
ERIC A. MCCARTNEY 

EXPERIENCE 

4/00-Present Carolina Power & Light, Harris Plant New Hill, NC 
Supervisor - Licensing/Regulatory Programs 
Responsible for managing the regulatory interfaces for the assigned nuclear power 
plant. Major responsibilities include: managing the NRC regulatory interface 
including regulatory correspondence and inspections; managing the State of NC 
regulatory interface including the submission of required regulatory reports; 
support plant operations by providing interpretations and guidance related to 
regulatory requirements including participation on the Plant Nuclear Safety 
Committee and assigned emergency preparedness duties; manage the INPO/plant 
interface. In addition, duties include the supervision and development of four 
subordinates and the management of a unit budget of approximately $5 million.  
1/99-4/00 Institute of Nuclear Power Operations Atlanta, GA 
Operations evaluator 
Loaned employee assignment. Qualified Simulator Group Lead and 
Operations Lead Evaluator. Participated in six INPO evaluation trips, two 
domestic WANO Peer Reviews, and two assistance visits.  

6/97-1/99 Carolina Power & Light, Harris Plant New Hill, NC 
Superintendent - Work Control 
Senior license holder on site, responsible for directing day-to-day licensed 
activities. Managed on-line work management process. Developed and 
implemented daily integrated scheduling for all site activities including 
modifications on an hourly schedule. Operations representative on Plant 
Nuclear Safety Committee and Maintenance Rule Panel. Served as Site 
Emergency Coordinator for plant emergency plan. Served as Shift 
Operations Manager for outage implementation; completed 35 day outage 
on schedule.
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Eric A. McCartney 
Continued

10/94-6/97 Carolina Power & Light, Harris Plant New Hill, NC 
Superintendent - Shift Operations 

Managed shift activities including radwaste and make up water 
systems. Served as Training Program Committee chairman for SRO 
training program. Implemented operations surveillance testing and 
managed shift work activities for operators, chemists, and shift Fix-it
Now team. Served as host peer of 1996 INPO evaluation; Harris 
received INPO 1 and SALP 1.  

8/93-10/94 Carolina Power & Light, Harris Plant New Hill, NC 
Shift Outage Manager 
Developed integrated refueling outage schedule and shutdown risk 
management process for refueling outage 5. Major evolutions included 
RTD bypass manifold removal and Auxiliary Feedwater Piping 
replacement.  

1/85-8/93 Carolina Power & Light, Harris Plant New Hill, NC 
Plant Operator 
Auxiliary operator for hot functional testing and plant startup.  
Reactor Operator licensed in 1988, Senior Reactor Operator licensed 
in 1991. Operations procedure writer.  

1/78-10/84 U.S. Navy, Submarine Service Charleston, SC 
First Class Machinist Mate 
Engineering Watch Supervisor, mechanical operator. Qualified diesel 
generator technician, R-114 air conditioning technician. Responsible 
for maintaining primary system material history and implementing 
subsafe quality assurance program.

EDUCATION 

1989-1995 University of Maryland University College 
College Park, MD 

"* BS, Nuclear Science 
"* GPA 3.6 
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Attachment B

Diagram Illustrating HNP Spent Fuel Storage Pools, 
Transfer Canals, and Current Bulkhead Gate Configuration.

Bulkhead Gate Configuration * (normally closed) t (normally open)
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Attachment C 

Diagram illustrating anticipated bulkhead gate configuration in the HNP spent fuel pools subsequent to operational use of C and D pools.

F1Ii

Bulkhead Gate Configuration 9 (normally closed) * (normally open) 
* The "normally open" configuration for gate 9 would apply subsequent to placing this 

pool in service that is scheduled for early the next decade. Otherwise, this gate would remain normally closed.
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EXHIBIT 6 

UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

Before the Atomic Safety and Licensing Board 

In the Matter of ) 
) 

CAROLINA POWER & LIGHT ) Docket No. 50-400-LA 
COMPANY ) 
(Shearon Harris Nuclear Power Plant) ) ASLBP No. 99-762-02-LA 

AFFIDAVIT OF MICHAEL J. DEVOE 

COUNTY OF WAKE ) 
) ss: 

STATE OF NORTH CAROLINA ) 

I, Michael J. DeVoe, being sworn, do on oath depose and say: 

I. I am a resident of the State of North Carolina. I am employed by Carolina Power 

& Light Company ("CP&L") and work at CP&L's headquarters office in the 

PWR Fuel Engineering Unit of the Nuclear Fuels Management & Safety Analysis 

Section. My business address is 410 South Wilmington Street, Raleigh, North 

Carolina, 27601.  

2. I earned a Bachelor of Science degree in Nuclear Engineering from the University 

of Wisconsin, Madison, in 1978 and a Master of Science degree in Mechanical 

Engineering from the University of California, Berkeley, in 1984. I have been 

elected to membership in the academic honor societies of Tau Beta Pi 
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(engineering) and Sigma Pi Sigma (physics). In addition to my academic 

education in nuclear engineering, I have also taken many professional training 

courses in nuclear power reactor design and analysis during my career. This 

includes professional training in nuclear fuel performance, neutronics, transient 

analysis, design calculations and verification, and Harris plant systems. I have 

been a Registered Professional Engineer in the State of North Carolina since 

1991.  

3. I have over 21 years of professional experience performing and reviewing nuclear 

design and safety analyses for commercial nuclear power plants. From 1979 to 

1984, I worked for the General Electric Company, in San Jose, California, as a 

nuclear engineer. In that capacity, I performed nuclear fuel cycle analyses, reactor 

core design, and system transient analyses. For the past 16 years, I have been 

employed by CP&L as a nuclear engineer in several succeeding positions. I 

began working for CP&L in 1984 in the Neutronic and Incore Analysis Units of 

the Nuclear Fuel Section. In that capacity, I performed nuclear power plant core 

and fuel system design, core management, and reload licensing. I worked as 

Acting Unit Manager for the Incore Analysis Unit during 1990-1991. During this 

time, I advanced to the role of Technical/Teazn Leader for reload core design and 

operations support for CP&L's Brunswick plant. In 1996, I became CP&L's 

interface with the nuclear fuel vendor to ensure the procurement of appropriate 

nuclear fuel and related engineering services. In 1997, I was given responsibility 
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for determining the acceptability of design and manufacturing changes for CP&L 

nuclear fuel, in addition to monitoring nuclear fuel performance and consulting on 

fuel fabrication surveillances. I was also responsible for performing Owner's 

Reviews of the nuclear criticality analyses for Harris spent fuel pools C & D and 

the IF-300 spent fuel shipping cask. Additionally, I performed core radioisotope 

inventory evaluations to support Emergency Plan updates and FSAR Chapter IS 

safety evaluations. In February 2000, 1 transferred to the PWR Fuel Engineering 

Unit. In my current position, I support reload-related FSAR Chapter 15 Safety 

Evaluations for the Harris and Robinson plants, with emphasis on Harris Steam 

Generator Replacement ("SGR")/Power Uprate ("PUR") for Cycle 11. I also 

continue to support Harris spent fuel pool C & D activation licensing activities. A 

copy of my resume is included as Attachment A to this affidavit.  

4. 1 have previously given an affidavit in this matter regarding criticality issues on 

December 29, 1999. The information in that affidavit remains accurate to the best 

of my knowledge and belief.  

5. The purpose of this affidavit is to describe the reactor core radioisotope inventory 

utilized in the dose rate calculations for the sequence of events postulated in the 

Board's Memorandum and Order dated August 7, 2000 ("Order"). First, I 

describe the key assumptions and methodology used to develop the reactor core 

radioisotope inventory. Second, I describe the CP&L Owner's Reviews 

performed on the reactor core radioisotope inventory calculation. Third, I 
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describe the information provided to other CP&L personnel for use in performing 

the dose calculations. Finally, I state my conclusions regarding the validity of the 

reactor core radioisotope inventory for the analysis required by the Board's Order.  

6. My role in preparing a response to the questions contained in the Board's Order 

was to provide a reactor core radioisotope inventory for calculating dose rates 

resulting from the postulated sequence of events in the Order.  

DEVELOPMENT OF THE REACTOR CORE 
RADIOISOTOPE INVENTORY 

7. The term "reactor core radioisotope inventory" refers to the quantity of 

radioactive material present in the reactor core at the initiation of the postulated 

accident scenario. The reactor core radioisotope inventory lists nuclide 

concentration in grams and nuclide radioactivity in curies as a function of time 

after shutdown for the nuclides of interest in dose evaluations. The current 

licensing basis reactor core radioisotope inventory for the Harris plant assumes a 

core thermal power output of 2775 MW. A "power uprate" reactor core 

radioisotope inventory was calculated by Westinghouse in 1999 to determine an 

appropriate licensing basis reactor core radioisotope inventory for a plant thermal 

power uprate to 2900 MW. The reactor core radioisotope inventory utilized in the 

analysis of the seven-step postulated scenario in the Order is the power uprate 

equilibrium cycle reactor core radioisotope inventory ("Equilibrium Inventory").  

This Equilibrium Inventory differs from the current licensing basis reactor core 
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radioisotope inventory because it is based on a nominal core thermal power of 

2900 MW (the expected rating after power uprate), versus the currently licensed 

2775 MW. It also differs from the power uprate reactor core radioisotope 

inventory in that it does not incorporate multipliers that conservatively bound 

potential variations in fuel assembly enrichment and cycle operating time. For 

power uprate evaluations, the aforementioned multipliers are applied to the 

equilibrium cycle isotopic inventories and were developed only for the isotopes of 

concern in FSAR Chapter 15 design basis safety evaluations. As the current 

evaluation is beyond design basis and potentially concerned with isotopes not 

normally considered in FSAR Chapter 15 evaluations, the power uprate 

equilibrium cycle core radioisotope inventory, without multipliers, provides the 

best estimate of the source term expected to be released in the unlikely event of a 

beyond design basis core melt.  

8. The power uprate equilibrium cycle core radioisotope inventory was calculated by 

Westinghouse using ORIGEN2. ORIGEN2 is a computer code, developed and 

maintained by the Oak Ridge National Laboratory, for calculating the buildup and 

decay of radioactive materials during operating and shutdown periods. It is an 

industry standard based on experimental data. The basis for the reactor core 

radioisotope inventory calculation is the projected equilibrium power uprate fuel 

cycle. Characteristics of the equilibrium fuel cycle include: an operating core 

thermal power level of 2900 MW; an assembly average enrichment of 4.75 weight 
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percent U-235; an operating cycle length of 497 effective full power days; an 

ORIGEN2 end-of-cycle core average exposure of 37.7 GWd/MTU; and an 

ORIGEN2 maximum assembly average exposure of 55.1 GWd/MTU.  

9. The seven-step postulated scenario included in the Board's Order is beyond 

design basis. Therefore, it is appropriate to use a representative, as opposed to a 

conservatively bounding, reactor core radioisotope inventory. Nonetheless, the 

development of the power uprate core radioisotope inventory for the equilibrium 

fuel cycle assumed a 2 percent power level uncertainty. Thus, ORIGEN2 cases 

were executed at 2900 x 1.02 = 2958 MWth.  

10. Power uprate equilibrium cycle inventory development is documented in 

Westinghouse calculation CN-REA-99-16, "Shearon Harris Maximum Credible 

Accident Sources for the Uprating/SGR," dated July 28, 1999. This 

Westinghouse calculation presents the ORIGEN2 results for several cases. Case 

A represents the equilibrium cycle reactor core radioisotope inventory used in the 

dose calculations for the seven-step postulated scenario included in the Order.  

OWNER REVIEWS OF THE REACTOR CORE 
RADIOISOTOPE INVENTORY 

11. The CP&L review of the "Shearon Harris Maximum Credible Accident Sources 

for the Uprating/SGR" calculation followed the same quality assurance 

procedures, in accordance with 10 C.F.R. Part 50, Appendix B, required by CP&L 

for all technical, safety-related analyses performed by outside vendors. These 

review procedures include Lead and Concurrent Owner's Reviews and are 
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discussed in the CP&L Procedure No. EGR-NGGC-0003, entitled "Design 

Review Requirements." 

12. I provided Ben Morgan, CP&L, the ORIGEN2 output associated with Case A, the 

power uprate equilibrium cycle reactor core radioisotope inventory, from 

calculation CN-REA-99-16, which was originally transmitted to CP&L by 

Westinghouse letter CQL-99-182, "Results of Calculation for Maximum Credible 

Accident Radiation Sources for the Uprating/SGR," November 12, 1999. The 

output provides, for a single assembly, the nuclide concentration in grams and the 

nuclide radioactivity in curies as a function of time after shutdown for the 

actinides plus daughters and the fission products. The reactor core inventory is 

obtained by multiplying nuclide concentration by the number of assemblies 

contained in the Harris core (157).  

CONCLUSIONS REGARDING THE REACTOR 
CORE RADIOISOTPOE INVENTORY 

13. Based on my education and experience in the field of nuclear engineering, my 

experience in the development and use of reactor core radioisotope inventories, 

and the review that was conducted of the power uprate equilibrium cycle reactor 

core radioisotope inventory calculation performed by Westinghouse, I believe that 

the use of this inventory is appropriate for calculating dose rates resulting from 

the sequence of events postulated by the Board.  
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I declare under the penalty of perjury that the foregoing is true and correct.

Executed on November .5.,2000.  

MicaeIJ.DeVoeUV 
Subscribed and sworn to before me 
this 15 day of November 2000.  

My Commission expires: - / • -C- z.  

Document #: 1034890 v2 
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L Michael J. DeVoe 
(919-546-6599)

Education:

MS Mechanical Engineering - Universit. of California. Berkeley - 1984 
BS Nuclear Engineering - University of Wisconsin. Madison - 1978 
Physics. Pre-Engineering - University of Wisconsin. Whitewater - 1976 

Professional Affiliations: 

Registered Professional Engineer. NC - 1991 
American Nuclear Society Member 
Tau Beta Pi Engineering Honor Society Member 
Sigma Pi Sigma Physics Honor Society Member 

Experience Prior to Joining CP&L:

January 1979 
September 1982 

September 1982 
June 1984

Program Engineer - General Electric Company. San Jose. California.  
Participant in General Electric Company's Edison Engineering and 
Engineering Training Programs. This involved six rotating work assignments 
of six months duration each: one and a half years of company taught applied 
engineering studies: and nine months of graduate stud,. at the University of 
California - Berkeley.  

Reload Nuclear Engineer - General Electric Company. San Jose. California.  
Performed a variety of reload nuclear engineering design activities in support 
of several operating boiling water reactor projects. Work areas included fuel cycle analysis. core design. system transient analysis. and core management.

Experience with CP&L:

July 1984
July 1990 

July 1990
July 1991 

July 1991 
July 1992 

July 1992
November 1992 

November 1992 
June 1996

Senior Engineer - Nuclear Fuel Section. Neutronic and Incore Analysis Units.  
Performed methods development, core and fuel system design. core 
management, reload licensing, and operations support for the Brunswick 
Units. Served as Technical/Team Leader for Brunswick reload activities.  

Acting Unit Manager - Nuclear Fuel Section. Incore Analysis Unit.  
Promoted to Project Engineer in September 1990.  

Project Engineer - Nuclear Fuel Section. Incore Analysis Unit.  
Continued to serve as Technical/Team Leader for Brunswick reload activities.  

Rotating Assignment - Brunswick Site Assistance Team.  
Assisted in the development of revised Temporary Modification and CAP 
Programs.  
Project Engineer - Nuclear Fuels Management & Safety Analysis Section.  
BWR Fuel Engineering Unit. Continued Technical/Team Leader role for 
Brunswick reload core design and operations support. Section representative
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June 1996 
October 1997 

October 1997 
February 2000 

February 2000 
Present

for the power uprate. 24 month fuel cycle, and ITS implementation teams.  
Provided failed fuel detection and management guidance.  

BWR Fuel Project Engineer - Nuclear Fuels Management & Safety Analysis 
Section. Served as reload ESR responsible engineer and overall coordinator.  
Interfaced with fuel vendor to procure nuclear fuel and related engineering 
services. Administered the reload contract as designated single point of 
contact. Interfaced with Brunswick on fuel related issues.  

Project Engineer - Nuclear Fuels Manaeement & Safety Analysis Section.  
Nuclear Fuel Services Unit. Responsible for determining the acceptability of 
proposed fuel mechanical design and manufacturing changes (BWR and 
PWR). Participate in and serve as technical consultant for fuel fabrication 
surveillances. Perform Owners Reviews of the IF-300 and Pool C & D 
criticality evaluations - support licensing interactions with NRC. Perform 
Source term evaluations to support E-plan updates and extended operating 
cycle Chapter 15 evaluations. Monitor fuel performance and provide leaker 
detection and management recommendations. Participate in poolside 
examination of discharged failed assemblies and assist in root cause 
determination.  
Proiect Engineer - Nuclear Fuels Manaeement & Safety Analysis Section.  
PWR Fuel Engineering Unit. Support reload related FSAR Chapter 15 Safety 
Evaluations for Harris and Robinson with emphasis on Harris SGR/PUR for 
Cycle 11. Provide continued support of Pool C & D licensing activities.

Relevant CP&L Training/Qualification: 

BNP ESP Training (Initial and Continuing) 
BWR Neutronics Engineer Training Guide 
BWR Transient Analysis Engineer Training Guide 
BWR Fuel Performance Engineer Training Guide 
Design Verifier Training 
Design Calculation Training 

ESR Training 
HNP Basic Systems Course 
HNP ESP Training (Initial and Continuing) 

PWR Transient Analysis Training Guide 
10 CFR 50.59 Qualification (BNP. HNP. RNP) 
BNP Tech Reviewer 
OJT/TPE 
Lead Assessor 
Root Cause Investigation 

Nuclear Generation Group Supervisory Development Program. Class 94-02.  Nuclear Generation Group Professional Support Assessment Center. 6/3/96.
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EXHIBIT 7 

UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

Before the Atomic Safety and Licensing Board 

In the Matter of ) ) 
CAROLINA POWER & LIGHT ) Docket No. 50-400-LA 
COMPANY ) 
(Shearon Harris Nuclear Power Plant) ) ASLBP No. 99-762-02-LA 

AFFIDAVIT OF BENJAMIN W. MORGAN 

COUNTY OF WAKE ) 
) ss: 

STATE OF NORTH CAROLINA ) 

I, Benjamin W. Morgan, being sworn, do on oath depose and say: 
I. I am a resident of the State of North Carolina. I am employed by Carolina Power 

& Light Company ("CP&L") and work at the Harris Nuclear Plant ("HNP" or 

"Harris Plant" or "Harris") in the Environmental & Radiation Control Unit 

("E&RC"). Presently, I am a Senior Analyst, and am responsible for providing 

technical support to the radiation protection program at Harris. My duties include 

procedure development, dose calculations for skin and internal contaminations, 

shielding design, radiation monitor response modeling for the plant simulator, 

emergency exercise radiological data preparation, analysis of the dose 

consequences of design basis accidents, and the preparation of technical reports 
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documenting the bases of the radiation protection program. My business address 

is 5413 Shearon Harris Road, New Hill, North Carolina 27562-9217.  

2. 1 was graduated Cum Laude from Duke University with a Bachelor of Science in 

Chemistry in 1976. Upon graduation, I served 7.5 years as an officer in the 

United States Navy's nuclear power program with assignments in the 

Engineering Department of a nuclear-powered Fleet Ballistic Missile submarine 

and as the Radiological Controls Officer on board a submarine tender. I have 

been employed by CP&L as a technical specialist in health physics since 1984, 

performing tasks of a similar nature to those described above, at Harris and in 

the corporate health physics organizations. I have also obtained a Master of 

Science degree in Health Physics from the Georgia Institute of Technology, 

conferred in 1992. I have been certified in the comprehensive practice of Health 

Physics by the American Board of Health Physics since 1993. My resume is 

provided as Attachment A to this affidavit.  

3. My role in preparing a response to the questions contained in the Board's 

Memorandum and Order of August 7, 2000 ("Order"), was to evaluate the dose 

rates in plant areas operators could need to access to perform mitigating actions 

for the loss of spent fuel pool cooling and makeup following the sequence of 

events postulated in the seven step scenario in the Board's Order (the "postulated 

scenario"). From these dose rates I determined: 1) whether these areas would be 

accessible; and, 2) the amount of time an individual could spend in these areas 
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without exceeding emergency radiation dose limits. I also evaluated the dose 

rates in the vicinity of various plant buildings and at the Harris Exclusion Area 

Boundary ("EAB") to determine what, if any, access restrictions would result 

from the postulated radionuclide releases.  

4. The purpose of this affidavit is to describe the processes I employed in performing 

the dose rate calculations and assessing access restrictions. First, I describe the 

information I used as input to my calculations. Second, I discuss the 

methodology and assumptions I used in evaluating the dose rates at various 

locations. Third, I describe the methodology and assumptions used to determine 

potential access restrictions and the information provided to ERIN Engineering 

and Research, Inc. ("ERIN"). Fourth, I discuss the conservatisms in my 

calculations. Finally, I discuss my conclusions regarding the validity and 

applicability of my results.  

SOURCES OF DATA 

5. Mr. Mike DeVoe of CP&L provided me with the best estimate core inventory of 

noble gases, cesiums and iodines for the postulated scenario. ERIN supplied me 

with the fractions of the core inventory of noble gases, cesiums, and iodines in 

plant areas relevant to mitigating a loss of spent fuel pool cooling and makeup 

under the postulated scenario. These areas include: Reactor Auxiliary Building 

("RAB") Elevation 236, Fuel Handling Building ("FHB") Elevations 286', 261', 

236', and 216' North and South. ERIN also provided the fractions of these 
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nuclides released to the environment. This data was in the form of total mass 

fractions versus time in hours from the initiation of the event sequence. In some 

areas (e.g., FHB 261', 236', 216' North), ERIN supplied both airborne and 

deposited fractions. ERIN also provided the volume and area of the nodes used to 

represent these areas in the ERIN analyses model.  

DOSE CALCULATIONS 

6. 1 used several widely accepted standards and methods in performing my 

calculations. The MicroShield program is an adaptation of the ISOSHLD 

computer code that has been used to perform shielding design calculations at 

many nuclear plants. including Harris. MicroShield has been in use at CP&L for 

over 15 years and has been validated by the vendor using standard shielding 

problems. The "RadDecay" database is a computerized version of standard 

radiological data provided by D.C. Kocher in "Radioactive Decay Data Tables," 

(DOE/TIC- 11026), which is a widely used reference. The "Health Physics and 

Radiological Health Handbook" ("Rad Health Handbook") contains standard 

methodology for calculating X/Q (i.e., dispersion factor), which is used in the 

Harris emergency dose projection program and the Harris Offsite Dose 

Calculation Manual ("ODCM"). I also used Regulatory Guide 1.25, 

"Assumptions Used for Evaluating the Potential Radiological Consequences of a 

Fuel Handling Accident in the Fuel Handling and Storage Facility for Boiling and 
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Pressurized Water Reactors" ("Reg. Guide 1.25"). which provides guidance for 

evaluating the doses from design basis fuel handling accidents.  

7. The mass of a nuclide and its activity are related by three constants: Avogadro's 

number, the nuclide's atomic weight, and its decay coefficient. Mass fractions, 

therefore, can be applied directly to core activity values to determine the amount 

of activity in each plant area and the environment as a function of time after a 

radionuclide release. In implementing this approach, for each time interval, I 

decayed the activity and divided by the volume (and, where applicable, the area of 

the nodes), to yield values for the airborne activity concentration and the 

deposited surface activity. I then determined the dose rate from airborne activity 

for each nuclide by multiplying the activity concentration by a nuclide-specific 

dose factor that was calculated for each area using MicroShield. The dose rates 

from surface deposition were calculated by multiplying the deposited activity 

times an infinite-plane dose conversion factor that was taken from the Rad Health 

Handbook or calculated using MicroShield. Contributions to the dose rates on 

FHB 216' North and South from airborne and deposited activity on FHB 236' and 

261' (these areas are connected through floor hatches) were also evaluated using 

dose factors calculated with MicroShield.  

8. The airborne dose rates from the individual nuclides were summed for each area 

and time interval for four accident scenarios: Interfacing Systems Loss of Coolant 

Accident ("ISLOCA"); Containment Isolation Failure ("Cont Isol"); Early 
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Containment Failure ("Early"); and Late Containment Failure ("Late"). Dose 

rates from surface contamination were then calculated for the most limiting 

accident, the ISLOCA. Since dose rates decreased and access times increased 

when deposition was accounted for, dose rates from surface deposition were not 

calculated for the Cont Iso, Early, and Late scenarios. A fifth scenario, Steam 

Generator Tube Rupture ("SGTR"), does not involve an early release of activity 

inside plant buildings and, therefore, was not included in this part of the 

evaluation.  

9. I calculated the dose rates from activity released to the environment due to 

airborne activity during plume passage and due to ground deposition both during 

and after plume passage. Airborne dose rates were calculated using the semi

infinite cloud methodology described in Reg. Guide 1.25. This method uses the 

average gamma energy and activity release rate for each nuclide, and the 

atmospheric dispersion coefficient at the point of interest to evaluate the dose rate.  

10. 1 determined the average gamma energy using data for gamma energies and yields 

contained in the RadDecay database. Each energy was multiplied by its yield and 

the products were summed to determine the average gamma energy.  

11. I calculated the activity release rate for each nuclide by multiplying the decay

corrected core activity by the fractional release rate. For each time interval, the 

fractional release rate was determined by subtracting the previous interval's 

release fraction from the current interval's release fraction and dividing by the 
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time between the intervals. The fractional release rates were extrapolated out to 

96 hours for all five scenarios.  

12. When required, I used the atmospheric dispersion coefficient (x/Q) at the EAB 

contained in the Harris ODCM. This value was derived from 10 years of site 

meteorological data and is considered to be a best estimate for this coefficient.  

The values of x/Q at the entrances to the power block, the water treatment 

building, and the cooling tower basin were derived by determining the wind speed 

and stability class used for the EAB value, measuring the downwind distance to 

these locations on plant drawings, and applying the appropriate equations from 

the Rad Health Handbook. A ground level release was used for all of the accident 

scenarios except the SGTR. In the SGTR, the only release is from the steam 

system at an elevation 44 feet above the ground level. Using an equation found in 

J. J. Bevelacqua's "Contemporary Health Physics" to account for plume rise due 

to temperature and steam flow rate for the assumed wind speed, I calculated an 

effective stack height of 117 feet for this scenario.  

13. With one exception, the factors described above were used in the equation from 

Reg. Guide 1.25 to calculate the dose rates from airborne activity during plume 

passage for each nuclide, at each location and time interval, for each accident 

scenario. The exception was the dose rates at the power block entrance for the 

SGTR. Because of the effective release height, the plume dose rates on ground 

level close to the release point are due to shine from the plume instead of 
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immersion in it. I used MicroShield to calculate the dose rate factors at this 

location and determined the dose rate by multiplying the activity concentration in 

the plume times this factor.  

14. I also calculated doses for ground deposition during and after plume passage.  

Ground deposition was determined by multiplying the airborne concentration at a 

given location by the settling velocity determined from the ODCM. The 

deposited activity was multiplied by the infinite plane dose conversion factors 

used for the in-plant calculations. After plume passage, the final value of the 

deposited activity was decay corrected for each subsequent interval. The dose 

rates from airborne and deposited activity were summed to give the total dose rate 

at each location.  

15. Finally, I calculated the dose rates inside the plant buildings due to the overhead 

plume and activity deposited on the roof by dividing the activity by a shielding 

factor derived using MicroShield. I evaluated dose rates for areas shielded by just 

a building roof (2.5 feet of concrete) and by the roof and with a floor above (5 feet 

of concrete).  

16. The results of the MicroShield airborne dose factor calculations were checked 

using the semi-infinite cloud calculations of Reg. Guide 1.25 modified for a finite 

volume using the method described in NUREG/CR-6210, "Computer Codes for 

Evaluation of Control Room Habitability (HABIT)." The other factors calculated 

during this evaluation were determined to be reasonable using standard health 
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physics methods and techniques. The in-plant dose calculation results are 

summarized in Attachment B. The environmental dose calculation results are 

summarized in Attachment C.  

ACCESS RESTRICTION DETERMINATION 

17. Attachment 1 of plant procedure PEP-330, "Radiological Consequences," which 

is provided as Attachment D to this affidavit, establishes emergency dose limits 

for response to radiological accidents at Harris. While higher dose limits may be 

used for volunteers who are fully informed of the associated risks, the Total 

Effective Dose Equivalent ("TEDE") limit applicable to the majority of 

emergency workers is 25 rem. I used this dose limit to determine the time limit 

for individual access to a given location. Although dose limits also exist for the 

thyroid and skin, and the postulated scenario creates dose hazards for these 

organs, these doses have generally not been used to determine access restrictions.  

This is because the thyroid and skin dose limits are higher and, through the use of 

a self-contained breathing apparatus, potassium iodide, and protective clothing, 

these hazards can be significantly reduced.  

18. In 10 C.F.R. § 20.1003 the Nuclear Regulatory Commission defines a "Very High 

Radiation Area" as "an area, accessible to individuals, in which radiation levels 

from radiation sources external to the body could result in an individual receiving 

an absorbed dose in excess of 500 rads (5 grays) in I hour at 1 meter from a 

radiation source or I meter from any surface that the radiation penetrates." 

-9-

00132 1



Although 10 C.F.R. § 20.1001 also states that these restrictions do not limit 

actions "necessary to protect health and safety," I used a dose rate of 500 rem-h", 

(which is roughly equivalent to 500 rad-h"') as the cut off point for allowing 

personnel access to an area.  

19. Using these criteria, I evaluated the dose rates for each area, interval, and scenario 

in the following manner. Where the calculated dose rate was greater than or equal 

to 500 rem-h", the area was designated "no entry" for the time interval under 

review. Where the calculated dose rate was less than 25 Prem-h' (i.e., 

approximately background), the interval was annotated as "no dose." Where 

calculated dose rates fell between these two values, the dose rate was divided into 

25 rem and multiplied by 60 to determine the access time in minutes. I 

summarized the results of these dose calculations in a table for each scenario and 

provided the information to ERIN for use in their analyses.  

20. My work was reviewed by the Manager - E&RC, Mr. E. L. Wills, Jr. The scope 

of his review included the methodology, assumptions, input and output data, and a 

spot check of the numerical calculations. Mr. Wills substantiated my 

methodologies and the results of my calculations.  

CALCULATION CONSERVATISMS 

21. The derivation of the in-plant airborne dose factors using MicroShield, modeled 

each plant area as a rectangular box and calculated the dose rate at the highest 

dose point, (i.e., the geometric center of the box). This method produced 

-10-
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conservative results because it does not account for support structures, installed 

equipment, and internal walls that shield an individual from some portion of the 

calculated airborne activity. Also, in some areas, the geometric center of the 

volume is above head height, so that the actual dose rate to an individual would be 

lower than calculated. Actual dose rates would also be lower than calculated in 

plant areas with lower ceilings in part of a space, because an individual would be 

exposed to less activity from overhead than calculated.  

22. The contribution to the dose rates on FHB 216' North and South from activity on 

FHB 236' and FHB 261' was calculated by using a dose point directly under the 

center of the overhead hatch. By staying close to the wall on FHB 216', in 

compliance with ALARA principles, an individual could avoid a large fraction of 

the calculated dose from this source.  

23. Access times in areas affected by environmental releases assume that all areas are 

downwind, (i.e., all entrances to the power block, the water treatment building, 

and the cooling tower basin are all affected by the same release). This is 

extremely unlikely to occur because of the actual physical separation of these 

areas and the diverse directions from the release points. As a result, the calculated 

dose rates in one or more of these locations is very likely conservatively high.  

24. Deposition was not assumed to remove any activity from the plume and the 

activity was not decayed during the time it would take the activity to travel from 

the release point to the location of interest. These assumptions both increase the 
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conservatism of the calculated plume dose rates. The lack of decay during travel 

time also adds conservatism to the calculated deposition dose rates.  

