RAS L8LY | |
HARMON, CURRAN, SPIELBER(

1726 M Street, NW, Suite 600 Washingtdn, DC 20036

3 XIEISENBERG, LLP

% (202) 328-3500 (202) 328-6918 fax

DOCKETED

September 26, 2003 USNRC
| Tl T September 30, 2003 (3:21PM)
v Rules and Adjudications Branch OFFICE OF SECRETARY
' Office of the Secrétary -~ . = * . B "RULEMAKINGS AND
U.S. Nuclear Regulatory Commission” _ ~ ADJUDICATIONS STAFF

Washington, D.C. 20555
SUBJECT: Filing in MOX CAR Proceeding, No. 70-3098

Dear Madan/Sir,
Enclosed for filing please find the original and two copies of Georgians Against Nuclear
Energy’s Response to New Facts and Arguments in NRC Staff’s Response to Duke

- Cogema Stone & Webster’s Motion for Summary Disposition of Contention 3. Please .
note that the signature page of the supporting Supplemental Declaration of Dr. Leland
Timothy Long has an electronic copy of Dr. Long’s signature, which he sent by e-mail. I
did not receive his original signed declaration in time for this filing, but will forward it

when I receive it.

incerely,
iane Curran

Cc: Service list

’I.Zmp/a'ff=56cy— o4/ | SeECY—0A



September 26, 2003

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD
Before Administrative Judges:

Thomas S. Moore, Chairman
Charles N. Kelber

Peter S. Lam
)
In the Matter of )
)
DUKE COGEMA STONE & WEBSTER ) Docket No. 0-70-03098-ML
)
(Savannah River Mixed Oxide Fuel ) ASLBP No. 01-790-01-ML
Fabrication Facility) )
)

GEORGIANS AGAINST NUCLEAR ENERGY’S
- RESPONSE TO NEW FACTS AND ARGUMENTS
IN NRC STAFF’S RESPONSE TO DUKE COGEMA STONE & WEBSTER’S
MOTION FOR SUMMARY DISPOSITION OF GANE CONTENTION 3
L INTRODUCTION
Pursuant to 10 C.F.R. § 2.749(a), Georgians Against Nuclear Energy (“GANE”)

hereby responds to NRC Staff’s Response to Motion for Summary Disposition Submitted
by Duke Cogema Stone & Webster (September 16, 2003) (hereinafter “NRC Staff

Response™).! This response is supported by the Supplemental Declaration of Dr. Leland

! The Staff filed its Response in support of Duke Cogema Stone & Webster’s Motion
for Summary Disposition on Consolidated Contention 3 (August 22, 2003) (hereinafter
“DCS’s Motion”). On September 16, 2003, GANE filed Georgians Against Nuclear
Energy’s Opposition to DCS’s Motion for Summary Disposition of Contention 3
(hereinafter “GANE’s Opposition”). GANE’s Opposition was supported by the
Declaration of Dr. Leland Timothy Long Regarding GANE Contention 3 (September 16,
2003) (hereinafter “Long September 16 Declaration”).



Timothy Long Regarding GANE Contention 3 (September 25, 2003) (hereinafter “Long
Supplemental Declaration). GANE is also attaching the complete transcript of Dr.
Long’s deposition on June 25 and 26, 2003.2 |

In support of its Response, the Staff attaches the Declaration of Dr. John
Stamatakos. The Atomic Safety and Licensing Boa;d (“ASLB”) should disregard Dr.
Stamatakos’ assertions, because he lacks the requisite professional qualifications to
testify regarding the issues raised by Coﬁtention 3. Even if the ASLB credits Dr.
Stamatakos’ statements, they should be given little weight.

In any event, Dr. Stamatakos provides little new information in support of DCS’s
Motion. Most of his declaration consists of statements that he agrees with DCS’s expert,
Dr. Carl Stepp. GANE will not address these arguments, because they are not new. To
the limited extent that Dr Stamatakos offers new facts or arguments, they are
controverted by the attached Long Supplemental Declaration.

I DR. STAMATAKOS LACKS SUFFICIENT QUALIFICATIONS TO
EVALUATE THE ISSUES RAISED BY CONTENTION 3.

Pursuant to 10 C.F.R. § 2.749(b), an affidavit submitted in support of a summary
disposition motion must “show affirmatively that the affiant is compétent to testify to the
matters stated therein.” As discussed in paragraph 3 of the attached Long Supplemental
Declaration, Dr. Stamatakos lacks any significant experience with the subject matter of

Dr. Long’s deposition testimony on Contention 3: evaluating the location and frequency

2 Both DCS and the NRC Staff have made many references to Dr. Long’s deposition
testimony. DCS has attached only the cited portions of the deposition transcript, and the
NRC Staff has not attached any pages at all. GANE provide the entire transcript in order
to provide the Board with a complete reference. Dr. Long’s corrections to his deposition
transcript are attached, in their entirety, to DCS’s Motion.
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of Charleston-type earthquakes, wave propagation in the earth’s crust, or computation of
a Probabilistic Safety Hazards Assessment (“PSHA”). Instead, his career has focused on
paleomagnetism, deformation features of sedimentary rocks, and geological perspectives
of large faults and of fault systems which exhibit both ductile and/or brittle failure. Thus,
Dr. Stamatakos has given no indication that he is qualified to evaluate the technical
information and opinions that Dr. Long has given in his deposition testimony.>

To deny GANE a hearing, based on a summary disposition affidavit by an
unqualified NRC Staff witness, would be a “harsh” and unfair remedy. Cleveland
Electric NNluminating Co. (Perry Nuclear Power Plant, Units 1 and 2), ALAB-443, 6 NRC
741, 755 (1977). Thus, his testimony regarding Contention 3 should be disregarded. /d.,
Florida Power & Light Co. (Turkey Point Nuclear Generating Plant, Units 3 and 4),
ALAB-950, 33 NRC 492, 500-01 (1991). Even if Dr. Stamatakos’ testimony is allowed
on the basis of his general knowledge as a geologist, it should be given little weight
against the particularized knowledge of Dr. Long. Carolina Power & Light Co. (Shearon

Harris Nuclear Power Plant), LPB-00-12, 51 NRC 247, 267 note 9 (2000).*

? While GANE considers the structural integrity of the proposed MOX Facility to be
irrelevant to Contention 3, Dr. Stamatakos has also failed to demonstrate that he has the
necessary professional qualifications to support his comments on the structural integrity
of the proposed MOX Facility, in paragraphs 6-9 and 12. These opinions would appear
to require the expertise of a structural engineer.

4 Dr. Stamatakos concedes that Dr. Long is “a well-qualified researcher in seismology
issues,” but questions Dr. Long’s qualifications to comment on the issues raised by
Contention 3, because Dr. Long has admitted that he is not closely familiar with NRC
regulations or regulatory guidance. Stamatakos Declaration, par. 4. As discussed in the
Long Supplemental Declaration, par. 4, Dr. Long does not claim to be an expert on NRC
regulations. He is highly qualified, however, to evaluate the adequacy of DCS’s analysis
of the seismic hazard to the proposed MOX Facility. Neither Dr. Stamatakos nor Dr.
Stepp possesses equivalent qualifications in this regard.
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III. THE NRC STAFF HAS FAILED TO DEMONSTRATE THE LACK OF A
GENUINE AND MATERIAL FACTUAL DISPUTE REGARDING
CONTENTION 3.

Assuming for purposes of argument that Dr.‘Stamatakos is qualified to make the
assertions in his declaration, he has failed to provide new facts or arguments showing the
lack of a genuine and material dispute regarding Contention 3. To the extent that Dr.
Stamatakos does offer new arguments or information, his aassertions are controverted by
the attached Supplemental Declaration of Dr. Leland Timothy Long.

A. DCS’s Historical Check Was Inadequate.

The only new information that NRC Staff offers regarding the adequacy of DCS’s
historical check on its PSHA is the emphasis placed by Dr. Stamatakos on the Campbell
attenuation relation calculation. See Stamatakos Declaration, par. 23. This emphasis is
misplaced, because Campbell’s attenuation relation is a generalized calculation for the
eastern United States that wouid not be appropriate for the South Carolina-Georgia
Coastal Plain. Long Supplemental Declaration, par. 11.

In its Response, the NRC Staff also makes the new argument that it doesn’t matter
whether the attenuation relation calculation is incorrect, because the structural design of
the proposed MOX Facility is conservative enough to withstand an earthquake much
stronger than the design basis earthquake. NRC Staff Response at 9; Stamatakos
Declaration, pars. 6-9, 11-12. This argument is without merit, for several reasons. First,
10 C.F.R. § 70.64(a)(2) provides that the MOX Facility design “must provide for

adequate protection against natural phenomena with consideration of the most severe

documented historical events for the site.” (emphasis added). This requirement is



independent of any structural design requirements for the buildings on the site. It is not
enough to guess at the risk posed by the most severe documented historical events for the
site, and then over-design the building based on that guess. Instead, 10 C.F.R. §
70.64(a)(2) specifically requires reasoned consideration of the severity of the hazard. In
this case, DCS has chosen to perform a PSHA to fulfill that requirement. As
demonstrated in Dr. Long’s September 16 Declaration, the PSHA is fundamentally
inadequate to meet the task.

Second, the Staff misuses the concept bf a conservatism. As discussed in
GANE'’s Opposition at 12, it is not possible to add a conservatism to a fundamentally
defective analysis, because there is no way to determine how big the conservatism should
be, other than to perform the calculation correctly in the first place. The design of a
major facility deserves a through analysis and update of pertinent data, not the injection
of errors of unknown magnitude that arbitrarily increase the hazard in hopes that they are
greater than the effects of the errors and omissions. Long Supplemental Declaration,
pars. 5 and 7; Long September 16 Declaration, paragraphs 9(e), 29, 57.

Finally, as discussed above, Dr. Stamatakos is a geologist, not a structural
engineer. As such, he lacks the professional qualifications to testify that the MOX
Facility is adequately designed to withstand a much stronger earthquake than the design
basis earthquake. Long Supplemental Declaration, par. 3.

B. The NRC Staff Fails to Justify Direct Application of the LLNL
and EPRI Studies to the MOX Facility PSHA.

The NRC Staff argues that Dr. Long has provided no support for his argument

that the Lawrence Livermore National Laboratories (“LL.NL") and Edison Electric Power
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Institute (“EPRI”) studies were never intended for general application, because he cannot
remember the name of the individual who told him ihat, or when. Dr. Long has testified,
however, that at the time the EPRI and LLNL studies were done, the prospective use of
the étudies concerned him enough to ask the study managers how the studies would be
applied. Long September 16 Declaration, par. 9(a)(iv). While, twenty years later, he
may not remember the name of the individuals that he consulted, he does remember (a)
that the issue concerned him at the time of the EPRI and LLNL studies, (b) that he made
the inquiry at that time, and (c) that the individuals he consulted were in a position to
know the answer. His recollection is sufficient to demonstrate a genuine and material
dispute between the parties.

In any event, even if the LLNL and EPRI studies were intended for general
application, the underlying data base has changed significantly in several key respects
during the past twenty years, and should be revised. Long Supplemental Declaration,
par. 5.° See also Long September 16 Declaration, par. 9(a)(1)-(iv). His view is
supported by Regulatory Guide 1.165, which anticipates that the LLNL and EPRI studies

will be revised every ten years. See id., Appendix E.

> As Dr. Long explains, new information about the characteristics of the Carolina
Coastal Plain shows that the attenuation functions used in the LLNL and EPRI studies,
which were taken from the interior of the U.S., do not apply to the region around the
MOX facility. /d. Moreover, much more is known today about the distribution and
magnitude of historical earthquakes. Finally, magnitude statistics are better understood
today than they were twenty years ago. Consideration of any of these factors could lead
to a higher seismic risk for the proposed MOX Facility. The critical analysis has not
been performed by DCS to ascertain the impact of these developments. Because the true
hazard is unknown, DCS does not know if the added conservatism is sufficient. Id.
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C. Consideration of Floating Earthquakes Is Justified.

In paragraphs 16 and 17, Dr. Stamatakos states that Dr. Long has offered no
explanation as to how or why the spatial variability of Kafka’s small earthquakes should
be extrapolated to include earthquakes with larger magnitudes. See also NRC Staff
Response at 10. He also asserts that Dr. Long over-interprets or even misinterprets the
results of the Kafka paper. Id. As Dr. Long states in paragraph 8 of his Supplemental
Declaration, Dr. Stamatakos’ Declaration reflects either a lack of appreciation of the
inherent scale invariance of magnitude statistics, or a lack of understanding that in a scale
invariant system, it is not significant whether the largest events are 4.5 or 6.5. Dr. Long’s
reliance on the Kafka study is reasonable and appropriate.

In paragraph 18 of his declaration, Dr. Stamatakos also states that past large
earthquakes which would be relevant to the Savannah River Site were not randomly
located. Dr. Long explains the basis for his disagreement with this assertion in paragraph
9 of his declaration. In Dr. Long’s professional opinion, Dr. Stamatakos does not have an
adequate statistical basis to support a firm conclusion that a major earthquake cannot
occur outside the South Carolina-Georgia Coastal Plain. Dr. Long does find statistically
significant the fact that tWo (i.e. approximately 33%) of the approximately six large
earthquakes in the past 6,000 years occurred in locations other than Charleston, whereas

the catalog of felt or instrumentally documented earthquakes would identify Charleston



as the only potential source of a large earthquake in that area.® Clearly, the parties have
a genuine and material dispute regarding this factual issue.

D. The NRC Staff Fails to Show That There Is No Potential for a
Large Earthquake In the Eastern Tennessee Seismic Zone.

The NRC Staff argues that in his deposition, Dr. Long did not provide any basis
for suggesting that a magnitude 7.5 earthquake could occur in the Eastern Tennessee
Seismic Zone. This is simply incorrect. See Long Deposition Transcript at 23, 92-93,
166, 207, 375-76.

Dr. Stamatakos also argues that the eastern Tennessee zone lacks any historical or
geological evidence for geologically recent, large-magnitude earthquakes. Stamatakos
Declaration, paragraph 20. Dr. Stamatakos concedes, however, that he is unfamiliar with
the geophysical structure underlying the southeastern Tennessee Seismic Zone. Thus, he
is not competent to make his assertion. As Dr. Long explains in paragraph 10 of his
Supplemental Declaration, without studying the area, one could easily overlook the
similarities between southeastern Tennessee and the New Madrid seismicity. The
southeastern Tennessee seismic zone is in a remote area where many older events have
gone undetected and a major event would likely have occurred prior to recorded history.

The lack of any historical or geological evidence for geologically-recent, large-magnitude

® These two earthquakes occurred at Bluffton and Georgetown. According to the NRC
Staff, because neither of these locations is any closer to the Savannah River Site than the
120 kilometer distance used by DCS in the modeled historic check, they lack materiality.
NRC Staff Brief at 11. While the Staff cites paragraph 25 of the Stamatakos Declaration
for this proposition, the declaration does not support, or even address, that particular
proposition. As Dr. Long states, the statistical significance of these earthquakes is that
they show the potential for major earthquakes in the region, in locations other than
Charleston. Long Supplemental Declaration, par. 9.
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earthquakes in the southeastern Tennessee Seismic Zone could simply be a matter of
timing. /d. Accordingly, there is a genuine and material factual dispute between the
parties regarding this issue.

E. The NRC Staff Has Failed To Demonstrate That Key Seismic Factors
Were Given Quantitative Consideration.

In numerous instances, Dr. Stamatakos argues that the new and site-specific
information identified by Dr. Long as missing from the LLNL and EPRI studies was, in
fact, known and included in the LLNL and EPRI studies. See, e.g., Stamatakos
Declaration, paragraphs 10, 11, 19, 21, 22, 24, and 26. See also NRC Staff Response at
10, 11. The important question in determining the impact of these factors on the hazard
is not whether they were considered in a qualitative sense, but the degree to which they
contributed to the original quantitative analysis DCS should have performed a critical
analysis to assess the significance of the new data. Long Supplemental Declaration, par.

6; Long September 16, Declaration, par. 9(a).



IV. CONCLUSION

For the foregoing reasons, the ASLB should find that the NRC Staff’s Response
does not lend support to DCS’s motion for summary disposition of Contention 3, and
therefore should deny the motion.

Respectfully submitted,

L4

/s
bxane Curran
Harmon, Curran, Spielberg, & Eisenberg, L.L.P.
1726 M Street N.W., Suite 600
Washington, D.C. 20036
202/328-3500
FAX 202/328-6918

dcurran@harmoncurran.com
September 26, 2003

10



CERTIFICATE OF SERVICE

I hereby certify that on September 16, 2003, copies of the foregoing GEORGIANS

AGAINST NUCLEAR ENERGY’S REPLY TO NRC STAFF’S RESPONSE TO DUKE

COGEMA STONE & WEBSTER’S MOTION FOR SUMMARY DISPOSITION OF
CONTENTION were served on the following by e-mail and first-class mail:

Rulemakings and Adjudications Staff
Office of the Secretary

U.S. Nuclear Regulatory Commission
Washington, DC 20555
hearingdocket@nrc.gov

Administrative Judge Thomas S. Moore
Chairman

Atomic Safety & Licensing Board

U.S. Nuclear Regulatory Commission
Washington, DC 20555

tsm2@nrc.gov

Administrative Judge Charles N. Kelber
Atomic Safety & Licensing Board

U.S. Nuclear Regulatory Commission
Washington, DC 20555

cnk@nrc.gov

Administrative Judge Peter S. Lam
Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, DC 20555

psl@nrc.gov

Donald J. Silverman, Esq.

Alex S. Polonsky, Esq.

Marjan Mashadi

Morgan, Lewis & Bockius

1111 Pennsylvania Avenue N.W.
Washington, D.C. 20004
dsilverman@morganlewis.com
mmashadi@morganlewis.com
apolonsky@morganlewis.com

Louis A. Zeller

Blue Ridge Environmental Defense League

P.O. Box 88
Glendale Springs, NC 28629

bredl@skybest.com

Glenn Carroll

139 Kings Highway
Decatur, GA 30030

atom. girl@mindspring.com

John T. Hull, Esq.
Shelly D. Cole, Esq.
Office of the General Counsel
U.S. Nuclear Regulatory Commission
Washington, DC 205552

SDCl1@nre.gov

Office of Commission Appellate
Adjudication

U.S. Nuclear Regulatory Commission
Washington, DC 20555

hrb@nrc.gov

DLl

Diane Curran
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD
Before Administrative Judges:

Thomas S. Moore, Chairman
Charles N. Kelber

Peter S. Lam

)
In the Matter of )
)

DUKE COGEMA STONE & WEBSTER ) Docket No. 0-70-03098-ML
)

(Savannah River Mixed Oxide Fuel ) ASLBP No. 01-790-01-ML

Fabrication Facility) )
' )

SUPPLEMENTAL DECLARATION OF DR. LELAND TIMOTHY LONG
REGARDING CONTENTION 3

Under penalty of perjury, I, Dr. Leland Timothy Long, depose and say:

1. My name is Leland Timothy Long. I am Professor of Geophysics at the Georgia
Institute of Technology in Atlanta, Georgia. A description of my professional
qualifications is provided in my declaration of September 16, 2003, which was submitted
by Georgians Against Nuclear Energy (“GANE”) in support of its opposition to Duke
Cogema Stone & Webster’s (“DCS’s) motion for summary disposition of GANE
Contention 3.

2. The purpose of this supplemental declaration is to respond to new information and
arguments made in Affidavit of Dr. John Stamatakos, which was submitted by the
Nuclear Regulatory Commission (“NRC”) Staff in support of NRC Staff’s Response to
Motion Summary Disposition Submitted by Duke Cogema Stone & Webster (September
16, 2003). To the extent that Dr. Stamatakos simply expresses his agreement with
assertions that previously were made by Dr. Carl Stepp, or repeats assertions that were
made by Dr. Stepp, I will rely on my September 16 declaration.

3. My concemns about the adequacy of the seismic analysis for the proposed MOX
Facility relate to the location and frequency of Charleston type earthquakes, the
propagation of seismic waves in relation to the MOX Facility, and the adequacy of the



Probabilistic Safety Hazards Assessment (“PSHA”) conducted by DCS. These concerns
were also the subject of my deposition testimony on June 25 and 26, 2003. Dr.
Stamatakos’ qualifications to evaluate my opinions on these subjects appear to be very
limited. As demonstrated by the resume that he refers to in paragraph 3 of his affidavit,
Dr. Stamatakos lacks any significant experience with evaluating the location and
frequency of Charleston-type earthquakes, wave propagation in the earth’s crust, or
computation of a PSHA. Instead, his career has focused on paleomagnetism, deformation
features of sedimentary rocks, and geological perspectives of large faults and of fault
systems which exhibit both ductile and/or brittle failure. Thus, Dr. Stamatakos does not
appear to be qualified to evaluate the information and opinions I have given in discovery
responses and in my deposition testimony. He also appears to lack the necessary
professional qualifications to support his comments on the structural integrity of the
proposed MOX Facility, in paragraphs 6-9 and 12.

4. In paragraph 4, Dr. Stamatakos concedes that I am “a well-qualified researcher in
seismology issues.” But he questions my qualifications to comment on the issues raised
by Contention 3, because I have admitted that I am not closely familiar with NRC
regulations or regulatory guidance. I do not claim to be an expert on NRC regulations. I
am highly qualified, however, to evaluate the adequacy of DCS’s analysis of the seismic
hazard to the proposed MOX Facility. Ido not consider Dr. Stamatakos or Dr. Stepp to
have equivalent qualifications in this regard.

5. Contrary to Dr. Stamatakos’s assertion in paragraphs 5 and 25, direct application of
the PSHA computed in the Lawrence Livermore National Laboratories (“LLNL”) and
Electric Power Research Institute (“EPRI”) studies to the hazard evaluation for the MOX
facility is not appropriate. As I pointed out in my September 16 declaration, the database
that was used for the EPRI and LLNL studies has changed significantly in several key
respects during the past twenty years. First, new information about the characteristics of
the Carolina Coastal Plain shows that the attenuation functions used in the LLNL and
EPRI studies, which were taken from the interior of the U.S., do not apply to the region
around the MOX facility. Moreover, much more is known today about the distribution
and magnitude of historical earthquakes. Finally, magnitude statistics are better
understood today than they were twenty years ago. Consideration of any of these factors
could lead to a higher seismic risk for the proposed MOX Facility. The critical analysis
has not been performed by DCS to ascertain the impact of these developments. Because
the true hazard is unknown, DCS does not know if the added conservatism is sufficient.

6. In many instances (see, e.g., pars. 10, 11, 19, 21, 22, 24, and 26), Dr. Stamatakos
argues that the factors listed in paragraph 5 above were known and included in the LLNL
and EPRI studies. The important factor in determining the impact of these factors on the
hazard is not whether they were considered in a qualitative sense, but the degree to which
they contributed to the original quantitative analysis DCS should have performed a
critical analysis to assess the significance of the new data.



7. In paragraphs 6, 7, 8, 9, and 12, Dr. Stamatakos asserts that the seismic ground
motion performance goals for PC-3 and PC-4 facilities like the MOX Facility are 1 x 10-
4 and 1 x 10-5, which corresponds to 10,000 and 100,000 year return periods,
respectively. In other words, he argues that DCS has built in extra conservatism in the
design, and hence the seismic hazard criteria can be ignored. I strongly disagree. As
stated above in paragraph 5, unless and until DCS makes a reasonably accurate
assessment of the true seismic hazard at the MOX Facility, it has no valid means of
determining the degree of conservatism that should be applied.

8. In paragraphs 16 and 17, Dr. Stamatakos states that I have offered no explanation as to
how or why the spatial variability of Kafka’s small earthquakes should be extrapolated to
include earthquakes with larger magnitudes. He also asserts that I over-interpret or even
misinterpret the results of the Kafka paper. Like Dr. Stepp, Dr. Stamatakos either does
not appreciate the inherent scale invariance of magnitude statistics, or he does not
understand that in a scale invariant system, it is not significant whether the largest events
are 4.5 or 6.5. Kafka’s study is a study of statistics of earthquake occurrences. It points
out that the fraction of new large events outside of known seismic zones in any region
can be quantified. In my professional opinion, it is reasonable to extrapolate Kafka’s
results to what they would be if he had a complete catalog for a long time period
including the Charleston Earthquake. Kafka evaluated such catalogs for other areas with
similar results. It is not necessary to consider a specific hypothesis and its converse to
see that earthquake statistics like these simply demonstrate that in any area, a certain
percentage of the large earthquakes will occur in new areas. If the proportion of new
epicenters for large events occurring in a region is different from the proportion of events
assigned to the background zones (or the equivalent of background zones) in the studies
by LLNL and EPRYI, a critical assessment of the impact of these statistics should be
performed.

9. In paragraph 18, Dr. Stamatakos states that past large earthquakes which would be
relevant to the Savannah River Site were not randomly located. In support of his
position, he cites the fact that the approximately six magnitude 7.0 earthquakes that
occurred during the past 6,000 years happened in the South Carolina-Georgia Coastal
Plain. I do not think such a small data base affords a basis for a firm statistical
conclusion that a major earthquake cannot occur outside the South Carolina-Georgia
Coastal Plain; nor do I find there is any statistical basis for concluding that a large
earthquake could not occur outside the South Carolina-Georgia Coastal Plain. I do find
statistical support in the fact that two (i.e. approximately 33%) of the large earthquakes in
the past 6,000 years occurred in locations other than Charleston. The catalog of felt or
instrumentally documented earthquakes would identify Charleston as the only potential
source of a large earthquake in that area.

