dom.com

Mr. Michael Wadley

Nuclear Management Company
700 First St.

Hudson, WI 54016

(715) 377-3303 Denise

(715) 377-3355 fax

email: MDWadley @nmcco.com

Mr. Steve Melancon
Entergy Nuclear

1340 Echelon Parkway
Jackson, MS 39213
(601) 368-5365

(601) 368-5323 fax
(601) 668-4726 cell

email: smelanc@entergy.com

Mr. Dave Pilmer

SCE

San Onofre Nuclear Generating Station
P.O. Box 128

San Clemente, CA 92674-0128

(949) 368-1486

email: pilmerdf @songs.sce.com

Mr. Jeff Keenan

Senior Attorney

PSEG Nuclear

P.O. Box 236, Mail Code N09
Hancocks Bridge, NJ 08038
(856) 339-5429

(856) 339-1234 fax

(877) 448-0283 pager

Email: Jeffrie.keenan @pseg.com

Mr. Gottfried Besenbruch
General Atomics

12
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3550 General Atomics Court
P.O. Box 85608

San Diego, CA 92186-9784
(858) 455-3077

(858) 455-

email: besenb @gat.com

13
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NUCLEAR COMMUNICATIONS

Doug Fouquet

Coordinator — Public Communications and Employee Publications
General Atomics

3550 General Atomics Court

P.O. Box 95608

San Diego, CA 92186-9784

(858) 455-2173

(858) 455-3398 fax

email: fougquet@gat.com

Mr. Carl Crawford

Manager of Nuclear Communications
Entergy Nuclear

1340 Echelon Parkway

Jackson, MS 39213

(601) 368-5658

(601) 368-5659 fax

(601) 927-5870 cell

email: ccrawfo @entergy.com
Mr. Richard Zuercher — Dominion

Email: Richard Zuercher@dom.com

Ms. Maureen Brown - NMCCO
Email: mebrown@nmcco.com

Mr. Gary Williams - OPPD
Email: gwilliams @oppd.com
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UNIVERSITY COORDINATION

Dr. Per F. Peterson

Professor and Chair

Department of Nuclear Engineering
University of CA

4155 Etcheverry Hall

Berkeley, CA 94720-1730

(510) 643-7749

(510) 643-9685 fax

Email: Peterson @nuc.berkeley.edu

15
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Licensing Working Group Report

P WIRCEL Ay, |

iy

Members:

Larry Parme, General Atomics
Joe Hegher — Dominion
Spencer Semmes — Dominion
George Zinke — Entergy

Tom Matthews — OPPD

21 May 02 9 Ozo GENERAL ATOMICS



Licensing Working Group Report
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PURPOSE:

- Familiarize utility members with GT-MHR safety and
licensing issues

« Support pre-application interaction with NRC
« Support future application activity

SCOPE:
« Licensing issues related to pre-application interaction

« Approach and issues related to
— Early Site Permit (ESP)
— Combined Operating License (COL)
— Design Certification (DC)

ozo GENERAL ATOMICS
21 May 02 3 AL ATOM



Licensing Working Group Report
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NEAR TERM GOALS(<1 year)

« Acquaint utility members with GT-MHR safety and
licensing issues

- Utility review and support of pre-application planning
and submittals including both gas reactor specific and
industry generic licensing issues

ACCOMPLISHMENTS:

- First working group meeting in Washington (1 October)

« Opening meeting held with NRC reviewing pre-
application plans (3 December)

« Presented safety approach to utility participants at
Jackson, MS workshop (13 December)

21 May 02 4 0:0 GENERAL ATOMICS



Licensing Working Group Report

STORR . WIS S WAL, 052 i 8 TN

ACTION (on Near-term Goals):

— Revise Pre-application Licensing Plan based on December
meeting & submit to NRC (31 January)

— Support pre-application review with NRC, including
representing potential users at NRC briefings

— Support development of safety and licensing input to
revision of Utility/User Requirements Document

— Support GT-MHR inclusion in ESP applications (GA to
provide Plant Parameter Envelopes)

21 May 02 ] ozo CENERAL ATOMICS



Licensing Workmg Group Report
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MID TERM GOALS

« Review development of GT-MHR specific licensing
bases

« Review PRA development for GT-MHR

« Review SAR development for GT-MHR

LONG TERM GOALS:
« Submit draft SAR (3/03)
- NRC Licensability Statement (12/03)
- Design Certif & Combined License Applications (7/04)
« NRC Safety Evaluation Report Issued (6/05)

ACTIONS:

- Support review of GA developed licensing
documentation and NRC review, where possible.

21 May 02 5 0‘0 GENERAL ATOMICS



Major Challenges
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« Cost of preparing draft PRA & SAR

ACTION: Continue pursuit of DOE funds
ACTION: Consider greater use of Russian work for drafts

« Approval of first module

ACTION: Open discussion on programmatic licensing issues
with NRC early in pre-application ~ March

ACTION: Working with Exelon & NEI on discussions with NRC
for process to determining first module testing

» Licensing is on critical path to deployment
ACTION: Begin pre-application work now

A
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MEMBERS:

Malcolm LaBar — GA
David Batalo — Dominion

- Mike Bourgeois — Entergy
Tom Palmisano — NMC
John Polcyn — Bechtel
Tom Roell - Fluor
Denny Demoss — S&L
Joe Green — S&W
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PURPOSE:

« Support preliminary and detailed design,
construction and operations review of GT-MHR
Russian design

— to incorporate and meet U.S. Standards and Utility
Requirements

— to familiarize utility members with GT-MHR design
and design related issues

SCOPE:

» Definition of all design, construction, and
operations activities necessary to identify the
cost and schedule to deploy and operate GT-MHR
Plants
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Construction and Operations
Workmg Group Report
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NEAR TERM GOALS(<1 year)

- Acquaint utility members with GT-MHR design,
construction, operations and major issues

- Develop updated cost and schedule estimates

ACCOMPLISHMENTS: (Since last report)

- Preparation of an updated GT-MHR capital cost
~ estimate in Feb. 2002

0:0 CENERAL ATOMICS



Construction and Operations
Working Group Report o
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LONG TERM GOALS:

 Development of reference construction
schedules

- Develop reference capital cost estimates
(FOAK, NOAK)

 Development of reference O&M and owners
cost estimates

ACCOMPLISHMENTS:

* Preparation of updated fuel cycle, O&M,
busbar generation cost estimates

« Comparison of busbar generation costs with
alternatives

Oxo GENERAL ATOMICS



Construction and Operations
Workmg Group Report
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ACTION (on Near-term Goals):

- Representatives from Entergy (M. Bourgeois) and
Bechtel (E. Onopko) met with GA and GA
consultants week of Feb 24-28)

- Collectively, the group agreed on the approaches
to be used and participated in preparation of
updated cost estimate input data for:

— Lead, replica and target (NOAK) GT-MHR capital cost
estimates

— Capital cost estimate for first module of a FOAK 4
module plant

ozo CENERAL ATOMICS
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Workmg Group Report
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KEY CAPITAL COST UPDATE BASES:

