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Cite as 21 NRC 1 (1985) ALAB-795

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING APPEAL BOARD

Administrative Judges:

Thomas S. Moore, Chairman
Dr. W. Reed Johnson

Dr. Reginald L Gotchy

In the Matter of Docket No. 50-155-OLA
(Spent Fuel Pool

Modification)

CONSUMERS POWER COMPANY
(Big Rock Point Plant) January 9,1985-

Finding no errors that require corrective action, the Appeal Board af-
firms on sua sponte review a series of Licensing Board decisions that ulti-
mately authorized a license amendment permitting the expansion of the
Big Rock Point Nuclear Power Plant spent fuel pool.

APPEAL BOARD: SUA SPONTE REVIEW

An appeal board's affirmance on sua sponte review of a licensing
board's decision does not signify approval of everything said and done
by the board below. Thus, an appeal board will not give stare decisis
effect to licensing board conclusions on legal issues not brought to it by
way of an appeal. Duac Power Co. (Cherokee Nuclear Station, Units 1,
2, and 3), ALAB-482, 7 NRC 979,981 n.4 (1978). Such an affirmance
only connotes agreement with the ultimate resolution of those issues
crucial to the result reached. See Portland General Electric Co. (Trojan
Nuclear Plant), ALAB-181,7 AEC 207,208 n.4 (1974).

|
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MEMORANDUM AND ORDER

We have before us for our customary sua sponte review a series of
seven " initial'' decisions, supplemental initial decisions and addendum
to initial decisicas, issued over a two-year span by the Licensing Board
in this spent fuel pool amendment proceeding.' We deferred our review
of all decisions until after the Licensing Board issued the last one.2 That
decision was issued on September 25, 1984 and authorized a license
amendment permitting the expansion of the Big Rock Point Nuclear
Power Plant spent fuel pool.3 No appeals have been filed from six of the
Licensing Board's decisions and the appeal of joint intervenors, Christa-
Maria, Mills, and Bier, from a seventh decision apparently was with-
drawn.4 In any event, that appeal was not perfected.

We have reviewed each of the Licensing Board's decisions on our
own initiative and find no errors that demand corrective action.
Accordingly, the Licensing Board's decisions are affirmed. We
emphasize, however, that our affirmance on sua sponte review does not
signify approval of everything said and done by a board below. For this
reason, "we do not give stare decisis elTect to licensing board conclusions
on legal issues not brought to us by way of an appeal."5 Indeed, our affir-
mance only connotes agreement with the ultimate resolution of those
issues crucial to the result reached. In this particular instance, no infer-
ence should be drawn that we agree with the reasoning by which the
Licensing Board admitted contentions to this proceeding or justified the

i

i

8 See LBP-82-60,16 NRC $40 (1982); LBP-82-77.16 NRC 10% (1982); LBP-82 78,16 NRC !!O7
(1982); LBP-83-44.18 NRC 201 t1983); LBP 83-44A. IS NRC 211 (1983s; LBP-84 32,20 NRC 601
f1984); LBP-84-38. 20 NRC 1019 (1984).

An addauonal "iniual" decision was pressously before us on directed cerufication. LBP-82-97 '16
NRC 1439 (1982).rer'dandremanded. AL AB-725.17 NRC $62 (1983).
ISee order of August 31.1982 (unpubhshed); order of october 4. !982 (unpubhshed). Because our
october 4.1982 order was issued after the Board already had handed down its third " initial" decision.*

we cauttoned that "lijn the future, the Licensing Bord should, if possible, confine its issuances 60 a'

minimum number of partial annual decissor.s." order at 2. Apparently, the Board oscriooked our
admoniuon. ,

J LBP-84-38. supra.
* See Letter of october 2.1984. from Christa-Maria to all parties. See aho order of october 24. 1994
t unpubhshed)
5 Duac Po.cr Co. (Cherokee Nuclear Stanon. L' nits 1. 2, and 3). ALAB 452, 7 NRC 979. 981 n.4
0 978).

2
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result reached.* Nor do we necessarily agree with the Board's discussion
of matters which do not have a direct bearing on the outcome.'

The Licensing Board's decisions are affirmed.
It is so ORDERED.

FOR THE APPEAL BOARD

e

C. Jean Shoemaker
Secretary to the

-

Appeal Board

6 For example, the Licensing Board permatted the htigation of a number of issues pertaining to the Big
Rock Point emergency plan. Putting to one' side the procedural machinations surrounding the admission
of thew issues (see LBP-82-32,15 NRC 87411982); LBP-80-4. !! NRC 117 419801), it is difficult to
see how the espansion of a fuct pool could ever properly impbcate the faciluy emergency plan. Any adds-
tional spent fuel placed in the espanded pool would make an entirety neghgible contribution to the
plant's radioisotopic insentory and to its potennal for radiological roses.
75er Ponkim/ CrneraIElectrc Co. (Tropn Nuclear Planti, AL A"- C 7 AEC 207,208 n 4 (1974)

3



Cite as 21 NRC 4 (1985) ALAB 796

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING APPEAL BOARD

Administrative Judges:

Thomas S. Moore, Chairman
Gary J. Edles

Dr. Reginald L Gotchy

In the Matter of Docket No. 50-344-OLA

PORTLAND GENERAL ELECTRIC
COMPANY, et al.

(Trojan Nuclear Plant) January 10,1985

The Appeal Board in this operating license amendment proceeding de-
clines to undertake sua sponre review of a Licensing Board's decision
that was based on the proposed findings of fact and conclusions of law
stipulated by the parties and adopted by the Licensing Board.

MEMORANDUM AND ORDER

On November 28, 1984, the Licensing Board in this spent fuel pool
amendment proceeding issued an initial decision permitting Amendment
No. 88 to License No. NPF-1 for the Trojan Nuclear Plant to remain in
full force and effect without modification. The license amendment had
previously been issued by the Director of the Office of Nuclear Reactor
Regulation pursuant to 10 C.F.R. 50.92. That provision allows the-is-
suance of an amendment without a prior hearing when the Director
finds that the amendment involves no significant hazard to the public
health and safety. See also 42 U.S.C. 2239(a); 10 C.F.R. 50.91. No ap-
peals from the initial decision were filed.

4
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In the absence of an appeal, our customary practice is to review sua
sponte the authorization of licensing action.' See, e.g., Consumers Power
Co. (Big Rock Point Plant), ALAB-795, 21 NRC 1 (1985). In this in-

,

i
stance, however, we eschew that practice. After a_brief hearing on the
admitted contentions, the applicant filed proposed findings of fact and
conclusions of law that the intervenor (the State of Oregon) and the

.

NRC staff then adopted. At that point there was, in effect, a stipulated
;

i resolution or a settlement of the contested issues and thus no need for
the Board below to do anything more than dismiss the proceeding.' In
an amendment proceeding 'where the Board has raised.no significant

i
safety or environ' mental issues on its own motion, as in an operating
license proceeding, the only issues to be decided by a licensing board are
those contested by the parties. See 10 C.F.R. 2.760a. Once those issues'

i
are no longer.in dispute, whether before or after the hearing, the pro-
ceeding should be dismissed. See 10 C.F.R.~2.761. Because we do not ,
review proceedings that are dismissed when the parties settle the issues,
we shall n'ot conduct a sua sponte appellate review here.'

It is so ORDERED.
,

~ FOR THE APPEAL BOARD
;

I C. Jean Shoemaker
Secretary to the

I~ Appeal Board -
|

1
.

I

*

,

a

i

i in ract. all the Licensing Board did was adopt the agreed upon rindings of the parties.

.
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UNITED STATES OP AMERICA
NUCLEAR REGULATORY COMMISSION
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in the Matter of Docket No. 50-382-OL

*
LOUISlANA POWER & LIGHT

COMPANY-

(Waterford Steam Electric
Station, Unit 3) January 17,1985

The Appeal Board grants a motion by the NRC staff for clarification
and/or reconsideration of an earlier Appeal Board decision, ALAB-792,
20 NRC 1585 (1984), that held that the Board has jurisdiction to rule on
intervenors' motion to reopen the record in this operating license
proceeding. -

,

APPEAL BOARD: JURISDICTION

When an appeal board has finally determined some issues in a pro-
ceecing and others are still pending before it, the board has jurisdiction
over new matters raised by a party if there is a " reasonable nexus" or "a
rational and direct link" between the new issues and those pending. A
total identity or commonality of issues is not required. See. e.g., Virginia
Electric and Power Co. (North Anna Nuclear Power Station, Units 1 and
2), ALAB-551,9 NRC 704,707 (1979); Florida Power and Light Co. (St.
Lucie Nuclear Power Plant, Unit No. 2), ALAB-579,11 NRC 223,226
(1980).

6
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APPEAL BOARD: JURISDICTION
A party cannot properly import wholly unrelated, discrete issues into

a closed proceeding by combining them, in a single motion to reopen,
with another issue that is related to a matter pending before an appeal
board. In such a case the appeal board could sever the unrelated material
from the matter over which it had retained jurisdiction.

ADJUDICATORY BOARDS: JURISDICTION
Jurisdictional disputes in NRC proceedings do not have Constitutional

dimensions.

ADJUDICATORY BOARDS: JURISDICTION
In determining jurisdictional disputes in NRC proceedings, an adju-

dicatory board may take into account practical considerations, like efli-
ciency in the disposition of the matter at hand and fairness to the par-
ties. See Philadelphia Electric Co. (Limerick Generating Station, Units I
and 2), ALAB-726,17 NRC 755 (1983).

APPEARANCES

Sherwin E. Turk for the Nuclear Regulatory Commission staff.

Bruce W. Churchill, Washington, D.C., for applicant Louisiana Power
& Light Company.

MEMORANDUM AND ORDER
,

The NRC staff has moved for clarification and/or reconsideration of
ALAB-792, 20 NRC 1585 (1984). In that memorandum decision, we
determined that we have jurisdiction to rule on Joint Intervenors'
November 8,1984, motion to reopen the record in this operating
license proceeding. We concluded that there is a reasonable nexus be-
tween that motion and another moticn to reopen concerning the adequa-
cy of the concrete basemat on which the Waterford facility rests, filed
earlier by Joint Intervenors and still pending before us. The staff essen-
tially agrees with our analysis but asks that we clarify that our jurisdiction.

7,

i
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extends to only that part of the November 8 motion that speciGcally re-
lates to matters raised by the basemat m.otion.' We grant the staft's
motion and clarify our decision as explained below.2

Joint Intervenors' November 8 motion seeks to raise three new con-
tentions that allege (1) a breakdown in applicant's construction quality
assurance program. (2) a lack ofintegrity and competence on the part of'

applicant's management, and (3) a lack of con 6dence in the NRC. staff's
inspection and investigation etTorts at the Waterford facility. The conten-
tions contain numerous, more specine subissues as well. As we stated in

| ALAB-792, "[alithough [this] motion is substantially broader, there is a
clear overlap insofar as joint intervenors allege [in their earlier motion

i to reopen] quality assurance de0cie'ncies in connection with the con-
struction of the basemat." 20 NRC at 1589. Acknowledg'ing that it

| would require "a careful examination." the staff would have us parse
through the motion and excise from our consideration any allegations
not specifically related to the concrete basemat. NRC Staft's Motion

~

(Dec. 24,1984) at 7.
1The cases on which we relied for guidance in ALAB 792 refer to a

'

" reasonable nexus" and "a rational and direct link" - not a total identi-
ty or commonality of issues. See. e.g., l'irginia Electric and Power Co.
(North Anna Nuclear Power Station. Units I and 2), ALAB-551, 9
NRC 704, 707 (1979) (emphasis added); florida Power and. Light Co.
(St. Lucie Nuclear Power Plant, Unit No. 2), ALAB-579.1I NRC 223,
226 (1980) (emphasis added). That is'not to say that a party could prop-

,

erly import wholly unrelated, discrete issues into a closed proceeding by!

4- combining them, in a single motion to reopen, with another issue that is
related to a matter already pending before us. In such a case, we could

; and would sever the unrelated material from the matter over which we
have retained jurisdiction. But contrary to the statTs assertion, the partie-

( ular issues raised by Joint Intersenors' November 8 motion are not so
1 easily separated. That is, whether many speciGe matters raised in that
j motion hat'e a reasonable nesus to the basemat motion will not be ap-

t

I Arplwant agreek with the statiand us that me meuld hase Junstwtron 4 there is a reasonaNe 1esus be.
tween the two motions. Appheant argues, homocr. that there is no sus:h sink belucen an) of the matters

,

* raised m the motions here. Jomt intersenors ud ros the a reply to the staffs muhon.
7 We deny the statTs cunous request. m note 3 or its mottort for a stay or AL AB-M %c rail to under-i

stand esactly what the stafT mants us to stay and whb AL AB N2 " ordered" nothmg. It simpi) esp (csed
the ucm. in adsance or our merits ruimg en the motion that me hase Junsdictinn oser the Nosember
1984 motmn and intend to entertain it. Hoth the wff anJ appINant hase already addressed the entire
motion to reopen. on its ments and at considerabic icngth. Further. we hase not yet ordered the
"htigation' of an) matters ramed by the motis'n to reopen. and. mdeed. it remams to be seen whether
any such 1:tigatmn will be ordered. thus. me do not underend the stalTs assertion that. without a stay.

j '' nom, irreparable miu'y may result from the 'tityatmn of matters unrelated a0 the basemat.

8;-
i

,
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parent, in our view, until those matters have been considered on the
merits.

| For example, management integrity - as discussed in Joint Interve-
nors' motion - cannot be given reasonable or fait consideration by refer-
ence to only one part of the plant (the basemat) and in isolation from
the arguments raised concerning other aspects of plant management.
Similarly, inquiry into quality assurance in one area (e.g., basemat
inspector certification) may necessarily spill over into other areas of
quality assurance performance. Perhaps after our merits review of Joint
Intervenors' motion is completed, the various issues raised by both mo-
tions will appear more distinct and severable. We may then decide to ter-
minate our consideration of matters genuinely unrelated to the basemat
motion and possibly refer them to the Director of Nuclear Reactor Regu-
lation for resolution.3 For the sole present purpose of determining

j
whether we should even entertain the motion, however, we cannot now,

draw such clear distinctions.';

We have previously noted, albeit in a somewhat different context,"

that jurisdictional disputes in NRC proceedings do not have Constitu-
,

tional dimensions. It is therefore proper to take into account practical
considerations, like efficiency in the disposition of.the matter at hand
and fairness, to the parties. See Philadelphia Electric Co. (Limerick
Generating Station, Units 1 and 2), ALAB-726,17 NRC 755 (1983).
With that in mind sad subject to the reservation noted above, we again
conclude that we have firisdiction to consider the entirety of Joint Inter-

<

venors' November 8 motien to reopen.5
.

31n this connection, we stress that the comments made here concermns jurisdKtion are nor to be con-
strued as reflectmg any judgment whatsoever on the merits of Jomt Intervenors' motion.

Apparently, the stalT cannot either. other than listmg some examples of general matters it considers4

unrelated to the basemat, the statY has not gone through Jomt intervenors' 62.page motion and identi-
fied the speqfac pages and arguments that are assertedly beyond our jurisdiction. See NRC staff's
Motion at 4.

*

5 The stalT suggests that the Commission itself may have jurisdiction to consider the matters raised in
Joint intervenors' motion to reopen that are not related to the basemat, and that pursuant to a
* remand order," the Commission could then direct us to consider such matters anyway. /d. at 9 n.7. We
previously considered that possibility and concluded that, if this is so. the Commission has already
delegated us that authority in the Rules of Practice. See 10 C.F.R. { 2.785(b)(1) PAppeal Board edi
also exercise the authority and perform the functions which would otherwise have been exercised and
performed by the Commission under . . [10 C.F.R. ll 2.730' (disposing or motions)). Under that
view, there is additional cause for us to consider the entirety of Jomt Intervenors' motion.

9
.
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The staffs motion for clariGcation and/or reconsideration of
ALAB-792 is granted, and ALAB-792 is clarified in accordance with the
discussion above.

It is so ORDERED.

FOR THE APPEAL BOARD

C. Jean Shoemaker
Secretary to the

Appeal Board

.

- 10

,



Atomic Safety
and Licensing
Boards issuances

ATOMIC SAFETY AND UCENSING BOARD PANEL

B. Paul Cotter, * Chairman
Robert M. Lazo, *Vice Chairman (Executive) a

Frederick J. Shon, 'Vice Chairman (Technical)

Members
asi a

.
.

Dr. George,C. Anderson Andrew C. Goodhope Dr. Linda W. Little h
Charles Bechhoefer* Herbert Grossman* Dr. Emmeth A. Luebke' *

|Peter B. Bloch* Dr. Cadet H. Hand. Jr. Dr. Kennth A. McCollom
Lawrence Brenner* Jerry Harbour * Morton B. Margulies* h
Glenn O. Bright * Dr. David L. Hetrick Gary L. Milhollin h'
Dr. A. Dixon Callihan Ernest E. Hill Marshall E. Miller *
James H. Carpenter * Dr. Frank F. Hooper Dr. Peter A. Morris *
Hugh K. Clark Helen F. Hoyt* Dr. Oscar H. Paris'

b,
Dr. Richard F. Cole * Elizabeth B. Johnson Dr. Paul W. Purdom

Dr. Frederick R. Cowan Dr. Walter H. Jordan Dr. David R. Schink . [
Dr. Michael A. Duggan James L. Kelley* ivan W. Smith *
Dr. George A. Ferguson Jerry R. Kline* Dr. Martin J. Steindler -

Dr; Harry Foreman Dr. James C. Lamb til Dr. Quentin J. Stober i

Richard F. Foster James A. Laurenson* Seymour Wenner ;

John H Frye lil' Gustave A. Linenberger* Sheldon J. Wolfe*
iJames P. Gleason ,

* Permanent panel members
.



1

Cite as 21 NRu 11 (1985) LBP 85-1

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

.

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:

John H Frye, Ill, Chairman
Dr. James H. Carpenter

,
Dr. Peter A. Morris

in the Matter of Docket No. 40 2061-ML
(ASLBP No. 83-495 01 ML)

KERR-McGEE CHEMICAL
,

CORPORATION
* (West Chicago Rare Earths

Facility) January 9,1985 -

Licensing Board rules that, in permitting document inspection after
having screened its files to remove privileged documents Applicant
waived its right to subsequently assert attorney-client or work product
privileges. Licensing Board also rules that only parties must respond to
requests for documents and that State agencies which are not parties to a
preceeding need not so respond. Howeser, such State agencies may be .
subject to subpoenas seeking documents.

RULES OF PRACTICE: DISCOVERY (PRIVILEGED
MATTER)

In determining whether an inadvertent disclosure of a privileged docu-
ment operates to waive the privilege. Licensing Board considerg the pre-
cautions taken to prevent disclosure, the elTectiveness of those precau-
tions, whether the documents were produced under the compulsion of a

iI

*
r



r

.

rigorous schedule, and the promptness of,the disclosing party's objection
on discovering the disclosure.

RULES OF PRACTICE: DISCOVERY

Under 10 C.F.R. l 2.741, only parties must respond to document
requests.

RULES OF PR CTICE: DISCOVERY

Subpoenas may be issued to State agencies which are not parties to a
,

proceeding in order to obtain documents.