25. The dose calculations assumed radioactivity releases from a single point. This 

resulted in higher calculated doses than would result if the release occurred from 

multiple locations, as would likely be the case for all scenarios except SGTR.  

26. Conservative values were used for steam flow rate and ambient temperature in 

calculating the effective release height for SGTR. This resulted in a lower 

calculated release height and, therefore, higher calculated dose rates from both 

shine and plume immersion.  

27. Dose consequences for personnel on the ground from radioactivity released from 

the plant vent are not as significant as the dose consequences from radioactivity 

released through the FHB railroad door. Use of a ground level release for 

scenarios other than SGTR, therefore, produces dose values more conservative 

than actually expected because, although some activity could be released from the 

FHB railroad door, most of the activity released would be from the plant vent.  

CONCLUSIONS 

28. 1 conclude that my dose calculations accurately represent a conservative estimate 

of conditions expected following the Board's postulated sequence based on 

available industry standard and Harris-specific information.  

29. I conclude with a high degree of confidence that my dose calculation results 

demonstrate that certain internal and external areas at Harris are sufficiently 
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accessible within 96 hours of the postulated sequence to allow personnel entrance 

to mitigate a postulated loss of spent fuel pool cooling and makeup.  

I declare under penalty of perjury that the foregoing is true and correct.  

Executed on November I_, 2000.

Subscribed and sworn to before me, 
this _• day of November 2000.

My Commission

Be~gin W. Morgan 

S .Y4 

" P BL I C 
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Benjamin Wesley Morgan 

HNP Zone 5, 5413 Shearon Harris Road 
New Hill, NC 27562-9217 

Phone: (919) 362-2998, FAX (919) 362-2307 
ben.morgan@cplc.com

Professional 
Experience

Senior Analyst - Radiation Protection, 1993 to present 
Carolina Power & Light 
Providing technical support to the radiation protection program 
at the Harris Nuclear Plant. Duties include procedure 
development, dose calculations for skin and internal 
contaminations, shielding design, radiation monitor response 
modeling for the plant simulator, emergency exercise 
radiological data preparation, analysis of the dose 
consequences for design basis accidents, and the preparation 
of technical reports documenting the bases of the HP program.  

Project Specialist - ALARA, 1992 to 1993 
Carolina Power & Light 
Providing technical support to all three CP&L nuclear sites in 
the reduction of radiation dose. Responsible for updating and 
maintaining the Company Dose Reduction Plan.  
Senior Specialist - ALARA, 1989 to 1992 
Carolina Power & Light 

Developing and implementing the Harris Nuclear Plant 
program for maintaining radiation doses As Low As 
Reasonably Achievable (ALARA). Duties included preparing 
procedures, performing shielding analyses, conducting pre
job planning, preparing post-job reports, and supervising 
technicians assigned to the ALARA subunit.  

Senior Specialist - Radiation Control, 1988 to 1989 
Carolina Power & Light 

Providing technical support to the radiation control program 
at the Harris Nuclear Plant. Duties primarily involved the 
preparation and maintenance of procedures.
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Senior Specialist - Health Physics, 1984 to 1988 
Carolina Power & Light 

Providing technical support to all three CP&L nuclear sites.  
Duties included: preparing radiological data for emergency 
exercises, developing emergency plans and procedures, 
developing and presenting training in dose projection, 
radiological controls for rescue squad personnel, and ALARA 
for design engineers, and performing radiological job 
coverage.  

Radiological Controls Officer, 1981 to 1983 
USS Fulton (AS-1 1), United States Navy 

Supervising one officer and 30 enlisted men in providing 
radiological and radiochemical support to a squadron of 
nuclear-powered fast attack submarines. Services included 
job coverage, radioactive waste disposal, laundering of 
contaminated clothing, instrument calibration, radiochemical 
analysis, and the preparation/delivery of dem ineralized 
water. Also filled the position of Senior Watch Officer, 
responsible for watch station training and duty schedules for 
approximately 1,000 crew members, both commissioned 
officer and enlisted personnel.  

Engineering Departnent Officer, 1978 to 1981 
USS Henry Clay (SSBN-625 (Gold)), United States Navy 

Supervising various divisions of the Engineering Department 
in the maintenance of mechanical and electrical systems on 
board a nuclear-powered fleet ballistic missile submarine 
while performing deterrent patrols. Other duties include 
standing watch as Engineering Officer of the Watch and 
Officer of the Deck. Qualified in submarines and as a Naval 
Nuclear Power Program Engineering Officer.
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Education and 
Training 1972 -- 1976 Duke University 

BS/Chemistry
Durham, NC

1976 - 1977 Naval Nuclear Propulsion School/Prototype 

Orlando, FLANVindsor Lock. CT 

1977 - 1978 Submarine Officers Basic Course Groton, CT

1987- 1992 Georgia Institute of Technology 
MS/Health Physics

Accreditation 

Professional 
Memberships 

Professional 
Service

Presentations 
and 
Publications

Atlanta, GA

Certified Health Physicist (comprehensive) 1993; renewed in 
1997; renewal due in 2001 

- Health Physics Society (1985) 
- North Carolina Chapter of the Health Physics Society 

[NCHPS] (1985) 
- Eastern Carolinas Section of the American Nuclear Society 

(1999) 

- Ad hoc Committee to form the PWR RP/ALARA 
Committee, 1992 

- Steering Committee, PWR RP/ALARA Committee, 
1993-1994 

- Treasurer, NCHPS, 1997-1999 
- President-elect, NCHPS, 1999-2000 
- President, NCHPS, 2000-2001 

Papers presented at several REM Seminars, PWR 
RP/ALARA Committee meetings, the annual meeting of the 
Health Physics Society in 1995, and the EPRI workshop on 
Effective Dose Equivalent in 1997.  

Publication - Software Review - MicroShield, Version 3.12, 
Health Physics, Vol. 57, No. 6 (December), pp. 1041-1043, 
1989.
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Attachmejlt B

In-Plant Dose Calculation Results

TC'T f\r' � All areas are accessible for the first half-hour. FHB 216" North becomes 
accessible again after approximately 15.0 hours and remains accessible for 
the duration of the accident.  

After 8 hours, RAB 236' becomes inaccessible. All other plant areas are 
accessible throughout the accident.  

Access to the RAB 236' is lost at 3.6 hours and access to FHB 261' and 
FHB 286* at 3.8 hours. FHB 236', FHB 216' North. and FHB 216' South 
remain accessible throughout the accident.

Late Access to the RAB 236'. FHB 261 ', and FHB 286' is lost at 43 hours.  
FHB 236', FHB 216' North. and FHB 216' South remain accessible 
throughout the accident.

Early
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Attachment C

Environmental Dose Calculation Results

1.l 1'

All areas are accessible except the downwind entrance to the power block.  
This is not critical since, given the large number of entry points into the 
FHB. at least one entry will be upwind. Depending on wind direction.  
dose rates in the Control Room may require evacuation of this area for 
approximately 6 hours, but dose rates at the Auxiliary Control Panel are 
acceptable.  

The downwind entrance to the power block is inaccessible from 8.1 to 21.7 
hours after the start of the accident. This is not critical since, given the 
large number of entry points into the FHB, at least one entry will be 
upwind. All other areas are accessible throughout the accident.
The downwind entrance to the power block is inaccessible after 3.6 hours.  
This is not critical since, given the large number of entry points into the 
FHB, at least one entry will be upwind. The Water Treatment Building 
and Cooling Tower basin (if they are downwind) are inaccessible from 3.8 
hours to 5.5 hours, but remain accessible after this. The EAB is accessible 
throughout the accident.

Late The downwind entrance to the power block is inaccessible after 43 hours.  
This is not critical since, given the large number of entry points into the 
FHB, at least one entry will be upwind. The Water Treatment Building is 
inaccessible for a few minutes during the early part of the release, but 
remains accessible after this. All other areas are accessible throughout the 
accident.

S•v s a bnef penod k- 15 minutes) early in the accident when access is lost to all areas. Within 10 hours of the start of the accident, all areas are 
accessible.
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3 
. PROCEED I NGS 

2 MR. O'NEILL: Before we swear in the witness, I 

3 will ask the court report to swear in the witness. I will 
4 ask the court reporter to transcribe everything during the 
5 deposition, except during breaks and mutual off-the-record 

6 discussions, when nothing should be transcribed.  

7 I ask that the court reporter interrupt when 

8 necessary to clear up any doubt about a question or answer.  

9 I will ask you to transcribe the attendance, exits, and 
10 entrances of all individuals in this room. I will ask that 

11 you mark up all exhibits prior to conimencing an examination.  

12 Before we start, I'll ask that you explain to the witness 

13 the manner of transcription, so he is familiar with what is 

14 going to happen today. And, if at any time, you require a 

15 break, please feel free to let me know.  

16 Do you have any questions? 

17 THE REPORTER: No.  

18 MR. O'NEILL: Okay. I would ask at this time you 

19 swear the witness in.  

20 (Witness sworn.] 

21 At this time, would the court reporter go off the 

22 record and please explain to the witness the manner of 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001.333
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4 
1 transcription? 

2 [off the record.] 

3 MR. O'NEILL: Good morning, Dr. Thompson. We've 

4 met before, and I know that you've been deposed before. If 

5 at any time, you want to take a break, please speak up and 

6 we'll do that. If you don't understand anything, please 

7 speak up, and I'll clarify a question. If you do not ask 

8 for a clarification, then I will assume that you understand 

9 the question, and the question and your answer will be 

10 recorded. And I'm sure that you're aware of the severe 

11 penalties that are the consequence of answers that are not 

12 truthful.  

13 Do you have any questions of me before I begin? 

14 THE WITNESS: No.  

15 Whereupon, 

16 GORDON R. THOMPSON, 

17 the witness, was called for examination and, having been 

18 first duly sworn, was examined and testified as follows: 

19 EXAMINATION 

20 BY MR. O'NEILL: 

21 Q Okay By agreement of counsel, this deposition is 

22 as if it were under a subpoena duces tecum. Have you 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001 33 4
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1 brought any documents with you today? 

2 A No.  

3 Q Did counsel advise you to -- as to whether or not 

4 you should bring any documents? 

5 A Counsel advised me that I should bring documents 

6 additional to those presented by counsel in this case that 

7 have been identified to date as supporting our case. And I 

8 have not brought any documents of that nature.  

9 Q And is that because you have no documents of that 

10 nature? 

11 A That's correct.  

12 Q Okay.  

13 A That's not to say that I may not identify 

14 additional documents prior to completion of discovery in the 

15 case.  

16 Q Okay. And do you understand that you have a 

17 continuing obligation up through October 20th to produce any 

18 documents that are identified upon which you will rely in 

19 connection with your expert opinion? 

20 A I understand that, yes.  

21 Q Thank you. You were previously deposed in this 

22 proceeding relating to technical contentions, is that 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 

00-1335
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6 
1 correct? 

2 A That is correct.  

3 Q Was the testimony that you gave in that deposition 
4 truthful and accurate to the best of your knowledge and 

5 belief? 

6 A It was.  

7 Q Have you been retained by the Board of 
8 Commissioners of Orange County, who we will refer to in this 
9 deposition as BCOC, as an expert in connection with the 

10 admission of contention EC(6) in this proceeding? 

11 A I have.  

12 Q Would you please tell me those areas relevant to 
13 this contention, and would you hold yourself out to be an 

14 expert? 

15 A This contention pertains to the causation of a 
16 spent fuel pool accident by a reactor accident. This is a 
17 highly complex matter, involving many sorts of analysis.  
18 It's a matter that has received a very small amount of 
19 attention from the Nuclear Regulatory Commission and the 
20 nuclear industry. And what I am doing in this proceeding is 
21 providing an integrated picture of the steps involved in 
22 that accident sequence, drawing from literature, where 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034
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1 available, and supported by calculations and judgement, 
2 where necessary. This task involves knowledge of reactor 
3 accidents, the release of radioactive material from reactor 

4 containments during such accidents, the effect of this 
5 radioactive material on the ability of operators to maintain 
6 the functioning of spent fuel pools and the equipment that 
7 supports the operation of the spent fuel pools, the behavior 
8 of a spent fuel pool when water is lost through evaporation, 
9 and the radioactive release that would ensue from the drying 

10 out of a pool. As I said before, this is a highly complex 
11 matter involving a great deal of analysis. There is no one 
12 person who could claim to be an expert on every detail of 
13 every step of that analysis, and I do not claim to be such a 

14 person. I do not believe any such person exists. And, 
15 therefore, my expertise, which I believe is sufficient for 
16 this proceeding is to provide, as a I said before, an 
17 integrated picture, drawing upon literature where it exists 
18 and then supported by calculation and judgement. I 
19 apologize for such a long answer, but I thought that 

20 necessary to respond.  

21 Q Thank you for the answer. Let's start with the 
22 first of the areas in which you indicated was important to 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001337



IL

8 
1 this contention. Reactor accidents. Are you an expert in 

2 reactor accidents? 

3 A Sufficient for this purpose, yes.  

4 Q What does that mean? 

5 A I have for a couple of decades now participated in 

6 a number of studies related to the potential for reactor 
7 accidents involving core damage, and have authored and 

8 contributed to a variety of publications on that subject.  

9 Some of this work is in relation to pressurized water 
10 reactors, such as Harris. Some of it in relation to other 
11 types of reactors. And I believe this work demonstrates an 
12 ability to provide the sort of expertise of integrating that 

13 I described in my previous response.  

14 Q Do you know what the definition of an expert is 
15 for purposes of legal proceedings? 

16 A I do not.  

17 Q I read from Rule 702 of the Federal Civil Judicial 
18 Rules Procedure. Rule 702 says testimony by experts. If 

19 scientific, technical or other specialized knowledge will 
20 assist the tryer of fact to understand the evidence or to 
21 determine a fact in issue, a witness qualified as an expert 
22 by knowledge, skill, experience, training, or education may 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034
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. testify thereto in the form of an opinion or otherwise.  

2 Does that sound like the definition of an expert as you 

3 might have used the term? 

4 A That sounds like a reasonable definition. Could I 

5 go on? 

6 Q You can go on as long as you want.  

7 A And I'd consider myself qualified to cover the 
8 severe reactor accident issues pertinent to this contention 

9 based on that definition with the exception of training, 
10 because I have not received specific training in analysis of 

11 reactor accidents. But I believe I meet the other 

12 specifications.  

13 Q Have you had education in reactor accidents? 

14 A I have received education in science and in 
15 engineering. And I believe that education is sufficient to 
16 support the testimony that I have to provide. But, as I 
17 stated earlier, I have not received any specific training in 

18 the analysis of reactor accidents.  

19 Q With respect to education, are there any courses 
20 in your undergraduate or post-graduate work that relate to 

21 reactor accidents? 

22 A No, I think that's a corollary of my previous 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 
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I statement.  

2 Q Have you taken any specific seminars or other 
3 courses after your doctorate at Oxford that would include 
4 - would be categorized as education on reactor accidents? 

5 A No.  

6 Q Have you performed any accident analyses using the 
7 codes that are accepted by the Nuclear Regulatory Commission 
8 or the regulatory commissions of any other country as 
9 appropriate to analyze reactor accidents? 

10 A I have worked with consequence codes, but not 
1i codes that pertain to the incontainment aspects of reactor 

12 accidents.  

13 Q Would you please list each of the studies, you've 
14 used that term, that required you to analyze reactor 

15 accidents? 

16 A Reactors of all types? 
17 Q Let's limit ourselves to pressurized water 
18 reactors, since that what this is about.  
19 A Okay. I -- You have to bear with me while I 

20 reconstruct this in my head.  

21 Q Sure.  

22 A I didn't come with such a list. I was co-author 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 
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11 
1 of a source-term report, published by the Union of Concerned 

2 Scientists in the mid-'80s.  

3 Q And what work with respect to reactor accidents 

4 did you perform in connection with your co-authoring the 

5 source-term report in the mid-'80s? 

6 A This report was a review of the state of knowledge 

7 about the behavior of light water reactors during severe 

8 accidents, with a particular focus on the source term, 

9 namely the magnitude of other characteristics of the release 

10 of radioactive materials. And that required me to review 

11 the state of analytic and experimental knowledge at the 
12 time, and I summarized this in several chapters of the study 

13 that I mentioned.  

14 Q Did it require you to be able to analyze the steps 

15 involved in a reactor accident? 

16 A It did. But I -- as a corollary to a previous 

17 answer, I did not run any codes and pursue that work.  

18 Q What about containment integrity? Are you an 

19 expert in containment integrity? 

20 A For the purposes of this proceeding, yes.  

21 Q Would you please describe your education with 

22 respect to the issues important to being an expert in 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034
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1 containment integrity? 

2 A My answer is similar to the answer I gave in our 

3 preceding exchanges about the phenomena occurring inside 

4 containment associated with a degraded core accident. I -

5 so I could repeat them all, but essentially it's the same 

6 picture in terms of my expertise, training, and so forth.  

7 Q So you've had no formal education in containment 

8 integrity or containment design? 

9 A That is correct.  

10 Q And you've had no formal training in containment 

11 integrity or containment design? 

12 A That is correct.  

13 Q Have you had any formal education or training with 

14 respect to the issue of how the integrity of containment 

15 could be bypassed, as you've used that term, in this 

16 contention? 

17 A No.  

18 Q Do you profess to have any skill related to the 

19 design of a containment? 

20 A I have been trained in mechanical engineering 

21 design, and have worked as a mechanical engineer in a design 

22 office a long time ago. If I were to be employed as a 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 
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13 
1 designer of a nuclear containment, I'd expect to have some 
2 additional training for that purpose. The sort of expertise 
3 you need at your fingertips when you're designing something 
4 is typically very specialized. There's a high degree of 
5 precision involved. And it's relatively a narrow 

6 application, and no one person can be an expert in designing 

7 all of the components of a nuclear power plant, and I 
8 wouldn't claim any expertise of that kind, either.  

9 Q When you worked as a mechanical engineer, what was 
10 the most complex piece of equipment, a system, structure 

11 that you were involved in designing?' 

12 A This was in an office that designed coal fired 
13 power plants, and I recall working on pumps and piping and 
14 boiler equipment--cold grinding and feeding equipment. So 
15 it was mostly on the steam side.  

16 Q How many years ago was this? 

17 A Thirty years ago.  

18 Q Thirty years ago. And specifically, do you recall 
19 what design function you had 30 years ago with respect to 
20 certain equipment on a cold fire plant? 
21 A Well, I was a junior engineer at the time, a new 
22 graduate, so I was low man on the totem pole in that office.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 
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14 
1 Q After that, did you have any other positions 

2 where you were required to perform design functions? 

3 A No, I have not.  

4 Q You were giving us a list of those studies in 
5 which you participated that related to reactor accidents. I 
6 will now broaden that to include containment integrity and 
7 ask you to continue that list. I think you mentioned one 

8 study.  

9 A Right. The Union of Concerned Scientists report 
10 that I described also addressed containment issues, since 
11 its purpose was to address the source term, namely the 
12 escape of radioactive material from containment.  

13 Q Did you have responsibility for that part of the 
14 report? 

15 A I believe I read the containment chapters, but I'd 

16 have to check.  

17 Q And what information did you base your opinions 
18 with respect to containment, or was it just a literature 

19 survey? 

20 A What I did was survey a lot of literature, and go 
21 to several workshops. And so essentially, it was a review 
22 based on those -- on that input. Attendance at conferences 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 
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1 and workshops and literature review.  

2 Q Can you name the conferences and workshops? 

3 A No, I'd have to -- I'm not sure I could 

4 reconstruct that, but that would be in my very deep files.  

5 Q Perhaps to help you, you might it useful to refer 

6 to your curriculum vitae as we ask these questions, and I'll 

7 ask the court reporter to mark as Thompson Exhibit 1 a 

8 document which I believe was updated July 2000 that is the 

9 curriculum vitae as Gordon R. Thompson, consisting of ten 

10 pages provided to the parties in this proceeding.  

11 [Thompson Deposition Exhibit No. 1 

12 was marked for identification.] 

13 MR. O'NEILL: You can hand it to the witness after 

14 you've marked it each time.  

15 THE WITNESS: Thank you.  

16 BY MR. O'NEILL: 

17 Q Dr. Thompson, do you have before you what has been 

18 marked as Exhibit 1? 

19 A I do.  

20 Q Did you prepare this curriculum vitae? 

21 A I did.  

22 Q And the information in this curriculum vitae true 
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and accurate to the best of your knowledge and belief? 

A It is.  

Q Okay. Now I just provide this to you to assist, 

and any times you have-

A Right.  

Q Difficulties remembering information that is 

relevant to the questions that I ask relating to your 

experience.  

A Sure.  

Q I believe we were on your list, which now is two, 
of studies in which you have participated that relate to 

reactor accidents and or containment designer bypass.  

A Right.  

Q Is there anything else that you can tell us about? 

A Yes. In the latter part of the '80s, I worked as 

a consultant for the Attorney General of Massachusetts in 

connection with the licensing of the Seabrook nuclear power 

plant. And I can't remember at the moment exactly how many 
years, but several years in the second part of the '80s and 
wrote a number of analyses, none of which ever saw the light 

of day, because the way that proceeding went, none of -- the 

material I provide was drafts or testimony that, for legal 
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I reasons, that I never bothered to find out about, were never 
2 admitted into the -- into evidentiary hearings. So none of 
3 it was ever published. But that did relate to a pressurized 

4 water reactor, namely a Seabrook, and -- excuse me.  

5 Q And what work did you do with respect to reactor 

6 accidents or containment design with respect to this 

7 unpublished work? 

8 A The issue here was again a source term issue, 
9 namely the probability and magnitude of the release of 

10 radioactive material from the Seabrook containment, and 
11 there was also some consequence work as part of the -- and I 
12 do recall somewhere in that process testifying to the ACRS.  
13 Q What was the subject of your testimony to the 

14 ACRS? 

15 A That was -- the applicant for the Seabrook license 

16 was, at one period, seeking a reduction of the planning zone 
17 from ten miles to one-mile radius, and this was being 
18 pursued through discussions between the applicant and the 
19 NRC staff. And the technical work for the applicant was 
20 mostly done by, I think, Pickard Lowe & Garrick, and there's 

21 a series of documents that they produced. And I recall 
22 attending meetings at Brookhaven and at NRC offices on those 
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1 matters where technical questions were pursued and 

2 subsequently testifying to the ACRS.  

3 Q Did you perform an original calculations.  

4 A No. On the consequence side, yes.  

5 Q I'm now looking at the accident side or 

6 containment design side.  

7 A No. No.  

8 Q Any other studies relating to PWRs that had 
9 anything to do with reactor accidents or containment design? 

10 A In -- again, in the '80s, Greenpeace-Germany 

11 sponsored a review of the state of the art of probabilistic 

12 risk assessment. And I believe we have produced a document 

13 that came out of that. This was quite a detailed review 

14 that went on for I think about a year. And it was a jointly 

15 authored publication, and I definitely recall contributing 

16 components of that the containment -- on incontainment 

17 behavior and containment performance.  

18 Q Did you do any original calculations? 

19 A On those subjects for that report, no.  

20 Q Did you do any specific work on probabilistic risk 

21 assessment for that Greenpeace study which you've just 

22 mentioned? 
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1 A There were some calculations performed in that 

2 report.  

3 Q By you? 

4 A Which -- no. No, I contributed to the discussion 

5 that framed them, but the actual computer runs were done by 

6 somebody else.  

7 Q Any other studies that you can point to that give 
8 you some experience with respect to reactor accidents or 

9 containment design? 

10 A In the -- also in the '80s, I participated in 

11 another study by Greenpeace, and I don't know whether we 

12 have produced this one or not, but I do have a copy of -- if 
13 it's necessary to produce it -- which was an international 

14 review of all the major reactor types and their safety 

15 related features, and that included their containment 

16 features and estimated containment behavior.  

17 Q What was your role in producing that study? 

18 A I did the -- I coordinate the North American 

19 component, which meant that I did the light water -- the 

20 U.S. light water reactors and subcontract to the Canadian.  

21 Q Did you perform any original calculations in 

22 connection with your work on that study? 
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1 A No.  

2 Q Is there any information in that study would you 

3 consider relevant to the work that you are doing or are 

4 about to do relating to the contention that's been admitted 

5 in this proceeding? 

6 A Only insofar as it required me to become familiar 
7 with the range of light water designs, light water reactor 

8 designs, used in the United States and their safety features 
9 and their containment features. It wasn't -- it was more of 

10 a plant design review than a-

11 Q A literature survey? 

12 A Yes. Based on a literature survey.  

13 Q Are you going to rely on anything in that report 

14 in producing your-

15 A I don't expect.  

16 Q Your report? 

17 A I don't expect to. No, which I guess is why-

18 Q You didn't produce it? 

19 A We haven't produced it.  

20 Q Right. Alright, so we're still on this list now 

21 of any study in which you have participated that you believe 

22 establishes your expertise in reactor accidents and 
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1 containments. Is there anything else that you would like to 

2 point to? 

3 A The first -- my first acquaintance with, as near 

4 as I recall, with the details of pressurized water reactors 

5 was when I had prepared testimony for a proceeding in 

6 England called the Sizewell Public Inquiry, which would have 

7 been the early '80s, '83, '84, or thereabouts. And that was 

8 a review that addressed a range of issues, including reactor 

9 safety, but I don't -- I think the later material that I 

10 have described is more pertinent to this proceeding.  

11 Q Did you do any original work or calculations-

12 A No.  

13 Q In connection with reactor accidents? 

14 A No.  

15 Q At the Sizewell B facility? 

16 A No.  

17 Q Nor with respect to the containment design of 

18 Sizewell B? 

19 A That's correct.  

20 Q Okay. Is there anything else that you can point 

21 to that you would bring to the attention of the board as to 

22 your expertise, as you hold yourself out, with respect to 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

00.1351



I L

22 
1 reactor accidents analysis or containment design? 

2 A I have authored other documents over the years 

3 that -- where this -- where the issue of survey core damage 

4 and containment behavior has some relevance. For example, I 
5 published a paper, which I believe we have produced in this 

6 proceeding, on the war, sabotage and terrorism risk to the 

7 nuclear power plants.  

8 Q Of course, that's not in this contention 

9 specifically excluded, does that? 

10 A I do understand that. Right.  

11 Q Right.  

12 A But I think we supplied it for completeness, and 

13 there's a certain amount of discussion of containment 

14 behavior and reactor behavior as it pertains to these 

15 initiating events. And I have written on the regulatory 

16 structure for light water reactors in the United States, and 

17 I think we have produced that one. That was a working paper 

18 with my institute commissioned by a Canadian institute.  

19 Q That's on the Darlington? 

20 A No, no, that was -- I did a lot of work on 

21 Darlington which is a CANDU plant.  

22 Q Right.  
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1 A No, this was work commissioned by the Iler 

2 Research Institute, I-L-E-R Research Institute, in Canada.  

3 Q I've been -- I've tried to be very careful to ask 

4 this question each time, and I want to just now sum. As I 

5 understand it, with respect to all of the studies in which 

6 you have mentioned, you have not yourself performed any 

7 original calculations or accident analyses using codes on 

8 reactor accidents? Is that true? 

9 A That is correct, yes.  

10 Q Okay. I'd like you to turn to what has been 

11 marked as Exhibit 1 for a minute. And this is, I 

12 understand, an updated resume or curriculum vitae from the 

13 one that was provided in connection with your earlier 

14 deposition and your earlier expertise in the safety side of 

15 this proceeding, is that correct? 

16 A Through July, yes.  

17 Q Through July. Now would you please tell me 

18 everything that you have done since the last deposition that 

19 relates in any way to any of the issues before the board in 

20 contention EC(6) so that -we catch up, if you will? 

21 A Right. I have done more work on this proceeding, 

22 but other than that nothing.  
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Q Okay. So the La Hague study, for example, which 

2 is dated 2000, would not be relevant to this proceeding, is 

3 that your? 

4 A Well, actually-

5 Q Actually.  

6 A And I think we produced this one.  

7 Q Yes, you did.  

8 A There is a -- there is a -- there is a connection 

9 on the pool side, which we haven't got to yet.  

10 Q Right.  

11 A But just for -- as a point of information, La 
12 Hague has some very big pools, and they're planning to store 
13 18,000 tons of fuel in high density pools with La Hague, and 
14 I did address that in the report that came out of my review 

15 of La Hague.  

16 Q Okay, and we may get to that one later-

17 A Right.  

18 Q So let's set that aside for the moment. And we'll 
19 also set aside any additional work on Orange County. We'll 
20 come back to that.  

21 A Right.  

22 Q Anything else since your last deposition that 
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relates in any way to the issues that are before this board 

in EC(6) as you have defined it? 

A Nothing I can think of, no, no.  

Q Okay. When contention EC(6) was admitted, did you 

have a new engagement with the Board of Commissioners of 

Orange County to provide additional expertise as you hold 

yourself to the BCOC relating to this environmental 

contention? 

A I have one contract with BCOC that's been in 

effect since I think February of 1999, and that has been 

adequate to cover all the work I've done for them since.  

Q Okay. Is there any limitation with respect to the 
number of hours or the total fees that BCOC has imposed on 

you in advising them with respect to this contention? 

A The BCOC has not provided a written statement of 

maximum hours or maximum budget, you know, not to exceed 

statement. At each stage of this proceeding, I consult with 

Attorney Diane Curran and we make an estimate for the next 

stage of the proceeding, and she communicates that to BCOC 

and so far the BCOC has approved this at each stage.  

Q So do you have a estimate, which has been 

approved, as to your time and or fees related to this 
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1 environmental aspect of this proceeding since the admission 

2 of contention EC(6)? 

3 A No. I did not personally provide such an estimate 
4 to BCOC, but I believe Attorney Curran has done so.  
5 Q And what was the estimate that you provided to 

6 Ms. Curran and thereby to BCOC? 

7 A I don't recall the amount, but it involved a 
8 fairly intensive period of work over the current period, 

9 August to November of this year.  

10 Q So how many hours? 

11 A I don't recall.  

12 Q What are you budgeting for the number of hours it 
13 will take through November of this year on this proceeding? 

14 A Well, the actual number of hours I spend will be 
15 whatever it takes. The actual number of hours I bill will 

16 be more or less what we agreed.  

17 Q And that number is? 

18 A I don't recall.  

19 Q Well, what is your best recollection? You must 
20 have some understanding of what it is as opposed to a 

21 precise number? 

22 A For the period after this contention was admitted? 
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1 Q Yes.  

2 A Through oral argument? 

3 Q Yes.  

4 A I know my cost, estimated cost, would be less than 

5 $50,000.  

6 Q Less than $50,000? 

7 A Right. More precisely, I couldn't say.  
8 Q Now, previously your hourly rates was $125 an 

9 hour, has that changed? 

10 A No, it has not.  

11 Q So if we take $125 an hour and divide that into 
12 $50,000, is that a fair estimate of the maximum number of 
13 hours that you would anticipate spending on this proceeding? 

14 A The $50,000 is -- what I can give you confidently 
15 as an upper limit. I know it's less than that.  

16 Q Okay. But as an upper limit? 
17 A But I'm not going to guess or something like that.  

18 Q Now, if my math-

19 A The number -- I know also that the number of hours 
20 I actually spend will substantially exceed what I bill.  
21 Q So if my math is correct as this early morning 
22 hour, that would be about 400 total hours, is that correct? 
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1 A If you divide $50,000 by 125, that's what you get? 

2 Q How much have you spent thus far since this 

3 contention was admitted, approximately? 

4 A I don't know.  

5 Q 200 hours? 

6 A Very possibly. I don't know exactly.  

7 Q Okay. So let's assume that very possibly you 

8 spent 200 hours and after a balance of one hundred, say, 

9 you've got another 200 hours. How are you going to spend 

10 that between now and oral argument in providing the support 

11 to BCOC as their sole -- and you are; by the way, the sole 

12 expert in this environmental contention, is that not true? 