+ Plant design (buildings, BOP systems) from DOE
GT-MHR project in early ‘90s

— Good available data base of commodities, construction
labor and BOP equipment

« Reactor reactor and power conversion systems
conceptual design information from OKBM (for WPu
project in Russia)

— OKBM information used to develop quantities data

— Contemporary equipment manufacturing labor database
used to estimate manufacturing labor requirements

0:0 GCENERAL ATOMICS



Construction and Operations
Working Group Report
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KEY CAPITAL COST UPDATE BASES (cont):

- Capital costs expressed in terms of Jan 2002 dollars
— Construction labor updated to US 2002 rates
— Commodity unit costs updated to US 2002 values
— Procured equipment costs escalated to 2002 values

— Manufacturing labor rates used representative of current
world market values

- Composition of construction crews revised to
represent the distribution of labor with craft ranges
(some apprentice level, some journeyman level)

« Commodity costs based on bulk procurements

.z. CENERAL ATOMICS



Construction and Operations
Workmg Group Report
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KEY CAPITAL COST UPDATE BASES (cont):

- Indirect costs (Home Office Engineering, Field
Office Engineering, Construction Services) revised
to:

— reflect relationships with direct costs based on
contemporary experience

« Owner’s costs, O&M costs and contingency costs
revised to:

— reflect relationships consistent with contemporary
practices on other nuclear plants
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UPDATED GT-MHR CAPITAL COST ESTIMATES

ACCT ACCOUNT DESCRIPTION LEAD PLANT REPLICA PLANT TARGET PLANT
Last Est. Cur Est | Last Est. Cur Est | Last Est. Cur Est
DIRECT COSTS 2000k$ 2002k$ 2000k$ 2002k$ 2000k$ 2002k$
21 |STRUCTURES AND IMPROVEMENTS 168,056 162,569 | 162,682 149,874 | 157,755 129,825
22 |REACTOR PLANT EQUIPMENT 619,717 586,131 | 540,577 523,385 | 497,569 443,041
23 |TURBINE PLANT EQUIPMENT 117,973 120,617 | 107,486 107,771 93,599 91,490
24 |ELECTRIC PLANT EQUIPMENT 74,593 76,128 72,385 69,911 70,200 62,533
25 |MISCELLANEQUS PLANT EQUIPMENT | 35,482 34,090 34,523 31,508 33,484 27,759
26 |HEAT REJECTION SYSTEM 37,856 38,547 37,062 36,042 35,955 32,487
TOTAL DIRECT COST 1,053,678 | 1,018,081 | 954,715 918,492 | 888,562 787,135
INDIRECT COSTS
91 |CONSTRUCTION SERVICES 139,439 120,227 | 111,551 103,546 89,241 82,934
92 |HOME OFFICE ENGR AND SERVICES | 211,671 111,053 84,668 25,404 50,801 25,404
93 |FIELD OFFICE ENGR AND SERVICES | 61,095 40,991 48,876 35,303 39,101 28,276
94 |OWNERS COST 163,464 153,242 137,917
TOTAL INDIRECT COSTS 412,205 435,735 | 245,095 317,495 | 179,143 274,531
ENGR PROCUREMENT CONSTR (EPC)| 1,465,883 | 1,453,816 1,199,810 | 1,235,986 | 1,067,705 | 1,061,667
CONTINGENCY 293,177 | 218,072 | 239,962 | 123,599 | 213,541 53,083
TOTAL CAPITAL COST 1,759,060 | 1,671,889 1,439,772 | 1,359,585 1,281,246 | 1,114,750
$/ Mwe 1,536 1,460 1,257 1,187 1,119 974
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Construction and Operations
Working Group Report
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GT MHR FUEL CYCLE COST COMPONENTS
NOAK PLANT FUEL CYCLE COST = 7.4 $/MWh

B Waste
14%
Fab
35%
O Enrich & Ore
40% i 8%
|
| O Conv
3%

- 15 -
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PARMETERS USED FOR COMPARISON OF
BUSBAR GENERATION COSTS
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Gas-fired Water Nth
Parameter Combined Reactor GT-MHR

Cycle Plant Plant Plant
Capital cost, 550 1300 975
$/kWe
Plant capacity, 500 1150 1145
MWe
Capacity factor 85% 90% 90%
O&M cost, 2 5 3
$/MWh
Fuel cost, 24.5 5 7.4
$/MWh
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COMPARISON OF BUSBAR GENERATION COSTS
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MAJOR CHALLENGES

* Plant design - Russian WPu plant design not
suitable for commercial deployment

ACTION

* In near term, use original US plant design
information

* For longer term (e.g., NP 2010) prepare updated
commercial plant design, or

 Work with Russians to evolve plant design to a
configuration more suitable for commercial

deployment

0:0 GENERAL ATOMICS



INTERIM REPORT

Fuel Working Group
21 May 2002
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Members:

Don McEachern, General Atomics
Paula Larouere, Dominion
Alan Smith, Entergy
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Fuels Workmg Group Report
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PURPOSE:

« Support re-establishing coated particle fabrication
capability in US

- Familiarize utility members with GT-MHR fuel and fuel
related issues

SCOPE:

- All design, testing, licensing, qualification and procurement
of fuel and fuel fabrication facilities activities needed for
GT-MHR deployment

0:0 GENERAL ATOMICS
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” Fuels Workmg Group Report
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NEAR TERM GOALS(<1year)

 Utility review and support of plan to re-establish coated
particle fuel fabrication in US

« Acquaint utility members with coated particle fuel
technology

0:0 GENERAL ATOMICS
UAB 21 May 02 4



_Fuels Working Group Report

ACTION:
« Support pilot radiation testing in Europe — review
development and results

ACCOMPLISHMENTS:

« European irradiation to start in last quarter of 2002
* Fuel and graphite shipment being prepared

ACTION:

« Support development of a plan to re-establish coated
particle fuel fabrication capability in the US

ACCOMPLISHMENTS:

« Lab-scale fuel fabrication capability being established at
ORNL under AAA (transmutation) program

0‘0 GENERAL ATOMICS
UAB 21 May 02 5



Fuels Working Group Report
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LONG TERM GOALS:

- Utility support in program to demonstrate performance of
coated particle fuel

 Utility support in establishing strategic business
relationships for coated particle fuel supply in US

ACTIONS:

« Support review of GA and DOE particle fuel development
program

ACCOMPLISHMENTS:

* Prepared high-level plan
« Discussion and comments by fuel UAB
« Proposed mid-year funding from DOE to complete

0:0 GENERAL ATOMICS
UAB 21 May 02 6
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Major Challenges for Fuel
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FUEL SCHEDULE ON CRITICAL PATH TO DEPLOYMENT

. Establishing a facility for fabrication of test fuel so
demonstration tests can be carried out

ACTION: Pursue use of US industrial capability and cooperation
with the Spent Fuel Transmutation Programs

ACCOMPLISHMENT:

— $4 million of Transmutation Program funds obtained to establish a
laboratory-scale coated particle fuel fabrication line at ORNL

— work on equipment and on facility designs are in progress
— Exploring use of existing facility at BWXT, Lynchburg, VA

0:0 GENERAL ATOMICS
UAB 21 May 02 7
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__Major Challenges for Fuel
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 Reduction of Fuel Manufacturing and Inspection
Cost