MEMORANDUM AND ORDER
(Ruling on Discovery Disputes)

Discovery disputes currently exist between Kerr NicGee' and the
People of the State of Illinois.' These disputes concern document re-
quests filed by each party on the other and the schedule for further
discovery. Briefly, we are now asked to decide whether Kerr-htcGee has
waived its claim of privilege as to ninety two documents which counsel
for the People has inspected and wishes copies, whether counsel for the
People must produce relevant documents for inspection by Kerr-
NicGee's counsel from any State agency possessing them or whether
counsci's search for such documents may be limited to counsel's client
agencies, and whether further discovery in this proceeding should be
staged pending our ruling on the above two matters and the pending mo-
tions for reconsideration of our Stemorandum and Order iuling on con-
tentions (LBP-84-42,20 NRC 1296 (1984)).

WAIVER OF PRIVILEGE

in our Prehearing Conference Order of February 24,19.84 (unpub-
lished), we established a schedule for discovery. This schedule was ex-
tended twice at the request of the parties.: On August 3,1984, Kerr-

.

I The People of the state or Illinois and the Illinois Department of Nuclear safety are intervemns par.
ties in this proceeding. They are collectively referred to as the People."
2 Motions for entensions of time were granted on April 3 and July 6.1984. No party objected to these

requests.

12
.
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McGee requested an extension of time to September 15 for responses to
requests for admissions and documents, interrogatories, and for objec-
tions to the same. No party objected and this request was granted on
August 6.

Pursuant to this schedule and to agreements between counsel for
Kerr-McGee and the People, counsel for the Peop!e inspected some one

,

million pages of documents and marked approximately 30.000 pages for
copying at Kerr hfcGee's headquarters in Oklahoma City on September
18 through 21. At a subsequent inspection held on October 9 and 10 in

,

West Chicago, counsel for the People reviewed about half the number
of documents produced in Oklahoma City and marked about 4000 for
copying. At both inspections, documents which Kerr-McGee deemed

' privileged had been removed and replaced with an indicator card.
Counsel for the People expected that documents which she had

marked would be copied and forwarded to her. The first indication that
counsel for Kerr-McGee did not intend to follow this course was com-
municated to her on Friday, September 21, the last day of her inspection
of the Oklahoma City documents. We quote from the affidavit of Peter
J. Nickles, counsel for Kerr-McGee, which accompanied Kerr-McGee's
November 30 motion:

*

On September 21.1984 I met with Nis. Anne Rapkin from the Omce of the Attor-*

*

ney General of the State of Illinois (the " State") in the omces of Kerr-NicGee in Ok-
lahoma City. Nis. Rapkin was present in the Kerr NicGet offices in order to inspect
Kerr-NicGee's files in connection with diseosery in the abose-captioned matter. I*

explained that Kerr-NicGee had assembled all of its files relatmg to West Chicago
' for inspection by the State and had undertaken elTorts to remose prisileged docu-

ments from the liles. Because the tiles were solummous and the time available for
review was short. I was not confident that all prisileged materuls had beeni

removed. I therefore informed $15. Rapkin that copies of the documents marked by
the State for production woulj be forwarded to Coungton & Burling's onices in
Washington for further examination to identify privileged documents that should
not be produced. Cosington & Burkng would then forward the copies that were
determmed not to be priuleged to the State. Ms. Rapkin exprewed no disagreement4

with this procedure.

Although she did not respond to Mr. Nickles' statement at the time,
on Monday, September 24. Ms. Rapkin wrote Mr. Nickles stating in part:

Before Jim and I came to Oklahoma, Stead (Mead Hedglon. in. house attorney for
Kerr-McGeel reuewed the documents to be produced and withdrew a number of
them on grounds of prisilege. Last Friday you informed me that before the company
xeroxes and mails us those documents we marked for copying. you personally will'

re-review them to determine whether any are privileged. It is the Peopie's position
c

13
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f that whether or not an) of the documents you produced might hase been prisi-
leged, any prisdege was waived when you produced them last week. Therefore !

,' espect a xerox of each and escry document whnh Jim and I marked for copying, ,

'
together with any notes which may be affised there.

s

The documents marked by N!s. Rapkin in Oklahoma City and in West
4

' ~ Chicago were copied and forwarded to Alt. Nickles' office. In a Novem-
ber 9 letter to his. Rapkin, Nir. Nickles stated in part:

As you know, while >ou were m Oklahoma City and in West Chicago you were

( gisen unrestricted access to esery tile.in any way related to the West Chicago
matter. This included memoranda which reflected the deselopment of Kerr-

|

j NicGee's approach to the matter from the begmning right up to the time that you
were making Jour mspection. Stany of the documents put forth proposals or set out

! tentalise conclusions that were neser adopted or perhaps esen given serious consid-
t

eration by Kerr-NicGee. Storcoser, many of the documents discuss sensitive mat-
ters and some may contain information that may be deemed to be proprietary or to!
reflect trade secrets.

..lWie beliese that our internal conuderation of policies and procedures is entitled
to confidential treatment. We hase therefore prepared the enclosed Protectne
Order which will alford the documents confidential treatment without delaymg the

| proceeding. If)ou will sign and return the Order to us, we will then forward the non-
~

"

- prisileged documents that you hase idenidied for copying.j'

|
Thus, on further examination. counsel raised not only claims of

i privilege, but claims of confidentiality as well. The protective order en-
closed by hir. Nickles would have accorded confidential treatment to all'

i the documents in question and presented their use or disclosure, absent

{
Kerr4tcGee's consent, other than for purposes of this proceeding. On
November 15, Nls. Rapkin wrote N1r. Nickles rejecting the latter's pro--:

| tective order but otTering to consider a protective' order for specified

|
documents. N!s. Rapkin noted her expectation of receiving the docu-

! ments by November 23..When the. documents were not furnished on
i that date, his. Rapkin moved to compel production on Novem'ber 26 as-

! serting that Kerr-N!cGee had waived any privilege and on November 30
i Kerr-NicGee moved for an order that its claims of privilege were pre-

served. Additionally, Kerr41cGee sought an order implementing its pro-
4

posed protective order or a protectise order limited to specifically identi-j
- tied documents. If thegtter order were to be adopted. Kerr-NicGeeI

I sought an additional 304'Mys to identify documents which contain trade
~

i

4

i
:
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secrets or other proprietary or confidential information to be protected.)
Thus two issues had crystallized at that point:

First, had Kerr McGee waived its claim of privilege with respect
j to the documents inspected by the People; and

Second, was Kerr McGee entitled to a protective order with re-
i

i spect to trade secrets or other proprietary or confidential informa-
tion contained in those documents.4*

4 On December 10,11, and 17, respectively, Kerr-McGee, Staff,5 and
the People replied to the two motions. The People resisted Kerr-
McGee's requests for relief and argued that any privileges pertaining to

I the inspected documents had been waived. Similarly, Kerr McGee resist-
ed the People's waiver argument.

Also on December 17, the People filed a motion for an emergency
ruling on the pending discovery disputes. Reciting the fact that, pending
a resolution of these motions, they have voluntarily refrained from pub-'

: licizing the contents of the Kerr-McGee documents, the People alleged

1- that their constitutional rights were infringed "so long as they are con-

}
strained from informing the public about information within their knowl-
edge. ." The People supported their motion with a confidential sub-'

mittal summarizing the content of some of the Kerr-McGee documents.
j This document recites evidence that Kerr-McGee has sought to in-

j fluence public opinion and elected officials with respect to its West
"

' Chicago site.'
,

Noting that early resolution of these dispttles would speed the progress
;

; of this proceeding, on December 19 we scheduled a prehearing confer-
ence for December 26. Then, on Deceniber 21, Kerr McGee respondedt

to the emergency. motion by turning over all documents with the excep-
tion of ninety-two which it claims to be privileged under the attorney-.

|
client or work product doctrines. Kerr-McGee abandoned any claim for

|
.

)

E 3 Durmg the same time that the above dispute was desclopms, a second dispute arose concernmg the
j People's obhgation to produce documents from vanous state agencies that are not parties to this pro--

ceedmg. Kerr.McGee's November 30 motion also sought rehef with respect to that dispute. We discussJ

I that dispute sn/ra.

4 'on November 27. the People submitted a third set or interrogatones and requests for documents to
Kerr McGee.- This led Kerr McGee to seek a stay m rurther discovery. This monon is also dealt with,
intra
5 stafr supported Kerr-McGee's monon msofar 'as it seeks a response to its document production re-

,

quest from all state agencies; stafr took no position on the other disputes.
I 6 This document was not filed with the secretary but was sersed on counsel under mstructions not to

. disclose its contents. Because we saw nothms in this document which demanded that it" be withheld
! from the pubhc. we indicated on December 24 that..in the absence or objection received by January 4

i.
we would transmit a copy to the secretary for inclusion in the Commission's pubhc rdes. No objections
having been received, we have taken that action.

i
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protection of trade secret or other proprietary or confidential informa-
~

tion. As a result of this development and with the People's agreement,
on December 24 we cancelled the prehearing conference. On December
26, the People commented on this dispute, noting that they did not
intend to abandon their position that any privilege claims had been
waived by Kerr-McGee. On December 27. Kerr-McGee moved for per-
mission to reply to the People's respolise to its motion, attaching that
reply. In that reply, Kerr-McGee maintains that the People acquiesced
in its two-stage review procedure and argues that the case law supports
the proposition that it did not waive its claim of privilege.

in considering this issue, we assume thit the disclosure of the ninety-
2

two documents was inadvertent. Thu: the issue is whether Kerr-
McGee's inadvertent disclosure of then Jocuments operated to waive
its right to withhold them.

The Federal case law concerning inadv.:rtent disclosure of privileged
documents is not uniform. Suburban Sein Sweep Inc. v. Swiss Bernina,
Inc.,91 F.R.D. 254, 257 (N.D. Ill.1981 There does not appear to be a
basic rule of law concerning waiver which is consistently adhered to by a
majority of the Federal courts.

We begin our consideration with the traditional view of waiver recited
in the Wigmore treatise on evidence which apparently serves as the
foundation for the reasoning in many of the waiver-related decisions.7
While Wigmore's text does not directly address inadvertent waiver, an
explication may be found under the section on Indirect Disclosure by the -

Attorney. 8 Wigmore, Evidence j{ 2325-2327 (McNaughton 1961).'

There Wigmore adopts the traditional view that even an involuntary dis-
closure results in a waiver of the attorney-client or work product privi-
leges.' *

i Under the Wigmore analysis, the privilege is lost when documents are
' disclosed, even when that disclosure is through loss or theft from the

attorney,<

>

7Umred States v. Kelsey. Haves WheelCo.15 F.R.D as1 (E.D. %1ich. L9541; Umred States v. Cole. 456
F.2d 142,144 (8th Cir.1972); Duparn Corp. v. Derrme .tlilliAen. Inc. 397 F. supp.1146 (D C.s C.
19741; in Re Grand Jurv investigaren or Ocean Tramportaien. 604 F.2d 672 (D.C. Cir.1979); in Re
Scaled Case. 676 F.2d 793. 807 (D C. Cir.1982L
8Because of the conclusion whwh me reach on this subject, me find it unnecessary to consider this

issue in terms of the particular prmlege uhtch is deemed maned. Further, the section of the wasmore
treatise cited herein has been used by several courts in their analysis of maner as it arphes to both the
attorney chent and work product prmieges. See In Re Subpoenas Duces Tetse Estbergd r and laworski-

t

Vinson and Eams. Tesoro Petroleum Corp .138 F.2d i367 (D C. Cst.1984s. Permm Corp. and Omdental
Petroleum Corp. v. UmredSiares. 005 F.2d 1214.1219 i D C. Cir.1981 L

16
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*
; on the principle () 2326 infra) that, since the law has granted secrecy so far as its

own process goes, it leaves to the client and attorney to take measures of caution4

,

sufficient to prevent being overheard by third persons. The risk of insutTicient pre.
cautions is upon the client. This principle applies er ually to documents.

,

Id. at 632.
We first begin with an analysis of the cases which hold that though dis-;

'

closure was inadvertent or accidental, waiver of the privilege is nonethe-
less the result. These cases discount the element of intent and insteada

'

apply Wigmore's strict responsibility doctrile as enunciated in the often
quoted case Underwater Storage, Inc. v. U.S. Rubber Co., 314 F. Supp.1

; 546, 549 (D.D.C.1970). There the court decided it would not look
behind the objective fact that the client turned over documents to his at-

; torney for production to inquire whether the client intended that the
! documents be produced. The court explained that once the document
' was produced it was in the public domain, that is, the existence of its
1 contents was within the knowledge of the opposing' counsel and the ele-.

ment of confidentiality, so crucial to the privilege, was destroyed. The
court in Underwater Storage, supra, reasoned that when confidentiality is

,

i
no longer present, the basis for the privilege has been abrogated.

In Kelsey-Hayes,' supra, an earlier case relied upon by the court in Un-
! derwater Storage, supra, one of the defendant corporations permitted at-
i torneys for the Government to review its files consistent with a discov-
1 ery request by the Government. The files contained twenty nine docu-
} ments which may have been subject to work product or attorney-client=

i privilege. The court declined to give credence to the defendant's later
claim that the documents' privileged status continued once they were,

t

made available to the Government's attorneys. The Kelsey Hayes Court
recognized the competing interests at work in the discovery process bui
concluded that the disclosure by defendant's attorneys negates any argu-
ment counsel might later assert as to how or why the documents were.

shown to opposing counsel.
4-

.

*

As a result of the claimant's own acts, the context in which the rule is intended to;

j - serve, the protection nf conGdential communications is no longer present. Since the
4 privilege exists in derogation of the overriding interest in full disclosure of all
; competent evidence, where the policy underlying the rule can no longer be served,

it would amount to no more than mechanical obedience to a formula to continue to
recognize it.

i

Nor is this result alTected by Budd s assertion that the privileged documents were,
'

inadvertently handed oser to the Government's representatives; that the mass of
documents in its files were so voluminous that it did not know nor did it have time

3 to discover that prmleged ones were among them. It is difGcult to be persuaded
that these documents were intended to remain conGdentialin the light of the fact

i I

17 !i' *
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that they were indiscriminately mingled with the other routine documents of the
corporation and that no special etTort to preserve them in segregated Oles with spe-
cial protections was made. One measure of their continuing conGdentiaht) is the
degree of care exhibited in their keeping, and the risk of insutTicient precautions
must rest with the party claiming the priulege. Wigmore. 3d Ed.. Sec. 2325. p. 629.

Kelsey-Hayes, supra,15 F.R.D. at 465. Niany courts applying the Wig-
more standard of strict responsibility cite the above language to support
a holding that waiver was effected under circumstances where an oppos-
ing party is allowed to review documents in response to a discovery
request. Grand Jury Investigation of Ocean Transportation. supra; W.R.
Grace v. Pu/Iman Inc.,446 F. Supp. 771 (W.D. Okla.1976).

Cases departing from this view generally acknowledge it, but discredit
it primarily for its rigidity and the lack of consideration it accords to the
intent of the disclosing party. Sfendenhall v. Barber Greene Co., 531 F.
Supp. 95l,954 (N.D. Ill.1982), Weil v. Investment / Indicators Research &
Afanagement, 647 F.2d 18, 24 (9th Cir.1981). Other factors considered
in these cases are the confidentiality of the document, whether reasona-
ble arrangements were made to protect against disclosure (Kelsey-Hayes,
supra,15 F.R.D. at 464), whether disclosure was made under the com-
pulsion of a court-ordered expedited discovery schedule, and whether a
court expressly or implicitly reserved the disclosing party's right to pro-
tect privileged documents which may have slipped through its initial

,

screening. Transamerica Computer Co. v. IB3f, 573 F.2d 646 (9th Cir.
1978).

Where courts have not adopted Wigmore's view of the waiver
standard, primary emphasis is usually placed on the disclosing party's
intent. The intent is pivotal in these cases to determine if disclosure was
inadvertent. Inadvertence has come to indicate that the disclosing party
did not knowingly relinquish its right to make objections based on privi-
lege because it did not intentionally divulge the information,' but only
disclo' ed it through some accident or error in its own review. Courts ares

generally sympathetic to the arguments ofinadvertence when the party
can show not only that there was no intent to disclose, but a tremendous
volume of material through which it had to sift, and strict time pressures
in which to review the documents, including orders by the court com-
pelling discovery under an expedited schedule. Connecticut 3futual Life
Insurance Co. v. Shields.18 F.R.D. 448 (S.D.N.Y.1955): Dunn Chemical
Co. v. Sybron Corp.,1975-2 Trade Cas. (CCH) 1 60,561 at 67,463
(S.D.N.Y.1975); Control Data Corp. v. IB3f Corp.,16 Fed. R. Serv. 2d
1233 (D. Niinn. 1972); Transamerica Computer, supra, 573 F.2d l

I
' ttemienhall. apra. 331 F supp. at 953 nA |.

|
|
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at 653. We conclude that the rationale stated in these cases is the better
view.

This view has recently been enunciated in Alagnarox Co. v. Balle
Afidway Afanu|xntring Co. and Sanders Associates Inc., third-party
defendant, No. 83C 2357 (N.D. Ill., Nov. 5,1984) and Donoran v. Rob-
bins, Nos. 78C 4075, 82C 7951 (N.D.111., Nov.14,1983). Both cases
follow the intent analysis and both held that a clearly inadvertent disclo-
sure does not waive privilege. As noted above, we need not consider
this issue because we have assumed that the waiver was inadvertent.
Both cases also carefully recite and amplify the crucial factors which, if
combined with inadvertent disclosure, result in preservation of the privi-
lege. Both cases either expressly or implicitly acknowledged that not
every claim of inadvertence is entitled to relief. We therefore move to
the other factors which are to be weighed to determine if Kerr N!cGee
has waived its privileges.

The People submitted their discosery request to Kerr-McGee on July
13, 1984. At the August 22, 1984, Prehearing Conference, counsel for
Kerr-McGee informed the Board that Kerr .\lcGee was prepared to
submit its objections to discovery requests or provide the parties with
the opportunity to review requested Gles by September 15.1984,* the
date which counsel had earlier requested and which had been granted on
August 6. Based on this extension, Kerr-McGee's Gling of December
27, 1984, seems to imply that it was in some way compelled under a
Board-imposed expedited schedule. We do not agree. There have been
no schedule disputes presented to us for resolution subsequent to the
first prehearing conference. Discover) was proceeding on schedules
agreed to by the parties, which we adopted. Counsel undeniably is aware
of the right to come to the Board with any dif0culties in complying with
those schedules. Yet until our receipt of the motions here in question,
we were not informed that problems had arisen.

We have assumed that the disclosure was inadvertent as required by
3/agnarox, supra flowever, under that holding the circumstances must
be such that adequate precautions were taken initially to present disclo-
sure if the privilege is to be preserved. liere an initial review was made
and documents were remosed from the tiles inspected by counsel for
the People. We are not unsympathetic to the fact that more than a mil-
lion pages of documents had to be compiled and reviewed by Kerr-
McGee. We recognize that this meant the company and/or its law firm
was faced with the need to amass substantial manpower to sift through

MPreheanns Cemerense wguw 22.19R Tr 23n
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the files. But, while the number of documents to be reviewed must be ,

taken into account, we think it is also necessary to juxtapose that with
the number of documents which were disclosed. Although only under
the pressure of a schedule to which it had agreed, Kerr-htcGee allowed
ninety-two documents to slip through its review process. This is not an
insignificant number and indicates that the precautions taken were inade-
quate, a fact secognized by Kerr-htcGee's counsel when he indicated
that a second review was necessary. A cursory review-of the documents
is not enough to prevent a waiver. The review process must accomplish
its intended goal. Ir. the cases relied on by Kerr-51cGee, the review proc-
ess was much more effective; despite the compulsion of schedules, only
a few documents slipped through.