10. In paragraph 20, Dr Stamatakos states that he is unfamiliar with the geophysical
structure underlying the southeastern Tennessee Seismic Zone. Without studying the
area, one could easily overlook the similarities between southeastern Tennessee and the
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New Madrid seismicity. The southeastern Tennessee seismic zone is in a remote area
where many older events have gone undetected and a major event would likely have
occurred prior to recorded history. Thus, Dr. Stamatakos does not have a valid basis for
his conclusion that a large earthquake is unlikely in the southeastern Tennessee Seismic
Zone. The lack of any historical or geological evidence for geologically-recent, large-
magnitude earthquakes in the southeastern Tennessee Seismic Zone could simply be a
matter of timing.

11. I disagree with Dr. Stamatakos’s assertion in paragraph 23 that the Campbell
attenuation relation would be appropriate for the Coastal Plain of South Carolina. The
Campbell attenuation relation is a generalized calculation for the eastern United States.
The geological characteristics of the Coastal Plain of South Carolina are notably different
from the major portion of the rest of the eastern United States. For example, the
thickness of the crust in the Coastal Plain is only about 30 km, in comparison to an
average thickness of 40 km for the continental eastern United States. As discussed in my
September 16, declaration, crustal thickness and structure have an effect on attenuation
relations.

) .”;:'.; """"" / »;;j',‘/ P
o '»'/’//
Leland Timothy Long
September 24, 2003 :
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Deposition of Leland T. Long, Dr.

= In the Matter of:
Vol. 2, June 25, 2003

Duke Cogema Stone & Webster

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
ATOMIC SAFETY AND LICENSING BOARD

In the Matter of :
DUKE COGEMA STONE & WEBSTER : Docket No.:
' : 0-70-03098-ML
(Savannah River Mixed Oxkie " ASLEBP No.:
Fabrication Facility) . 01-780-ML

Washington, D.C.
Wednesday, June 25, 2003
The deposition of DR. LELAND TIMOTHY
LONG, called for examination by counse! for
Plaintif! in the above-entitied matter, pursuant to
Notice, in the offices of Morgan, Lewis & Bocklus,
1111 Pennsylvania Avenue, N.W., Washington, D.C.,
cornvened at 9:41 a.m., before Cathy Jardim, a
notary public In and tor the District of Columbia,
when were present on behalf of the parties:

APPEARANCES: -
On behall of Georglans Against
Nuclear Energy:
DIANE CURRAN, ESQ.
Harmon, Curran, Spieberg & Eisenberg
1726 M Street N.W.
Sulte 600
Washington, D.C. 20036
(202) 328-3500
©On behalf of Duke Cogema Stone & Webster:
ALEX 8. POLONSKY, ESQ.
DONALD J. SILVERMAN, ESQ.
JOHN E. MATTHEWS, ESQ.
Morgan, Lewis & Bockius
1111 PennsyNania Avenue, NW.
Washington, D.C. 20004
(202) 739-3728
On behal of the Depariment of Energy:
JOHNT. HULL, ESQ.
U.S. Nuclear Regutatory Commission
Office of the General Counsel
015 D21
Washington, D.C. 20555-0001
(301) 415-8554
Also Present: JOHN M. MCCORAGHY, JR.
LAWRENCE A. SALOMONE ’
CARL STEPP
JEFF KIMBALL
JOHN STAMATAKOS

Page 1
ge Pago 4

t PROCEEDINGS
12 Whereupon,
1) DR.LELAND TIMOTHY LONG
] was called for examination by counsel for DCS and,
151 having been first duly sworn by the notary public,
te] was examined and testified as follows:;
m EXAMINATION BY COUNSEL FOR DCSW
) : ' BY MR. POLONSKY:
© Q: Just for everyone’s reference, we have
1o drinks on the end. Feel free at any time to get up
111 and help yourself. If we need to take a break, we
12 will take 2 break. _
13 My name is Alex Polonsky. I am with the
p4 law firm of Morgan, Lewis and Bockius, here in
(1 Washington, D.C. We have been retained by Duke
e Cogemaz Stone and Webster, LLC to represent themin
117 the mix oxide fuel fabrication construction
181 authorization licensing request before the NRC's
1g) Atomic Licensing and Safety Board.
r20) 1am going to refer to my client as the
121) DCSW. I will refer to the facility as the MOX
122 facility and the construction authorization request

CONTENTS ‘
EXAMINATION BY COUNSEL
WITNESS FOR DCSW
LELAND TIMOTHY LONG
By Mr. Polonsky 4
EXHIBITS
LONG DEPOSITION MARKED
No. 1 230

Page 5
(1 as the CAR.
12 Could you please identify yourself for
13 the record by name and address?
#; A: Leland Timothy long. I work at Georgia
151 Tech,Atlanta, Georgia.
1 Q: You have been already sworn. Do you
m vnderstand that your testimony is under oath and
@ that you have been sworn to tell the truth?
o A: Yes.
pa  Q: Iwillbe asking you a series of
111 questions today relating to Georgians Against
(121 Nuclear Energy contention number three entitled
113 inadequate seismic design. For purposes of the

- |ng deposition I will refer to Georgians Against

115; Nuclear Energy as GANE.
ne  So the court reporter can create a clear

"lnn record, we should not talk at the same time so 1

ng would ask if you wait until I am finished, and I
ng will do my best to wait until you have finished
{20 your response. Also, please give a response orally
1211 as opposed to physical gesture. :

2z If you don't hear a question, please say

Min-U-Script® " (3) Page1-Page5
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i1 so.I will repeat it again. If you don’t (1 carthquakes. Californians seem to explain
1z understand a question, please let me know. I will @ earthquakes without having faults as blind faults
@ rephrase it. If you realize that an answer that @ or pethaps they didn’t map the fault.
@ you gave earlier is not accurate or complete for @ Inthe east, it seems just about
® any reason, please let me know. I will be happy to 15 everything is a blind fault or an intraplate
{6 go back and revisit that question or that response. 1@ setting. Everything seems to be a blind fault.
m  If you want to stop to take a break for  They tend to occur in areas very often where
@ coffce or use the restroom, please let me-know and @ historically seismic hazard hasn’t been observed.
@m wewilldoso.. - - o oo @ Although paleo seismic data today seems to indicate
1o If I ask you a question and you don't . poy that areas of — many areas of large earthquakes
(1) know the answer or you do not recollect the - - * | have had pre:historical seismicity.
(12 necessary information, just simply say that.. -~ . . - lva  So what do I think are the main theories?
013 Ifyou answer my question, I will assume . . ... .. - ‘|na In the Charleston area, in the New Madrid area, my
114 that you have heard it and that you understand it. - (141 opinion is that the area has experienced a local
08 You can talk to Diane, your attorney, but I would ' {51 weakening of some type and that local weakening has
(e ask that you finish your answer, if there wasa .- . '[ne resulted in a deformation or compression of the
117 question pending and that only after that, youcan * . |un crust, earth’s crust, that creates a stress’
(1 confer. ' e pg amplification in the stronger portions of the ¢rust
g Do you understand the instructions? pe and that stress application is failed in an
= A:Yes,Ido.- - . reoy earthquake. It is failed perhaps because of stress * -
2y Q:Isthere znythmg that-would prevent you . |en amplification but also perhaps because of weakening -
rza from testifying fully ind accurately today? - Peos {rea along new or perhaps existing zones of weakness or
S Page 7 Page 9
m A:No. 1 fractures. That theory has been expounded in a
@ Q:Arc YOU fCClmS well? - - @ couple of articles that have my name on them.
@ A:Yes. : ‘ v @  Iwill have to admit that that theory has -
4 Q: Are you taking any mcdxcanons that would 4 not been entirely accepted, although I believe a
@ impair your ability to tCStlfY today? - .. 15 number of studies are coming closer to it. -
@ A:No. U @ Q: Could we go off the record.
m Q: Do you understand that, dunng today S m  (Discussion off the record.)
@ deposition that you are speaking as GANE's .. . " BY MR. POLONSKY:
@ proffered expert? - ' ®m Q: The question on the table is what were
na  A: I am speaking as an expert on thc seismic . ti0) the three most viable hypotlieses for explaining
11 conditions or evaluation. S (11 intraplate earthquakes. I believe you have
02 Q: Regarding intraplate seismic theories, nz identified, and correct me if I am wrong, the
113 what do you think are the three most valuable - {13 theory that you believe is the most viable
114 hypotheses for. explaining the origins of intraplate i14 hypothesis.
vs) carthquakes? : ns)  A: That is correct. I have identified that
ne  A: That is two questions, What do I think (18 theory for major earthquakes. I have another
17 the scientific community considers the three most (17 theory for minor incidental earthquakes that are
e and what do I consider the three most. I have one pg very shallow.
119 theory. Scientific community has a bunch of pe  Q: Let's stick with the explanation for
20 theories.The paradigm that comes out of o) major earthquakes. You stated it is not entirely
{211 California is that faults exist and they create 211 accepted. Do you mean in the scientific community?
129 earthquakes.That is the standard explanation for @2 A: I mean that people don't reference it and
Page 6 - Page 9 (4) Min-U-Script®
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(11 they coatinue to try to explain major earthquakes

@ by associating them with active faults.

B  Q: Are you aware of any other paper that.

u) references your theory for major intraplatc

51 earthquakes?

e A: I have not checked the refcrcncc mtanon

r index on that. , S .

@ Q: Would it surprise you if thcrc weren't

1) any articles that referenced your —
por A: No—
1 Q: It would not surprise you if there were ‘
(121 none — [ am sorry. Let rephrase the qucsuon
13 Again, for the court reporter, if you wouldwaxt R
114 until 1 am done. . ‘ \
ps A Iwouldbcsmpnscdifthcrewcrcno -
11e) references to it. | -
pn  Q: Soyou believe thcnc arc aruclcs out .

(1) there thatrcfcrcnccyour,thcox_jxonnnjlpr' ]
(+9) intraplate earthquakes?.. =~ . | R .:,1-,,.~
, :{ieat other than your theory, the theory you just -

2o A: Yes.. et
g1 Q: Who would thosc aruclcs bc authored by" R
22 A Iwouldnogknowlwol;ldhavcto Ce

Page 12 -

111 equally apply to Charleston?
1  A: Primary reason is that it is 2 high

‘| @ stress event, that it is a small focus area, that

i there is not 2 pervasive fault that exists in spite

51 of numerous attempts to identify an active fault in.
# the region.The scismicity".in that area from

m after-shock studies generally defines 2 volume or a
18] curve surface of failure, not necessarily a linear |

1 o surface, and that in general, when one looks at the
. {po distribution of seismicity in areas like , - - .
-1} Charleston, then you see a volume of activity that,

112 when you look at the seismicity in New Madrid, you

-]y do identify a number of failure zones or faults, .

i {1 that failed in the Iarge three or four earthquakes

.. -+ |51 that occutred in 1811 and *12,The failure zone in ,
- jna the New Madrid area is generally explained by

{0 traditional mechanisms, by the failure of the -

[1e) faults under intraplate stress.
ps;  Q: Are there other viable theories out there

je1} identified, associated primarily with New Madrid?

=s|ka At You used the term viable.The Lawrence

m spcculatc onthat. . . e et
.| '@ multiple hypotheses and there are lists from viable

2 Q: What are the most vxablc hypothcscs chat o

@3 are out there for explaining origins of major |,
(4 intraplate earthquakes that the scientific . . ., . = |
" : =] 19 and this was 10 or 20 years ago, I was proposing

~| j&1 that one viable hypothesis is that matric materials - -

1si community stands behind?. S
6 A: We will restrict this to the eastern = - ‘.~ " :
@ US.— .

18] Q: Yes. - . P )

9 A: Forintraplate. Most of thc theorics o .
1q that have been developed revolve around ideas thh -
(11) respect to New Madrid seismicity and thatis .

112 generally accepted as a fault zone that has .

13 repeated carthquakes.The belicf in general is

114 that there exists for many of these earthquakesa.
15 fault which is considered a zone of weakness in the
(g crust and that the stresses accumulate and are.

117) released along that fault. That is the major idea,

pg) that stresses increase and cause failure along an
(19] existing zone of weakness or fault.

ra  Q: Is there any reason why you don't believe

(1] that the theory you just discussed which, as I .
=) understand it, is not your own theory, would not -

[T Page 13

‘1 Livermore/EPRI studies went through multiple,

‘Bl to the absurd and where you want to draw that line - .-
1) is very questionable. I'would say, inthose days, -~ - .

Sm were of higher elastic strengths than others and in-
te] 2 compressing crust they would contract or
1) concentrate stresses. [ would not today say that . - -

+ |poy was a viable hypothesis. Another viable hypothesis

(1 associated with those earthquakes is that the

[n2 earthquakes occurred along existing edge faults. .

113 That has been proposed by many people in those days
(141 but I would not say that that was viable today, and

5] none of the seismicity nor the characteristics have

ne) shown a correlation. There dre many, many

11 Triassic-base edge faults without earthquakes.

p8) There are many hypothesis. We could go on all day, -

(19) as the Lawrence Livcrmore/EPRI studxcs did, atgumg
20 hypothesis.

2y Q: Iappreciate you identifying for me the

2 inappropriateness of viable.
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m What weight would the scientific
@ community place on the second theory you discussed,
@ the theory focusing on New Madrid and the repeat
) earthquakes being associated with some type of
5 fault condition?
# A: I'would say there are two groups, those
( that believe there is something mechanically going
@ on with the crust in the New Madrid area and those.
@ that still accept the California paradigm of an
1oy active fault being responsible for earthquakes. I
o1 think U.S. Geological Survey personnel are to some
112 extent still doing models on — based on active —.
113 an active fault or fault zone that fails and trying
(14 to explain the motion.There are a couple of |
{15 instructors who have — investigators who have
(e taken — have looked at the data from New Madnd
17 and said there are anomalous features that pprhaps
11a) suggest that the zone is 2 zone of weakness.and not
19 one of a fault response. And like the word viablc;.: -
feo) there is a gradational zone between investigators - :
21 fromone polarization to the other. . .. . |
@3 Q: You believe that some scientists are in

i’age 15
¢ thc mmpthatthcrc is a California model that | |

@ earthquakes — sorry, fauits cause carthquakes and

@ that the USGS is primarily in that camp, ..

@  A: I would say many investigations ixi.Ncw o .
© Madrid that come out of the USGS are in that &mp v
@ Iam not saying that all of the individuals in USGS
® Q: Would you say that the USGS — let me -

@ back up.Are you familiar with the USGS seismic

rg hazard maps? .

my  A: Yes. L .

(12 Q: Are you familiar with the 2002 revision

113 of those maps? .

(19 A: Not in detail but I have lookcd at them. -

(s Q: Are you familiar with the 1996 maps?

e A: [ have looked at those too.

tn  Q: Would you say that the 2002 USGS hazard

s maps follow the California model for New Madrid?

f19  A: The USGS maps are — the Lawrence

200 Livermore studies pulled in a lot of information on

12n proposed and hypothesized mechanisms with experts

(22 varying from a large earthquake can occur anyplace

-|'1m something like that. So they represent — they are

Paga 16

{11 for any reason to very specific zones, other

{2 experts saying very specific zones were

(3 responsible.There was a lot of ambiguity in

4 accepting this multiple hypothesis. USGS pethaps

151 were developed from the fact — from the

e observation that many scientists were not content

@ with the 1960-70, Elgin Mercer risk maps which were
i based on fairly distinct zones which — in 1960 the

(9 zones were not well known so some of those zones

. lua have turned out to be unrealistic by today’s

+{t11 seismic standards. So USGS maps were developed
. |uz based on purely seismicity, existing earthquakes,
1113 so they represent a point source for New Madrid

114 because that is where the earthquakes occurred. A
ns) wider zone around there, where carthquakes

e occurred, Charleston is a hull’s eye on the map.in .

1171 South Carolina, because that is where most of the

o 18 earthquakes have occurred, not all, but most. So .
.{t19 the USGS hazard maps are based to a large extent

teq primarily on existing knowledge of seismic

-l21 carthquakes and also knowledge. of earthquakes that

{23 are above magnitude of three, three and a half,

Pags 17

‘13 based on earthquakes and seismicity that is

3 reasonably well'documented by eliminating smaller

[ magnitudes, they eliminate the possibility that in

[5) many areas of the country the smaller quakes have

& not been documented to the same extent as they have
 been in others. _ -

/B  The 2000 maps represent improvements in

| @ their knowledge of things like attenuation and

tig seismicity. The 2000 maps included an
(111 Ackerman/Boore relationship, which is perhaps a
12 little more appropriate for the eastern U.S. than

113 the earlier attenuation relationships.

[14} (The witness consulted with counsel.)

sy THE WITNESS: Atkinson. Excuse me.Iam

18] not sure I know an Ackerman.

o BY MA. POLONSKY:

g Q: The New Madrid seismic source zone,

{19] again, you stated that there was a California model
{z0] that faults cause earthquakes and that there was a
(1) second model for explaining the origins of

22 carthquakes in that area and that would be

Page 14 - Page 17 (6)
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(11 anomalous in the crustal structure. Is that an
{2 accurate statement? '
i A: Anomaly in the physical properties of the
@) crust in the area, yes.
5 Q: What weight would the scientific. , o
{s) community place on the theory of anomalies in thc -
m physical properties in the crust for New Madrid -
ts} originated earthquakes? ‘.
© A What i§ my opxmon as to the sc:cnnﬁc
(19 commumty? o .
m1  Q: Of course, what is your opinion.
na  A:lcan'tsay whatthey wouldsay. I - . .. .,
1t3) always — and obviously my view of whatthe. - ... ;- .
114 scientific community thinks is biased by my own-.
115} opinions so that is not an easy thing to judge. . -, :, -".-
11e) This has to be 2 pure guess.I'would sayatthis. .. -, .
n7) time it is‘on the order of 25 percent. I would say. - -
{1 that is up from what it was somctime back. - . ,, s
ne  Q: So in your opinion, approximatelya-:- 1w 7.
o] quarter of the experts, seismic experts out there, .1 .., -
1 would say that the origin of New Madrid earthquakes- ..,
@2 is from anomatly of physic;il properties of the . . ... -

SRR (1]
{1z on that, He retired a few years ago. He hasn’t

(L]
Rt potcnual for the occurrence of a large to major
~{ng earthquake? - * N

e
ez ofama)or&fﬂlquakc’ SR

L Page 20
11 United States, have looked at this problem over a
2 number of years. :

{@m Q: And where do you believe Perdita Uani

@ falls in that camp?

B A: Ina concentrated zone.

© Q: That would be the anomalies in physxcal
1 properties? . - ‘ -
@ A:1don't know if he understand that but he
@ believes in the concentrated zones. s
Q: And Gil Bollinger?’ '

L] -
A: I don’t know exactly where he would stand .

i

113 seen the latest data. I think he would be

+‘Ing concentrated zone and I believe it is anomalous -
* :|ns) features that develop over short time penods that.
ne create thcsc ‘earthquakes. - :

Q: What data-would you need to evaluate the

woy  A: With the occurrénce ofa =~ = .
Q: Let me back up. Whatisyour definition -

Pége19 Co
«. | m  A: A major eafthquake is ah earthquake that ..
* -.|.@ ruptures at depth with significant fault sizeto = - -

2 A: Wehave a problem with experts.Because: .
{o] experts can be seismological experts but they may . ..
t41 know about Turkey earthquakes and they may not know.. ,
ts1 about intraplate or eastefn earthquakes .If you - :
te] pick experts, you would say fault méchanism is the
@ ideal. If you take Eastern United States experts, - -
ts) you would get a larger percentage. *
o1 . Q: In your opifiion what percentage of . -’
no experts with expertise in Southeastern Usiited® -
[#1) States seismicity or central and eastern seismicity -
(2] would say that the physical properties —
ta;  A: Ithink we can count the experts on the
f14) Southeastern United States on one hand.
153 Q: How many are there?
ne;  A: Well, I think Perdita Uani, Gil
1171 Bollinger, myself and that is about it.

ey Q: Who was the second one?

e A: Gil Bollinger.
ro Q: And yourself?
@1 A: Yes.There are people who have

©2) concentrated their studies on the Southeastern

Page 21

@ cut across the major strength on the U.S. across,
1. which is anywhere from five to 15 kilometers.So

“1i| we are looking atan &tthquakc with séismic fault
| 8 of anywhere from five o 15 kilometess. - :

7 Q: What moment magnitude Would you consider
] a major arthquake? R -
@ A: Knees type of carmquakcs — the crustal -

" “|no conditions that support these types of earthquakes
* {111 would imply earthquakes of magnitude of probably

1z five, five and a haif and above.There isa very

' |na well known Gutenberg-Richter recursion relationship
- {i14) that says if you have an earthquake of magnitude

18] six, you have about 10 magnitude fives, 100

"lne) magnitude fours, so other levels of seismicity will

1171 be observed in general in seismic areas. We are

pe talking here about what is the Iargest earthquake
ng) that could be suppoftcd.

rg  Q: Maybe you are going beyond my question.
1} I was just asking for your definition of what major
122 earthquake means to you?
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m  A: My definition of a major earthquake may
{21 not — you can define it many ways.
@  Q: Iam just asking for your definition.
#  A:Iconsider a major earthquake one that
19 actually occurs in a portion of the crust where it
18 can break the earth’s crust and so we are looking
m at a mechanism and size of event that could support
8] a very large event even though a major event for
1) that area might be smaller than the very-largest.
no  Q: Iama little confused by your answer.
01 Is there a simple way of bounding, what you consider
pa major?
(13  A: My definition is based on a mcchamsm and
14 not a size. FN .
1 Q: Your mechanism is a crustal break bctwccn
ve five and 15 kilometers? .
tn  A: We didn’t dclvc into the smallcr )
1y earthquakes for which I said I have anothct thcory,
119 Ibelieve in the Southeast, what I have observed is )
1201 that we have many earthquakes that occur that are
@21 very shallow, half a kilometer to one kilometer.
2 Other people locate them as deep as four or five

Page 23

3

m kilometers. So we probably max out at magnitude of |
2 five, five and a half. . _
m  Then there are areas in the Southcastcrn ,
w United States, like Charleston, New Madtid, not :
i Southeastern but Southeastern Tennessee seismic
6 zone where we have earthquakes that occur in the
m depth range of four to five kilometers down to 15
@ and in some cases in Southeastern Tennessee the
® zone is as deep as 25 or 30.That indicates
(1o seismicity which.can go through the earth’s crust.
o1 It is not a surficial feature and I would say a .
(2 major carthquake can occur in any zone where we
na have earthquakes occurring at substantial depth,
4 and that a major event to me would be one that
115 actually ruptures the crust with a substantial size
e of the fault zone being five to 15 kilometers, I
17 believe I said.
rs  Q: Iam going to hold off on additional _
119 questions of Southeast Tennessee and take you back
(20 to your theory of minor earthquakes. What is your
211 hypothesis for explaining minor intraplate
123 earthquakes?

Page24

11 A: Many people associate minor seismicity
2 with dams in the reservoir and call them
B reservoir-induced seismicity and very often that .
(4) seismicity is expunged from the catalogs as not
151 being representative of tectonic events. My
181 indication is that reservoir-induced seismicity and
m many of the earthquakes we see in the Georgia,
8] Piedmont and all the way up into Virginia and New
= England, where the crystalline rocks crop out at
19 the surface, many of these earthquakes are due to

- - [n1 movements on existing faults, and that that
-~ 11z movement may be triggered by some mechanism

{13 involving fluids in the rocks. There have been

'[9 many pertubations on the theory, most of them

15} relate to the same mechanism for reservoir-induced,

- |ue) in part, that the fluids increase from the
{!n reservoir, that puts pressure on the falls so

18) fractures scparaung thcm, causmg them to weaken
ney andfail. - -
o Q: At'what depth are these carthquakcs

{11 occurring, in yout opinion?
12z A: The distribution of earthquakes I have

Page 25
11 observed, and I believe I have adequate seismic
[2) coverage, are in the range of .25 to 2 kilometers..
B Most of them .5 to 1 kilometer, and I think I could
14 argue that everybody who finds them dccpcr doesn’t .

-| 11 have adequate station coverage.

@ Q: What is in your opinion the perception of

{7 your minor earthquake origin theory? - -

@ A: Those that recognize that there is a.

9 difference I think accept it.Those that look at

1o seismicity and say that is an earthquake, probably
111 don’t go far enough into it to decide whether they
121 accept it or not.

3 Q: Would you say your minor earthquake

14 theory is well accepted in the scientific

(15 community?

e  MS. CURRAN: I am going to object because

117 I think Dr. Long has alteady told you that requires
118 him to speculate and I think you are asking him to
(19 speculate about what other people think.

120) BY MR. POLONSKY:

2y Q: I would like an answer. You can answer

22 the question.

Page 22- Page 25 (8)
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i A: In my opinion by the time I finish

121 publishing the papers, everybody will agree, :

@ doesn’t mean they will agree with every earthquake

) but they will agree on the mechanism. :

s Q: Doecs this minor theory work only where .

i there are crystalline rock crops out at the

m surface? . A

® A: It workswhere thcre are fractures of .

