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UNITED STATES OF AMERICA

. - NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of

PUBLIC SERVICE COMPANY OF ) Ducket Los. 50-443
NEW HAMPSHIRE, et al. ! 50-444

{Seabrook Station, Units 1 and 2) )

NEW ENGLAND COALITION ON MUCLEAR POLLUTION
PROPOSED FACTUAL AND LEGAL FINDINGS ON
REMANDED SEISMIC ISSUES AND SUPF JRTING ARGUMENT

i. Introdi.zction and Statement of the Case

After a myriad of decisions in this proceeding too numerous
to detail here, the Appeal Board now has before 1t a new factual
rccord on which 1t must judge two narrow i1ssues remanded to 1t
by the Commission. The relevant prior rulings are the beciuion
of this Board and related dissent and supplemental opinicn,

public Service Co. of New Hampshire (Seabrook Station, Units 1

and 2), ALAB-422 6 NRC 33, 54-65 (1977), and ALAB-561, 10 KRC
410-435, 436-a - 436-n (1980), and the Commission’'s decision to

remand on seismic issues, Public Service (o. of Wew iampshire

{(Seabrook Station, Units 1 and 2), CLI-80-35, 12 NRC 295 (1980).
In the former, the Appeal Board rejected Dr. Chinnery's methodo-
logy for predicting the return periods of earthquaxes in the
Seabrook area as technically deficient and 1nconsistent with

10 CFR Part 100, Appendix A, and accepted the Applicant's and
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Staff's position that the Safe Shutdown Larthquake ("SSE"™)

v .
should simply be the earthquake of highest intensity in the
historical record, Modified Mercalli L.aensity ("MMI") VIII.
The Appeal Board also accepted the Statt's methodology for
correlating vibratory ground motion with the 5SE ana approved
a response spectrum anchor point of 0.259g. 1In a4 vigorous
dissent, Mr. Farrar argued that the majority had i1mproperly
placed the burden of proof on the intervenors and had i1gnored
the mandate to take a conservative approach to the 1nterpre-
tation and application of Appendix A.

The Commission essentially agreed with Mr. Farrar in ruling
that a probabilistic approach to estimat.ng earthquake return
periods as a basis for determining the SSE 1s consistent with
Appendix A. 1In so doing, the Commission emphasized both the
current lack of understanding of earthquake science, 1nc luding
the lack of a theoretical basis for the Staff's choice of SSE,
ar aeed for conservatism in applying what knowledge and
understanding are available., After rejecting the geological
conditions on which the Board based its decision as "inconsistent
with the intent of Appendix A to provide a conservative approach
to determining the SSE 1in the absence of a theoretical basis for
such a determination," the Commission stated,

As this yet early state 1in eart hquake science,
we are not prepared to dismiss an empirical
relation on the basis of failure to satisfty
criteria, which although they may appear
reasonable, imply a greater understanding of
the relation between geology, seismology, and
earthquakes than 1s actually available.

* * ' * * * * * *
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Accordingly, in view of the need for conservatism
in this area, we find Dr. Chinnery's methodology

- !
! 18 nct inconsistent with Appenax =2

1/
1d. at 297.—/
¥ith conservatism as the watchword, the Commission remanded

the case to this Board to consider .he following narrow 1ssues:

1. The "factual validity of Dr. Chinnery's
hypothesis, " and

2. The "corsistency of Appendix A and staff's

methodology for correlating vibratory

ground motion with the SSE."
1d. at 297-98. The Appeal Board further emph2sized the narrow
scope of the proceeding in its Memorandum and Order of February
12, 1981, in which it ruled that uncertainties and flaws in
competing methodologies are not relevant to determining the
validity of Dr. Chinnery's methodology. The 1ssue with respect
to the Chinnery methodology, therefore, 1s solely whether, 1in
the apsolute sense, it has scientific valiidity.

‘n compliance with the Commi- \cu's remand, the Boari held

an evidentiary hearing on April 6-9, 1981 . Pursuant to ayreement
of the partics, the Applicant filed its ma.n brief on May 8, 1981,
the staff filed its ma.n brief and any responses to the Applicant's
arguments on June 16, 1981, and the New England Coalition on
Nuclear Pollution (NECNP) 1s now filing its ma'n brief and
responses to the Applicant and Staff. The Applicant and Staff

have the opportunity to tile final briefs, limited to responses

1, since much has been made of the fact tha: the Commission's
remand was a s£plit decision, we note that Mr. Ahearne agreed
with Mr. Farrar and the majority on these points. Id. at 299.
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to NECNP's arguments, by August 10, 1981,

- .
This brief will demonstrate that:

l. The record requires an SSE of MMI
XI1, or at least MMI X, unless a
probabilistic theory such as that
proposed by Dr. Chinnery establishes
that a lower intensity 1s acceptable.

2. The "Chinnery methodolojy" 1s valid
under the standard by which 'wvalidity"
must be determined,

3., The Staff's methodology for correlating
vibratory ground motior with the SSE 15
scientifically invalid.

4., A complete re-analysis of the seismic
design of Seabrook 1s required based on
the Chinnery methodology and the high
probability of exceeding the approved
design response spectrum.