13 A That is correct, yes.  

14 Q Okay. So how are you going to spend that 200 

15 hours in advising BCOC and preparing your expert report? 

16 A Well, how I shall spend -- how I shall use the -

17 whatever number of hours it is, which you say is 200, will 

18 be in preparing a technical brief or paper, I don't know 

19 exactly what it will be called, but the Attorney Curran will 

20 prepare a legal brief which will rely for its technical 

21 input on the document that I will provide, which will -

22 excuse me -- include results from literature reviews, 
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1 scoping calculations and judgement.  

2 Q Will you answer the three questions posed by the 

3 board in this Subpart K proceeding on EC(6)? 

4 A Could you remind me of the three questions? 
5 Q Certainly. Could we have the Board's order, 

6 please? This is what you just got. I will ask the court 
7 reporter to mark as Thompson Exhibit 2, the August 7, 2000, 
8 order of the Atomic Safety and Licensing Board in this 

9 proceeding admitting contention EC(6)? 

10 [Thompson Deposition Exhibit No. 2 
11 was marked for identification.] 

12 BY MR. O'NEILL: 

13 Q Mr. Thompson, do you have in front of you what has 
14 been marked as Exhibit Thompson No. 2? 

15 A Well, it says Exhibit 2, but-

16 Q Do you recognize this document? 

17 A I do.  

18 Q Have you read this document? 

19 A When I first received it, yes.  
20 Q Would you turn to page 17 of Exhibit 2, please? 
21 Would you take a moment to read the three questions that the 
22 parties are to address in this proceeding? They are 
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1 conveniently number one, two, three, in the middle of that 

2 page, and let me know when you've finished reading it.  

3 A Yes, I've read it.  

4 Q Are you -- are you planning to answer those 

5 questions? 

6 A I am.  

7 Q Look at question number one, please. This 

8 requires the submitting party to provide its best estimate 

9 of the overall probability of the sequence set forth in the 
10 chain of seven events in the CP&L and BCOC filings, which 

11 are set forth on page 13. If you don't remember the seven 

12 events, please refer to page 13. And I note that you're 

13 referring to page 13. Please take your time.  

14 A I am. I am doing that. And I note at the top of 

15 page 13 a list of seven components or phases of the chain of 

16 events.  

17 Q Right. And those are your chain of events, is 

18 that not correct? 

19 A That is correct. Those were introduced by us in 

20 our contention.  

21 Q Now please describe in as much detail as you can 

22 exactly how you are going to go about answering question 
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1 number one? 

2 A My primary source for component one of question 1, 

3 namely the probability of a degraded core accident, would be 

4 the IPE and IPEEE prepared by CP&L for the Harris plant.  

5 Q And what about the PSA? 

6 A The PSA is -- the IPE and the IPEEE are documents 

7 that have been public information for a number of years; 

8 have been subject to some degree of review by the NRC, and 

9 in consequence of both of those aspects, the fact that 

10 they've been in the public domain and that they have 

11 received some review, inclines me to give them more weight 

12 than the PSA.  

13 Q If the PSA reflected plant changes, and the IPE 

14 did not, would that change your opinion? 

15 A The purpose of the PSA is to be a living document 

16 that reflects plant changes and reanalysis of the matters 

17 under consideration. But the PSA, as I said, has been a 
18 document unavailable for public scrutiny and not subject -

19 has not been subjected to any formal review, and therefore, 

20 I propose to assign greater weight to te findings of the IPE 

21 and IPEEE.  

22 Q As you noted, the IPE and IPEEE for the Harris 
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1 plant has been a public document for some years. Have you 

2 previously reviewed those documents? 

3 A In the course of preparing a report for Orange 

4 County, in February of 1999, which led BCOC to embark on 

5 this licensing intervention, in the course of that work, I 
6 did an initial and limited review of the IPE and IPEEE. At 

7 present, I'm doing a much more detailed examination. And at 
8 that time, I had only obtained portions of these documents.  

9 Q Did you obtain portions of the PSA, did you not, 

10 during the discovery in this proceeding? 

11 A Yes, and I will be looking at the PSA.  

12 Q How much time have you budgeted of the 200 hours 

13 that may be your upper bound would you have budgeted to 

14 review the PSA, the IPE and the IPEEE.  

15 MS. CURRAN: Objection. Your question presumes 

16 that Dr. Thompson is going to spend 200 hours. I think he's 

17 answered that before.  

18 BY MR. O'NEILL: 

19 Q You may answer the question.  

20 A The 200-hour figure is your assumption as to how 

21 much time I'll be spending in the remainder of this 

22 proceeding. And I will be perfectly frank and say that 
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1 these materials, like this PSA, are very voluminous, with 

2 considerable detail. And in the time available to me before 

3 preparing a written report, there simple will not be enough 

4 hours in the day for me to provide a detailed review of that 

5 document. Moreover, I don't claim to be qualified, nor is 

6 any single individual qualified, to provide by themselves a 

7 thorough review of such a document. And the reviews that 

8 are provided of this sort of document are done by teams.  

9 Q The NRC has a team looking at this document, does 

10 it not? 

11 A Well, I don't know what they're doing with it, but 

12 they, to my knowledge, have not published or placed in 

13 publicly accessible place like a public document room any 

14 review of the PSA.  

15 Q Okay. What is the best estimate of the overall 

16 probability of the sequence set forth in the chain of seven 

17 events? How do you come up with a best estimate, and define 

18 best estimate in that terms, please? 

19 A In the brief that Orange County will prepare, 

20 there will be -- or in the technical component that I 

21 prepare -- there will be a discussion about what the best 

22 estimate means in the context of this contention.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 1025 Connecticut Avenue, NW, Suite 1014 

Washington, D.C. 20036 
(202) 842-0034 

001363



I

34 
1 Q What do you think best estimate means as you read 

2 those words? 

3 A I don't know what was in the mind of the Atomic 
4 Safety and Licensing Board when they wrote this. I have not 
5 yet formulated my definition, but it will be there in the 
6 written brief. I assume that Attorney Curran will provide a 
7 further legal interpretation.  

8 Q What are the choices that could be a best 
9 estimate, and you -- looking now at probability functions, 

10 of course.  

11 A Right. The -- just take the first stage of this 
12 sequence, for example, going to page 13, item 1, a degraded 
13 core accident. The probability of that component. The 
14 literature in this area, the PRA literature, talks about 
15 point estimates. It talks about means, medians, 95th and 
16 5th percentiles. It portrays estimates of the probability 
17 density function for a particular probability outcome, so 
18 like the probability of a degraded core accident. This 
19 literature contains a lot of judgement. It's a -- derives 
20 from probabilistic risk assessment, which is more of an art 
21 that anything else. It's an art that I believe is very 
22 useful in its place. It's a grave error to review -- to 
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1 regard the probability numbers that come out of it as 
2 scientific. These numbers are, as I said, represent -
3 reflect a number of considerations, including a lot of 

4 judgement.  

5 Q Are you an expert in PRA? 

6 A For this purpose, yes.  
7 Q Okay. We'll get to your expertise in PRA in a 

8 little bit, but-

9 A So, just to let me finish-

10 Q Sure, please.  

11 A From the literature and the state of the art, if 
12 you will, of practice of the PRA world, one could set forth 
13 some of these routinely used probability estimates, a point 
14 estimate, a mean, a median, or some other indicator of the 
15 probability density function, and perhaps this is what the 
16 licensing board had in mind and perhaps this what other 
17 parties to the proceeding will use. I do not expect to 
18 routinely -- to necessarily adopt any of those definitions.  
19 I believe the standard of prudence is necessary. In this 
20 case, the chain of events in the accident can lead to a very 
21 large release of long-lived radioactive material with very 
22 consequences, off-site consequences. And in the context of 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 1025 Connecticut Avenue, NW, Suite 1014 

Washington, D.C. 20036 
(202) 842-0034

001365



I

36 
I1 this very large downside potential, with potentially very 

2 large consequences, I believe it's the term standard of 

3 prudence is required in the estimation of probability. But 

4 as of this moment, I haven't formulated precisely how I 

5 believe prudence should be reflected.  

6 Q Do you know what -- let me ask this question. Are 

7 you aware of any standard that's been developed by the 

8 industry, including people like Mr. Parry, Dr. Parry, 

9 sitting there, as to what is the appropriate way to 

10 establish numbers, if you will, in connection with PRAs? 

Ii A Well, the state of the art document, as I see it, 
12 is still NUREG 1150, which is a decade old, but as far as I 

13 can see it's still-

14 Q Is there any ASME standard that you're aware of? 

15 A Not that I'm aware of.  

16 Q You're not? Okay. Yes.  

17 A Outcomes? 

18 Q Yes.  

19 A No, I'm not.  

20 Q You're not. Do you intend to use plant-specific 

21 data where available in calculating the best estimate of the 

22 overall probability of the sequence of the chain of seven 
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1 events? 

2 A The plant-specific data will be reflected in the 

3 IPE and the PSA, and I may chose to -- in offering an 

4 estimate a probability estimate for the components of the 

5 sequence of events here, I might chose to use at certain 

6 points in that, in that chain of calculations, estimates 

7 different from those in the IPE and the PSA, and, if so, 

8 then I will reference the source from which I used 

9 alternative estimates, and those might be specific to 

10 another site or they might be generic data of some kind.  

11 But essentially, I regard the Harris specific data as coming 

12 to me via the IPE and the PSA.  

13 Q Turning to page 13 in Exhibit 2, event one is a 

14 degraded core accident. These are your events. Would you 

15 please list all degraded core accidents that you will take 

16 into account in your calculation of the overall probability.  

17 A I would expect to use the sequences identified in 

18 the IPE, possibly in the PSA, possibly as amended by the 

19 PSA, but, as I said earlier, I regard the IPE as my primary 

20 source. So I do not expect to identify -- at present, I do 

21 not expect to identify any degraded core accident sequences 

22 that are not identified in the IPE.  
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. Q What are the dominant degraded core accident 

2 sequences which can result in containment failure or bypass 

3 that you will include in your calculation of the best 

4 estimate of the overall probability of the seven-step 

5 sequence of events? 

6 A Well, I don't know yet.  

7 Q You don't know.  

8 A Right. I am still working on that.  

9 Q Do you know any mechanism of bypass that is a 

10 credible accident? 

11 A Well, I am interested in the induced steam 

12 generator tube rupture issue. And I'm still pursuing that 

13 issue. That's a-

14 Q Where would the bypass be in the steam generator 

15 tube rupture? What is the mechanism for release of any part 

16 of the source term to the atmosphere? 

17 A That -- in -- that release would occur through a 

18 bypass mechanism in which the steam generator tubes would 

19 form a barrier between the degraded core region and the 

20 outside environment. And the thermally induced failure of 

21 these tubes has been a subject of long discussion and 

22 analysis.  
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1 Q Thermally induced? 

2 A Yes. Thermally induced by the transport of heat 

3 from the degraded reactor core through convection or through 

4 the deposition of radioactive material.  

5 Q And that's your understanding of the mechanism of 

6 failure of steam generator tubes? 

7 A That's a mechanism of failure of steam generator 

8 tubes, and, at this point, I don't know exactly what I'm 

9 going to say on that issue.  

10 Q Do you have? 

11 A It's been -- it's an issue with a lot of history 

12 and-

13 Q Tell me the bypass mechanism. Where does the -
14 some part of the source term escape? Tell me the path from 
15 the fuel pellet to the atmosphere in a steam generator tube 

16 rupture? 

17 A The -- assuming that a tube rupture occurs, 
18 whether thermally induced or otherwise, and the core is in a 
19 degraded state, at a high pressure, then convective flow, 

20 natural closed-cycle convective flow or flow out of the 

21 reactor coolant system via a LOCA in one of the coolant pump 
22 seals, will carry radioactive material from the core to the 
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point of rupture of the steam generator tubes.  

Q And the steam generator tubes are in containment, 

correct? 

A They're inside shells -- pressured vessels-

Q Right.  

A Inside the containment. If radioactivity reaches 

one or more points of rupture in a tube, it will then pass 

to the secondary side, which communicates with the plant 

outside containment. And immediately outside containment, 

this secondary site has safety valves which communicate and 

pilot operated relief valves, which communicate directly to 

atmosphere.  

Q Directly to atmosphere? 

A At a point about mid-height in the containment, 

immediately outside containment adjacent to the control 

room.  

Q Did you take a look at those specific release 

points that you are now describing when you were toward the 

plant? 

A I was definitely interested in examining that
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1 describe for the Board your expert opinion of exactly how 
2 you will see a bypass of containment in the steam generator 

3 tube rupture as you've just described here.  

4 A If I had to chose to focus on this mechanism, then 
5 I will certainly describe it and reference the relevant 

6 literature and-

7 Q And not to mention to the pathway? 

8 A Yes.  

9 Q With great specificity as you are bringing to the 
10 table today, correct? 

11 A Yes.  

12 Q Is there any other bypass mechanism that you are 
13 aware of other than a steam generator tube rupture which 
14 could result in bypass of containment in the event of a 
15 degraded core accident as you've set forth in the seven

16 step sequence? 

17 A There is a mechanism known as the interfacing 
18 systems LOCA, whereby the high pressure piping attached or 
19 communicating with the reactor coolant system communicates 

20 with piping outside containment. And a breach occurs 

21 outside containment for-

22 Q Could you please tell me what systems that 
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interface is in? 

A I don't remember exactly all of the interfaces.  

Q Do you know the pressures of the different piping 

that you're discussing? 

A Well the primary system is around 16 MPA or so.  

The secondary site is about half of that. The -- some of 

the piping that can enter into communication with the 

reactor coolant system is rated at lower pressures again, 

but-

Q Is there any protective devices to prevent, if you 

will, the communication of higher pressure water in the 

reactor coolant system where other systems would degrade at 

a lower pressure? 

A Like every other potential severe reactor 

accident, there are mechanisms that are intended to prevent 

it. And the occurrence of a -- any degraded core accident 

represents a failure in systems that are designed to prevent 

such an event. The interfacing systems LOCA has, again, a 

long history and a lot of literature about it. The IPE 

holds that this is a very low probability sequence. I can't 

remember the exact number, but I know -- I will address this 

issue to some degree or other in my brief.  
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1 Q Are you an expert on the design of the N triple S 

2 system for the Harris plant? 

3 A Sufficient to support the brief that I'll prepare, 

4 am I a qualified expert to design such a system today? No.  

5 Q Are you a qualified expert if I start giving you 

6 a quiz on the various systems in the N triple S system and 

7 their interrelationships, interfaces, valves, that you would 

8 feel comfortable answering those questions? 

9 A Right now, no.  

10 Q Okay. Are you an expert to the extent that you 
11 have any qualification on any pressurized water reactor 

12 sufficient to provide engineering services, design services, 

13 or operations of a pressurized water reactor.  

14 A Am I qualified. Let me repeat this, to be 

15 certain. Am I qualified to provide services? 

16 Q Correct.  

17 A And you mentioned others? 

18 Q Design, engineering, or operation as put out by 

19 question? 

20 A No.  

21 MS. CURRAN: John.  

22 MR. O'NEILL: Yes.  
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1 MS. CURRAN: Just when you find a good breaking 

2 point, I'd like to take a break.  

3 MR. O'NEILL: Okay, let me just finish this little 

4 line here.  

5 BY MR. O'NEILL: 

6 Q If you would turn to the Exhibit 2, on page 9, and 
7 this was in the weigh in of the so-called five factors for a 

8 late filed contention. And the Board, in evaluating the 
9 five factors with respect to element three, assistance in 

10 developing a sound record, on the bottom of page 9, said our 

11 observation in our May 2000 decision that Dr. Thompson's 

12 expertise on reactor technical issues appear to be "largely 

13 policy oriented rather than operational does not render this 

14 a compelling element on BCOC's side of the balance.  

15 Nevertheless, in the circumstances here, these two negative 

16 elements, this one and the earlier factor, number five, are 
17 not sufficient to overcome the combined weight of factors on 
18 two and four as supporting a finding on the late filing of 

19 these contentions does not bar their admission." Do you 
20 agree with the Board that your expertise appears to be 

21 largely policy oriented rather than operational? 

22 A No, I do not.  
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1 Q You do not? And what would you point to to 
2 suggest that the Board was wrong in its finding, both in May 
3 on the technical issues and here again on admitting this 

4 environmental contention? 

5 MS. CURRAN: Objection. Compound question. Which 

6 question are you asking? 

7 BY MR. O'NEILL: 
8 Q What, I asked him what he thought was wrong about 
9 the decision of the Board, which was repeated here, word for 

10 word, for what they said in May of 2000.  
11 A The statement that you quoted from the Board 
12 implies that there are -- that one can be qualified in two 
13 different ways--as an operational expert or as a policy
14 oriented expert. And I believe that's a false dichotomy. If 
15 you look at the people who have contributed to the knowledge 
16 of severe reactor accidents, in the nuclear industry and the 
17 national laboratories and in the NRC staff and in the 
18 universities, you'll find that they bring a wide range of 
19 expertise to the issue. There are people who are recognized 
20 as experts in probabilistic risk assessment and severe 
21 accident analysis issues who've never worked in a nuclear 
22 plant and who are not qualified to design or operate a 
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1 nuclear plant, and yet they're -- and they might work in a 

2 university or a national laboratory and -- and they're 

3 generally regarded as leading experts in accident analysis.  

4 So-

5 Q Can you name one of those people who you would 

6 site as someone who is an expert in the field of PRA without 

7 any knowledge of the operations of a plant? 

8 A Well, that presumes that I have knowledge of the 

9 resume of all of these people. But a gentleman at this 

10 table, Mr. Garreth Parry, is not, as far as I'm aware, ever 

11 designed or operated or been involved in that way in nuclear 

12 power plants. And yet, is generally regarded as an expert 

13 in PRA and reactor accident behavior. And I believe you'll 

14 find a large number of individuals of that nature.  

15 Q In addition to Dr. Parry, can you name anyone else 

16 who you would use to support your hypothesis that you don't 

17 have to know anything about the design or operation of a 

18 nuclear plant to be an expert in PRA? 

19 A I didn't say that you don't have to know anything 

20 about it. I said that you don't have to be a qualified 

21 expert in a design or an operational function in order to be 

22 a recognized and leading expert in severe accident behavior.  
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1 That's very different from not knowing something. The 
2 expertise involved in being a qualified designer is very 
3 detailed. Precision is important. And for regulatory 

4 purposes, it's crucial that certain--people in certain 

5 design or operational functions are highly qualified in a 
6 proven manner on these detailed matters. Since we all only 
7 have one lifetime and so many hours to learn new things, 

8 it's often -- it would often be difficult or perhaps 

9 impossible for an individual who's highly qualified in that 
10 sense to acquire the other sorts of expertise that would be 
11 involved in severe accident analysis. You know, writing 

12 codes. Running experiments, for example, as is done at 
13 places like Brookhaven and Sandia and the like. So the 

14 Board has erred in creating this false dichotomy of policy
15 oriented, on the one side, versus operational, on another.  
16 And I believe that my demonstrated expertise in the relevant 

17 areas is in the ability to provide an integrated picture 
18 across a variety of types of expertise and discipline. And 
19 that's what I'm offering in this proceeding. And I would 
20 further say that the contention in this proceeding calls for 
21 an environmental impact statement. It does not call for the 
22 Board to make a definitive finding that Thompson is correct 
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1 or CP&L is correct. And one of the key points that I 

2 believe we have made and that I will certainly reiterate in 

3 my brief is that the parts of our proposed accident sequence 

4 that begin after radioactive material escapes the 

5 containment have not received the degree of attention that 

6 they deserve in terms of analysis and experimentation, and 

7 our -- the brief that we provide will seek to illustrate the 

8 -- excuse me -- the implications of this lack of adequate 

9 analysis and experimentation.  

10 MR. O'NEILL: You desire to break, so we'll take a 

11 break here. Five minutes or so.  

12 MS. CURRAN: Yeah.  

13 MR. O'NEILL: Off the record.  

14 [Off the record.] 

15 MR. O'NEILL: Back on the record.  

16 BY MR. O'NEILL: 

17 Q Dr. Thompson, earlier this year, the NRC staff 

18 moved to strike your testimony in the safety proceeding 

19 because you were no expert, do you recall that? 

20 A Yes.  

21 Q And did you read their brief which whereby they 

22 argued that you were not an expert? 
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1 A I did at the time. Yes.  

2 Q And the argument was that you do not possess the 

3 knowledge, skill, experience, training or education germane 

4 to, in this case, the criticality issue under consideration, 

5 do you recall that? 

6 A Yes. In general terms.  

7 Q And in general that to support their case, they 

8 cited from your deposition that was taken in this proceeding 

9 on October 21, 1999. And do you recall they had some 

10 detailed citations from that deposition? 

11 A They did, yes.  

12 Q Now I take it with respect, now let's focus on 

13 your understanding of nuclear plant operations; that nothing 

14 has changed since October 1999 with respect to your 

15 expertise as a nuclear power plant operator, has it? 

16 A Before -- I will answer that question. Before 

17 answering it, I will say that the issues raised by the 

18 present contention differ from those raised in the 

19 criticality contention that you're referring to. And the 

20 differing issues in this contention do bear upon my 

21 expertise, which I believe is more clearly demonstrated in 

22 the case of this contention than it was in the case of 
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1 criticality, because the -- one of the issues in the 
2 criticality contention was the probability of a fuel 
3 misplacement, which arguably requires greater familiarity 
4 with the day-to-day procedures actually used in a plant.  
5 Whereas, the severe accident issues are -- analysis of 

6 severe accident issues in the reactor and in the pools is 
7 less dependent upon day-to-day knowledge about plant 
8 operation. That's my qualifying statement, and if you'd 

9 please repeat the question, I'll answer it.  
10 Q Have you gained any knowledge of plant operations 
11 since October 21, 1999 that's relevant to this contention? 

12 A I have gained a greater familiarity with the 
13 Harris plant, with the layout of the Harris plant than I had 
14 at that time. But I have neither then nor now any actual 
15 operational experience at the -- working at the Harris plant 

16 or another plant.  

17 Q Turn to page 13 of Exhibit 2, please. Step five 
18 reads the inability to restart any pool cooling or make-up 
19 systems due to extreme radiation doses. Does step five 
20 require a knowledge of plant systems or operations to be 
21 able to make a judgement regarding the probability of plant 
22 personnel to restart pool cooling or to provide make-up 
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systems to fill the pool? 

A I believe the appropriate response or a preamble 

to that -- my response to that question -- is to explain 

what I believe is necessary to address item five in the 

sequence.  

Q Well, before that, could you just answer the 

narrow question, and then you certainly can explain it any 
way you want. But does it require any knowledge of plant 

operations? 

A A definitive answer to question five is not -

cannot be provided by anyone. The best that any individual 

or any group of experts can provide in answer to question 

five or issue number five, at the top of page 13, is a 

combination of analysis and judgement. That a -- the best 

that one could do in addressing that issue would be to 

assemble a team of people with varying expertise. On that 

team would certainly be people with operational experience 

at the Harris plant and at other plants. But the team would 

also have other people on it. And this team would conduct 

analysis and judgement and would come up with a statement 

about the inability to restart pool cooling.  

Q Or the ability to restart pool cooling, as the 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 

001381



1 case may be? 

2 A Or the ability. That statement would inevitably 

3 involve, as I said, judgement, but also assumptions. For 

4 example, it would involve an assumption about the maximum 
5 radiation dose which a -- which a person would be allowed to 

6 accrue in the process of maintaining or restoring pool 

7 cooling. And that assumption could have a powerful effect 

8 on the findings of this team.  

9 Q That is certainly one of the issues that would 

10 have to be taken into account. But is it also not true that 
11 you need one to understand the different means and 

12 procedures by which pool cooling can be restarted, is that 

13 no true? 

14 A That would be one of the elements of this team 

15 work that I described.  

16 Q Would you also not have to understand the various 

17 potential paths of make-up water to the pools? 

18 A You would. May I mention other things that you 

19 would need to do? 

20 Q Absolutely.  

21 A The process would begin with a -- you would give 

22 this team, which would begin by assigning some source terms.  
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1 Say that the reactor containment would, through a breach or 
2 a bypass pathway, release into various points of the 
3 environment outside containment, which might be inside 

4 buildings or outside buildings, amounts of radioactive 

5 material--particles, gases--accompanied by steam. Non
6 radioactive materials. Accompanying these source terms 
7 would be characteristics of the accident sequences involved, 

8 for instance, the availability of electrical power for 
9 various purposes. This team would then seek to estimate the 

10 radiation doses in various parts of the Harris plant. They 
11 would examine the actions necessary to maintain or restore 

12 cooling in the sequences. They'd allow for error and 
13 confusion that would occur when people are asked to do -- to 
14 perform functions under conditions for which they're not 
15 prepared and not trained. And under conditions for which 
16 they are prepared and are trained. And there would be some 
17 assumptions that would have to be made on that question.  
18 How people would behave in situations for which they're not 
19 specifically prepared or trained or equipped. Those 
20 assumptions would have a degree of speculation to them, 
21 because the practical record of experience in this area is 
22 very small. It's mostly the Chernobyl reactor accident and 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001383



54 

1 the design of that reactor is different. The accident 

2 sequence is different. That -- it would be necessary, as I 

3 said earlier, to make assumptions about the maximum 

4 radiation dose that personnel would be allowed to accrue.  

5 Q Don't you -- can't you calculate that as opposed 

6 to just to making assumptions, aren't there ways to 

7 calculate the radiation doses? 

8 A Given the source term, the -- which would be -

9 given which this team would take as a given, as their 

10 starting point, and some other team would provide them this 

11 source term. They would -- and that source term and the 

12 other characteristics of the release, for example, if the 

13 amount of steam present in any given area and the 

14 temperature of the steam. This information would be 

15 combined with estimates of the actions that personnel would 

16 be expected to take, allowing for error, confusion, having 

17 to get through locked doors where they may or may not have 

18 the key. Considering, for example, how the security doors 

19 behave when electricity is present or not present. If the 

20 keys to valves or doors are held in the control room. You 

21 know, is the control room accessible at this stage of the 

22 scenario in order to get the key, and if you cant' get the 
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1 key, can you get a bolt cutter to cut the chain on the valve 
2 and on and on. Lots of things have to be thought of, and 
3 once you've thought of all those things and PRA provides a 
4 structure to do that, although to my knowledge, it's never 
5 been used for this purpose, you would have a whole set of 
6 scenarios for actions by people, and given your source term 
7 assumptions and your assumptions about the movement of 
8 radioactive material, which also reflects assumptions about 
9 the heating, ventilating, air conditioning system and 

10 whether it isolates as it's supposed to and whether it 
11 receives the right signal in order to isolate. And, again, 
12 many factors. You could finally estimate the radiation 
13 exposure of the personnel. With, I might add, a very broad 
14 range of uncertainty. And you could then compare this 
15 radiation dose with what you regard as an acceptable dose.  
16 What radiation exposure should you plan on assuming the 
17 personnel will accrue under these conditions. And that's a 
18 non-technical assumption. That's a judgement that reflects 
19 legal, policy questions, ethical questions. But that -
20 would -- assumption would have to be made at some point in 
21 the analytic process in order to generate any response to 

22 the Board's question.  
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1 Q You don't have a team. How are you going to do 

2 this? 

3 A The contention calls for the preparation of an 

4 environmental impact statement, and a corollary is that it 

5 calls for the sort of analysis that I just described, which, 

6 to my knowledge, has never been done or even attempted, and 

7 would be a complex enterprise that would take years to do 

8 properly, and would, at the end of that process, be subject 

9 to a considerable amount of uncertainty. And its findings 

10 would be contingent, as I said, assumptions that are non

11 technical in nature.  

12 Q So is this question the Board has asked a waste of 

13 time if it takes years to do and the answer is going to be 

14 uncertain anyway? 

15 A Is it a waste of time? No. The -- in this case, 

16 the applicant proposes to take an action, namely the use of 

17 high density racks, and the NRC staff proposes to allow 

18 this, as they have done at other plants, despite the fact 

19 that no entity in the nuclear industry or the NRC has ever 

20 bothered to perform the analysis that I described. And that 

21 is at the heart of our contention. We hold that given -

22 that the risk or actually the consequences of completing 
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1 this -- of carrying this sequence to completion are so great 

2 that the analysis should be performed and incorporated into 

3 an environmental impact statement or if that analysis is not 

4 performed to the detail that I just illustrated, then the 

5 high density racks should not be used at all, and dry 

6 storage should be used instead. Now in order to support 

7 such a contention, we do not need to perform the analysis 

8 that I described, because it's -- I readily admit that this 

9 is team effort that would require years of work and has 

10 never been done. And by definition, BCOC cannot provide 

11 such an analysis, nor can any other party in this case in 

12 the time frame in question. All that is necessary is to 

13 show that the use of a set of reasonable assumptions and 

14 supported by some scoping calculations shows that there is a 

15 -- that the probability is characterized in some manner, and 

16 I will, in my brief, characterize the probability carefully, 

17 in such a manner that a preparation of an EIS is required.  

18 Q But the Board asked us to answer a question. They 

19 didn't ask us to tell them how we couldn't answer it. Each 

20 party is asked to answer the question. Are you telling me 

21 that you are not going to answer this question because you 

22 are unable to come up with a best estimate of the overall 
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1 probability of step five? 

2 A No party to this proceeding can provide a 

3 probability number or even a set of numbers with some 

4 uncertainty range in response to question five that has a 

5 scientific quality to it. And whatever is said by any party 

6 will not meet the standards of science. It will involve 

7 assumptions and judgements. And my brief will make 

8 statements and may include in step five numerical statements 

9 in some bounding sense. I don't know yet exactly what I 

10 will say. But it will address the Board's question to the 

11 extent permissible by science.  

12 Q With respect to judgements, is it not true that 

13 those best able to give a judgement with respect to 

14 operational performance of the plant are those who are by 

15 education, experience, and training, experts in the 

16 operation of the plant? 

17 A The team effort that I described would, as the 

18 best available, if you will, effort that could be performed 

19 to address this question, that team would undoubtedly 

20 include people with hands-on experience at the plant. But 

21 they would, by no means, be the only members of the team.  

22 There would be others with different expertise. For 
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example, on the transport of radioactive material in and 

around a nuclear power plant, and I would not expect that 

people with operational experience would have much depth of 

knowledge on that area.  

Q Do you know what codes are available to nuclear 

power plant owners to perform such analyses of the transport 

of radioactive materials in the event of a release from 

containment? Are you familiar with those codes? 

A I have not used such codes. I know that a number 

exists. For example, the MAAP code is widely used in the 

industry to examine the transport of fluids and the 

transport of radioactive materials.  

Q In your dream team to look at this issue, would 

there be someone who has the expertise and the use of the 

MAAP code be one of the folks that you would like to have on 

your team? 

A The team would undoubtedly include people who are 

familiar with running -- with using codes of this kind.  

Which particular code might be best, I wouldn't say at this 

point.  

Q You're not in a position, because of your 

expertise to say which code is the most refined and 
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1 acceptable in the industry today? 

2 A This -- the application of the codes that I 

3 described has not been performed to my knowledge. Has -

4 there is a very large literature about severe accidents.  

5 And to my knowledge, that literature does not include the 

6 application of these codes to this particular problem, the 
7 problem being the distribution of radioactive material 

8 outside containment, but within the plant boundaries. There 

9 is a large body of literature that goes up to the point of 

10 release from containment, and there's another large body of 

11 release that looks at off-site contamination, off the plant 

12 boundary. There's a gap in between, namely how radioactive 

13 material is distributed and its effects within the -

14 outside containment, but within the plant boundary. In my 

15 literature review, so far,. I've encountered only a tiny 

16 handful of work on that subject, none of it using the modern 

17 codes. And from my familiarity with the years of effort 

18 that it took to reach the present state of understanding of 

19 analyzing these issues inside containment, I can confidently 

20 say that it will take years of effort and many studies and 

21 many discussions and much scientific dispute before the 

22 analysis of radioactive transport in plant but ex
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1 containment reaches the present state of understanding of 

2 analysis in containment.  