The courts also require prompt objection to prevent a waiver of dis-
covery objections. Counsel for Kerr-hicGee informed the People on the*

last day of counsel's review of the Oklahoma documents (September 21,
1984) that a second-stage review was planned by Kerr htcGee. In these
circumstances, it was actually the People who timely objected to Kerr-
hicGee's proposal, allowing only the 2 days of the intervening weekend
to pass before submitting a letter of objection to Kerr-htcGee. If Kerr-*

NicGee had indicated its intent to re-review the documents before
producing them to the People for inspection,it seems likely that counsel
for the People would not have engaged in the review until the " ground
rules" for discovery had been resolved, either by stipulation or with the
Board's assistance. After Kerr-hicGee produced the Oklahoma City
documents it could not unilaterally bind the People to an unconventional
discovery routine by informing counsel at the close of her inspection of

,

its intent to do a second review.
,

Counsel for Kerr-NicGee maintains that counsel for the People ac-
quiesced in the second-stage review. It is true that the West Chicago
documents were inspected after the second stage was announced and ob-
jected to. In the face of the objection, Kerr-NicGee should not have pro-
duced documents for mspection prior to a complete review and should
have sought relief from the Board if necessary."

Kerr-hicGee also maintains that it asserted its privileges after inspec-
tion but before release and that this fact dictates that its privileges were
preserved. We find that Kerr-NicGee did not take adequate steps to pre-
serve the confidentiality of these documents. In this circumstance, we

Il We note that representaines of the People apparently continued their inspection of the oklahorna
City documents on the same day that counset wrote objeeans to the second. stage reuen while we do
not cundone this practice. we rind that it does not alter our conclusion. The other factors clearly out-
weigh this esent.

20
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do not believe that the fact that Kerr-McGee asserted its privileges prior
to physically turning over the documents marked by the People is
material. In short, we find that Kerr-McGee's claims of privilege for the
ninety-two documents here in cuestion have been waived.

SCOPE OF THE PEOPLE'S RESPONSE

Kerr-McGee has filed interrogatories and requests for documents on
the Illinois Attorney General, counsel for the People of the State ofIlli-
nois and the Illinois Department of Nuclear Safety (collectively referred
to as the " People"). The interrogatories and requests were directed to
the State, and defined " State" to be:

the State of Illinois and any departments or agencies of the State, as well as any
employees, agents, consultants, contractors, or subcontractors of the State or any
departments or agencies of the State.t2

In response, counsel for the People produced documents of the Illinois
Department of Nuclear Safety (IDNS) and Illinois Environmental Pro-
tection Agency (IEPA). Counsel took the position that

the Attorney General, when representing particular agencies fn litigation, produces
the documents of only those agencies. The Attorney General's client agencies, i.e.,

j those which have requested representation in either this or the related state court
; proceedings, are the llDNS) and llEPAl. Therefore only their documents were pro-
1 duced.13

Subsequently, counsel also produced documents from the'lilinois State
Geological and Water Surveys.

Kerr-McGee has moved for an order requiring counsel to respond to
its requests with respect to all State agencies.'' Staff supports this posi-
tion.15 The People continue to adhere to their position that only client
agencies need respond.S

Section 2.741 of the Rules of Practice permits requests for production
of documents to be filed only on parties. The Rules do not authorize re-
quests to be filed on nonparties.

.

12 Kerr.McGee's Motion of November 30,1984, at 2.
13 eople's Response of December 17,1984, at 12.P
la See note 3, supra.
18 staff's " Response to Kerr41cGee's and Illinois' Discovery Motions" of December iI,1984.
16 People's Response o(December 17.1984, at 1-2.
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| The People's petition to intervene in this proceeding was " filed on
Petitioner's behalf by the Attorney General at the request of the [lDNS]

.,

; and on his'own motion."l' Therefore, the IDNS is the only State agency
which is a party to this proceeding, and consequently IDNS is the onlyi

State agency which must respond to requests for documents pursuant to
j 2.741.88 In this respect. the Rules of Practice are in accord with-Federali

practice. See Trane Co. v. K/ur: nick, 87 F.R.D. 473 (W.D. Wisc.1980).
;

: Kerr41cGee's motion is denied.
This is not to say that document production may not be obtained from

nonparties. Subpoenas issued pursuant to.10 C.F.R. } 2.720 may be>

: used for this purpose.t* See Paci#c Gas and Electric Co. (Stanislaus Nucle-

I ar Project, Unit 1), ALAB-550,9 NRC 683 (1979). Upon satisfactory ap-

| plication pursuant to s'2.720, the Board will issue subpoenas directing
the production of documents by State agencies which have not respond .

, ~

i ed to Kerr-htcGee's requests.

STAY OF DISCOVERY
.

!
On December 7. Kerr-NicGee moved for a stay of further discovery in

this proceeding pending our rulings'on the above discovery disputes and2

our rulings on motions for reconsideration of LBP-84-42, supra, filed by'

Staff and the People. The People oppose this motion; Staff has no objec-
tion to it.

Insofar as the motion sought to defer further discovery pending reso-
lution of the above discovery disputes, it is now moot. And we,see no1-

reason to defer further discovery pending resolution of the motions for
reconsideration.3 Ceasequently Kerr-51cGee's motion is denied.

In consideration of the foregoing, it is, this'9th day of January 1985,
ORDERED:

| 1. Kerr-htcGee's motion for an order instructing the People to pro-
1 duce all relevant documents in the possession or control of the executive

branch of the State is denied;
i 2. Kerr SicGee's motion for an ortler making clear that its privilege

claims have been preserved with respect to ninety-two documents identi-
fied in Attachment A to its December 21,1984 response to the People's-
motion for an emergency ruling is denied:>

*
_

.

,

' I' Peuten to intersene filed July 7.1983, as amended February 29, i984'
-

18 Becausc u."nsel has neser sought to add IEPA as a party to this proceeding. me assurne that that

i agency is a parth'a the related state court proceedmg
l'The Board has nupply of blanit subpuenas which are asailable to the parties on request.'

N We anucipate that our ruhngs on tboe monons mill be mued shortly.-'
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3. Kerr-McGee's motion for a protective order to protect confidential
documents is denied as moot;

4. Kerr McGee's motion for a stay of discovery is denied;
5. Kerr-McGee's motion for leave to file a reply to the People's re-

. sponse to its November 30,1984 discovery motion is granted;
6. The People's motion for an order compelling Kerr McGee to pro-t

vide copies of the documents which counsel for the People inspected
and marked for copying in Oklahoma City and West Chicago is granted;

7. . The People's motion for an emergency ruli.7g on the above discov-
ery disputes is denied as moot; and

8. The People's motion for leave to file instanter a response to Kerr-
McGee's motion for a stay in discovery is granted.;

FOR THE ATOMIC SAFETY AND
LICENSING BOARD

' John H Frye, III, Chairman
ADMINISTRATIVE JUDGE

Bethesda, Maryland
January 9,1985

1
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Cite as 21 NRC 24 (1985) LBP-85-2

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:

Charles Bechhoefer, Chairman
Dr. Frederick P. Cowan

Dr. Jerry Harbour

in the Matter of Docket Nos. 50-329-OL&OM
50 330 OL&OM

(ASLBP Nos. 78 389-03-OL
80 429-02 SP)

CONSUMERS POWER COMPANY
(Midland Plant, Units 1 and 2) January 23,1985

The Licensing Board issues a Partial Initial Decision in a consolidated
operating- license / enforcement proceeding involving a facility as to
, hich. construction has been halted (but as to which the operatingw
license application has not been withdrawn). The Decision resolves, sub-
ject to specified conditions or technical specifications. various technical
issues arising out of the excessive settlement of soils upon which safety
structures are founded. The Board also denies the Applicant's motion
for reconsideration of an earlier order concerning the procedural steps
which the NRC must follow when seeking to impose new seismic criteria
on a facility at the operating license stage of review.

RULES OF PRACTICE: PARTIAL INITIAL DECISION

Although the conformance of a structure with applicable safety stand-
ards may depend both on the adequacy of design of the structure and on
the manner in which the design is implemented, the adequacy of design

24
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is conceptually different from the sufDciency of design implementation
and need not necessarily be considered in the same decision.

ATOMIC ENERGY ACT: LICENSING STANDARDS
The circumstance that construction is in progress (or has even been

completed) cannot legally have any effect on a Licensing Board's evalua-
'

tion of the adequacy of a structure's design. However, should problems
with a design being followed be encovered during construction, those
problems may be taken into account in assessing the technical adequacy
of the design. Cf Power Reactor Development Co. v. International Union
ofElectrical. Radio a Afachine Workers,367 U.S. 396,415 (1961).

SEISMIC AND GEOLOGIC CRITERIA: SCOPE OF INOUIRY

At the operating license stage of review, an applicant must picvide,
and the NRC Staff reviews, " current information . . which has been ie-
veloped since issuance of the construction permit, relating to site evalt. s-
tion factors." including the geologic and seismic matters comprehended
by 10 C.F.R. Part 100.10 C.F.R. 50.34(b)(1).

RULES OF PRACTICE: BACKFITTING
Where the NRC Staff seeks to apply new seismic criteria during its

operating license review from those. applied at the construction permit
stage of review, and where there has been a progression in seismological
review techniques in the intervening period. the Staff need not follow
the backStting procedures set forth in 10 C.F.R. ) 50.109.

.
.

RULES OF PRACTICE: BACKFITTING

A progression in seismological review techniques may constitute " cur-
rent information . which has baen deve'oped since issuance of the
construction permit," within the meaning of 10 C.F.R. s 50.34(b)(1),
thus calling for a reevaluation at the operating license stage of review
without need to resort to the backfit standards of 10 C.F.R. } 50.109.

RULES OF PRACTICE: OPERATING LICENSE /SHOW
CAUSE HEARINGS

}Vhere an operating license and a show cause proceeding are being car-
ried on simultaneously and are consolidated, and where the proceedings

25
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would utilize different procedural rules, the rules governing the operat-
ing license proceeding would apply in consolidated hearings on joint is-
sues.

SEISNIIC AND GEOLOGIC CRITERIA: GROUND N10 TION

Use of site-specific response. spectra to define the vibratory ground
motion at a site of the safe shutdown earthquake is consistent with 10
C.F.R. Part 100, Appendix A, { IV(a), V(a)(1) and VI(a).

SEISN11C AND GEOLOGIC CRITERIA: SCOPE OF INQUIRY

The terms "important to safety" and " safety-related," when applied
to seismic design requirements, are used interchangeably in 10 C.F.R.
Part 100, Appendix A.

SEIShllC AND GEOLOGIC CRITERIA: SAFE SHUTDOWN
EARTHQUAKE

An inadequacy in seismological data may warrant requiring, pursuant
to 10 C.F.R. Part 100, Appendix A, j V(a)(1)(iv), that the controlling
earthquake be larger than the maximum earthquake that has occurred
historically within the tectonic province.

TECHNICAL ISSUES DISCUSSED

Dewatering
Differential settlement of structures
Ground acceleration value resulting from safe shutdown

earthquake
Quality assurance
Safe shutdown earthquake (intensity; resulting vibratory ground

motion)
Seismic design criteria
Seismic shake (!own
Site-specific response spectra (SSRS)
Soil compaction
Soil density
Soil liquefactioa |

Structural design - cantilever designs |

Structural design - evaluation of cracks
|

|
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Tectonic provinces
Underground piping - corrosion
Underpinning of safety structures.

-
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PARTIAL INITIAL DECISION
(Remedial Soils issues)

| Opinion

,' I. INTRODUCTION

i A. Nature of the Proceedings .(Findings 1-3,12)

' - Thn Decision represents the . culmination of proceedings initiated
more than'6 years ago. It involves a project which was novel - indeed'

unique - but which most likely! will never come to fruition: namely.

.

the proposed construction and operation by Consumers Power Company
!
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(CPC or Applicant) of the Slidland Nuclear Plant, Units I and 2. It re-
flects the difficulties (both monetary and technical) which were engen-
dered by various quality assurance / quality control (QA/QC) deficiencies
which have plagued the project from its inception. And it reDects the
suspension of work on the partially completed project because of CPC's

'

inability to finance its completion.
.

The issues before us arise from two consolidated proceedings: (1) the
application of CPC for licenses to operate the hiidland Plant, Units I
and 2 (OL proceeding) and (2) the Order under 10 C.F.R. l 2.204 for
modincation of licenses, dated December 6,1979 (ON! proceeding).'
The facility in question consists of two pressurized water nuclear reactors
designed by Babcock & Wilcox Co. (B&W), located on a site on the
south shore of the Tittabawassee River in hiidland County, 5fichigan,
adjacent to the Dow Chemical Company's main industrial complex in
the city of hiidland.

The facility's uniqueness stems from the once-planned usage of a
large percentage of the capacity of Unit 1 (which had been scheduled to
be the second unit completed) to produce process steam for the nearby
Dow plant. Thus, as designed, Unit 2 would have produced 852 htWe
whereas Unit I would have produced 504 N1We in addition to the pro-
cess steam. However, reflecting delays and cost increases in the project,
there developed a contractual dispute and litigation between Dow and

- CPC, and Dow gave up its plans to use the process steam. Thereafter,
because of its inability to Gnance the project, CPC halted construction,
Grst of Unit I and later t' e entire project.h

The OL proceeding involves CPC's application for licenses to operate
these two units. At present, the application has not been formally with-
drawn, notwithstanding the halt of construction. The 051 proceeding is
a show-cause-type proceeding which eventuated from the discovery in
July 1978 of excessive settlement of soils and structures (particularly
the diesel generator building (DGB)). The two proceedings were consol-
idated (at the request of the Applicant) because of an overlap of certain
issues raised in each of them.

The adjudication before us has produced an extensive record on many
issues. The shutdown of construction on the project might arguably dic-
tate our awaiting a motion to dismiss the OL application, without a
ruling on the merits of any of the issues. This result in our view would
not be in the public interest: among other things, it would render for

I With respect to the O\1 proceeding. CPC is a "hcensee ~ Nonethe! css. to avoid conrusion, we shall
refer to Consumers as CPC or Appheant, irrespectne of the particular proceeding or proceedings to
which the reference is apptNable.
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naught the extensive efforts devoted to these issues by the parties, their
witnesses, and this Board. Moreover, absent withdrawal of the applica-
tion for operating licenses, the proceeding is technically alive. Indeed,
post-shutdown communications to the NRC have referred to the project
in terms of " current deactivation." Letter, CPC to J.G. Keppler, NRC,
dated July 27,1984, file 0.4.9, serial 31797. Furthermore, CPC has ad-
vised us that, although "it is vnlikely that the Midland project will be re-
vived in the near future," the Company wishes to " preserve its options"
and has no plans to withdraw its operating license application or to sur-
render its construction permits. Letter, CPC counsel to Board and
parties, dated September 10, 1984. Accordingly, despite the potential
mootness of the various issues before us, we nevertheless are issuing a
decision on some of the technical issues which have been extensively
litigated and which, if the project should ever be revived, might have
some continuing applicability. We hope that our resolution of these
issues will preclude the necessity for relitigation of the same issues if
work on the project should ever be resumed.

On the other hand, the issues involsing quality assurance / quality con-
trol (QA/QC) and management attitude, which have occupied the great-
est amount of hearing time to date, focus in large part on the implemen-
tation of certain procedures and the performance and attitude of certain
personnel. As such, they would appear to be of uncertain materiality,
even if work on the project were ever to be resumed. Materiality would
depend on the form and nature of the organization and the identity of
the persons directing the resumed project. Given the announced indeli-
nite suspension of the project, we do not intend to resolve those issues'

at this time. (in the Conclusions section of this Opinion, we offer a few
observations on some of them.) Nothing herein shou |d be taken as in-
dicating that the project would be licensable absent resolution of any of
those issues which remained pertinent to a revived project.

B. Identification of the Parties (Findings 6-7,12)

Ms. Mary Sinclair, Mr. Wendell H. Marshall, and Ms. Barbara Stamiris
were admitted as Intervenors in the OL proceeding. The Attorney
General of the State of Michigan was admitted as an interested State
(but has not actively participated in the proceeding to date). Ms. Stamiris
and Ms. Sharon Warren were admitted as Intervenors in the OM pro-
ceeding (with Ms. Warren subsequently withdrawing). Reflecting both

ithe overlap of certain issues between proceedings and the Commission
policy to permit intervenors to conduct cross-examination and tile pro- l

posed findings on issues raised by others, we permitted all of the Inte.r- |

1

32 |
|



venors to participate in the development of the record and in the filing
of proposed findings on any of the issues. whether nominally denominat-

,

ed as OL or ONI issues. (his. Stamiris was the oaly Intervenor who filed
proposed findings on the particular issues covered by this Decision.)

C. Procedural Posture of the Case (Findings 4,7-17)

The OL adjudicatory proceeding commenced in hlay 1978, with the
publication of a notice of opportunity for hearing. By a Special Prehear-
ing Conference Order dated February 23,1979 (unpublished), we ac-
cepted a number of his. Sinclair's proposed contentions, including one
which raised safety questions concerning the excessive settlement of the
diesel generator building (DGB).2 We also accepted a similar contention
of hir. 51ershall.

The Oh! proceeding was initiated on December 6,1979, by the is-
suance by the Staff of an Order hiodifying Construction Permits ("hfodi-
fication Order"), a type of show-cause order. The hfodification Order
was based on the excessive settlement of the DGB (initially discovered
in July 1978) caused by poor compaction of soils on which it was con-
structed, the QA/QC practices which permitted such poor soils compac-
tion to have occurred. and the potential that similar inadequate compac.
tion practices may have been utilized with respect to other safety struc-
tures founded in whole or in part on fill materials. The hfodification,

Order would have suspended all soils-related and remedial work on the
hiidland facility until the related safety issues were resolsed and con-
struction permit amendments for the soils remedial work were submitted
by CPC and approved by the StalT. Through its December 26,1979 re-
quest for a hearing, CPC stayed the effectiveness of the Stodification
Order pending conclusion of the 051 proceeding.

Under the N1odification Order, the broad issues (which were put into
contest by virtue of CPC's request for a hearing) are (1) whether the
facts set forth in Part 11 of the Order (setting forth the factual basis for
the Order) are correct, and (2) whether the Order should be sustained
(i.e., the specific relief put into effect). In addition, in response to an
Amended Notice of Hearing published in hiay 1980, two Intervenors
(his. Stamiris and his. Warren) were admitted to the ON! proceeding.
We accepted a number of contentions sponsored by each of them in our
Prehearing Conference Order of October 24,1980 (unpublished). Be-
cause of the overlap of $1s. Sinclair's and h!r. Starshall's OL contentions

All sods-rcuted sontenuons, whether or not dealt with or resubeJ in ihn Deciuon. are set fortn2

#:fr.: *n Appeadn A
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relating to the DGB settlement and the issues that~had been subsequent-
ly raised by the Afodincation Order (including certain contentions of
his. Stamiris and his. Warren), we also granted CPC's request that we
consolidate the two proceedings. his. Warren subsequently withdrew
from the proceeding (although she made a limited appearance state-
ment). Since her issues were encompassed within the broader 051 is-
sues, we asked the parties to address the substance of her contentions,
and they have done so. See infra note 41. Later, we accepted several
additional late-filed 051 contentions sponsored by his. Stamiris, engen-
dered by the litigation between Dow and CPC. LBP-84-20,19 NRC
1285 (1984).