5. The pending motions to strike should
all be granted.

I1. In the Absence of a Probab.listic Justification to the Contrary,
the Record Requires an SSE of MMI X11.

Despite the narrow scope of tnis proceeding, the evidence
adduced at the hearing establishes that the SSE for Seabrook must
be increased considerably regardless of the validity of the
Chinnery methodclogy.—;/ Indeed, the Chinnery methouology or
some other probabilistic approach 1s the only basis on which to
establish an SSE less than MMI XII (or MMI X 1f a non-conservative
approach 1is taken to the evidence).

according to the Applicant's witness, K #r. Holt, there 1s a

spatial correlation between large earthquakes and geologle struc-

ji/ In light of its public interest responsibilities, the Board

aust consider all of the,implications of this evidence regard-

less of the parti-ular terms of the Commission's renand. Duke Power
Co. (Catawba Nuclear 5tation, Units 1 and 2), LBP-75-35, aRCI-75/6,

p. 626, 654-655 (1975). That 1is particularly true here, where the
Applicant voluntacily presented the evidence in -uestion for its own
purposes. The Applicant cannot argue that the Board may consider the
evidence to the extent that it 1s favorable, but must ignore it to tha
exteit that it is unfavorable.
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tures known as "intrusions® or "plutons," which are associated
wifh large trending faults. (Holt, Tr. p. 381). This 1s ‘rue
both i1n New England, where the la.c-;c eart hquakes can be related
to the Ossipee complex in the White Mountains or to a pluton
pear Cape Ann (Holt, Tr. o, 381-383), and 1n the rest of the
Eastern United States, In particular, he finds the theory valil
for the arcas of New Madrid and Charleston, South Carolina, which
have experienced earthquakes of MMI XII and MMI X, respectively,
in recent history. (Holt, Tr. p. 448-450, Direct ‘¢ stimony,
Figures 4 and 5). He also contends that at least the New

Madrid intrusions are similar to those in New England.

(Holt, Tr. p. 405, 1. 4-8),. Mr. Holt's view :'s supported, at
least in part, by two United States Geological Survey studies
that relate large earthgiakes to plutons both in the Mississippl
‘ embayment and in New England. (Holt, Tr. p. 431).

Althousgh Mr, Holt and the Applicant did net take the narrow
position that the New PFngland plucons controlled large eartihquakes
in the area and thereby argue for an even smaller SSE (Holt, 1..
p. 420, 1. 11-23), Mr. Holt firmly believes that the large earth-
quanes and the plutons are related. Indecd, he believes that the
evidence 1s strong enough to allow him virtually to predict t he
occurrence of the MMI XII New Madrid event, assuming that 1t had
not already cccurred. (Holt, Tr. p. 447-450, esp. p. 450, 1. 10-16}).

Witn respect to the Seabrook area, 1n particular, Mr. Holt
testified that that the pluton that coirelates with the Cape

Ann earthquake 1s approximately 15 mile; from Seabrook . (Hol:, 7t
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p. 390-391, 420, 1. 13-16), He also testified that the pluton
1Selfris about 10 Kilometers wide and that 1t could generate

an earthquake 15 miles away, '”ul;, Tr. p. 461), Therefore,

the pluton could gencrate an earthquake of MMI XI1 intensity

on the Seabrook site, Mr. Hnlt attempted to mitigate the

impact of this information by noting that the earthquake -

pduton relationship relates to the existence of trending

faults, whicl. in the case of Cape Ann do no' trend in the direc-
tion of Seabrook. (Holt, Tr. p. 461). towever, there 1s absolutely
no evidence that those faults have been active 1n any way in recent
geologic history, even when the 1755 Cape Aun carthquake occurred.
Fuithermere, no historical evidence i1ndicates that earthquakes
corr-lated with the pluton have occurred only along ine trending
faclts,

The only conservative conclusion that can ve reached from
this evidence 1s that the Cape Ann pluton 1s capable of generating
an earthquake of MMI XI1, or at leact MMI X (as at Charleston), at
Sealyrook. There is no evidence that our understanding of the
pbenomenun 18 great enough to allow the conclusion that the plu-
ton cannot generate carthquakes as large as thos: enerated by
sim.'ar plutons, or that it cannot generate such an earthquake at
S-abrook. Undoubtedl,, the Applicant and the Staff will argue
that the soil-bedrock distinction would lecsen the i1ntensity of any
earthquake occuriing at Seabrook. We discuss the weakness of that
argument below at ». 34-36, but 1t suffices in this context to
note that none of the evidence on that point allows the reduction

of an earthquake from MM! XII or MMI X to MMI VIII.

S — B R e



In these circumstances, Appendix A requires that the SSE be
eSdelfshcd at MMI XI1I, or at least MMI X, unless a probabilistic
theory such as Dr. Chinnery's provides a jJustification for a lower
value. Under §111(c) of Appendix A, the Safe Shutdown Eartaquaike is

that earthquake whirh 1s based upon an evaluation
of the maximum earthquake potential considering
the regionai and local geology and seismology and
specific characteristics of local subsurface
material. It 1s that earthquake which produces
the maximum vibratory ground motion for which
certain structures, systems, and components =¥«
designed to remain functional.