@ crystalline rocks with fairly — rocks of faitly
10 substantial strength. : - .
1 Q: The crystalline rock docsntmcanto — ..
na A: It doesn't need to crop outatthe . -
113 surface. I think the induced seismicity in Denvcr
14 was fluids pumped into crystalline rocks in the
its} basement and there the fluid pressure was increased . . ..
ve significantly, triggering the sequenceof .., = .. .,
17 earthquakes. - | - v e
neg  Q: How is lncrcasmg flmd pressurc
(e occurring in your opinion between 0.25 and 2 )
1o kilometers other than 2 man-induced fhnd pressurc?
@y A: Rainfall. Rainfall and time variability;. .
22 in the fluid conductiveness of the rock, the -,

Jun into account in the hazard compuitation. -

w f‘lB]
*+ »fpe based oft 5’(1uc'stibxilaskéd'a long time, and I have - -

Page 28
(1 fairly confident about. :
22  Q: Can you identify for me the specific
@ things that you believe are lnadcquaté in the MOX
@ Facility? ‘
i1 A: One of the things that they have done is -
1 to accept that Lawrence Livermote and EPRI
M evaluations for the site. It is my opinion that  *
i) the attenuation relationships that wete used to
1 derive the hazard should be updated. I think that
no the studies, Atkinson and Boore and hér more recent

.- {1y studies, document what I have felt for a long time, " -
~. . = juza and that is in the distance range of around 100

- ing kilometers, the so-called mobile bounce post -
‘|lng critical reflection enhances the amplitude of

11 vibration, and that was not taken into zccount in
(e the hazard computation, at least not propetly taken *

It has'always'been my understanding, -

fo) forgottérl who, that the individual sites that were

P m) analyzed by Lawrence Livermore/EPRI as test sites -
E 122] were never mcant to be used for citing puiposes,

(1) ability of the rock to transmit fluids.. . .~ ..: ;| . ., .
@ Q: GANE contention three is entitled. - i .., . .. .
p) Inadequate Seismic Design. Do youhaveany . .: . ... .
1) opinions as to how the seismic design of the MOX .. . ... |
1s1 Facility is inadequate? L L SN

tef A: Sounds like the whole contcnnon.What L FR
71 did is I looked over, in the limited time I had,I. . ... ...,
= looked over the design or set up the analysisand .. = :.
1 have stated opinions as to whether the techniques . -,

1oy that were used represented either the most recent -

1y developments in understanding or whether they were - .

1121 in some way — under estimate or over estimate the

13 hazard at the site. I found, as the contention Ve

{14 states, that there are 2 number of issues that lead - - -

11s} to uncertainties and to conclusions.

ye)  Q: Are there any other issues in your

17 opinion of where the MOX Facility scismic design is

pe) inadequate other than that stated in the contention -

(9] or in interrogatory responses?

poy  A: Iam sure that a qualified person dealing

@21] with various aspects of analysis could find that.

2 I have only tried to emphasize those that I felt

P P Page 29
i they weére meait largely as z test, that anyciting’ - =

-| 12 should be done in the future by considering local" -

@ conditions, local propertiés, and a more detailed
i analysis of Both thé seismicityand the =~ -5 5 . -

18 transmission in that féatare. Idontbchcvcthat R R
“1 {5 was done in this'cise. ' : . ) s

‘';m Q: Regarding EPRI and Livermore studies, do* -

1 @ you have any other issues of how they were used in'
ol incorporating the seismic design of the MOX -

noy Facility or in generating the seismic dcsxgn of the '

t11] MOX Facility? o :

vz A: Let me see if T understand that. It is -

113 my understanding that the results of the

g EPRI/Lawrence Livermore studics were accepted with
p1s) the hard rock spectral propcmcs, and thcn the

nie} amplitude was fixed, 2G— = -

wn  Q: Iamsorry, I can’t hear you?

nag  A: The amplitude was fixed at .2 Gs,is my -

pne) understanding. I think to the extent that they

20} actually used those studies — the question is is

121) the .2 or the value that comes out of the EPRI and

22 Lawrence Livermore studies appropriate and whether
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it is appropriate or not would depend on whether a
revision or update of seismicity and attenuation
relationships indicated that it was appropriate.

Q: Are there any other opinions that you
have as to how the seismic design of the MOX
Facility other than the Livermore and EPRI studies
used inappropriate attenuation and they should be
updated using Atkinson and Boore?

A: A supplemental check study was the
propagation of the Charleston earthquake to the
site. That study utilized a crustal model which
was derived from.an old study by Hermann.The.
crustal model that Hermann came up with does not.
apply to the path of the Charleston site. Hermann
came up with a two-layer crustal model based on
dispersion data which really is an average of .
distance from Bowman — excuse me, there was a.
Bowman earthquake used, from the Bowman central .

—
-
=

structure varies significantly and when yon avcrage
it out, it looks like a two-layer crustal model but -
there is not a two-layer crustal model either

area 1o the Atlanta scismic station and in crustal . .. .,

Page 31

anyplace along the line. It is a fact that the . . | o
crustal thickness varies. So the model reallyofa ...
two-layer. model is not appropriate. .

When propagating, using the theoryto |,
propagate waves through a two-layer model, it
disturbs and perturbs the attenuation of the
distance functions and I believe in such a way that
it would have released the amplitude of the mobile
bounce and put in longer amplitudes and shorter
distances.That is a relationship which should be
checked by using a proper crustal model, not.
speculating. ‘

13 Q: Do you have any opinions as to any othcr

14 inadequacy in the seismic design of the MOX

18 Facility other than what you have just told us?

pg  A: Lots of small details here. I think I

1171 would want to go through the contention point by
119 point and look at it to see whether — what those
(19 issues were in detail. There are small details

t2g like how many earthquakes are there at Charleston
{21 of large magnitude, where could a Charleston type
(25 earthquake occur, is it limited to Charleston or in

U]
4]
3]
“
]
0]
m
[

&)
19
)
12
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(1 a significantly long time period in the future
a1 could one occur some place else, the probability of
@ that, I don’t know has been fully addressed. I
|4 think there are a lot of details but most of it

| =1 falls in the category of what I am talking about.

©  (The witness consulted with counsel.)
m MR.POLONSKY: Diane, is there a document
@ I should bring out?
@ MS. CURRAN: I wrote some words on a
(101 piece of paper to remind myself.
ny  THE WITNESS: We mentioned earlier that
(12 the national seismic program produced maps and I

- ln3 believe the numbers that come out of that are

{14 somewhat higher. I would have to refer to the
(15 actual map to se¢ what the numbers are for the
ite] area.The letter you wrote stated -~ 379(g) and
117 the numbers I obscrvcd are bctwccn .40 and .60
{1g contour lines. C

pe  Q: If you could just clarify. USGS numbers?

g A: Those numbers are the two pcrccm

(21] probability in SO years.

{2 Q: You are referring to tl}c return period?

Page 33
‘m A: Yes. :
.[2] Q: Do you have any other concerns with USGS
3 other than return period? :
4 A: The question you asked is do I have
51 concern with USGS maps other than return period?
|l Q: Let me rephrase. I am sorry. Do you
m have an opinion as to how, looking at the seismic
@ designs of the MOX Facility, the USGS suggests some
®m inadequacy other than an inadequacy in the
1o development of the return period?
nq  A: USGS is a different type study. Itisa
12 purely seismically controlled — historically
{13 seismicity controlled, without speculation on
1141 whether events have occurred over long time period
115) or whether they could occur in other areas.The
t1e] utilization is something like — it is possible.
1171 There is a study by Kafka in New England that
18] looked at a number of occurrences of the larger
ng earthquakes and found that the existing seismicity
120y was able to predict — not predict, but to provide
(21 a good estimate of what 70 percent might occur. 30
22 percent occurred in areas where there hadn't been

Page 30 - Page 33 (10)
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1) any historical seismicity there. So. that is a
[ statistical property of the seismicity that the
@ USGS had not incorporated in and could have been = ..
#) incorporated in the MOX study.
m  Q: I understand you have now identified an »
] issuc that you believe USGS could have considered -
m somcthing but my question was whether DCSin .
] preparing the seismic design for the MOX Facility
@ should have contained anything and you have
ro identified return period. : 0
pnn  A: Ithink the design for the MOX Facxhty : ,
12 should have been based on a recomputation of the . -
v3) hazard for the site using up-to-date attenuvation . - . |
t14) relationships and the best estimate of the secismic
115 rate of occurrence, and I think the USGS studyis ;. .
e really based purely on — almost entirely on ;' s
p7) seismicity and on attenuation relationships which . ...

1ie1 other two studies of attenuation relationships that:- .-

pay were used. : P L
ey Q: Dxdyoumcanto saythattthSGSsmdy o

@2 is — R I T T s

. Pagse 36
11 technique, it may not be appropriate for a specific
@ area. Specific areas may have sufficiently
2 anomalous features to cause a change in what the
) estimate should be. ‘
MR. POLONSKY: Let’s take a short break.
(Discussion off the record.)

(Recess.). : . :
BY MR. POLONSKY:

i Q: Before we broke we were discussing GANE °

E 333

(16 contention three and its title, Inadequate Seismic - .- - -

(11 Design. Everything you have listed so far where

: |tz you have ah opinion as to how it is inadequate -~ -

na) appears to'déal with what is commorily referred to -
14 as the desigh basis earthquake or the spectral

* - |ng shape that was generated for the facility. Do you':

~ |ne have any opinion whether there are any inadequacies -+

- .|lun in the design other thari in the design spec?

ve are one-third Atkinson and Boore and two-thirds the ,. . .

- |us propagated from the base of the sediments to the . -
1oy surface.l have not addresséd that because I don’t

5 izﬂ feel like I am an ‘expert and I also understand that

{22 the variability and the constants and the programs -~ -

18 A:Thete is 2 big issue of how the waves are - -

: " Page 35
t11  A: The USGS study used attenuation ot
@ relationships that were one-third Atkinson Boore »
@ and two-thirds other — the original — the _2000” et
) USGS study was one-third Atkinson/Boore and . . -
ts} two-thirds relationships used in the *95 study,and ...
(61 in my opinion the study for the region, where the,. - ..
71 Charleston earthquake should have used aipast, C e
tg] specific attenuation relationship which ‘would have. . :, -
= been similar to the Atkinson/Boore but should have . .. -
o] been corrected and adjusted for very likely - L
111} possibility that the mobile bounce is going to give: - - -
112 you a larger signal. For seismicity inthe other .. - .. .
113 direction, which is probably not as significant,a - :
n14) different attenuation relationship should be used.
f1s)  Q: So you disagree with the way USGS was -
16 preparing for the 2000 maps because they used.
17 one-third Atkinson/Boore and two-thirds other
{1g) studies left over from the 2000 maps?
e A: Idisagree with using their maps for a
g specific site, when their technique although
21 appropriate for getting an estimate for the whole
1221 eastern United States, was an appropriate

Page 37
i are such that one can gét 2 large vatidtion in - oo

| ra numbers and Téouldn’t see there was anything:

{3 substantially incorrect aboiit the way'it was done. -
“  Q: Are you referting here, and tell me if I-
s am reading into thls thc issue of hqucfacnon in .

| 161 soils?

“lm A Ihadn 't thought oflxqucﬁxcuon Iwas

| @ thinking of the generation of surface motion from -
| = the base. Liquefaction is an issue of its own. It :
‘o is usually limited to shallow layers and requires

11} an understanding of the conditions of the materials -
11z and thcnr specific typc and that is not information

113 T have gonc mto
mg Q1 thought we had an dagreement that we had

‘Ing withdrawn that and I wanted to make sure that when -

(161 you wcrc discussing propagation from the base to
un the surface, that you were not still saying ~

pg) that liquefaction is not on the table.

pe  MS. CURRAN: I think we can stipulate

{201 that it is not on the table. He is tryingtobe

{21) responsive as an expert.’ '

22 MR.POLONSKY: I am trying to make sure I
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1 understand when you say waves from the base to the i program and in the definition of the velocity
@ surface, you are discussing how it was propagated @ structure to where I didn’t feel I could contribute
@ to the surface and not liquefaction. @ to it. I know that some studies were done with
H BY MR. POLONSKY: @ observed data. I don’t know that those results
51 Q: Do you have any challenge to the vertical 15 were included in this.
i spectrum? @ Q: In this, are you referring to the surface
m A: No,Idid not look in detail at the [ spectra? .
& spectrum, or variations in the spectrum. @ A: Inthe surface spectra, yes.
®  Q: Do you have any plans to look at the @ Q: Do you have any concerns at all with the
1o} vertical spectrum? 110} shape or wear — let me ask it in parts.
t111  A: Not on my own.As a request, pcrhaps . ' {m1 Do you have any concern with the shape of
12 but not on my own, oo . |02 the surface spectra for the MOX Facnhty’
vy Q: Have you been rcqucstcd as of today to. ‘|t A: In general, no.
t14) look at the vertical spectrum? P ¢4  Q: Do you have any concern with where that
v A: No. 1151 shape was anchored at deep ground acceleration?
pey  @: Do you have a concern with the bedrock . pe  A: With amplitude, yes. We anchored the
17 spectra at the MOX Facility? . S |un shape at a given amplitude. -
s A: Not really. The spectra itscif is fairly r  Q: What was that amplitude?
ng generic. I think the concern is with the . . . .. ~|us  A: My undetstanding was it was anchored at
e amplitude, not the spectral shape.The. factors . 9 .2 hard rock and it was at a given frequency. I
@y that will affect the spectral shape are the stress . lzn would have to look it up.
23 drop from the Charleston earthquake, or the major #a Q: When you say .2 hard rock, what do you
Page 39 Page 41

i carthquakes and the attenuation,along the path. I
g didn't see anything in there that was terribly out |
@ of line. I think that the path, propagation path, . -
4 the geometrical attenuation could be a concern but
[ that relates to the amplitude and not the spectral
|6 content.
m Q: When you sandyou did not see anythmg in
@@ there that was terribly out of line, you are
® referring to the bedrock spectra?
png  A: To the spectra, yes. o
un  Q: Do you have any concerns regarding the
11z surface spectra of the MOX Facility?
pa  A: Ireally didn’t go into detail on that.
(19 Again, the reason for that was to propagate from
(15 the base to the top contains a lot of assumptions
(16] about the base properties and although I could have
117 looked at that, I did not. A complete analysis of
118 that would require one to look at the propagation
n9 through the sediments as well as the vertical
(201 response from the typical program like SHAKE. I
21 believe they simply used the SHAKE program in that.
(22 [ think that there is enough ambiguity in the SHAKE

(1} mean?

@ A: The amplitude as defined by the

1 spectral — the probabilistic seismic hazard

4 assessment for-hard rock conditions.

5 Q: Would that be also at bed — when you

161 state that it is 0.2 G hiard rock, are you referring

m to where it was anchored at bedrock or at sutface
e because I was referring to the surface spectra and
o Iam confused — -

poy  A: I have always been confused because

(1) engineers talk about hard rock being something you
(ta can’t pound through and scismologists think of hard
13 rock as the seismicity. I am not surprised you are

(14 confused.

ns My first reference is when I talk about

e hard rock it is at the base of the sediments but

pn that I understand is not necessarily correct in

(1g) this context so I have to say oops, I am talking to

19 engineers as well so I have to say that is the

{20} position at which the seismic energy would be — it
[1) is the position in the column where the seismic

22 energy would represent a sort of pseudohard rock

Page 38 - Page 41 (12)
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(n response as defined by the — both thc

2 EPRI/Lawrence Livermore and USGS. All of those

@ have hard rock definitions. Where that occurs in

@ the column, I am not too sure.

51 Q: Let me go over basics at the Savannah

i River Site. Are you aware there is approximately

m 1,000 feet of soil sediment?

B  A: Yes, coastal plain sediments.

@ Q: Are you aware that thcrcxsathousund ,
no feet of sediments between the surface in the Farea
(11} and where we would refer to as bedrock? .
1z A: That is approximately correct. - -
ny  Q: When we refer to the sutface spectrum, . .
114 are you referring to the top.of that thousand foot .-
118 layer of soil? . P
e A: Yes. L Cpate -
nm @ thnyourcfcrto hzrdtock condmons, cee
i1 are you referring to somewhere around the bedrock? .
A: Somewhere around the bedrock orup-inthe. . -

nel

g sediments. © - . .- .. e
py Q: ButsomcwhcrcbclowlOOOfcet— ST R
ez A: Idon’t know about thousandfcctbm_ LR

11 below the surface. —
12 Q: Would it be many hundredsof feet? ... . .. ..
31 A: That would be a2 thousand.I would have

[4 to talk to some engineers and say wheredoyou . .. J a

ts think the hard rock is and where does it occur,and. -
{e] that definition is different among the two groups = . .. .
mofscientists. - . - . Lo s L el
1 Q: Go back to the surfacc spcctrum You
ta) said, I think, that you don't have any concerns | ;-
nq with the shape of the surface spectrum but that you
11] have a concern with the amplitude of that spcctrum
12 is that correct? P .
s A: Ihave a concern with the hard rock .
14 spectral amplitude. I haven’t gone into details of . -
is propagation from the base to the top, to know
e} whether the shape or amplitude of the surface.
(171 spectra is appropriate. I haven't stated an
{18) opinion on that. -

el Q: Do you plan to do any work —
pa  A: No. ;

21 Q: — to have an opinion —

r2  A: Not unless asked.

-J118)

S Page 44

m Q: And have you been asked?

@ A:No. :

@ Q: What do you belicve should be the

w amplitude for the horizontal surface spectra?

© A: Not having done it it is hard to say what -

i) it should be. I have looked at the engineering

m studies in many cases and typically they use a

) program like SHAKE which vibrates 2 column-of

@ sediments to come up with the surface and they put
1o everything from the real surface on down and:the .

"l results come up very often with almost outlandish -

12 vibrations at the surface which will get wiped out

- " |os during construction.The question is where is the -
¢ [n4 relevant motion and how much should it be and -
i . '|ns without running numbers and putting in
. |ng qualifications, I couldn't'tell you. - - °

7 Q: What studies have you'done to provide -
t1g] assistance to GANE ‘ini this dontention? ¢ '

+ i|ng  A: Actual studies have been limited. Most =~

|0y of the work has simply been taking overthe — I " -
. {n think the first one was prepared by soméone ¢lse ~
|jea and T went thioughi those concerns and gave my

o Page 45
i1} opinion'to GANE asto ththcr thcy were: hppropnatc o
pormot. - : ‘ ~ e
<] (The witness consulted with éounsel) *
@ THE WITNESS: Is that the interrogatory’
. | answer, IF'believe, 1 was referting to? The first = =
{5 interrogatory was not somcthing I put together.So” "~
m most of the work — I have not done computations - ©

| @ for this. I have simply looked at the datz and

@ expressed opinions based on my experience and

*lna background, I guess back-of-the-envelope

p1 calculations I have done, but not actual analyses.

va ~ BY MR. POLONSKY:
‘|na  Q: You started off by saying actual studies

(14 have been limited. That implies that you have done
(151 some studies. What are those studies? '

A: Later on I said I'have done

171 back-ofthe-envelope studies. 1 have done a lot ‘of
(18] studies but not with respect to this specifically

p19) and I'have been able to draw on those to say

20 whether or not the contentions were viable.

en  Q: What kind of back-of-thc—cnvclopc studxcs

221 have you done?
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A: Just estimating numbers and
calculations — by that I mean just small
estimates, nothing that involved computer
simulation.

Q: When you say estimating numbers and
calculations, we have spoken a lot — spoken about
many different types of relationships —

A: 1 can give you an example —

Q: I would actually like all of the
examples; if you could recall them?

A: There is no way I could recall all the
examples.This has gone on for a year or two, at

W

do back-ofthe-envelope calculation you don't ...
necessarily keep track of it. One example is when
I looked at the 1995 Atkinson/Boore article and . .

looked at their.observed attenuation relationships

and at the end of the article they plota

curves which has utilized by the USGS.Then if you
look at the 100 kilometer distance range you sce a
note — that they note in the article that there .. .

Page 46

various times. This is not something — whenyou _

-8
|ue a student that just came out which actually
.l reinforces the attenuation relationship for eastern

comparison data thh their composite or thcorcncal

Page48

1 paperwork I have done has been submitted as part of
1z the documentation to GANE or as part of these
(@] interrogatories.
@ Q: When you say back-ofthe-envelope and I
{5 mean someone takes a piece of paper, they write
ts1 down what they are doing. Did you, at the time you
m were doing these calculations, put down with a pen
@ or pencil, whatever medium, on to a written piece
@ of paper?

g  A: In some cases, but that paper, usually,

- {11y because it is back-of-the-envelope, is thrown away.

Q: Did you retain any of those?

ny  A: No.

neq  Q: Is there anything that you intend to rely

15 upon for your opinions that you have reduced to
1g paper that is not already contdined in an

(17 interrogatory response?

A: There is a recent article byAtkmson and

12

21 U.S. that contains this normal amplitudes at 100
22 kilometers.

are some anomalous features there, that the.

two to a factor of four above their theoretical -
curves. . » e
Q: Have you documented any of your
back-of-the-envelope calculations?
A: No.That is why they are
back-of-the-envelope. o
Q: Are they recorded in paper form anywhcrc7
A: Probably not.
Q: Do you intend to at any point to put them
12 to paper?
113 A: None of them were extensive enough to
{14 warrant publication and that would be putting them
115 to paper, yes.There are a number of things that
16 have come out of this that I think probably should
111 be published.
(s Q: Are there any back-of-the-envelope
p9 calculations that you have done, in the literal
(200 sense, without meaning publications, have been
1219 reduced to a piece of paper?
@a A: All of the documentation — all of the

[19)
m

Page 47 |

amplitudes that are observed vary from a factor of

Page 49
(1 Q: And you intend to rely on this paper for
{2 your opinions in this case?
m  A: Yes. Solomon, L.R. Solomon.
Q: Where is that paper published?

[}
® A: Seismological Research Letters.
{®m MS.CURRAN: You can have a copy; if you
m would like.
18 "~ BY MR. POLONSKY:

@ Q: Have you begun any studies other than

g back-of-the-envelope calculations to support GANE
{11 in this contention?

1z A: Specifically at the request to support

133 GANE, no. My wotk over the last 20 or 30 years has
114 involved these topics and in most cases it is not

115) something I needed to do.

te]  Q: Briefly for the record, since you brought

(17 up your background, could you provide for us an
118 educational background, briefly, from college to

19 the present?

o) A: Okay. My undergraduate is in geology at

{211 the University of Rochester in upstate New York. I

1221 have a master’s degree in physics from New Mexico

Page 46- Page 49 (14)
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i Tech where I wrote a thesis on — New Mexico
12 Institute of Mining and Technology, full name,

B where I wrote a thesis on seismic noise, largely .
# from trains and trucks, and I also did work there.
15 on micro earthquakes, small earthquakes in the
1 seismic zone and on recording of larger mine . . |
@ blasts. . ,
18] I went from there to Oregon State where I : ‘
ts worked with Joe Burke.This was on — my thesis
ig at Oregon state was on transmission and attenuation
{11 of seismic waves or P waves in distance range of.

1121 100 to 300 kilometers — excuse me, 100 to 600 .

119 kilometers.

[14) I went from there to Georgia Institute.of -

1151 Technology where I have worked on all aspects ¢ of
(te] scismicity and coastal structure inthe - . .., .. .
1171 Southeastern United States. . e,
e,  Q: What year did you graduatc from -— your S
ne Ph.D.? : o TR
Ro A: Imllhavctocountback '660r 671 e
re1) forget. I went to Georgia Tech in °67 and I think e B '
123 the degree was formally — I formally graduated in.

-4y
"7 e
e

+ '|1e) was to learn more about. propagation so one could
g detect niclear'éxplosions. ¢ : :
{em  Q: When you sawaave,:sthat shortfor

e Page 52
11 We looked in detail at the wave form and the
2 character of the P waves as it propagates away from .
13 the nuclear test site. One was in new Mexico, and
4 the other in Nevadz, and 1 related the travel

| 19 times — I related the character of the arrivals to
| te1 the attenuation — absorptive attenuation in the .

m crust and to the geometrical spreading in the -

te] crust,and I came up with a gradient model for both

191 the crust and for the lawyers below the Moho, which
tig I felt explained the propigation much better and I

> loy used various computer programs that I wroteto - ..
* ln21 generate attcnuauon versus ‘distance functions for -

" |pg those, ¢ ¢ ,
Q:Veill = e
A:VALA. © 7 R
Q: What is that? -

wn  A: It was'— the mamthmstofthcpmgmm

R T N

1) primary — "

Pages1 IR

(4 June of thatyear.: - .. ..~ - .,;‘_(“,_._,,_,,;'w
2 Q Is:tcorrcctthatyourmastcrsthcsm

[3) was on seismic noise? ..., - ¢

;1  A: Ground noise, yes, micro seisisms. i

151 Q: You said Jargely from trains and trucks, . _
ie; were any of those from actual earthquazkes? », - - ..
n  A: My research assighment there was to work - 1,
18] with micro earthquakes.I have a paper on that
5] showing reflections from an intermediate level in ;. -

1o the crust that we discovered for the first time. I,

111) was able to document that there was in fact a magna .

(12) chamber down below the Rio Grande River.. .