Hearings on soils-related ON1-OL issues commenced in July 1981,
and extended intermittently through December 3,1983, utilizing 96
hearing days. (In addition,9 days of hearings on strictly OL issues ".ere
held in h! arch and April 1983.) Limited appearance statements from
members of the public were accepted at several of the hearing sessions.

Two general types of soils issues are involved in the ON1-OL consoli-
dated proceeding: those which question the QA/QC performance and
managerial attitude of CPC or its contractor, Bechtel (most of his. Sta-
miris' contentior.s) and issues involving the technical aspects of remedial
soils activities (the remainder of N!s. Stamiris' and all of the other Inter-
venors' soils-related contentions). The Applicant and NRC Staff have
often been in disagreement on both types of issues, although currently
they generally agree with respect to most of the technical aspects of the
remedial soils activities.

Early in this proceeding, prior to the close of the record on the techni-
cal aspects of remedial soils activities, we had planned to issue a Partial
Initial Decision on QA/ management attitude issues, followed by another
decision covering the technical adequacy of the remedial soils activities
(or " fixes"). Notwithstanding that plan, we found it necessary to reopen
the record twice on QA/ management attitude issues - the Grst time at
the instance of N!s. Stamiris, and the second time at the request of the
NRC Staff. Prior to the most recent closing of the record on QA/ man-
agement attitude issues, we completed hearings on the technical aspects
of the remedial "Gxes." Proposed Ondings and conclusions on those
technical issues were submitted by CPC, Nis. Stamiris, and the NRC
Staff.) Although we could possibly have issued an Initial Decision cover-

3Appheant's Proposed Findmss or Fact and Conetuvons of Law 4F0F) on Remedul smts issues.
dated August 5.1983 (heremafier App. F0F4 NRC stalT Re<punsne Findings. dated Smember 15
1983 tStatY FoF). Imenenor (stamins) Proposed Fof. dated December 16.190 istarmns F0Ft \p.
phcant's Rephes to stalT and starmns FOF. each dated January 3.1984 Arp Rern to staff tstamino

f(enrgmgp
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ing both QA/ management attitude and the technical aspects of the reme-
dial " fixes," considerations of timing and length, as well as the recently
announced suspension of work on the facility. have caused us to adhere
to our earlier plan of separating the decisions on QA/ management atti-
tude and on the technical aspects of remedial soils activities.

After the record on QA/ management attitude. issues had been closed
'for the second time (i.e., before the most recent reopening of the rec-

' ord), and during the course of our preparation of a decision on that
subject, we determined it to be necessary to issue an order imposing in-

,

terim conditions on further soils-related construction activjties, pending
completion of our decision. In our Order of April 30.1982. we required.
inter alia, that the Applicant obtain explicit prior approval from the NRC
Staff (with limited exceptions) before proceeding with further soils-
related construction activities (as defined therein). Niemurandum and
Order (Imposing Certain Interim Conditions Pending issuance of Partial
Initial Decision), LBP-82 35,15 NRC 1060. In other words, soils-related4

construction activities were halted in the absence of authorizatian by the
NRC Stali. Thus, the effect of that Order in substance was to sustain, on
an . interim basis, the requirements of the N!odification Order except
with respect to the submission and approval of amendments to the con-

~

struction permits, a procedural step which in our opinion was not neces-
sary to attain the safety goals which we believed should be achieved. In

; order to comply with the requirements of LBP 82-35 CPC put into ef-
fect, inter alia, its " Work Authorization Procedure."*

The conditions imposed on the Applicant by LBP.82 35 were motivat-
i ed by QA (including QC) considerations. As a result of the subsequent
; reopening of the record on QA/ management attitude matters, and more

recently the project shutdown, we have not issued the decision whichi

would supersede those interim conditions. Accordingly, to the extem' *

j th.it any soils-related construction were to be resumed. they cominue in
effect. This Partial-initial Decision does not generally - treat QA or
management attitude issues and has no effect on those interim condi-
tio'is. -

1

5- FoFl. Unless otherwiw speedically ptunted out referenas to sarious partiti rrt,ro cJ tinMes ma N
to those on remedial soils issues. as. catalogued in this footnote.

References to all parties' proposed findings ' Fort udt t>e io ine raragrarh cumwr, and or pups.
since Ms. stamins' FoF did not include numbered paragrapns. as fue numtered wh re.wrarh ut
her findings consecutisely (?T ."I.277.- for case of rtierence . rhus. the first eersgratih unda
" Introduction ~is i "2". the first paragraph under "The soils Reme ful Fnes' a * T
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D. Summary of Decision (Findings 17-18)

This Partial Initial Decision deals with the technical adequacy of the
temedial soils activities which have been proposed by CPC. The subjects
covere(1 are seismic matters (including the appropriate safe shutdown
earthquJe, standards for the proposed seismic margin review, soil lique-
faction and dewatering),.the designs and plans for assuring the structural
adequacy of the auxiliary building (except with respect to differential set-
tiement of the control tower relative to the main building), the service
water pump structure (SWPS), the borated water storage tanks
(BWSTs), the diesel fuel oil tanks (except with respect to liquefaction
and soils stability), underground piping, underground electrical duct
banks and conduits, and baffle and perimeter dikes. For reasons stated
below (see infra p. 37), we are not making any findings with respect to
the DGB; we are, however, including a general description of the prob-
lems and corrective actions associated with that structure.

In her proposed findings on remedial soils issues, Ms. Stamitis takes
the position that the Applicant's remedial program is only a " paper" pro-
gram and that CPC's problems have always been "not with their con-
ceptual programs, but with the implementation of those programs" (Sta-
miris F0F,1 "6," at 2, citation omitted). She asserts that technical find-
ings should be considered only along with findings concerning imple-
mentation and that our decisions on these subjects should be combined
(id.1 "9," at 3-4). She also implies that the status of ongoing plant con-
struction must of necessity influence our rulings on the adequacy of the
various remedial fixes.

It is obvious, of course, that CPC has suffered through. numerous seri-
ous QA/QC implementation problems in the past. The issuance of LBP.
82-35 is but one reflection of those problems. Indeed, it is apparent that
the soils settlement problems stem in large part from a QA deficiency:
the failure of the Applicant or its contractor to have had available a quali-
fled geotechnical engineer with authority to control soils placement
during the time when the fill soils were being compacted - despite a
previous commitment to the NRC to utilize a geotechnical engineer for
such purposes (see infra p.111). Both theoretically and practically,
therefore, the question of the conformance of the facility with applicable
safety standards depends not only on the adequacy of design but also on,

the implementation of those designs. No party to this proceeding con-
tends otherwise.

That does not mean, however, that design and implementation must
necessarily be considered in the same decision. The adequacy of design
is conceptually different from the sufficiency of design implementation.
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If the design turns out to be consistent with applicable requirements, the
adequacy of implementation still remains an open question._ (If the
design is inadequate, however, the sufficiency of implementation be-
comes irrelevant.) Storeover, contrary to his. Stamitis' apparent claim,
the circumstance that construction was in progress (or had even been
completed) could not legally, and did not, have any effect on our evalua-
tion of the adequacy of design in this Decision. There is but one excep-
tion to this general approach: if, during construction, problems with
the design being followed were uncovered, those problems were factored
into our decision on the technical adequacy of the remedial soils
measures. Cf. Power Reactor Development Co. v. International Union of
Electrical. Radio & Machine Workers,367 U.S. 396,415 (l961).

We have factored problems revealed during the course of construction
into our consideration of two of the technical subjects on which CPC has
submitted proposed findings: the structural adequacy of the DGB and
the effects of difTerential settlement of the control tower relative to the
main auxiliary building. As a result of greater-than-expected cracking in
the DGB, the Staff undertook further studies and evaluations of the
DGB's structural adequacy and also moved to reopen the record on that
question (Tr. 22,678-83). Although we had not yet determined prior to
the halt in construction whether to reopen the record on the DGB, and
were awaiting a further Staff report before we made that determination,
we permitted his. Stamiris and the StalT to defer filing proposed findings
and conclusions on the DGB remedial measures (Tr. 22,687). We are ac-
cordingly excluding from this Decision any consideration of the adequa-
cy of the remedial soils activities associated with the DGB. (Since this
Decision may turn out to be our last major decision in these proceedir.gs
dealing with substantive issues, we are including a general description of
the problems and corrective actions associated with the DGB. See infra
pp. 81 86.)

Similarly, his. Stamiris has pointed to Board Notification BN 83-174,
dealing with the corrective actions utilized for the auxiliary building, par-
ticularly the effects of differential settlement between the control tower
and the main auxiliary building; she sought to reopen the record, inter
alia, on open items in the Board Notification (Tr. 22,672; Stamiris FOF,
1 "13," at 5). Although we denied his. Stamiris' motion as premature
(Tr. 22,675-76), we agree that, in the absence of further information on
the questions raised in BN 83-174, the record is not complete enough to
cause us to rule on whether the proposed remedial measures for the aux-
iliary building adequately take these aspects of differential settlement
into account. For that reason, we are also excluding from this Decision
any evaluation of that subject.
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in addition, we have taken into account incomplete or erroneous in-
formation discovered during the pendency of the soils hearings in our
evaluation of two other technical subjects: the soil spring constants pro-
posed to be used in a seismic reevaluation of various structures, and the
assessment of soil liquefaction potential and soils stability under the
diesel fuel oil tanks. Through Board No'tiGcation BN 84115, dated June
18, 1984, we were advised by the Staff of the Applicant's discovery,
during a design review, of a deGeiency in the original seismic design of
certain Seismic Category I structures. This deficiency in particular would
affect the analysis of the auxiliary building and the SWPS. With respect
to those structures, our Gndings and conclusions reflect this outstanding
open question. See discussion, infra pp. 70-71, 90-91, 94-95, 98 and
Findings 88-89, 141, 151, 164, 166.

Finally, on November 21, 1984, CPC submitted a report to the Staff
(with copies to the Board and parties) advising that certain logs of bor-
ings assertedly taken in the area of the Slidiand diesel fuel oil tanks
were in fact logs of boring.5 taken elsewhere in the Niidland area. By
letter dated December 6,1984, the Applicant advised that the only
technical issue potentially affected was that ofliquefaction of soils below
the diesel fuel oil tanks. The Applicant regarded the record on this ques-

.

tion to be " inconclusive." in its response dated December 21, 1984,
which included the affidavit of Nir. Joseph Kane, a geotechnical witness,
the StalT agreed that its analysis of liquefaction beneath the diesel fuel
oil tanks would be alTected but added that other technical issues ~might
also be affected (see infra pp.103 04). In her December 24, 1984
response, $1s. Stamiris took the position that the erroneous boring logs,
which had been discovered during the Dow CPC litigation, represented
ooly one example of erroneous information uncovered in that litigation.*

She cited other examples bearmg upon several of her QA/ management
attitude issues. She requested that we order an investigation by the NRC
Othee of Investigations (01) and that, before issuing any decision
depending in whole or in part on information provided or sponsored by
CPC, we hold a further evidentiary hearing on facts surrounding the dis-
closure of the erroneous soil boring data. The Staff did not mention fur-
ther hearings but indicated that further inquiry on this subject might be
warranted.

Based on the state of the record, we are at this time making no Gnd-
ings concerning liquefaction or soils stability relative to the diesel fuel
oil tanks, nor are we reaching any " reasonable assurance" conclusions
concerning the tanks. We regard the matters as to which his. Stamiris
se.ks further hearings (i.e., "Dow" issues) as essentially QA/ manage-
ment attitude matters, on which we are not now ruling. As set forth

38
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mfra p. 40, we are leaving open the possibility (folldwing submission of
a status report by CPC and responses of other parties) of further
hearings. In the Board's view, the circumstances underlying the NRC
Staff's " extreme difficulty" in understanding how the " mix-up" in
boring logs occurred suggests that new hearings may very well be war-
ranted, at least in the event a restart of construction is proposed. Kane
Affidavit, dated December 21,1984,13 a*t 4.

We have no authority to order an 01 investigatio'n (Stamitis Exh.135,
Policy 4); the Staff, of course, could - and perhaps should - do so. In
any event, to permit us to consider newly discovered information de-
rived from the Dow-CPC litigation bearing upon issues covered by this
Decision, we are retaining jurisdiction to reopen the record to modify
any of our determinations which may be significantly affected thereby.

With respect to the matters we are considering, and for reasons
hereinafter set forth, we conclude that the remedial soils measures pro-
posed by CPC and accepted by the Staff are generally satisfactory, subject
in certain instances to the imposition of appropriate technical conditions
or specifications. Assuming that the remedial soils activities would have
been correctly carried out, and that open technical questions would have
been satisfactorily resolved, we would have had reasonable assurance
that the structures on which we are ruling in this Decision would pose
no undue risk to the public health and safety, if the project is ever
revived, the manner in which the structures and soils remedial activities
have been or would be implemented, as well as the design aspects of the
DGB, auxiliary building, SWPS and diesel fuel oil tanks on which we are
not now ruling, would remain as open questions, subject to further deci-'

sion or litigation or relitigation, as appropriate.
In the body of this Decision we discuss our concerns regarding the

deficiency inherent in the stepped-foundation design of portions of the
auxiliary building, the SWPS and the borated water storage tanks. See
infra pp. 93 94, 102. It is apparent that the differential settlement of
these structures was the result of the overall settlement of the soil.
However, there is evidence that stepped-foundation designs have the
potential for developing problems even when built on properly compact-
ed backfilled soil, because of cantilever and bending moment stresses
that could result from greater than anticipated soil settlement. We are
recommending that the NRC Staff study, generically, the acceptability
of the future use of such stepped foundation designs in safety related
structures.

As for the status of these proceedings, the Applicant, through its
letter of September 10, 1984, has proposed that no further hearings be
held at this time, that its current obligation to forward audit and noncon-
formance reports to the Board and parties be discontinued, and that it

39
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file an additional report on the status of the project in 6 months. In a
document dated October 24, 1984, which we are treating as a response
to the request concerning documents, Ms. Sinclair raised certain ques-
tions concerning the propriety of discontinuing reporting requirements
as long as the construction permits and OL application remain active.
See Memorandum and Order dated November 2,1984 (unpublished),
In its October 26,1984 response, the Staff agreed that hearings at this
time would not be productive but suggested that the Applicant include a
recommendation as to future hearings in its status report. The Staff also |

suggested a conference call with respect to the discontinuance of report-
ing requirements. The call was held on November 7,198 2, and it was
agreed that the Applicant and. Staff would consult on the reporting ques-'

tion (as well as the related question of the types of data which should
continue to be collected while construction is suspended) and report

* back to us early in 1985. For the interim, we reduced the number of
copies of audit and nonconformance reports which need to be supplied
to the Board. See Memorandum dated November 8,1984 (unpub-
lished).

We agree that no further hearings should b'e held in the near future
; and that the Applicant should file a 6 month status report. Such report

should include recommendations as to future hearings in particular, it
should outline information discovered in the Dow CPC litigation which

i would affect these proceedings, as to which Ms. Stamiris seeks further
i hearings. Such report should be filed on or before April 1,1985. Parties

may respond within 10 days of service (15 days for the Staf0. Notwith-
, ,

standing this schedule, the Applicant should notify us promptly of any
significant developments, including but not limited to plans or proposals

j for the restart of construction. Pending our receipt of a report during
early 1985 on the questions outlined in our November 8,1984 Memo-
randum, we take no action on CPC's request to eliminate certain report-

;

) ing, except to reduce the number of copies of audit and nonconform-
ance reports which must be furnished to the Board.

! In the future, following receipt of CPC's status report, and responses
thereto, we expect to confer with (or otherwise seek the views o0 the
parties as to whether, and if so when and how, these proceedings should3

i be continued or terminated. In particular, we will consider whether we
should issue a further decision (or conduct further hearings) on any
issues remaining unresolved after this Decision (including the various
QA/ management attitude issues). We invite the suggestions of the par.
ties on the potential resolution of such open issues.

!

i

40

!

. - - - . .-. - _ _ .-- - - _ _ . -



. - - . - - - - _ - =- - . . _ - . . -- ~_ - - .~ ~~-- _

1

} . s

;

i
i ;
.

|- .

|
II. SEISMIC MATTERS

I'
iA. Lesal Standards (Findings 19-36)

,

!- Several regulations specify the seismic and geologic criteria to which
,i the design of nuclear power plants must ' adhere. In general, "[s]truc-

tures, systems, and components important to safety" are required to be ,
,

_ " designed to withstand the effects of natural phenomena such as earth-
quakes . . . without loss of capability to perform their safety functions."

j 10 C.F.R. Part 50, Appendix A. GDC 2. The specific design criteria are
1- set forth in 10 C.F.R. Part 100, Appendix A (Seismic and Geologic

Siting Criteria for Nuclear Power Plants). The Final Safety Analysis i

Report (FSAR) submitted in support of the operating license application
1 must include, inter alia, " current information .. . . which has been devel-

oped since issuance of the construction permit, relating to site evaluation'

j factors identified in Part 100. . . ." 10 C.F.R.150.34(b)(1).
The construction permits for the Midland Plant were issued by the,

Atomic Energy Commission on December 15,1972.8 That date followed.

! the publication of the proposed Appendix A to 10 C.F.R. Part 100 (36

) Fed. Reg. 22,601 (Nov. 25,1971) but preceded the issuance of the final
rule, which.was published on November 13, 1973 (38 Fed. Reg. 31,279)

I and became effective on December 13,1973. When it published its pro-
posed rule, the Commission (AEC) set forth its expectation that "the]

-

proposed amendments will be useful as interim guidance until such time

|| as the Commission takes further action on -them." 36 Fed. Reg. at
; 22,601.
4 At the construction permit stage. the Staff's review of the applica-

| tions, as set forth in the Staft's " Safety Evaluation" dated November 12,.

| 1970 (CP "SER"), preceded the issuance of the proposed as well as the

! final versions of 10 C.F.R. Part 100, Appendix A. As a result, the StalT
j in its review did not utilize certain of the criteria which were adopted
i through issuance of Appendix A (e.g., delineation of a tectonic prov-
{ ince);8 nor did the Licensing Board which authorized the issuance of

construction permits, even though'its decision followed the promulga-
.

| tion of the proposed Appendix A.*
,

i

f

,' ';
* ' Pursuant to the Energy Reorsamaanon Act or 1974. as amended. 42 U s C. t $801. er sni.. the

Atomic Ener8y Commnmon ( AEC) was abohshed, and the Nuclear Regulatory Commission (NRC1 as-
I sumed the AEC's hcensms and related regulatory runctions. ;

5 3re rurther desenpuon or the staff's CP review entena. uttro p. $1 and Finding 21t
1

L * Dunns the CP heannss no issue was raised about the seisms or geologic analyses ohnh had been
i undertaken. In its normal CP review. the Licensms Board probably did not use the proposed AppenJin

| A as guidance. inasmuch as at merely approved the staff's seismic and geologn sontlamons as tellected
i . in the CP "sER " LBP.72 34. $ AEC 214,219 20 (19737, s/f*,I. ALAB.123. 6 AEC 331 (19738
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The OL application, as represented by the FSAR, was filed in 1977,
after the effective date of Part 100, Appendix A. It incorporated a seis-
mic analysis which followed the procedures of Appendix A, including a
proposed tectonic province for the Midland site. The analysis resulted in
the same maximum earthquake as had been approved at the CP stage,
with terminology changed to reDect that utilized in Appendix A - e.g.,
the design basis earthquake (DBE) at the CP stage became the safe shut-4

_

down earthquake (SSE)' described in the FSAR (FSAR SSE); The'

FSAR proposed design response spectrum (modined Housner) was the
,

same as the DBE response spectrum at the CP stage.'