3 Q Now what about the source term? You mentioned 

4 assumptions on the source term. Are you an expert on the 

5 source term of a pressurized water reactor? 

6 A Sufficient for the purpose of this proceeding, 

7 yes.  

8 Q What is your education, training with respect to 

9 the source term of a pressurized water reactor? 

10 A The source term is the quantity and other 

11 characteristics, such as timing of the release of 

12 radioactive material, from the containment of a reactor.  

13 And as stated earlier, I have reviewed this issue and 

14 written about it a number of times. But, as also stated 

15 earlier, I have not received any specific education or 

16 training on that matter, nor should I -- nor do I -- I 

17 should add -- many of the people who developed this field 

18 had any specific training in it. It's a field that's really 

19 developed most strongly in the 1980s and '90s, and so many 

20 of the practitioners participated in the development of this 

21 field rather than were trained in it.  

22 Q How will you determine the appropriate source term 
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1 or the Harris plant for purposes of the assumed degraded 

2 core accident and the percent of that source term that would 

3 be released in your assumptions on bypass? 

4 A The Harris IPE does include estimates of the 

5 fraction of the core of different radionuclides that are 

6 released to the environment. Although relevant studies, 

7 such as NtJREG 1150, also make similar estimates. And I will 

8 draw upon this what I can -- proposing a source term for the 

9 purpose of addressing step five in the sequence identified 

10 by the Board on page 13.  

11 Q Also, step four, right? 

12 A Correct. Step four as well.  

13 Q Now have there been any developments in recent 

14 years with respect to the understanding of the source term 

15 that would be released in a nuclear accident in nuclear 

16 power plants? 

17 A There is ongoing work in this area, but the -- not 

18 at the tempo that operated in the 1980s. And in the second 

19 half of the '80s, the NRC spent some millions of dollars on 

20 work, mostly at the national labs, on experimentation and 

21 studies, including code development. The tempo of that work 

22 has reduced some in the '90s, and so I think it's fair to 
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1 say that the pace of development of knowledge has slowed 

2 down in the past decade.  

3 Q Are you aware of any changes in NRC regulatory 

4 requirements with respect to the source term for purposes of 
5 accident, reactor accident analyses? 

6 A Yes, and I do have some of the recent literature, 
7 which sets forth the NRC's regulatory position, updating a 
8 TID document that goes back several decades, and I'd point 
9 out something interesting about that, which is that the 

10 guidance, if we're thinking of the same item, specifically 

11 does not address fuels with burn up greater than 40,000 

12 megawatt days per ton. And I'd note that the Harris plant 
13 is discharging fuel with burn ups well in excess of that 

14 amount.  

15 Q In connection with your deposition on October, 
16 when asked the question are you licensed as a nuclear plant 

17 operator, you responded no. Is that still correct? 

18 A That is still correct.  

19 Q Have you been trained to operate a nuclear power 
20 plant, you answered no. Is that still correct? 

21 A That is correct.  

22 Q Have you been an engineer at a nuclear power 
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1 plant, you stated no, is that correct? 

2 A That is correct.  

3 Q Have you ever implemented procedures at a nuclear 

4 plant, and you said no, is that correct? 

5 A That is still correct.  

6 Q Is that also true with respect to procedures for 

7 emergency planning at a nuclear power plant, have you ever 

8 done that? Implemented procedures? 

9 A No, I have not been involved in implementing 

10 emergency response procedures.  

11 Q Have you ever written procedures for a nuclear 

12 power plant, you said no? 

13 A That's correct.  

14 Q Have you ever written emergency planning 

15 procedures for a nuclear plant? 

16 A No, I have not.  

17 Q Have you ever worked in any capacity at a nuclear 

18 power plant, you said no. Is that still correct? 

19 A That is still correct.  

20 Q When asked then if you are an expert at nuclear 

21 power plant operations, you said no, and then said "let me 

22 correct that frame. I have performed studies and presented 
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1 testimony relating to the safety of nuclear facilities, 

2 including nuclear power plants. And in the course of those 

3 studies in preparing those testimonies, I have become expert 

4 in operational matters pertinent to the analyses and 

5 testimony. So in that limited sense, I am an expert in 

6 operations. It's a very circumscribed sense." Has there 

7 been any change to that answer? 

8 A No, that remains correct.  

9 Q Step 4 on page 13 of Exhibit 2 states that the 

10 fourth step will be extreme radiation doses precluding 

11 personnel access. Do you assume those doses will be 

12 external to the fuel handling building or internal in the 

13 fuel handling building? 

14 A They could be both, depending upon the scenario in 
15 question and depending upon the operation of the ventilation 

16 system. The fuel handling building has a ventilation system 

17 which draws air from the outside environment and exhausts 

18 air to the outside environment. There are access passages

19 -stairwells and so forth--between the auxiliary building and 

20 the fuel handling building. The -- in some scenarios, these 

21 pathways could allow radioactive material to enter the fuel 

22 handling building, which has various rooms and passageways.  
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66 1 In other scenarios, the contamination might be predominantly 
2- external to the building, and in that case, the precluding 
3 of access would presume people seeking access from the 
4 outside.  

5 Q How will you calculate whether or not there will 6 be contamination in the fuel handling building and in what 
7 levels, compartments in the fuel handling building? 
8 A The most that I can provide in this brief will be 9 scoping calculations. I will not, as indicated previously, 

10 be running models to make such an estimation, nor do I 11 believe that any party can provide credible modeling results 
12 in this time frame.  
13 Q What is the pressure that would be required to 14 breach the access between the reactor auxiliary building and 
15 the fuel handling building? 
16 A In order to answer that question, you have to know 17 all of the entire envelope of interface between the two 
18 buildings, and that's a very complicated envelope of 19 interface. You have to follow all the ventilation ducts.  
20 Q Have you done that? 
21 A That's a major task.  
22 Q Do you intend to do it? 
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A That sort of task is obviously beyond the scope of 

what I can do in this time frame.  

Q How can you make a scoping calculation if you 

don't know whether or not there is any credible scenario 

even with bypass that will get radioactive contamination 

into the fuel handling building? 

A Well, I repeat that a -- on this time frame, no 

party can provide such an analysis that is credible 

according to the standards that I set forth earlier for a 

team effort, which I repeat would take years of work and a 

lot of scientific debate to produce the best available 

scientific answer to this problem.  

Q So what will be the basis for your assumptions if 

you can do no analysis? 

A A scoping calculation is one in which you make a 

variety of simplifying assumptions, which you must state 

clearly if the scoping analysis is to have any value. And 

the results are to be regarded as indicative and not 

definitive. But the context for that is that no party can 

provide definitive answers.  

Q Now, there's a time element to four and five, is 

there not? And six, for that matter? 
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A That's correct, yes.  

Q Now, seven, which is the bottom line, is 
initiating of an exothermic oxidation reaction in pool C & 
D, which is what this license amendment is all about, is 
that not correct? 

A That's what our contention is based upon is a 
concern about the exothermic reaction.  

Q Have you done a calculation as to how long the 
operators have to either restart pool cooling or make-up 
systems in order to ensure that there is not a loss of water 
in pools C&D, which would result in a exothermic oxidation 

reaction? 

A My brief will certainly include statements about 
the timing of -- the time to boiling and the time to 
evaporation. The applicant has put into the record its 
calculations of these matters. And I may use the applicants 
numbers. I may modify them somewhat. I don't know yet.  

Q Have you reviewed the calculation that was 
submitted to the NRC staff in response to interrogatories? 

A I'm still reviewing that.  

Q Did you note that with respect to the time 
available in respect to pool C&D, with respect to the one 
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1 MBTU, which is requested under this license application, 

2 that there was some 99 days in order to find a way to 

3 restart the cooling or find make-up to pools C&D, before 

4 there would be a loss of water by evaporation sufficient to 

5 uncover the top of the fuel? 

6 A I'll say two things about that. Firstly, the 

7 question as to whether the assumption of the heat load for 

8 pools C&D should be one million BTU per hour or some other 

9 number, is, I believe, a legal question. And, therefore, 

10 that's not the question that I will address. I will, for 

11 the purposes of my brief, list the time to boiling and the 

12 time to evaporation for different heat loads, which will 

13 include the 15.6 bounding million BTU per hour bounding heat 

14 load identified by the applicant in its license amendment 

15 request. That's one part of the answer. The other part of 

16 the answer is that from the point of view of science, if not 

17 from the point of view of law, it is necessary to consider 

18 what happens in pools A&B. I am fully cognizant of the fact 

19 that this license amendment request is for pools C&D only.  

20 However, in the real world, the world that science seeks to 

21 address, pools C&D are in a building that is also occupied 

22 by pools A&B. Those pools could have a higher heat load 
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1 than pool C&D and dry out faster than pools C&D would dry 

2 out. In that event, assuming an exothermic reaction 

3 commences in pools A&B, there will be extensive 

4 contamination of the fuel handling building by radioactive 

5 material. There could be physical damage to that building 

6 through hydrogen explosion inside the building or by the 

7 heat effects of the oxidation in pools A&B. And these 
8 various effects will further inhibit access to pools C&D for 

9 the purposes of maintaining or restoring pool cooling.  

10 Q Aren't you also saying that whatever effects 
11 might be the result of the expansion of spent fuel at Harris 

12 plant to include storage in pool C&D is bounded by the 
13 effects of storing fuel in A&B, which this company is 
14 already licensed to do. You're never going to get to a 

15 reaction in C&D, even under your scenario, because it will 
16 already be bounded by A&B, isn't that not true? 

17 A I don't agree with the question as stated. What 

18 bounded means is open to interpretation.  

19 Q I'm sure it's like the definition of is. It's open 

20 to interpretation.  

21 A Perhaps. Perhaps. The -- under likely pool 

22 loading conditions, there will be many scenarios in which, 
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1 assuming cooling stops for all four pools, that pools A&B 

2 would dry out first. Pools A&B may have more recently 

3 discharged fuel in them, and, therefore, be more prone for 

4 the initiation of oxidation reactions. However, the 

5 presence of fuel in pools C&D would, if oxidation 

6 subsequently occurs in pools C&D, substantially increase the 

7 magnitude of the radioactive release from the fuel handling 

8 building. Therefore, the events occurring in pools A&B do 

9 not bound the magnitude of the consequences in any sense.  

10 And another point that bears consideration is the burn up 

11 levels of the fuel in the pools. If higher burn up fuel is 
12 in pools C&D, then the source term will be further increased 

13 because of the implications of damage to high burn up fuel.  

14 Q Step four requires the calculation of radiation 

15 doses, does it not? 

16 A It does. The estimation of radiation doses.  

17 Q Are you a health physicist? 

18 A No.  

19 Q Excuse me? 

20 A No.  

21 Q Do you have training in health physics? 

22 A I do not.  
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1 Q Education in health physics? 

2" A I do not.  

3 Q Have you ever performed for a nuclear power plant 

4 or any other facility a calculation of doses that would 

5 occur at any point in a plant as a result of a release of 

6 radiation? 

7 A I have not performed such a calculation. I am, 

8 however, familiar with the science involved. And I am 

9 qualified to make -- to perform a scoping calculation of 

10 that nature.  

11 Q What's a Sievert? 

12 A A Sievert is a unit of radiation dose.  

13 Q Is that all you can say about its definition, it's 

14 a unit of radiation dose? What does it mean? 

15 A The Gray is a unit of radiation dose defined as an 

16 energy deposition in a unit mass. I honestly don't recall 

17 the precise definition-

18 Q What's a REM? 

19 A Let me finish, please.  

20 Q I'm sorry.  

21 A So the Gray is an energy unit for deposition of 

22 radiation in tissue. And a Sievert is the modification of 
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the Gray to counter for the understanding of the radiation 

effects of different types of radiation, and it replaces the 

REM, which is an older unit, which is one hundredth of the 

magnitude of a Sievert.  

Q And a REM is one hundredth the magnitude of a 

Sievert? 

A Yes. And the REM derives from the RAD in the same 

way a Sievert derives from a Gray.  

Q And do you know what the NRC regulation are 

expressed in with respect to allowable radiation doses? 

A The practice has been in the past to use REMs.  

They may be catching up to the rest of the world now. I'm 

not sure. The Sievert is the international unit.  

Q Are you going to use Sieverts or are you going to 

use REMs? 

A I generally prefer to use international units, but 

if necessary to compare with a regulation or some other, 

somebody else's statement, I will always show both numbers.  

Q Will you integrate the dose over time, and 

particularly the time in question, as to how long operators 

would have in order to avoid uncovering the fuel in the 

pool? 
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1 A Any scoping calculation that I perform of 

2 radiation exposure will account for the decay of radioactive 

3 material over time.  

4 Q What about removal. I'm sorry.  

5 A And for the transport of radioactive material in 

6 or out of the space in question.  

7 Q And the transport would be due to the ventilation 

8 system? 

9 A If one is referring to an interior space, the 

10 transport could depend on the operation of the ventilation 

11 system, if it is, indeed, operating, or if it's -- if the 

12 ventilation system is not operating, then transport will be 

13 dominated by effects such as convection or diffusion.  

14 Q And are you familiar with the capability of the 

15 filters in the ventilation system at the Harris plant? 

16 A I will be reviewing the material from the FSAR 

17 that I have recently obtained. And so I will become 

18 familiar with the capabilities of the ventilation system to 

19 the extent that that material informs me.  

20 Q Tell me how you're going to do a scoping study 

21 which will establish with any degree of reasonable 

22 probability what radiation doses would be in the fuel 
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1 handling building or outside the fuel handling building that 

2 might or might not preclude personnel access? 

3 A It's too early for me to really answer that 

4 question. What a scoping calculation is, when it's done 

5 properly, is where you have a situation where no credible 

6 detailed analysis is available, and in a very case like this 
7 where some sort of an answer is required in very short time 

8 frame, then the only scientifically thing you can do is a 

9 scoping calculation. And so you set forth a number of 

10 simplifying assumptions. You might in the case of the 

11 external contamination of the plant, you might postulate a 

12 distribution of radioactive material around the plant, some 

13 mathematical specification of how this radioactive material 

14 is distributed. And that has to be simple so that the 

15 result is transparent, obvious to anyone who studies your 

16 calculation. And it has to have some degree of physical 

17 plausibility. And above all, you state your assumptions 

18 explicitly and that yields you a number or some set of 

19 numbers, which should be viewed against the backdrop of all 
20 the assumptions and qualifications that you've provided.  

21 Q Step 3 provides for the loss of all spent fuel 

22 cooling and make-up systems. Please describe your 
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1 understanding of how make-up systems and spent fuel cooling 

2 could be lost? 

3 A Cooling might -- I'm not going to seek at present 

4 to give you a complete answer to that question. I -- all 

5 the mechanisms that could cause loss of cooling in make up.  

6 But the loss of cooling could occur, for example, in a 
7 situation of station blackout, which is a situation 

8 identified in the IPE as a significant contributor to core 

9 damage frequency.  

10 Q And emergency diesels that could be used for 

11 spent fuel cooling? 

12 A Well, the situation of station blackout is one in 

13 which the diesels are not functioning.  

14 Q So you're assuming that it's a complete station 

15 blackout? 

16 A That would be a scenario, as identified and 

17 discussed extensively in the IPE.  

18 Q How much time would you have to get the diesels 

19 back or some form of power back in order to ensure that you 
20 got cooling to the pools to avoid significant evaporation? 

21 A The -- in order for station blackout to contribute 

22 to core damage frequency, it is has to persist long enough 
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1 for the core to be degraded. In order for station blackout 

2 to contribute significantly to the probability of a release 

3 of radioactive material from containment, the blackout has 

4 to persist to that -- to the point where a release occurs.  

5 Beyond that point, beyond the point of release of 

6 radioactive material, you're in a different environment. Up 

7 to that point, again, taking the station blackout as an 

8 illustration, you're in a situation where you don't have 

9 pool cooling, nor do you have the ability to cool the 

10 reactor core. And if this happens over a period of a few 

11 hours, that's not of great significance in terms of the 

12 pool. The pool will take perhaps days to boil and dry out.  

13 However, once the release occurs, then the environment is 

14 different, and the operation of the plant has to contend 

15 with the potential presence of very high levels of 

16 contamination. And that's a very different ballgame.  

17 Although the restoration of electric power might, 

18 under other circumstances, seem likely over a period of a 

19 day or so under these new conditions of intense 

20. contamination, that can no longer be argued. That has -- if 

21 that argument is made, it has to be justified after an 

22 exhaustive analysis of the effects of the contamination.  
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1 Q How are you going to calculate the best estimate 

probability of an exothermic oxidation reaction in pools C 
3 and D, assuming the evaporation of all pool water, most or 

4 all pool water? 

5 A Well, the first thing I'm going to do is go to an 
6 ACRS subcommittee meeting on Wednesday, where I hope to find 

7 out the latest thinking of the NRC staff on this very 

8 question, and that I will take account of, compared with 

9 everything else that I have access to, and I'll make some 
10 statement about what I believe the probability of initiation 

11 of an exothermic reaction is under some pool dry-out 

12 scenario.  

13 Q You said you're going to make some statement 

14 there? 

15 A Yes, and whatever it is, the statement will be 

16 precise and its assumptions will be provided. I don't know 

17 at present what that will be.  

18 Q How much time do you have allotted to your 

19 statement? 

20 A The -

21 Q At the ACRS meeting on Wednesday, October 18.  

22 A Oh, I'm sorry. We may be confused here.  
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1 Q I thought you said you were going to make a 

2 statement at that meeting.  

3 A No. I was referring to the brief.  

4 Q So you're not making a statement at the ACRS 

5 meeting.  

6 A I have requested a brief time slot to make a 

7 statement at the ACRS meeting, but that will be about the 

8 nature of the scientific inquiry that I believe is required 

9 to address this problem properly.  

10 Q So are you going to make a statement at the ACRS 

11 meeting on the 18th? 

12 A I expect to, but it will not be a statement of 

13 finding about the likelihood of initiation of an exothermic 

14 reaction.  

15 Q Okay. Well, back to the original question, then.  

16 Setting aside what you may or may not learn at the ACRS 

17 meeting, do you know how you intend to come up with a best 

18 estimate probability of the initiation of an exothermic 

19 oxidation reaction in pools C and D, assuming steps one 

20 through six occur? 

21 A To answer question six, you have to specify a 

22 scenario. The scenario that the NRC staff has chosen for 
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1 many years to focus upon, I believe mistakenly, is a 

2 scenario involving instantaneous total loss of water.  

3 Q This scenario, of course, does not do that, 

4 because it's through evaporation.  

5 A That's correct.  

6 Q Correct? 

7 A So that there will be a steady decline of water 

8 through evaporation. Moreover, there may be the initiation 

9 of makeup at some delayed point in the scenario and in a 
10 report I prepared for Orange County in February of 1999, I 
11 said that the water level in a pool could be rising, falling 

12 or static at various points of the scenario and the outcome 

13 can be different, depending upon whether it is rising, 
14 falling, or static at various points of the scenario and 
15 depending on whether the pool dries out completely and 
16 remains dried out or dries out and then there's an attempt 

17 to refill it and perhaps with a fire hose.  

18 The physics and chemistry of each of these 
19 scenarios differs in its outcome and the staff, by choosing 

20 many years ago to focus on instantaneous total loss of 

21 water, deprived themselves of the -- deprived themselves of 

22 the possibility of examining these phenomena and they may 
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1 have caught up, they may have rectified this problem now, 

2 and maybe I'll find that out on Wednesday.  

3 Q Well, again, I ask the question. Do you know how 

4 you are going to calculate the best estimate of the 

5 probability of an exothermic oxidation reaction in pools C 
6 and D, assuming the scenario that you've postulated, no one 
7 else, occurs? This is your scenario, not the staff's.  

8 A I will provide an estimate that I believe should 

9 be used for the purpose of this proceeding, and that 
10 estimate will be consistent with whatever definition we put 

11 forward about what a best estimate is, and -

12 Q Is the answer -

13 A -- that will -

14 Q I'm sorry. Go ahead.  

15 A That will draw upon whatever calculations are 
16 available, but where the required calculation has not been 
17 performed by any party, then the only alternative is to use 
18 judgment or have some sort of scoping calculation.  

19 And I will give you an example of that, which is the 
20 zirconium hydride issue, which has been raised by the ACRS.  
21 To the extent that I understand that issue today, that may 
22 change tomorrow, zirconium hydrides do form in cladding of 
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1 high burn-up fuel. They are not pyrophoric, as feared by 

2 the ACRS.  

3 However, it seems that they do dissociate at 

4 temperatures perhaps in the range of 600 Celsius and this is 

5 not a phenomenon that has been mentioned by the NRC staff in 

6 any of the work that they have done that I have seen.  

7 And maybe on Wednesday I will find that they have 

8 addressed it and if they haven't addressed it, then I'll 

9 have to use judgment or some scoping analysis in speaking to 

10 that issue.  

11 Q Have you done any testing of temperatures at which 

12 zirc cladding on spent fuel might ignite? 

13 A I have not.  

14 Q Have you reviewed test data that's available 

15 relating to how or if the cladding on actual spent fuel 

16 assemblies might ignite? 

17 A I have reviewed secondary material. In other 

18 words, literature generated by people who have performed 

19 such testing or by people who have reviewed a variety of 

20 tests. So I will be citing secondary literature of that 

21 nature.  

22 Q In fact, are you aware that there has been testing 
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1 by heating up actual fuel rods, clad with zirc, which have 

2 undergone burn-up in a reactor to a temperature to determine 

3 whether or not it's subject to ignition? 

4 A I am familiar with simulation work using 

5 electrically heated fuel rods.  

6 Q The actual fuel rods with burn-up? 

7 A At this moment, I don't recall that I have in my 
8 literature file any description of a test of actual burned 

9 reactor fuel that matches the conditions that we're talking 

10 about here and if such literature exists, I'd be very 

11 pleased to see it.  

12 Q You variously, in a number of your reports, and 

13 we'll point to them later, have you used a temperature of 

14 1,000 degrees Celsius as a temperature at which you have 

15 expressed the view that there could be an ignition of the 

16 cladding of spent fuel, zircalloy clad spent fuel.  

17 A Yes.  

18 Q What is the basis of that statement? 

19 A That's a simplistic statement, but it derives from 

20 the fact that the generally accepted equation for zirc steam 

21 reaction has an exponential rise, which is rapidly rising at 

22 around 1,000 degrees Celsius.  
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1 The ACRS, I think, has specified the ignition 
2 issue reasonably well in one of its letters, where they, and 

3 I don't remember the precise formulation, but it's not so 
4 much a question of temperature as it's a question as to 
5 energy balance, and that's what -- it's the dynamics of 

6 energy balance that really determines whether you have a 

7 runaway reaction or not.  

8 And the dynamics of energy balance have to be 

9 considered in light of the physical configuration of the 
10 system, which relates to the state of drainage, relates to 
11 what's going on in the room, the air space above, and it 

12 relates to the physical configuration of the cladding.  

13 If there's swelling or rupture of the cladding 
14 during the heat-up sequence, that will affect fluid flow and 

15 convective or radiative heat transfer.  

16 So really one should be looking at heat -- doing a 

17 dynamic heat balance as the physical configuration evolves 

18 and determining whether you have a runaway to the sort of 
19 temperature where you're emitting significant quantities of 

20 radioactive material from the pellets.  

21 Q In order to do that sort of calculation, if I can 

22 remember from my own graduate work in this area, there's a 
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couple of different disciplines. Let's take them one at a 

time. One would be heat transfer.  

A Correct.  

Q Would it not? 

A Correct.  

Q One would be fluid flow.  

A Correct.  

Q One would be thermodynamics.  

A Correct.  

Q One would be materials, particularly materials 

here relating to zirc.  

A Correct.  

Q And then there would be heat transfer not only 

across the zirc boundary with the fluid, but also from the 

fuel pellet.  

A That is correct.  

Q Into the cladding, is that not correct? 

A That is all correct.  

Q Did I miss anything there? 

A The characteristics of the pellet itself may be 

- material characteristics of the pellet, which is burn-up

dependent on other -
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1 Q In order to get the heat generation in the first 

2 place.  

3 A The pellet characteristics by themselves have some 
4 effect on the heat-up process, but perhaps more 
5 significantly, they could have a substantial effect on the 

6 subsequent source term.  

7 Q By the way, did you receive the information that 
8 the application agreed to provide with respect to your late
9 filed request for documents, which was a printout of the 

10 assemblies that are stored in pools A and B, including the 

11 burn-up and data discharge? 

12 A I received that and, in fact, I have it with me, 
13 but I haven't done a summary table of it yet.  
14 Q And what do you intend to do with that 

15 information, if anything? 

16 A Well, the first thing it's told me already is that 
17 there's plenty of fuel with burn-up well into the 50,000 
18 megawatt days per ton range and that tells me to suspect 
19 hydride formation in the cladding, brittleness of cladding, 
20 and pellet, changes in the pellet that could lead to a 
21 higher source term or a source term involving small fine 
22 particles, and it -- I may use this information in 
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1 developing the heat load scenario that affects pool dry-out 

" and -

3 Q For pools A and B.  

4 A For A and B, yes, which, as I said, is relevant to 

5 the contention, because a pool A and B accident might 

6 increase the likelihood of a pool C and D accident.  

7 Q I'm going to go back to each of the disciplines 

8 and areas of expertise required to do the cooling analysis, 

9 because it's a complex, as you noted, heat balance, if you 

10 will.  

11 So let me start with the fuel pellets and the fuel 

12 design itself. Are you an expert in fuel pellets and their 

13 design and their characteristics? 

14 A I have sufficient expertise to support what I will 

15 be saying in my brief and for that, I don't need, for that 

16 purpose, to be able to design a pellet.  

17 Q You've never designed a pellet.  

18 A No.  

19 Q You've never designed fuel.  

20 A No.  

21 Q You have no education, training or skill relating 

22 to the design of spent fuel, is that correct? 
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1 A No education or training that specifically 
2 prepares me to design fuel, nor is that necessary for the 
3 purpose I'm discussing.  
4 Q What about the heat generated by a spent fuel rod, do 
5 you have any specific education, training, skill or 
6 knowledge relating to the generation of heat in a particular 
7 fuel rod, depending on burn-up, enrichment or any other 

8 characteristic? 

9 A The heat load is provided by well known and well 
10 benchmarked codes and I'm perfectly happy to accept whatever 

11 they say.  

12 Q And what codes would those be? 

13 A I know ORIGEN used to be a common one. I'm not 
14 

15 Q Are you familiar with the use of that code? 
16 A I have never used any of those codes, nor is there 
17 any need for me to do so for this purpose I'm engaged in.  
18 Q So how are you going to determine the heat load 
19 from the spent fuel rods that will be in spent fuel pools C 
20 and D in order to take a look at the potential for an 
21 exothermic oxidation reaction in pools C and D? 
22 A For the dry-out of the pool, I might simply use the 
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1 applicant's numbers, such as 15.6 million BTU per hour. The 
2 applicant also has put into its license application 
3 estimates of the heat load for spent assemblies of differing 

4 ages. I might simply use that.  

5 If it does not appear that this is -- represents 
6 the full range of burn-ups that are actually likely, then I 
7 might have to do a little more work and get a piece of 
8 literature on the correlation between burn-up and heat load.  
9 I'll be honest and say that I'll use the easiest 

10 and quickest data I can get my hands on.  
11 Q Are you an expert in heat transfer? 

12 A I have been educated in heat transfer. This is 
13 normal training for an engineer and I've had such training.  

14 

15 Q And specifically -

16 .A Am I an expert in the sense that -- am I world 

17 class analyst of heat transfer? No.  
18 Q Have you done any analyses of heat transfer in 
19 connection with the energy balance that you are going to be 
20 looking at that would be required to evaluate the 
21 probability of an exothermic oxidation reaction in spent 

22 fuel pools? 
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1 A In my February 1990 report for BCOC, I provide 
2 some simple scoping calculations of heat transfer. I'll 

3 probably update and expand on those some more.  
4 Will I be writing a new piece of code to look at 

5 this, will I be running such a code? No. That's a major 
6 exercise, takes lots of -- many, many person years to 

7 develop these codes and -

8 Q Do you have any experience -

9 A -- and months to run them.  

10 Q Do you have any experience in the heat transfer 
11 calculations that would be required to provide, for example, 
12 in a licensing basis, an analysis of the probability of the 
13 initiation of this type of reaction in spent fuel pools? 
14 A When you say licensing basis, I assume that you 
15 are referring to the -- to areas such as the performance of 

16 a reactor core during a design basis LOCA.  

17 Q That would be one example.  

18 A That's a -

19 Q Heat transfer issues.  

20 A There are heat transfer issues there which are now 
21 surrounded by a body of regulation, and so models have to be 
22 certified as meeting NRC requirements in order to be used 
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1 for modeling that sort of situation.  

2 Q And this, of course, is not required to be modeled 

3 or to be evaluated in licensing space, is it? 
4 A That is -- at present, that is correct. So that 

5 there is no regulatory requirement and no licensing basis 
6 for these calculations. So at present, in a way, it's a 
7 developing scientific field. The calculations of fuel heat
8 up in a drying out pool have just -- have never been 

9 subjected to the degree of rigorous scrutiny that has been 
10 performed for the core issues in design basis accidents.  
11 Q In fact, your real contention here is that the 
12 regulatory requirements should require this type of 

13 analysis, is that not true? 

14 A If licensees persist in wanting to use high 
15 density fuel racks and if the NRC staff persists in 

16 inclining to license them to do so, then I believe that 
17 simple prudence and sense of responsibility requires that 
18 the implications of that be properly understood, and that 
19 has not been done at present. I believe the situation is 
20 irresponsible, because these actions have been taken without 
21 a proper understanding of the phenomena that could occur.  
22 And either those analyses could be performed or the 
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1 licensees could switch back to low density storage. In the 

2 process of going to low density storage, I believe it would 

3 still be prudent and appropriate to do a better analytic 

4 effort than has been done to date to determine a level of 

5 density of racking, which absolutely precludes the onset of 

6 oxidation reactions.  

7 Q Is it your position here -- and I listened to you 

8 very carefully -- that the NRC staff has been irresponsible 

9 in continuing to license high density storage of spent fuel? 

10 A I believe the staff has been irresponsible in 

11 licensing this and the industry has been irresponsible in 

12 doing it and applying for it, and the irresponsibility 

13 derives from the fact that neither side of -- neither 

14 industry nor the NRC has ever bothered to do a really 

15 thorough job of finding out what the implications are.  

16 Q By the way, is it also true that Congress is 

17 irresponsible in directing nuclear power plant operators to 

18 store spent fuel at site rather than send it to an off-site 

19 storage facility, including, specifically in the law, in re

20 rack spent fuel pools? 

21 A What I said has absolutely nothing to do with 

22 where the fuel is stored. So Congress' wisdom on that 
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1 subject, I say nothing about it. Did Congress recommend the 

use of high density racking, knowing -- in the light of 

3 information as to what the risk implications of this action 
4 were? Certainly not. Congress could not have been provided 
5 with that information because the analyses have never been 

6 done.  

7 Q Now, since the spent fuel pool analyses that you 
8 are recommending have not been done, do you have the 
9 comparable expertise in heat transfer in the types of 

10 analyses in reactor core designs and analysis that would 
11 lead you to be able to do the analytical work for the spent 

12 fuel pool? 

13 A I am, I believe, equipped by training and 
14 knowledge to lead a team that would provide a thorough and 
15 comprehensive assessment of the onset of oxidation reaction 
16 in a draining pool. In other words, I am qualified to 
17 specify the problem, to interact with the various 

18 specialists necessary, to identify the specialists 

19 necessary, the calculations and experiments that are 
20 necessary to review their findings, and to summarize these 

21 into a credible result.  

22 I believe that I am -
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1 Q But you would not -

2 A -- qualified to do that and, I repeat, this would 

3 be a team effort involving a number of disciplines.  