13 Q: Your Ph.D.,is that the looking at

{14) seismic attenuation of P waves in the rangc of 100

1] to 600 kilometers?

ne;  A: Yes.
173 Q: Can you give a little more detail about
18) that?

e  A: We had 2 number of refraction lines from

o] nuclear tests. They were — I'was supported by the
1) VALA uniform program for a year or two and we had
22} data recorded by the USGS along refraction fines.

T

|«

o lea A: Pr;;mry‘cor'nprcgs‘ioqﬁwave;f T

Page §3
Q: And my understanding is that is the ﬁrst '
' wave to hxtarecordmginsttumcnt? St
@ A: Yes. It is thé fastest. CLE e
Q: So you came up with a gradient model for
‘51 both the crust and the layers below ‘What vvas that:

[8] model? e
lm  A: What was it? T had two.One forNew = ' © * -
1 ® Mexico and one for northern Nevada, and in the New

1 Mexico one, it was fairly flat Jayer, but in Nevada

- “jiioy it was basin layer which has 2 fairly shallow Moho

1) and then at the end it thickens.A gradient model -

- {12 layer — 2 gradient model is one in which the

13 velocity is 2 function of depth: So it increases

114 gradationally with depth.The program you ail -
15 used, the Hermann model used constant velocity
p1e) layers which is an approximation to whatis -
1171 actually there. I justified the gradient model on

(18) the basis of the amplitudes and the arrival time of
119 the waves.

P9 Q: What do you consider to be fairly shallow
11 for depth of the Moho?

2z A: In continental areas in the area of 18 to

Min-U-Script®

(15) Page 50 - Page 53



Deposition of Leland T. Long, Dr.
Vol 2, June 25, 2003

In the Matter of:
Duke Cogema Stone & Webster

Page 54

m 20 kilometers. 50, 45, 55, is fairly deep.
Q: What would the SRS be?

2]

@ A: Around 30, 30 to 33.

4  Q: Somewhere in between shallow and deep?
57  A: Yes. Closer to the coast it gets a

i) little bit shallower, 28, 27. )

m  Q: What exactly does a degree in geophysics

(8 give you as it pertains — .

@ A: Besides 50 cents and a cup of coffee —
o Q: As it applies — I will narrow the
question. As it applies to the seismic design of
any building, let’s keep it that simple.

A: A degree in geophysics like many degrees

depends on who you work with and what your
experience is. In geophysics, it implies that you
have developed a background which includes
understanding many aspects of the earth’s — -
physics of the carth, extending from the coreto
the very shallow surface but most importantly you .
should understand the principles that are used to
explore and study the earth. So I have had course . ', \
work and training in the magnetic field of the ‘

oy
12
03
14
11s)
(18
07
(e
19
120)
21
22

Page5s |

carth, in the gravitational field of the earth, L
have done some work with gravity data and in
seismic training you have interpretation of seismic
refraction data, theory of wave propagation or
theoretical seismology so you get a broad ‘
background and depending on the institution you may
have more exposure to the engineering side. At
Georgia Tech there are many engineers working there \
so I have had more exposure there than I did for my
degree.

Q: Have you written any papers or reports
that specifically relate to nuclear regulatory
requirements governing seismic design?

A: In terms of the requirements, no.Almost
all my work has dealt with the science, not the
regulatory — or regulation side.

Q: Have you written or published any papers
or reports that specifically relate to seismic
design of nuclear facilities?

A: | probably have participated in a number
of them. Some may or may not be available. I have

&
19
(L}
1
13
[14)
019)
[e]
0n
(18
9
20
[21)
22

=

1012
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(7 Environmental Services.They have prepared
@ documents which I have contributed to concerning
{3 the citing or the various aspects of a number of
14 nuclear facilities in the Southeast, either
© proposed or constructed. It would not be possible
(6] to give you a list of those.
m Q: Would it be possible for you to just
e identify in your work through Law Engineering
9 Services the facilities that you assisted in
110] preparing seismic design or seismic hazard for?

11 A: Some were small pieces of work. Some

112 were larger. Plant in south Georgia. I did an

113 early refraction survey to give them sheer wave
114 velocity. I believe it was a large bar in

1115 Tennessee where I did work with them on trying to

1e) interpret — this was the definition of a

.{un consulting job, actually. They had not — I could

ns not get the right answer so the night before they
119 called me in and said, you have this data, we need
{20 the report tomorrow and the problem was in that
21} area the layers are tilted at a 45 degree and they

~Jtezy were looking at cross whole data and they couldn’t

Page 57

{1 figure out why the velocity was different in one

@ direction than the other and the engineers didn't
] know what to do with the material where you have
) velocities being different. They said we want a

ts1 sheer wave velocity, not two of them. But I did

-1 18 the engineering. Law Engineering did a number of

1 reports for Duke Power which I contributed to for
181 the siting.

@ Q: What was your role for the work done by

1oy Law for Duke Power?

A: Mostly as a seismic consultant.

Q: That is very broad?

1131 A: Yes, it is a very broad topic and the

p4 questions were very broad. Sometimes it was

115 regional seismic. Sometimes it was solving a local
[16) problem like a cross whole study. Where you drill
(71 two drill holes and you shoot across to see if you
(1) can get the velocity. There are a lot of problems

19 associated with that and sometimes the engineers
[20p use a calculator with limited precision and you get
[21) strange answers.

()

over the years been a consultant to Law

22 Q: For any of those facilities, cither Duke

Page 54 - Page 57 (16)
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1w Al havc used 2 simple refraction

tn Power or southetn Georgia, were you involved at all

21 with the seismic design of any of the components or

3 the building itself? -

4  A: Not the design of the components of thc

t5) building itself. I have been asked about problems

te7 a couple of times but I refrain from engineering .

 aspects of seismic design. .

| Q: Were you asked or have youdone '

@ engincering aspects of seismic design at any time
1o} in the past? ‘ .
i1 A: No, not really. . : C
itz Q: Any other work othcr than the work,you
13 did for Duke Power, the facility in southern . T
114 Georgia and Watts'bar? . - . - SRR ST
s  A: With respccttofacilmcs,thatls : T
pe) probably it.That is 2 big area and thatismy* .~ ., . ;
(17 area of experience. I wouldn’t be expectedtodoa .. .-
1g) scismic study outside of the area. .. .~ .- | fl.“
ey Q: Do you belong to any professional - | .. -« .- .
{20) societies that relate in any way to seismic design ... . ;. -
1) of fcilitics — that are specific to seismic . :
2] design of facilities? . - . g

T3

~ |2 courses do'you currcntly teach?
o _A"Il_:avcwtaught_gux_tcafct_;‘rOnarcgti_lar'-_'-' R

Page 60

2 seismograph on that project — actually put the
1 whole thmg togcthcr rather than pay 15,000 for a
4] new one, : C
55 Q: What other research aré you currently
i involved in? ST
m  A: At this point that is my major project.’
@ 1have other work going and other interests. I
o have an interest right now on a DARPA-sponsored
no project for — trying to describe this —asa - - '

‘.l censor unit mcludmg a scnsmograph
oz :

B (LK)
.- |41 Research Projects Agency. That is armed forces; '

" pg and 1 have an interest going now in what we refer'
..Ing to as educdtionial sc:smology, Progranis to'put

{nn scxsmogmphs in lugh schools and if you go on the

-luer Web site you can sce recommcndanons for various

Q: Did you say — -
A: DARPA, D A R PA, Defense Advanced

o) sclsmogrzphs a
ey  Q: You sayyoutcach and do research.What

LN

PageS9 | ¢ - -
j basis I teach the seismology'course. I have taught-« -

11 A: Idon't believe so.Seismological . ;. .- , .,

= Society of America.All seismofogists prctty much . . Lo
b - (31 have taught invérse theory courseand next fall I

3] belong to that. - e e

w Q: Havcyoudoncanyconsulunngthtespcct T S

is) to NRC requirements governing seismic.design?. - ;...

ie) regulatory end. :
o Q Whatnsyourcurremtitlc?' R T R
tioy  A: Professor of geophysics. Lk
(13  Q: What are your duties and rcsponsxbilmcs et
2] in that position? s
A: Teach and research. = L :
4] Q: What research are you involved in? .
#s]  A: Right now my major point is tomographic -
f1e) conversion of sutface waves for shallow —
1173 detection of shallow structures..
pey  Q: What is tomographic conversion?
193  A: It is what we use to — if you have data
120o) outside of an area, you use tomography to get an
{21] image of what is inside the area.
22 Q: What equipment is used to get that image?

3]

- @ Q: What is inverse thcory’
&) A: Idon't believe so.Again, I have stayed -~ = . .. . .
) pretty much on the science end of it, notthe > .+ .o .1

"[10]
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(21 exploration gcophys:cs I have taught — lately 1. -
t9 shall for the first'titi¢ teach beginning gcology

t1  A:'That rcragcs to the theory behind
1 everything scientists do'— all the computations

] scientists do to convett datatoa model Not all--

T
.

@ our studehts take it.’
Q: How long have you held that posmon asa
(1) professor?

nz  A: About 2 thn'd of a ccntury about 34 35

(13 years — 36 — :

i4q Q: What was your position before you were a

111s) professor?

ey A:Iwasa rcscarchv assistant with Oregon

‘|t State University and working on my Ph.D.The List

118 year of that, year and a half, I spent in

19 Alexandria, Virginia, at the nuclear test detection
{20 contracting people.

1 Q: You went straight from —
2z A: Basically I went from Oregon State to

v
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111 Georgia Tech.

@ Q: When did Law Engineering occur in that

@ timeframe? _

m  A: A gentleman who is now up at the vice

51 presidential level took my seismology course the

(8 first time I offered it, first or second year. 1

@ gave him a D.I don’t know if that was a mistake

@@ or not but he hired me. L

@  Q: So the consulting that you have been
0] doing for Law Engineering has been while you have
(111 been at Georgia Tech? 4
na  A: Yes.
139  Q: And what period were you doing that
engineering consulting for Law Engineering?

A: Up to about seven or eight years ago. It

[14)

L]

(15
ite) is off and on. Consulting is off and on.
011 Q: Have you done any consulting in the past '
p8) five years? o
ps;  A: Yes.
e Q: Who for? _ L,
@1 A:Ithink I have that list. I will try
22 to —
Page 63
1 Q: Is it on your biographical sketch?
@  A: Yes, it should be.There was a mine :
@ collapse case in Alabama. It would be on a '

14 scparate listing of consulting activities.

51 MR. POLONSKY: Off the record.

G (Discussion off the record.)

m  (Recess.) . ‘

@ . BY MR. POLONSKY:

@  Q: For the record, we are looking atan _ )
o attachment to GANE'’s second supplcmﬁntal response

to applicants first set of interrogatories. It is
entitled biographical sketch of Leland Timothy Long
and we are on page five. Is that right, Dr. Long?

A: That is where it is listed.

Q: You were saying — we were tﬁlking about
some of the consulting projects you have done in
the past five years?

A: Yes.The first one listed under
consulting projects is the location of a mine
collapse in Alabama.

Q: And that says for litigation?

A: That has actually settled.

m)
(13
{13
[14]
(15
(16}
[17
(18]
[19
(20)
[24}

22

Page &4

{1 Q: What was that case about?

@ A: There were two — the mine was using a

@ long-haul technique at a couple thousand feet deep.

4 That technique, if the rocks don’t agree with the

is1 theory perfectly, can create earthquakes of

sj magnitude three, three and a half, and there was a

[ restaurant located fairly nearby that claimed

18] damage from the earthquake, and rather than admit

@ fault and pay for damage, the coal company wanted
(10 to prove that it wasn’t their mine that was causing
(1] the earthquakes. I used a location technique which
12 1 am actually preparing for publication to show
13 that the events actually occurred at the mine and

[n41 they were very likely responsible for the damage.

1s] They finally settled probably for more money than

- {ne it would cost to rebuild the restaurant.

Q: Who did you do the work for?
A: It was a lawyer, Lighthouse, Incorporated
or something like that. I would have to go back to

(17

n9)

o] check notes. .

21  Q: Do you recall the law firm involved?
22 A: No.There were actually two firms.The
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name was Slotnicky.
Q: And do you recall his first name?

U]

| = A: No.Something like Joe. .
41 Q: When did you do this consulting work?
55 A: That went over about a two-year period.
G Q: From when until when?
m  A: Up until about a year ago that it

settled.

Q: Where was this located in Alabama?

A: North Birmingham, in the coal mining
1) district. Restaurant was on one of the reservoirs.
12  Q: What was your role in the case? Wete you
(13) designated an expert witness, were you an expert
14) for both parties?
ns  A: I provided an analysis of seismic data
e and a report showing a location of the
11n earthquake — of the event that caused damage. So
na I provided evidence for the fact that this was —
(191 in essence this was a mine collapse event, and that
120 it occurred at the time the damage was incurred and
(21 that it was located at their mine site.
2  Q: Did you provide this analysis for the

Page 62 - Page 65 (18)
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{1 plaintiffs in that case?

@ A: Forthe restaurant, yes.

@  Q: Who was seeking damages?

“ A: Yes.

s Q: Was there an expert that rcprcscntcd the

te; other side in that case?

71 A: Yes.They had someone — I d1d not

18 interact with them and in this case I didn’t

{51 evaluate his work. 1 provxdcd dam Iwas dcposcd
1o] on that, :
1) Q: Do you recall tbe name of the pcrson Who
112) provided analysis for the other sxdc in that case? T
it A: No,Idon't.” ’ : Co
neg Q: Wasita person you were famihat thh at . e
05 the time? - R L
ne  A: No. ST T
171 Q: Were you dcposcd as an cxpett witnessin.{7
i) that case? o C we
wer A:Yes. - oo TR e e ey

roy  Q: How much were you paxd to prcparc your ..
e analysisinthatcase? -~ -~ . - s N T

ra A Iwouldhavctogobacktorccordsto PR

Page 68
11 referral or calling up and asking. I think in this
2 case because I have data from Georgia, a lot of
1 people just to see whether there is data there.
# Q: And then Burrell, how did you come to be
© contacted in that case?
© A: 1had done a number of ‘consulting jobs
m with a gentleman who used to be at Georgia Tech who
1] worked in acoustics and he was called in on that
® case and he referred me to them. ‘

"l Q: And who were you provndmg cxpcn

o1 analysis for, Burrell or — o
"uz  A: Burrell.

EE 13 Q: How dxd you dcscn'bc Burrcll etal, what -

(14 are thcy"

lng . A: Burrell wasthe pcrsonin chdrge ofthe’: + . ¢+
" e organization, Waldon County Envxronmcmal Group

“fpn Q: What did you do for them? “ ok

“lne  A: I provided an estimate of the size blast

" Ipe) vibtations that would be created by a proposed -

‘liee) quarry and I provided z critical analysis ofd **

*lien teport from the quarry’s consultant. ~ *

“fga . Q: And what were your conclusions?

Page 67 | " -
1) give you an accurate figure on that. = i .. o anrae o

@ @: Do you have a guéss or an estimate? -+
@ A: Itis the same rates we have liere. Total
{4] project was anywhérc from three to 8,000.8ome

5 place inthat range.” - - o s e
e Q: thnyousaythcmmcmtcsashcrc what A
71do you mean by that? - - - o0 d i

@ A: Hourly rate. ) ,
o Q: Whatis your hourly tate? - -~ i v o,
poy  A: 200 for deposition, 100 for analysis and
{11) preparation. Relatively cheap. T
21 Q: In the same second supplemental response,
t13] you have identified Burrell, et zl., versus Rahaise 1
4] 2and Hanson Aggrcgatc as anothcr case whcrc you were
[1s} an expert? : ;
te;  A: That is the Waldon County Environmental
v73 Group.
pey  Q: Let me take you back to the Lighthouse
ns; case. How were you first retained in that case,
o] how did they learn about you? ‘
1) A: Iam pretty well known. It was a case of
2) contacting — finding the Web site. Either by

‘ Pags 69
tn  A: That the consulmnt from the quarry had o

tz) not properly analyzcd data and gmssly

p] underestimated amplxtudc ''''''

(_41 Q: What was the Gutcome ofthat msc" P

1@ A:Ido notknow.

1 Q: Still going on?

1m A:Iwould have to ask.1 don’t know.I
1 s testified inJanuary ata heanng That was to be

-} ® continued and I have not been contacted.”

‘lvg  Q: Before whom did you testify, agcncy or '
{11 court? '

iz A:Itwasin downtown Atlanta at a court!
(i3] That would have had something to do with the
114 licensing bureau and I don’t know the exact name.

s I'would havc to go ‘back to papers on that.

e  (The witness consulted with counsel)

yn  A: She pointed out that this testimony was

118 September 25 on that. It was to be continued in-

9] January and was not. o

20 Q: Thank you for the clarification because

121 the interrogatory response shows September. Have
27 you provided any deposition testimony or otherwise
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since January 1, 2003?

A: No.

Q: How much were you paid to provide
analyses for Burrell?

A: That is also on the order of three to
8,000. ‘

Q: And were the same rates in effect there?

A: Yes. .

Q: Were you in fact actually paid those
amounts from that organization?

A: Yes — one exception to that.There is
one small bill that I wrote off. Under »
questionable circumstances the building they were
trying to preserve was burned down and at that time
I said, this kind of ends it so forget it.

Q: And you wrote that off?

A: Yes. . .

Q: Other than these two events, after 2000, '_ L
were there any other instances where you have been
deposed? _ .

A: I believe that is it, for depositions.

Q: Other than these two cases, have you ever

1

(20
(21
[22]

. Page 71
provided testimony in any forum, court, agency,
legislative body? -

A: I have provided a number of reports which
have gone into the record, and I did provide a
court appearance carly in the '70s on a mine
collapse location.

Q: Let’s start with the Court appearance in
the 1970s for the mine collapse. Can you tell me
more about that?

A: This was also a long-wall coal mining
operation that was a case where a house had been
damaged by some of the resulting events and I was
snuck into town right before the hearing, provided
testimony concerning the fact that the seismic data
indicates that the mine was responsible for these
particular events, that is, the data I had located
the events at the mine and that perhaps more
importantly the size of the event was sufficient to
cause damage and then I left. I had also prepared
a report for that.

Q: This was while you were at Georgia
Institute of Technology?

Page 72
m  A: Yes.
2 Q: Why did you agree to provide that
[@) testimony?

41  A: I was doing research in the middle of
51 having to do with location of regional events and
s computing their magnitudes and I was the
(7 appropriate seismologist. I was recommended for
{8 that position by a gentleman at Virginia
9! Polytechnic who retired at that time. I was
g recommended for that position by a2 gentleman at
(111 VPL, Virginia Polytechnic Institute, a state
(12) university.
1y Q: Were you paid for that?
114 A: Yes, and I have no idea of the amount.
1151 Was I paid enough? Probably not.

el Q: You also said that you have submitted

1171 some reports that have been used by an agency or
n1g legislative body. I don’t want to misquote you but

1191 you indicated in answer to a question have you ever
r20) testified before 2 court or legislative body, that

t21) you had prepared reports. Can you explain that?

22  A: I have been involved with environmental

Page 73

(1] impact statements. -

@ Q: In what role?

@ A: My master’s thesis was on seismic noise

1 vibration and there was some concern in Atlanta
55 when they were planning a new freeway called the
5] Stone Mountain Freeway that the vibrations from
i vehicles on that highway would be detrimental in
(e particular to a telescope that was operated by a
@ science center. So I was brought in to give them
(0] an estimate of the magnitude of the level of

(11 vibrations and the potential detriment to images
(13 and visual capabilities of the telescope.

par  Q: Other than the environmental impact

119 statement for that road construction in Atlanta,
i) any other instances?

ne)  A: That led to eight or 10 very similar type

(17 studies, all very, very much alike. Probably the

(18] one that was the most fun was the impact for the
f1s Cape Canaveral site for vibration, to ride around
120 in elevators in the swamp and make some

[21) measurements.

22  Q: All of these were in relation to the

Page 70 - Page 73 (20)
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in environmental impact — : © | 11 Web site you will see a paper that is emergency
@ A: Of ground vibration generated by trucks, {2 managers guidance to earthquakes in Georgia. That
@1 vehicles, trains, et cetera. -+ | m was prepared with their assistance.
1 Q: And when was the last time you providcd 2 . . |w Q:DOE,project evaluation for bore hole
& report for that kind of work? A - | m geophysics. Can you give me a timeframe for that,
it A: Probably mid '80s, late ‘80s.That was _ o & first — again, mid to — dccadc would be
n written in a2 small paper in my biographical sketch . . m sufficient? . ,
{5 there — the results of most of those studies. . - |m A: Quarterof the fast ccntury Probably in
@ Q: Other than two instances, you haven't - . .. @ the '80s, I guess. .
o actually testified in-court and those were in 1970~ . o Q: What is that study? °
11y for a mine coliapse and one of the most recent. . .. - . tn  A: Where they bring in the principal
(12 litigation where you provided court testimony? . - .. . (12) investigators and they give a song and dance and
vs  A: Incourt,yes,two. Deposition, for - . .. . © . Ly the evahiators say whcther thcyarc doing what tth
(14 Lighthouse, before we wentto court. .. .. .. pg should be'doing.  + - L,
ps  Q: And you were not deposed in the Burrcll s o fns Qs Were these for specific structures that -
e case, you just went straight to the Court, . ; . --|ne were being constructed? e o
w7 proceeding? . . . v i A: These were for projects which are
ve  A:Thatisright.. . . - ., s, ng developmertal idess. Basxc rcsmrch Not spcc:ﬁc .
ng Q: szcyoupmvidcdanyhndofsupponto fwooon {ne projecs. - Ce g L
o GANE in the past other than in connection with this . . . |,  Q: GEMA, estimation of scismic hazard, what
Ry proceeding? * . oo T iriices i vy by was the timeframe for thaf? C SRR
pg A:iNo. ~ i v v et e AcIthink the GEMA 'work started in the imid
: Pags 75 |. Page 77
tn  Q: Have you provided any supporttoany . - . ....... | '80sand every couple, thrce years, would do a :
rz individual opposed to constructing any kindof = ... .. .. @ little more. R
t3 facility other than the ones we have mentioned? L B Q: When is the last time you did anythmg
4 A: Idontbelicve so. - v el a | g for GEMA? e )
15 Q: Let's go back to your. consulung projccts Lo B A: Forpay? ‘
te) list, since the location of the mine collapse .. - . .., . . ®  Q: Sure.Let's start there.
(7 litigation got us off. Georgia Management Setvice. . ... . @ A: For pay,goes about three years. I have °
18 Assist in preparation of carthquake video. - . ... .} o plked to them. T have hclpcd them out but I don t
ta A: Never saw it. I think the contractor S alwaysbxllthem. ‘
ho defauktedonit.' - - - - © 2o ue Q: What does estimation of seismic hamrdm
ey Q: Whatdldyoudotoassxstthcmwnhthc o dun relation to GEMA mean? )
12 preparation? B T " 7 lnz A: To a large extent, it is preparing the
(13  A: Provided basic materials, provxdcd an ‘. "+ |ny emergency management organization foran' -
14 outline and went through general background and - i) earthquake, assisting them, Each emergency
115 organization. Got ready to shoot and never got o (15 management group has to have a plan to respond to
tq called in. o ' : 116] various disasters. Earthquakes are not high on
tn  Q: Was there a particular theme in the ' - |un Georgia's list but they are on the list.So I have
g earthquake video other than the presentation of 118 given talks to 2 couple of regional GEMA meetings
g earthquakes in Georgia? - " |ne of managers for emergency management groups. I
ra  A:Idon't think it was ever produced. 20y worked with 2 number of others. Probably the most
w1 Other projects for GEMA, they were concerned with |, recent contacts have been in the last few weeks
22 preparation for scismic hazard and if you go on my 221 because of the earthquake. There was an earthquake
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11 in Northeastern Alabama. Raised a lot of
@ questions. I have talked with them about that and
@3] we are talking about doing more about what GEMA is
4 doing to not only be prepared for an earthquake,
151 but to help prevent damage and hazards caused by an
1] earthquake.
m  Q: Estimation of seismic hazard, I don’t
18] understand that. ] understand your interplay with
] GEMA.Were you doing studies for them or
consulting overview?

A: The U.S. Geological Survey's 1995 maps
were the result of a number of studies over four or
five years that they put together. Around 1989,
1988, 1990, a number of investigators, including
myself, I know it was done for Arizona, done for
New England, individual people who had been
discussing the existing hazard maps, came up and
generated their own version, and I think this
perhaps was one of the instances where [ did some .
of that and we did it with cooperation with GEMA
and presented it to them and then we utilized that
in programs to help emergency managers cope with .

19
1)
12
(13
14
nsl
16)
7
(1a)
(sl

21

‘114

Pags 79

1 earthquakes. I think a lot of those efforts like .
{1 mine were dropped because the USGS finally did what
Bt they should have. :
W Q: Next item is Lawrence Livermore lab —
13 A: LLNL.
©#1 Q: What was the timeframe for that?
m  A: You are the expert. Those were the '70s,
@ late *70s, around there. This was the contract by
@ NRC to Lawrence Livermore to come up with a
probalistic estimate and I served as an experton
seismology.

Q: On one of those panels? .