ACTION: Through industrial and university contacts, incorporate
modern manufacturing and inspection techniques into
coated particle fuel

ACCOMPLISHMENT:

— NERI proposals submitted with Universities
» improved quality control inspection techniques
» coating irradiation performance
» coating performance in the repository

ACTION: Use utility contacts with fuel fabricators

0‘0 GENERAL ATOMICS
UAB 21 May 02 8
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Challenges for Fuel

. Maximizing the value of the Russian Fuel Program

ACTION: Maintain high level of technical and project involvement
of US in the program for transfer technology in both
directions

ACCOMPLISHMENTS:
— continuing to
« transfer fuel technology as required
* review and improve Russian fuel design products
» support design and construction of Bench-Scale fuel fab facility

« support the design and construction of fuel irradiation and testing
facilities

0‘0 GENERAL ATOMICS
UAB 21 May 02 9 .
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GT-MHR WORKING GROUP INTERIM
REPORT

Engineering Working Group
21 May 2002
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Engineering Working Group
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Members:

15 Jan 02

Arkal Shenoy, General Atomics
Spencer Semmes, Dominion
Jeff Richardson, Entergy

Tom Palmisano, NMC

Ralph Phelps, OPPD
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PURPOSE:
. Support design review of GT-MHR for U.S. Standards and

Utility Requirements
. Familiarize utility members with design and design issues

SCOPE:

. All design, qualification and procurement of engineered
documents, and equipment needed for GT-MHR

deployment

.z; CENERAL ATOMICS
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Engineering Working Group Report
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NEAR TERM GOALS(<1year)

« Utility review of Russian Preliminary Design for major
primary and secondary systems

« Acquaint utility members with GT-MHR design and major
issues

- Acquaintance of Russian Engineering Organizations
« Evaluate use of CCGT as backup to PCU on GT-MHR

ACCOMPLISHMENTS:

— Identified List of Preliminary Designh Documents
— GA currently reviewing these documents
— Obtained EPRI support in some of the critical areas

— Developed 16 NERI proposals in cooperation with
Universities and National labs

+ CENERAL ATOMICS
15 Jan 02 4
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GT-MHR PRELIMINARY DESIGN DOCUMENTS
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WBS Title of work direction Total
1.0 NPP System Design and Integration 44
2.1 RP Design and Integration 16
2.2 Reactor System 159
2.3 Power Conversion System 134
2.4 Vessel System 15

2.5-212 Other RP activities 24
3.1 Fuel compact Design 18
3.2 Fuel Irradiation 1
4.0 Reactor Auxiliary Systems 102
5.0 NPP Systems and Buildings 2
6.0 Site, Construction and Assembly 1
7.0 Safety Licensing and Environment 17
8.0 Other project activities 10

TOTAL 543

0:0 GCENERAL ATOMICS
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EPRI GCR Initiatives
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 Technology Needs Survey
« Graphite Endurance

» Fission Products
— Release and distribution
— Fission product barrier coatings
— Decontamination methods
« Auxiliary Bearings
— Technology and R&D needs assessment
— Materials qualification and features testing
« Static Helium Seals
 Inspectability & Maintainability
- Materials (Excluding Graphite)

« Fuel Handling System 6 o%o GENERAL ATOMICS

15 Jan 02

'y



AL U evas o 08

Proposal Lead Support
Demonstration of the Sulfur-lodine | GA SANDIA
Thermochemical Water-Splitting (Fusion) UK
Process
Centralized Hydrogen Production SRL GA (Fusion)
from Nuclear Power: Infrastructure .
Analysis and Test Case Design Air-Products
Study usc
System Interface Concepts and SNL GA (Fusion)
Requirements for Nuclear — ANL
Hydrogen Production Systems

ORNL

MIT
An Innovative Large Diameter Cast | UCSD GA (Reactor)
Iron Pressure Vessel for Nuclear FzJ

Applications

15 Jan 02
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NERI Proposals
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Proposal Lead Support

Hydrogen Production Plant Using GA (Reactor) Texas A&M

Modular Helium Reactor INEEL

Thermalhydraulic Studies for INEEL GA (Reactor)

Improved Safety and Efficiency of

GFRs and Advanced HTGRs lowa State
Stanford

U. of Maryland
U. of Manchester
Toyama U.

CEA Grenoble

Gas Turbine for Modular Helium
Reactor: Tribology and Material
Technology Development

University of Wisconsin — Madison

GA (Reactor)
Wankasha Magnet. Bearings

15 Jan 02
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NERI Proposals
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Proposal Lead Support
Advanced Fuel Cycles for Gas- ucB GA (Reactor)
Cooled Graphite-Moderated SAIC
Reactors
Control Room Simulator Design for | Ohio State GA (Reactor)
a Modular High Temperature Gas ESCOR
Reactor
Nuclear Reactor Power Monitoring Ohio State GA (Reactor)
Using Silicon Carbide Westinghouse
Semiconductor Radiation Detectors 9
Evaluation of Key Multi- INEEL GA (Reactor)
Dimensional Advanced Gas- Fluent Cor
Reactor Behavioral Characteristics P-
lowa State

Using a New Advanced Reactor
Analysis Tool

15 Jan 02
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Proposal Lead Support
Innovative Quality Control PNNL GA (Reactor)
Inspection of Coated Particle Fuel

for Gas-Cooled Reactors lowa State

A Superior Nuclear Waste Form ucsB GA (Reactor)
Using Coated Particle Technology ORNL
Development of Advanced Fuels for | Oregon State GA (Reactor)
“Deep Burn” Waste Transmutation

in Gas-Cooled, Graphite Moderated

Reactors

Multi-Level and Multi-Objective University of Michigan GA (Reactor)
Optimization of General Atomics ORNL

MHR Fuel Cycle (“Deep Burn”) and
Comparison with LWR Fuel Cycle
with Waste Disposal and Non-
Proliferation Objectives

15 Jan 02
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NERI Proposals
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Proposal Lead Support

Evaluation of the Effect of MIT GA (Reactor)
Pyrocarbon Properties on the ORNL
Reliability of Coated Particle Fuel

0:0 GENERAL ATOMICS
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Engineering Working Group Report
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ACTION:

« Comment on U.S. Utility Requirement Document by'end of
July, 2002

- Review preliminary Russian Design — major primary and
secondary systems by October, 2002

« Perform on-site visits to Russian organizations, July 8,2002
« Complete evaluation of CCGT unit as backup to PCU

0‘0 GENERAL ATOMICS
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Engineering Working Group Report
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LONG TERM GOALS:

 Review PSAR/FSAR design development for U.S.
deployment

* Review development of Russian testing and design
development

* Review procurement specification and vendor development
plans for components and systems

ACTIONS:

« Support review of GA and Russian developed documents,
plans and test results

0:0 GCENERAL ATOMICS
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Major Engineering Challenges
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PCU Design and Testing

ACTION: Accelerated design and testing schedule - $54M
and 4.5 years

Codes and Standards Validation

ACTION: Working with ASME and NRC

Technology Transfer from Russia

15Jan 02

ACTION: Completing preliminary design — need utility
input

0:0 GENERAL ATOMICS
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GT-MHR WORKING GROUP
STATUS REPORT

Hydrogen Working Group (H,WG)
21 May 2002
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Hydrogen Working Group Members