(emphasis supplied). On its face, Appendix A does not allow
anything less than the maximum earthquake potential to be chosen,
regardless of the rarity or return period of the event,
Recognizing "the limited geophysical and g~clogical informa-
tion dvﬂxldble to date concerning faults and earthquake occurrence
and effect," (§1), Appendix A dictates that the effort to determine
the SSE Dhegins with the identificatior of the historic earthquake
of maximum intensity correlated with tectonic structures and
provinces surrounding the site. However, the maximum historic
earthquake relsted to either a tectonic structure or a tectonic
pro ince is only the minimum ‘ralue that may be considired for the
3SE. Where "geological and seismological data warrant, the Sate

Shutdown Earthquake shall be_larger" than the maximum historic

earttquake . (emphasis supplied) §V(aj(1)/i1) and (iv). Once the
correct magnitude or in*ensity of the SSE 1s determined, the erfect
on the site is evaluated based on the tectonic stroecture or
nrovince to which the SSE 1s related.

w .urrent Seabrook SSE is based oa the maximum historic

earthouake of MMI VIil which occurnd at Cape Aan, It 1s assumed



to occur at the site since at the _ime the SSE was initially deter-

miffed, the Cape A:n earthquake was not correlated with a pluton or

intrusive structu e. Since there was apparently no i1ndication at

the time that such a correlation would indicate a hinher intensity
SSE, thie was the conservative approach., how, however, there 1is
Jancontroverted evidence in the record from Mr. Holt that the

Cape Ann earthquake correlates with a pluton which could gencrate
an carthguake 1t the Seabrook site and that the pluton 1s similar
to others that have generated MMI XII and MMI X earthquakes 1in
recent years. Section V(a)(l)(1) of Appendix A requires that

such earthquakes be assurmed to occur at the site since the pluton

or intrusive structure 1s capable of generating such an earthquake

. e e e e P —

at the site. More importantly, the dictates of Appendix A clearly
. require that

[Tlhe procedures in paragraphs (a)(1)(1)

through (a)(1)(1i1) of this section shall

be applied 1n a conservative manner .,
This is precisely the point the Commission emphasized 1n remanding
the case to the Appeal Board. A conservative approach to this
evidence requires a determination that the "maximun earthquake
potential"” for the Seabrook site, based on avallable geologic
eviaence, 18 a MMI XII.

while this 1s the inescapable conclusion based on Appendix A

and the available geologic evidence, NECNP recognizes that despite
the max imum earthquake potential for the site, the likelihood of
a MMI XII may be so remote that it should not be considered as the
SSE. However, one must find a sound basis to determine that
the likelihood cf the maximum potential earthquake 1s s0 low

that the possibility of its occurrence need not be 1ncluded

in any seismic analysis. Only a probabilistic analysis of



- v P T




~10=-

The Chinnery ethodology has been discussed thus far in terms

. v
of four "assumpti»is," linearity, uniform slope, lack of upper

pound, and extrapolation. We will adhere to that approach, al-
though the evidence demonstrates that none s strictly an assump-
tion, and the first two in particular are based on empirical ob-
servi-ions of available data. Before discussing the “.ssumptions"
and the isswe of factual validity, however, we first address

the standard by which factual validity must be judged. Due to the
limitations on the scope of this hearing, and the conservative
appproach mandated by Appendix A and by our minimal uvnderstanding
of earthqu.‘'e science, the "validity" threshold 1s extremely low.
Finally, we will address general criticisms made by the Applicant
and Staff.

A. The Standard for Determining “Factual Validity.

The Commlssion was clear in ruling thdf'the use of Dr. Chinnery's
hypothesis concerning earthquake return periihds 1s consistent with
Appendix A. However, it provided no criteria by which to judge the

"factual validity" of that hypothesis. Rather, 1t simply stated

that "greater exploration on the record is required,” Public Service

Co. of New Hampshire (Seabrook Station, Units 1 and 2), CLI-B0-33,

12 NRC 295, 2+7 (1980'. From that statement, we cannot determine

whether the Commission believed the record to be inadequate to
support Dr. Chinnery's hypoth~sis, inadequate to refute it, or
simply 1nadequate to reach a juugment. In this circumstance, the
standard bv which Dr. Chinnery's methodology 15 to be judged must
be garnered from the more general language of the Commission's
decision, the language of Appendix A, the current state of earth-

quake science, and the particular status of this case,

o S e e e B e i e e
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If there were a platonic i1deal of seismic methodology
agginst which the Chinnery hypothesis could be compared, one
could judge vhether particular uncertainties or assumptions
are acceptable or, instead whether they render the hypothesis
wcrenti1fically invalid., Ne such ides! »x1sts, Rather, we
must work with the minimal information and understanding
that we have, which 1s the primary reason the Commission
emphasizes the need for conservatism in addressing these
questions. Accordingiy, NECNP believes that the Chinnery
hvpothesis cannot be judged in the abstract, but must be
compared to other approaches, all of which are subject to
significant uncertainities. Since the Chinnery hypothesis
reflects uncerta:nties that are no gre.'or than those involved
in approaches taken by the Staff ard Applicant, and since
the Chinnery hypothesis alone provides a rational scientific
basi+ for determining seismic risks, 1t 1s undoubtedly
"comparatively" valid, dowever, the Board has ruled that
this type of comparison 15 outside the scope of this proceeding,
and the standard for decision must be found elsewhere,