A: The panel was a seismology panel and then
they had a ground motion panel. I was a singular
expert on the seismology.I was given a code
number. One to 12, and one of those is mine.
7 Q: There were 12 other seismology experts on
(1) the same panel?
9 A: Ithink on that order, 11 or 12, and, of
o) course, the definition of expert comes in here.
(211 You might not agree with that.
2z Q: Expert people, those people on the panel

Page 80

1 were part of the expert panel.

@ A: Right.

@  Q: There was also a ground motion panel?

@  A: As far as I understand. I did not get

5] involved with that.

© Q: What other panels were there?

@ A: ldon’t know.

© Q: But you only provided input to the

9 seismology expert panel?
ptn  A: That was my main responsibility on that
{11 project, yes.
122 Q: What other responsibilities did you have
113 in what I will now call the Livermore work?
A: The seismology panel experts like myself,
s} went through a process of evaluating the data,
pe) looking at the seismicity, drawing zones if one
17 wants to for different areas, and in the end trying
18 to make some assessment of whether you thought you
{1s] were an expett in this area or that area, where
t20) your end should apply. It was a whole process
1211 where if you go back through the documentation you
22 can see what was done. All the panelists did the

Page 81
1) same thing.
iz Q: So your input was one of 11 or 10 or 12
@ inputs into seisinology issues within the expert
4] panel?

| ®  A: That is right.

© Q: What were the seismology issues that you

m were asked to provide opinions on within the expert
(8) panel?

@ A: Idon’t know that it was an opinion so

o) much as a data analysis project. We were provided
111) lists of earthguakes and by interaction with

12 Lawrence Livermore people we could have specific
things computed. We defined seismic zones.They
provided an analysis of those zones for
carthquakes. We reviewed those zones, went back
and forth with them. We could introduce our own
hypothesis and feelings as to what the seismicity

18t should be like. One expert had the whole east in

(191 one big zone — one of the expert panels. Others
1200 had micro zoned the area to death. Some of them,
r21) like myself, even had overlapping zones, and I

122 think this was the basis of one of them.

[13)
[14]
[15)
[16)
17
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) One of the outcomes was to say, in
12 essence, what is the status or the current -

1 understanding by people working in the field of the

i) seismicity of the Southeast and how should it be
15 put into a hazard assessment program.
#©1  Q: Was the Livermore study solely focused on
in the Southeast?
®  A: No, it was national.
m  Q: Where was it focused?
o A: National, continental U.S. . .
11y Q: So as a participant in the cxpertpancl .
11z you were asked to provide input on seismic zones
t1s for the whole United States? .

4 A: You know, I did not focus on outmdc thc v

(15] Southeast. I did do some in the Northeast and
ne central U.S., but when you get past the Roclncs I

117 did not make anyattcmptsoldont‘knowiftl}at, R

e was even part of the analysis.. .
i Q: Do you mean to tell me you dxdnot

ey Rockies? - .. oLl

23 A:No,Ididpot,.,., .  .... ., .. ,r'. ey ere, o

DY

g provide any-input forany scismic zones west pt' thc

Page 82
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1 zones, what other input did you provide as an
[ expert panelist for the Livermore study?

@  A: We had rates — seismic zones implies you
#) have a certain rate of activity associated with

| @ that.There were — it wasn’t long after that we -

| wete also involved with 2n EPRI study and some of
m the times the studies get merged in. o
@B Q: IfI can hold you to just to the

m Livermore — to the best of your recollection,

¢ lng other than rates of seismicity and —

L

o

oo A: Little mapsw:th squarcs and circleson -

oz them,’ r ‘
Ay Q: Showmg the' locauon of the scismic' -

. |n4 source zone —~ - ' Lo

- |n;m  A: Right. : -

apg) Q: Were you asked to opine on the likely ' -

- jun largest magmtudc to bc cxpcctcd within that source

. ¢ fpe) zone? : :
v e A: Onc had a maximum assigned to each -

: . |0y seismic zones. In ofie area I had ovm-lappmg zones

+ +{r1 but they worked it out. S -

+ . . . . B |

[N

k2 Q: Why'did yoii'do'that? * - -

tm Q: Youdid not provlde any input?
@ A:No.

B Q Doyouremllwhatyourmputwasforme ‘,‘. -

4 Charleston seismic zone?

13 A: My guess, it was a zone, a seismic zone . .
te surrounding the area of activity. - :

m Q: And that zone of activity. would bc

tg defined as what — at the time?

 A: Atthe time — what'was it? Iwould have , . .
11a to go back to documents to tell you exactly what.it .

111 was.At that time the locations of a lotof the - |,

112 after shocks were not that well known.There was
113 some question as to where the actual epi-center. :

{14 was. I probably included the Bowman zone as part .- .

119 of that because that was an area I was interested
1g in. ’

na  Q: Where is Bowman in relation to

(+g Charleston?

na  A: Northwest, pethaps 30 to 60 kxlomcters

ra Q: Is it on the shore or further inland?

29  A: Further inland. Northwest is inland.

22 Q: Inaddition to giving input to seismic

Page 85

“lm A Bccausé'I:Wa‘s'diffcrcnt'iatingb'cm'ccn St

| & shallow mechanisms where the earthquakes were'srnall
| @ and the potential foralargcr amhquakc, ma;or o
| 'w earthquake. = " "

“1\  Q: Were you aware of what the other

@ participants in the cxpcrt pancl —_

‘fm A: No.
|®m Q: You did not know what their input was? *

© A: We were not made aware ‘entirely of their - °

* - Jug inputs, ccrihixily not when 'we were in the early

{11} stages of developing it. When the reports came -

"(1121 out, the experts were mdxmtcd anonymously as

13 numbers.

* ‘{ne Q: Let me get to you focus just on’

115 Charleston. Do you recall what at the time your
11e) thinking was of the largest magnitude at

17 Charleston, of the Livermore study?

(1 A: It was probably up in the sevens, seven

t1e) something. I dida’t put a big limit on it.

2g Q: When you say seven something?

1 A: When you get above 6.8, you start

ra quibbling with magnitude scales.
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Q: Why is that?
A: Because certain scales don’t go much
beyond seven. Others go eight, eight and a half
and how they are defined partly is as a result of
the work during that period and other studies —
most of the scales are resolving down to moment of
magnitude. So moment of magnitude is becoming a
default but at that time, that hadn’t fully
developed as the default magnitude.
Q: Magnitude seven something at the time,
what would that translate into a moment magnitude
of what? '
A: Between seven and 7.8.

Q)
12)
1)
K
]
6]
]
8
S
{10]
(1b)]
12}
13

(14]

=

- =2

Q: Between seven and 7.8?

A: That would be liberal.

Q: What is your understanding of the
increase in energy from a seven to a 7.8?

A: That is also not straightforward.
Magnitude is generally the measure of the log or.
the amplitude so that when you go up one unit, the
amplitude is increased by a factor of 10 so the
amplitude of the waves increase.The ecnergy is

[151
116]
07
116}
9]
[20]
21

= 2
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probably going to — how does that work, the square .
root of that, something like that? A factor of
three.

Q: A factor of three. From 7.0 to eight?

A: Seven to eight that is a factor of 10 in
6 amplitude. In moment magnitude that translates
back to the low DC end of the scale. So if you —
if you look at a displacement from an earthquake
and in terms of moment, that is — moment of
magnitude goes.up a factor of — for one unit of
magnitude, it goes up a factor of 10 in
displacement but that is at the DC end. When you
compute the energy you integrate that spectra from
zero or DC to five frequency and depending on what
the stress drop, is you may get more or less energy
for a given attitude and then you are back to
seismic theory. So you may have different moments
g associated with it depending on how much energy
g there is contributing to the high frequencies.
20  Q: What does DC stand for?
zn  A: That is where you don’t have any — the
122 differentiation I used there is DC means direct

=

&)
no
)]
13
13
(14
{19
(16]
(17
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(1 current or a constant level. AC is alternating.

(2 By that I mean it is the zero frequency intercept.

@ Q: Is that the same as saying peak ground

4] acceleration?

i A: No.

B Q: You would have said at the time that you

[ participated in the expert panel for Livermore that
i a Charleston earthquake would have the equivalent
{9 of 2 moment magnitude of 7.0 to 7.8; is that right?
A: Yes, in that range.

1 Q: What would you have said at that time

11z would have been the rate of seismicity or the

(13 return period for a Charleston-type earthquake?

(149  A: I probably would have based that on the

(151 recursion relation although even at the time I was
ne] convinced that the recursion for Charleston was
111 dominated by the extended aftershock sequence and
re) Istill believe that is the case. Whether we come

(19) up with a recursion rélation for Charleston at that
20 time, I don't know. I was probably thinking at the
2] time that Charleston would be a singular event so I
2z wasn’t concerned about that and I would use the

{10}
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u) after shock K rate to indicate potential for

@ another major event.That is not to say I believe

(3 that today.

# Q: Of course. We are asking you what your

151 opinion was at the time. I understand how you

161 would have calculated it but do you recall whether
m it was shorter or longer than the rate of

(8 scismicity today?

@ A: No,Idon’trecall.ldon’t really know.

to) Looking at the recent data — and it is since all

(111 of that time that Talwani has done work on paleo
1z seismicity and found evidence for events that

n31 occurred there but that has changed the picture
(141 perhaps some.

(15 Q: Would you have ever hypothesized — would
g the input to the expert panel on seismology on the
(71 rate of seismicity or return period for the

(18] Charleston ever have been a thousand years?

(9 A: I don't know.I would have to go back

1z0] and look at those numbers and I don’t know that
(211 they would be relevant.

22 Q: Approximately what diameter circle would
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111 you have drawn around Charleston as input to the
12 location of the Charleston seismic zone for your
@ input to the expert panel for scxsmology for
uj Livermore?

m  A: You know,I don’t remember what that was.
te1 My guess is it would have been around 40 or 50
m kilometer —

i  Q: Radius? .

® A: Radius. Whether that is rclcvant today.

1o I don't know. ;

it Q: Of course. Iam]ustuymgto '

113 understand what your input might have been at thc

13) time. i .

e  For New Madrid, what would you havc mput

0 at the time for the magnitude for the. Livcrmorc L

ne) expert panel on seismology? , . N L

71 A: That would have been about thc same,. . .{ N 5

(g about seven to 7.8, in that average. I think therc_:'_.: .

119 are some that are 7.5, 74Again the scale is .

Ipy Tennessece?: " ..
{ea  A: Ibclieve: thcyput one. in yes.

1119

i
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I sure.
@ Q: Are there any other experts you are aware
i of having looked at the maps, that had ovcrlappmg

1) maps?

1 g A: No.

€ Q: So you think that of thc experts that

m served on the Livermore panel, you were the only
@ one that had overlapping? . .. ...
i  A: Ibelieve so. Now, there is a question

. {nor of how they defined results because they had what
-l they refer to as background zone which covered

. jng everything and then you placed on top of that the .
.{r13] other zones that you worked with. So by defzult ,
.. -|114) that was an overlapping of sorts, and I am not sute
- |ng if they excluded — probably excluded the zones you
- {11 put in from the background so everything you didn't -
. jnn put into a zone isdumped into a background zone -

e} and spread out all over the place. :
Q: Southeast Tennessce, was there any input
o) given to a Seismic-source zone for Southeast, -

-4

Roperucial. ooy
21 Q: And the rate of scxsnncxty at the txmc “ .
122) for the Livermore input for New. Madsid?. . . |
. Pag;m
tn  A: I have no idea. Y e et e e
m Q:Andthelocation? . . . .. .. .. . . .,
@ A: For— v .
4 Q: New Madrid source zone?. R
8 A: That is fairly well dcﬁncdbythc

te) after-shock zone.The location would havc bccn
m drawn around the afterzones... .. . ...
15 Q: At that time? NN
A: At that time, yes. Most peaple drew that T
{10y area as a fairly narrow strong zone around thc .
[11) active zones and a wider active area cx;cnding_
nz furtherout. - . +. - .
13 Q: How do you know what the other Qcoplc .
n4 did?
115t A: I have seen the maps later on that were
(e eventually published. I haven’t figured out which
17 one is which.
1 Q: Back to Charleston — not for Chatlcston
neg In general you mentioned you might have done an
Ra overlapping map for smaller and larger earthquakes.
{21 Was that done for Charleston?
rz A: Ithink that was in Virginia. I am not

.| «} source zone in Southeast Tennessee? - ,
.. | A: Idon’t know the numbers exactly. Some, . - -

ne

S Page 93
m Q:Doyouknow,after the fact,lookingat .. -«
‘@ the maps for the Livermore study, whether any other. ..

@ participant in the expert panel placed a seismic T

Py

5 yes — probably most of them did put 2 seismic zone -

. -} :m in.Some of the Zones were very broad and - -
- | 1 inclusive. There were a couple that were done by .-

o outside experts that didn’t-understand. So there -

* - |nor were some strange results but I would Gil -

o1 Bolinger's would have been — if he were one of the

-[ta experts would have been on the Tennessee side. -
v i

Q: What magnitude would you have in the
{14 moment magnitude scale given to Southeast Tennessee -

-{5 at the time the Livermore study was done and you

1§ were an expert on the seismology panel?
i A: I'would have given it as large a

ns magnitude as New Madrid and Charleston.
Q: And that would have been 7.0t0 7.8 .
20 moment of magnitude? -

ey A: Yes.It was my opinion at the time and
122 still is that Southeast Tennessee is as viable a
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(1 seismic zone as New Madrid. m  A: I provided analysis on that.
@ Q: Do you know of any other people who @ Q: Did you provide any different kind of
@ participated in the expert panel who placed a 13 analyses for any of the other dams you provided
@ similar or higher magnitude for the Southeast @ information to?
15 Tennessee area? 5 A: On Strom Thurmond they asked me to run a
1 A:Idon’t know. [ magnetic line, which wasn’t successful, to identify
@  Q: Are you aware of any — scratch that. m the fault. That was detailed field geophysical
@ I will skip a few things. U.S. Corps of @ thing. For the Elvin Barkley dam, the total
i Engineers, waterways experiment station, evaluation @ evaluation included looking at the dam site and
o) of maximum earthquake. (107 then looking at results from some core samples
un A: Yes. 111 where they were concerned about the low count for
1127 Q: When was that done? 112 certain layers. My primary responsibility for that
13  A: That was done in the '70s and it was a 113 dam was attenuating the New Madrid seismicity down
114 project that the Corps of Engineers had to 114 to the site. We did get involved in looking at
115 reevaluate the seismic hazard associated with all ps stability and liquefaction but I did not contribute
pe their dams. : Je heavily to that.
07 Q: So the purpose was to identify the 0 Q: Any work on deep earthquakes for U.S.
ng maximum earthquake for all of the dams for U.S. 18} Corps of Engineers regarding evaluation of
n9 Corps of Engineers? : - : 119 earthquakes for their dams?
200  A: Yes.They did them one by one, and there . oy A: Most of my work with the Corps of
121 were some dams in which I was involved. .tz Engineers is focused on reservoir-induced so the
@2 Q: Do you recall which dams you were 12z focus on the shallow earthquake mechanism, I have
Page 95 Page 97
m involved? (11 probably saved them from damage from a number of
@ A: There was Elvin Barkley dam, thatis up_ . 1 earthquakes by doing monitoring. It seems when I
@ in theTennessee, Kentucky border. Richard B. [ monitor, we don’t get earthquakes. I did a talk on
1 Russell was the one I think referenced there. 4 that once. For the Corps of Engineers I did do 2
1  Q: What state is that? & dam in North Carolina, which I monitored and I
1  A: Georgia, South Carolina. . 6} finally was convinced that I did get some
@  Q: Pardon my ignorance. m earthquakes; five or 10 things and then there was
®  A: Might have done the Clark Hill one too. @ the dam at Quarters Dam and that one I monitored —
1 Q: What studies did you do to evaluate the @ Idid not record any significant earthquakes there,
(1) maximum earthquake for any of the dams? (10 although I did regard some things I had interpreted
t1n  A: There were pieces and they varied. For » (1] as squirrels dropping nuts on the seismogram.
112 the Strom Thurmond, I developed the shallow seismic nz  Q: Most of the Law Engineering testing
(13 model, the model for shallow earthquakes and argued (13 company —
114 that the largest of that type of earthquake would e A: Which is now Maytech.
sl be on the order of magnitude five and a half, I (151 Q: Technical evaluation in EPRI evaluation
(16 believe. (e study?
(tn  Q: And was that determined to be the maximum un  A: Yes.
(s earthquake for the Strom Thurmond dam? e Q: You are member of a committee. Is that
rne  A: Idon't know what they determined. I (19 the same thing as being participant in an expert
(2q provided input into that. 0] panel?
tz1  Q: So you provided input for the Strom 21 A: The EPRI study was set up on the basis of
22 Thurmond just on shallow seismic experience? 21 X number, maybe five, six, or seven, regional
Page 94 - Page 97 (26) Min-U-Scripte
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(1] evaluation committees, some more regional than
2 others. The committee I was on was Southeastern
i U.S.and it included geologists, seismologists, and
¥ a2 number of — about four or five people.

51 Q: So unlike the Livermore study, which had

5 expert panels in specific fields such as

m seismology, the EPRI study was organized by

(6] committee with experts from all the various areas
(9] in separate committees?

g A: Yes.

ny  Q: And you particxpatcd in the Law

11z Engineering Committee? . -

ns  A: Right. e AT
- jne geological conditions not becausce there wasthe
*-.|ug existence of scismology there. 7

- lna  Q: Would you have provided inputs for rates

' |pn of return for various carthquakcs inthe US.?:

n4q Q: How many other committees were thcrc’

ps)  A: There was 2 Northeast, Central U.S,, . -
11e] Northwest — somewhere between four and six, Thosc ;
17] are — we are going back in history, - veoon
pne)  Q: Are you saying the:Law Engineering, . . S
e Committee was the only committee forthe, . .-,
ro Southeastern United States? o T
211 A: The responsibility of the Law. Committcc

=2 was the Southeastern United States, To the extent ., ...

Pagé 100

1) a principal seismologist?

1 A: Most of the EPRI work was done in

i committees and was done through Law Environmental
] Services company so my input was to work with them

" | @ in pulling stuff together.

©  Q: Would you have been providing your oot
m opinion on the exact same issues that you would

@ have been providing opinion as a pamcxpant in the -
m Livermore study? o : :

- v A: The EPRI study was much more open in
- uy terms of including opinions on hypothesis for
~ {uz earthquakes and speculating on whether earthquikes

113 might occur at a given location because ofthe - - ‘

pgy . A: Yes.

“lng Qi Would you have done the same for sizeand -

"o lomuonofscxsmxc:oncs’ T e '

“ofen  A: Yes. T e B »
‘leg  Q: Would you have dotie the samme for =+ * ~ ;

Page 99 |. -~

tv) that in evaluating the Southeastern United States, @ .:..... .-
“l'm A ch&ltwithmaghitudéasweu I

(21 we had to evaluate seismicity in other parts and we ;|
1) extended beyond the Southeastern United States. So - ..
41 there would be other committees that would likewise .

151 extend into the Southeastern United Statesand to-a ., .« .
61 large extent — instead of dealing with seismicity . .. ..+ ..
't contribution — not the major, but in putting the "' -

@ catalogs and listings, this committee also dealt. - ;- -, -
te] with geological mechanisms and hypotheses..” .. - .. ., ..
 Q: Do you know whether there were-ather: - :
{tg) committees that were specifically focused on .
11 Southeastern United States in the EPRI study?
2 A: Not off the top of my head, no. '
(3 Q: What was your role within the Law
t14) Engineering committee in the EPRI study?
st A: I'was the principal seismologist.
el Q: Were there other scismologists on the
17 commmcc’
ta  A: There were people knowlcdgcablc about
itg seismology, yes. I don’t remember who exactly was
2o on the committee at this point. The leader
{21] basically was Robert White of Law Engineering.
ez Q: What was your role inh providing input as

N

i| w would have ptovided input on?

| @ listing of extensive probalistic matrices in -

Page 101
i 111 magnitude? R

@ Q: Any other things or sb issues that you

5 A: Geological hypothesis.And various -
‘' mechanisms for earthquakes, and the major” -

@1 EPRI results into the ¢computer, they went through a -
(g deciding how much welght to put to certain

11 hypotheses.
7 Q: The geologic hypotheses, what are thosc

‘lua geologic hypothcscs?

p4  A: There is one I can remember but I can't

15 remember. I remember because we gave it 2

1g probability of .005. So let’s say that everything

f1in got put in, including the kitchen sink. Any

e hypothesis that was out there that was anyway close
19 to being viable was given a probability and -

20 assigned into this Law matrix. We probably wish we
@1 hadn’t put so many in after we got done because not
122) only did we have to put it in, we had to think of
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the probability that it was available and make an
assessment as to the viability of the hypothesis.

Q: Did you participate in any updates to the
EPRI or the Livermore studies?

A: 1 did participate in an evaluation of one
of those but I don’t know that I participated in an
update or revision of it. I think not much has
been done since *90 when the USGS initiated the
hazard program. I believe the number of
individuals have attempted updates or have tried to
use the programs to compute hazard but I have not
been involved.

Q: There was an update to the Livermore
study published in 1993. Were you asked to -
participate in that update that was published in
19932

A: I don’t remember.

Q: Were you asked —

A: What I do remember is I had some contacts-.
with them concerning tflc study, but whether they -
panned out as participant, I am not sure.I don’t
remember.
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Q: Do you recall approximately around the
same time, ten years ago, EPRI doing some reyision
to its original study?

A: No.

Q: Were you consulting with Law Engineering
at the time, in 1993? .

A: Yes.

Q: I am sorry you weren’t finished answering
the previous question.

A: In terms of additional studies, the test.
sites were done I believe after the two sites, and -
there was a comparison of the Lawrence Livermore
and EPRI relevant to the two test sites but I was
not involved in that. That was entirely
computational.

Q: What do you mean by test sites?

A: They chose a number of sites around the
country which were close to nuclear power plants
and reran the computations.

Q: Who is they?

A: Lawrence Livermore and EPRI.

Q: They both did this?

Page 104
i A: Yes.
@  Q: One more thing and then we will break
3 for lunch,
141 Georgia geological survey siting of
51 nuclear waste depository in crystalline rock. What
1) was your role in the siting of that facility or
(m proposed facility, if it was never built?
B  A: That was a study that was initiated and
(¢ never followed through on. My role was to be a
g seismic consultant on it and basically I would
{11 bring in my experience. I did not produce any
11z original work for that study. We had a couple of
(131 meetings, discussed processes and reports were put
(14] together but that is it.
MR. POLONSKY: Why don't we break for

116} lunch.

17 (Whercupon, at 12:25 p.m., the deposition
ne was recessed to reconvene at 1:25 p.m. that same
(e day.)
20
21
[22)
Page 105
ol AFTERNOON SESSION
2 (1:31 p.m.)
‘B Whereupon,

) LELAND TIMOTHY LONG

51 having been previously duly sworn, was further

6] examined and testified as follows:

EXAMINATION BY COUNSEL FORTHE DCS

4]
# MR. POLONSKY: Back on the record.
&) BY MR. POLONSKY:
(g  Q: Do you know Dr. Carl Stepp?
g A: Yes.
(127 Q: Would you say Dr. Stepp is highly

(13 regarded as a seismic expert?

149 A: Do we have to get into evaluations? 1

s have always appreciated what he has done. He is
1s) one of the — one of the first things he did is 2
17 test for detection continuity which is a standard.
118 Q: Would you say you regard him as a seismic
19 expert?

wo A: Well, he has been retited so he is not

1] actively working. He is not in the research group
22 of people that are actively worked on seismic
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111 problems. I would consider his opinion very 11 Q: When did you first learn about GANE?
@ highly. @ A: When was I first approached?
A Q: Where do you know him from? @ Q: The question was when did you first learn
¥  A: That goes way back. He was with the NRC | 4 about them? v ‘
5 and then before that some of the wotk was — the |®m A:1did not know about them until I was
ts) coastal survey and then in the EPRI project. f @ approached. o
m Q: Have you worked with him since then? : m  Q: When were you first approachcd7
@ A: No. : @ A: Ithink that was probably about a year .
Q: And that was late "80s? | m ago.
ng  A: Yes. . - |p  Q: And do you recatl who approachcd you"
1y Q: Do you know L‘“TY Salomonc? ' ;v o |m Az It was — the person in — the lady in
13 A: No. ' ~ |na Georgia who is in chargc of it there. She gave 2
113 Q: Do you have. anyrcasonto bclxcvc he N 113 call. N L
it4 can’t give testimony in the proceeding? .. .. o .~ lrq  Q: Would that be Glenn Carroll?”
ns  A: Since Idon’t know him I would have po .. ~Jus A Yes.: Lo T
11§ reason. . .lnve  Q: Do you recall what season it was that shc
nn  Q: Doyou know Don McConaghy? e called? . L
ne A: No. : . : e, NN (11 A: No.
pe  Q: Doyou h‘W‘ any reason to bd‘m - . jnt  Q: Do you recall - what she said durmg that
ra A: IfI don’t know him I wouldn’t have a oy first communication? .- PR
@1 reason. vijen  A: She wanted to find out who would be an
ez Q: Arcyou familiar with Richard Lee? _lrezs expert.
V “ Page i07 R Page 109
A Yes , R A ‘ o Q'Ancxpértinwhat7 S o "o
@ Q Whatxsyom'opimonofRichatd I.cc’ e s |m  A: In seismology.: o . ,
ta  A: Heisa young seismically-oriented wsaz e < lm Q: Why did she come to contact you, do you.: -
[4 investigator, not the stature of an academic person-. ..., | “ know?

t5 but he does good work.. . - .
t6 Q: Who does he work for? - ) -
m A: The Savannzh River plant orgamuuon
ts people, whoever is there. It has changed hands
to Q: Would you say he is highly rcgardcd asa
g seismic expert? R A
f1  A: I'would say he is not in the top ucr but -
12 he is someone knowledgeable about sqxsnnc issues. . -
13 Q: Do you consider him to be an expert in
(14 any particular field of seismology? .
pg  A: I'think he is more an applied opinion.
g You do what you are told. Where an expert like
117 myself, we pursue ideas, not necessarily what needs
11g to be done to satisfy a job. So in terms of .
Itg focusing — I think in his response to his wotk he
12q is doing a fine job. '
21 Q: Are you familiar with Walt Silva?
©z A: No. :

Sttty mman ey
B ol

“-|isg  A:Dr. Makaianihadngcnhcrmynamc
~|'m  Q: Was it your understanding that she had -
=4 m spoken to Dr. Makajani first? .
{m®m A: Idon't know:Iwould assume thatisthe -
. .[9] casc.
- o)

i
-lnz) The way she expressed it is I believe they had a

lus consultant who had put stuff together and he had -

Q: What clse-did stie ask you?
A: She asked me if I would review the work.

n4 expressed concerns about his capabilities of
us following up and they were looking for someone who

e could actually make a statement on the contention.

nn Q: What clse was dlscusscd dunng that

-|ng discussion?

iy A: What else?
e Q: Yes. ’
27 A: I'have noidea.
ez @ thn you finished that conversation, what
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Page 110 Page 112
tm did you have in your mind was your role in — with (11 background publications on it,a CD. Some of those
@ GANE? 2 Ihave looked at, probably most I have not.