NH2

uclear Hydrogen

Steve Melangon — Entergy
Gottfried Besenbruch, General Atomics
Ken Schultz, General Atomics

Joe Hegner — Dominion

Additional active members welcome

OxQGE ERAL o
21 May 02 ) NER ATOMICS



The H,WG will evaluate hydrogen

production as an MHR mission -

Nuclear Hydrogen

PURPOSE:

« Familiarize utility members with potential role of MHR for
production of hydrogen

« Current and projected hydrogen market
« Ways to produce hydrogen
» Potential role of MHR for hydrogen production

- Evaluate technical and economic viability of MHR for
hydrogen production

SCOPE:

« Evaluation of MHR for hydrogen production
« Participation in hydrogen studies and development
« Evaluation of H, mission of the NP-2010 gas-cooled reactor

21 May 02 , oxo GENERAL ATOMICS



The H,WG has begun activities

NH2 )
NEAR TERM GOALS
« Acquaint utility members with potential hydrogen production
role for MHR

« Represent utility perspective in DOE Hydrogen Vision and
Roadmap activities

- Participate in DOE hydrogen studies and reviews

ACCOMPLISHMENTS:

« Presentation on nuclear hydrogen to UAG (Besenbruch-GA)
- Represent utilities at DOE H, Vision Meeting (Keuter-Entergy)

» Nuclear production of hydrogen accepted as possible path to H,
 Participate in DOE H, Roadmap workshop

- Demonstration of nuclear production of hydrogen adopted as one
of top 9 hydrogen production needs

GE RA OM.
21 May 02 4 ozo NE L AT ICS



H,WG Activities (continued)

NH2

Nuclear Hydrogen

Prepared preliminary cost estimate for MHR production of
hydrogen: $1>30/kg (Schultz-GA)

— Provided information to Entergy analyst

Authorized Toshiba review of JAERI Sulfur-lodine water-splitting
cycle work (Peterson-Pittman/Entergy)

— Validates US hydrogen development plans

Supported NERI proposals for hydrogen
— S-l cycle laboratory demonstration (GA lead)
— H,-MHR conceptual design (GA lead)
— H, Power Park study (SRTC lead)

Participated in Workshop on Hydrogen Production from Nuclear
Energy

— Entergy, GA, DOE, ANL, ORNL, SRS, INEEL, Japan, France, others

21 May 02 5 0:0 GENERAL ATOMICS



The H,WG has work to do:

NH2

ACTION:

Help finalize DOE Hydrogen
Roadmap Report (June)

Monitor and encourage DOE
NERI hydrogen activities (~Aug)

Continue to provide technical
information to support nuclear
hydrogen evaluations

Continue to provide information
to support nuclear hydrogen
economic estimates

21 May 02 6

Nuclear Hydrogen

Sulfur-lodine
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H_WG Goals Build on DOE Activities

NH2

Nuclear Hydrogen

 S-l Cycle Laboratory Loop Demonstration
— ~3 year DOE I-NERI project with French CEA
— “Unequivocal proof the S-I cycle really works”

« S-l Cycle Pilot Plant Demonstration
— ~4 year DOE activity
— Fully prototypical materials and technologies
— Demonstrate nuclear production of hydrogen on NP-2010

* H,-MHR Demonstration Plant

— ~4 year joint DOE/industry project
— Commercial prototype hydrogen plant on NP-2010
— 600 MW, , 200 tons H, per day

0‘0 GENERAL ATOMICS
21 May 02 7



Nuclear production of hydrogen does

face challenges
NH2

Nuclear Hydrogen

Requires development of two technologies

— Modular Helium Reactor heat source
« Virtually identical to MHR for GT electric application
* Do need ~100°C higher outlet temperature
* Need interface (IHX) design

— S-l hydrogen production cycle

ACTION: Continue to pursue DOE development of
MHR and S-I cycle

— NERI and I-NERI projects

— Investigate possible DOE-EERE support

Interest in MHR production of hydrogen is growing

21 May 02 . 0’0 GENERAL ATOMICS
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»TaxCode changesaﬁ__‘f o

1nvestment tax cred1ts

*' — access to tax exempt bonds

- '~_, accelerated deprec1at10n
AtOIIllC Energy Act changes

orltles ...A;

— change start of 40 year license term

e redefme “facﬂlty COns1stent"’

T — ehmmate ant1trust rev1ews

x . Env1ronmenta1 credrtsf-i
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STATUS OF BUSINESS PLAN
FOR COMMERCIALIZATION OF THE
MODULAR HELIUM REACTOR

Malcolm LaBar

Utility Advisory Board Meeting
Washington, D.C.
May 21, 2002
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RELEVANT MHR STRENGTHS
(AND WEAKNESSES)
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« Key strengths (advantages) of the MHR

High coolant outlet temperature

Adaptable to alternative fuel cycles (U, Pu, Th,..)

High safety (melt-down proof)

Limited safety-related equipment

Highly proliferation-resistant

Good spent fuel characteristics for ultimate disposition

Main MHR weaknesses

Not demonstrated (prototype required for Design Cert)
Limited applicable operating experience

Requires large nuclear grade pressure vessels

No currently qualified fuel fabrication capability

‘3‘ CENERAL ATOMICS
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MHR STRENGTHS APPLICABLE FOR
FUTURE DOMINANT ENERG Y SOURCES ‘

« High efficiency electricity production

* High efficiency hydrogen production

030 GENERAL ATOMICS



TWO MHR COMMERCIALIZATION
OPTIONS UNDER CONSIDERA TION
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« Option 1: Gas Turbine — Modular Helium Reactor
(GT-MHR) for high efficiency electricity generation

— Main option to-date
— Relatively near term, 8-10 year

« Option 2: Process Heat — Modular Helium Reactor
(PH-MHR) for high efficiency hydrogen production

— Alternative option
— Medium term, ~15 years

ozo CENERAL ATOMICS



OPTION 1 COMMERCIALIZATION PLAN
DES CRIBED IN DOE N TD REPORT

» Deployment of GT-MHR technology under
development in Russia for WPu disposition (but,
replace Pu fuel with U fuel)

* First module could closely follow prototype
construction in Russia

* Five basic activities required:
— Adaptation to US codes and standards
— Performance of incremental design items (e.g., U core)
— Safety and NRC Licensing
— Plant design optimization
— U fuel fabrication qualification

.‘. GENERAL ATOMICS



GT-MHR COMMERCIAL DEPLOYMENT CAN
CLOSELY FOLLOW PROTOTYPE IN RUSSIA
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Activity 2001 I 2002 l 2003 I 2004 2005 2006 2007 2008 2009 2010 2011
C i tlod sl &dl I l] Russl Complete
p esign & develop t In a , fuel test:

Russian ] T §f ConstLic ol fests
Demonstration/ Ruselan ragulatory review I <7 Load fuel
Prototype Plant Prel Final Construct prototype In Russia