During the course ofits OL review, however, the Staff began to doubt'

i whether the CP earthquake (DBE or proposed FSAR SSE) was adequate
4 and consistent with the requirements of Appendix A. The Staff's con-

cerns in this regard were set forth in a letter dated October 14, 1980
from Robert L. Tedesco Assistant Director for Licensing, to Mr. J.W.

4 Couk, CPC Vice President, re: Seismological Input for the Midland
Site (Holt Exh. 3; hereinafter "Tedesco letter").' That letter offered

; CPC two alternatives for characterizing the SSE, both of which, accord-
ing to the Staff, are consistent with the Staft's Standard Review Plan'

(SRP, NUREG-0800, not introduced into evidence):<

1. Tije largest historic earthquake in the Central Stable Region .

tectonic province, assumed to occur "near the site," with.

ground acceleration ' based upon the standardized response4

spectra of Regulatory Guide 1.60 anchored at 0.19g.
'

j 2. The " site specine response spectra" (SSRS) approach using
the magnitude of the same highest earthquake with epicentral

i distances assumed to occur less than 25 km from the site, and
l using the 84th percentile of the response spectra as derived
i directly from real time histories.
,

j

| 7 " safe shutdown Earthquase" is'derined as
j that earthquake whtch is bawd upon an esaluation of the maumum earthquake potential consid.

i enng the reSion.nl and local geology and wnmnlogy and speciG. sharastenstics orlocal subsur.
i race material. It is that earthquake ahwh produtes the puumum ubratory ground motion for

which certain stru6tures, sWems, and conipotients are designed to reniain functional. These'

j structures, systems and 6omponents are show nesessary to assure'-

t1) The integrity of the reactor conlant prenure boundary>

(2) The capability to shut down the reactnr and mamtam it in 4 ufe shutdoun condition. or
138 The capability to present or mitigate the consequences of acudents which sould result in4

potentialoffsite esposures comparable to the guideline esposures of this part.i

10 C F R. Part 100, Appendit A. ) Hitst
; 8 Mr. Richard L lloit, one of the Applicant's mitnesws. submitted il eshibits whsh the Snard accept.
^ ed into evidense m connection with his prepared testimony These ethibits ranged from smgle page rig.
I ures to multi-page reports mith their own figures and tables. The Hott eithimts mere not bound 6nto the
! transcript, but are part of the euJennary record. Tr. 4538 40 4550 $i. 511718. These enhibits are

hereinafter referred to as "Ifont rsh. "
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The Applicant elected the SSRS approach. It further agreed to design
remedial structures to this standard (or what it viewed as the equivalent-
ly conservative 1.5 x FSAR SSE standard) and to conduct a seismic re-
evaluation or " seismic margin review" to determine whether various
Seismic Category I structures which had already been constructed could
conform to the newly ascertained SSE. This study had commenced but,
insofar as we are aware, had not been completed (or reviewed by the
Staff) prior to the shutdow n of construction.

Early in this proceeding, shortly following its receipt of'the "Tedesco
letter," the Applicant mosed that we defer consideration of all seismic
issues until the later, OL, portions of the hearing. The Board believed
that to have done so would have required us to evaluate the planned
construction of structures, such as underpinnings and new foundations,
on the basis of potentially invalid criteria, i.e., essentially the same seis-
mic criteria as those approved during the CP stage (which were not
materially changed by the Applicant's proposed FSAR SSE). The Appli-
cant and Staff reached an agreement, which we had encouraged and
thereafter accepted, for a schedule under which (1) the establishment of
seismic criteria, including determination of the SSE, ground motions
and associated response spectra and (2) the analysis model for each
structure as modified by the remedial actions would be heard during the
early hearings on soils related (ON!) issues. This would have left for the
later stages of this consolidated OL-ON! proceeding the question of
whether the safety related structures as built (including those with and
those without modifications ne'cessitated by the soils remedial actions)
conformed to the newly determined seismic criteria. See Applicant's
N!otion to Defer Consideration of Seismie issues Until the Operating
License Proceeding, dated N! arch 18. 1981: Stamiris' Response, dated
April 6,1981; Staff % Response, dated April 7,1981; Prehearing Confer-
ence Order (Ruling upon Apriieant's N!otion to Defer Consideration of
Seismic Issues Until the Operating Licensing Proceeding and upon
Other Nfatters), dated N!ay 5,1981 (unpublished). For these reasons,
we are not ruling in this Decision on whether various safety structures

'

built under DDE or FSAR SSE standards in fact conform to the stand-
ards required by the new SSE.

Two significant legal questions have surfaced by virtue of the Appli-
cant's election to utilize the SSRS approach - namel), the procedures
which the StatT must follow to require structural changes based on that
approach, and the consistency of the SSRS approach with the require-
ments of Part 100 Appendix A. We turn now to these questions.

.
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(1) Proceduresfor Applying the SSE in OL Review (Applicant's
Motionfor Reconsideration)

In its 51 arch 18,1981 scheduling motion mentioned above, the Appli-
cant took the position that the application of new seismic criteria to the
hiidland facility is and should be governed by the backfit requirements
of 10 C.F.R. ! 50.109.' Although the major thrust of the motion con-
cerned the scheduling of seismic issues, the Applicant's view of the diffi-
culty of resolving the seismic issues in a timely fashion was based in
large part on its position that, because a DBE had been formally estab-
lished at the CP stage, a change in the applicable seismic criteria would
be a "backfit" decision which, pursuant to 10 C.F.R. j 50.109, would re-
quire a cost-benefit type of finding to the effect that such action will pro-
vide " substantial, additional protection which is required for the public
health and safety . . . ."

Both the NRC Staff and his. Stamitis opposed that motion. At a pre-
hearing conference on April 27, 1981, we resolved the scheduling as-
pects of the motion by accepting the Applicant Staff agreement described
supra p. 43. In doing so, however, we specifically rejected the Appli-
cant's proposal to consider changes in seismic design only under the
backfitting criteria of 10 C.F.R. { 50.109. Our ruling appears in our Pre-
hearing Conference Order dated hlay 5,1981 (unpublished), at 212.

The Applicant now seeks reconsideration of our ruling insofar as it
holds that the backfitting criteria need not be utilized (App. F0F,
1498). Other parties did not respond to this motion, although the Staff
commented that it would not respond unless the Board specifically
requested it to do so (Staff FOF at 53 n.12). (We made no request.)

In our View, the Applicant's motion for reconsideration presents no
information which we had not already considered, and provides no per-
suasive reason for us to change the basis or result of our earlier ruling.
We are therefore declining to do so.

Ilowever, we wish to reiterate our view that Commission regulations
and practices contemplate a separate review at the OL stage of site

* That section reads, in relevant part

| $0.809 Backhttins
f al The Commmion man. m xcordam:e eith the prosedures trecified in this chapter, require

the ba6kritting of a facihty if it finds that such action will provide substantial, additional prbtec.
Ison ohich is required for the public health and safety or the common defense and security. As
used in this nestion. "bachrithng" of a production or utihtstion facthly means the addition. thm.
inJtion of modification of structures, syssems or comporients of the faci'ity after the construction
permit has been mued.

thi Nothing in this section shall be deemed to reheve a holder of a sonstruction permit or a
h(enw f rom comrhance with the rules, regulations, or orders of the Commission.
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factors, including geology and seismicity, particularly where new infor-
mation has developed since the CP stage of review. The FSAR must in-
clude all " current information . . which has been developed since is-
suance of the construction permit, relating to site evaluation factors
identified in Part 100 . . . ." 10 C.F.R. l 50.34(b)(1). Those factors in-
clude the geologic and seismic matters comprehended by Part 100 (par-
ticularly Appendix A).

As we pointed out in our May 5,1981 Prehearing Conference Order,
the Staff attributed its reasons for the DBE reevaluation to "a progres-
sion during the last ten years in the state of the-art with respect to
seismology (Tr. 867-869)" (Order at 5). Elsewhere in this Decision, we
describe some of the substantial differences in the criteria utilized at the
CP stage and those which the Staff is currently following. Among other
matters, no tectonic province was ever developed at the CP stage. By
including it in its FSAR, the Applicant has implicitly recognized the de-
veloping nature of the Staft's seismic criteria and the necessity for incor-
porating such criteria into the OL review. Further, the Staff regards the
design response spectrum utilized during the CP review for ascertaining
ground motion (modified.flousner) as insufficiently conservative; and,
for reasons expressed later in this Decision (injka pp. 67 68, Finding
71), we agree. We conclude that the progression in seismological revjew
techniques constitutes " current information . . which has been devel-
oped since issuance of the construction permit," within the meaning of
10 C.F.R. l 50.34(b)(1), thus calling for a reevaluation at the OL stage
without need to resort to the backlit standards of 10 C.F.R. 6 50.109.

We note that, in our Prehearing Conference Order, we pointed to the
use of the backfit criteria as a type of enforcement activity. The Appli-
cant now states ( App. F0F,1498, at 313) that this case is in part an en-
forcement matter and that the seismic issue was raised in that context as
well as in the OL context. If the new seismic criteria were sought to be
applied only in an enforcement context, then the procedures required by
10 C.F.R. j 50.109 might well have to be applied. But where, as here,
the OL review provisions of 10 C.F.R. s 50.34(b)(1) come into play,
they supersede the procedures applicable only in enforcement situa.
tions.N

Finally; we would agree with the Applicant that, despite its agreement
with the Staff to perform the seismic margin review using an SSRS SSE,

N The oL provisions would apply in any enforcement prosceding carried on during the pendeno oran
oL apphcation Cf Cumumers /Wer Co Otidland Plant. L' nits I and D, 4L AB 25). 2 NRC 11.1718
(197$). alarWJ. AL AH-313. 3 NRC 101 (197 6 t burden er proort. Thu,. our udw has not been in.
Quenced by the consohdation here or the ONI and OL proceedings
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the procedures to be employed in applying the results of the new seismic
review to this facility make a difference: in the words of the Applicant ,

j.
"the Seismic Margin Review results may lead the Staff to require modin-
cations which Applicant is unwilling to make" (App. F0F,1498, at 312

!
n.827). If that situation were to occur, the Applicant could still challenge
the StalTs determination. But the decisional criteria would be the'

normal OL review criteria, not the backGt standards of 10 C.F.R.

[ f 50.109.

(2) Compatibility ofSSRS Approach with 10 C.F.R. Part 100,
Appendix A (finding .H)

.

Prior to the heitrings concerning seismic issues relating to the choice
of an SSE and related ground motion, and as a result of the option af- i

i

|
forded by the Tedesco letter (and later accepted by the Applicant) to uti-

j lize the SSRS approach, we asked the Applicant and Staff (and permitted

|
oth.r parties) to Gle briefs addressing the compatibility of the SSRS ap-

|
proach with the requirements of 10 C.F.R. Part 100, Appendix A (in i

.

particular,11 V(a)(1)(ii) and (iv) of the Appendix). See Memorandum
I dated August 18,1981 (unpublished). The Applicant and Staf( each

Gled responses on September 29,1981 (hereinafter App. Brief or StalT
~| Brief); and each asserted that, as used at Midland, the SSRS approach

was consistent with the requirements of Appendix A. The Applicant and
Staff, respectively, reiterated that position in their proposed Gndings
( App. F0F,11816; Staff F0F,11816). For the reasons which follow,
we agree with that conclusion.-

Appendix A to 10 C.F.R. Part 100'

.

describes the nature of ingestigations leurtently) required to obtain the geologie and
senmic data necessary to determine site suitability and to proside reasonable assur*

J

ance that a nuclear power plant can be constructed and operated at a proposed site
i

without undue risk to the health and safety of the public. It describes procedures for* *

determining the quantitatae vibratory ground motion design basis at a site due to
carthquakes . .

| 10 C.F.R. ( 100.10(c)(1); see also 10 C.F.R. Part 100. Appendix A,
i l 11. In general, the Appendix A criteria and procedures provide for

determination of the appropriate SSE and of the ground motion which

I that earthquake would generate at the site. General elements of investi-
gation contained in Appendix A for determining the SSE and its repre-
sentative ground motions where (as here) no capable faults (or similar
tectonic structares with which historical earthquake activity can be rea.
sonably correlated) exist within the vicinity of the site, are (1) determi-'

;
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nation of the tectonic province in which the site is locate'd, (2) determi- i

nation of the size and ground motions of the controlling earthquake >

within that tectonic province, (3) determination of the size and ground
;

motions, at the plant site, of earthquakes associated with distant tectonic
structures and those associated with adjacent tectonic provinces, and (4)

; definition of the response spectra corresponding to the maximum vibra-
'| tory ground accelerations at the various foundation levels of safety-'

related structures on the plant site, as derived from the determinations-

i in steps (2) and (3).
Because the data upon which the Appendix A investigations are

-

founded are historical and geologic in nature, the procedures of Appen-,

j
dix A have been characterized as " deterministic" rather than "probabil-

1 . istic." At the time of our August 18,1981 Memorandum, there was con-
| troversy over the extent to which the use of probabilistic methodology
i
- was permissible under Appendix A. See Public Service Co. of New Hamp-

shire (Seabrook Station, Units I and 2), CLI 80-33,12 NRC 295,298
{ (1980); g. id., ALAB-667,15 NRC 421, 426 42 (1982). For that rea- 1

;

|
son, we specifically inquired whether the Applicant's methodology for
determining the SSE and its ground motions satisfied certain of Appen.'

dix A's requirements. Although not explicitly stated in our Memoran-
dum, the aspects of the cited Appendix A criteria that we perceived to

| have the greatest. potential incompatibility with probabilistic determina- .:
<

i
tions, depending upon how those determinations were made, were:'

(1) how the requirement that tfie determinations be carried out in4

I
a conservative manner would be treated;

i
(2) how probabilistic or statistical averages of ground motions

I
would be reconciled with the often used requirement that maxi-
mum vibratory ground motions be determined and applied; and

(3) how both the requirements that the controlling earthquake in
the site's tectonic province be assumed to occur at the slte and

| that elTects of more distant earthquakes would be accounted
' for; and the related question,

(4) what data or techniques would be applied to assure that the
; maximum vibratory acceleration at the site throughout thefre-;

quency range ofinterest is included.
| lt is in the definition of the vibratory ground motion associated with
J

!
the SSE (i.e., defining a response spectrum) where the SSRS methodolo-

.

gy is being used at Midland. Appendix A requires that the " vibratory
ground motion produced'by the Safe Shutdown Earthquake shall be'

j defined by response spectra corresponding to the maximum vibratory ac-
celerations at the elevations of the foundations of the nuclear power

|
plant structures . . ." (10 C.F.R. Part 100 Appendix A, y VI(a)). A' re-

!
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sponse spectrum (delined in Appendis A, j 111(1)) is "a plot of the maxi-
mum responses (acceleration, velocity or displacement) of a family of
idealized single-degree-of-freedom damped oscillators against natural fre-
quencies (or periods) of the oscillators to a specified vibratory motion
input at their supports." (See note 59, inha p.137, for additional expla-
nation of response spectra.) The regulations further require that the
spectra represent an appropriately conservatise description of motions
associated with the SSE throughout the frequency range relevant to the
design of a. nuclear facility ( Appendix A { V(a)(1)(iv)), but they do -
not specify the methodology for deriving the required spectra. They do
require that seismology, geo!ogy, and seismic and geologic history of the
site and surrounding region, and the characteristies of the underlying
soil material in transmitting earthquake-induced motions, be taken into
account ( Appendix A, s V(a)).

The Staff currently regards at least two dilTerent methodologies for
representing vibratory ground motion as acceptable - the standardized
response spectrum, as defined in Regulatory Guide 1.60 (see infra note
49), and the SSRS. As described by the Staff. the Reg. Guide 1.60 ap-
proach is a standardized spectrum derived from strong motion records
cf a large number of earthquakes of various magnitudes, recorded at
various distances and on varying site conditions. The ground motion
values of these records were normalized to the same acceleration, a
spectral shape was derived representing the mean plus one standard
deviation, and, a,fter some smoothing, the response spectrum became
the standardized Reg. Guide 1.60 spectrum. Although it can be used at a
wide range of sites to define the vibratory ground motion of a large
variety of earthquake intensities, it does not depend on the characteris-
tics of any one site to which it is applied. When used, the Reg. Guide
1.60 spectrum is scaled to the ground acceleration lesel associated with
the intensity of the site's SSE. Staff Brief at 10-11.

On the other hand, according to the Staff, the SSRS methodology
takes into account more closely the seismology and geology of the site
and surrounding region and the engineering properties of the soil. As de-
scribed by the Staff:

The prmeiple underipng the use of a site.wecifie response speetrum is
straightforward. Becausc earthuuakus of simil.ir magnitudes have been found to
hase similar ground motion charateristss when recorded at sanitar di3tances from
the ei'icenter and m 'umilar wil conditions, an acu rate representation of possible
ground motien for an carthquake of a posttlated magniiJde can be derised frCm
analyzing an adequate set of recordings for similar magmtude earthquakes at similar
sites elsewhere. To make this compartson. the data base fer strong motion records
is searched for all reeerdings of historical carthquakes of sinnlar magnitude to the
chosen sale shatdown earthquake recorded slose to the epicenter of the event and
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recorded in similar geologic conditions. If the et'sembic of recordings litting these
parameters is of sumcient size then the ground motion data for each of the records
are plot ted. and in ideahzed spectrum is draw n representing a mean-
plus ene-standard-deuatnm. This ideahzed spectrum :s the response spectrum
specific to the site.

(Staff Brief at 12-13, citation omitted.)
The Applicant, in both its brief and witnes:' testimony, offers that the

approach used in determining the SSRS for 11e Midland site primarily is
deterministic but goes un to explain the limitea use made of probabilistic
techniques in determining the SSRS. App. Brief at 1-2, 4,12-13; Holt,
ff. Tr. 4539, at 14; Holt. Exh.10, at 5-10 and Figs.18. In its brief, the
Staff points out (at 12-13) that the SSRS method recommended in the
Tedesco letter is a straightforward empirical approach to design a re-
sponse spectrum that is specilic to a site (and to its SSE, based on earth-
quake magnitude) and which complies more closely than the alternative
standardized-spectra approach with the mandate of Appendix A to ac-
count for specille si e conditions. It is not a probabilistic methodology ast

used here; it does employ certain statistical treatment of a sufficiently
large population of earthquakes, matched as to their size and similarity
of applicable site conditions, which are reviewed for appropriateness on
a case-by-case basis. The Staff points out that the design of a site-specific
response spectrum is no more than the adjusting or tailoring of a stand-
ardized response spectrum for the particular seismic and geologic charac-
teristics of the selected site. /d. at 11-14. The Applicant agrees that use ,

of SSRS is no more probabilistic than use of the Regulatory Guide 1.60
spectral shape. App. F0F, t 14.

The StatT, ako in response to our Memorandum, provided information
in its brief on past applications of the SSRS approach, ref:rencing the
licensing of Sequoyah, Units I and 2. and San Onofre, Units 2 and 3.
The Commission has approved licenses for both of those facilities. At
the time of the submission of its brief, the Staff was also in the linal
stages of approving site-specilic spectra, designed using methodology
similar to that employed at \lidiand, for the Enrico Fermi Unit 2. Watts
Bar, and Bellefonte plants. Safety Evaluation Report, Sequoyah Nuclear
Power Plant, Units 1 and 2. Tennessee Valley Authority, Dceket Nos.
50-327 and 50-323, March 1479, SUREG-00ll,4 2.5.3; Safetr E.alua-
tion Report (Geology u.J Seismology) San Onofre NuWar Generating
Station, Units 2 and 3, Southern California Edison Cc., er al., December
1980, NUREG 0712. s 2.5.2. Safety Evaluation Report. Enrico Fermi.
Unit 2, Detroit Edison Co., NUREG-0798, July 1981, y 2.5.2; Staff
Brief at 15-17.