First, the Board is making only a "threshold" decision
on the scientific validity of the Chinnery hypo*hesis and not a
decision about the acceptability of the Chinnery hypothesis 1in
lieu of other theories, Therefore, the evidence thus far presented
need not met this far more .cvere test, To reject the Chinnery
hypothesis, the Board must find that :t is virtually 1mpossible
for Dr. Chinnery to be correct,

Ssecond, the Board must look to Appendix A's mandate of con-



servatism., If Dr. Chinnery's hypothesis i1s plausible, a conserva=-

t fve approach dermands that 1t be considered valid and compared with

alternative approaches, which NECNP contends (but has been precluded
from demonstrating) lack any sound scientific basis for choice or

the SSE.

Third, the Board must consider the gualifications of Dr.
Chinnery and the sources in which his hypothesis has been
published. There has been absolutely no challenge to Dr.
Chinnery's qualifications, and his hypothesis has been
published in the regular s~ientific literature, which 1s sub-
ject to peer review in being selected for publication. In
the absence of any absolute standard, or any comparative
standard »f validity, the Board must weigh significantly the
evidence that Dr. Chinnerv's peers consider his hypothesis
to be valid and valuable for the purpose of publication.
While this alone does not demonstrate that Dr. Chir ery's
methodology should be adopted for Seabrook, it has strong
bearing on any threshold determination of i1ts factual vailidity.
B. Dr. Chinnery's Methodology for Estimating Earth-
l guake Return Peri ds 1s Fundamentally Sound and
|

1s the Only Method That Provides a Rational
Basis for the Choice of a Safe Shutdown Earthguake,

i (1) The Factual Validity of Dr, Ch:nnery's Methodoiogy.
i Dr. Chinnery's methodology consists of the following four
elements, each of which 1s addressed i1n turn below:

a. The empirical observation that earthquake
frequency and intensity appear to have

a linear relationship.

R R SR NEESENrSNENE ==,
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b. The empirical observation that the linear
relationship of frequency and intensity
. 5 appears to have an essentially uniform
slope in the Eastern United states, and
perhaps in other areas, 1ncluding California.

¢. The lack of any basis for excluding the
possibility that an earthquake of MMI XI1I
can occur in the Seabrook area at some
future time,

d. The extrapolation from the historical data
on the linear curve of return periods of
large earthg:; 'es do not appear :n the
historical reco.d.

(a) Linearity
The first element of Dr. Chinnery's approach 1s the examina-
tion of earthquake frequency versus intensity data for three
areas of the country, which he undertook 1a two papers. The first

was a 1973 study in Earthquake Notes which concerr. 4 earthquake

statistics in New England (NECNP Ex. 1), and the second was has

1979 paper published in the Bulletin of the Seismological Society

of America, in which ne compared frequency-intensity data from the
Sout heastern Un t~d States, the Central Mississippl Valley, and
Southern New England (NECNP Ex. 2). He concluded that the data
demonstrated a remarkably linear reletionship between frequency
and i1ntensity,., Hls conclusion is consistent with the view of the
vast majority of seismologists that a linear relationship exists
between frequency and magnitude and with the opinion reached by
several investigators that such a relationship exists between
magnitude and intensity. (Chinnery, Direct testimony, p. 8-11,
T, P 297, 1. 1-22}.,

The Applicant and Staff criticized Dr. Chinnery's use of the

data, especially his failure to adopt the more complex relation-
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ship indicated by the plots of earthquakes ranging from MMI 1 to
MMI 11!, and the fact that he did not revise his plot based on
recent downgrading of MMI VII earthquakes in the Smith catalogue.
However , Dr. Chinnery ef{fectively dealt with these points i1n his
direct testimony. First, he explained that a rejatively recent
time period must be chosen for the lower intensities, and that
even then the data are probably not complete since the lower
intensities cannot be felt clearly, and probably have not all been
reported., (Chinnery, Direct testimony, p. 8, Tr. p. 59, 155-56).

Indeed, even Mr. Holt i1ndicated that 1t 18 necessary to adopt a

recent time period with respect to lower intensities. (Holt,
Tr. p. 373). Seconi, Dr. Chinnery explained that the number of
MMI VII events 1in the data base was probably unusually high, so
that 1f some or all of these events were downgraded, the plot
would become more, rather than less, consistent with the linear

hypothesis. (Chinnery, Direct testimony, p. 8, Tr. p. 133, 1.

D R N NN S S SSNRENSNNNSNN.,

16-20, p. 132 1., 1-7).

Dr. Chinnery concludes, respecting the Boston-New
Hampshire zone, that the MMI IV data are probably also 1n-
complete. Therefore, he 1s left with only two reliable data
points, one for a MMI V and one for a MMI VI. As a result, he
does not rely on those points to establish linearity for the
zone . .t on the fact that linearity 18 established elsewhere
and 1s consistent with what 1s known of the New England data.
(Chinnery, Direct testimony, p. 8j).