Des Des Demo ops
Data Data
Full pwr
Y.
U.S. Engineering Convert Russian design to US standards
I
Des of incramental [tems |
[Compl pit des
Submit
Early SAR
Reg framework Submit COL
U.S. Regulatory & OC app
i SER COoL
T NRC review |
ESP opp L NRCreview | Hearing F ~ O Rulemaking ~2011afterMod 1 starfup
A ' [ 1 - yTTTTYTCTTTYTTYTITTTTTY
| NRC review |
AESP
Letter of int ntl . Pladt
» ordgr
E.S. P:-antd Oh;;l:elrl > [ Siw plan Mod 1
ong Lea 'Is fuel pad
1
& Construction Site prep | 7
l Plant construction Mod 1 ops >
| Lg Lead Matl
U.S. Fuel Fab Deslgn, construct fuel fab pilot plant
Complete
Plant fab test fuel 7 fuel tests
frradlation proof test
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DEMONSTRATION PROJECT MOST PRACTICAL
PA TH TO C OMMERCIALIZATION

 Demonstration Plant Objectives are to
demonstrate:
— Construction cost and schedule (under US conditions)
— Licensing process (for US regulations)
— Plant performance characteristics
— Operation and maintenance characteristics
— Satisfaction of NRC requirements for design certification

« A demonstration project (for either option) would
address key MHR-related demonstration objectives

0:‘ GENERAL ATOMICS



OPTION 1 DEMONSTRATION PROJECT
( GT-MHR ELECTRICITY PRODUCTION)
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* Pros:
— Addresses demonstration attributes related to the MHR
— High thermal conversion efficiency, ~48%
— Strong economic competitiveness

— Design under development in Russia in WPu disposition
program

— Good market potential for new generation capacity
« Cons:

— Power conversion system not proven (Potential for
delays in proving full-scale system)

— Dependent on continued support of Russian program

‘3‘ CENERAL ATOMICS



OPTION 2 DEMONSTRATION PROJECT
” (H-MHR FOR HYDROGEN PRODUCTION)
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 Pros:
— Addresses demonstration attributes related to the MHR
— Addresses market having very high growth potential
— High efficiency hydrogen generation (~50%)
— Less dependent on developments in Russia
— Potential for reduction in risk of delays

« Cons:

— Requires development of a high temperature IHX (no
proven design available)

— Requires development of hydrogen production process

’3‘ CENERAL ATOMICS



SINGLE DEMONSTRATION PLANT
__ON FEDERAL SITE RECOMMENDED __

. Deploy demonstratlon plant for Optlon 2 (PH MHR)

- A demonstration plant for hydrogen production
permits dual track commercialization strategy:

— One track for hydrogen production

— One track for electricity production
- Same basic MHR technology used for both tracks

« First demonstrate operation at current technology
temperatures followed by operations at higher
temperatures

‘3‘ CENERAL ATOMICS



PROPOSED FIRST DEMONSTRATIONS USING

CURREN TLY A VAILABLE TECHNOLOG Y
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+ Demonstrate MHR with 850°C core outlet
temperature using technology currently under
development

 Demonstrate IHX technology using currently
available materials technology

« Utilize heat to generate electricity in a gas turbine
combined cycle plant based on currently
available technology

*X‘ GENERAL ATOMICS



PROPOSED FOLLOW-ON DEMONSTRATIONS

FOR PH-MHR DEMONSTRA TIONPLAN T

- Qualify MHR for higher core outlet temperatures
(up to ~950°C)

- Qualify IHX for higher temperature operation

« Develop H, production process and couple with
PH-MHR plant after qualification of higher
temperature IHX

ozo CENERAL ATOMICS



PH-MHR DEMO PROJECT SERVES BOTH
C OMMERCIALIZA TION TRA CKS

. FU|fI||S demonstratlonobjectlves for hydrogen o
production

» For electricity production, technology would be
commercially deployable based on:
— GT-MHR prototype demonstrations in Russia and

— MHR licensing/construction demonstrations in PH-MHR
demonstration plant

 No new demonstration plant required for
electricity production if:
— Russian project is completed
— PH-MHR demonstration project is completed

°2° GENERAL ATOMICS



ENGINEERING WORKSCOPE FOR
PH-MHR DEMONS TRA TION PLAN T .

. Same basnc scope as preVIoust |dent|f|ed for GT-
MHR commercialization:
— Adaptation of MHR technology developed in Russia
— Preparation of incremental design items (e.g., U core)
— Safety and Licensing
— Plant level design and analysis
— U fuel fabrication qualification

« Plus additional scope items for:
— IHX design and development*
— Adaptation of combined cycle plant
— H, production plant design and development *
— Higher MHR outlet temperatures *

o’o CENERAL ATOMICS
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DEPLOYMENT OF PH-MHR DEMO PLANT
COULD BE COMPLETED BY 2011

Activity 2001 | 2002 | 2003 I 2004 2005 2006 2007 2008 2009 2010 2011 2012
1 1 i
Complsete design & ..l. P lln E'Const ™
Prototype Plant Rusalan regulatory review Load fuet
(in Russia) Prel Final Construct prototype in Russia
Des Des Demo ops
Dat
Data L] Full pwr >
Engineering Convon"] slan MHR ;hign to US standards
Des of incramental ltems* | (ncluging HX/circulator)
|
[ Complets plantdesign _ | (including combined cycle genertion plaht)
Submnt
Earty SAR
Reg framework / Sutjmit COL
&
Regulatory NRC review ] 0C app ser coL
Submnt
ESP app l NRC review | Hearing [ _DC Rulemaking ~2012 after Mod 1 startup i
[N, i
| NRC review 1
AEsp 1
Plagt
Plant Order/ e ,ﬁ ordgr Mod 1
Long Lead Mat'ls fuel Ibad
& Construction Site prep | T
I Demo plant construction Pwr Ops >
I L9 Lead Mlﬂl
- Complete
Fuslpe fosts T ] T tueltests
Fuel Fab Plant Pliot plant design and construction ] [ irradiation proof test |
lhb tast !ucll
| Fab demo plant fusl/Core 1
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HYDROGEN PRODUCTION COULD BE
READY FOR DEMONSTRATION BY ~2013
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Activity 2003 2004 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
950 deq C Corefhot duct design )
Core Outlet Hi temp fuel development RED Stdt hi temp reldad el hh}
Temperature Irradiation prool lests

In demo plant tests

Design and testing (current tech mat1) |
|

[ Hitemp IHX design and testing
I ]
'Hli:: Leer:izenl};l:‘:e Hitemp material tests
) ASME Code Case
NRC Review |
A | Fab hi temp IHX
H2 R&D | Lab scale tosts |
System conceptual design
Design
H2 Pilot Plant ' -
Construction |
{ Opsration
Design

Construction

H2 Demonstration
Plant
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SUMMARY
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« Most practical approach to commercialization of
MHR technology is a demonstration project

« Two options for MHR demo project, electricity or
hydrogen production

« US demo project for hydrogen would also satisfy
US demonstration requirements for electricity

« Two step demo project proposed
— First demo MHR to use existing tech (850°C)
— Follow-on demo of 950°C with H, production

« MHR demo plant by ~2011; H, production plant by
~2013

’3‘ CENERAL ATOMICS



PROPOSED BUSINESS PLAN APPROACH
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. PH MHR demonstratlon plant on US Federal Site:

— To demonstrate MHR operation at current temperature
conditions

— To demonstration H, production

- Commercial deployment of GT-MHR for electricity
production

— After MHR performance demonstration in US demo
plant, and

— After power conversion system performance
demonstration in Russian prototype

« Commercial deployment of PH-MHR for hydrogen
production after performance demonstration in
demo plant

‘3° CENERAL ATOMICS



UAB meeting
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RIPROJECTSTATU

in Russia

Presented by N. Kodochigov
OKB Mechanical Engineering
Nizhny Novgorod, Russia

Washington DC, May 21, 2002
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1 Results ef RP Preiinary Design development

R 2 S T S B D B SR oy T 677 20

“The documentatmn set- (543 “documents) - for ‘the"- ‘main reactor - plant
systems and components was developed;

The required computation analyses for substantiation of adopted design
decisions were performed;

Parameters and characteristics for the RP as a whole, main RP systems
components were determined;

Technology Development Plans for all systems and components, with
schedule and cost for their accomplishment were prepared;

Design options for the main reactor plant systems and components
were developed;

Requirements for NPP external systems and components were
developed,;

Experimental activities started for the RP. key. components

Yy



Scope of Preliminary Design Documentation for the Reactor Plant

IR

WBS Title of work direction Total
1.0 NPP System Design and Integration 44
2.1 RP Design and Integration 16
2.2 Reactor System 159
2.3 Power Conversion System 134
2.4 Vessel System 15

25-212 Other RP activities 24
3.1 Fuel compact Design 18
3.2 Fuel Irradiation 1
4.0 Reactor Auxiliary Systems 102
5.0 NPP Systems and Buildings 2
6.0 Site, Construction and Assembly 1
7.0 Safety Licensing and Environment 17
8.0 Other project activities 10

TOTAL 543
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n reviews in | uia ansi

n consideration at the STC
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. Accordmg to the [ ‘procedure adopted in'Mihatom' of Rus5|a ‘the GT-
MHR RP PD underwent a number of reviews

* in OKBM (February — March 2002);

* in Minatom (March — April 2002);

* IPPE (review of the design as a whole, core design, thermal physics);
* Bauman MVTU, chair of gas-turbine plants (PCU review);

* VNIIAM (review of turbomachine design modifications);

* Group of Minatom independent experts;

* All experts submitted official conclusions.

* In April 25, 2002 at the meeting of Minatom STC the GT-MHR
RP PD and review results were considered.
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Main teil problems | .
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+ 'On the basis of GT-MHR RP"PD development itis possmle to
specify the following problems:

* Plutonium fuel with the required characteristics;

* Turbomachine with large geometrical dimensions and weight of the
rotor;

* Electromagnetic bearings with the required loads and dimensions:

* Electric generator of 300 MW power for operation in helium
environment;

* Catcher bearings (axial and radial);

* High-effective compact recuperator;

. Material_s for the Ion_g-Iif,e,\ti\m,e,\turpine;,

* Reactor and PCU vessels of large diameter and mass.



‘Plant 'p"bwer T '

* - thermal, MW

* - electric, MW
+Coolant
+Primary coolant circulation
+Arrangement
+Power variation range
+Parameters of generated power
* voltage in generator terminals, kW
* current frequency, Hz
*Primary coolant parameters
* pressure, MPa
s temperature at the reactor inlet, C
s temperature at the reactor outlet, C
+Power consumption
for house load, MW
+Service life, years
+Equipment seismic stability

., J3t 1] AR U P - n . - s

600
285
helium
forced

integrated
15 -100%

20
50

7.24
850
490

7.5
60
8 points (MSK 64)

o o~ o L4 =
- i, K



actor modul

MAIN TECHNICAL CHARACTERISTICS
OF GT- MHR PLANT

«pzThermal power: .« ¢ ..o~ o == - 600 MW.~
z:Electrié;power<™ > 1 T 1285 MW
+ Power conversion Bryton cycle,
cycle with gas turbine
in the primary
e circuit
Reactor

+ Cycle efficiency ~48%

+ Design service life, year 60

Reactor shutdown
cooling system unit

conversion
unit (PCU)
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Control
rod

drive
assemblies

Reactor
VM

Replaceable
reflector

*
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MAIN TECHNICAL CHARACTERISTICS
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prismatic FA

Helium flow rate, kg/s

Helium temperature
at the core inlet, °C

Helium temperature
at the core outlet, °C

Number of refuelings
Mass, t

Number of AR drives
Number of RSS drives
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Core

hannels for
CPS AR

Channels for
RSS AE

Neutron
source

MAIN TECHNICAL CHARACTERISTICS
OF THE CORE
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+ Average power density, MW/m?3 6.5
+ Depth of fuel burnup, MW day/kg Pu:
- average 640
- maximum, not more than 920
+ Dimensions of channels for CPS AR
or RSS AE, mm
- depth 9600
diameter 130

“internal equwalent d|ameter’- -~ .2960
-external ‘équivalent diameter = 4840°
helght 8000

+ Number of FA, pcs. 1020
+ Amount of loaded fuel, kg 701

.+ Number of CPS AR channels, pcs. 48
¢+ Number of RSS AE channels, pcs. 18
+ Life cycle, effective days 750
 Ooisu
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Lab-scale facility for aﬂ:lication of
protective coatings on fue

ernels

FUEL PARTICLE

*Uranium oxide \

*Porous pyrolytic carbon
*Pyrolytic carbon
+Silicon carbide

»\&rolytic carbon

fabrication, coating application
and compacting have been developed..

N manufactured.

OOKSM
(14)

;200 g of Pu-kernels have been -
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NEW COMPONENTS and PCU PECULIARITIES
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Tutbomachine) “*ezhellum, turbjne'andﬁc‘ompressors E
‘plate recuperator: s i e

e electromag’hetlc bearmgs
¢ —~generator in primary circuit fluid:
¢ vertical integrated arrangement
common rotor for turbine,
compressors and generator

¢ overall dimensions:

¢+ height, mm 37850
¢ diameter of flanges, mm 8740
¢ PCUmass,t 3560

Intercooler j

... Testing of TM models and
B components is reqwred i

- f"f.“ -:.;:(::;’;“ e BN

Oocn
(1s)

Precooler | - -




Helium
from the
2=turbine

Helium to the
reactor

Heat exchange element
(20 x 207 = 4140 pcs.)

3850 mm

Helium to the
precooler

Helium from the

Recuperator high-pressure
module (20 compressor
pcs.)

v,

;rw- R S

fechnical ct ai‘ac“tensincé L
i 6 “;3 Mo 6252 |
Rmé‘“t“ernperature sc: gi0r
. Pressure drop between cavrtles, MPa 5
R Eff‘ clency facjor, % 95°

« " Areaof HX surface, m2 46120 .