.
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The Staff's application of the SSRS methodology at Sequoyah resulted
from a situation quite similar to that at Slidland; i.e., during its OL
review the Staff had questioned both the spectrum and the ground accel-
eration value originally chosen at the CP stage. In all material respects
the procedure used at Sequoyah was identical to that employed for
designing the Midland SSRS, and the procedure was reviewed in depth
and endorsed by the Advisory Committee on Reactor Safeguards
(ACRS). Staff Brief at 15 and Attachment I (Letter from ACRS Chair-
man 51. Carbon to NRC Chairman J. Ahearne, " Interim Low Power Op-
eration of Sequoyah Nuclear Power Plant, Unit 1," dated December 11,
1979).

The Staff disagreed with the Applicant's Proposed Finding 10 (that
seismicity is a "probabilistic consideration") and with the Applicant's
Proposed Finding 14 (that the statistic:1 process of combining earth-
quake records in the construction of response spectra is probabilistic).
Both of these views of the Applicant on the "probabilistic aspects" of es-
tablishing the SSE and constructing the SSRS also occur in the Appli-
cant's Brief (at 6-7,12), in the testimony of the Applicant's witness
(flott, ff. Tr. 4539, at 17), and are viewed by the Board as unnecessary,
and incorrect, arguments to justify use of the SSRS methodology.

In sum, we view the SSRS methodology as employed at Midland as no
more than a specific site application of the technology used to develop
the standardized spectra contained in Reg. Guide 1.60. Only historical
records made in substantially similar soil conditions are chosen for
designing the SSRS. It takes into account the expected maximum vibra-
tory acceleration at the site throughout the frequency range of interest,
as required by s V(a)(1)(iv) and Vi(a)(1) of Appendix A. The ' design
of the spectrum is based on an objective anafysis of empirical historical
records of earthquake ground motion, analytically related to the SSE, as
required by Appendix A, {{ IV(a) and V(a')(1). Finally, the SSRS takes
account of seismology, geology and underlying soil characteristics of the
site, as required by s V(a) of Appendix A. Accordingly, we agree with
the Applicant and Staff that the SSRS methodology, as employed at
Midland, satisfies the governing requirements of 10 C.F.R. Part 100 Ap-
pendix A.H

H we are informed that the NRC statT has deseloped s5Rs using a ddrerent methodolegy than that de-
scribed abose for use in its systemaine Evaluation Program nr "sEP" inhich includes the La Crosse
Boiling water Reactorp. The sEP 5sRs are based on a comples s>nthesis of determimstic Judgments
and probabihsiac modeling, which do not, at least esphcitly, follom the deterministic procedures outlined
in Appendis A. This sEP methodok>gy is nos insohed in this case, and me espress no opimon as to its
sahd.iy. See App. Brief at 6 n.3. staff Brief at 14. we aim Dairiland Punct Cootvrainy (L a Crosse Bod.
ing water Reactor). LBP 83 23.17 NRC 655, aff*J(sua spontrA AL AB-733. 68 NRC 9 t19831.
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B. 31aximum Earthquake and Associated Ground Slotion at the
.NIldland Site (Findings 19-79)

- The Design Basis Earthquake (DBE) approved for the Niidland site at
the CP stage was based on a Nfodified Alercalli Intensity (51511) of VI,
the size of the large>t earthquake within about 150 miles of the plant
site. CP "SER " at 13, 114, 116. The DBE was not associated with any
tectonic province, since the CP review was performed before promulga-
tion of either the proposed or final version ~of 10 C.F.R. Part 100, Ap-
pendix A, which required such determinations. (But see supra note 6.)
The ground motions associated with the DBE were represented tiy a
modified liousner design response spectrum anchored at 0.12g (where

'g = acceleration due to gravity at the earth's surface). The liousner
spectrum was modified by increasing its levels of response motions by
an additional 50% in the frequency range between abcut 1.6 liz and 5
liz (or 0.6- and 0.2-seconds-period range). CP "SER," at 13; Finding
21, inf a.

Because the seismic design basis for the Niidland Plant followed proce-
dures and regulations in existence before promulgation of Appendix A,
the Staff, during its rev;ew of the OL application, questioned whether
the plant safety systems were designed to withstand the effects of an,

earthquake as would be determined by current standards. It raised ques-
tions as to the adequacy of both the ground acceleration value (0.12g)
and the design response spectra (modified flousner) used to represent
the earthquake motions.

The Board has found remarkably little disagreement, in the end, be-
tween the technical positions of the Applicant and the Staff; but the
route to this conclusion has not always appeared so clear. The final
result, with which we agree, was a commitnient by the Applicant to use

' site specific response spectra (SSRS) to represent Safe Shutdown Earth-
quake motions that differ from the original modified liousner design
spectra mainly in shape. See Figures 2 and 3. infra pp. 66-67. While site-
specific response spectra, by their method of construction, are not
" anchored" at a peak acceleration value, those derised by the Applicant
are very close at most frequencies to what would be obtained by current
standardized (Regulatory Guide 1.60) response spectra anchored at
0.12g, the original (DBE) peak acceleration value determined for the
51idland site. These site specific response spectra were to be used by the
Applicant in the seismic reevaluation of structures, systems, and compo-
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nents important to safety 2 and as minimum input values in the seismic
design'3 of certain remedial structures (underpinnings and new founda-
tions) required to be built as a result ofimproper compaction of soil fill
on which some of the safety-related'* buildings were partly or completely
founded. Thus, the earthquake represented by these site-specific re-
sponse spectra and determined by this Board to meet the requirements
of Appendix A (see discussion, infra pp. 63 69),is properly termed the

- Safe Shutdown Earthquake (SSE). The original DBE was the seismic
design basis for the bulk of the structures, systems, and components im-
portant to safety at the hiidland Plant, at the time they were initially
designed.

In its 1977 FSAR, the Applicant proposed an SSE that was based
upon a newly proposed hiichigan Basin tectonic province. That SSE,
which was never accepted by the Staff, came to be called the "FSAR
SSE" in these proceedings. Its size and ground motion characteristics
are identical to those of the original DBE, and are at issue in these
proceedings. The terms "FSAR SSE" and "FSAR spectra" as used in
these proceedings should be read as "DBE" and "DBE spectra,"
respectively. Because there can be only one SSE for the hiidland site,
and if the project were to be continued or resurrected, a future revision
of the FSAR would need to reflect the SSE and its ground motion char-
acteristics, as determined by the outcome of these proceedings.l5

.

While the December 6,1979 hiodification Order did not specifically
address seismic issues, one of its major concerns was "the unresolved
safety issue concerning the adequacy of the remedial action to correct
the deficiencies in the soil construction under and around safety related
st.ructures and systems " (blodification Order at 4). Seismic design
bases (the SSE and representation of its metions) for the underpinning

.

12 This Board does not datmguish a difference between ils terms "imrottant to safety" and
" safety related^ when applied to senmic design requirements. It seems cicar to us that 10 C.F.R. Part
100. Appenda A. uses the terms quite mterchangeably. sta ti practice in this regard is reflected in
Regulatory Guide 1.29 which designates as -seismic Category I'' those structures. systems and compo.
nents which shall be designed to remam functional ir the safe shutdown earthquake (ssEl occurs. The
Regulatory Guide meludes. mrer sha as senmic Category I "Itlhose portions or structures, systems, or
components whose contmued function is not required but whose failure could reduce the functioning or
any plant features (whose function is requiredl to an unacceptable safety level . " (at C.2L See diso
noie 94, m/ra p.195.
IJ Those remedial structures already designed *ere designed to 1.5 times the original DBE resemse,

spectrum which was found to be higher than the s5Rs for this particular purpose. Tr 6003 (KennedyL
'4 See note 12. supra
is This Board is isnoring another term introduced by the Applicant 1 App FoF. 9 $h the " seismic

Stargin Earthquake" er s\tE. wJ to represent the earthquake corresponding to the site speciric re.
sponse spectrum ground motions. It is sy non)mous with the s5E as used here.
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work clearly are included under the required acceptance criteria neces-
sary for the Staff to evaluate the, technical adequacy and proper imple-
mentation of the proposed remedial actions (id. at 3).

The operating basis earthquake (OBE) proposed in the FSAR, repre-
sented by modified Housner response spectra anchored at 0.06g (also as
accepted at the CP stage), has not been at issue in these proceedings.
We accordingly are making no findings with respect to the adequacy of
the OBE. We note, however, that it has been accepted as sufficiently
conservative by the Staffin light of the definition, in part, of the OBE as
the earthquake expected at the plant site during the operating life of the
plant. SER, j 2.5.2.5, at p. 2-39; 10 C.F.R. Part 100, Appendix A,
j lil(d).

(1) Tectonic Province

In its 1980 "Tedesco letter," the Staff had offered the Applicant two
alternative approaches to resolve the Staffs concerns about the adequacy
of the DBE and its corresponding response spectra. The first would have
been to use the standardized response spectra of Regulatory Guide 1.60,
a design practice regarded by the Staff as acceptable since December
1973 (the date of issuance of the current version of the Guide). The
other would be to ' develop SSRS based on actual site-and-magnitude-

t1atched accelerograms recorded at distances within 25 km of an earth-
quake, an approach made possible by the increased number of close-in
earthquake recordings that have become available since derivation of
the earlier standardized response spectra. The Staff further specified that
either of these approaches should be based upon an SSE similar to the
Anna, Ohio earthquake, with a magnitude of 5.3 or intensity of h1511 =
Vll-Vill which the Staff had come to recognize as the controlling earth-
quake in the Central Stable Region tectonic province that included the
hiidland site.

The Applicant elected to use, and submitted reports on, the SSRS ap-
proach but maintained (1) that the low seismic hazard at the 51idland
plant site did not warrant use of an SSE as large as the Anna, Ohio
earthquake; and (2) that the Alichigan Basin, with a magnitude 4.5 con-
trolling earthquake, satisfied the requirements of Appendix A to Part
100. The Applicant also maintained, in our view incorrectly (see in/Fa
Finding 58), that the assigned magnitude of the Anna, Ohio earthquake
should be 5.0, not 5 3. Additionally, results of comparative probabilistic
seismic hazard studies performed for five sites, as specified by the Staff,
in other parts of the Central Stable Region were submitted in 1981 to
show the relatively lower seismic hazard at the Slidland site.
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! Based almost entirely on its evaluation of these seismic hazard study
results, the Staff changed its position, agreeing that the 51idland site lies'

4 '

in a region oflower seismicity that could be subdiv;ded from the Central
Stable Region, but whose boundaries extend westward from the N1ichi-
gan Basin to include the upper peninsula of hiichigan, northern Wiscon-
sin and all of hlinnesota, and perhaps other areas, as well. This larger
area included a magnitude 5.0 historic earthquake that occurred in hiin-
nesota in 1860 and which would be the controlling earthquake for the,

'

;
- proposed tectonic (or seismotectonic)3a province.

The Staffs changed position on the smaller SSE and appropriate
tectonic province came ' late in the proceeding, after the Applicant's'

expert witness, hit. Richard J.11olt, had written his prepared testimony,
and only shortly before the Staffs expert witness, Str. .feffrey K.
Kimball, prepared his own testimony. A result' of this late lievelopment
was that the Staff had insufficient time to develop fully its justification
for the definition of its proposed tectonic province or indeed its extent.
Another elTect was that much of the Applicant's testimony that was,

!

directed against the now abandoned magnitude 5.3 SSE became moot or*

appeared immoderately overstated in light of the Applicant's general en-
dorsement of the new Staff position. As a result, we heard some testimo-
ny on "nonissues" and some to correct inconsistencies which were a-

;.
source of confusion at the time and in the record as it stands. While not

| . spec f ca y a an on ng t e hiichigan Basin as a proposed tectonic prov-ii ll b d i h'
.

ince to include Niidland. 51r. Iloit agreed that the choice of a magnitude
1-

5.0 SSE would be appropriate and would' correspond to the largest his-
j

torical earthquake which should be associated with the tectonic provincei

in which the Niidland site resides.
On the basis of the record. five choices became available to the Board.

for determining the appropriate tectonic province for the Niidland site
and the size of the controlling earthquake to be designated therein. Be.

1

cause the evidence indicated f a) that there are no capable faults or other
tectonic structures with which earthquakes may reasonably be correlated'

within 20Q miles of the site, and (b) that earthquakes in adjacent tectonic
provinces would not govern maximum ground motions at the site, the
controlling earthquake within the tectonic province in which the site isi.
located would become the SSE, subject in this case to additional limited
effects from a postulated recurrence of the more distant (about 500
miles), . but very large, New hladrid earthquake. The five possible .
choices are:

la The st# *nmtently used the term 9eismotectome prounce** but esplained that at em ated that
term mit!' W c prounce as uwd in Appendis A. Tr. 4648 99.4757-58 Oumbant
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(1) Undivided Central Stable Region, with a magnitude 5.3 or in-
tensity Vil-Vill controlling earthquake.

(2) The StalTs ill-defined proposed tectonic province, with a
magnitude 5.0 or intensity VII controlling earthquake.

(3) The Applicant's proposed hiichigan Basin tectonic province,>

'

with the originally proposed magnitude 4.5 or intensity VI con-
trolling earthquake.

(4) The Applicant's proposed hiichigan Basin tectonic province,
with the agreed-upon magnitude 5.0 or intensity VII
earthquake.

(5) Indefinite tectonic province (i.e., no resolution of the different
j tectonic provinces proposed by the Applicant and by the Staff),

- with the agreed upon magnitude 5.0 or intensity VII controlling
earthquake, but limited to this proceeding only.

By reducing two of the Applicant's map portrayals to a common scale
j and overlaying them, the Board has provided a single map here (Figure
i

1, infra p. 56) for convenience to show the proposed tectonic province
! boundaries, major tectonic structures, seismic source zones, and Central

Stable Region sites used in the relative seismic hazard studiesJTo this
map the Board has added the delineation of what we understand from
the verbal descriptions to be the boundaries of the Staff's proposed west-
ward extension and an area in southeastern Stichigan that we would ex-
ciude based on the StalTs reservations about its inclusion, as well as a
few place names from the testimony.'

In regard to determination of the appropriate tectonic province, the
~

,

| Board notes first of all that the total range of sizes of controlling earth-
#

quakes that we are to| consider here is not very great - magnitude 4.5 to
5.3 and intensity VI to Vil-Vill. Because of the testimony we heard that
accuracy of assignment of magnitude to an individual earthquake is, at
best, about 0.2 magnitude units (we heard estimates for the Parkfield,

, earthquake ranging from 5.5 to 6.2).'and because intensity is even more
'

subjectively assigned than magnitude, we believe that determination of
i a controlling earthquake, or SSE, to within about one fourth magnitude

unit or one-halfintensity unit is about as line a discrimination as can be
made. The choices between magnitude 5.0 and 5.3 or between intensity
Vil and Vll-Vill involve what we believe to be the minimum practical
limit for distinguishing controlling earthquakes in ditTerent tectonic
provinces. In this same regard, the seismic hazard calculations which we
heard that carried both magnitude and intensity differences out to two
decimal places strained our credulity. They imply a degree of accuracy
which is not now attainable.

55

|
>

. ., _ _ - _ .-.



.

s
d

a
#
>._

1=#2 1 at -
_ i; T s'. . -

' % ', :i! =
-

)t =a r.
..

' :. 1
- -.

" - sk
- 3..

% g 2 yy- 1._ . x, .q -
i :|:: . + 4 il1i j,. i

% -* r -|
,

c . . '. 7 W.,
* .. . . .

..*.r. =
.d . $. . g,:::::: : - le, .

' . .
-- .. s

2,, 1
*

:"E..

.s. .2 s ,. .. m
,, .

.

a j511 :. . ::.. . . . g . . . . .-

. -,__,g. ,% g .lu i .
s. s ,

1,.# ' .
s 1i

-
1 ;gi ., .g* 'y .I- _ .

,
_ _ _ -

. , ' 3, ";...p

-f. *.% .' i _

.'
i * .,

... 4 ~
|

*. %.. '. N
-

(! ti :/ v ' 'g -
f ,',,.
I w .-

M,i.'' n . 'r ..Sh[ d $ ', ,'/. .

. ='5.* gm & f g J. |
dp''' J.

.

. g . %,/. _N''i,{ j $4 2 ~- - 4 s r..- u. . o .g, . - %
s, ,

.o t-s v j. - .=Z %, .
'

,ga p.,-
.

I, ,
,

n..

a:
2 ;.-;

c. . . -< ot .. . .. ,* w. . . .3 , . am, t|l u I' .- . p. ;
e .

s
-& a.

w
#

.f* ~ g. . asjf
1 , . -/ . /

s{ .
t

- . , N c. .,
er -

:.

;/y . ,t . o!
.

.. i~ s a-
i <- ,

,c p A .- --P.,_ ; | yg_**-
x m .-. . 3

[. .. . N
-

,/-/ ,, N , 4 , $ ;
. t * .:~s, . . a. - - .-

.

.s,.
. * . ,

.

g' . 7 .r - ss, gq s, -* t -4. . ' . . .
,

i.
, ,

4 a .eC s.1 --

t s\ _ 1 :e' . . . o ; ;;;I j g w ij e. m. Ei
, '( I c .,

\' , ek,- r I d.,d O* b ~ . ,. o*vi May lii,NNt0N13 *j ~[ *5
. *

* *'i .yo4 ei- 1 Ea m
I r. . ..

.: . s :,=- a 1: .3,. u ]'. _ _.- .- .i i .

. _ =. i
\

. ,e . = - I oa

*/ \
i

y I . !
-

* '. */ .
5\ l , g( f

. ,
/ - g *, s 4 m

,
~

.e_ w . . -
e, of 3-

; c.\.
- b -

~p .e

/'V- * e, % ,e.e ) . <
. =-..f ~ . ~ ~ * . .t,* .E

''
Cs % '[ ,W & *.f 4 .,,

.,.

3. ;'
p*s- ,,

s- q;;,

-| Q., - '' h sg. Y ?$
>

='

?.r v ,
;

Mo=r. ;~%k 1 -+ m
< ./ - -sy1 -- . - P4 . ma a

-
.p

J * - . , #,
' my - g./_' - I g j. . - ,

l * 'j
.- '' y

* . n ,s ;- N 23: .
i. e .=.l r=

;f
. E * , . .a. e

t.
- W g I S-.

f..-
- L

=-E ,
.6 *E

3 .h h
h

._N

4 =,*

,/-t
3 e /|

*

a ! E ~ --e-

' _ ' ' ' - - -- ' :,; y_

..

1 L ; m:-f u 274.,_.-, - s:
. - c-.

g g,g , ,,
',

*E
e
w

{

4,6

I

(

l

I

t

:

!

- -



Both the Applicant and Staff presented sound testimony to the elTect
that the Central Stable Region can be subdivided, and that the Midland
site lies in a region having a lower seismic hazard than other parts of the
Central Stable Region. The evidence indicated that the controlling earth.
quake for tiie region surrounding the Midland site can be smaller than
the magnitude 5.3 Anna, Ohio earthquake.