Mr. Holt also attempts to attack the linearity hypothesis

by arguing that Dr. Chinnery incorrectly restricted the time

L—-a—..—r.—n—n— e e e M e o R— L o Bl P
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are consistent with linearity, and provide one of the best linear

.

fits Dr. Chinnery has seen for va_Enqland. (Chinnery, rebuttal
testimony, p. 7, Tr. p. 110-111). Much the same 1s true of the
Bloom and Erdman data, which the Staff cites to indicate a non-
linear relaticnship. Again, these data are consistent with
linearity, and t' o absence of a justification for a more complex
relationship dictates that linearity be accepted. (Chinnery,
Rebuttal testimony, p. 6, n. 1, Reiter, Tr. p. 910-512).—1/
However, vastly more important than the Applicant and
Staff's attempt to criticize particular pieces of data, 18
the fact that the scientific community has accepted the linear
hypothesis, This 1s true not only of those whom Dr. Chinnery
cites, but of Dr. Trifunac as well, who testified that reliance
on line.rity "is a very typical dally process used by hundreds
of seismologists world wide and [ meant to say that all of us do
this and I just wanted to emphasize this." (Trifunac, Tr. p. 751,
1. 22-24, 776), I1ndeed, even Dr. Jackson accepted linearit; up

i/

to a point, although he would truncate the line,— (Jack sn,

Ty B. 371¥);

_i/ The Staff also attempts to create an argumert against linearity ‘
based on the fact that the line will bejin to curve downward slightly 1
at the highest intensities as 1t approaches the upper bound, 1f there |
15 one. (Staff Brief at p. 6). However, the change is very slight, ‘
and 1t has virtually no effect even at the intensity immediately below \
the upper bound. (Chinnery, Tr. p. 154-155). The more significant
point to be drawn from the fact that the line should begin

to curve near the upper bound 1s that there 1s no evidence in

the data to indicate the existence of such a curve. This \
lack of a downward curve may weil indicate that the data do

not yet begin to approach the upper bound. This supports

Dr. Chinnery's argument that the upper bound 1n New England |
is at least MMI X, 1f not greater.

4/ Dbr. Jackson's differing approach 1s relevant only to
the separate i1ssues of "upper doynd" and "extrapol ation."
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(b) Uniform Slope «f 0.57

Tée second element of the Chiunery mcthodology 1s the
empirical observation that the linear frequency-.intensity
curve appears to have . uviidform slope for the Eastern United
States, and perhaps for the country as a whole, Dr. Chinnery
demonstrated this phenomenon in his 1979 paper (NECNP Ex. 2),
in which he found that slope values i1n the Eastern U.S. lie in
the range of 0,54 to 0.60 and are consistent with his preferred
slope of 0.57. (Chinnery, Direct testimony, p. 11). This
appears to be true not only in the East, but 1in California
as well (Chinnery, Tr. p. 186-117, NECNP Ex. 2, p. 765),
although various areas of the East and West are quite dissimilar
geologically and tectonically. Nonetheless, the data appear
to demonstrate such a relationship. (Chinnery, Tr. p.

186-187, 197, 1. 1-22).

Again, this hypothesis 18 wide.y accepted. For example,
McGuire, on whom the Staff relied, proposes a uniform slope for
the Eastern United States (Chinnery, Tr. p. 275-277, Reiter, Tr.
p. 513-514), and even Dr. Reiter admits that the adoption of a
uniform slope muy be valid, although he believes it to be subject
to substantial uncertainty. (Reiter, Direct testimony, p. 6).

Indeed, the 1ssue of uniform slope 1s perhaps the least
hotly contested it this case. However, the nature of the Stafll's
criticisms raise serious gquestions about whether the Staff was
attempting to fulfill 1ts mandate to assure a complete record for
decision, or whether it was simply picking and choosing 1nformation

for i1ts own convenience to ensure that the Board would have to
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adopt the Staff's position rather than make an independent assess-
ﬁ;nt.' In particular, Dr. Reiter cites slope values of 0.:24 to
0.76 without giving any indication of the weakners of the claims
at the extremes of that range. While he does later admit that
the bulk of slope values fall betwcen 0.4 and 0.6, he apparently
has done no analysis of, and has provided the Board with no
information on whether the narrower range is considered the
scientifically significant range and is the one with which

the Board should concern itself. As a rvsult, he conveniently,
but deceptively, leaves an impression of far greater uncertainty
in the range of slope values than actually exists. This by
itself 1s a serious shortcoming. However , 1t is compounded

by the Staff's selective use of the McGuire article. Dr.