. Compactness of HX surface, m2m? 1500

¢  Thickness of heat transfer plate, mm 0.35

*  Mass, kg 35800

Main technical risks
Ensuring operability for 60 years

Degradation of thermal-hydraulic effectiveness due to
potential deposition of impurities from helium circuit

a8

How to reduce technical risks

Perform a complex of development activities, including
integrated lifetime tests

Ensure helium cleanness in the circulation path
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ment. TC stator seal model

[Py

Test facility for investigation of the TC
stator in air Sp—

. . .
B S b atbetel L
5 Y 5
M’é’r; i S
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configurations ... ..
<L et R T ! t

e i+ full-scale seal of TC
Gl?’ ;‘w:':.-”” - > -- e u-}’."f £ 73 ‘ : Stator -
* compressed air system

* information-measuring
system

TC stator seal

segment yoke »3 } Main elements of stator seal. .
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Process development. TM rotor position control modeling

Test facility for TM rotor position
sensor investigation

* Investigations of TM rotor
position sensor operability
and characteristics

Test facility configuration

* rotor position sensors

* rotor

* instrumentation

e drive motor

1 T y s o
4] JELNONE VLR ool

Types of sensors to be SRR et T e : .

investigated -~ Types of oo T s
« radial position " . sensors | ‘ D
» axial position "~ + eddy current '
e angular position * inductive

* rotor speed



Exciter l
Radial
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‘Rotation sbeed,‘rpm
+ Mass,t

+ Rotor length, m

+ Rotor mass, t

Generator

Radial :
electromagnetici
bearing .

Radial

electromagnetic
bearing Problems

« Dynarics of the vertical rotor
on full electromagnetic suspension

y

Axial
electromagnetic ’;aéf

Y . (Highpressure|” .- .- * Creation of EMB and catcher bearings of

i e s compressor |aiuiii large lifting capacity
a .':‘:” SA Y LN iy "?-.'.l’l-} “:f-’q s . ) ) 3 o

!

ik ; LR SR C TR N Ty et e L et e
Low-pressure |. - AR AL EC X S A . . . N
compressor : .

A s - { Radial

electromagnetic
bearing
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Comparatlve characterlstlcs of alternatlve turbomachme deSIgns

Upgraded turbomachine High-speed Turbomachine design Design of the
. design turbomachine design turbomachine with
Comparison parameters (3000/6000 rpm) separate shafts
Turbomachine design Single-shaft Single-shaft Two-shaft (in main Two-shaft (in all
operation modes) operation modes)
Rotation speed of turbomachine rotor or 3000 6000 6000 / 3000 4400 / 6000
Rotation speed of the TC/ generator, rpm ’
Compressor Axial Axial Centrifugal Axial
Adiabatic efficiency, %:
TC turbine / generator turbine 93 93 93/93 94.4/94.1
LPC 88 88.7 B7 88.91
HPC 87 88.5 87 89.15
Number of stages:
TC turbine / generator turbine 12 5 47 417
LPC 16 9 5 9
HPGC 24 9 5 14
Rotor length, m:
turbomachine ~29 ] -31* 20.76 - -
turbocompressor 15.5* - ~10 ~10.4
turbogenerator (generator) 15* - ~20 ~20.4
Rotor mass, t:
turbomachine 105 52.5 - -
turbocompressor 37.5* - 18 7.88
turbogenerator (generator) 70* - 90 90
Generator efficiency, % 98.58 96.7 98.58 98.58
Number of bearings:
radial 4 6 7 7
axial 1/2* 1 2 3
* For the turbomachine where turbocompressor and generator shafts are connected by flexible coupling
©owen
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PROGRESSONTHE TURBOMACHINE

3 TS wom o Wmvggaw%“w Agt?;;agﬁw A L
[n December 5001 fhe Minary Design was.completéd (Preliminary:

Design scope includes 16 drawmgs ahd 55 text documents)

Aln April 4-5, 2002 a meeting was held in Samara between OKBM Director-Chief
Designer with the General Director—Chief Designer of Kuznefsov SNTK
Results

*JSC Kuznetsov SNTK undertook an obligation to be the lead designer of the
turbocompressor;

*JSC Kuznetsov SNTK is ready to start development of turbocompressor Final Design;

+JSC Kuznetsov SNTK together with OKBM are preparing proposals for cooperation in the
field of turbocompressor production and determining the lead supplier

+ In April 29, 2002 OKBM Scientific and Technical Council took place where the
turbocompressor Preliminary Design was reviewed

Results

*hold an OKBM STC with participation of JSC Kuznetsov SNTK representatives to
determine the strategy for developing turbocompressor and turbomachine Final Design;
*review at the Scientific and Technical Council in Moscow the principle technical
decisions on turbomachine, turbocompressor, generator, electromagnetic and catcher
bearings, dry gas seal and development activities
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+ Test facility for investigation of direct closed S
gas-turbine cycle is being developed on the ;i
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4:basis.of gas test facility; equipment of OKBM . .

» .. s¢ientific test complex with 12 MW power
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 MAIN TECHNICAL CHARACTERISTICS

=working fluid .......cccccceriveciiiiicicrneniissecnenne helium
- helium temperature at the turbine inlet...up to 850 °C
- helium pressure at the turbine inlet......... 0.3 MPa
- voltage at generator busbars ................... 6—20 kV
- power consumed from the grid

("cold" tests) ......ccrinrrrinsennsnssnninnsarannnas up to 30 MW
- heater power

("hot" tests) ....c.ccvcirismsrimssnssnnsnsssensnssansanns up to 25 MW

« TEST FACILITY EQUIPMENT AND SYSTEMS:

1 —turbomachine casing; 6 — helium storage;

2 — turbomachine; 7 — precooler;
3 — generator cooling 8 — intercooler;
system; 9 — heater

4 — bypass valve;
5 — recuperator,

= Control, monitoring and instrumentation system
= Electric-engineering equipment, including frequency
converter, generator excitation system and transformer
"= Cooling water system
-« = Helium storage and transportation system, etc.
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Test fcility for fuII-scaI rbmain tesig. Development results
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DESIGN SELECTION AND DETERMINATION OF TEST FACILITY
PARAMETERS
Input data, criteria and limits :

* Test goals — experimental confirmation of turbomachine performance;

* To ensure representative testing the thermal diagram and
characteristics of test facility components and equipment shall ensure
turbomachine operation in the design area of characteristics;

_ * Full-scale turbomachine;
A« N=3000 RPM.
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Test facility for full-scale turbomaie teting. Deelopment results

e H

PARAMETERS OF THE TEST FACILITY AND ITS EQUIPMENT

electric heater power, MW 25

helium temperature at heater inlet/outlet , °C 513/850
helium flow rate through the heater, kg/s 14.2
recuperation degree 0.945
capacity of recuperator /precooler/ intercooler, MW 0.3/7.76/5.83

heat exchange surface or heat transfer coefficient for

recuperator /precooler/ intercooler may be reduced

in comparison with standard ones 25 times
flow areas (relative hydraulic loss) along the helium circuit

not less than standard ones, in particular, in recuperator/

precooler/ intercooler, m2 8.4 /5.69/4.1
flow rate of cooling water through coolers may be reduced
in comparison with standard ones 25 times

cycle efficiency (lower by 2 % if compared with standard one), % 44.78



Test facility for fuII-scIe turbomachine testing. Development results >~

TURBOMACHINE PARAMETERS

— LPC / HPC efficiency (standard 0.88/0.87 ) 0.849/0.846*
— compression ratio in LPC / HPC (standard 1.69/1.69 ) 1.63/1.64*
— turbine efficiency (standard 0.93 ) 0.89*
— expansion ratio in the turbine 2.547
— helium temperature at turbine inlet/outlet, °C 848.6/532.4
— pressure at turbine inlet/outlet, MPa 0.317/0.124
— pressure at LPC inlet/outlet, MPa 0.121/0.199
— helium temperature at LPC inlet/outlet, °C 25.6/103.8
— pressure at HPC inlet/outlet, MPa 0.196/0.326
— helium temperature HPC inlet/outlet, ° C 26.3/105.1
— capacity of turbine / LPC / HPC, MW