4 Q But you personally would not be qualified to do 
5 the heat transfer work, that you would look to other 

6 specialists to do.  

7 A I would be -- as a separate -- if asked to be a 

8 member of such a team to address a particular issue of heat 
9 transfer, my first response was you can surely get somebody 

10 who is more up to speed on that precise issue.  

11 If, for some reason, such person could be found, 

12 do I have the basic scientific training that I could do that 
13 detailed analysis? Yes. Would I take time to come up to 

14 speed on the issue? Yes.  

15 Q What about thermodynamics? 

16 A The same would apply.  

17 Q Fluid flow? 

18 A The same would apply. On the questions of 

19 metallurgy, for example, I would not join the team under any 
20 conditions, because in the rest of my lifetime, I'm not 

21 going to come up to speed on those.  

22 Q And, specifically, for example, on the effects of 
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1 hydriding on zirc, that would not be something that the rest 

2 of your life you'd come up to speed on, is that correct? 

3 A That's correct.  

4 Q Your scenario, your seven-step scenario, and I use 
5 the word yours because you came up with it, in effect, 

6 precludes other types of scenarios. For example, the 
7 scenario cannot result in a breach of the spent fuel pools, 

8 can it? 

9 A The -

10 Q Which would be inconsistent with step six.  
11 A The scenario could lead to a breach of the fuel 

12 handling building due to hydrogen explosion or due to 

13 weakening of the structure through heat. If the -- if a 

14 vigorous exothermic reaction takes hold across a pool and to 
15 the extent that there is melting, then one would have to 
16 consider the effect of this molten pool of fuel on the 

17 concrete base of the pool.  

18 My initial guess would be that you would be -- you 

19 would not be looking at a breach in that scenario, but for 

20 completeness, you'd certainly look at it -

21 Q But to get to the -- I'm looking at step six, is 

22 you have to have a pool that is integrity which evaporates 
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1 down in order to get to your step seven. Step six is a 

2 precondition.  

3 A In this particular scenario, the assumption is an 

4 intact pool. There are other scenarios for pool drainage 

5 which the Board chose not to accept for this, for purposes 

6 of this contention.  

7 Q So going back to your loss of all spent fuel 
8 cooling and makeup systems, I take it we cannot hypothesize 

9 a seismic event that wipes out everything, because if it 
10 wiped out the pools, then we don't have the scenario.  

11 A If the Board had allowed it, we would certainly be 

12 talking about seismic events.  

13 Q I understand, but we're in a little box that the 

14 Board provided to us.  

15 A Right.  

16 Q And so in your scenario, you did not contemplate 

17 that type of a seismic event.  

18 A This scenario could involve a seismic event which 

19 initiates the degraded core, a core accident, and/or which 

20 interrupts pool cooling.  

21 Q But it couldn't be a seismic event sufficient to 
22 breach the pools, as is the one the staff generally analyzes 
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1 when they look at this issue, or it wouldn't be your 

2 scenario.  

3 A It wouldn't be the scenario allowed to us by the 

4 Board.  

5 Q Correct.  

6 A So I don't say that -- when you say this is my 
7 scenario, I have never said or suggested that this was the 

8 only scenario that could occur to a pool.  

9 Q Now, I want to go back to the question I asked, 
10 but you didn't completely answer. How would we lose all 
11 spent fuel cooling and makeup systems during the period of 
12 time required? What are the ways of doing that? What 
13 happens? You started to answer the question, but we never 

14 quite finished.  

15 A We dealt with station blackout as -

16 Q Yes, we did.  

17 A -- as an example for loss of pool cooling. The 

18 loss of service water would have the same effect.  

19 Q What kind of loss of service water? 

20 A That would have to be loss of both types of 
21 service water. The makeup question, there are a variety of 
22 makeup paths which the applicant has described in its 
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1 response to the staff and we were shown some of these makeup 

2 paths on our tour.  

3 These all require human actions of one kind or 
4 another. People have to turn valves, sometimes the valves 
5 are locked, so they have to have a key to take off the lock 
6 or they have to have a bolt-cutter or a hacksaw or 
7 something, if they don't have a key.  
8 Some of these makeup pathways require quite a lot 
9 of work to implement. People have to climb up ladders and 

10 burrow into pipes and hook up hoses. Others are simpler.  
11 But all of them require human access within the 
12 plant and under this scenario, the presence of high levels 
13 of contamination are alleged to prevent such access, and the 
14 prevention of access, as we discussed it earlier, is a 
15 complex matter that is not purely scientific, but has this 
16 assumption built into about what radiation doses one assumes 

17 should be incurred.  

18 Q Harris spent fuel pool and the fuel pool handling 
19 building are unique in the industry, are they not? 
20 A They're certainly unusual. I'll take your word 

21 for it that they're unique.  
22 Q Are you aware of any pool that that's large at any 
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1 other plant? 

A No.  

3 Q Are you aware of any other spent fuel handling 

4 building that's designed in the manner in which the Harris 
5 spent fuel pool building has been designed? 

6 A I'm not aware of one.  

7 Q Are you aware of any spent fuel pool building that 
8 has as much access, that has many different ways to access 

9 the building as the Harris plant? 

10 A A careful and accurate answer to that question 

11 would require looking at other plants with a degree of 

12 detail that I've given to Harris.  

13 Q Well, a definitive answer would.  

14 A Let me -- is the Harris fuel -- is the Harris 

15 plant the most vulnerable plant in the United States to this 

16 scenario? Possibly not.  

17 Q In fact, it might be the least vulnerable plant in 
18 the United States to this scenario, might it not? 
19 A It might. To answer that question would require 

20 

21 Q Of course.  

22 A -- analysis that doesn't exist, but that might be 
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1 the result. I would not expect Harris to come out on the 

2 top of the list in terms of a plant that is vulnerable to 

3 this particular scenario.  

4 Q You, in fact, if I remember your comment from the 

5 other day, might expect it to come out at the bottom of the 

6 list for vulnerability.  

7 A That's your statement, not mine.  

8 Q Well, I'm asking you. Is that not what you 

9 suggested after the tour? 

10 A I made no such suggestion. It would be somewhere 

11 on the list, but, I doubt at the top.  

12 Q Are you aware of any plant -- and, again, I'm not 

13 saying that you're an expert on very many plants, but I'm 

14 just asking you as the proffered expert, are you aware of 

15 any plant that has greater redundancy of cooling to the 

16 spent fuel pools than has Harris? Greater redundancy.  

17 A I couldn't answer that.  

18 Q Are you aware of any plant that has more different 

19 ways to get a makeup to the spent fuel pools than the Harris 

20 plant? 

21 A Again, I couldn't answer that.  

22 MS. CURRAN: John? 
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MR. O'NEILL: Yes.  

MS. CURRAN: Are we getting to a breaking point 

here? 

MR. O'NEILL: You know, I can go on forever or I 

can take a break when you'd like, but off the record, 

please.  

[Off the record.] 

[Whereupon, at 12:15 p.m., the deposition was 

recessed, to reconvene this same day at 1:15 p.m.] 
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1 AFTERNOON SESSION 

2 
[1:18 p.m.] 

3 Whereupon, 

4 GORDON R. THOMPSON, 

5 the witness on the stand at the time of the recess, having 

6 been previously duly sworn, was further examined and 

7 testified as follows: 

8 EXAMINATION 

9 BY MR. O'NEILL [resuming]: 

10 Q Dr. Thompson, I received today a document that you 
11 authored, dated August 2000, entitled A Review of the 
12 Accident Risk Posed by the Pickering A Nuclear Generating 

13 Station, a report to the standard Committee on Energy, 

14 Environment and Natural Resources of the Canadian Senate.  

15 I have not had a chance to read this, because I 
16 just-got it a few minutes ago. And ask whether or not there 
17 is anything in this report that is relevant to the work that 

18 you're doing with respect to the Harris proceeding.  

19 MS. CURRAN: Before you answer that question, I 
20 just want to clarify, for the record, that that report was 
21 delivered to Shaw, Pittman last week, I believe last 

22 Thursday.  
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1 MR. O'NEILL: Thank you.  

2 THE WITNESS: This report we produced pursuant to 
3 a request from the staff for any and all, I think was the 

4 phrase.  

5 BY MR. O'NEILL: 

6 Q I'm sorry? 

7 A The staff requested, I believe the words were any 
8 and all documents that I had written about the risk of 

9 reactor accidents, and that -- the report you speak of was 
10 produced for that reason and not because it has relevance to 

11 the Harris proceeding.  

12 Q I do notice, in scanning it, that there is some 

13 discussion of probabilistic risk assessment. Did you 

14 perform a probabilistic risk assessment of the Pickering A 

15 plant? 

16 A I did not.  

17 Q Did you review probabilistic risk assessments 

18 performed by others? 

19 A I did.  

20 Q Did you perform a detailed review, so-called peer 

21 review, or did you just happen to look at them? 

22 A No. It was a less demanding task than that for 
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1 the peer review. It was, in fact, a review of a large body 

2 of documentation, some of which was probabilistic risk 

3 analysis and other documentation addressed different issues, 

4 such as the operating history.  

5 Q You recently toured the Harris spent fuel pool and 

6 other buildings at the Shearon Harris site, did you not? 

7 A That is correct.  

8 Q And that was pursuant to a request by counsel for 

9 such a tour, is that not correct? 

10 A Correct.  

11 Q What did you learn on the tour that is relevant to 

12 the work that you will be performing to answer the Board's 

13 three questions, if anything? 

14 A I obtained a sense of the physical configuration 

15 of the plant that I had not obtained previously. Prior to 

16 that visit, I had to the spent fuel -- the fuel handling 

17 building, on a previous occasion, but my familiarity with 

18 other parts of the plant, such as the auxiliary building, 

19 were derived from drawings in the FSAR, which are very hard 

20 to decipher.  

21 So it was informative in that respect. I should 

22 say that the tour guides were very helpful. I have no 
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complaints about the nature of the tour, and they -- the 

guides pointed out makeup pathways and it was helpful to 

have those pointed out.  

Q Were you taken to all of the buildings and 

locations of the site that you requested to be taken to? 

A We were.  

Q I understand that pictures were taken during t}
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Q

That's correct.  

And. what was the purpose of your having pictures

taken? 

A The purpose is to provide a record of what one 

sees in a way that's impossible to capture by memory in two 

respects. Firstly, in a tour like that, in an unfamiliar 

place, it's simply impossible to recall in one's memory all 

of the configurations of objects that one sees, and, 

secondly, because one inevitably misses things on a quick 

tour and the photograph often picks up those things.  

Q Are you planning to use the photographs in any way 

in your report that will be written in connection with the 

November 20 filing that the Board has requested? 

A I'll be using those photographs in conjunction
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1 with large-scale drawings which we have obtained from the 
2 applicant under discovery to help me in preparing my 

3 technical brief.  

4 We may also introduce selected photographs in some 
5 form of evidence and I believe Attorney Curran plans to 
6 certify the photographs in some manner for that purpose.  

7 Q Applicants responded to NRC staff interrogatories 
8 by describing makeup water pathways. On your tour, were you 
9 able to review all of the various makeup water pathways that 

10 were set forth in answer to the interrogatories? 

11 A My recollection is that the written description 
12 that you referred to came to us after the tour and would 
13 have been more helpful before, and as I recall, a written 
14 description has mention of something like six or so 
15 different makeup pathways, and I don't believe we saw 

16 actually all six.  

17 But I did get sense of how they vary in attributes 
18 in terms of the degree of effort and time that would be 
19 necessary to implement them.  

20 Q You testified previously that you have reviewed 
21 the Harris IPE and the Harris IPEEE, is that correct? 
22 A I'm still in process of reviewing those documents.  
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1 Q I'm sorry. Correct me if I misunderstood you, but 

2 I thought you had indicated you have reviewed those 

3 documents in advance of the work that you did for Orange 

4 County that was published in your February 1999 report.  

5 A I obtained selected parts of the IPE and IPEEE at 

6 that time, in February of '99, but have only very recently 

7 obtained a full set of both documents.  

8 Q And you -

9 A In fact, just this past week.  

10 Q And you obtained a full set of the PSA, as well, 

11 is that not correct? 

12 A I'm not certain that it's a full set, but it was 

13 - I asked for copies of the entire content of one box, that 

14 may have been a full set.  

15 Q Have you reviewed the IPE/IPEEE and/or PSA 

16 sufficient to draw any conclusions regarding their 

17 thoroughness, adequacy, whether they are state-of-the-art? 

18 A They seem to meet the requirements that the staff 

19 has laid down for IPEs. That's less demanding -- those are 

20 less demanding requirements than would be required for a 

21 full PRA. For instance, the IPEEE is not a PRA. It's a 

22 margins analysis.  
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1 And the type of uncertainty effort that was pursued in 

2 NUREG-1150 is not reflected in the Harris IPE. So basically 

3 they're normal industry type IPEs, as far as I can see.  

4 Q So they meet the regulatory requirements, to the 

5 best of your -

6 A Correct.  

7 Q -- knowledge.  

8 A Correct.  

9 Q When you said that the IPEEE is simply a margins 

10 analysis, would you tell me what you mean by that? 

11 A A seismic PRA will consider earthquakes of varying 

12 levels of intensity and it's typically assumed that as one 

13 goes to lower and lower probabilities, the acceleration, the 

14 ground level acceleration will continue to increase.  

15 So that at some level of probability, any nuclear 

16 plant will eventually suffer damage leading to a core melt.  

17 But the purpose of the exercise is to estimate what that 

18 probability is. The margins analysis simply assumes an 

19 earthquake, in this case, I believe, .3g ground surface 

20 acceleration and then seeks to determine whether the plant 

21 will ride out this earthquake.  

22 Q How will you use the results, if you will, of the 
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1 Harris IPE, IPEEE or PSA in answering the Board's questions? 
2 A I believe I answered earlier today some of that 

3 question. Any reliance that I place on Harris-specific 

4 operating experience or failure rates will be drawn from the 
5 findings of the IPEs and the PSA. I will probably rely on 
6 the set of accident sequences identified in the IPE and 
7 probably will not seek to identify other types of sequences.  
8 But I may not use all of the probability numbers.  

9 Q Have you ever performed a PRA at a nuclear power 

10 plant? 

11 A I have not.  

12 Q Have you ever been on a team that performed a PRA 

13 at a nuclear power plant? 

14 A I have not.  

15 Q Have you ever done a peer review of a PRA for a 

16 nuclear power plant? 

17 A By a peer review, I take it that you mean the sort 
18 of review that would be commissioned by the staff as a team 
19 effort involving an in-depth review, and I think the answer 

20 to that is no.  

21 Q Have you ever reviewed in detail and expressed an 
22 expert opinion with respect to the -- of a PRA analysis of a 
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1 nuclear plant that was performed by others? 

2 A Could you please repeat the question? 

3 Q Have you ever reviewed, either individually or as 

4 part of a team, a PRA that was performed by others and 

5 provided an expert opinion on the results of that PRA? 

6 A Are we speaking of light water reactors, 

7 pressurized water reactors, or any reactor? 

8 Q Let's first start with light water reactors.  

9 A I have expressed an expert opinion on source term 

10 related issues. I have worked as a member of a group that 
11 has rendered an expert opinion on probability issues and 

12 that would be in the case of TMI, which is a project I 
13 forgot to mention earlier, which was primarily the 

14 preparation of a model emergency response plan, but because 

15 of that work, I, with others, looked into the probability 

16 and source term issues of potential TMI -

17 Q Specifically, did you review the TMI PRA? 

18 A We did a limited scope review of the TMI PRA, yes.  

19 Q How limited? 

20 A Our findings are summarized in a document that I 
21 believe has been produced, which is the product of the 

22 emergency planning exercise, a book by Golding and Kasperson 
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1 & Kasperson. So that the relevant chapters of that book 

2'" summarize what we did and what we found.  

3 Q When did you do that work? 

4 A Towards the end of the 80s.  

5 Q By the way, just for purposes of definition, do 

6 you understand PRA to be probabilistic risk assessment? 

7 A I do.  

8 Q And do you understand PSA to be probabilistic 

9 safety assessment? 

10 A I do.  

11 Q And do you understand any difference between a PRA 

12 and a PSA, by the nomenclature? 

13 A I know that PSAs are intended to be constantly 

14 updated, living documents that I -- when PRAs were first 

15 done, they were submitted mostly or perhaps in all cases to 
16 the NRC for publication and review, whereas the PSAs are 

17 not.  

18 The Harris PSA is the first that I have seen and I 
19 received it only a few days ago. So I can't, at this stage, 

20 speak to all the differences that it might have.  

21 Q So we'll speak here then with respect to PRA and 
22 PRA methodology and techniques and we'll have a common 
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understanding that's probabilistic risk assessment, as those 
terms have been used in the Nuclear Regulatory Commission's 

literature, is that fair? 

A Yes.  

Q Now, you mentioned TMI. Is there any other PRA 
that you have reviewed for any purpose that relates to 

nuclear? 

A The Seabrook PRA that I focused solely on source 

term issues at that time.  

Q And similarly, TMI, you indicated that that was 

just source term issues.  

A My primary focus, again, was source term issues, 
but our group did address probability issues and I had some 

involvement in that, too.  

Q Any others? 

A For light water reactors, that's all I recall at 

the moment.  

Q Any other type of reactor? 

A The CANDU reactor of Canadian design, I have 
looked at PRAs for the Darlington and Pickering plants.  

Q The Pickering plant was the -- when was that done? 

A In two instances. The report that you described
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1 earlier that I completed in August of 2000 and my first look 
2 at Pickering was in 1987, when I was a consultant to a 
3 committee set up by the Government of Ontario. At that 
4 stage, there was no PRA for Pickering, so I looked at the 
5 then available severe accident studies, some of which have 
6 been developed further and are incorporated in the present 

7 PRA.  

8 Q Is the PRA for Pickering similar to the 
9 methodology used at light water reactors that you've looked 

10 at before? 

11 A It's a similar methodology. The reactor design is 
12 different there, different categories of core damage states 
13 at CANDU reactors that you don't find at light water 

14 reactors.  

15 And the Canadians also typically don't continue the 
16 most severe core damage states to third level of PRA.  
17 Q Did you look at anything beyond source term in 
18 connection with your view of the PRA for Pickering or 

19 Darlington? 

20 A Again, on the Darlington case, my focus was 
21 primarily on source term in terms of my direct review, and 
22 our group also addressed probability issues, but I was not 
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1 the primary author of that component.  

2 Q Will you use PRA techniques in doing your analysis 

3 to answer any of the three Board questions in connection 

4 with this engagement? 

5 A What I expect to do is illustrate the sensitivity 

6 of PRAs to assumptions and the -- by showing how different 

7 assumptions at different stages of the calculation have an 

8 effect on the result, and by discussing the uncertainty in 

9 its propagation, completeness issues, and how one should 

10 handle completeness issues.  

11 Q Do you consider yourself an expert on PRA? 

12 A For the purpose of this proceeding, yes.  

13 Q Do you have any experience, knowledge, skill, 

14 training or education on PRAs, other than what you've 

15 described with respect to your view of a number of PRAs as 

16 you've just testified? 

17 A Another reactor type that I worked on in a similar 

18 manner was the Savannah River reactors, which are materials 

19 production reactors in South Carolina, and the nature of the 

20 work I did there was similar to what I've described. And I 

21 think that's about it.  

22 Q Now, you testified earlier that you were not 
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1 familiar with any ASME standard for PRAs, is that correct? 

2 A That's correct.  

3 Q Are you familiar with the vocabulary that is used 

4 in PRAs among people like Dr. Parry, who do this for a 

5 living? 

6 A I'm sure his vocabulary exceeds mine, but I try.  

7 Q For example, do you know what a fault tree is? 

8 A A fault tree is a form of representation of a set 

9 of scenarios whereby particular events can lead to the 

10 failure of a system. So a variety of possible failures or 

11 other perturbations of a system can lead to its eventual 

12 failure to perform some specified function, to start or to 

13 run or otherwise to function.  

14 Q Does that complete your understanding of a fault 

15 tree? 

16 A That's a, shall we say, working definition.  

17 Q Now, have you used fault trees in any of your 

18 analyses in connection with your reviews of PRAs? 

19 A The nature of the reviews that I've talked about 

20 insofar as they affect probability have, on occasion, 

21 examined the sensitivity of the results to changing 

22 assumptions at different points in a fault tree or an event 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 

00 1445



I

116 
1 tree.  

2 Q What's the difference between a fault tree and an 
3 event tree? 

4 A An event tree is a form of representation which 
5 can be a graphical presentation or otherwise embodied, which 
6 estimates the nature and probability of outcomes flowing 
7 from an initiating event.  
8 So it's, in very rough terms, a fault tree turned 
9 around the other way.  

10 Q In connection with the answers to the 
11 interrogatories posed by the NRC staff, the applicant 
12 provided a considerable amount of detail on cut sets. Do 
13 you know what a cut set is? 

14 A A cut set is a term of art for a scenario leading 
15 to a specified outcome in an event tree.  

16 Q In an event tree? Do you know what a PDS is, or a 
17 plant damage state? 
18 A Plant damage states are, in the context in which I 
19 have encountered them, core damage states, indicating the 
20 nature of core damage at a particular time.  
21 Q Are you familiar with the term, an acronym, LERF? 
22 A No.  
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1 Q If I told you it was large early release 

Z- frequency, would that help you? 

3 A I've certainly encountered that indicator many 
4 times.  

5 Q What is that? 

6 A This is an indicator of -- that's pertinent to 
7 source term issues. For a light water reactor, the 
8 development of an accident sequence can be fairly readily 
9 divided into two components. One component is what occurs 

10 inside containment and the second component is the escape of 
11 radioactive material from containment to the environment.  
12 The ratio of the two probabilities is known as the 
13 conditional probability of containment failure. The 
14 containment may fail early in an accident sequence or late, 
15 and the large early release frequency is the estimated 
16 probability that containment fails directly or through some 
17 bypass route leading to a relatively early release with a 
18 comparatively large fraction of the core materials released, 
19 the volatile materials, in particular.  
20 Q Do you know what the Fussell-Vesely, also known as 
21 the F-V importance measure is? 

22 A No.  
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Q Do you know what a truncation limit is? 

A A truncation limit is, as normally applied in the 
PRA business, is when a scenario, such as a cut set, is 
discarded because its probability is believed to be so low 

as to not require further analysis.  

Q Now, in the -

A The term has been used in other applications; for 
instance, the probability of common cause failure has 

sometimes been truncated in the sense that a minimum level 

is assumed.  

Q Are you familiar with the nine elements that are 

used to characterize a PRA, as that term is used in the 

industry and as used in the standard that you're not 
familiar with? But you don't have to know the standard to 

understand the nine elements.  

A I don't know the term of art that you're referring 

to in these nine elements. I can identify characteristics 

of a PRA that are significant.  

Q I'm sorry? 

A I could identify characteristics of a PRA that are 

significant.  

Q Why don't you tell me, and whether there are nine 
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1 or whether you know fewer than nine, but what are the 

2 principal elements of a -- that characterize a PRA, as that 

3 term is understood in the NRC and in the industry? 

4 A I have to guess at what you mean by characterize.  

5 Are these standards that have to be met for a PRA to be 
6 credible? Are they the elements that a PRA needs to be -
7 Q The elements that the PRA needs, that's why I said 

8 the nine elements that des:ribe a PRA, that must be followed 

9 to have a PRA. I mean, if you don't know, that's fine.  

10 A I could guess all afternoon as to which nine 

11 they're referring to.  

12 Q Okay. That's fine. Do you believe that PRAs have 

13 a role in the regulation of nuclear power? 

14 A Yes. They, I'm convinced, can be a very useful 

15 tool.  

16 Q Do you agree with the NRC Commission that nuclear 

17 power reactors are operating today more safely and more 

18 risk-informed than they were five to ten years ago? 
19 A They appear to be more risk-informed. The use of 
20 IPEs and PSAs has become standard practice, so to that 
21 extent, risk-informed, yes. Safer, hard to say. I don't 

22 think anyone can be sure about that.  
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1 Q Have you done any PRA analysis on spent fuel 

2 pools, probability of any accidents in spent fuel pools? 

3 A The PRA techniques have been used to address some 

4 of the concerns that arise about spent fuel pools. For 

5 instance, the probability of cask drop or earthquake causing 

6 a breach, the probability of cooling system failure, I've 

7 used those findings in the past. I have not done similar 

8 analyses myself.  

9 The pools, however, have never been subjected to 

10 the kind of systematic effort to be inclusive that 

11 characterizes a really thorough full-scope PRA; for example, 

12 NUREG-I150, which tried to look at a spectrum of initiating 

13 events.  

14 Q Let's go back to Exhibit 2 and the seven-step 

15 sequence at page 13. Are you intending to use the 

16 scientific method in your analysis of the best estimate of 

17 the overall probability of a sequence of events? Or for any 

18 of them, for that matter.  

19 A As I said earlier, the concept of a best estimate 

20 requires definition. There are -- estimates of a variety of 

21 types, such as point estimates and means and medians, have 

22 been used in the PRA business and my brief will provide a 
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1 definition of what I believe best estimate is in this 

2 context, and that will reflect an element of prudence.  

3 Q I understand that, but now I'm looking at 

4 analyzing each of these seven steps and in a number of 

5 cases, you've indicated that while you were not an expert by 

6 training and education, skill and knowledge, that you did 

7 have sufficient expertise in order to apply basic scientific 

8 principles, and my question is are you going to apply 

9 scientific method, as that term is understood by scientists 

10 throughout the world in doing this type of analysis.  

11 A To the extent possible.  

12 Q And what is the scientific method? Can you give 

13 the five steps of the scientific method? 

14 A Well, I don't know whose five steps you're 

15 referring to, whether they're from the same author as the 

16 previous nine elements.  

17 Q No. Talking more -- sort of more general than 

18 that. Sort of what a high school student learns what the 

19 scientific method is.  

20 A Ideally, the scientific method involves the 

21 development of a hypothesis that can be proven false and the 

22 conduct of experimentation that seeks to identify falsity.  
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1 Q Or truth.  

2 A Well, truth is harder to demonstrate.  
3 Q Have you developed any hypotheses with respect to 
4 any of these seven steps? 

5 A I believe my February 1990 report for Orange 
6 County contains hypotheses for this entire sequence. So 
7 that would be my starting point and I expect, in the brief, 

8 to articulate this more precisely.  
9 Q Now, having identified hypotheses, are you going 

10 to test your hypotheses in order to come up with some 
11 conclusion using the scientific method? 
12 A This scenario cannot in any realistic sense be 
13 tested by a purely scientific method. Taking a single 
14 nuclear plant and arranging for it to have a core meltdown 
15 and seeing whether it's pulled right tout would not, by 
16 itself, falsify -- if this did not occur, that would not 
17 falsify the hypothesis, and clearly the experiment cannot be 

18 performed.  

19 So in its true sense, the scientific method simply 
20 is not applicable to the problem. What one can do is 
21 segregate the problem into components and, to the extent 
22 possible, apply scientific method to each of those elements.  
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1 Q Is there any element here which you intend to test 

Z.- your hypothesis? 

3 A Again, testing is, in its full sense, not possible 

4 for most of these elements, the seven elements. The one 

5 element that could, in principal, be settled empirically 

6 would be the onset of runaway exothermic reaction. It's 

7 possible to conceive of a set of experiments that would give 

8 a definitive finding on that point.  

9 Q You've mentioned the concept of uncertainty a 

10 number of times. Tell me how you propose to deal with 

11 uncertainty in connection with the best estimate that you'll 

12 come up with, however you may define that in the future.  

13 A The Harris IPE does not include any estimate of 

14 the probability density function of its eventual findings.  

15 Other studies, such as NUREG-1150, do attempt to do so. One 

16 can argue by analogy that the shape of the density function 

17 could be similar for Harris to that identified in NUREG

18 1550 for PWR plants.  

19 Is that scientific? It's crude, but it's -- when 

20 one is seeking to apply the principle of prudence, I think 

21 it's a reasonable thing to do, as a practical matter.  

22 Q Can one deal with uncertainties by doing 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 

001453



124 
1 sensitivity studies? 

2 A To some extent. That doesn't help you with the 
3 uncertainties that are phenomenological in nature, where you 
4 don't understand a problem properly. Sensitivities is a 
5 different thing than uncertainty and is -- although at times 
6 it can provide an important guidance about certain types of 
7 uncertainty, sensitivity can be a guide to certain types of 
8 uncertainty, but not others, such as phenomenological.  

9 Q Look on page 17 of Exhibit 2, the second question, 
10 for a moment. It says The parties should take careful note 
11 of any recent developments in the estimation of the 
12 probabilities of the individual events and the sequence at 
13 issue. In particular, have new data or models suggested any 
14 modification of the estimate of two-times-ten-to-the-minus
15 six per year, set forth in the Executive Summary of NUREG
16 1353, regulation analysis for the resolution of Generic 
17 Issue 82, beyond design basis accidents in spent fuel pools, 

18 1989.  

19 What's your answer to that question? 
20 A In my brief, I will certainly respond in every 
21 particular to what the Board requests. My recollection at 
22 the moment of NUREG-1353 is that it did not address the 
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1 scenario that's at issue here.  

2 MR. O'NEILL: Let's look at 1353, and I will ask 

3 the court reporter to mark, as Exhibit 3, NUREG-1353.  

4 [Thompson Deposition Exhibit No.  

5 3 was marked for identification.] 

6 BY MR. O'NEILL: 

7 Q Do you have before you what has been marked as 

8 Thompson Exhibit 3, Dr. Thompson? 

9 A I do.  

10 Q Have you read this report? 

11 A I have read it some years ago and will be looking 

12 through it again prior to completing my brief, in order to 

13 respond to the Board's question.  

14 Q Look at page 4-36, please.  

15 A I have it.  

16 Q Now, the number that's quoted by the Board at two

17 times-ten-to-the-minus-six is, in fact, the sum of all of 

18 these various accident frequencies set forth in table 4.7.1, 

19 is it not? It's an overall frequency number.  

20 A They're actually referring to the Executive 

21 Summary -

22 Q I understand that.  
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1 A -- on page 4-36.  

2 Q It's a backup here.  
3 A I assume that the Executive Summary is, in some 
4 way, summarizing what's in table 4.7.1.  

5 Q So I take it that you don't know if, in fact, that 
6 is the backup for that table.  

7 A Would you like me to look at the Executive Summary 
8 and see? 

9 Q Well, I'll tell you what, whether you know or not 
10 is -- I'm really indifferent, because I'm going to ask some 
11 questions about it. If you look at table 4.7.1, let's look 
12 under structural failures. Is it fair to say that missiles, 
13 aircraft crashes and heavy load drops are outside the scope 
14 of the seven-step sequence that we are about? 
15 A By Board ruling, yes.  

16 Q And, also, by Board ruling, what about pneumatic 
17 seal failures? 

18 A Likewise.  

19 Q Inadvertent drainage.  

20 A Likewise.  

21 Q How about loss of cooling makeup? 
22 A As shown by the footnote, that includes 
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1 seismically induced loss of cooling and makeup. My 
2 recollection of this document is that the initiating events 
3 for loss of cooling and makeup do not include a degraded 

4 core reactor accident.  

5 Q That's your understanding.  

6 A That's my recollection of this document, yes.  
7 Q Okay. Seismic structural failure would not be 
8 included either under the Board's scenario, is that correct? 

9 A That's correct, yes.  
10 Q Now, here, the staff has considered the 
11 conditional probability of a zirc cladding fire given a loss 
12 of water in high density storage racks as a one. So I take 
13 it you're not going to try to improve on that number in your 

14 analysis.  

15 A That's clearly impossible.  

16 Q However, note that BWR is .25.  

17 A That's what they say, yes.  
18 Q And you, of course, now have, for example, all of 
19 the fuel that presently exists in A and B, which is a mix of 
20 PWR and BWR, do you not? 

21 A That's correct.  

22 Q So will you somehow work those two numbers to come 
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1 up with your frequency? 