The maximum historical earthquake that has been recorded in the Ap-
plicant's proposed hiichigan Basin province is 4.5. However, the time in-
terval of record (since about 1850) is short when compared to the es-
timated statistical recurrence interval that Staff practice deems acceptable
for an SSE,1,000 to 10,000 years. Also, the total number of historic
earthquakes is small, between about nine and sesenteen, which may be
an insufficient sample, statistically, to overcome the uncertainty that the
maximum historical earthquake is a sufficient basis for the SSE. Further-
more, acceptance by the Applicant of a magnitude 5.0 controlling earth-
quake for the tectonic province in which the Midland site resides (de-

] rived by the Staff from the Applicant's own seismic hazard studiest indi-
'

cates abandonment of the originally proposed magnitude 4.5 controlling
earthquake. Findings 42, 52-54, 56.

As set forth in our findings, w'e find that the Staff failed to provide ad-.

equate tectonic and geologic bases to support i s proposed tectonic pros-
ince, or even to define its boundaries. On this latter point, the Staff wit-
ness (Mr. Jeffrey Kimball) testilled that given the opportunity and

| ample studies he would'be able to define the boundaries concisciy, but
that he had not done so. It was clear that he perceived a uniformity of4

low seismic hazard across the entire region, which included all of the
Michigan Basin, except for the southeastern corner, as well as the pro-
posed westward extension. This perception was borne out by the seismic-4

ity, there having been about fourteen historic earthquakes in the pro-
posed westward extension, which extension alone had about twice the
area of the Michigan Basin. However, the Board find 3 the StatTs theory
linking seismicity a'nd, ipsofacto, undefined tectonie structure too weak
upon which appropriately to base definition of a tectonic province. We

: also find that the Staff should have addressed ditTerences in orientation
! of tectonic structures in the westward extension, that we noted on StatT

Exhibit 5, and those cited by the Applicant as indicating re'ative uni-
formity of tectonic structure in the Michigan Basin. We beliese the StalT
also should have addressed the possible tectonic significance of small
earthquak'es with anomalously high intensities (presumabiy resulting
from shallow depth of occurrence) that have occurred in the Keweenaw
Peninsula of Michigan, an area where the tectonie structures are appar-

57

,

,

. -- c-



ently orthogonal to those in the hiichigan Basin. Findings 43,45-50,55,
57.

For purposes of this Decision, and taking into account the degree of
agreement between the Applicant and Staff on the appropriate SSE and
the representation of its ground motions by the SSRS, this Board was
urged to avoid choosing between the Staffs or Applicant's proposed
tectonic provinces, because either province would have a controlling'

earthquake of magnitude 5.0. App. FOF,130; not contested by the Staff
(Staff F0F,130). See option (5), set forth supra p. 55. However, we
reject this option to leave the tectonic province indeterminate for four
main reasons. First, we read Appendix A as requiring such a determina-
tion for each license application - particularly where, as here, the ascer-
tainment of the tectonic province is an issue in a proceeding (see infra
Findings 35-36, 38, 42-43, 49-51, 52, 54-55). Second, since eithe' of ther
proposed tectonic provinces would be subdivided from the larger Central
Stable Region, the boundaries between the new and the " parent" prov-
ince must be sustainable under the provisions of Appendix A to Part
100; otherwise the already-established controlling carthquake of the
Central Stable Region should apply. We have already commented on
why we found the boundaries of the Staffs proposed tectonic province
not to be sustainable, and in fact they were not drawn.

Third, we heard, and agree, that the Central Stable Region can be sub-
divided because of its inherent nonuniformity of seismic hazard. To
reach a decision here that would be applicable only to the Slidland site*

will not further the longer-term objective of accomplishing that subdivi-
sion. Regulatory stability would not be enhanced.

Finally, we have found the Applicant's proposed tectonic province,
and its boundaries as modified here, sullicient to meet the requirements
for delinition under the provisions of Appendix A to Part 100. Thus
there is no reason to consider an indeterminate tectonic province as a
basis for our decision.

The Applicant maintains that the Niichigan Basin meets the require-
ments in Appendix A for definition as a tectonic province. We agree. It
is a very large tectonic structure itself (nearly 400 miles across), a struc-
tural depression of the earth's crust containing ancient sedimentary
rocks of Paleozoic age about 3.5 km thick near the center of the basin,
but thinner near its margins. It is distinguishable from the tectonic
arches around its southern perimeter on the bases of structural relief,
parallel and cross structures on the arches, and seismicity differences. It
has a relative consistency of tectonic features within it, namely the
northwest-southeast trending anticlines, monoclines, and possible relat-
ed faults, known mainly in the deep subsurface from petroleum explora-
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tion in the State. The largest historic earthquakes that have occurred in
the basin were two events in the southern part of the basin, both of
which had an intensity h1N11 = VI, or an equivalent magnitude mg =
4.5.

-

Two maps introduced by the Applicant show somewhat ditTerent
boundaries for the Niichigan Basin tectonic province, but the difference 3
between them appear to fall within the degree of acceptable uncertainty
ascribed to them in the testimony. The Board would accept either of the
sets of boundaries provided by the Applicant (but prefers the smaller),
except that we would exclude the southeastern corner of the State of
hiichigan about which the Staff expressed reservation. See supra Figure
1. We base our exclusion on the assumption that the structures shown
as occurring near Detroit and Ann Arbor on Staff Exhibit 5 were
thought by the StatT witness to be representative of those on the Findlay
Arch, rather than of those in the 51ichigan Basin, and possibly related to
similarly aligned structures that exist in the vicinity of Anna, Ohio. locat-
ed just to the south. Findings 37,38,40,53.

The Staft's objections to subdividing just the N1ichigan Basin from the
,

Central Stable Region, as the Applicant had proposed, were partly based
on the same problem as perceived with retaining the Central Stable
Region as a tectonic province, i.e., both would be based on features pres-
ent in the "surticial Paleozoic geology" which both the Staff and Appli-
cant asserted bore little or no relationship to the underlying tectonic fea-
tures causative of earthqualies. However, the Staff as well as the Appli-
cant relied on those very features, the arches along the southern margin
of 11 e hiichigan Basin, in proposing the position of portions of the
boundary of their respective tectonic provinces. The Staft's witness
stated that, in the past, the StatT has relied upon the Central Stable
Region as a tectonic province (Tr. 4786 (Ki.mball)h hence it must be
regarded as meeting the requirements of Appendix A to Part 100, at
least in the Staft's view. He also stated that there are some experts who
would consider that portion of the Kankakee Arch that has experienced
essentially no earthquakes in historic times to have a potential for seis-
mic activity (Tr. 4760 (Kimball)). The Board sees no reason to accept
the argument against using features in the "surficial Paleozoic geology"
to reject either the Niichigan Basin or the remaining parts of the Central
Stable Region as valid tectonic provinces. While Appendix A may im-
plicitly require some correlation of tectonic features with levels of earth-
quake activity in defining a tectonic province, it does not require a tull
understanding of the causal relationships.

The StalTs witness also protTered that it would be inconsistent to es-
tablish one structural basin in the Central Stable Region as an area of
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re!atively low seismic activity when another, the Illinois Basin, exhibits
a much higher level of seismic activity (Tr. 4837 (Kimball)). Again, we
can assign little probative value to this argument against basing a tectonic
province on the hiichigan Basin since we do not know the causes of
earthquakes in either basin and do not assume that the causative tectonic
mechanisms of earthquakes should be.the same in all basins. Also we
note that the Illinois Basin (see Staff Exhibit 5) is' adjacent to the very
active New hladrid seismic zone where tectonic stresses are obviously
high.

(2) Controlling Earthquake (SSE)

While the Board finds that the total number of historic earthquakes
that have occurred in the hiichigan Basin tectonic province (between
nine and seventeen by our count) does indicate a low seismic hazard, we
also find that this very paucity of data casts doubt on the appropriate-
ness, or conservatism, of relying on the size of the largest historic earth-
quakes (two events of intensity VI w;th a corresponding magnitude of
4.5) to represent the controlling earthquake in the tectonic province.
We believe this perceived inadequacy of seismological data warrants
requiring that the controlling earthquake, hence the SSE, be larger than
the maximum earthquake that has occurred historically within the
tectonic province.*

We base this conclusion on the fact that inadequacy of the seismologi-
cal data is essentially the same condition as that described by the original
version of 1 V(a)(1)(iv) of Appendix A to Part 100 as the reason for
requiring that ttle procedures used in determination of the SSE be ap-
plied in a conservative manner. Prior to clarification by the Commis-
sion's aniendment in 1977, sentence four of1 V(a)(1)(iv) of Appendix
A of the Siting Criteria read:

In order to compensate for the limited data, the procedures in paragraphs taHt)(i)
through (aHIHiii) of this section shall be applied in a conservatise manner.

e

10 C.F.R. Part 100, Appendix A,1 V(a)(1)(iv), final riste published at
38 Fed. Reg. 31,279 (Nov.13,1973) (emphasis supplied to words re-
placed in the 1977 clarifying amendment).

This requirement appeared in both the proposed rule issued in 1971
(36 Fed. Reg. 22,601 (Nov. 25,1971)) and the final rule promulgated
in 1973. Paragraph V(a)(1)(i) of Appendix A specifically states that
"[t]he magnitude or intensity of earthquakes based on geologic evidence
[that are used in the determination of the SSE] may be larger than that
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of the maximum earthquakes historically recorded,'' albeit in connection
with earthquakes associated with tectonic structures (which would in-
clude capable faults). The clarifying amendment issued in 1977 (42 Fed.,

| Reg. 2051 Oan.10,1977)) made it quite clear that this conservatism is
to be applied to earthquakes associated with tectonic provinces as well,
in the event that geological and seismological data warrant. This was ac-
complished by replacing the introductory phrase with specific subsequent
wording, vi :

The procedures in paragraphs (a)(1)(i) through (a)(1)(iii) of this section shall be ap-5

' plied in a conservative manner. The determinations carried out in accordance with .
paragraphs (a)(1)(ii) and (a)(1)tiii) shall assure that the safe shutdown e:rthquake,

intensity is, as a mimmum, equal to the maximum historic carthquake intensity ex-
perienced within the tectonic province in which the site is located. In the event that
geological and seismological data warrant, the Safe Shutdown Earthquake shall be
larger than that derived by use of the procedures set forth in Sections IV and V of
the Appendix.

In its Statement of Considerations accompanying the 1977 clarifying
amendment, the Commission emphasized that the provisions of Appen-'

dix A are minimum requirements and that they have consistently been
interpreted as such in licensing decisions. It further stated that the
amendment related solely to mirlor matters of a clarifying nature. By
this we interpret the Commission's intent as not to change the underly-
ing basis of the requirement, as reflected in the replaced words. We also
note that in at least the second and third examples given by the Commis-
sion to illustrate conditions whe4e a larger-than-historic earthquake in a

; tectonic province might be warranted, limited geological or seismological
, data might be considered to be an underlying cause for the warrant.
| We find that the magnitude mbig = 5.0 SSE proposed by the Staff and -

.

; agreed to by the Applicant is appropriate for Midland. We do not,
however, base this finding upon the historical earthquake that occurred,,

| in Minnesota within the StalTs proposed westward extension of the
tectonic province containing the Midland site, but upon the results of
the Applicant's probabilistic seismic hazard studies which compared five
sites in the Central Stable Region with the Midland site, and upon the,

Staffs analyses of those studies. While we could not find that it was per-
missible to define a tectonic province on the basis of comparative seis-
micity studies alone, as the Staff seemingly had proposed, we do accept
the StafTs evaluation of the Applicant's seismic studies, and the results,

' of the studies themselves, as appropriate methods for use in determining
the size of the tectonic province's controlling earthquake and, hence,

,,

the SSE.'

,

s
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We agree with the prudence of the StatTs precautions about using
probabilistic results only in a comparative manner and at several sites,
rather than relying on any calculated " absolute" probability'at any specif-
ic site (cf. Kimball, ff. Tr. 4690, at 16). We would further repeat that we
regard as significant only those differences that exceed about one-half of
an intensity unit or about one quarter of a magnitude unit. Also, we
could not have accepted the results had they indicated a smaller SSE
than the maximum historic earthquake in the tectonic province, s;nce
such acceptance would be contrary to the mandate of Appendix A to
Part 100.

The probabilistic seismic hazard study methodology compared the es-
timated earthquake intensities that would be assigned to the Niidland
site and five other sites in the Central Stable Region at different proba-
bility levels dependent upon the size and number of earthquakes that
have occurred in the regions surrounding each site, assuming different
zonation models, or boundaries for earthquake zones, each earthquake
zone having an assumed upper bound cutoff for its respective controlhag
earthquake. The Applicant's witness (Holt Exh.10, at 4) explained the
principle of seismic hazard simply as "the closer a site is to an earth-
quake zone, the higher the hazard." The probabilistic methodology inex-
actly quantilles that principle.

The results of the Staff's analyses showed that at a 10-4 annual proba-
bility-of-exceedance the calculated intensity level for all study sites is es-
sentially the same (about "7.5" or VII-Vill)" when the undivided Cen-
tral Stable Region zonation model is used. This result is to be expected
since each site was assumed to experience the controlling earthquake for
that source zone. At the same probability level, the other zonation
models, including the N1ichigan Basin-and-arches N1odel, show the Niid-
land site to have a calculated intensity level of about Vil (expressed as
"6.9"), well below the average intensity calculated for the other sites,
which ranges frorn "6.9" to a high of "8.75." The highest intensity,
using these zonation models at the 10-4 probability level, was predicted
at Site 3, located near Anna, Ohio. Kimball, ff. Tr. 4690, Table 1.

In the Board's view the Applicant and Staff over-elaborated the
numerical calculations and comparisons, and implied greater accuracy of
the results than attained. We believe that the most considered conclu-
sion to be drawn from the relative seismic hazard studies is that the in-
tensity at the N1idland site, calculated at a probability-of-exceedance of

I' The Board has wmc ddTiculty m understandmg the sigmlicance of decimal talues applied to the
Modified Meresih Intensity scale uhwh properly uws Roman numerals for its descriptnely based non.
umform dnmons. Scr lloit Esh 4
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10-3 per year, is about cae-half intensity unit (or about one-quarter
magnitude unit) lower than that at most of the other sites studied in the
Central Stable Region. TI': values obtained in the Staffs analysis were
"0.50" to "0.70" intensity units corresponding to 0.25 to 0.35 magnitude
units. Id. at 20. The si es studied were selected to be representative oft

, areas both where significant earthquakes have occurrcd and have not oc-
curred within the Central Stable Region (Tr. 4761 (Kimball)).

In determining the SSE ground motions, it was also necessary to con-
sider the effects at the Midland site which might result from occurrence
of the controlling earthquakes in adjacent tectonic provinces, assuming
that each occurred at a point on the tectonic province boundary closest
to the sr.e. The first earthquake to be considered would be similar to the
Anna, Ohio event, which occurred in 1937, and is the controlling earth-
quake wimin the Central Stable Region. It occurred at a location about
205 miles south of Midland. Even with the Board's exclusion of the
southeastern corner of the Michigan Basin, the nearest approach of the
tectonic p ovince boundary to the site would be no closer than about 70
miles. See Figure 1, supra p. 56. The StafTs calculations indicated that a
magnitud: 5.3 Anna-type event would have to occur much closer than
70 miles. something like 25 miles, from the site before its motions
would ex:eed those of a magnitude 5.0 event occurring at the site.

The B>ard questioned the Staff's witness about another, larger, earth-
quake which had occurred in Canada at a location about 340 miles north-
east of Midland. This was the magnitude 6.2 Timiskaming event which
occurred within the Applicant's " Western Quebec Seismic Zone." See
Figure 1, supra. Because of the indefiniteness of the boundaries of the
StalTs proposed tectonic province the Board wanted to be reassured that
the Timiskaming earthquake had not been overlooked because ofits oc-
currence outside the United States. While the StalTs witness allowed

,

that the StafTs proposed tectonic province might extend northeastward
to abut the province containing the Timiskaming earthquake, he estimat-
ed that the Canadian earthquake would have to occur within 100 miles
of the site before its motions would exceed the ground motion spectrum
accepted for the SSE at the site, and in no case would the tectonic prov-
ince boundary in that direction be closer than 100 miles from the site.

U) Construction of the SSRS

The Staff evaluated the SSRS that were submitted by the Applicant to
meet the Staffs criteria for a magnitude 5.3 SSE. The Staff concluded
that as submitted, without the inclusion of any spectra from the magni-
tude 5.65 Parklield earthquake, the SSRS were appropriately conserva-
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tive to be used to represent a magnitude 5.0 SSE at the Slidland site.
The Staff's already-stated criteria were that the SSRS would be derived
from enveloping, at the 84th percentile statistical level, response spectra
calculated from an ensemble of actual site-and-magnitude-matched
earthquake records taken from within 25 k'm of' the recorded earth-
quakes. Site matching was to be based on similarity of the soils beneath
the recording site. in terms of thickness, layering and shear moduli, to
soils beneath the Niidland site. Different spectra were to be constructed
to correspond to the top of the natural soils (glacial till and lacustrine
clays) and to the top of the approximately 30-foot-thick softer soil 011,
on each of which some of the safety-related structures were founded.
The effect of the softer fill layer would be to further amplify seismic
ground motions at certain frequencies, mainly those in the range of 1-4
liz. Slagnitude matching was speciGed as the SSE magnitude 0.5
magnitude units. The magnitude range of the "without-Parkfield"
ensemble of earthquakes used in construction of the SSRS submitted by
the Applicant was 4.9 to 5.5, thus falling within the Staff's magnitude-
matching criterion for a magnitude 5.0 SSE. Recording-distance and
foundation materials-properties criteria were also deemed by the Staff to
be satisfactorily matched. We agree.

The Applicant used forty-four component records taken at twenty two
instruments during ten earthquakes to construct the top-of-natural-soils
(" original ground surface") SSRS. Records from thirty-six components
taken from eighteen sets of records at ten sites during twelve earth-
quakes were used to construct the top-of-Dil SSRS. While all the earth-
quakes from which records were used occurred either in California or
Italy, they were selected to include all those available worldwide taken
from within the 25-km range, and meeting the specified site-and-magni-
tude-matching criteria. The 25-km range speciGed meets the require-
ment of Appendix A to Part 100 that the SSE within the tectonic prov-
ince in which the site occurs be assumed to occur at the site; it is also
the range within which the Staff considers that no signiGcant source-
to-site attenuation differences need be considered, irrespective of wheth-
er the earthquakes occurred in Niichigan, California or Italy, so long as
the materials properties are similar at all the sites.