B A: They asked me whether I would consider @ Q: Have you actually reviewed the final CAR?
14 working with them. I wrote them back and said that @ A: I have read through the final CAR.
1 I would consider evaluating the contention that s  Q: What other communications have you had
i1 they have proposed for them. Their concern was i with GANE other than communications with Glenn
m whether or not they had any case at all and I said m Carroll?
i) that the answer they get would be independent from @ A: My communications with GANE have been
{9 whether I work for them or DCS or anything but I @ limited to Glenn Carroll and Diane.
o] would work for them as a seismologist. o Q: Do you recall when you were officially
v Q: How many conversations did you have with - |y retained? »
112} Glenn Carroll? 12 A: I could probably figure it out but I
03 A: I'would guess between five and 10, most na would have to go back to my records.
t14) of them short telephone conversations. nq  Q: There is a formal retention in place?
1 Q: What were the subjects of those others, ns  A: Isuppose so.
(re) to the extent you can recall? ne;  Q: How many hours have you worked for GANE
71 A: Can I drop material off at your house. (7 so far?
vel  Q: Anything else? ts  A: Probably about 50.
rg  A: No.That is about it. I didn’t consider ng  Q: Five zero?
20] her — I consider this my own opinion. I didn’t e A: Yes.
{211 delve into it in detail until I started working 21 Q: Have you invoiced GANE for that amount?
122} with Ms. Curran. ez A: Yes. ' o

Page 111 Page 113

m  Q: Did Glenn Carroll ask you to — what your m  Q: And have they paid you?

@ fees were? 2 A: Yes. '

@ A: Idon’t remember. @  Q: That amount would be at $100 an hour?

W Q: Did you have an agreement at the time as W  A: Yes. :

(51 to how much you would be paid? 5t Q: In addition to review the documents, have

® A: Ifand when I presented the fee 151 you done any other analysis for GANE?

M structure, it would have been exactly the same as I @ A: What was that question?

8 have mentioned before. That was the fee structure @ Q: Inaddition to reviewing the documents

© Thad with ongoing consulting and I just maintain 11 you were provided, have you done any other — in
g the same. ' 110 reviewing those documents, have you done any other
i Q: Did you consider doing the work for GANE (11 analysis for them?

2 for free? iz A: Not for GANE, no.
1 A: No. o) (The witness consulted with counsel.)

tg  Q: The material that was dropped off at your nq  Q: Would you like to amend your response?

115 house, what materials were those? 15y A: The comments pertain to the fact that I

v  A: The preliminary CAR, I believe, and there e have helped rewrite and amend the interrogatories.
(17 were some other papers. It is a pile of stuff. 1171 So I have not done — in terms of specific research
g Q: What other things have you since reviewed 118 requests, I have not done work, but I have provided
19 in your work for GANE on this contention besides tie data, information, to rewrite or modify the

120y preliminary CAR? 120 interrogatories.

21 A: Thave a copy now of the final CAR and 1 pi)  MS.CURRAN: Dr. Long is not a lawyer.

(22 also have received a disk with a lot of the 1z2 When he says interrogatories, I think he means
Page 110 - Page 113 (30) Min-U-Scripte
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(1] answers to interrogatories. »

@  MR.POLONSKY: I had interpreted that.
@ THE WITNESS: It has taken some time to
w figure out which way I am going.

1) BY MR. POLONSKY:

@ Q: You are familiar with GANE contention
7 three and its basis statement? '

B  A: Yes. : v

i ¢ Butyoudxdntwmcanypartoflt?

po  A: The initial one I did not write at all.

112 information for modxﬁcatlons _

v3  (The witness consulted thh counscl )

n4  THE WITNESS: Just { thc answers. -

5] BY MR. POLONSKY .
it Q: The contention and the basis smtcmcnt K

(18 any input on it.
ne
o Q: But you did provide input to rcspond to
1 DCS’s interrogatories? . ... poe
2 A: Yes.Iwas brought in aftcr thc

(11 The modifications, I have provided suggestions and

A: Okay. ‘ B

i

(17 you had not yet been retzined by GANE to provide
..--Jue) hearing file, hearing file 54 or S4A.
- Ing
;. |e9 have to say I probably looked through it with
».{en limited interest because a lot of it had to'do w1th
{2 thcsodandnotthe structure.

+ .« oo
() on the CD.
vz
- [(13]

o Page 116
11 @: There were two drafts. Initial draft

12 safety evaluation report which was filed sometime
@ in 2002. Did you have a chance to review the NRC'’s
) staff evaluation report written in April 2003,

{51 which is just 2 few months ago?

- -t A:ldon'tthinkso.
| m Q: Have you reviewed the document which

@ comes by various names, Lee, et al,, 1997, or the

‘| m 1997 PSHA for the Savannah River Site or WSRC-0085?7 -

A: I believe the '97 one is one I did read

Q: WSRC-TR-97-0085. .
MS. CURRAN: Would you just show that to

141 Dr. Long so we can'be surcyouarctnlkingabout
©s) the same document? .

(16)
L]

BY MR. POLONSKY
Q: This is a document that is part of the =

A: I believe I looked through this.I would .

4 Pége 115

(1 contention. :
@  (The witness consulted thh counscl )
@ A: Icould add when we recently cut back —

ts1 the answers, we approved on those. . . L
(1 Q: Are you familiar with NRC regu!aﬁons in -
71 10 CFR, part 70, 2bout dcsxgn_mg fg_clhucs toa

te] standard? < ‘

A: 1 have not studxcs thosc in dctaxl

)] .
pop  Q: Have you read thtough them oncc? e
n1  A: Thave not read through them. .
pz2  Q: But you have had an opportunity to review

113 the original and revised CAR?

i1 A: Yes. . :

sy Q: And you provxdcd mput on GANE s

{te] responses to interrogatories?

nn  A: Yes.

ey Q: Have you reviewed the NRC'’s staff’s draft
(15 safety evaluation report dated April 2003?

o A: Ilooked at that early in the evaluation.

1 If ] am interpreting this as the one I looked at.
=2 NRC wrote a response.

.

« when GANE was going to cut back on the contention,

1'm

o [ ek

' Page 117
Q: You stated that you assisted GANEin - . ..~
‘@ preparing GANE's interrogatories to DCS's — -

- |'m1 preparing GANE's responses to DCS's interrogatories
- | '} on contention three: Do you have any basis today -
*| @ orreason to disagree with GANE § answers to any
Lo ® interrogatories? L Lo e
{m A:ldon'tbelicve so.

m Q DoyouagrccmthallofGANEsanSWcrs '

dmto intcrtogatones7
N 1]

A: On contention three?

Q: Thank you.

A: Yes.

13 Q: Would you like to modify or augmcnt those -
{14) responses in any way’ : ' : .
A: I think this article needs to be included

1

(18

‘|ve in the references along with the Atkmson/Boorc
17} article.
pe  Q: When you are rcfcrrmg to this article —
i1 A: The Atkinson and Saunders article.
(20] (The witness consulted with counsel.)
1 A: There are a few items that have been

22 pointed out we considered. One concern was use of
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Page 118

a concentrated zones for seismicity of Georgia
versus a more widespread zone, that in the
statistical computations for intensity, a wider
spread zone will increase the hazard —

Q: What interrogatory are you referring to?

A: December 20 —

Q: There were two. Second supp and second
set?

A: Second supplemental.

Q: What page?

A: Three.

Q: Okay.I am with you.There is a
sentence in here that you would disagree with or
would like to change? .

A: It says, “First, DCS unreasonably assumed
that the Charleston type earthquake would only
occur at Charleston or Bowman.” I don’t like the
term unreasonable but it is a logical presentation,
how it is presented in the analysis, and if a
concentrated zone is used, the risk attenuates more .
rapidly with distance even though it is higher at
the course than it does if a wider zone was used.

(19
LR
(12
(13
14)
(19
(18]
17
(g
[19]
(20
[21)
[22)

Page 119

So a wider seismic zone would increase the hazard
estimate at the site. I actually wrote a paper on
that. It was in — I would have to look at my
resume as to when it was . .

Q: I am not sure how that fits into what you
said. Are you suggesting that the word
unreasonably should be deleted?

A: I am suggesting that I might not
necessarily claim that it is unreasonable. Itisa .
matter of how one presents the logic and the
computation. I am saying that the assumption that
Charleston is a point source would underestimate
the hazard at the site relative to the assumption
that the Charleston earthquake occurred in a larger
seismic zone.

Q: If you increase the Charleston seismic
zone, would you not there be decreasing the hazard
of an earthquake at Charleston itself?

A: If you —

Q: Increase —

A: Increase the area of the seismic zone,
you would decrease the hazard at Charleston but

Page 120

(1} increase the hazard outside of the zone.
2 Q: You stated I might not necessarily claim
{3 that it is unreasonable. What factors would have
4 been taken into account for you to assume that it
(5] was reasonable?
© A: I'think the term unreasonable is what I
m might object to. I would prefer to say how does it
) relate to the logic of the computation.
9 Q: So you don’t have here today any
ro] amendment or change to the language here?
(11 A: The amendment is stated — or the change
(12 is that by assuming a point source rather than a
(13 larger area, that is, by assuming Charleston
(141 earthquakes only occur at Charleston and not some
115] place else, would, in the statistical outfall of
pe) the computation like the Lawrence Livermore/ EPRI
117) data, the seismic computation at the site, the
pe point source would decrease the hazard at that
ng site. It would decrease it relative to a larger
[20) seismic zone.
1 Q: Do you have any words that you would
122 change on page 3 of the second supplemental

Page 121
1) response, and if so, what are those specific
2 changes?
@  A: The statement essentially stands as it
@) is.The statement I made is actually an
51 augmentation, addition to it, or an explanation.
1 Q: Iappreciate the explanation.
@ MS. CURRAN: We just need to take a quick
{8 break.
1 MR. POLONSKY: Off the record.
o} (Discussion off the record.)
1  THE WITNESS: The second part there,
112) which states, DCS failed to make an evaluation of
113] how long it would take for a new Charleston-like
41 earthquake zone to develop in another location,
ps) while that maybe an interesting topic and could be
115 factored in by statistical techniques, it is not
1171 one that GANE wants to pursue at this point.
[1g) BY MR. POLONSKY:
(9 Q: Let me ask by clarification, and I don't
200 know if you can answer this, but does that mean the
211 whole line of questioning of the Kafka article and
(22 reliance on Kafka is not relevant or is Kafka still

Page 118 - Page 121 (32)

Min-U-Scripte



-

In the Matter of:
Duke Cogema Stone & Webster

Deposition of Leland T. Long, Dr.
Vol. 2, June 25, 2003

o Page 122

(1 relevant to other parts of the contention or basis

(2] statement? -

@ A: Ithink Kafka may be rclcvant to the _

{4 treatment of the statistic. The contention is that

151 there is 2 30 percent chance that the next major

ts) earthquake will be in a ncwarca.lthinkthat _

m there is sufficient ambiguity in the process to not.

g make it worth pursuing, for GANE not to pursue it.

@ It is an intellectual exercise and it could . .
it impact — the statistics could impact, but I don't
(1) think there is enough certainty for that.. ..
12 Iwouldhketonotctoothatmtermsof o
(131 the underestimating of the mobile bouncc or post‘ N
14 critical reflection, that the use of the Henmnp, -
ns velocity model is not appropriate. .. . . .. .,
tq  Q: The Hermann velocity modcl, is that thc .
v7 1986 Hermann velocitymodel? . . -, . . .
A: 1 don't know the date. Ithought:twas v 1.

e
p9 earlier than that. - R O S,

ro Q: 'I'hatisnotapptopnatc,lsthatcorrcct’ S
1y A: Yes. S o e e

gz Q: Do youbelicve that is anew, posmon

- joa
."{ve looked at amplitudes for-my Ph.D. thesis but that .

< {m is a long time ago and I based my conclusions on my
't |ns) experience.1do have a paper in BSSA which -

i Page 124
() site, if propagated by a proper model, would very -
12 likely indicate a higher vibration. What is your
@ basis for saying it would very likely indicatea .~ .
@ higher level of vibration? '
15 A: Hermann’s model includes a lower crustal -
16 layer of velocity, 6.6, which probably does not
m exist.That intermediate layer in the model would
® cause reflections and amplitudes at shorter ranges
@ to be higher and would decrease the energy '

.- |uey available for the post critical reflection. This

.+ Jit1] is 2 case where 2 proper model should be used to

it {1z see what the actual effectis. - - . oo
S 1Rk

Q: Have you done any modeling or any

. {n4 calculations to see what the actual effect is?
A: In this particular case, no. ! have

%' |ng presents observed dita for amplitude versus ¢ -
vy lpo) distance for'smaller- magnitude catthquakcs and

‘(21) that does show this effect. - PR : .
. e, . Q: What paper is that — is that listedon-~ ~*~ - -

4

: Page 123
t1] that you have tzken, that the Hermann velocity. ... .- . ..
21 model is not appropriate? : ey e
133 A: Well, the position is that the test | o
ta) earthquake from Charleston propagatcd to thc sitc, <
{s if propagated by:a proper model, would yery likely
tel indicate a higher level of vibration. In looking . . .. - ..
71 at the Hermann model and figuring out why it has e
te) the geometry and size it does, one can sce thatthe -, - .
te) interpretation that Hermann gave applies to a total.

poy path and not the short teem path. . -+, -, .-
1 Q: What do you mean by total path s Qpposcd o
2] to short term path? . :

g A: His model was from Bowman toAtlanta or -
(t4] ATL which contains velocities which are

ns significantly different than they are on the

1e) coastal plain. His technique was a surface wave -
it71 technique which takes an average velocity.The

11e) average velocity between those two points doesn't
e necessarily represent the individual velocities for
o) any part of that path.

R1 Q: You said that the position is that the

2 test carthquake from Charleston propagated to the

:| @ these two points and I am assuming you are -
4 1 referring from Bowman to Atlanta, does not
‘| ;1 necessarily represent the individual velocities fot

(L

Page 125

H

n your biographicat == - 7

121 A: Yes, Long, Jones and Macke —Tam not

7 sure how we did that. Cele e 0

#  Q: You said the average velocity between ~: - * °

[
5

1 any part of that path’

1 ®m A: Thatisright. "

poy  Q: Does that in h‘ni:l‘ of itself mean there - -
11 definitely will be increased amplitude or some

‘Iz increase in the hazard at the Savannah River Site?

A: That means that the model chosen for the

14y shorter path is not the correct model and if one

ins considers what the correct model should be, and

(1eg just looks at what might happen, the conclusion I

11 would have — the speculation I would have is that

e intermediate layer in the model would be reflecting

(19 more energy than we would want to be reflected and
o) it would starve the energy going down to the most

121 critical part of the model.

2 Q: If what I will refer to as the historical

Min-U-Script®
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m check or seismic check of the 1886 Charleston

@ earthquake was not part of the seismic design of

1@ the MOX Facility, would you have any other reason
141 to be concerned with the Hermann velocity model?
5t A: Idon't think that Hermann was trying to

{81 compute a velocity model and to use it as 2 crustal
@ model was probably not — was an extrapolation

(8 which might not be appropriate. Hermann's

19 objective was to define, the dispersion so he could
(o1 define the focal mechanism and depth of the focus
1) of the earthquakes and he did that for a number of
12y earthquakes in that time period.To take that as

(13 an expression of a portion of the path would really
(4] not be appropriate. By analogy, what I do now for
1] my major part of research is I look at surface

(6] waves, I look at dispersion and I look at the . ,
17 dispersion between a source, many sources and many
(18] receiving points. Along the path there is an

st average dispersion. It doesn’t necessarily . .. ‘
o] represent any single point, but I do a tomographic
(21} version to find the dispersion I can associate with
(22 a particular point in the area. . "

=

Page 127

m  @Q: My question was though that your dispute
(@ or your concerns with the use of the Hermann
® velocity model appears to be related solely to this
@ historical check on the 1886 Charleston earthquake; .
s is that correct? .
& A: That is the only place I believe it was
m used. _ '
® Q: So if the historical check was not.part
1o of the seismic design, would you have any reason to
o raise the issue of the Hermann crustal or Hcrmahn
111 velocity model?
112 A: No.Unless you used it in some way to
(13 compute the probabilistic hazard.
4  Q: Was Hermann crustal model around —
vsi A It has been around a long time but it
5 hasn’t really been used in that context. I don't
(17 think it was ever considered as part of the EPRI or
(19 Lawrence Livermore studies.
119 Q: Would you agree that the Charleston
120 earthquake is the most severe documented seismic
(2} event for the Savannah River Site? Let me point
{221 you to GANE's first answer number 3.32, which is on

Page 128

i1 page 26, second sentence says, “The Charleston
(21 earthquake is the most severe seismic event that is
13 related to the seismic design seen of the MOX
©; Facility.”
151 Do you have any reason to disagree with
(61 this statement? -
m MS. CURRAN: What page is it on? 267
B MR.POLONSKY: 26.
g MS. CURRAN: Sorry.
g  MR. POLONSKY: That is all right.
(1 THE WITNESS: I would agree, in terms of
(12) the known seismicity, it is at this point the most
113 severe.To have measurements both at Savannah —
(141 at the site and the source.
(18] BY MR. POLONSKY:
pg  Q: Is your answer yes, the Charleston
(11 earthquake is the most severe seismic event that is
ng related to the seismic design of the MOX Facility?
#g  A: No, I would restate that because the New
20 Madrid seismicity was probably larger. How
[21) relevant are they, that is another question.
21 Q: The statement is the most severe

Page 129

11 documented historical seismic event that is

{2 relevant to the seismic design for the MOX

@ Facility. Are you now saying the New Madrid event
) is more relevant to the seismic design than the

5] Charleston earthquake?

1  A: No,Ididn’t say that at all. The

[ statement was is it relevant. To some extent. New
{8) Madrid events are larger and they do have some

@) relevance because they were felt in that area.1

po} think to simplify that you would say the Charleston
1] earthquake is the largest post event to have

1121 occurred in historical times. So it would be, in

(13 terms of design, it would be the most — if you are
4] going to limit it to earthquakes that have occurred
(15 in historical time, it would be the most severe.

nel  Q: What would you say is the magnitude —

(71 moment magnitude of the early 1800s New Madrid
(18 earthquake, the largest?

(191 A: I have tried to stay out of that

120) argument. Some people think it is lower and some
f211 higher. Some recent studies say it is lower. Arch

1221 Johnson presents probably the most definitive study

Page 126 - Page 129 (34) Min-U-Script®
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11) of that and I believe his numbers were in the 7.5

[4 range.

@ Q: Then what is the moment magmtude of thc

@} Charleston earthquake in 1886?

13 A: Probably around 7.0.

© Q: Sobecause Charleston was a2 7.0 and New .

m Madrid isa 7.5, do you believe that the New Madrid-

i is the most severe documented historical seismic

@ event that is related 10 the seismic design of the
o) MOX Facility? : S s
it A: Not the most relevant but thc largest: -
(121 that is relevant.
n3  Q: Although that is true, from what you sald L
14 previously, you would agree that the Chatleston, ..
5] although 2z lower magnitude, contributes more to the
1e} seismic hazard of the Savannah River Site than the -
171 New Madrid? - U E NN RLBRR PR
ws  A: Yes.The USGS and- LLNL and EPRI S
1e) studies — or USGS studies, go through a process .-

[21) defragmentation shows the relative contributionof ... .
{22 various sources and when you do that forthe - -, |

. Page 131
1) Charleston area, for a site near Charleston, : :
2 Charleston almost always comes out as the strongcst
13) contributor to the hazard.- R .
4] Q: When you say dcﬁagmcnmuon, is that L
51 synonymous with disaggregation? . .. - .. .. o, .+
&9 A: That maybe the tcrm,d:saggregauon, T
7) perhaps. S .
® Q: AndArt somcbody that is at thc USGS - .
© A: Art Frankel. .
g Q:AttheUSGS. - = - . - - . -
{11} If you could turn to page 17 to 180f .
123 GANE's first set of interrogatory responses, the
113 interrogatory hasa question, does GANE agree that
114] the reg guide, 1.60, S percent damming spectrum
s} scaled up to 0.2 G peak ground acceleration, is
18} more conservative than the PC-3 spectrum for SRS
1171 and the response was yes. Do you have any reason
11s) to disagree with this response? It goes from the
1o bottom of page 17 and thc answer given is at the
t20] top of page 18.
1) A: The amplitudes are larger, yes.
2= Q: Do you have any reason to disagree with

Page 132
(1) this statement? '
@ A:No.
m  Q: Do you agree with the statcmcnt?
A: Yes. :
m Q: Let me take you to the second

1 supplemental response, page four, interrogatory
11 3.1.And the response — it should be part of the
i8] interrogatory. Does GANE agree thatitis®

| (o] appropriate to use a regulatory guide parcnthcéis R

g G, 1.60, 5 percent spectrum scaled to 2 0.2 G as -

|1 the design earthquake for the MOX Facility and in
« ‘|z the response, GANE says, no. GANE agrees that the
- jna regulatory guide 5 percent damming spectrum’is
. [n4) appropriate to usé as the design earthquake for the
- |#s MOX Facility. You then say it should be scaled up .
. |ne to an appropriate value of acceleration at the -
“{nn surfice. Do you have any reason to dxsagrcc vmh
- |ne this response? . .
- Ce
o} where they defragment the resultsand the. - .. .: -, |
“|eu you dxsagttc’
{2 A:1do not disagree. _ - e

A: 1 agree with that. -
2o  Q: You agree with that? 'I'he qucstion was do oo

Page 133

m  Q:Itsays that the spectra'should be scaled -

* ! @z up to an appropriate value'of dccelération at the .