23.2/5.88/5.93 :
— power in generator terminals, MW- 11.2

* Characteristics c'legrade.d if c'ompared-wit‘h standard oneé due to low flow rate's,
pressures and Reynolds numbers during tests.
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Te bility for fscale turbomachine testing. Development results

PROGRESS ON HOT TEST FACILITY DESIGN

* Thermal diagram, characteristics of turbomachine components and
parameters which allow implementation of test goals were selected

* Requirements for the main equipment were developed

* Equipment overall dimensions needed to perform preliminary
arrangement of the test facility and refine design decisions on the
equipment were determined

* Requirements for interfacing systems were prepared

* Design development for the eqmpment is currently performed on the
basis of developed requirements
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« Final Design‘goals® 7"
* Develop the final technical decisions, which fully describe the design
with analytical and/or experimental justification;
+ Tasks of the feasibility study for NPP, fuel fabrication facilities,
storages for radioactive waste and spent nuclear fuel:
» Development of design and cost estimation documentation;
» Creation of company cooperation for construction of objects;
» Selection of manufacturers for the NPP equipment;

+ Development of preliminary safety analysis report (PSAR) and
probabilistic risk assessment (PRA) to be submitted to GAN.
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scope sufficient to transfer it to the manufacturers;

* Creation of company cooperation to develop the designs of
components and systems;

» Selection of equipment suppliers;

* Development and coordination of specifications for equipment
delivery with manufacturers;

» Completion of R&D complex in support of selection and technical
decisions on the design using pilot samples, including development of
fuel fabrication technology at the BSF and reactor tests;

< * Development of preliminary safety analysis report (PSAR) and o
o probabilistic risk assessment (PRA). ek
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Final Design plans
Llcensmg i
. Development of projects under GAN supervision;
« Verification of computer codes;
« Adaptation of regulatory documentation;

» Review of Justification of Investment for the GT-MHR complex by
regional and federal authorities;

Permission for the site for GT-MHR complex construction from an RF
region;

Documentation preparation and submission to GAN to obtain a license
for construction of the prototype NPP;

« Documentation preparation and submission to GAN to obtain a license
for construction of the fuel fabrication facilities;

« Completion of R&D in support of safety.
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Draft 5-1;

OVERALL PLANS FOR the GT-MHR UTILITY ADVISORY GROUP TRIP TO RUSSIA
July 5 - 14, 2002

Friday, July 5, 2002
US Participants (leaving): W. Simon, A. Shenoy, Ted Quinn (GA) and others (T BD)
Delta Airlines #30 departs from JFK at 6:25 pm

Please Identify, if travelers are choosing other flights
Saturday, July 6, 2002

US Participants (arriving): W. Simon, A. Shenoy, Ted Quinn (GA)
Delta Aitlines, Flight # 30 arrives in Moscow-Sheremetyevo at 11:50 a.m.

Stay in Moscow (Hotel - TBD)
Sunday. July 7, 2002 Free day in Moscow
Monday, July 8, 2002 Visit Electrostal fuel manufacturing facility, Electrostal city, Moscow regic

(travel by bus ~ 1 - 1.5 hrs, returnto Moscow)
Tuesday. July 9, 2002 Visit Minatom, RRC-KI, US Embassy

Depart (around 5 PM) to N. Novgorod by a charter plane (flight time is 45 minutes
Arriving in Nizhny Novgorod (around 5:45 PM)

Stay In Nizhny Novogord (Oktyabrskaya Hotel: tel: 7-812-322155; Fax: 7-8312-32055(
Wednesady, July 10, 2002 Visit OKBM
(Contact: N. Kodochigov Tel: 7-8312-417372; Fax: 7-8312-418772)

Thursday, July 11, 2002 Depart (around 8:00 a.m.) to Samara by a charter plane (flight time is 1 hour)
Arrive in Samara around 9:00 a.m.

Visit Samara facility

Depart (around 4 PM) to St. Petersburg by a charter plane (flight time is 2:20 hrs)
Arrive St. Petersburg (around 6:30 PM)

Stay In St. Petersburg (Hotel - TBD)

Friday, July 12, 2002 Visit VNIIPIET, etc.

Saturday, July 13, 2002 Free day in St. Petersburg
US Participants (leaving): W. Simon, A. Shenoy, Ted Quinn (GA)

Depart to Moscow by train (around 11 :00 p.m.)
OR fly back to US (those who wish to go home one day early)

Sunday, July 14, 2002 Arrive in Moscow by traln (around 7:00 a.m.)
Freshen-up in Novotel Hotel (Sheremetyevo-2 Airport;; Tel: 7-095-9265900)

Delta Airlines, Flight # 31 departs from Moscow-Sheremetyevo at 1:50 p.m./ arrives JFK at 5:45p
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Participants

1. William Hughey
2. Danny Keuter

3. Stephen Melancon
4. Renee Millison

5. Dmitri Leliouk

6. Eugene Grecheck
7. Joseph Mihalcik
8. Charles Peterson
9. Ernest Blake

10. Finis Southworth
11. Ray Reith

12. Mark Haynes

13. Walter Simon
14. Arkal Shenoy
15. Edward Quinn

16. Nikolay Kodochigov
(OKBM host representative)

17. Elena Katrich

Contacts in US
Linda Norman

Ludmila Vereschatsky

Org. Phone

Entergy Nuclear, Inc.
Entergy Nuclear, Inc.
Entergy Nuclear, Inc
Entergy Nuclear, Inc
Entergy Services, Inc.
Dominion Energy, Inc.
Constellation Gen. Group
ShawPittman
ShawPittman

INEEL

Bechtel

General Atomics
General Atomics
General Atomics
General Atomics

(202) 496-8200
(858) 455-2237
(858) 455-2552
(949) 632-1369

OKBM, N-Novgorod 7-8312-417-72

GA-Moscow representative  7-095-9360213

GA-Washington
GA-San Diego

(202) 496-8212
(858) 455-4611

E-Mail

whughey@entergy.com
dkeuter@entergy.com
smelanc @entergy.com
rmillis @entergy.com
dieliou@entergy.com
Eugene grecheck@dom.com

joseph.a.mihalcik @ccnppi.com
charles.Peterson @shawpittman.com

emest.blake @shawpittman.com
fin @inel.gov

rireith @bechtel.com
Haynes@ga.radix.net
walter.simon @gat.com
shenoy@gat.com
tedquinn@cox.net

kodochigov@okbm.nnov.ru

katerburg @starnet.ru

norman @ ga.radix.net
veresc@gat.com