Reiter apparently found it useful te do an independent
determination of the impact of varying slopes, as discussed

by McGuire, to use as a tool against Dr. Chinnery. However ,

at v time did Dr. Reiter undertake any study of the best

method to determine the slope; nor did he undertake an
independent evaluation of McGuire's preferred slope., (Reiter,
pDirect testimony, p. 5=/, Tr. p. 513-416). That analysis

might well have provided important information to the Board,
demonstrating that while there 1s a range of =lopes and

while variations in slopes may produce significantly different
results, there is also relative agreement on what the slope
should be. Dr. Reiter's failure to address that point

raises serious questions concerning his credibility and that

of the Staff as a whole.‘ Indeed, it indicates that the

Staff has not fulfilled its responsibilities .n this case to

act to increase public knowledge and to serve the public

S RSN RN RSN,
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interest,
' U&fortunately, the Staff's gamesmanship with the evidence

does not stop thore., Rather, Dr. Reiter claims that Dr. Chinnery's
estimates of return »eriods for earthquakes not contained i1n the
historical record are based on only two data points at low inten-
sities, (Reite:r, Rebuttal testimony, p. 4). This 18 a Qross
distortion of the Chinnery methodology. Far from kE:sing his

return period est.mates on two data points, Dr., Chinnery

relies on data from three different areas of the Eastern

United States, His 1979 paper refers as well to consistent

slope findings by many other authors. Unlike the Statf, which
narrowed 1ts focus to a smal! area cof New England and, 1in

reality, relied soi1:ly on the maximum historica earthquake,

Dr. Chinrery reached out to the entire seismological community and
found significant support. It i1s simply unfalr and inaccurate

to characterize his conclusions as an extrapolation fcom two

data points. To the contrary, it 1s significant that the only

two reliable data points 1n the Boston-New Hampshire zone are

5 ¢

completely consistent with the postulated uniform slope.-—
Since the uniform slope and the reliability of the two data
points are independent conclusions, the fact that they are
perfectly consistent argues very strongly in favor of this

hypothesis, as does the fact that the occurrence .: the Cape

R T —

Ann earthquake, which was not 1n the data pbase, 12 not 1incon-
sistent with the slope of 0.57. (Chinnery Tr., p. /65-267),

Finally, whether the range 1is considered to be from 0.24

57 We note that while two seems a small number of data poiu.ts,
the universe of potentially reliable data points extends, 4t a
maximum, to only four aata points, MMI IV to VII.
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to V.76 0.4 to 0.6; or 0.54 to 0.6, the uniform slope of 0.57
prépose& by Dr. Chinnery leads to among the lowest probabilities
and longest return periods for 1aréo earthquakes. (Holt, Tr, p.
i76, Reiter, Tr. p. 517). If the contrary were true, and Dr.
Chinnery were arguing the « xtreme case for high probabilities,
the Staff and the Applicant would have a strong argusent against
him. Hcsever, from a large range of slopes proposed by a large
number o scientists, Dr. Chinnery propeses one of the lowest
probabilities of occurrence of large earthqiakes, yet his results
are apparently still higher than the probabilities asserted by
the Applicant or the Staff.~2/ Dr. Chinnery‘s position can
hardly be characterized as extreme 1n preposing this uniform
slope, and the mandate for conservatisnm requires that it be
considered factuaily valid.

(c¢) Upper Boura

As previously discussed, the testimony of Mr. Holt considera-
bly strengthened Dr. Chinnery's assertion that there 18 no basis
for deciding that an earthquake of MMI XIT, or at least MNMI X,
cannot occur in the Seabrook area. Based on Mr. Holt's testimuny,
it appears that a MMI XI1 can be generated at the Seabrook site
itself. Even in the absence of that evidence, however, there 1s
no basis for adopting an upper bound of less than MMI XII.

As Dr. Chinnery has discussed in detail, it 1s not possible v
dem-nstrate the existence of an upper bound, and, 1n particular,
there 158 no geological basis for such a showing. (Chinnery,

Direct testimony, p. 12-13, Tr. 101, 1. 17-22). 1Indeed,

_2/ Of course, they avoid a probabilistic approach by simply
adopting the largest historical earthquake, although they have
no i1dea what its probability of recurrence may be,
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pr. Jackson agrees with him on the latter point. (Ja‘ksorn,

vV

Direct testimony, p. 6/. Mr. Holt attempts to counter

with the argument that there 1s no geologic evidence of
large earthquakes in the area, (holt, Direct testimony, p. 4-5),
but he is easily «nd conclusively refuted by Dr. Chinnery's
explanation that glaciers would have obliterated prior evidence
and that the existing thir overburden 1s such that trace. of an
ancient large earthquake would be very difficult to recognize
1f they exist at all. (Chinnery, Rebuttal testimony, p. 13).
Perhaps the most telling evidence in the record 1s the
opinion of a portion of the scientific community that extends
beyond the advocates in this case. As reflected in Dr. Chinnery's
direct testimony, the range of estimates of maximum possible
earthquakes 1n the Cape Ann region shows that of ten experts
solicited, five gave "Best Estimates" greater than MMI VIII,
while three gave "Best Estimates" of MMI X or greater. When
the "High Estimates" are also considered, eil-ht of ten are h:jher
than MMI VIII, and faive of ten are MMI X or greater, Dr. Chinnery
admits that he is at the high end, which is not a result of
deciding that a MMI XII may occur but of an 1nability to preculde
an MMI X111, Mr. Holt, by contrast, 1s the lowest. (Chinnery,
Direct testimony, p. 12-13. Tr. p. 69-72, Holt, Tr. p. 388).
As Dr. Chinnery suggests, the only reasonable conservative con-
clusion thetl can be drawn from this evidence 1s that the upper

bound, 1f one exists at all, is at least MMI X, i f not higher.