2 A I may not use these numbers at all.  

3 Q Do you know what you'll do? I'm, again, talking 

4 about step seven, of course, which is the conditional -

5 A Right.  

6 Q -- probability given that you lose water somehow.  

7 A Right. I think the assumption of one -- these 

8 assumptions are arbitrary and I think they're not very 
9 helpful to developing understanding. Part of trying to put 

10 this issue on a scientific basis, given the difficulties of 

11 doing that that I described, is to give the reader of a 
12 table like this some indication of what affects the results, 

13 sensitivity, if you'd like, and we know that the probability 

14 of a zirc fire is sensitive to the age of the fuel and it's 

15 sensitive to the center-to-center distance.  

16 So were I to draw up a table like this, 

17 particularly one to give to a decision-maker or some other 

18 person who may never read more than this table, represent 

19 the probability of the zirc ignition in relationship to 

20 parameters such as fuel age and spacing, with maybe some 

21 reference to burn-up levels, as well, because that's also a 

22 parameter that might be significant.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001458



129 
1 And that way you're not modeling together a whole bunch 
:. of physical phenomena in this inscrutable number, but you're 
3 giving the reader some sense as to what are the underlying 

4 physical behaviors.  

5 Q Let's look at this table again, and you'll see 
6 that there are two columns. One is best estimate, which 
7 sounds vaguely familiar, and upper bound.  

8 Do you understand what the difference is between 

9 best estimate and upper bound? 

10 A I don't recall from this document what definition 
11 they have used. An upper bound is sometimes the 95th 
12 fractile, but I really don't know what they've used here.  
13 Q If we look at the best estimate numbers, and, 
14 again, we have to eliminate the seismic structural failure, 
15 because of the scenario we're given, it would appear to me 
16 that if you summed any set of numbers, or perhaps there's 
17 only that's relevant to our scenario, you get a number 
18 that's six-times-ten-to-the-minus-eighth or in that range.  
19 A If you're adding up for, say, a PWR, the best 

20 estimate numbers -

21 Q That would be relevant to this scenario. There's 

22 not many. Maybe one.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001459



I 

130 
1 A Well, I believe I stated earlier that this study 

2 did not address the scenario at issue here.  

3 Q And, in fact, the scenario at issue may well be a 
4 lower probability than any of these.  

5 A That's a conceivable possibility.  

6 Q You're an expert, so I'm going to ask you 
7 hypothetically. Assume for the moment that Dr. Parry goes 
8 through an exhaustive analysis with his team of the seven

9 step scenario and results in a number such as six-times

10 ten-to-the-minus-eighth, which happens to be the loss of 

11 cooling/makeup, best estimate.  

12 What are we to do with that number in regulatory 

13 space, if you will? 

14 A Estimates of that magnitude have no experiential 

15 basis. Human society just has not existed long enough, and 
16 industrial human society has existed a much shorter time, so 

17 that there simply is no direct empirical or human 
18 experiential basis to justify this sort of number at the 

19 ten-to-the-minus-eight per year level.  

20 And to produce estimates of that kind, one has to rule 
21 out certain phenomena. For instance, one rules out any act 
22 of commission or an act of -- that is, an act of deliberate 
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1 harm. One rules out collateral effects of acts of malice.  

2 One rules -

3 Q But that is out of our scenario, also, isn't it? 
4 Is that not correct, Dr. Thompson? We have to focus on our 
5 scenario, and terrorism is out.  

6 A You, I believe, asked me for what one does with a 
7 probability estimate -

8 Q Yes, but it's in the context of -

9 A -- of that magnitude.  

10 Q -- this proceeding. What should the Board do with 

11 it? 

12 A There is a legal answer to this and there's a 
13 human answer, and I will give you my human answer, which is 
14 that if you rule out a class of events that I was just 
15 starting to go through, including acts of malice, acts of 
16 insanity, acts of war, terrorism, if one rolls out gross and 
17 surprising human error, if one rules out unsuspected major 
18 weaknesses in materials or structures, for instance, a pool 
19 building with a large void in its concrete somewhere or 
20 really bad set of rebar, if one rules out all of those 
21 things, which we know. from our everyday experience, picking 
22 up the newspaper in the morning, we know that these things 
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1 happen, that you set all of that aside and say because our 

2 calculation has given us a number of ten-to-the-minus-eighth 

3 per year, everything is fine, I don't know what the law says 

4 about that, but what I say about that is it's nonsense.  

5 Q Has the NRC, by regulation, established safety 

6 goals, that you are aware of? 

7 A I believe the safety goals are embodied in 

8 regulation, yes, for reactors only. I'm not aware that 

9 there is such a goal specifically for pools.  

10 Q And for reactors, let's speak, first, of reactors, 

11 are you familiar with what the safety goal is for frequency 

12 of core damage or core damage frequency, CDF, per reactor 

13 year? 

14 A I don't recall that number right now.  

15 Q Do you recall what the international standard is, 

16 which you have written about in some of your international 

17 works? Which I can point out to you, if you don't remember.  

18 A There is no international standard. The IAEA 

19 occasionally collects the positions of its member states and 

20 makes suggestions, but there's no formal international 

21 guidance.  

22 Q Do you know what the NRC's objective for large 
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1 release, also known as LERF, we just learned, is for 

2 reactors? 

3 A I don't remember the numbers, but I do have these 

4 numbers in my files.  

5 Q But they are considerably, as a matter of 

6 probability, higher than ten-to-the-minus-eighth, are they 

7 not? Any of these numbers.  

8 A Yes. Yes.  

9 Q And yet what you are suggesting here is that Dr.  

10 Parry and his team should embark on a two-year study to 

11 define the consequences of something that, assuming 

12 hypothetically, the number of this seven-step scenario 

13 fairly analyzed in the ten-to-the-minus-eighth, is that your 

14 position? 

15 A Well, you say it's fairly analyzed.  

16 Q I'm giving you the hypothetical. Assume, for the 

17 moment, that Dr. Parry and his team looks at this, applying 

18 the state-of-the-art of PRA, okay? That's all we've got to 

19 work with, we've got state-of-the-art, and he takes into 

20 account uncertainty as best they're able, and 

21 notwithstanding that, he comes out with some number in the 

22 ten-to-the-minus-eighth range.  
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1 Are you still suggesting that he should further embark 
2 on a two-year study of testing, analysis, to take a look at 
3 what the consequences would be of that ten-to-the-minus

4 eighth event? 

5 Is that where we are? 
6 A You say it's ten-to-the-minus-eighth.  

7 Q I'm giving a hypothetical. As an expert, 
8 proffered as an expert, you get to answer hypothetical 

9 questions.  

10 A Okay. Can I rephrase your hypothesis? 
11 Q No. You're stuck with it.  
12 A It's not answerable as it's provided.  

13 Q No, no. My hypothesis is really very simple. We 
14 have Dr. Parry and his team, they have done the best job 
15 that the industry could do to do what the Board asked, and 
16 that's come up with this best estimate of the probability of 
17 that sequence.  

18 A Okay.  
19 Q And that team comes up with ten-to-the-minus
20 eighth. Now, I'm asking you, assume that, for purposes of 
21 this hypothetical. Are you testifying that notwithstanding 
22 that kind of a number, six-times-ten-to-the-minus-eighth, 
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two-times-ten-to-the-minus-eighth, whatever it is, that it's 

2 your position that this industry must spend two years to try 

3 to come up with an empirical based analysis of the 

4 consequences of that low probability event? 

5 A The event in question is, if I understand you 

6 correctly -

7 Q The seven steps here.  

8 A It's the seven-step sequence identified by the 

9 Board.  

10 Q Correct.  

11 A Where a reactor accident initiates a pool 

12 accident.  

13 Q Correct.  

14 A And a group of experts put together by the NRC 
15 staff says that the probability of this sequence is, say, 

16 less than one in ten-to-the-eight reactor years.  

17 Q In that range. It could be two, six, whatever.  

18 A Okay. And so your question is what do I say 

19 about that.  

20 Q What do you say should happen? 

21 A What do I say as a matter of law and regulation or 

22 as -
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1 Q You're the expert here and you're an expert, 

2 indeed, have been qualified on policy issues. So what do 

3 you believe is the appropriate response of the NRC, given 

4 that number? Is it go to out and do the two-year study that 

5 you say would take to answer this question as to 

6 consequences? 

7 A We're at cross-purposes here, because the study 

8 that I am calling for in the environment impact statement is 

9 required -- I am calling for it precisely to come up with 

10 the number that you have just given me. So we're in a 

11 circular loop here, I'm afraid.  

12 Q Isn't the fact that an environmental impact 

13 statement is going to look at consequences of activities? 

14 The issue that the Board put before us is tell us what the 

15 probability of this event is and I'll tell you whether you 

16 have to prepare an EIS. Are you saying that can't be done? 

17 A But what you just said to me was that I have the 

18 number already and, therefore, should I spend -- urge the 

19 spending of the money to produce the number. But since 

20 you've already given it to me, we're trapped in a circular 

21 loop.  

22 Q No, we're not. I want to make my hypothetical 
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1 clear. The probability of the sequence of events leading to 
2 the end point, which is the exothermic reaction, this ten

3 to-the-minus-eighth, the environmental impact statement 

4 analysis would require that the consequences of that event 

5 be evaluated.  

6 A It's been the practice in many EIS's that I've 
7 encountered that examine severe accidents to look at both 

8 their probability and their consequences.  

9 Q Of course. But now we are told to look at the 
10 probability to determine whether it's remote and speculative 

11 and, therefore, is truncated, and we don't have to look at 
12 consequences. I'm basically asking you, is ten-to-the
13 minus-eighth a sufficiently low probability that we don't 

14 have to do the consequences analysis.  

15 A Okay. That's a different question. I have called 
16 for a body of analysis and supporting experimentation to 

17 determine the probability of the outcome, hypothesized 
18 outcome, namely the zirc fire, and that would be part of -
19 that would be a large part of what would be required in an 

20 EIS.  

21 An additional piece of analysis that would be required 

22 in an EIS would be the consequences and until the first body 
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1 of work has been done, one cannot know what the probability 

2 is, and, therefore, there's on grounds for discarding it.  

3 So I think you're asking a different question, 

4 which is suppose we do this first part and that tells us 

5 that the probability of the sequence leading up to the zirc 

6 fire is -

7 Q On the order of ten-to-the-minus-eight.  

8 A -- on the order of ten-to-the-minus-eight per 

9 reactor year. Do we then -- are we then obliged to perform 

10 the consequence analysis? And that can be answered as a 

11 matter of law, which I won't attempt to do. I'll leave that 

12 to Attorney Curran to address.  

13 As a matter of prudent action, I would say that the 

14 ten-to-the-minus-eight figure is a theoretical construct, 

15 which has -- is derived from the product of an analysis that 

16 sets aside a whole list of events that I started to go 

17 through earlier.  

18 Human acts are excluded from the analysis, gross 
19 operating errors, gross failures in design and construction, 

20 and these are difficult or perhaps impossible to quantify 

21 and yet we know from our everyday observation that these 

22 things occur all the time.  
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1 And, therefore, if the consequences of this event are 
2 extremely large, I would not regard the ten-to-the-minus
3 eight finding as any reason to not perform the consequence 

4 analysis.  

5 Q Do you know what the ACRS position is on the 
6 safety goal for a LERF? Large -

7 A Early release frequency.  

8 Q -- early release frequency.  

9 A I do not.  
10 Q And you, I believe, testified you don't know what 
11 the NRC's position is.  
12 A I have the latter in my files, but it's not in my 
13 frontal lobes, as it were.  
14 Q Assume, for the purposes of hypothetically, that 
15 that number is ten-to-the-minus-six.  

16 A Large early release frequency.  

17 Q Yes.  

18 A Per reactor year.  

19 Q And we develop a number that's in the ten-to-the
20 minus-eight. Are you basically saying the NRC's position on 
21 this is just dead wrong, that if you come up with a number 
22 that's even 100 times the NRC standard, that that certainly 
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1 can't mean you shouldn't be doing the analysis? 

2 A The probability of ten-to-the-minus-eight, I would 

3 argue, has no practical meaning, no practical value, in 

4 light of the things that have been left out of that number.  

5 Q So what you're really saying is that the Board's 

6 scenario has no practical meaning or no practical value in 

7 light of what has been left out, is that a fair statement? 

8 A No.  

9 Q Why not? 

10 A Where you're asking me questions that are partly a 
11 matter of my personal views and partly a matter of law and 

12 regulation, and they all -- they very easily get mixed 

13 together.  

14 Q You're the only expert that the intervenor here 

15 has.  

16 A And be assured that in our written material, we'll 

17 careful discriminate these things. The nature of our 

18 contention is to link reactor accidents and pool accidents, 

19 because the reactor accident is recognized in the NRC's body 

20 of regulation as an event that should be prepared for.  

21 There are emergency response plans and 

22 preparations in effect at every nuclear plant to address the 
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possibility of a degraded core accident with containment 

2 failure or bypass.  

3 There's emerging -- there is increasing attention 

4 to severe accident management within the industry and by 

5 NRC. So that the plant personnel are being increasingly 

6 prepared to manage severe accidents rather than be totally 

7 unprepared for them.  

8 So the universe of regulation has -- which used to 

9 be focused purely on design basis accidents, has now 

10 enlarged its concept to include the possibility of severe 

11 reactor accidents and it does that even though the 

12 prevailing view in the industry is that a figure of ten-to

13 the-minus-six per reactor year is a relatively improbable 

14 event and yet preparations are made to accommodate it.  

15 The pool accident has a potentially much larger 

16 long-term consequence than the reactor accident. The 

17 release of cesium-137 could be an order of magnitude or more 
18 greater for the pool accident, and, therefore, the attention 

19 given to the pool accident should be, at very minimum, no 

20 less than the attention given to the reactor accident.  

21 And arguably, because of the greater long-term impact, 

22 it should be more demanding in terms of probability, and if 
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1 you take the LERF goal as ten-to-the-minus-sixth, then you 

2 might construct a logic that says if we have ten cores in a 

3 pool, that we should go to ten-to-the-minus-seven as our 

4 goal for pool releases.  

5 I'm not arguing that, but that would be a 

6 potentially logical argument.  

7 And demonstrating that the consequential pool accident, 

8 consequent upon a reactor accident, has such a low 

9 probability is not something that can be done without the 

10 sort of analysis that we've called for.  

11 Q Question two, back in Exhibit 2, asks the parties 

12 to state do any of the concerns expressed in the ACRS April 

13 13, 2000 letter suggest that the probabilities of individual 

14 elements of the sequence, seven-step sequence I'm sure is 

15 the reference, are greater than those previously analyzed; 

16 e.g., is the chance of occurrence of sequence element seven, 
17 an exothermic reaction, greater than assumed in the decade 

18 old NUREG-1353.  

19 Is it fair to say that we can answer that question 
20 without a whole lot of analysis, at least with respect to 

21 PWRs? 

22 A I've stated earlier that I will be awaiting with 
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interest what the NRC staff says this Wednesday about what 

they've done about the initiation of zirc fire.  

Q But what was the probability analyzed in 1353 of 

an exothermic reaction? 

A For PWRs, they say one.  

Q Yes. So is it fair to say that no matter what 

they say on Wednesday, it isn't going to increase that 

probability? 

A You can't increase it beyond one, yes.  

Q That's true. So we can both maybe stipulate to 

the answer to this question, that nothing in -- any concern 

expressed in the April 13, 2000 letter is not going to 

increase the conditional probability of an exothermic 

reaction in a PWR spent fuel pool.  

A Well, if -

Q Or am I missing something here? 

A If the applicant is willing to stipulate that the 

conditional probability of a zirc fire in pools C and D -

A, B, C an D is one for every element, every fuel element in 

that pool, if there's a water loss, then we could sure save 

a lot of time.  

Q That's not the question. The question is whether 
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1 or not the conditional probability assumed in NUREG-1353 is 

2 going to be affected by the issues raised in the April 13, 

3 2000 letter. That doesn't say what the probabilities 

4 actually are. It just says that what was assumed in 1353, 

5 for your purposes, can't be improved on.  

6 A Well, for PWRs, it can't be improved on. For 

7 BWR's, maybe .25 is too low.  

8 Q Okay.  

9 A And-

10 Q What are you going to do to answer that question? 

11 A I believe we have gone over this -

12 Q The second part of the question.  

13 A -- before, but -

14 Q This specific question here.  

15 A To do with concerns expressed by the ACRS.  

16 Q Yes.  

17 A I had mentioned earlier one of the issues that 

18 I've pursued, identified by the ACRS, which was the hydride 

19 issue, and as near as I can tell today, that issue is 

20 significant not in the way the ACRS thought, that they 

21 feared pyrophoric hydrides and apparently that's not what 

22 experience shows you for zirc -
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1 Q What is the basis for that statement? 

2 A I discovered that fuel has been made, reactor fuel 
3 has been made using zirc hydride as the fuel material, and 
4 I'm hoping to get some documentation that we can produce on 
5 that point. However, although stable at operating 

6 temperatures, this not pyrophoric, this hydride dissociates 
7 at temperatures in the 600 Celsius range. So that suggests 
8 that the hydriding issue is significant, but not quite in 

9 the manner the ACRS thought.  

10 And it also appears that some of the ACRS's concerns on 
11 the source term side are to do with the physical 

12 disintegration of fuel pellets into small particles are a 
13 particular issue with high burn-up fuel.  
14 So I will certainly be addressing these matters.  
15 I should also say that the staff's most recently published 

16 document on the risks of fuel pool accidents at 
17 decommissioning plants did identify a wide range of 
18 phenomena that are not currently reflected in their models, 
19 and I'll be awaiting their work on Wednesday to see if 

20 that's changed.  

21 But if it hasn't, then the staff has identified a 
22 set of considerations that it still hasn't modeled. And 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(2C2) 842-0034

001475



I

146 
1 that might raise the conditional probability of a BWR zirc 

2 fire above .25.  

3 Q Let's look at question three.  

4 MS. CURRAN: Before you start, pretty soon, I'm 

5 going to want to take a five minute break. It sounds like 

6 you might be starting on a new topic.  

7 MR. O'NEILL: Sure. Off the record.  

8 [Recess.] 

9 MR. O'NEILL: Back on the record. I'm going to 

10 hand the court reporter what will be marked as Thompson 

11 Exhibit 4.  

12 [Thompson Deposition Exhibit No.  

13 4 was marked for identification.] 

14 MR. O'NEILL: This is the Orange County request 

15 for admission of late filed environmental contentions, filed 

16 January 31, 2000. The date at the top says January 31, 

17 1999. I have shown the errata by marking that 2000 on this 

18 copy. It includes Exhibit 1, the declaration of Dr. Gordon 

19 Thompson; Attachment A, which is his curriculum vitae as of 

20 July 1999; and then what was Exhibit 2 is Dr. Thompson's 

21 February 1999 report to BCOC that has been referred to a 

22 number of times today.  
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1 The copy, however, is marked Exhibit 3, which is 
2 from some other filing, because the copy that was submitted 
3 by BCOC had every other page of that report, and we wouldn't 

4 want to miss a word.  

5 BY MR. O'NEILL: 

6 Q Dr. Thompson, take a look at Exhibit 4, if you 
7 will, and, please, verify that what is at the end of this, 
8 which was denominated in this filing as Exhibit 2, in fact, 
9 which is marked here on Exhibit 3, is the same February 1999 

10 report prepared for Orange County by Gordon Thompson. That 

11 represents your work.  

12 A It does.  

13 MR. O'NEILL: I'm also going to ask the court 
14 reporter to mark as Exhibit 5 a September 21, 2000 filing by 
15 Orange County, which is its response to interrogatories 

16 contained in the NRC staff's first set of discovery requests 

17 concerning contention EC6.  

18 [Thompson Deposition Exhibit No.  
19 5 was marked for identification.] 

20 BY MR. O'NEILL: 

21 Q Do you have before you -- I guess you don't. Dr.  
22 Thompson, do you have before you what has been marked as 
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1 Exhibit 5? 

2 A I do.  

3 Q If you look at Exhibit 5, on page 2, it indicates 

4 that in addition to counsel for Orange County, answers to 

5 these interrogatories are provided by Dr. Gordon Thompson, 

6 Executive Director for Resource Security Studies. I take it 

7 that is you.  

8 A That's me.  

9 Q And you provided the information in this response 

10 to the NRC staff, is that correct? 

11 A This was filed by Attorney Curran and it actually 

12 has, on a quick read, no specific response from me.  

13 Q Well, there's sort of a negative declaration, 

14 isn't there, with respect to the interrogatories? 

15 A Could you explain? 

16 Q Let's pick interrogatory number one. Orange 

17 County response to the question, specify the basis, 

18 including all facts, circumstances and documents relied upon 

19 for your conclusion as to the probability of each of the 

20 seven parts of the accident sequence described on page 13 of 

21 the Board's August 7, 2000 memorandum and order.  

22 Orange County response, At this time, Orange 
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1 County has no responsive information, other than information 

2 provided in contention EC-(6). And with respect to each of 

3 the other interrogatories, the same non-response.  

4 So I take it that that was your position at that 

5 time, that you had no responsive information, since you were 

6 the author of the interrogatory answers.  

7 A As of September 21, 2000, I had virtually no 
8 documentation other than what I had already obtained prior 

9 to the admission of this contention.  

10 Q Not only obtained, but other than what was 

11 provided in contention EC-(6). That's what the answer says.  

12 Is that correct? 

13 A Yes. The contention has attached to it my 

14 February 1999 report and since February of 1999 until the 

15 admission of this contention, there's just been a lot of 

16 legal to and fro. I haven't had any opportunity to do any 

17 substantive work. So it's only with the admission of the 

18 contention and beginning of discovery that I could be 
19 expected to do anymore work and as of September 21st, I had 

20 no useable documents.  

21 Q Okay. Now, let's go back to what is Exhibit 2 in 

22 the Board's order, on page 17, question three. The Board's 
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1 order, page 17, Exhibit 2, not five. We'll get to five.  

2 A Right.  

3 Q Now, what have you done to answer that question? 

4 A Which? 

5 Q Number three.  

6 A Question three.  

7 Q Yes.  

8 A On page 17.  

9 Q Yes.  

10 A Question three is, to a considerable extent, a 

11 legal question and to the extent that it's legal, it's not 

12 something that I will contribute.  

13 And the -- at first sight, BCOC's response to question 

14 three does not require any discovery. It's a policy and 

15 legal type of question that might reference well known 

16 documents, such as the policy statement you mentioned 

17 earlier or typical practice.  

18 So it's not an issue that we would focus on in 

19 discovery.  

20 Q That's fine. Have you done anything, 

21 notwithstanding the fact that you may not have focused on 

22 discovery, to prepare to answer that question? 
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1 A Attorney Curran and I have discussed what we 

2 expect to say about question three.  

3 Q Now, set aside a legal opinion. I'm asking you 

4 for your professional expert judgment as to what would be 

5 considered, as the legal term is used, remote and 

6 speculative, but at such a low probability, might be a more 

7 technical term, that no further action is required by the 

8 NRC staff in this case, because we are talking about an 

9 environmental impact statement, which, of course, is the 

10 staff's responsibility.  

11 So what is your professional view of what is 

12 remote and speculative with respect to a quantifiable number 

13 of probability, annual frequency? 

14 A Well, you can address this phrase remote and 

15 speculative in a lot of different ways and -

16 Q I'd like to do it in the way most relevant to this 

17 seven set scenario, which is the reason we're here.  

18 A We will be speaking to this question -- we will 

19 answer this question very carefully and it will be -- it 

20 will be Attorney Curran and myself, and we will formulate 

21 the response that is consistent as between its legal and its 

22 technical aspects.  
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1 Q Do you have, however, as an expert, proclaimed 
2 expert in this field, a view of what would be an appropriate 
3 truncation value, for example, where it is not necessary for 
4 the staff to take a look at an issue beyond -
5 A I have already stated earlier that I regard a 
6 probability of the order of one-in-ten-to-the-eight reactor 
7 years for an event sequence of the type we're talking about 
8 here as not credible and not useable, for practical 
9 purposes, because it neglects so many phenomena that whilst 

10 improbable in daily live, are, by common observation, things 

11 that occur.  

12 It's not every day that a U.S. Navy ship gets 
13 blown up, but it's happened this week and it will -- last 
14 week and it will probably happen again. And to pretend that 
15 these things don't happen is simply not practically useful.  

16 Q Look at the seven-step scenario again on page 13.  
17 Is it possible that the best estimate of a probability of 
18 that scenario is zero? That is, one of the steps itself 

19 might be zero.  

20 A That's conceivable, yes. If the fuel were of an 
21 age or a spacing such that when drained, ignition would not 
22 occur, then the probability of the scenario would be zero.  
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1 In fact, that pertained in the early years of nuclear plant 

2 operation when low density open racks were used.  

3 Q You have mentioned, on a couple of occasions, that 
4 you believe that there is now information upon which you are 
5 willing to rely that goes to the dissociation of zirc 

6 hydrides, and that may affect the temperature at which an 

7 exothermic reaction could occur.  

8 A And I'm still learning about this and any 

9 documentation that we find will be produced.  

10 Q Would you please explain, for some of my engineer 
11 friends here who are not familiar with that work, what the 

12 basis of that statement is and what is the mechanism that 

13 would lead to that result that you have postulated? 

14 A I believe we have introduced documentation showing 

15 that hydride formation is characteristic of high burn-up 

16 fuel. These are some journal articles. And this hydride is 
17 known to show brittle behavior in tests for reactivity 

18 insertion.  

19 And I have a document on reactor fuel assembly -- on 
20 fuel element properties that we may introduce or we may find 
21 something better to introduce that gets to the question of 

22 dissociation.  
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1 Q Have you produced that? 

2 A No, not at present.  

3 Q Is that relevant to information on which you may 

4 rely? 

5 A If it's relevant, then we will certainly produce 

6 it, yes.  

7 Q Well, you don't have many more days to produce 

8 documents.  

9 A Right.  

10 Q I suggest that if it is relevant, then I ask, on 

11 the record, Ms. Curran, to produce it. I mean, you've 

12 mentioned it on a couple of occasions now that it may be 

13 relevant and that certainly meets the test for production of 

14 documents.  

15 A Anything we rely on will certainly be produced.  

16 Q Turning to Exhibit 5 and specifically to your 

17 February '99 report in Exhibit 5. Is it four? I'm sorry.  

18 Four, thank you. Exhibit 4.  

19 Is it fair to say that this represents the 

20 culmination of your work product in your work for Orange 

21 County to date? Particularly in light of the interrogatory 

22 question that was answered a few minutes ago.  
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1 A On the zirc fire issue, this would be my statement 

2 of record for the county to date, yes.  

3 Q And indeed you've referenced this same document in 

4 any number of other occasions, works and proceedings, have 

5 you not? 

6 A I have.  

7 Q And you've sent copies of it to the ACRS, have you 

8 not? 

9 A Yes.  

10 Q And -

11 A And I'm -- in sending it to the ACRS, I don't 

12 remember the exact language, but I believe I said to them 

13 that this document does not purport to be a definitive 

14 statement on any of the issues that it addresses.  

15 The peculiarity of this sort of proceeding is that 

16 back at that time, the county asked for, on a very short 

17 timeframe and with a very small budget or relatively small 

18 budget, asked for a summary of the issues, and that was what 

19 I produced then at very short notice and on a limited 

20 budget, and have never claimed that it's anything more than 

21 that.  

22 And the only reason that it keeps getting trotted out 
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J% and referred to is that it's now 18 months later and only 

2 now are we moving into a phase where we're having discovery 
3 and I can actually get on to producing something better.  

4 So it's not through any desire of mine that this 
5 initial report has been referenced so many times.  
6 Q What was your budget for producing this report? 

7 A I think it was ten or 12 thousand dollars, 

8 something in that range.  

9 Q Turn to page six, if you would, which refers to 
10 PRAs and IPEs. At the bottom of the page, the statement is 
11 made that there's no current indication that CP&L will 
12 extend the IPE or IPEEE or otherwise apply PRA techniques to 
13 potential accidents of the Harris fuel pools.  

14 Is there any regulatory requirement that you're 

15 aware of that suggests that should be done? 

16 A None that I'm aware of.  

17 Q And I think we've previously discussed the extent 
18 of your review of the level two internal events PRA for the 
19 Harris reactor, which you mention in the second paragraph of 
20 that section. Is that correct? That's what you were 

21 speaking of -

22 A Yes.  
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1 Q -- when you talked about your review -

2 A Yes.  

3 Q -- earlier.  

4 MR. O'NEILL: Off the record.  

5 [Off the record.] 

6 BY MR. O'NEILL: 

7 Q Turn to page 8, please, of your report. Now, 
8 there you state, in the second paragraph, first full 
9 paragraph, the IPE estimates the collective probability of 

10 accidents in this category would be one per 100,000 reactor 

11 years, footnote four.  

12 This probability estimate should be accompanied by 
13 a range of uncertainty. Even with the inclusion of 
14 uncertainties, PRA estimates represent lower bounds to 

15 actual accident probabilities.  

16 Please state the basis for that statement, 

17 specifically in the footnote.  

18 A The footnote statement? 

19 Q Yes.  

20 A The -- we have introduced into -- we have produced 
21 a document, which I contributed, which was a Green Peace 
22 study of the 1980s and that report, in the late 80s, I 
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1 think '89 or so, and that report goes into some lengths in 
2 supporting what I say in footnote four.  

3 MR. O'NEILL: For the record, the court reporter 
4 can mark the entrance of Messrs. Kunita, Robert Kunita, and 

5 Ed Wills.  

6 BY MR. O'NEILL: 

7 Q Now, there's been a lot in the way of improvements 

8 to PRAs since 1980s, has there not? 
9 A I believe said earlier that the present state-of

10 the-art has not expanded substantially beyond NUREG-I150, 
11 which is about ten years old, and the applications that are 
12 happening in industry with the PSAs are more of an 

13 application of a mature technology.  

14 Q Once again, do you have anything else to cite to 
15 support your assertion that PRA derived estimates in the 
16 Harris IPE represent lower bounds to actual accident 

17 probabilities? 

18 A Well, I referenced this -

19 Q Yes. And anything else? 
20 A That this is intrinsic to PRAs and both the IPE 
21 and the PSA for Harris are explicit in what they cover and 
22 what they don't cover. There is a component of the PSA 
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1 which quite explicitly states what is and is not addressed 

2 in the PSA, and the sorts of events that I described earlier 

3 are excluded.  

4 Q So that's why you say it's a lower bound, because 

5 it doesn't include terrorism and -

6 A And acts of-

7 Q -- small boats driving up to the nuclear power 

8 plants and that sort of thing.  

9 A Acts of insanity, gross operator error, gross 

10 errors or construction.  

11 Q Is there anything else that you would like to add 

12 that supports your opinion that the PRA derived estimates 

13 represent lower bounds to accident probabilities? 

14 A I have nothing further to add to what I've just 

15 said.  

16 Q In that same, paragraph, you state that the 

17 occurrence of an accident in this category, which includes 

18 severe accidents and involve failure of bypass containment, 

19 would contaminate the plant with radioactivity, to the point 

20 where personnel access would almost certainly be precluded.  

21 At the time you wrote this, did you have any basis for 

22 that statement? 
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1 A That's a pure statement of -

2 Q Hypothesis? 

3 A No. It's a statement of judgment, but it derives 
4 from -- bear with me for a moment. Appendix C to this 

5 report contains a discussion on pages C-4 and C-5 of the 
6 prevention of access at a contaminated plant. And there 
7 are, in support of this discussion, Figure C-I and Figure C
8 2, both drawn from well known literature, and those -- this 
9 discussion provides the -- this technical discussion 

10 provides the basis for a statement of judgment, which is in 

11 the second paragraph on page 8.  

12 Q Are you familiar with the source of the tables 

13 that are reprinted as Figures C-I and C-2? 