@ sutface. Do you have a proposal what that

| @ appropriate ‘'value of accclcmtion 'should be? :
41w A: No,Idon't. S e e

w1 Q: Also on page "four, in response to’ -

1 m interrogatory number 3.2, does GANE agree that

18 design earthquake with return interval of 10,000 °

4 m years is'acceptable for the MOX Facility and the -

(10 response is yes. On that limited issue, do you-
1) havc any reason to dxsagrcc with GANE s response?
A:lagree. =

{ra  Q: What is your undcrsrznding' of the

(1) spectral response — what is the your undcrstandmg
[151 of what the surface honzontal spcctnim is for the
ne) MOX Facility? =

w1 A: We are talking about the terms we talked

ne; about before, whether it is thc hard rock or the

11g) natural surface.

poy  Q: Surface, that is why I used the word

{21} surface. Not 2 thousand feet or 800 feet below the
123 surface. I am talking about what is at the
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Page 134 Page 136
(11 surface. What is your understanding of the (11 acceleration. That basically is an appropriate way
2 horizontal response spectra for the MOX Facility at @ to do it. Are there other ways, possibly, but that
@ the surface? @ is generally the approach that most seismologists
@  A: Thatis the spectra that one gets when 1 take.The contention though is that some of the
51 one puts into the base — or propagates an event to 15 input along the way has not — has been biased in
e the site, either two — one or two dimensional & one way or another.
m analysis.The analysis provides output which gives m  Q: Let me rephrase and correct me if I am
8] the amplitude of each frequency at the surface or @& wrong. Basically what DCS did in its methodology
@ close to the free surface. So the surface response [l to generate a seismic hazard in your opinion was
o] would be the response of the total soil column to 1101 okay, was appropriate, but what they used as
(111 inputted spectrum at the base. (1] inputs, you have concerns with some of those
12  Q: Do you know what was chosen as the (121 inputs?
[13) spectra — spectrum for the horizontal response ta  A: Exactly.
114] spectra for the MOX Facility at surface? n9  Q: Okay.That is very helpful.
s A: No,Idon't know what exactly was chosen. 151 To these interrogatories, and I am
vel I didn’t look in detail at that. 11e] referring to them all as a set, you stated that the
¢ Q: Do you know what the peak ground (171 only addition you would provide would be a single
v8 acceleration of that surface spectrum is? (18] article that we have already identified. Are there
i A: The plots that you have vary from .3 to 19 any other documents upon which you plan to rely
9 .6 or seven, depending on frequency, depending on (20 that we have not talked about?
121 the type of earthquake. @1  A: Idon’t believe so.
2 Q: The specific question was what is the 7 Q: How much time did you spend preparing for
Page 135 Page 137
i peak ground acceleration, not dcpcnd@ng on i1 your deposition?
P} acceleration. A @ A: About four hours yesterday.
m  A: Idon’t know what it is exactly. Itisa @  Q: What did you do to prepare for your
4 function — it is an interpretation of a scismic_ m deposition?
51 data or in any case a number of runs of a 5 A: We went through the various documents and
6 seismic — number of runs of a program using i1 we discussed the logic of the basic problem.
@ different input to decide what that should be. m  Q: Did you meet with anyone other than
® Q: Let’s move to the third supplemental @ Diane?
19 interrogatory response, answer to interrogatory o A: No.
no 3.30. Page five. The response to interrogatory po Q: Did you talk to anyone else?
(n number 3.30, GANE generally agrees that the w1 A: No.
1171 approach taken by DCS in calculating the PSHA is pa  Q: Did any of the discussions you had with
119 appropriate and then with the inception of, et 13 Diane prompt you to make a phone call to anyone
[14) cetera, et cetera. (14 else?
(15 Do you agree with this statement? us  A: No.
e A: You have taken — DCS has takena 6l Q: Did you bring any documents with you
110 standard procedure. They have obtained some (71 other than the Atkinson article?
(g information about seismicity, although they didn’t ps  A: Not relevant to this.
19 input them into the base value. They tried to vs  Q: What other documents did you bring?
120 formulate a spectrum for the base, for the hard 2 A: A paper I am reviewing — nothing
{21 rock equivalent,and they have attempted to 121 relevant to the case.
{22 propagate that to the surface to get the surface 2z Q: What is the paper you are reviewing?
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m  A: A paper I am writing on the location of

12 earthquakes.

@  Q: What location or what area is thc papcr
# focusing on, if it has focus? ‘ :
st A: Theory of technique.

1 Q: Is there any particular gcographic region -
@ that it is focused on? : .
i A: No.It is mostly theory. We have uscd

1 examples from the Southeastern U.S.

pa  Q: Do you plan to have your name on that

{11 article when it is published? R

nzaa  A: Yes.

1131 Q: Do you know when it will be pubhshcd?

119 A: No. Ced '
ps Q: Isit likely to be pubhshcd bcforc 1o

e February of 2004? '
na

tg Q: Was anything read to you dunng your -

Page 138

" oe
4]
.

P _,m
A: IwouldglvcitaSOpcrccntprobabxlity‘"«1 T

|19 preparation for the dcposmon? L L I
r2g A: Read to me? R S R TP
=y Q: Yes. i Gt Y
@2 A: No, just the stuff we had.: *.7 - o o

Page 139
{1 Q: What stuff is that? BODEEEA
2 A: The interrogatories and their answers.: i

@  Q: Did you do anything to prepare for yout
4 deposition?

18 A: For this dcposmon’
@ Q:Yes. ' :

CTeoe L0

18 vacation and I didn't get the time I planned to so
« Ididn't do it.
ng
119 Nuclear Regulatory Commission?
pa A: No. T
ps  Q: Do you consider yourself to be an expert
14 with detailed specialized knowledge of NRC's
{15 regulations? :

g A: No.

p7n  Q: How about that same question thh rcspcct
18 to NRC guidance?

ita  A: No.

2za Q: Have you ever had any interactions with

i21 the NRC other than in relation to the Livermore
22 study?

m A Nommsoutthatlwasprcttymuchon RRTRE IS

Q: Have you ever testified before the < - & . * .

- ney
ot 119’

i A: For some time I maintained seismic
2 networks in Georgiz and Alabama and that was
@ sponsored by NRC.

g Q: Anythmg else?
155 A: There was an evaluation.I don’t know

; lqwhcthcrthatwastthRCornot A

m Q What do you mean?
m A Evahxauon of one of these — evaluation

‘ ® of part of the Lawrencc Livermore or EPRI studies.

noy Iam not sure which — if that was the NRC or not.
ny  Q: When you said sponsored by the NRC, did"
{121 you mean ﬁmdcd by the NRC’ '

A: Funded, yes.
Q: Is that fundmg ongomg’ -
ANO ceate T s
Q: When did that end? -
nn  A: 1990, ‘ o
Q: Where does your fundmg comc from now7
A:DOE. *' -
z-m QAnywhcrcclsé’ LT el o
|0 A: NSFbywayofIRIS IR IS, institute

(e fochsearchinSc:smologyAnd DARPA,DARPA.

Page 140

' ,f31

1 outstanding to othcrs?

m Q: Anythm(g'clsc other than those three
:z] scparate entities? .
A: At this nmc no

- Q: Do you have ; any grint roqucsts

1 A: Ihavea grant requcst to NSF I bchcvc

: m that is the only onc

® Q: Whatare you bcmg fundcd for by thc :

“{ 1 Department of l-:ncrgy7

tro  A: Using scxsmxc tcchmqucs to ndcnufy

F 1 pcrturbatlons of vclomty in the gtound shallow

(a2 ground.

pa Q: Do you know what the ultifmate purpose of
14 that research is?

s A: Yes. _ ) .

pe  Q: Would you share it with us?

071 A: The current — the original research —
e this is 2 continuation. The original research was
te to develop a surface wave technique to develop
{20 anomalies such as may be associated with waste
1211 disposal sites that may be lost or stuff that

22 maybe — dense non-aqueous phase.Iam not an

i
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(17 expert in that. I am an expert in the seismic 01 Q: What you are referring to about
@1 phase. In doing that research and developing the @2 deterministic and the change to probabilistic, are
© tomographic technique, I discovered that it might @3 you referring to that as applied to nuclear power
4 be possible to do a differential technique, this is @ plants or a broader range of facilities?
(51 2 new technique which came out of that research, ® A: Major concern in developing this was the
o1 and I am in the process of testing that. The 6l concern with respect to nuclear power plants. That
( objective there is that if in the ground fluids m was the driving motivation. It is a general topic
& change pressure or there is some change in the @ and it applies to such things as seismic hazard and
# characteristics of the properties, the soils, then w like this Lawrence Livermore/EPRI studies pioneered
o) that would show up as a slight perturbation and I (1) the technigue which Art Frankel developed with the
1111 have developed a numerical technique to develop 1117 USGS into the new hazard maps which applies to
n1z that. Its application would be for tracking (12 everything.
(13 groundwater, for identifying paths that water takes 13  Q: You have already told me that you haven’t
(14) particularly during remediation processes. 14 reviewed the NRC regulations in part 70 which apply
s Q: When did your funding by the Department ns) to the MOX Facility but are you familiar with any
ps) of Energy start? per NRC guidance documents?
nn  A: Last October, October 2002, 1n  A: Not in detail, no.
s Q: And how long is the term of that work? | g Q: Have you reviewed the standard review
-9 A: Two years. . _ 191 plan, which is an NRC guidance document new reg
o Q: Are there any applications of that work po 1718, standard review plan for the MOX Facility?
21 to nuclear facilities other than what you have ey A: No.
122 identified which is a radioactive waste disposal? 2  Q: Have you reviewed any other plans for any
Page 143 Page 145
i  A: Waste disposal in general. A {1 other types of facilities?
@ Q: Any applications to nuclear facilities? @ A: No. o
@ A: Ihave not pursued all the potential @ Q: Are you familiar with reg guide 1.60?
@ applications. If 1 had known this technique and m  A: No. , :
s had the equipment when I was first asked to deal s Q: Have you ever looked at it?
1] with it in Southwest Georgia to dcal with sheer & A:Idon’t know.
m wave velocity, I would have used it thes. m Q: You don’t know if you have ever looked at
B Q: Do you have any experience with NRC ® it?
19 regulations? ©  A: Right.
pg  A: No. (0 Q: Do you have experience with the
nn  Q: Are you aware that there are separate NRC i1 Department of Energy other than the work that you
12 regulations that deal with deterministic seismic 12 initiated in October of 2002?
{13 analysis versus probabilistic seismic analysis? pa  A: It was a five-year grant that led up to
114 A: Iam aware that the original regulations 114 that study.
11s were closer to a deterministic approach which in ps  Q: So I assume that five-year grant began
11e; many cases became unreasonable or very difficult to (16 sometime in 19977
s7 manage and that the Lawrence Livermore studies and vn A: Yes — yes.
g EPRI studies were largely initiated to get away (g Q: And what was the purpose of that grant?
9 from deterministic and move toward a probabilistic e A: That was the tomographic stuff,
120 approach. I am not aware of — have not read the o) Q: The tomographic conversion —
{21 regulations themselves. As to the history of why 21 A: Of surface waves, yes.
(221 these were occurring, that is my understanding. 2 Q: Other than that, have you ever been
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i1 funded by DOE?

@ A:Idon'tthink so.

@ Q: Have you ever been funded by a DOE

1] contractor? o

im A: By someone who has contracted with DOE?

e Q: Yes.

m  A: Idon't know. Possibly. i

© Q: Have you ever been funded by the

m Westinghouse Savannah River corporation or any of
1o its prior entities that may have been referred
11 to — .
pa  A: Yes.

113 Q: What work did you conduct for WSRC? ., -

n4  A: We established and instrumented four ..,

1S scismic stations in Georgia:. . . . e v gy
ne Q: When did that work begin? - - ... . ., .. . -
nn A "90,1990. ‘ R I E AT
e  Q: And when did that wortk cnd? P

ne  A: '93,'92 or '93. . MU R T

o Q: And why was it for sucha short pcnod7

@1 A: It was a single contract, sct them up,

122 and my guess — rocket continuation was-a poor. ;-

Qo Page 148
i1 Q: 1021, performance categories? :

@ A: These are all DOE documents? I have not

@ gone into to look at the DOE's-documents, Whether

u I have seen them in some other context, I can’t’

® tell you.I don’t remember. - ‘

© Q: Are you familiar with performance

m categories in general, PCO thmugh PC4?

lm A: Whatlhavel&rncdmthxsrcwcw

1@ Q: What is this?”

.~ lugy  A: What I have learned in the rcwcwofthxs o

" {un contention and your papers. : :

~{ta  Q: Have you reviewed any other documents °

:]va generated by WSRC other than the 1997 WSRC — I

i~ "|114 gave you a copy already 0085.
‘|lus  A: Ithink this is the one I spent most of

~lue the time on, it scemed to be the most relevant:

. fun There were many other papcrs in thcrc some of -

““|ney which I glanccd through. In terms of actually

" v studying them for presentation, no.If you'go into =~ -
- 1o 2 historical context, I have on occasion received = -
et some of the documents that hive been prepared <
_“{ea concerning the Savannah River plant afid looked at

e Page 147 | - -~
11 choice of instrumentation. We chose an instrument - .--. ; |
i that relied on phone line for communication. This ¢

13 was pre-long term reporting capabilitiesof . . . - :

4 instrumentation, and we chose an instrument that we
ts thought we could get into the field — we could .., -
16} order and have delivered and get into the field in - R
@ a hurry.The contractor — the company didn’t, . * ;"

(e quite follow through on what they said they could

ts1 in the way of delivery time so it was delayed. ... .

ng Q: Any cxpcncncc with DOE rcgulauons’ .
n1  A: No. ‘ w

12 Q: Any experience with DOE gu:dancc s
13 documents? R SR
n4a A: No.

s Q: Are you familiar with any of the DOE

e standards that were the basis of the 1997 PSHA?
177 A: No, don't think so.

ey Q: Iam going to name DOE standard 1020.

19 Does that ring 2 bell?

ea A: Numbers won't ring a bell.

21 Q: Entitled seismic dcsxgn’

pz  A: No. :

Page 149

[ ..

(m thosc, not in relevance to this case.

. m planning groups inthc state of SOuth Carolina? = -
| A: I have not dealt wnh those.

IR

e

' 2] Q: You havén't done any work with cmctgcnt:y

@ planning groups in South Carolma the way you havc e

1t doncitchorgla? {

“'m A No.
‘| m  Q: What is your experience with the United

luoy States Gcologxcal Scrvxcc, Which wall rcfct toas
[y USGS?

2  A: Ihave had some contracts wnh them.

@15 Q: Any in the past ten ycars? '

14 A: Idon't think so. )

lus  Q: Do you have any frequent interactions
e with anyone at the USGS? ' )
un  A: Normal interactions at socxcty meetings
19 and such. I do not work closely vmh USGS

s personnel.

pa  Q: Were you ever funded by USGS?

@1 A: Ihave been funded in the past.

2z Q: And that would have been more than ten
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(n years ago? t published with Jones and Macke quite a bit earlier.
@ A: Yes,Ibelieve. There have been @ I used that then in the hazard computation program
11 something like 50 or 60 grants. I can’t remember @ which I wrote to compute probability that a certain
w which is which. [} particle velocity might be exceeded and came up
1 Q: And you have never done any work on 51 with some maps for Georgia that showed the
el seismic design to support construction of a nuclear @ influence of various sources.
m facility? @ Q: Did you come up with a map for South
#  A: By design, you mean shape of the building @ Carolina?
{9 or construction, no. In terms of seismic criteria @ A:1did not come up with a map for South
po) for design, that — we have already gone over with po) Carolina. I believe at the same time Gil Bollinger
(1) respect to the Law Environmental Services or Law p) put together some maps for South Carolina. I think
12 Engineering company. (12 that was contracted for by the Savannah plant. I
013  Q: Outside of Law Engineering you haven’t 113) used them to get to a map of Georgia.
w41 done any work on any specific facilities? png  Q: So this work was done in the late "80s
ts - A: No. : ns and '90s but you are hoping to publish it now?
nel  Q: Have you ever yourself conducted a PSHA? peg  A: The particle velocity relationship might
7 A: L have computed an equivalent of that 7 still be good enough to publish. The contouring
1e) which is not the spectral components but the tg and hazard was really — myself and a number of
(19 maximum velocity. 19 other people did this, presented talks on it, but
@ Q: When did you do that? o] in terms of publishing, it was limited, mainly
@1 A: Late '80s or early '90s. @1 because the USGS stepped in and did the full job.
@z Q: Why? 1221 I was not funded to do that directly. It was more
Page 151 Page 153
m  A:1did that because I, along with many 11 something I felt needed to be done.
{2 other seismologists were not happen with the maps @ Q: Does the work you did on the intensity
@ or the seismic hazards and we wanted something that @ felt area of the Charleston earthquake contradict
# was more representative of an awful lot of new data w any of the work Bollinger did in the late 1970s
5t that had come out of various seismic monitoring 151 regarding the intensity meso seisal zones from the
6 programs.You stated it is not the spectral & Charleston 1886 earthquake?
m component but the maximum velocity. m  A: Idon’t recall it contradicts his work,
®  The particle velocity. @ no.I may have looked at it a little more closer
®  Q: Why would you look at particle velocity @@ with some of the attenuation relationships. What I
[10) or various components? tg did in the attenuation relationship is developed
(1 Az Particle velocity there agrees most (1) something that accounted for the post critical
vz closely with intensity felt data and it could be — (121 amplitude of the seismic waves — most critical
113 in that process I developed a relationship between 1a reflection, and incorporated that into equations I
14 intensity and particle velocity. 4 used. I used his intensity interpretation
s Q: What is that relationship? usl directly. I did not modify it in any way.
s A: Thaven’t published it yet. pe  Q: Have you ever developed a seismic
vn  Q: When are you going to publish it? [17) Tesponse spectrum?
va A: Imay do it next year or two. I was (18 A: No,I haven’t.I haven’t in the sense of
(19 looking at intensities from the Charleston 1191 a spectrum that you would consider for design
eo earthquake and their decay with distance. I was 120) purposes.With my Ph.D. thesis, I looked very
t211 looking at 2 number of smaller earthquakes, fitting @21 carefully at the spectra of the wave form and the
(22 that all together with the relationship that I had (221 way the spectra is developed and attenuated.
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m  Q: You have told us that you have had
7 intimate experience with the Livermore and EPRI
B work, that you were a participant on the expert

# panel for Livermore and on a committee for the EPRI

51 work. Would you agree that due to the large
# uncertainty, and in all the geosciences datzand in .
m their modeling, that multiple model interpretations
1 are often possible? S
© A Multiple intcrpmtauons are possible,

{10 yes, and in the timeframe of the Lawrence

111) Livermore, publicity was cons:dcrably largcr than

2] it might be now. R ’ R IR T R

ps;  Q: Would you agree that whcn complctmg a.

114) PSHA particularly for a nuclear fuel fabtication - .-
(1s) facility specifically estimating annual frequencies . .- -

e of exceedence of earthquake-caused ground motions -
17 can be attained only with significant uncertainty? . . :,

ng  A: I'would guess that today the uncertainty . - ..
o earthquake rates and their variability over time.

1) than it is with the computations. I-would think ;- -
22 that given the premise or the constraints of the .,

1) is more related to-what is not knownabout .+ .. ., ;...

Page 154

ey

4

Page 156
[y capture uncertainty?
2 A: Yes.I think that the statement I liked
@ at the time was that this was a cheap waytodoa .
@) literature survey.
1%  Q: What was that in reference to?
©® A: With respect to — if you pull togethera
m whole lot of experts and you get their opinions and
@1 assessments, each expert looks at the literature
© and makes his assessment of that. So you are in

- “|na effect pulling together the last five, 10, 15 years
{1 of the scistnic literature into one big ~ -~

112 probabilistic ball which eventually boils downtoa -
113 sct of numbers with 2 scatter. If you ‘were to take

|4 a seismologist who is fairly well qualified in
- lus] understanding what is going on, 2 lot of the models

11e) and older hypothesis would be dropped and the *
117} scatter or range of that probability would be '

- = lug) decreased. So 1 guess the bottom line is we should
: |ver be able to do it better today. We should be able

120 to get data that will define a Iot of the -

- l@en parameters that were averaged or guessed at.
iiea . Q: What do you do with the person thatis .

Page 155 |' * ;
|t participating in 4n expert panel assutning thatz
4 'm large éffort was nxide — what do you do with that © :*

11 studies, that they have improved so the unceminty
2 should be reduced today. Also, the number of wild . -

3 theories have been cut down. 8o the uncertzinty . .. . . ;4

) inherent in those studies should be reduced some.
155 Q: Why do you think time has whittled down .
ts} the number of theories? : S

.

m A:Alotofthe thconcswerenotbasedon gy

19 strongly held data or observations and since that -
et time we have more seismic data to look at, we have
i1 better definitions of earthquakes sothe: . .. . ¢

n1 definitions, the locations of the earthquakes, have . - -

02 improved considcrably orat lmst have until a few - -
1¥3] years ago. : ' :

14 Q: Would you agree that in a PSHA thc

s limited information that does can be and often is
e legitimately interpreted quite differently by

1171 different groups?

ne  A: I think different groups may come to

i1e different interpretations because they do not look
rar at the fundamental assumptions that are made to
[21) pull the data together.

g2 Q: Isn't the whole purpose of a PSHA to

s W

Page 157

[ person who has some real outlier opinion about ™ * *

- (41 cither source zone or magmtude of recurrence ' 7

SR ” LT

151 theory? '

.|  A: Thatisa good question. Thatis - - -

.
[

{na

'| m entirely up to the person designing the survey as

8 to how it is designed. If you are asking an -

-1 ® opinion as to how I would handle it?

Q: Yes.

11 A: Iam pretty happy with my own opinion and
112 I'wouldn't necessarily'want to give a lot of weight
13 to one I felt did not satisfy certain basic’

141 principles in seismology and some of them have,
{5 even some of my earlier ones today I understand
pe) with new data and understanding are not as viable
17 as they were back some time 2go. So how' do you
15 weight those? That is 2 time chianging entity.1

5 don't know that I can give you a discrete answer.
o) There are people who are outliers and thatis a

211 real question, as to how do you handle those

2 outliers. One of the experts I understand just -
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) drew a big circle around the whole eastern United
(21 States and said you have a seven anyplace and gave
1 arate for it.That is one outlier. Then there is
@ some — to the extent that I have seen a number of
(51 papers — Ben Howell wrote a paper some time ago on
6 the fact that almost all of the major eastern
m United States earthquakes, at least according to
18 this data at the time had occurred in areas where
s there had not been previous seismicity and that
(0] scared him. However, we note from Charleston and
{t11 New Madrid, those areas have exhibited seismicity
1121 and we know Seattle has had tremendous earthquakes
3} and people thought it was pretty quiet up there.
14] Just from historical data, a lot has been learned
5] about seismicity but not enough to know where the
[16] next one is.
1  Q: So wouldn’t you agree that it is
187 important to have outlier opinions in the PSHA?
(9] A: Iagree you have to evaluate those .
(20] opinions as to whether they are radical or outliers
(21 in terms of whether they disagree with the general

f1
2
&)
4
151
]

=

=

8

9
(10]
11
12
[13}

=

{14]
18]
i16)
17
1ne)

19
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methodology used by the Livermore and EPRI PSHA
study — if one were to be done today —

A: Would we do it the same way —

Q: Would you think it should be done the
same way?

A: It was very much an evolutionary process.
We started out before then with the deterministic
medel which turned out to be unworkable in terms of
licensing and realistically because emphasis was on
the outliers and not the mean. So the point here
was to incorporate the whole thing into some
statistics. Lawrence Livermore took experts and
had them develop the seismicity. EPRI took groups
and said you have to include hypotheses and
possibilities that earthquakes could occur, and
then you have the USGS jumping in, finally
admitting that the Elgin original hazard was way
out of date and instead of using hypotheses, which
is somewhat anmibiguous, they said, let’s boil it
down to the facts we know, that is, a certain
number of earthquakes have occurred in a certain

1]
2 opinion of seismologists. I have to admit that 122 number of areas and we will compute a hazard from
Page 159 Page 161
1 myself, when I talk about eastern United States i that.
@ major earthquakes, I am probably a little bit of an @  Iam not really 100 percent happy with
i outlier in the sense that they are not dueto @ all of them. I think there are holes. One of the
4 existing faults but due to weaknesses in crusts @ basic reasons I believe there are holes is my
15 which evolve in both the earthquake and the fault. 5 understanding of what triggers or what causes a
©  Q: Would you agree that a PSHA should @ major earthquake. I have explained already why I
m incorporate the diversity of expert judgments into m think stresses accumulate and intraplates — 1
@ the analytical results by appropriately capturing @ think there is a weakness that accumulates but what
® the current state of knowledge of the expert @ actually triggers that may be something else and
vo] community? 1o the process, whether you are dealing with a major
tn - A: That sounds quite reasonable, yes. (11 earthquake or some of the shallow earthquakes, is
0tz Q: Are you familiar with the senior seismic (121 one in which you are dealing with what may be
(13 hazard analysis committee which I will refer to as 113 called a chaotic process, and it is something a lot
{14 SHAC? 14) of seismologists will not admit, that the Gutenberg
psy A: No. ps1 Richter recursion relationship is a log normal
v Q: Are you familiar with any reports issued 1e process. Log normal processes are by definition
(17 by SHAC? 117 chaotic. That means that there is a certain level
vg  A: Tdon't think so. 118 of unpredictability to earthquakes. That
(19 Q: So it is fair to say you have never used p9) unpredictability comes as a result of processes
(2o it as guidance? 10 that go on that are chaotic in the sense that one
rzy  A: No. 21 cannot predict now, or in two or three days, what
22 Q: What is your opinion of the underlying 21 is going to happen.
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m  So the process of triggering an

2 carthquake, you can have — in the process of
[ triggering an earthquake, you can have all the
u conditions ripe for triggering, but it may or may

15 not happen depending on such small things.This is
i} very anzlogous to weather prediction and modeling

m where the Lorenz effect says if you run a model and
{#) you get 2 sunny day in Ohio, if you change the
©1 model by having a butterfly flap its wing in Rjo,

v} you have 2 tornado.That is the unpredictability

1 or inability. In other words, the processes — .. .. |

y23 many of the processes associated with triggering an .
' . lna rapid process. If you just do that with fluids, -
{114 you can have an episodic injection of fluids. That

13 carthquake are of this type.That is my general

14) opinion on that. R RO A

ns;  Q: How does your thcory, and Ithmk lt isa. .
pe) five step theory that you have identified in one of
i) yourptoccsscs,andthcﬁfthstcpisacrusml .
ine} healing process —. . Es
e} A: That wasin thc Nuttcrly volumc which is -
o) one of the earlier versions of that. | .

e Q: Doyoustili hold to that? .. .