7/ br. Jackson does cife some studies of this issue 1n areas
where surface rupture has occurred, but that 1s not the case 1in
New England.




The Staff, by contrast, never really addresses this 1ssue,

Instead, it contents itself with leaving the impression that

Cr. Chinnery is unreasonable becavse he would have all structures
built to the largest possible earthquake, and because he does

not leave room for engineering judgment to adopt a lower value.
(Reiter, Direct testimony, p. 6-8, Jackson Direct testimony,

p. 4-5). Ajain, the staff grossly distorts Dr. Chinnery's

rysition, Far from the Staff's suggestion, Dr. Chinnery offers

a methodology on which encineering judgments can be rationally
based, as opposc.i to a blind acceptance of the maxurum historic
earthquake in a region where geology provides virtually no useful

1 information., Ultimately, as he must, Dr. Jackson admits that

Dr. Chinn .ry does not propose that all nuclear power plants be

built t- the upper bound earthquake. (Jackson, Tr. p. 5356,

R ———

Finally, wnhatever the upper bound may actually be, there

is simply no basis fcr believing that it 1s within the historical

R R R T ——

record. !(Chinnery, Rebuttal testimony, p. 4, Tr. p. 17-21)

| Given the short historical record, 1t 1s extremely unlikely on

its face that the largest possible event has occurred within that
period. It is this obvious fact that apvarently leads Dr. Trifunac
to conclude that any effort to identify an upper bound earthquake
results “from a naive expectation that the past seismicity, geology
and tectonics in the area can somehow be employed to compute the
largest credible site intensity." (Trifunac, Direct cestimony,

p. 3). That is precisely Dr. Chinnery's point. This may also be

! the reason that the Staff has failed to calculate the upper bound
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ecarthquare for tectonic provinces (Rerter, Tr. p. 529, 1. 8-11,

%41, 1s 5-6), although that 1s the Staff's responsibility in

.

attempting to determine maximum earthquake potential under

Appendix A.

(d) Extrapolation Beyond the Historical Record

Extrapolating beyond the historical record 1s al once the
most difficult and the most .mportant task in attempting to

determine the seismic risk at the site. The reason, obviously,

1s that 1t 1s difficult, 1f not ‘mpossible, to determine the
accuracy of estimated return per ods. At the same time, however,
it 18 essential to make the attempt since, as the Staff admits,
there may well be earthquakes in New England with return periods
longer taan the historic period of 300 vears (Reiter, Tr. p. 500,
1. 1. 6), and such earthquakes may not appear 1in the historical
record. (Reiter, Tr. p. 502, 1. 8-12). 1If what Dr. Reiter says
1s true, and there 1s no reason to believe 1t 18 not, 1f a MMI

I1X earthquake has a return period of 500 years, or even 1500

or 5000 years, one could well occur during the life time of the
Seabrook facility. Yet the NRC Staff has nc method for predicting
the return period for earthquakes (Reiter, Tr. p. 501, 1. 9-11),
and 1t has not und rtaken a study of predictive methods ~ther than
Dr. Chinnery's to determine whether they are valid or not.
(Reiter, Tr. p. 503, 1. 5-24, ]. 506, 1. i3 - 508, 1. 15). Not
surprisingly, thercfore, the Staff does .ot know the probability
»f exceeding the maximum histor.cal earthquake 1n a given province.
(Jackson, Tr. p. 5417-541). This 1s particularly importan® for
Seabrook, since the SSE {s based on the i1mplicit premise that

the probability of exceeding precisely that earthquake 15 low

l.dal—q—nh-. T 2 R et s P——
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enough to allow it to be chosen as the SSE. (Jackson, birect
téktlmény, p. 5-6). The Applicant adds nothing to the analysis
other than i1nsisting that a MMI VIII cannot be exceeded, al-
though 1ts own geologic evidence indicates that a MMI XII can
occur at the site,

We are left, then, in a vacuum, but with empirical observa-
tions of linearity and uniform slope, and the 1nability to esta-
blish an upper bound earthquak2. These lead directly to the groposi-
tion thsr we can extrapolate from the historical record. Although
we clearly cannot prov~ that the extrapolation 1s ccrrect, 1t
appears logical, and, even the applicant admits that no physical
law precludes 1t. (Holt, Tr. p. 434-435). 1Indeed, Dr. Trifunac
1s more specific in stating that there 1s no phys.cs that would
require a change at higher intensities in what 1s otherwise a
straight line function. While 1t may be that we do not yet
understand the physical law that dictates the straight line
relationship throughout the frequency-intensity range, 1t 1o
always the case that the observation 15 made before the physical
law 1s determined, To require a physical law at this stage of
minima! knowledge oi earthquake science would be to ignore the
dictates of the Commission's remand and of Appendix A.

Although we cannot expand the historical record to demonstrate
the accuracy of the extrapolation, we can work with available data
not relied upon in determining the linear function in order to

d_.termine whether the data are consistent with the estimates.