14 A Figure C-i -- Figure C-2 is taken from, I believe, 
15 a training document produced by the NRC in regard to 
16 emergency planning. Figure C-i, I think, was taken from an 
17 FDA document, but its prior history is, I believe, a Sandia 

18 report.  

19 Q In fact, it was taken from a 1983 Department of 
20 Health and Human Services report, wasn't it? 

21 A Well, I think the FDA is involved in this some 

22 way, but -
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1 Q And do you know what the assumptions were that led 

2 to this graph, how long these levels would be? 

3 A The footnotes on C-I for curves A, B and so forth 
4 make it partly clear what the assumptions are, but, also, if 

5 you look at the vertical axis, you can see that this is 
6 accident PWR one through five, which are from the reactor 

7 safety study, WASH-1400.  

8 So this, I believe, is a composite accident source 
9 term over, at least categories PWR one through five, 

10 weighted by their respective probabilities, as estimated in 
11 WASH-1400, and then calculated probably with the CRAC code 
12 or -- I don't recall exactly -- for the assumptions shown in 

13 the footnotes.  

14 Q Is it your position that this is a relevant set of 

15 data to apply to the probability of sufficient radiation to 
16 preclude personnel access at the Harris plant or is that 

17 sort of a -- is it something other than the relevant best 

18 set of data available? 

19 A I believe I mentioned earlier that there's a major 

20 gap in severe accident analysis, that there is a very large 

21 body of literature on what happens inside containment and 

22 the release of radioactivity from containment.  
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1 There is another also large body of documentation 
2 which is off-site accident consequence analysis, and I have 
3 shelves full of this stuff in my office, boxes full of it.  
4 I have found almost nothing analogous in terms of 
5 in-plant contamination outside containment and, therefore, 
6 when preparing this report on a short timeframe, I used the 
7 best that I could find at the time and even now, with the 
8 benefit of much longer time and the discovery that we're 
9 doing, I haven't found very much that's more informative.  

10 Q So what are you going to do to answer that step of 
11 the sequence? 

12 A As I indicated earlier, perform scoping 
13 calculations and describe in detail the nature of the 
14 analysis that's required to yield a best estimate on this 

15 matter.  

16 Q If somebody were to do it.  

17 A Indeed.  
18 Q In the same paragraph, you say water would then be 
19 evaporated from the fuel pools and fuel would be uncovered 
20 after a delay of perhaps ten days.  
21 What fuel pools are you referring to there and 
22 what is the basis of your ten-day calculation, if indeed 
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1 it's a calculation? Again, this is back on page 8.  

2 A Right.  

3 Q Second paragraph.  

4 A That derives from one of the appendices. On page 
5 C-5 of Appendix C, in the middle paragraph, there's a 
6 discussion of time to evaporate water in pools C and D, with 

7 a bovnding heat load estimated by the applicant.  

8 Q What heat load did you estimate? 

9 A This was the 15.6 million BTU per hour.  

10 Q So this is for spent fuel pools C and D at the 
II maximum estimated heat load, at some point in the future, 

12 but not for purposes of this license amendment request, 

13 which is limited to one MBTU.  

14 A This calculation assumes 15.6 million BTU per 

15 hour, which is indeed greater than the application is 

16 immediately requesting.  

17 Q Do you know what -- did you do the calculation for 

18 one MBTU? 

19 A It's a simple proportion to -- you just multiply 

20 the number of days by 15.6.  

21 Q So you might get 150 days, because we have cold, 

22 old fuel under this license amendment request, right? 
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1 A That's assuming that you only put in fuel that 

2 gives you a heat load of one MBTU per hour.  

3 Q Which, of course, would be limited by the license 

4 amendment as issued.  

5 A Well, that raises a legal question about -- I 

6 believe the phrase is segmentation of an EIS and that's 

7 beyond my expertise.  

8 Q To be sure. Looking at the bottom of the page 8, 

9 and your discussion of the initiation of exothermic 

10 reactions, given water loss, you state, Preliminary 

11 analysis suggests that partial water loss could initiate an 

12 exothermic reaction in fuel aged ten years after discharge.  

13 What is the basis of that statement? 

14 A Appendix D, in Appendix D, pages D-4 and D-5, I provide 

15 some very simple scoping calculations about the heat-up of 

16 spent fuel assemblies in a partially exposed condition.  

17 Q And is there any other basis of that statement 

18 that it could be ten years? 

19 A That discussion is the basis for the statement in 

20 the bottom paragraph on page 8 and I might mention that on 

21 page 9, I took, as an interim assumption, that two scenarios 

22 for ignition, one was the three-year threshold for ignition 
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1 and one was the nine-year threshold for ignition, and those 

2 were meant to cover the full instantaneous drainage and 

3 partial drainage cases.  

4 I took odd years, three and nine, just simply for 

5 convenience, because it matched a heat load table that the 

6 applicant had provided.  

7 And the three-year figure is exceeded by a factor of 

8 perhaps two by the most recently available staff study that 

9 we discussed earlier, where they're suggesting five years or 

10 perhaps longer the ignition threshold in case of full 

11 drainage.  

12 So I -

13 Q What about nine years? 

14 A The nine years is for a partial drainage case, which 

15 has only been analyzed once in any of the literature that I 

16 have access to, to date, which was in the Sandia study of 

17 1979. It's discussed on page D-7 of this report, and that 

18 Sandia finding shows clearly that the partial drainage case 

19 is leading to substantially higher temperatures than the 

20 full drainage case, even though Sandia forced this 

21 calculation by making arbitrary assumption of the 

22 temperature profile along the vertical axis.  
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1 Q You have a couple of open items here, don't you? 

2 First of all, one, what is the heat load of fuel nine years 

3 old; two, what is the heat removal; and, three, what is the 

4 temperature at which an exothermic reaction would occur, 

5 none of which you know, do you? 

6 A In this report, the heat load is taken from the 

7 license amendment. The heat load is available in the 

8 license amendment application.  

9 Q For nine-year old fuel? 

10 A There -- I'd have to check the application to see 

11 what is in there, but the decay of heat load over time is 

12 very well known. It appears in numerous items of 

13 literature.  

14 Q What are you going to do between now and November 

15 20th to address the issue of the actual projected heat load 

16 in spent fuel pools C and D and the probability of an 

17 exothermic reaction? 

18 A I will use whatever is the -- because I'm covering 

19 a lot of material on a lot of subjects in a short time, I 

20 always look for an existing calculation, if I can find it, 

21 because that reduces the time it takes me -- it avoids the 

22 time I have to put into doing my own calculation.  
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But I repeat, the heat produced by a fuel assembly 
is not at all mysterious. This has been modeled many times 

and there's a ton of literature on it.  

Q And you're going to do that? 

A Going to do what? 

Q Model the heat load.  

A No. I'm not going to repeat that work. I'm going 
to use some reference source to obtain a heat load for fuel 

of a given age.  

Q Turn to page 14 in your conclusions, activation of 

pools C and D at Harris, this is conclusion six, could 

increase the probability and magnitude of design basis 

severe accidents at the Harris fuel pools or reactor.  

Question number one, how could activation of pools C 
and D increase the probability of a severe accident of the 

Harris reactor? 

A At the time when this was written, there were two 
concerns that I believe are discussed in this report in a 
couple of places. I was aware, from the records of 
discussions between the applicant and the NRC staff, that 
there had been some concerns expressed by the staff about 
piggy-backing the cooling of C and D on the existing plant 
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1 systems, the existing diesel generators and the CCW system 
2 for Unit 1, and it -- that -- I inferred from that concern 

3 that the additional burden of heat load on the pools -- from 

4 pools C and D could, by adding to the burden on the 
5 electrical systems and the CCW system for Unit 1, increase 
6 the probability of either design basis or severe accidents, 
7 and we actually submitted one or two contentions to that 

8 effect.  

9 And we -- those contentions were not accepted, as I'm 

10 sure you're aware, and we did not find information to 

11 substantiate that connection.  

12 Q Okay. Did you take into account the additional 
13 benefit in the spent fuel pools of providing an additional 
14 cooling path, redundant set of heat exchangers and pumps and 
15 source of water, to cool the spent fuel pools, in 
16 determining whether or not the activation of pools C and D 
17 would increase the probability of an accident at the fuel 
18 pools? Isn't there a significant benefit by doubling the 
19 spent fuel cooling capacity, even if you add fuel to the 

20 pool? 

21 A I'm aware that a probabilistic analysis has been 
22 performed for the applicant and that came to us in a package 
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1 of documents last week, and I'm still in the process of 
2 reviewing that package, but I believe there is a statement 

3 to that effect and, if I remember correctly, it's to -- it 
4 would involve the transfer of heat along the refueling canal 

5 between C and D and A and B.  

6 And in the -- in a certain context, that could indeed 

7 be the case. You could construct a context in which that 
8 would be true, but that's a particular context and does not 
9 cover the full context that I believe is important in 

10 considering the risk increment from activating C and D.  
11 Q But you didn't take that into account when you 

12 were making this statement.  

13 A Not at that time, no.  

14 Q Are you going to take it into account in looking 

15 at the probabilistic risk assessment or -
16 A I will certainly reference this work done for the 
17 applicant and it may well be that when I review it, I find 
18 that within its context, its numbers are accurate.  

19 Q Turn to page B-2 of Appendix B, please. Is it 
20 your view, looking at the second paragraph, that the present 
21 state of PRA art -- how about science, as well -- is stated 

22 in NUREG-l150 and there is nothing more recent than that 
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1 that we should look to? 

2 A What I say here in the second paragraph is that 

3 the present state of the PRA art is exemplified by NUREG

4 1150.  

5 Q And I'm asking you if you know of anything that 
6 might be an increase in knowledge and state-of-the-art and 

7 standards and practice over the last decade. That is a 

8 decade old.  

9 A There are -- there is ongoing research or there 

10 has been ongoing research in particular issues in the 90s.  

11 The level of it is much less. I don't have the budget 

12 figures in my memory bank, but I know that budget levels for 
13 severe accident research have not been at the level they 

14 were in the NUREG-1150 period in terms of producing a 

15 comprehensive picture.  

16 So I think the statement is still basically 

17 correct as stated on B-2.  

18 Q Are you going to do some research to determine 

19 what the state-of-the-art is in the last decade on PRA, 

20 particularly as to issues like uncertainty? 

21 A I am focusing on some of the particular technical 

22 issues. The fundamental problems of uncertainty are 
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1 inherent in -- problems of treating uncertainty are inherent 
2 in reactor accidents and in PRA techniques and essentially 

3 irreducible.  

4 Q Does that complete your answer? 

5 A Yes.  

6 Q Once again, we see, on page B-2 of Appendix B, 
7 under uncertainty and incompleteness of PRA findings, that's 
8 a short paragraph, the naked assertion that the accident 
9 probability as found in the PRA will be a lower bound to the 

10 true probability, which is impossible to determine, and this 
11 is before you get into acts of malice, for example, which 
12 occurs in the succeeding page.  

13 Again, on page B-3 -

14 A Actually, the middle sentence of that paragraph on 
15 B-2 states incompleteness arises from the potential for 
16 unanticipated accident sequences, gross human errors, 
17 undetected structural flaws and acts of malice or insanity.  
18 Q Well, and that goes to your 1989 study that you're 
19 one of the contracting officer-authors of that you mentioned 

20 earlier.  

21 A That's correct, yes.  
22 Q And, again, this is the only thing you have that 
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1 you can point to that supports that statement which is found 

2 at the end of the paragraph on page B-2 and again on the end 
3 of the paragraph on page B-3, second paragraph. Is that 

4 correct? 

5 A Is that the only thing I can point to? 

6 Q Yes.  

7 A No. As I, believe I answered previously, the IPE 

8 and the PSA for Harris admit the -- they are quite open 

9 about the scope about what is and is not included in them as 

10 initiating events.  

ii Q But for purposes of discussing each of those 

12 events and the probability of those events, each of those 

13 probabilities is not a lower bound, is it? 

14 A I'm sorry, I didn't understand.  

15 Q For an event.  

16 A Right.  

17 Q Pick an event. Steam generator tube rupture.  

18 A Right.  

19 Q There's a number, probability, frequency, annual 

20 frequency associated with that at the end of the day.  

21 That's not a lower bound number for that event, is it? 

22 A It depends on what sort of steam generator tube rupture 
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1 you are talking about. If you're talking about one that's 

2 due to maintenance workers leaving their tools in the steam 

3 generator or other strange objects, that's something that's 

4 occurred. But how do you estimate the probability of such a 

5 thing? You can say maybe it happened twice over a ten-year 

6 period, with a population of 100 reactors, is that a truly 

7 reliable probability estimate? Maybe, maybe not. This sort 

8 of phenomenon has an unknowable aspect to it and you don't 

9 know for sure whether past incidents might have been 

10 deliberate.  

11 So that just to say we've had, for the sake of 

12 hypothesis, two incidents in a ten-year period, when foreign 

13 objects were left in steam generators, that gives you a 

14 number and you can calculate the number and you can use it, 

15 but is that real, that's a much more complicated question.  

16 Q Indeed, there have been a number of steam generator 

17 tube leaks and ruptures, none of which have caused any 

18 public health and safety consequence, have they? 

19 A Steam generator tube ruptures is a possible 

20 initiating event. The IPE -- there has been no core damage 

21 event from that initiator. The IPE, as I recall, finds that 

22 a very low probability initiator.  
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1 Q And there's quite a bit of history with respect to 
2 defective steam generators out there to rely on, isn't 

3 there? 

4 A There is a history. Degradation due to natural 
5 processes is something that is, to some degree, amenable to 
6 probabilistic analysis in a scientific way. Leaving objects 
7 in there is not in the same manner susceptible to a truly 

8 scientific analysis.  

9 Q By the way, did you take into account in your 
10 analysis that CP&L is intending to replace next fall their 
11 steam generators, even in advance of any indication of 
12 corrosion and cracking of the existing ones? 

13 A I'm aware of that.  
14 Q I take it you would applaud that effort.  

15 A That will be a safety plus. Over the future 
16 lifetime of the reactor, which is what we're talking about 
17 here, does it make a big difference averaged over that 
18 lifetime? Maybe, maybe not.  

19 Q On page B-4, you assert that the IPEEE study -
20 analysis, I should say, or evaluation -- did not follow PRA 
21 practice. What is the basis of that statement?.  
22 A Earlier I had stated that a seismic PRA would 
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1 consider sarthquakes of -- a spectrum of probabilities and 
2 magnitudes and in that manner, low probability, high 
3 acceleration earthquakes are considered and at some level of 
4 acceleration, even quite a robust nuclear plant will 

5 experience core damage.  

6 The virtue of this -- of doing it in this -- by covering the 
7 parameter space fully is that you can understand the 
8 vulnerabilities better if there's some possibility that 
9 you've substantially under-estimated the probability of a 

10 given earthquake. By doing a seismic margins assessment and 
11 assuming a given earthquake, such as the reference 
12 earthquake of .3g, you won't get such a complete picture of 
13 your plant's vulnerabilities.  

14 Q Is there anymore that's required by regulation 

15 practices than what CP&L has done? 

16 A No. As I believe I stated earlier, as near as I 
17 can determine, the IPE and IPEEE for Harris meet regulatory 

18 requirements.  

19 Q So to the extent you characterize it on the bottom 
20 of page 5 as crude, that's simply your characterization of 
21 what this type of study attempts to accomplish as opposed to 
22 whether or not it did what it was intended to do. Bottom of 
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1 page 5, you pejoratively call the Harris IPEEE a crude 

2 study.  

3 A I'm not finding that.  

4 Q B-5.  

5 A B-5, I'm sorry.  

6 Q B-5.  

7 A Yes, that's -- that's perhaps a rude way of 

8 putting it, but it's a less sophisticated study.  

9 Q Turning to page B-6, middle of the page, you list 

10 accident sequences contributed to release category RC-5.  

11 Is that intended to be a list of relevant beyond design 

12 basis accidents, severe accidents, degraded core accidents, 

13 which could result in bypass? 

14 A The footnote 11 on page 7 lists the set of release 

15 categories drawn from the IPE and each of those categories 

16 involves the release of 100 percent of the noble gases and 

17 somewhere here I -- yes. The -- I add the probability of 

18 those release categories at the top of page B-7 and at the 

19 foot of page B-6, I have the probability for the most -- for 

20 the largest release estimated, and all these estimates come 

21 directly out of the IPE.  

22 Q So assuming that's the number, any one of those 
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1 numbers was the number you begin with, obviously, the 

2 probability of going through this seventh step accident 

3 sequence, when one comes up with a best estimate overall 

4 probability, is going to move down considerably from any one 
5 of the numbers you begin with. It can't increase, in other 

6 words. It must go down.  

7 A Yes, that's a fair statement.  

8 Q Turn to page C-2, please. Middle paragraph, you 

9 attempt to somehow relate the Harris IPE/IPEEE to an 

10 analysis at Susquehanna. What is the purpose of that 

11 comparison? Which has completely escaped me.  

12 A Bear with me a moment, please. I have a number of 

13 points in this report that bemoan the fact that PRA 

14 techniques have not been applied to pools and in the second 

15 paragraph on page C-2, I say that this could be done.  

16 Since it has not been done for Harris or other 

17 plants, I -- since it was not done for Harris, I looked 

18 around to see if anything had been done. for any light water 

19 reactor and I found the referenced report from the Idaho 

20 Labs.  

21 And this is no more than suggestive, which is what it 

22 says here. The similar magnitudes of these probabilities 
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1 suggests that pool accidents could be a major contributor to 
2 risk at Harris. I think that's a qualified statement and 
3 it's no more than what it says.  
4 Q The confusion that I have is that in one case, 
5 you're comparing two numbers which happen to end in ten-to
6 the-minus-fifth. One is a number for a boiling water in
7 containment spent fuel pool boiling event, and that's one 
8 number, five-times-ten-to-the-minus-fifth, and then you 
9 somehow compare that to the IPE for core damage frequency of 

10 a reactor event at Harris, and attempt to draw some lesson 

11 from that.  

12 A Well, the -

13 Q What is the lesson? 

14 A The point is that no one has bothered to find out 
15 the probability of the pool accident at Harris. They have 
16 - as of the time I'm writing this, they have bothered to 
17 estimate the probability of the reactor accident is seven by 
18 ten-to-the-minus-five. But they haven't bothered to look at 
19 the probability of a pool accident.  
20 So the question arises, in the mind of any curious 
21 person, what might the probability of a pool accident be.  
22 And this is not a question that's easily answered.  
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1 And in this case, I found an analysis for an entirely 
2 different plant, clearly quite a different design, which 
3 shows the probability of a pool boiling event at a similar 
4 level to the core damage frequency at IPE, a -- excuse me 

5 - the core damage frequency from the Harris IPE.  
6 That doesn't prove anything, it doesn't do any 
7 more than what I say, which is that the similar magnitudes 
8 of these probabilities suggests that pool accidents could be 
9 a major contributor to risk at Harris.  

10 I believe that's a qualified and tentative 

11 statement, suggests thar could.  
12 Q So it's your statement that an analysis of a BWR 
13 spent fuel pool boiling event being one number somehow could 
14 suggest that pool accidents could be a major contributor to 
15 risk at Harris because the core damage frequency of the IPE 
16 at Harris is a similar number.  

17 A Well, when you're -

18 Q That's what you said.  

19 A When you're operating in a state of almost no 

20 information -

21 Q I see.  

22 A -- the first -- which I have repeatedly called in 
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1 this document, said we need to know what is the probability 

2 of a pool accident, and this is how we could get at that 

3 issue, by extending the IPE.  

4 Q I will give you a chance right here on the stand.  

5 Would you like to retract the statement that the number at 

6 Susquehanna could in any way suggest anything about the 

7 contribution of pool accidents at Harris? Because 

8 otherwise, you can live with that statement, as you stated 

9 it.  

10 A I'm quite happy to live with it as stated.  

11 Q Okay. In your evaluation, turning to Page C-4, of 

12 radiation levels close to the plant, did you take into 

13 consideration in any way what the levels would be day two, 

14 day three, day four, day five, day six, day ten, or day 150 

15 in the case of spent fuel pools C and D? 

16 A The Figure C-1, curve A, is, as stated, for a one

17 day exposure. Clearly, the exposure levels will fall over 

18 time, because part of the dose is from short-lived 

19 radionuclides and as they decay, the exposure declines.  

20 Also, there's some weathering, rainfall in particular may 

21 wash off some of the deposit material.  

22 So it's undoubtedly true that the radiation levels 
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1 will decline with time. The decay contribution to that 

2 decline is simple to estimate, the weathering component is 

3 much more difficult to estimate.  

4 Q Isn't it true that the dose immediately at the 

5 plant site, setting aside inside the containment building or 

6 the shine from the containment building, but in another 

7 building, could be substantially less if you had a 

8 particular type of release in plume? 

9 A The nature of the release would certainly be 

10 relevant.  

11 Q And indeed, this begins at one mile from the event 

12 and doesn't say anything about between zero and one mile, 

13 does it? 

14 A That's correct.  

15 Q So basically, this says nothing, absolutely 

16 nothing about the dose at the plant site in the event of 

17 this type of an accident.  

18 A That's your reading of it.  

19 Q I'm asking you. Can you point to this chart and 

20 tell me what that chart says -- I mean, by interpretation, 

21 that's what engineers do. You take data and you interpret 

22 it and you say what information can I interpret, and I'm 
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1 saying between -- at zero, what information can you I read 
2 from this chart at zero.  

3 A The chart doesn't go to zero, so you -
4 Q It doesn't, does it? 
5 A Right. But clearly the radiation intensity is 
6 still increasing as distance decreases and this -- the model 
7 here, which is a straight line plume model, is incapable of 
8 capturing the short distance radiation levels and I'll be 
9 talking in my brief about the sort of modeling that you need 

10 and providing some scoping calculations of the sort of 
11 results that you might expect.  

12 Q Look at C-5.  
13 A And I think it's clear to everybody that this 
14 document is not a brief in this case. This is an 18-month 
15 old document that's history, as far as I'm concerned.  

16 Q Yes, but it allowed you to make some rather bold 
17 statements and if you look at C-5, you state, based on this 
18 chart, from a 1983 Health and Human Services publication 
19 that had something to do with some FDA studies, that, quote, 
20 It is clear that a severe accident at the Harris reactor, 
21 accompanied by containment failure or bypass, would preclude 
22 personnel access to the plant, period, unqualified full 
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1 stop.  

2 And is that data that you have so conveniently provided 

3 in Appendix C the sole basis of that bold statement? 

4 A That's a statement of judgment, as I've said 

5 before, based on these pages of Appendix C.  

6 Q Now, based on the documents that you have reviewed 

7 and .the information you have obtained since you wrote this, 

8 do you have any knowledge that, in fact, CP&L may well have 

9 made preparations to maintain pool cooling after such an 

10 event? 

11 A Nothing that I have reviewed to date shows that 

12 there are credible preparations to operate the plant under 

13 these conditions. For instance, the assumptions that I've 

14 found for the control room for design basis accident, the 

15 habitability basis of the control room appears to be based 

16 on design basis accidents.  

17 But over the coming weeks, I will be looking into 

18 all this material in considerable detail.  

19 Q Do you know what a SAMG is? Have you heard that 

20 term? 

21 A Severe accident management guidelines.  

22 Q And have you reviewed any of the SAMGs for the 
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1 Shearon Harris plant? 

2 A I repeat that I received all this material less 
3 than a week ago. I was still receiving material on 
4 Wednesday of last week and Monday of the next week. So I 
5 don't think I can be expected to answer to it now.  
6 Q Are you familiar with the technical support 

7 center? 

8 A We visited that in the course of our tour.  
9 Q And do you understand what the purpose of the technical 

10 support center is? 

11 A I believe that this is to allow experts to analyze 
12 the situation and provide advice without cluttering up the 

13 control room.  

14 Q In the event of? 

15 A In the event of an accident that could involve 

16 severe core damage.  

17 Q And do you understand that there are emergency 
18 operating procedures, SAMGs and other guidance for the folks 

19 at the technical support center? 

20 A I do. I do not at present know what they say, for 

21 the reasons I gave earlier.  

22 Q Are you intending to establish a probability of 
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the plant under your severe accident scenario through use of 
the expertise of the technical support center, the training 
of the operators and the ingenuity of engineers who react 
well under pressure of being able to resolve, among the many 
issues, how to keep the spent fuel pool -- spent fuel 
covered in the spent fuel pools? Are you going to come up 

with a probability number? 

A This sort of behavior is not something that's 
susceptible to probabilistic estimate in the same way as the 
weather or the corrosion of a structure or other phenomenon.  

It tends to -

Q It's not a random event.  

A It's very significantly affected by human behavior 
and, therefore, not random, free will enters into the 
picture. Other aspects of human behavior enter into the 

picture.  

Q Are you aware of any body of data relating to how 
trained professionals operating during stress, such as 
military, airline pilots, nuclear power plant operators, for 

example? 

A There is certainly literature of that kind. In 
terms of behavior, of direct experience that's analogous, 
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1 the most relevant experience that I'm aware of is the TMI 

2 accident of 1979 and the Chernobyl accident of 1986, and in 

3 both cases, the response had a high degree of confusion and 

4 lack of understanding of the true nature of the problem that 

5 was being faced that created delays in response.  

6 So our experience base is not real encouraging.  

7 Could people do better if they were prepared? Probably.  

8 What should you expect your personnel to do? What is a 

9 reasonable expectation in terms of the dose that a person 

10 will incur? -That's not a technical question at all.  

11 Technical insofar as you can say, based on our 

12 state of knowledge, if you accrue so many sieverts, your 

13 chance of being sterile is such and such or your chance of 

14 dying is such and such. That's technical. What you expect 

15 people to actually do under those conditions is not a 

16 technical question.  

17 Q What is the emergency limit for workers which does 

18 no require volunteers in the event of emergency for 

19 radiation dose? 

20 A Well, that's verging on a legal question, I 

21 believe, and -

22 Q Do you happen to know? I mean, it's a number.  
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1 You either know it or you don't.  

2 A Well, I think it's a legal question, so I'll pass 

3 on that one.  

4 Q Are you suggesting that a regulatory number is a 

5 legal question as opposed to a known quantity? 

6 A It's -- I think its application can be a legal 

7 question.  

8 Q I see. So the answer is you don't know.  

9 A I pass on it as being a legal question.  

10 Q You either have to answer the question or your 

11 counsel can object, if she wants, but it's not a legal 

12 question. So she hasn't objected. Either you know or you 

13 don't know. Do you know what that number is? 

14 A Let's say I don't know.  

15 Q That's an easy answer.  

16 A We can move on.  

17 Q The Advisory Committee on Reactor Safeguards, as 

18 you know, has written a couple of letters in the last year 

19 that the parties have been asked to comment on.  

20 Did you assist in preparing the response to BCOC 

21 to the ACRS letters of April and June of 2000? 

22 A I believe you are referring to comments made by 
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1 BCOC to the Licensing Board in this case.  

2 Q Yes.  

3 A Drawing upon the ACRS letters, and yes, I did 

4 assist in preparing that material.  

5 Q Did you make a proposal to BCOC that they should 
6 retain you to make a presentation to the ACRS on issues 

7 relating to the fuel pool risk at Harris? 

8 A Prior to admission of this contention, I was 

9 invited by the ACRS to speak to them at one of their full 

10 committee meetings about the spent fuel hazard issue, at 

11 both operating and decommissioning plants.  

12 That invitation was extended pursuant to a letter 

13 that I wrote to the ACRS Chairman, I think, in May of this 
14 year. This seemed like a good opportunity and since there 

15 was no action on this case, I sent a memorandum to 

16 representatives of Orange County and the organization NC1, 

17 asking if they wanted to support my preparation of the piece 

18 of written testimony.  

19 Q What was their response? 

20 A There was no response and fairly quickly the issue 

21 became moot in two senses. Firstly, the contention was 

22 admitted, so that I knew that I would then be doing the work 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001518



1 that I am now, and, secondly, the ACRS committee meeting was 

2 postponed.  

3 I had hoped to make a presentation of that nature 

4 potentially at the next full committee meeting in early 

5 November. In that -- for that purpose, I do not require any 

6 support, because I'm already doing the work.  

7 MR. O'NEILL: Do you want to take a break? 

8 MS. CURRAN: Yes.  

9 [Recess.] 

10 MR. O'NEILL: On the record.  

11 BY MR. O'NEILL: 

12 Q Dr. Thompson, turning back to Exhibit 4, your 

13 February '99 report, page C-2. In reference to the 
14 Susquehanna spent fuel pool boiling event, there is a number 

15 of five-ten-to-the-minus-fifth per year. Is that a beyond 

16 design basis event for Susquehanna? 

17 A I'm not sure.  

18 Q You have urged that there be a calculation similar 
19 to that of the contribution to the risk at Harris of a spent 
20 fuel pool boil-down event. Assume for the moment that it is 
21 equivalent even to the core damage frequency of seven-ten

22 to-the-minus-fifth per year. That wouldn't require any 
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1 changes to the Harris design, would it? 

2 A Your statement, if I interpret it correctly, is 

3 that let us suppose that an analysis is performed which 

4 finds that the probability of a boiling pool at Harris is 
5 seven-times-ten-to-the-minus-five. Am I understanding you 

6 correctly? 

7 Q A number in that range, such as the number at 

8 Susquehanna, which was five-times-ten-to-the-minus-five.  

9 A What would follow from that? If that's all the 

10 information that one had, suppose one is in a sealed room 

11 and one is told tow items of information, the Harris core 

12 damage frequency is said by somebody to be seven-by-ten-to

13 the-minus-five per year and the incidence of pool boiling at 
14 Harris is also seven-by-ten-to-the-minus-five per year.  

15 You also, in this sealed room, happen to know that 

16 the Harris pools A, B, C and D will contain many more spent 
17 fuel assemblies than there will be in the core of the Harris 

18 reactor and you know that the cesium in particular in this 

19 pool can cause a lot of off-site consequences, and that's 

20 all you know.  

21 What would you recommend? I think my first 

22 recommendation would be that you better go away right quick 
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1 and look at the probability of a drying out scenario and a 

2 fire at the Harris pools. I think that's' quite a reasonable 

3 thing to say.  

4 Q A drying out scenario? 

5 A That you would recommend that the responsible 

6 parties promptly, as promptly as can reasonably be done, 

7 provide an estimate of the probability of a dry-out of the 

8 Harris pools.  

9 Q Boiling all the way to dry-out.  

10 A Because the boiling in this sealed room, the boiling 

11 itself doesn't bother you so much, but it's the precursor 

12 and you know that the dry-out could be a significant event.  

13 So that would -- if I were in the sealed room, I would call 

14 for an as rapid as possible analysis of the probability of 

15 the dry-out.  

16 Q So let's say we get an order of magnitude and 

17 we're now at seven-times-ten-to-the-minus-six.  

18 A If this information comes back to the sealed room.  

19 Q Right. So now we're there as a core damage 

20 frequency of seven-times-ten-to-the-minus-fifth and a spent 

21 fuel pool dry-out of seven-times-ten-to-the-minus-six. So 

22 what? 
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1 A And let's suppose that the, for simplicity, that 
2 the source term from the pool fire would be one order of 
3 magnitude greater in cesium in particular than the largest 
4 source term known for a degraded core accident at the 
5 reactor.  

6 That would tell me, even using the most simplistic 
7 definition of risk, namely, the probability of -
8 probability and consequences, which is, as I said, 
9 simplistic and not necessarily the principal one should 

10 always use, that would tell me that the -- since, in this 
11 sealed room, I haven't yet been told the probability of a 
12 release from the Harris reactor, that I am guessing that 
13 this is likely to be less than seven-by-ten-to-the-minus_ 
14 five, that that immediately tells me that the pool dry-out 
15 is a greater risk than the reactor accident in terms of 
16 long-term consequences.  
17 Q If the LERF is seven-times-ten-to-the-minus-fifth, 

18 then it says they're equal.  