@23 A: Basically. There were modifications.. . . . -
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{11 analysis says that is the analysis you should be
2 using. _
B Q: For the Chariéston area, whether it is —
1 how do you'end up getting crustal healing in 550 to
& 650 years?
@ A: How do you get 2 Mt. St. Helen's popping
m up in about 20 years? That is a short term rapid
@ change in crustal properties in the periodof a -
© few, 10, 20, 30 years.You have hottermagma -

- |no popping up there, heating it to-a point where you °

(1] canseea bulge 300 feet high and two weeks letter -
1) it is blowing to smitheréens. Thatis a fairly - < .-

- - Ine has been proposed by others or you can have fluids -
¢ | that have been captured and pushed down from the

" . {nn surface or you can have fluids that are released by
~ >+ v lg a change in'the mineral composition of the rocks..” . -
+.- + |ne You can then change the physical properties because |
o) fluids have a tremendous effect on propcmcs

@1 Q: But'the Mt.St. Helen's example is -

- |z associated with'a crustat boundary-that subsxdcs .

Page 163

1) over time,

@ Q: How does this chaos process play into . . . -‘ “
@) crustal healing and trying to estimate the return .,

) period for an earthquake with crustal healing? .

5 A: Itis difficult. It is difficult because . ., ... ., .

1) the log normal relationship is not a statistical. . . .

m relationship. It is an exponential form. So you S
@] don't have a value with-an error.You have d log ... .., .

) normal. The distribution then is one of refractal, -

o) Dot a statistical distribution. So when you look ., . ... .

(11) at an arez, you have to say you have epi centers
{12] around that area. You have 2 distribution, most .

3] often seismologists and for most of these studies, -
4] particularly Lawrence Livermore, they went to great
u1s) pains to remove after-shocks but if you look at it

1) from a fractal consideration, you would like to

1171 leave the after shocks in. So whether you leave

ue} the after shocks in or take them out makesa -

o) difference in what type of analysis you do. 1

ro) don't know that anyone has really fully developed

i21] that for earthquake occurrences but that log normal '

22) relationship, the Gutenberg Richter recursion

!;o .

48 because they have been subducted, yes.
e Q: But we don't have that kind of - o

e Page 165
(11 and your papet is an intraplate scismicity? .
@ A: Mt.St. Helén's Was-on the plate. The 7" " &

@ mechanics are the resilt of stuff that comes up -

# with a plate and 6n'to the surface. Thcyarc S

. subvergence on the Edst Coast?
© A: You have it inYellowstone.. =~ @ i
® Q: Buton the East Coast? o
o A! Some might argue there is off North

o Carolina. It doesn’t have to be volcanic. It can

1127 be simply fluids or fluid content.

#a  Q: And'it is your theory that is occurring

14 in Charleston?

i) A: Iam trying to think of the guy’s name,

itg he graduated and wotked for St. Louis for a while
17 and he worked for Brian Mitchell there and is now -
pe) working in another neighborhood university. He did
(9] an analysis, selsmxc — analysis of seismic

201 velocities in New Madrid and he showed in the

@1 seismic zone there was a sufficient or significant

1221 decrease in the velocity which he explained as a
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m possible explanation was an increase in fluid
2] content or properties of that area.
@ Q: Did those studies translate to
Charleston? I understand they may be clear or
51 somewhat clear in New Madrid?
] A:Idon’t know whether the velocity
M structure at Charleston has been studied in
sufficient design to find out. I think that the
19 five to 10 stations that are available in
Charleston, considering the noise and the rate of
activity, don’t give enough data to do the type of
conversion that one would need to do that. I would
guess, yes, there is. I think in conversion of
seismic data in Southeast Tcnnésscc, Ifound a
relationship between seismicity and lower
velocities. :

Q: What tools are you aware of that you can
determine what the most sensitive tool of a PSHA‘
is?

A: It is probably disaggregation.

MS. CURRAN: Whenever you are ready to
take a break. -
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m  MR.POLONSKY: Let’s do it now.
7] (Discussion off the record.)
] (Recess.) ’
“ BY MR. POLONSKY:
® Q: Idon’t want to cut you off from a
6 response you might have otherwise given. Is there
m anything that is pending on the table in your mind
i# or should I move on?
@  A: No, you can move on.

Q: Would you agree that the Lawrence
Livermore/EPRI PSHAs are the gold standard for
capturing uncertainty in the parameters that
comprise the PSHA?

A: What is a gold standard?

Q: The standard that someone would turn to
if that they were designing a nuclear facility?

A: 1 have to put this in historical
perspective. Lawrence Livermore started up with
their study contracted by the NRC. It was an
(200 expert’s opinion pulled together at the time_The
[211 experts had a wide diversity of opinions. EPRI
129 funded by the power plants probably didn’t trust

[10)
(1
12
(13)
(14
0s)
16l
(17
1)

9]
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) Lawrence Livermore and the NRC and wanted their own
@ opinion and came up with an alternative way.
@) Eventually the two results were compared.

“ I think a lot of seismologists learned a

5 lot about ideas and theories about seismicity,

5 seismic zones, active levels of seismicity in the

1 process. In terms of how one establishes a

(8] consensus view from the scientific community, this

(91 is probably an effective way of doing it. I do not

know enough about some of the scientific procedures
to know whether today it is considered the best

10)
D}
[12)
113
14)
(1s)
16)
1
18]
19
29
21

way.
There are questions concerning sampling
of opinions, and obtaining opinions, asking
questions in the proper form in order to solicit an
unbiased opinion because even in an EPRI or
Lawrence Livermore study one can present the data
in a way that would influence the data or average
out opinions that may not deserve to be averaged.
One of the earliest problems is that the
seismologists were coming up with budgets that
exceeded the existing rate of earthquakes.Too

=
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11 many hypotheses and too many earthquakes possible
{2 to occur and overestimated the total seismicity and
1 that eventually had to be corrected.That led to a

@) substantial uncertainty in the advice. Some

151 sources of the uncertainties relate to the

(6] attenuation functions that were used and that is a

m part of the study I didn't get into but very often

{8 attenuation with distance can be anomalous and it
@ can differentiate. With Eastern United States
earthquakes, if we have a shallow earthquake, it

can have a fairly anomalously high local intensity,
whereas that would be totally unacceptable for a
California earthquake. Those variations weren'’t
recognized in attenuation relations.

ns  Q: If you were designing a nuclear facility

ne) today and you were told you needed to take a

(17 probabilistic approach, what PSHA would you use if
(18 you didn’t have the funds to do a site-specific

(19 PSHA?

2o A: I'would probably go with USGS studies

1] done recently and augment those with some — mainly
[22) because I think they put a little more in in terms

=

{10}
)
112
(3

4]
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1) of what is understood with attcnudtion

1 relationships. It is not terribly expensive to buy

@ the program and run it and substitute a different

) attenuation relationship. You are not talking

ts) about big bucks,

© Q: Do you cansider yourself an expert in .

m ground motion attenuation?

i1 A:Ibclieve I have done a number of studies

19 related to the rate of decay of amplitudes with
o] distance.Yes, I think probablyas much as .-
11 anybody. ‘ : : -
1z  Q: Canyou identify for me who you think are
pg the leading experts in ground motion attenuation -

Page 170

(14 today? . ; o R

1§

7 with that community. I disagree with it, with some.
(g of their approaches.The cnginccﬂng approachis -~
(19 to find an exponential or power Iaw relationship to"
120 explain the data and I am riot sure that ‘works.for

A: Most of that hasbeen done inthe . -5« wuer
116 engineering community'and I am not that famitiar - !

Page 172
i1 A: There was the late '80s and '90s particle ‘
1 velocity versus distance attenuation. All the work
r I did was ground noise and how rapidly this ground

| m noise decayed with distance and the frequency.

©  Q: But the ground noise was shallow?

m A: Yes. ‘ h

m Q: Have you done any work ever in ground
@) motion attenuation for deep earthquakes?

| @ A: For earthquakes. I did it with réspect

1t0) to the Norris Lake — thcy wercn t deep

“ny mtthquakcs Thcy were shallow ‘
‘g

Q: The question was have you cverdone
v ground motion attcnuauon work for dccp l

‘e arthquakes’

“us
"|ve earthquakes is 80 to 100 kilometers.

o

A: Not really deép carthquakcs but décp e

Q: The deﬂmuon you gave mc ‘before aboit *’

« % {ng shallow and. deep — what is your dcﬁmuon ofa

121) these types of events, - RS S

pa Q: IsAtkinson—arcAtkmson/Boorcmthis' EEELR TN

“{per shallow earthquake?

ey A Mydcﬁmuonof—thc-—lctmcﬁrst _
|en give z seismological definition. It has basxcally o
 lizz) shallow eanhquakcs as anything above 30 or 4

Page 171

{1 geotechnical side or are they — - - o
2 A: They are more seismological and for that-

1@ reason I think they do have a relationship which s+

BT
Corn

L,

4 reflects more accurately the possxbﬂny ofa post .ot

'y

is critical application.. -~ - - i
® Q: Arcyou familiar with Paul Somcrvﬂk:7

1

m A:1have met him. o T e

PN
oL

@ Q: Howwouldyoucharactenzchimasaﬂ e
e expert, what field? - & e e e

AN

> [51 seismological cvcnts whxch atc within a fcw e
N [8] kilometers of thc surfacc and scxsmologiml -

EAPREENE

Paga 178
1 kilometers.The deep are ones that occufat 100 ‘
[z] kilometers down to 600. When I talk about *
m seismicity in the castern Umtcd Statcs Italk
(41 about crustal carﬂxquakcs and very shallow

) sometimes 1 say dccp but they are the ma;or .
1 earthquakes in thc crust, Scismologusts would mll

| @ them shallow.

o A: More toward the cngmcermg sndc asfarv.

14 as I know,

nz Q: Norman Abramson?

03  A: Idop’t know him. Soundshkcan S
[i4] engineer. ‘ ' -

ns  Q: Gabriel Torro?

g A: Ihave not worked with him.1don't know :
17 him. .
it Q: And you s2id you don’t know Walt Silva?
ne  A: No.

ra  Q: Have you done any ground motion

121 attenuation work since the two studies you

3 identified which I think were in the late 1970s?

pa  Q: Under yourAdcﬁnition,'béfbrc: you defined

‘| shallow as 0.25 to 2 kxlomctcrs, ‘what is your
|tz definition of a deep earthquake? i

0y A: Anything from two to 15 to 30 kilometers.
4 Q: Have you ever done any ground motion
115 attenuation work in thc 1510 30 knlomctcr dccp

lue) range?

un  A: We did simulation of amphtudcs for
t1e; earthquakes in Southeastern Tennessee scismic zonc.
{199 We had a couple of earthquakes there where we
120 looked at velocity in particular and the way it was
(21] attenuated out.
22 Q: Who is we?

Min-U-Script®

(45) Page 170 - Page 173



Deposition of Leland T. Long, Dr.
Vol. 2, June 25, 2003

In the Matter of:
Duke Cogema Stone & Webster

Page 174

A: My students and myself.

Q: When was that work done?

A: That work was in the late '80s.

Q: And other than Southeast Tennessee, have
you done any attenuation work in the area of 15 to

m
121
3!
{4
15
(61
Y|
)|

30 kilometers?
A: Not directly. It is a problem we have
addressed.

© Q: Do you know Ken Campbell?
19 A: Tknow the name, yes. I haven’t worked
11 with him,

2 Q: Do you know what field he is in?

A: I don’t know the details of what he has
done.

Q: How do you know the name?

A: He was associated with a lot of the éarly
Lawrence Livermore studies and EPRI studies.

Q: Before you referred to the term seismic
budget, either in reference to Livermore or EPRI.
What is that?

A: Total catalog for eastern United States.

Q: You also said that regarding the cither

13)
4]
18]
1)
17
[18}
9]
(201
1
22
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EPRI or Livermore work, that some sources of the
uncertainties relate to the attenuation functions
that were used and that is a part of the study I
didn’t get into. What do you mean?

A: 1 did not reproduce the attenuation. The
Lawrence Livermore and EPRI, I was a seismology
expert.They had a separate panel for attenuation.
They accepted relationships from the seismology
group and attenuation from the attenuation group.
1'was not a part of the attenuation group.

Q: GANE has stated that EPRI and Livermore
were intended for first-guess work only. Do you
113 agree with that statement?

(14 A: lagree with the statement that the

pisp Lawrence Livermore and EPRI studies were intended
[1§ to give a regional assessment of the hazard. That

17 their application to a particular site was to be a

g first guess in the sense that any individual site

t19) should be reevaluated given the details of

120y seismicity and details of attenuation relationships

[21) for that particular site. Seismicity and

(22 attenuation relationships used in EPRI and Lawrence

U]
12
13]
[4]
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i Livermore were regional and meant to be used in a
wide area.

Q: What is your basis for that statement,
just your understanding —

A: That is my understanding. I remember
asking someone about that and I don’t remember who
and when. It was someone involved in the studies.
Basically, I had concern way back then, how can you
use these generalized relationships for specific
sites and I remember asking someone and he said
they were not intended for a final answer but that
any new site would have to be evaluated based on

2]
@l
@
&)
©
g
18]
@

(10

(1)

12)

013

=

L =

recent information.

Q: Give me your definition of what a major
earthquake is in your opinion. Can you define what
small and large are for me in your opinion, and if
we could give it the moment magnitude but just for
the purposes of currency?

A: There is a term called micro earthquake
which is generally believed to be anything that is
not felt but may be recorded and that is about
magnitude one or less in the western U.S..They

14)
18]
[16)
]
18l
19
{20

21

= =
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might be magnitude two or less because people are
less sensitive out there. I could say the ground
motion is not as strong on the surface because they
are deeper.A small earthquake is larger than a
micro earthquake and we are talking about
carthquakes that don’t cause significant or
extensive damage.

Q: So magnitude one or two to what?

A: On the order of three, three and a half.

Q: And a large earthquake?

A: Large carthquake is going to be three and
a half to five or six.

Q: And then major was five and a half to

i

=

(3]

“

=

5

71
{8}
(9]
(o]
i
12
13
anything above that?
ps)  A: Yes.
116} That is just sort of off the cuff.
171 Occasionally we get e-mails saying we have to
e define these terms and here it is and they seem to
ng differ. After you have gone through about six of
20 these you don't remember which definition to work

4]

(211 with.
2  Q: Is there a category above major?

Page 174 - Page 177 (46)
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m  A:Idon't know if it would be rc!cvant or

2 not.

B  Q: What s a typical rate ofcrrorm

14 determining earthquake magnitude?

s A: Earthquake magnitudes vary quite 2 bit

61 depending on how they are done. By quite a bxt —_.

P if you have an earthquake, the typical range for

5 the magnitude is plus or minus .3 units.

s Q: Is that in today’s instrumentation
110y standards? . :
(11 A: Pretty much that is what you Would get ‘ .
112 today. For many of the smaller earthquakes.But, -~ - -
113 it depends on how you are computing the — there - - -
p4 are different magnitude scates. .. . - - . L
g Q: Thauswhylwas hoping to staythh R
(g moment magnitude. - .- - TR o
na  A: You can't measure moment dxrcctly You :
1t have to infer it from other measurements. The way:: s
pig I do it is to wait until the USGS says what-itis ...+~ -
ra and I use that number.They get the most stations , . - -
{21] in most rapidly and they come up with anaverage: - - ..
2 and if you look at that, it is going to'be plusor -+ . ..o

e
"Jng likely to cause damage to thc structure, Now what
“Jpe they are would dcpcnd on thc structute, to a large
“|tn extent. v : :

* o
- lue structural interest for a typical nuclear facﬂlty T

. leo are between 2.5 and 9 Hz?

Page 180

m  A: Ihave put together the attenuation * -

@ relationship I discussed earlier with respect to

@ relating intensity to particle velocity and I used

w that in my estimate of hazard and so that would

(5] count 2s computation of distance versus amplitude.
s Q: thn you said you uscd !t, d1d you

7 mean — '

®  A:Tusedthe rclauonshxp which I derived -

@ which was based on the Charleston and many other

o (L earthquakes — not many. We don’t have many. I
: “{nn guess we have 2 few.

5 .
|var frequencies of structural interest?

Q: Are you familiar with the term

A: Those would be the frequencies most

Q: Do you agrcc that the frcqucncxcs of

1 A: Idon’t have a basis for judging the °

> {1p2) response of a fiucléar plant. T have not done those* '~

Page 179 [ ~-

(v minus three. In the studies I have done,interms ! -. ..
ta of measuring the amplitudes, that is what. Otto

3 Nutterly did in the*70s.1 was.able to reduce i~ - =+ v
t4) that to magnitude plus or minus point one five but. .. -
tst that is more perhaps an artifact of the datathan .

te it is a real improvement in the magnitude.- -~

s Q: What about pre-recording or e e

0 prc-instrumcnmuon what is the rate of error

T S t:-»u Lt

o there?
ita  A: There is both the rate of errorand the
i1 4 rate of detection. Most of that-pre—rccordmg has - .
112 to be based upon intensity datz, and I think that

119 intensity data historically and today is probably
I14 interpreted a little bit differently, Howto .

115 quantify that, I don’t know.The uncertainty is

1§ probably point five units of magnitude.
117 Q: Have you ever calculated the ground

i1g) motion at Savannah River Site from 2 repeat of the
tg 1888 Charleston earthquake?

pa  A: Ihave not done that.

21 Q: Have you done that calculation from any

(22 Charleston earthquake?

| studies.”
g Q: Would you havc any opmlons fora MOX
<l facility?

Twm A Ihaventgonc into the construcuon '
“| @ aspects of those facilities. ' S

ju2
1013 ground accclcmtxon isan actual rccotdcd p&k ona

[ten
" |2 could be used at both surface and bedrock?

Bl
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LR S

N, .

| Q Arcyoufamﬂxarwiththctctmpmk

© "1'm ground accclcrauon? o

1 A Peak ground acceleration, yes

I'®m  Q: What does it mean to you?

ooy A: That means the pak accelerationofthe ~ *

111 ground ina umc trace of an carthquakc
Q: If I understand you correctly, peak

4] seismograph?

is  A: It should be. Lotsofnmcsxtis

ig synthesized.

1 Q: Do you lcnow what the peak ground
(18 acceleration is for the spectrum of the MOX
ne Facility?

zot  A: No,Idon’t know.

Q: Is peak ground acceleration a term that
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i9)
[10]
1]
012
013)
(14
18]
{3
(1
1)
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A: I would think so, if it is simply the
response of the site to 2 wave — if you look ata
seismogram you come up with a peak ground
acceleration.

Q: Do you know if the peak acceleration that
was used for the horizontal surface spectrum for
the MOX Facility was synthesized or is based on an
actual recorded?

A: It would have to be synthesized.

Q: Are you aware that the Vogel nuclear
power plant uses the same peak ground acceleration
as the proposed MOX Facility?

A: No.I thought they might be lower.

Q: Why would you think that?

A: Because they were done earlier. Number
of plants have used lower.I think Marconi is .18.

Q: Do you think a MOX facilities should have
a higher peak ground acceleration than a nuclear
facility? )

A: I think the MOX Facility should be
designed for what is known as the best acceleration
today, not relying on other comparative analyses. V

m
]
{3)
“
&)
(6)
Yy
18
9
)
SR}
(12
(13
(14)
{19)
[16]
07
[18)
[19]
29
[21

22
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Q: And you don’t have an opinion on what
exactly that peak ground acceleration shoﬁld be for
the horizontal spectrum for the MOX .Facility?

A: No, but if you give me a good contract, I
will compute it for you.

Q: Do you have an opinion of where the epi
center tier of the 1886 Charleston earthquake was?

A: I have an opinion, yes. .

Q: What is that opinion? .

A: I have had recent conversations with
Pradeep Talwani and I have seen his recalculated
epi centers and I can therefore calculate where the
main shock must have occurred — must have
occurred.

Q: Getting back to the question or its
answer, but if you give me a good contract, I will
compute it for you. Approximately how many hours
do you think it would take you to compute it?

A: We are talking about hard rock or —

Q: Surface. Only talking about surface.

A: That would depend on some of the data,
whether it was available or not. If there was a

Page 184

(1 USGS refraction survey — I am not sure if results
2 from that were incorporated into this or not. I
(3 haven't had time to look for that particular
i detail. Most of the work would be based on
i51 modeling, crystal modeling and propagation. I
61 could probably do that in a couple of months. That
1 is based on programs I have.
# Q: Would that be full-time or part-time?
@  A: That would have to be part-time.
fio]  Q: What data would you need to do that and
1111 what programs would you need to do that?
g  A: I'would use data based — I would have to
113 do a review of the crystal structure path between
141 Charleston and the site and I would have to review
ps the surface layering as well. With the crystal
pe path I would use a finite difference program which
v7 [ have developed for surface wave analysis.
(19 Scaling it up is no problem. It would be either
119) full elastic or sheer wave, either way. I could do

-liz a more detailed higher frequency modeling with

211 sheer wave. I would then have to look at the near
2 surface, although I would probably look to a large

Page 185
(1 extent on what has already been done to propagate
2 the base up to the top.
@B  Q: And what programs would you use?
41 A: I would probably use my own, although
151 SHAKE is such a standard I might go ahead and use

1] that. .
7 Q: Any other programs other than SHAKE to

8] bring it up from bedrock to surface?

@  A: Not really.

fo1 Q: You said you had an opinion on where the

{111 epi center of the 1886 Charleston earthquake was
g located based on conversations with Pradeep

(13 Talwani. Do you have any idea without looking at a
(141 map how far or how many kilometers outside of
ps) Charleston that epi center is?

pe  A: Without looking at a map. It is in

un Summervifle/Middleton area. That is the general

(181 vicinity. How far is that from Charleston? Maybe

19y 30 kilometers from the city, 15, 20 miles, I guess.
oy Q: But the 1886 Charleston earthquake you

(211 believe was epi-centered within the

g Charleston/Middleton place seismic zone?
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m  A: Summerville/Middleton is the official
= name the USGS decided to use. '
@ Q: That is where it was based in 1886. Why
(41 do you believe that it could occur elsewhere?
8 A: The 1886 earthquake occurred in that
1e site.That site, because it has anomalous crustal
m features, could in the future develop new '
& earthquakes. Other areas would depend on the
o development of the weakness or as may be evident by
1o existing seismicity. There is the zone to the -:
111 southwest for which there is a scattering of
12 earthquakes, in the Charieston area.There is the
(131 Bowman area.There is the Bluffton seismicity... .. ..

n4 All evidence of something happening in the crust. . - -

ns So those areas rezlly can't be entirely ruled out -, -
i1e] as a potentizal site of a major carthquakc ona :
17 long-term assessment, - ;. .. LREL LRI S

e  Q: Other than palco seismic, cvidcncc ofan N e

e earthquake at Bluffton, what other evidence is
o there to suggest scismicity in that area orthatan - . -,

21} earthquake had occurred in that arez or could occur -, .. ..
22 in that area? - Tt IS B 7S P S SO

Page 186

Page 188
(1 Q: Have you conducted any studies?

1@ A: On that area, no.That was 2 historical

@ event for which there weren’t a lot of reports.
# Those that there were, may have been studied by —

| 181 prepared by people at that but 1 did not put alot

@ of stock into that at Lamont. i -
[m Q: When you say Lamont, you are refeiring to -
- | @ the Lamont Obscrvatory at Columbia Umvcrsxty7

@ A: Yes.
o0 Q: When you refer to Talwani as an

. .lnn individual that has placed an event at Bluffton,

- |nz are you talking about the paper that is appended as
4p13) an exhibit to the oi'igmal GANE cohtentions or some

> {4 other paper? : - a

~|ve Az No. Ithinkdusxsapapcrhc putin ’

DR [151 Seismological Rescarch Letters that referred only

" . {nm to a recent earthquakc at’Bluffion. '

“¢1nm  Q: When was that article published? ’

Cioe A: I'would havcto look., Itisat lcast

[ B

o) four years old.

. (’zu Q: Do you plah on relying ofi it?
_Jea  A: Thad not planned to.1 would referto '

g
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A: Two or three earthquakes.. -~ o pn s g thatpapcrfor‘dctaxlsontlmtwthquakc Teis -

2 Q: What are those? G e s

B A: One was soon after the Chatlcston < e e

{4) earthquake. Some people thought that wasa . | .-

5 mis-located one from Charleston orasan - : « -

te after-shock, but I think now people will accept it

7 as an earthquake in that area. And Talwani wrote 2 .-

i8) paper on the otherone. .+ . e 7 s o
19 Q: Let me focus on the mis-located fon

tto] after-shock of 1886, What is your basis for.. - =

(11} stating that it was mis-located and it actually

112 occurred in Bluffton?. .

13 A: No.Isaid other people thought it was a -

4] mis-located Charleston earthquake. Other people -

f1s) wanted to take it away from Bluffton or Savannah

ve) and put it in Charleston. I always felt it was

17 where it was mapped originally.

nsy  Q: And other than your personal feelings

1191 about it, do you have any evidence to support that
o) actually occurred at Bluffton?

1) A: I have not gone into details on that

2] intensity study.

©. 7| @ earthquake?
Clm A SomcwhcrcbctwcanSandas
moa Isthatanmgmtudcwhnchxsrclcvzntto

3 Page 189

2 not somcthing I stuaxcd Itis somcthing Pradccp

@ studied. R
#  Q: What was'thé magnitude of that -

Twnt o

BL AP A |

@ the seismic design of the MOX Facility?" -
® A: That is a magnitude which suggests that "

a1 there is seismicity at that point and that the-
“fon potcnual for additional or other cffccts should bc:
Ina considered. That makes it relevant.

na  Q: For the historical check, is that * -

(14 earthquake at Bluffton relevant?

ns  A: For th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>