That 1s precisely what Dr. Chinnery has done 1n plotting the

Cape Ann earthquake (Chiﬁnery, Rebut tal testimony, Figure 3).



N T EEEEEERRNERTRINE———~

N NN m—

The Applicant argues that the presence of only one MMI
Vi1l in England and Scotland in the historical record, when
the Chinnery methodology would have predicted a higher inten-

sity event in the time period, demonstrates that the extrapola-

tion 's incorrect, (Holt, Tr. 443-444). That proposition is

the purest speculation from Mr. Hoit, who provided no detailod

plots of British earthquakes, did not reconcile foreign and
Amer ican earthguake scales, did no work himseif, and recalled
his convenient conclusion vaguely from articles that he chose
not to identify. That testimony simply carries no weight.

Both the Applicant and the Staff leap with glee on the fact
that recent ten-year data in New England do not appear to be
consistent with Dr. Chinnery's estimated return period from

MMI's I-1V. However, Dr. Chinnery explained in his own direct

testimony, and on cross-examination, that the recent instrumental
seismicity can contribute little to the assessment of seismic
ik, precisely because 1t 1s recent., He further suggested the
recent data, and even data for the last century, may well be an
anomalous cycle of low seismicity, particularly since 1t does

not reflect the seismicity of the Cape Ann area, which 1s histori-
cally established. (Chinnery, Direct testimony, p. 2. -4, TS P
320-321, 326-326, NECNP Ex. 1, p. 89) At this point the only
testimony on the subject 1s that the insrrumental data would not
change Chinnery's conclusions in the absence of further

information.




. gxnally, we return to the most tel!ing poinus, which
are that the data plots clearly deconstrate a recurrence
relationship (Chinnery, Tr., p. 197, 1. 1-22), that Dr.
Chinnery's method of extrapolation is widely accepted 1n the
scientific community (Trifunac, Tr., p. 751, 1. 21-25), and
that this 18 the only rational basis for estimating
earthguake return per’uds and seismic risk that has been
presented to the Board 14 this case, §Since therz 15 no
physical law that prohibits the relationship, the record

reguires that the Board at least recognize 1t as a valid

hypothesis.
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(2) General Criticisms of the Chinnery Methodology

In addition to the points discussed above, the Applicant
and the Staff leveled a number of other criticisms against
the Chinnery hypothesis as applied to the estimation of cie
ESE fc: Seabrook. Each criticism reflects a shallow, and
often deceptive, treatment of the underlying facts. FEach is
invalid.

(a) Dr. Chinnery addresses and admits uncertainties
in his methodology more forthrightly and to a

far greater degree than either the Applicant or the
Staff.

Undoubtedly the greatest attempt on the part of tne Staff
and the Applicant to warp reality to s it their purposes is in
the claim that Dr. Chinnery does not adeguately take into
account the uncertainties involved in his methodology. To the
contrary, recognition of the need to address the uncertainties
inherent in the consideration or prediction of seismic risk is
at the very core of the Chinnery approach. Far from ignoring
uncertainties, he discusses them throughout his work, and he
recognizes the need to follow fundamental scientific principles
such as Occam's Razor in attempting to draw valid conclusions
in light of those recognized uncertainties. By contrast, the
Staff and the Applicant utterly fail to address the rultitudinous
unce-tainties involved in their approaches, or to attempt to
account for them in reaching their conclusions.

Dr. Chinnery begins with the proposition that none of the
available information-seismological, geological, or geophysical-

is ad - ‘te to allow us to make precise decisions or predictions.
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Hé then examines di.ta sets for three geciraphic arecs, which
produce remarkably consistent results, and notes that these
results are consistent with work done in other areas of the
country, and with widely accepted hypothese: of li.earit

and uniform slore.'~£/ Based on this analysis, he provides

not a single falsely precise [igure, but an empirical observation
of linearity and a range of slopes from 0.54 to 0.6, of which

he believes 0.57 to be the best for purposes of analysis, given
the consistency of the data. (Chinnery, Direct testimony, p. 11
Tr. p. 302-303). Indeed, he specifically states that his

slope of 0.57 .s subject to an error of +3, a point that the
Staff ignores. (NECNP, Ex. 1, p. 97). In addition, he demonstrates
the consis*® acy of his approach with even wider error bcunds,

which would still produce nearly the same results. (Chinnery,

Direct testimony, p. 14, Figure 4). He alzZ recognizes the

8/ The Staff suggests that Dr. Chinnery chose the three

areas for study "so that the study would yield certain pre-
conceived results."” (Staff Brief at 21, n. 9). This charge

is rothing short of shocking and rossly irresponsible. '\ is
a personal attack on Dr. Chinnery in an area that is crucial to
his reputation as a scientist, yet the Staff can provide
absolutely nu evideonce to support its charge of bias. Rather,
the Steff has breached the boundaries of acceptable argument

by creating a slander from the most tenuous of theories., If
anything, Dr. Chinnery is the only witness who had no personal
stake in arriving at a particular conclusion. He is not
ovposed to Sfeabrook, and he did his analysis before he had
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