19 A They're equal, correct.  

20 Q Yes.  

21 A Given all the assumptions.  
22 Q Correct. So that you would do nothing. If it is 
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1 acceptable under that circumstance to have a LERF of seven
2 times-ten-to-the-minus-fifth and in our scenario, where the 
3 consequences are ten times greater, but the probability is a 
4 factor of ten less, then you essentially have equivalent 
5 risk in your sealed room, is that correct? 

6 A You have equivalent risk, but let us suppose you 
7 - that somebody tells you in this room that there are 
8 preparations made to reduce the consequences of the reactor 
9 accident, that there's an off-site emergency response 

10 capability, which, in part, addresses long-term 
11 contamination, although much of it is short-term, which is 
12 off this particular calculation.  

13 And you might also learn that there is something called 
14 severe accident management guidance and efforts to manage 
15 the reactor accident to perhaps cut it short before it 
16 develops into a release.  

17 But you find that there is nothing comparable for 
18 the pool accident. So then the situation is no longer 
19 equal. The equal risks are being treated differently. One 
20 is being -- some efforts are being made to management one 
21 and leave the reactor at risk and no efforts are being made 
22 to manage the other; namely, the pool risk.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 1025 Connecticut Avenue, NW, Suite 1014 

Washington, D.C. 20036 
(202) 842-0034 

00152J



194 

1 Q Are you suggesting that off-site emergency 

2 planning for a severe reactor accident wouldn't have 

3 applicability to a boil-off of the spent fuel pool release? 

4 A The preparations -- and, again, this is all highly 

5 stylized, of course, given our assumptions. The pool 

6 accident is of concern because of long-term effects. Only 

7 in relatively uncommon circumstances, like a core off-load, 

8 are you concerned about short-term effects from a pool 

9 event.  

10 And to provide the same level of protection you would 

11 need greater off-site measures for the pool accident than 

12 you would for the reactor accident, insofar as they affect 

13 long-term consequences.  

14 For instance, the relocation of populations could 

15 be an order of magnitude greater, the number of people 

16 requiring relocation could be an order of magnitude higher, 

17 and preparations would have to be made accordingly.  

18 Q On the other hand, you would have days in order to 

19 execute any emergency plans as opposed to a shorter period 

20 of time for a reactor, severe reactor accident.  

21 A You would have a longer period, yes.  

22 Q Okay. Let's shift to what I will mark as Exhibit 
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1 6, which is an October 12, 2000 Orange County's first 

2 supplemental response to the first set of interrogatories, 

3 reported by the NRC staff, and request for production of 

4 documents.  

5 And this has seven pages, plus an appendix, which pages 

6 are unnumbered, appear to be seven, and a certificate of 

7 service, which is not consequential.  

8 [Thompson Deposition Exhibit No.  
9 6 was marked for identification.] 

10 BY MR. O'NEILL: 

11 Q Do you have before you what has been marked as 

12 Exhibit 6? 

13 A I do.  

14 Q Did you assist Attorney Curran in preparing this 

15 response? 

16 A I did through telephone communications.  

17 Q Did you prepare Appendix A? 

18 A I did.  

19 Q Are these the documents on which you intend to 
20 rely in preparing your response to the three questions 

21 propounded by the Board? 

22 A That was the bibliography as of September 29th and 
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1 it's grown since then and I believe we have produced 

2 everything on the current list that isn't a NUREG or 

3 equivalent.  

4 Q You say it's grown since then. Are you planning 

5 to submit, on October 20th, your revised bibliography? 

6 A Whatever is required I'm sure we'll do, but I'm 

7 updating this regularly.  

8 Q Turning to the first page, is the ANS/IEEE 1983 

9 document a document on which you intend to rely in your 
10 review of the Harris PRA or in doing your own PRA? 

11 A I should say that the eventual, our final list or 
12 our eventual list will contain items that I will not use.  
13 This is simply an effort not to leave anything out.  

14 So there will be some subset of this list that we 
15 actually rely upon.  

16 Q And right now I'm going to ask you which ones you 
17 know that you are going to or likely are to rely on, because 
18 they are documents you may actually have read or be familiar 

19 with or contributed to.  

20 The first one is, do you intend to use the ANS -

21 

22 A To some extent, yes.  
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1 Q Have you read that report? 

2 A Not every page of it, not by a long way.  
3 Q How about Barker 82? Is that model going to be 

4 useful to you? 

5 A Possibly. I will certainly be referencing 

6 Benjamin and probably VA, which I have used in the February 

7 '99 report.  

8 Q Is that different than a 1989 report that you did 

9 for -

10 A I'm sorry? 

11 Q I guess that's an IAEA report in '89, isn't it? 

12 Yes, I am sorry. Hirsch is '89.  

13 A Right.  

14 Q How about the '88 Bohn, et al? 

15 A I don't know.  

16 Q You don't know. Budnitz '97? 

17 A I don't know.  

18 Q Have you read that one? 
19 A I have it, I've read portions of it.  
20 Q Did you review that in connection with your 
21 characterization of the IPEEE as crude for Harris? 
22 A The Budnitz report is solely related to estimating 
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1 seismic hazard, not the response to seismic hazard -- to 

2 accelerations, I'm sorry.  

3 Q How about Burke? 

4 A I will certainly cite Burke.  

5 Q Chen? 

6 A Probably.  

7 Q Crammond and Spulak '81? 

8 A Probably.  

9 Q How about the Darby report, have you reviewed 

10 that? Darby, et al? 

12 A I've at least skimmed that one.  

12 Q Who was that prepared for? 

13 A That was done for the NRC staff, I believe.  

14 Q Do you know what the conclusions were in reviewing 

15 the Shearon Harris -

16 A As near as I recall, they found that the IPE met 

17 regulatory requirements, which seemed to be the main thing 

18 they were looking for.  

19 Q DiSalvo, et al? 

20 A Possibly.  

21 Q Finch? 

22 A Probably.  
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1 Q What about the Fleming, et al? 

2 A Probably.  

3 Q Do you know who Mr. Fleming is? 

4 A Fleming, at the time, was Pickard, Lowe and 

5 Garrick, and is an eminent author of PRA materials. I don't 

6 know what he's doing now, whether he's alive or anything 

7 about him.  

8 Q Do you know his reputation? Eminent sounded 

9 pretty good. Is he one of the experts in the field of PRA? 

10 A Yes.  

11 Q And you're familiar with his work from review of 

12 the Seabrook PRA.  

13 A That was the context here, yes.  

14 Q He has a specialty doing PRAs for pressurized 

15 water reactors.  

16 A I wasn't aware of that, but I'll believe you.  

17 Q How about Gales? 

18 A Probably. In some of these cases, it will simply 

19 be a footnote, and other cases, I'll be using data or 

20 analyses. It will vary a lot.  

21 Q Gittus and 40 authors, an '82 report on U.K. PWR 

22 degraded core analysis.  
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1 A Probably some parts of it.  

2 Q Golding, et al, is that a book that you 

3 contributed to? 

4 A That's correct.  

5 Q That's where you did some work on PRA.  

6 A Correct.  

7 Q Is that work something that was done well in 

8 advance of that 1995 printing? 

9 A It was, yes. It was done at the end of the 80s, 

10 I believe.  

11 Q Hirsch, et al, that IAEA safety targets.  

12 A I will certainly draw from that to some extent.  

13 Q What about the '86 Lee, et al? 

14 A Probably.  

15 Q Are you going to find anything useful out of Linnemann 

16 on the Soviet medical response? 

17 A Possibly.  

18 Q How about Mr. Lochbaum, we missed, Nuclear Plant 

19 Risk Studies: Failing the Grade. Have you read that book 

20 or a little piece? 

21 A I have read it, yes.  

22 Q Do you plan to rely on that at all? 
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1 A Possibly parts of it.  

2 Q Have you reviewed his criticisms in there? 

3 A Have I sought to replicate -- sought to go to his 

4 original sources and determine whether he correctly cites 

5 them, no.  

6 Q Did he rely on any of your work in coming up with 

7 his little piece? 

8 A Not that I recall, but I may be forgetting it.  

9 Q We'll look at that in a few minutes.  

10 A All right.  

11 Q McKenna, et al.  

12 A Possibly, no more than for some items of 

13 information.  

14 Q Molina and Cochrell '86.  

15 A Possibly reference to some of the papers.  

16 Q And also '84, both those appear to be proceedings 

17 of workshops on containment integrity.  

18 A Correct.  

19 Q Niemczyk '87.  

20 A Again, there are one or two papers in that 

21 proceedings that I might draw from.  

22 Q Are you planning to use the SHARP computer code in 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001531



L

202 
1 your work here? 

2 A No. No, I'm not going to use the code.  
3 Q How about the NRC-EPA '78 emergency planning task 
4 force, is that relevant here? 
5 A Yes. I believe that still represents the planning 
6 basis for the present emergency response plans, although, of 
7 course, it draws from technical literature that's now quite 

8 old.  

9 Q On the other hand, the scenario only gets to the 
10 step of whether or not you have an exothermic reaction. I 
11 don't believe the requirement to answer the question goes to 
12 emergency response plans, does it? 
13 A In order to address the question of the scope of 
14 an EIS, which is, I believe, the third question that the 
15 Board has asked us, I would be looking, to some extent, at 
16 off-site consequences and potential responses to those.  
17 Q When I asked you an earlier question about IPEs, 
18 you did not cite anything after NUREG-lI50. Have you 
19 reviewed NUREG-1560, for example? 

20 A I'm familiar with what it says and it, as I 
21 recall, finds that the Harris IPE is pretty much consistent 

22 with typical Westinghouse IPEs.  
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1 Q How about 1602 draft report, have you reviewed 

2 that? 

3 A To some extent, yes.  

4 Q Are you planning to rely on it in any way? 

5 A Possibly.  

6 Q NUREG-1050, '84? It's a little bit earlier 

7 document. Have any reason to look at that? 

8 A I might rely on part of that. I think some of the 

9 statements about some of the irreducible uncertainties may 

10 still be valid.  

11 Q Have you reviewed the FES for Shearon Harris that 

12 was produced by the NRC in connection with its licensing? 

13 A The accident -- the severe accident part, yes, I 

14 did review that once.  

15 Q Do you recall how many spent fuel pools were 

16 assumed to be operational in connection with that 

17 environment impact statement? 

18 A That I don't recall, but I do know that pool 

19 accidents were not included in that FES.  

20 Q Not at all? 

21 A Not to my recollection now. That's characteristic 

22 of the reactor safety study, which is the technical basis 
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1 for this FES.  

2 Q Of course, there was spent fuel cask and drop 

3 accidents were considered, were they not? 

4 A Pool fires or dry-out scenarios were not included.  
5 Q They haven't been included in any plant FES.  

6 A That's correct.  

7 Q Because there's no requirement to look at them.  

8 A That's correct.  

9 Q Because they're well beyond design basis accident 

10 scenarios.  

11 A Well, why is another matter, but the fact is that 

12 they're not.  

13 Q Do you plan to rely on the Ginea tube rupture 

14 report, NUREG-0909? 

15 A Possibly, this may shed some light on the on-site 

16 distribution of radioactivity.  

17 Q What possible use are you going to make of the 
18 programmatic statement on the decontamination and disposal 

19 radioactive waste resulting from TMI? 

20 A There are some sections there that address the 
21 amounts of radioactive material that entered the auxiliary 
22 building. I believe that's why it's on the list. Most of 
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it is for another purpose.  

Q How about Pelto, et al, '85? 

A Possibly, although the data are fairly old at 

present, but possibly.  

Q Is the data in Pisano, et al, '84, of any use 

here? 

A Well, Pisano is -- this is interesting, because 

it's been cited many times, but if you actually look at it, 

it's a complete mess. It's handwritten, scrolled over and 
apparently the project ran out of money and stopped and they 

never wrote it up properly, and yet it keeps appearing over 

and over in footnotes.  

So it may deserve being discussed.  

Q I did notice a tendency in your reports to repeat 
footnotes over and over to your previous work, so maybe that 

becomes somewhat of a -

A Well, we shall see.  

Q Author's prerogative. How about this Prassinos 

and eight other authors on cask drop? That doesn't appear 

to be too relevant here, does it? 

A Cask drop is not relevant to the admitted
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Q Michael Rogovin's report on TMI also appeared to 

be a little beyond the scope here.  

A Well, this does, to some extent, address the 
question of on-site response to unanticipated accident 

situations. It does have sections that discuss that.  

Q Are you planning to use Sholly & Thompson and did 
you provide us with a copy of that? It doesn't ring a bell.  

That's not to say I carefully -

A I believe that was provided.  

Q Maybe it just wasn't relevant.  

A Possibly, I'm not sure.  

Q Are you going to use that? Should I now go and 

read it? 

A It's possible that I will use it. I think a lot 
of the same ground is updated, is covered and updated in the 

1989 Greenpeace report.  

Q The 1996 Siu, et al, what's that one all about and 

are you going to use it? 

A I don't know at present.  

Q The title seems relevant, but I'm not familiar 

with it.  

A It has been produced.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034

001536



207 
1 Q Okay. I take it, since terrorism is out, we 
2 probably won't look at war terrorism and nuclear power 

3 plants.  

4 A Well, again, that's not been admitted as part of 
5 the contention.  

6 MR. O'NEILL: Okay. So, Ms. Curran, are you going 
7 to produce the updated list as of October 20th, as we now 
8 understand that's being updated as we go? 

9 MS. CURRAN: Yes. And I just want to clarify for 
10 the record that there were some additional documents that 

11 were produced to you last week.  
12 MR. O'NEILL: That aren't on this list, right.  
13 MS. CURRAN: They're not on the list, but -- so 
14 the important thing is that you have the documents and we'll 
15 make the list consistent with what -

16 MR. O'NEILL: I don't care, I just want to make 
17 sure that we get either the -- in some cases, you've 
18 produced a list which includes NUREGs which have been 
19 produced, in other cases not. So we have to do a cross

20 check.  

21 THE WITNESS: From my recollection of the -
22 because I'd just interject, because I'm the person who wrote 
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1 this list, what we have produced is all here, but not 

2 everything that we've produced is here.  

3 MS. CURRAN: That's right.  

4 MR. O'NEILL: Okay.  

5 BY MR. O'NEILL: 

6 Q Let's turn to Mr. Lochbaum's little piece. Does 

7 that represent science or PR, Dr. Thompson? 

8 A It's a document intended for a lay audience and it 

9 was relatively brief and it's meant to be readable.  

10 MR. O'NEILL: I ask the court reporter to mark as 

11 Exhibit 7 a publication of the Union of Concerned 

12 Scientists, the author is David Lochbaum, called Nuclear 

13 Plant Risk Studies: Failing the Grade, consisting of 25 

14 pages.  

15 [Thompson Deposition Exhibit No.  

16 7 was marked for identification.] 

17 BY MR. O'NEILL: 

18 Q Take a look at Section 4, beginning on page 7, 

19 which appears to be to the extent there's any meat in here 

20 at all. Have you reviews his so-called unrealistic 

21 assumptions? 

22 A I have read this report. My review, if I choose 
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1 to rely in any way on this report, I will do so in some 

2 specific manner and whatever that is, I will read that part 

3 of it very carefully.  

4 So have I yet given it that degree of reading? 

5 That comes when I'm sitting at the keyboard.  

6 Q I see. So you're not prepared today to say 

7 whether or not you agree or disagree with his criticisms.  

8 A I recall that some of them had the ring of truth.  

9 Q Does superficial come to mind when you also recall 

10 some of them? 

11 A As I said, this is written for a lay audience and 

12 as a result, I wouldn't expect all the detail and the 

13 caveats.  

14 Q Does sophomoric come to mind when you go through 

15 this document? 

16 A No.  

17 Q Do you know whether or not Mr. Lochbaum tried to 

18 defend this work before the ACRS? 

19 A I do not know.  

20 Q You weren't there, I take it.  

21 A Correct.  

22 Q So you don't know to what degree he has back

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 

00-1539



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22

210 

tracked from some of his superficial, sophomoric statements 

here.  

A I have no idea.  

Q Well, we would look forward to your reliance on 
any aspect of this with great interest. But I take it's not 

something that you're presently suggesting is an important 

part of your knowledge base.  

A No, it wouldn't be a major basis for my brief.  

Q Without burdening the record with the entire 

report, is it fair to say that as of May of this year, in 

connection with your work for the La Hague facility, that 

you continue to rely on the number of 1,000 degrees Celsius 

following loss of water that could result in an exothermic 

reaction? 

A Yes. As a rule of thumb, I have continued to rely 
on that, but earlier, I talked about a better way to deal 
with this ignition question, which is the energy balance 

approach.  

MR. O'NEILL: I'm going to ask the court reporter 
to mark as Exhibit 8 a three-page letter dated November 12, 

1999 from the ACRS Chairman Dana Powers to Dr. Travers, 

subject spent fuel fires associated with decommissioning.  
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1 [Thompson Deposition Exhibit No.  
2 8 was marked for identification.] 

3 BY MR. O'NEILL: 

4 Q Do you have in front of you what has been marked 

5 as Exhibit 8? 

6 A I do.  

7 Q Have youreviewed this letter before? 

8 A Never saw it before.  

9 Q Never saw it before? Would you take a moment to 
10 read it carefully, then, please? It's only two pages of 

11 text.  

12 [Pause.] 

13 THE WITNESS: Okay.  

14 BY MR. O'NEILL: 

15 Q Do you know if the member of the public who 

16 expressed concern was Mr. Lochbaum? 

17 A I have no idea.  
18 Q No idea. Look at conclusion and recommendation 

19 three. Do you agree that PRAs should be as realistic as 

20 possible? 

21 A I would agree with the statement, but my 
22 definition of realistic may not be the same as the ACRS 
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1 would use or what it intends here, and I don't know what 

2 they intend to mean.  

3 Q Do you agree with the ACRS recommendation that 

4 expert opinion should be used to validate or modify the 

5 human reliability analyses to ensure the analyses are not 

6 overly conservative? 

7 A In addressing human behavior and its relationship 

8 to the probability of an event, I would regard a realistic 

9 PRA as having one component that addresses what can be 
10 called routine operation and another aspect which addresses 

11 what, for simplicity, I'll call non-routine operation, and I 

12 believe that to be realistic is to consider both.  

13 And in examining routine operation, I would argue -- I 

14 would believe that data ought to be the mainstay of that 

15 part of the assessment and to the extent that data are the 
16 mainstay, then the analyses cannot be overly conservative.  

17 If they are overly conservative, then that must 

18 reflect somebody's subjectivity and introducing another 

19 person's subjectivity to offset the first person's 

20 subjectivity doesn't sound very scientific to me.  

21 Q Look at the paragraph .5. We agree the choice of 

22 uncovery to the top of the fuel as being an appropriate end 
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1 state for a PRS consequence analysis. The database on air 

2 oxidation kinetics for high burn-up fuel, subsequent fuel 

3 damage behavior, fission product release is too sparse and 

4 the uncertainty is too great to provide confidence in 

5 carrying the analyses any farther.  

6 Acceptable frequency of this end point can be based on 

7 consideration of the health consequences resulting from 

8 postulated fuel failures. I'll stop there for the moment.  

9 Do you agree or disagree with this recommendation 

10 of the ACRS? 

11 A As I understand what they're saying, they're 

12 recommending a conservative approach, where, if water boils 

13 down to the top of the fuel, it is assumed that a release of 
14 radioactive material occurs to the environment and that 

15 would certainly be a conservative approach.  

16 Q Which is what 1353 did, as well, NUREG-1353, is 

17 that not true, with respect to -

18 A One has to know what release fraction is assumed.  

19 Q But with respect to 1353, that's with data, as 

20 well, is that not correct, with respect to PWR fuel? 

21 A They stated a probability for PWR fuel of one that 

22 ignition would occur, but it's still necessary to estimate a 
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1 source term. Does ten percent or 90 percent of the cesium 

2 escape from the building and travel down then in the plume? 

3 That makes a very big difference.  

4 Q Makes a difference in what? 

5 A In the consequences.  

6 Q But it doesn't make a difference in the 

7 probability of the event, does it? 

8 A That's correct.  

9 Q And that's what we're talking about here.  

10 Remember, here, we are with a scenario where the only issue 
11 is the probability, not the consequences, at least to get to 

12 a number.  

13 A So if one is solely addressing probability and one 
14 assumes that uncovery to the top of the fuel automatically 

15 causes some release to the environment, then that's 

16 certainly a conservative approach.  

17 Q Now, the ACRS recommendation goes further to say 
18 because prompt fatalities cannot be ruled out, we recommend 

19 that the acceptable frequency for this end point, the end 
20 point being reaching the top of the fuel, be the same as for 
21 large early release frequency in Reg Guide 1.174, and that 

22 you understand that to be LERF, correct? 
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1 A Right.  

2 Q We discussed that earlier. Which is a surrogate 
3 from the prompt fatality safety goal. Are you familiar with 

4 Reg Guide 1.174? 

5 A That I believe is the severe accident guidance 

6 that you referred to earlier for including the LERF 

7 frequency of ten-to-the-minus-six.  

8 Q Right. And, in fact, are you aware that the ACRS 
9 has recommended that that number is too low a probability 

10 and should be ten-to-the-minus-fifth? 

11 A I wasn't aware of that.  

12 Q Now, having picked some of the things that the 
13 ACRS is recommending, are you willing to, as well, adopt 
14 this recommendation, which is an acceptable frequency for 
15 that end point? And choose, for the moment, ten-to-the

16 minus-six as opposed to ten-to-the-minus-fifth.  

17 A Yes. What -- Attorney Curran's brief will make 
18 statements that she will determine on regulatory issues.  
19 All I can give you is how I view this sort of accident from 

20 a policy perspective.  

21 The ACRS is here focusing on prompt fatalities.  

22 That final sentence in recommendation five says because 
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1 prompt fatalities cannot be ruled out. So they're 

2 predicating their recommendation on the potential occurrence 

3 of prompt fatalities.  

4 I believe that when there's a potential for a 

5 large release of long-lived radioactive material, that there 

6 are important policy considerations that are not reflected 

7 in the NRC's safety goal.  

8 The Chernobyl experience has shown us empirically 

9 that an accident can occur in which large areas of land have 

10 to be abandoned for decades or perhaps centuries and the 

11 magnitude of release of cesium that occur from a fuel pool 

12 is such that this area could be very large, could be a 

13 substantial fraction of the land area of a state such as 

14 North Carolina.  

15 I don't believe that the NRC has ever properly 

16 appreciated what this would actually mean if it were to ever 

17 occur. The nearest that they've ever come to addressing it 

18 is in the economic consequence models that are associated 

19 with their consequence does, like MACCS.  

20 I believe that those economic consequence codes 

21 are essentially a fantasy and that the socioeconomic and 

22 political consequences of one of these very large releases 
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1 of long-lived radioactivity would be perceived as a major 
2 event in the history of the United States or any country 
3 where they incurred with tremendous implications that are 

4 very hard to foresee.  

5 And the modeling exercises, as I say, are fantasy and a 
6 focus on prompt fatalities misses that issue entirely.  

7 That's my personal opinion.  

8 Q In your -- I shouldn't say yours. In the 1989 

9 paper of Hirsch, et al, which includes you, prepared for 
10 Greenpeace, on IAEA safety targets and probabilistic risk 
11 assessment, you note that in the wake of the Chernobyl ac, 
12 the IAEA formulated safety targets for nuclear power plants.  

13 

14 The probability of an accident with severe core 
15 damage is to be below ten-to-the-minus-four per plant 
16 operating year. The probability of large early releases are 
17 required to be lower by a factor of at least ten. This 

18 applies to present day plants.  

19 So I take it that your least writings on the 
20 subject have suggested that the safety goal is in the range 
21 of ten-to-the-minus-four, ten-to-the-minus-fifth, which is 
22 not inconsistent with the U.S. safety goals.  
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1 A I believe that that discussion refers to what the 

2 IAEA is saying and does not constitute an endorsement one 

3 way or another.  

4 Q Later in this report, however, you state that in 
5 all PRAs known to the authors, which includes you, the 

6 probability of a pressure vessel failure is assumed to be 

7 low, mostly below ten-to-the-minus-seven per year, that it 

8 gives no significant contribution to risk.  

9 Would you agree that a probability of event that 

10 is below ten-to-the-minus-seven per year, as you state here, 

11 gives no contribution to risk? 

12 A No. I believe, if I heard that statement 

13 correctly, it says that this is -- it's describing the 

14 prevailing opinion in the nuclear industry and its 

15 regulatory bodies rather than offering this position. In 

16 fact, this report finds that pressure vessel failure 

17 probability could be higher than is usually assumed.  

18 Q Would you agree that any event that is properly 

19 calculated to be ten-to-the-minus-seven or lower contributes 

20 to contribution to risk? 

21 A I have previously stated that probabilities in the 
22 range of ten-to-the-minus-eight have no practical value and 
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1 there's not that much difference between ten-to-the-minus

2 seven and ten-to-the-minus-eight.  

3 Q So neither ten-to-the-minus-seven nor ten-to-the

4 minus-eight, in your view, provide any practical value, is 

5 that correct? 

6 A That's correct.  

7 MR. O'NEILL: Let's get this little book, '95 is 

8 the date. I'm going to ask the court reporter to mark as 

9 Exhibit 9 the cover page and copyright page of a book 

10 entitled Preparing for Nuclear Power Plant Accidents, edited 

11 by Golding, Kasperson & Kasperson, and chapters out of that 

12 book authored by Dr. Thompson, which includes chapters 2 

13 through 5.  

14 [Thompson Deposition Exhibit No.  

15 9 was marked for identification.] 

16 BY MR. O'NEILL: 

17 Q Dr. Thompson, do you have before you what has been 

18 marked as Exhibit 9? 

19 A I do.  

20 Q Did you write the chapters in the book that show 

21 you to be the author of two through five, at least five, I 

22 believe, also is co-authored? 
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1 A I did, yes.  

2 Q And I believe earlier you stated that you believed 

3 that this was work that was done in the late 80s.  

4 A Yes.  

5 Q Did you have the -- in doing some of the PRA work 

6 that's referenced here, did you have -- was this done 

7 jointly with a consultant named MHB? 

8 A That's correct. They did the larger part of the 

9 reviewing of the PRA for TMI.  

10 Q And is that because they had expertise in this 

11 area and you didn't? 

12 A They had expertise and we drew upon it.  
13 Q Would you turn to page 41, which is in chapter 2? 
14 That's a table that presents a series of values, does it 

15 not? 

16 A It does.  

17 Q And the values are for the core damage frequency 

18 at a plant called Surry, is that correct? 

19 A Yes.  

20 Q Now, in this chapter which you authored, you 
21 indicate that there are various mean values, lower bounds, 

22 and upper bounds at various percent probabilities and 
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1 sensitivity studies.  

2 A Yes.  

3 Q Which is the best estimate in this chart? 

4 A We have discussed previously the question of best 

5 estimate and different people have different definitions and 

6 we will be providing one in our brief.  

7 This chart on page 41 shows some of the options 

8 available for best estimate.  

9 Q Well, it's interesting that you show it, but do 

10 you have an opinion and do you reflect an opinion here as to 

11 what is the appropriate estimate to use for purposes of a 

12 PRA for core damage frequency at a plant? 

13 A No. This is not presented in order to endorse -

14 let me find the text that refers to it. Excuse me. On page 

15 38, in the final paragraph, there is a description of Figure 

16 2.3 and what it is seeking to demonstrate and what it's -

17 how it should be interpreted.  

18 Q Now, given that we haven't operated 10,000 reactor 

19 years in the United States, are you suggesting that it is 

20 you are simply unable to do a PRA without purely statistical 

21 data or are you suggesting that it is necessary and 

22 appropriate to have expert analysis to deal with issues of 
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1 uncertainty and sensitivity, or what are you saying? 
2 A Expert judgment is used extensively in NUREG
3 1150, which is where Figure 2.3 is drawn from, from an 
4 earlier draft of NUREG-1I50, and I believe that the reliance 
5 on expert judgment is excessive and undermines the value of 
6 the exercise, because it merges together different sorts of 
7 uncertainty and ultimately is based on nothing more than one 
8 or more individuals' subjective opinion.  

9 Q Isn't that exactly why the team approach to 
10 performing the PRAs brings together the relevant expertise 
11 in order to make reasonable judgments, where sufficient data 
12 isn't available for purely statistical answers? 

13 A However many people you bring together, it's still 

14 judgment.  

15 Q Are you more comfortable with some sort of a 
16 probability distribution, as you've at least illustrated 

17 here, with a 95 percent and five percent upper and lower 

18 bound? 

19 A The exercise of looking at uncertainty and 
20 sensitivity could be valuable. In this case, you see in 
21 Figure 2.3 the estimated sensitivity of the results to 
22 differing assumptions, covery of electric power or coolant 
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1 pump seal, and that, I believe, is qualitatively value 

2 insight, qualitatively valuable.  

3 The reliance on opinion for the bottom line 

4 findings that are used for regulatory purposes, I think, is 
5 an unscientific approach. It gives the finding a spurious 

6 appearance of objectivity.  

7 Q Do you have an opinion as to what probabilistic 

8 function or distribution is most appropriate to use in 
9 bounding PRA values that are obtained in going through the 

10 very detailed fault tree, event tree cut set analysis? 

11 A Data will provide their owh distribution, you 

12 don't need to impose one. If you have real data, then that 

13 will provide you with a distribution. And it's a 
14 mathematical convenience to impose a lognormal distribution.  

15 Q Or a Poisson distribution, perhaps.  

16 A Sometimes, perhaps. But that's an imposition for 

17 calculational convenience and is not dictated by the data.  
18 And I would rather, as a general rule, do what you can with 
19 the data and then admit that the rest of it -- what you 

20 can't base on data is something else. It's an estimate and 
21 maybe you do the best job you can with your experts, but you 

22 don't merge it all together.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034 

001553



1 Q In this table, Figure 2.3, there's a box, with, 
2 its upper bound, the mean value sensitivity study one and 

3 the lower bound mean value sensitivity study three.  

4 A Right.  

5 Q Does that suggest that these sensitivity studies 

6 are an appropriate way to establish a smaller range of 
7 values than going through some probability distribution 95 

8 percent, five percent? 

9 A I believe what I said was that I regard this as a 
10 useful exercise to develop qualitative insights; namely, in 

11 this case, that if seal LOCAs go a certain way, a 
12 pessimistic way, then all other things being equal, the mean 

13 value goes up a factor of two or so.  

14 That could be a useful insight and expressed 

15 qualitatively, it would say that there's an effect, it's a 
16 bad effect, it increases risk, it doesn't suddenly throw you 
17 a couple orders of magnitude out in your estimate.  

18 That's very productive.  

19 Q What about median values, do they provide any 

20 useful information? 

21 A Well, the mean is the expectation value and so I guess 
22 by general usage, if you had to choose, you'd probably 
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1 choose something that, by a long history and tradition, is 

2 regarded as an expectation value rather than median, which 

3 is a piece of information, but it's not thought of in the 

4 same way.  

5 Q I want to make sure I remember your answer to this 

6 question, so I'll ask it again. Do you know what the staff 

7 called the best estimate in 1353? 

8 A At the moment, I don't know.  

9 MR. O'NEILL: Let's take a short break and I'll 

10 see where I am.  

11 [Recess.] 

12 MR. O'NEILL: Dr. Thompson, that's all the 

13 questions I have.  

14 MS. CURRAN: We don't have any questions.  

15 THE WITNESS: Okay. Are we done? Is that it? 

16 MS. CURRAN: Yes. I don't have any questions.  

17 MR. O'NEILL: That concludes the deposition. Dr.  

18 Thompson, thank you very much.  

19 THE WITNESS: Thank you.  

20 MR. O'NEILL: Dr. Thompson, I take it that you 

21 would like to read this deposition and provide any 

22 corrections? 
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THE WITNESS: Yes, I would.  

MR. O'NEILL: And I guess we need to have that 

done in a relatively reasonable period of time in order to 

make sure that we don't quote something that he claims he 

didn't say.  

We're off the record.  

[Whereupon, at 5:35 p.m., the deposition was 

concluded.] 
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