Given a sufficient number of records from different earthquakes, as
used here, the diversity of spectral data in the individual spectra should
account for uncertainties of what ground motions might result from the
postulated future occurrence of an earthquake the size of the SSE near
the site. In this regard, statistical combination of the spectra at the 84th
percentile level was judged to be appropriate for design purposes to ac-
count for unknown variables, other than magnitude, in earthquake
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source properties such as stress drop, fault rupture velocity, rock proper-
ties along the fault, and style of faulting. Combination at the median
level would tend to average out the effects of those unknowns, which
conservatism requires to be included. On the other hand, enveloping all
the records at the 100th percentile level would overemphasize every,

-

anomalous peak that might be present in any record spectrum. Combina-
;

j- tion at the 84th percentile, while somewhat arbitrary, has been tested
through past application of the Regulatorf Guide 1.60 standardized
spectrum, in which cornbination of its component spectra was at this
statistical level, and which is deemed conservative.

in the low-frequency, or long-period," portion of the spectrum, the

|
SSRS constructed from the records meeting the criteria described above

,

fell off more rapidly than did the original DBE spectrum. See Figure 2,
infra p. 66, which is reproduced here for convenience from Figure 2.7

,

of the SER, and Figure 3, infra p. 67, which combines two of Appli-

j carlt's representations (Holt Exhs. I and 2), and can be used for visual
,

~ comparison of the two SSRS, the original DBE spectrum and a Regula-
tory Guide 1.60 spectrum anchored at 0.12g. Both the " top-of-natu-
ral-soils" and " top-of-fill" SSRS were constrained so as not to fall below

j, the original DBE spectrum at frequencies below about i Hz (Holt Exh.
| 11). This SSRS modification was said to assure protection in design ,

against the effects of very large earthquakes, such as a recurrence of the
! New Madrid events, at great distances. This is reasonable, considering,

the greater attenuation with distance of high-frequency' seismic motions
than oflow-frequency motions, but there are few data on which to estab-

,

lish the prope' level.
These SSRS, which represent the input seismic design motions of the

SSE accepted here, generally exceed the original,DBE spectrum. The,-

|
SSRS and original DBE spectra are closest at frequencies where the origi-
nal DBE spectrum had been modified by raising the Housner spectrum
by 50%..The greatest exceedance of the DBE spectrum occurs at fre-'

quencies above 5 Hz; the two SSRS are higher than the DBE spectrum
by a factor of about 2 between 5 Hz and 15 Hz, above which frequency

~

they all tend to converge; Thus the DBE spectrum is significantly less
,

conservative (except at the low frequencies discussed above) than either
-of the two SSRS.

The relationship between the SSRS and the Regulatory Guide 1.60 -

j
- generalized response spectrum anchored at 0.12g (see Figure 2, infra)

,

is Frequency or vit: story motion,in hertz abbresiated Hz or in c)cles per second, is the inserse or
the period or that motion in seconds. Thus, high frequencies correspond to short penodt and low rre.
quencies to long penods or motions.
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is uscful only for general com' arison purposes. The comparison shows,p

as might be expected from the testimony, that the SSRS is only slightly
lower than the Regulatory Guide spectrum. The Board is not certain that
the comparison shown is a completely fair one, because of the dif-
ferences in maximum or cutoff frequencies used, i.e., 33 Hz for the
Regulatory Guide spectrum and 25 Hz for tt.? SSRS. Howe.ver, we
heard no testimony on details of this comparison, and we need not rely
on comparisons to the Regulatory Guide 1.60 response spectam in this
Decision.

The Board also notes that Figure 2, supra, portrays the significant o..t
ferences between the now-accepted Regulatory Guide 1.60 spectrum
and the older, modified Housner spectrum, used for the original (DBE)
seismic design at the Midland site, when both are " anchored" at similar
cutoff frequencies. We recognize that these differences in spectra, older
(and less conservative) versus more recent, were part of the Staffs early
concern in the OL review about adequacy of the seismic design. We
agree, however, with the Staffs and Applicant's positions that the SSRS
employed here conform to current seismic design practices and are ap-
propriately conservative for the purposes intended.

An alternative approach to determining the SSRS at the top of the
plant lill layer would be to multiply the spectral motions of the top-
of-natural-soils SSRS by analytically determined amplification factors.
The one-dimensional wave propagation computer code (SHAKE) ap--

plied by the Applicant utilized the materials properties and layer thick-
nesses to calculate the amplification of motions at different frequencies
to produce an amplification spectrum. To account for the heterogeneous
nature and spatial variation of the plant. fill, four different soil profiles
were used in the calculations. Because the calculated spectra were lower
than the spectra calculated directly from the site-and-magnitude-matched
earthquake records for the top of the plant till, the calculations were of-
fered .to show the conservatism inherent in the SSRS method. The Staff
verified this conservatism using the same computer code but with more
realistic (and even more conservative) material properties and earth-
quakes as input. Thus we find that the top-of-fill SSRS are suitable for
seismic reevaluation of those structures founded entirely on plant fill,
such as the diesel generator building, the railroad bay of the auxiliary
building, and the borated water storage tanks.

At the time when the Applicant undertook design of the underpinning
structures for parts of the auxiliary building and service water pump
structure foundations, and the new ring-beam-foundation addition to
the borated water storage tanks, no agreement existed on the seismic
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design bases for those structures. In order to proceed, the Applicant in-
corporated what it believed to be a reasonable margin over the original
DBE into the design of those structures. The Applicant directed its con-
tractors to use 1.5 times the DBE (or "FSAR SSE") response spectra as
the seismic design basis for those remedial structures. Subsequently, the
Applicant committed to use of the SSRS, as accepted here, as a seismic

- design basis for the remedial structures, but it continued to use the 1.5
times the DBE ("FSAR SSE") spectra in the actual remedial design
work (App. FOF,170). The Applice.t also had dynamic analyses per-
formed which demonstrated that for purposes of design of the remedial
structures, the seismic design basis used exceeded the responses derived
from the SSRS.

In answers to questions about the adequacy of 1.5 times the DBE as a
design basis, the Applicant's witness testified that in parts of at least one
structure or substructure not founded on plant fill (the missile shield in
the main portion of the auxiliary building) the SSRS responses were 1.7
times the DBE spectral responses, but that the SSRS responses will be
used in the seismic reevaluation of the missile shield.That reevaluation,
as part of the seismic margin review, would have been considered in the
later-scheduled OL portion of this proceeding, but is not material to this
Decision. .

Accordingly, the Board finds that the Applicant's use of the SSRS for*

seismic reevaluation of safety-related structures, systems and compo-
nents of the plant, and its substitute use of 1.5 times the DBE ("FSAR
SSE") response spectra in seismic design of the remedial structures is
reasonable and conservative.

H) Seismic Models and SoilSpring Constants (Findings 80-89)

In our hlay 5,1981 Prehearing Conference Order, supra, we approved
an agreement between the Applicant and Staff under which the mathe-
matical models to be used for dynantic analyses of structures as modified
by the remedial soil settlement measures, including the bases for the
derivation of the spring constants, would be considered in the soils
hearings. Consideration of the results of the seismic margin review (i.e.,
whether various structures conformed to appropriate seismic standards)
was postponed until subsequent stages of the OL proceeding, although
several witnesses at the soils hearings advanced preliminary views with
respect to certain structures.

The Applicant presented testimony on the dynamic seismic models
through its consultant, Dr. Robert P. Kennedy of Structural Alechanics
Associates, Inc. (Sala). Dr. Kennedy addressed the models being used
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to perform the seismic evaluation of structures in conjunction with the
foundation remedial work - i.e., models for (1) the auxiliary build-
ing-control tower-electrical penetration area (" auxiliary building"), an
interconnected foundation system; (2) the SWPS; and (3) the BWSTs.
The auxiliary building and SWPS models were developed by Bechtel
Corporation and reviewed by Dr. Kennedy and SN1 A. The BWST model
was developed by Dr. Kenned) and SNIA; it superseded an earlier
model developed by Bechtel. The NRC Staff reviewed these dynamic-

models. The details of these models are set forth in the testimony of Dr.
Kennedy (ff. Tr. 5995) as well as in the testimony of the Staff reviewers
(Str. Frank Rinaldi, NRC Dr. Paul lladala, of the Corps of Engineers;
and Nir. John Statra, of the Naval Surface Weapons Laboratory) (Find-
ing 80).

Dr. Kennedy concluded that the dynamic models for the auxiliary
building, SWPS and BWSTs are adequate for establishing the conserva.
tive seismic forces to be used in the design of the remedial work and in
the seismic margin review. The Staff found the methodology used by
the Applicant and its consultant in determining soil spring constants and
damping parameters to be sound, and the methodologies used to develop
and review other aspects of the dynamic mathematical models to be
within the state of the art. The Staff concluded that the auxiliary building
and SWPS models adequately represent those structures within the state
of the art, and that the dynamic analysis of the BWSTs was satisfactory.
The Applicant submitted extensive proposed findings to this elTect
( App. F0F, TT 59-76) and the Staff offered no disagreement (Staff
FOF,1159-76, at 12). Nis. Stamiris' proposed findings do not cover the
seismic models; we treat her claims bearing on other aspects of the anal-
yses of the auxiliary building in our opinion on that structure, irtfra pp.
92-93.

Several months following the presentation of testimony concerning
the seismic models, the Applicant conducted a design review which dis-
covered that, in the original seismic design, Category I structures were
analyzed using only the nominal soil dynamic modulus value without
considering the 50% variation of that value as required by the FSAR.
This design deficiency, along with others uncovered by the Applicant's
design review, was made known to this Board and the parties through
Board Notification BN 84-115. " Seismic and Structural Design Depar-
tures from Licensing- and Design Criteria - Niidland Plant," issued
June 18,1984, by the Staff. BN 84-115 was provided to the Board follow-
ing submission of proposed findings concerning the issues on which we
are now ruling. Thereafter, on August 2,1984, the Staff advised the
Board and parties of testimony and evidence which would be affected by-
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the reported deficiencies (including Staff testimony by Messrs. Rinaldi,
Matra and Hadala).

While the impact of this design deficiency potentially is applicable to
all Seismic Category I structures at the facility, its applicability to the
structures co'nsidered in this Decision is.mainly to the seismic design of'

the underpinning structures - i.e., the auxiliary building and SWPS -
and to the criteria to be established for subsequent seismic margin
reviews of plant safety structures - i.e., the soil spring constants. The
deficiency does not affect the BWST model developed by Dr. Kennedy,
who took into account the 2 50% variation in that model. With' respect
to.the auxiliary building and SWPS models, the testimony presented by
the Staff and Applicant gives this Board reasonable assurance that the

j
nominal. values of the soil spring constants were adequately established.'

The record further establishes some measure of conservatism in the seis-
.

mic design by virtue of the exceedance of the SSRS by 1.5 x the DBE
(FSAR SSE) response spectra actually used in the design of the under-
pinning. However, the record is not sufficient to permit a determination

J

of whether the conservatism in calculation of seismic loads provided by
,

|
use of the 1.5 x DBE (FSAR SSE) response spectra is sufficient to in-

I clude the range of seismic loads that would result from the required vari-
ation of soil spring constants in those calculations. Our conclusions with;

!. respect to the seismic models for the auxiliary building and SWPS - but
not the BWSTs - are therefore qualified to the extent they may be af-
fected by the design deficiencies. *

In BN 84-115 (which preceded the. shutdown in construction), the
Staff indicated that it would be conducting further analyses of the design
deficiencies. Should construction be restarted, these 'open questions
would'have to be resolved.-

*

4
a

C. Soit Liquefaction and Dewatering (Findings 90-117)4

Following the discovery of excessive settlement of the partly built
:

'DGB in July of 1978, the Applicant undertook an extensive under-
ground soils investigation program at the Midland site. The general re-

;
suits of the soils investigation revealed that -there were, in certain
locations, improperly compacted clayey (cohesive) soils, and improperly.
compacted sands (noncohesive soils) in the plant fill, but that the natural
soils (hard clay and sandy clay) beneath the plant fill were competent to
provide foundation support for plant structures, providing the founda-
tions were properly designed and constructed without disturbance of the
natural soils..

i
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The improperly consolidated clay fill caused settlement through a
change in solume as pore water was squeezed out by the weight of over-
lying soils and buildings (" primary consolidation"). Sand layers in the
fill, esen where they were low in density and cohesion, presented
enough resistance to retard excessive settlement under the static over-

,

burden and structural loads. flowever, certain of the sand bodies were
suf0ciently loose and low in cohesion that, if saturated by ground water,
they would present a potential for soil liquefaction in the event of occur-
rence of a strong earthquake.

Liquefaction is a phenomenon by which loose, cohesionless, saturated
sandy soil loses shearing strength during strong ground shaking, and de-
velops a degree of mobility sufficient to permit large permanent displace-
ments or liquid-like now behavior. (For a further explanation of soil
liquefaction, see note 69, infra p.147.) Soil liquefaction below building
footings can cause rapid settlement, tilting, or other damage to the
structure. Evaluations of the potential for soil liquefaction and differen-
tial soil consolidation associated with the SSE ground motions, as well as
evaluation of ground-water-induced loads (e.g., uplift of the structure or
hydrostatic pressure on underground walls) on safety related structures
are prescribed by NRC regulations. See 10 C.F.R. Part 100, Appendix
A, si IV(a)(1), IV(a)(4), V(d)(1), Yl(a)(1), and 10 C.F.R. Part 50,

*

Appendix A, GDC 2.
Potentially liquefiable sands in the plant fill were identified as occur-*

ring mostly above elevation 610 feet, but beneath certain safety-related
structures and utilities at the Midland facility; these included the DGB,
the electrical penetration areas (EPAs) and railroad bay area (RBA) por-
tions of the auxiliary building, the overhanging portion of the SWPS,
and a portion of the service water system piping (and duct banks) near
the SWPS. Potential soil liquefaction was determined by both the Appli-
cant and the Staff not to be a problem beneath other safety related struc-
tures. Ilowever. for reasons set forth supra p. 38, and infra p.103, both
the Applicant and Staff now regard the evidence on liquefaction under
the diesel fuel oil tanks to be inconclusive and the issue to be unre-
solved.

The Appliant proposed the following corrective measures to reduce
or eliminate concerns for soit liquefaction potential: permanent
denatering to maintain the ground water level below elevation 610 feet
beneath the DGB and the RBA portion of the auxiliary building; under-
pinning the present foundations of the EPAs and the overhanging por-
tion of the SWPS so that those structures would be supported entirely *
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by the underlying natural soils;" and replacement of poorly compacted
fill by competent backtill below the service water piping (and below
safety-related electrical duct banks) in the area north of the SWPS.

In order to provide relatively dry working conditions during under-
ground excavation and construction for underpinning the southern por-
tions of the auxiliary building and FIVPs, the Applicant temporarily
dewatered that part of the site to an elevation of about 565 feet. Also, a
freezewall, or freeze-curtain dam, was emplaced from elevation 610 feet
down to the underlying natural clay. The freezewall was put in place by
circulating a coolant through pipes in lines of closely spaced boreholes,
which froze existing ground water near each hole (or would freeze any
ground water seeping into the area of low temperature) to form an im-
permeable barrier in the soil. See infra Findings 135-136. If construction
of the underpinnings were to resume, construction dewatering, and pre-
sumably the freezewall, would again need to be implemented in the
vicinity of the underground work.

Contentions directly challenging the etTectiveness of the proposed site
dewatering plans are Stamiris Contention 4.D and Warren Contention 2
(one of those which we requested the parties to address following with-
drawal of Ms. Warren from the OM proceeding).2" Stamiris Contention
4.D specifically addresses permanent dewatering concerns. Contention
4.D(1) asserts that the soils remedial actions proposed and performed
are inadequate because permanent dewatering would change water table,
soil, and seismic characteristics of the site, on which Evaluations of the
safety and integrity of the plant were based. Contention 4.D(2) asserts
that the same inadequacy exists because dewatering may cause an unac-
ceptable degree of further settlement of safety-related structures. Failure
or degradation of the permanent dewatering (system) is asserted in Con-
tention 4.D(3) as leading to a situation where there would be inadequate
time in which to initiate plant shutdown (before ground water conditions
recurred which, in the event of an earthquake, could potentially result
in soit liquefaction). These assertions in regard to the evaluation of
permanent dewatering of parts of the plant site are considered in this
part of our Opinion.

M The applicant aho propowd to underpin the foundation of the control tower portion of the auuliary
building and to replace the soil beneath the feedwater iwlation valve pits (FivPo, but as a result of con-
sideration of soil charnteristics other than liquefaction potential t see infra Findings 126.144) Also, un-
derpinning of the northern portion of the turbine building, a nonsafety-related building was to be ac-
complished as incidental to escasation and access requirements for underpinning the adjacent porttons
of the auxiliary building and Fl\ Ps. and to ensure that settlement of the turbine building did not ad-
versely impact seismic Category I structures.
20See nitra note 41. For the full test of these contentions see ur/ra Findings 90 and 98. and Appendix

A to this Decision.
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Part of his. Stamitis' Contention 4.C essentially ourlaps her Conten-
tion 4.D(1), in that it questions the adequacy of evaluations of dewater-
ing elTects, differential soil settlement and seismic efTects on specific
groups of safety-related structures and systems. The effects of temporary
dewatering on the auxiliary building, which was part of the underground
construction process, are discussed here. Also, to the extent that soil
liquefaction and seismic shakedown are seismic effects, this part of Sta-
miris Contention 4.C. is treated below.

Warren Contention 2 (in two parts) is very similar to Stamiris Conten-
tion 4.D(3). his. Warren's contention cites events such as increased
seepage from the cooling pond, flooding, failure of pumping systems,
and power outages as specific threats to the proposed dewatering proce-
dures. The contention specified liquefaction of site soils and its adverse
effects on Class I structures, as potential consequences of inadequate
dewatering procedures. Warren Contention 2 is, accordingly, also ad-
dressed in this part of our Opinion.

Independent evaluations of loose sands found in the plant fill were
conducted by the Applicant and the Staff. The U.S. Army Corps of
Engineers, acting as a consultant to the Staff, performed a study of both
the liquefaction potential of the soils and the permanent dewatering
system that was proposed by the Applicant to reduce or eliminate lique-
faction potential in the loose sands beneath the DGB and RBA. Both the
Applicant and the Corps of Engineers assumed a magnitude 6.0 earth-
quake and a peait acceleration of 0.19g in their liquefaction analyses.
Both the earthquake magnitude (which is used to assign the number of
stress-reversal cycles) and the acceleration used are higher than the cor-
responding magnitude (5.0) and acceleration (0.12g-0.13g) of the SSE
associated with the Slidland site. This use of higher values of earthquake
magnitude and peak acceleration imparts a measure of conservatism to
the empirically derived determinations ofliquefaction potential.

In addition to the duration and strength of postulated earthquake
motions, three main properties of a sand body determine its susceptibili-
ty to liquefaction. First, the sand must be lo'osely compacted, i.e., rela-
tively low in density. Second, it must be low in cohesion, or cohesion-
less, i.e., it does not have a high proportion of clay or other binders.
Third, it must be saturated; this occurs when the sand is below the water
table and the pore spaces between grains are full of water.' Other factors,
such as confining pressure, ease of escape of pore water and lateral
extent of the sand body, may influence susceptibility to liquefaction.

Where feasible, dewatering loose, cohesionless sands will eliminate
one of the main conditions that would cause liquefaction. If partial com-
paction of the dewatered loose sands were to occur during a strong earth-
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quake, any overlying materials and structures might settle (" seismic
shakedown''), but without sufficient pore water to take up the overbur-
den load, liquefaction (the concomitant transient loss of shear strength)
would not occur.

Separate calculations of the amount of settlement that might result
from future seismic shakedown of loose sands beneath safety-related
structures were performed by the Applicant. Seismic shakedown is a par-
tial consolidation of low-density sands during earthquake shaking and
might occur whether the sand is saturated or not. It is governed generally
by the same characteristics of the loose sand that caused concern for
liquefaction, except that the removal of pore water, in order to reduce
liquefaction potential, removes the buoyant e!Tect of the water on the in-
dividual grainsi and increases the load on the sand. This increases the
potential for seismic shakedown. The amount of predicted settlement
from this cause was determined for each layer of loose sand beneath
each safety-related structure and summed 'to determine the total settle-
ment potentially attributable to seismic shakedown at each location. The
amounts of predicted seismic shakedown generally were quite small
(e.g., 0.25 0.15 inch for the DGB, and about % inch or less for the
other affected structures). The Staff evaluated the Applicant's method
of calculating seismic shakedown and agreed that the amounts predicted
were reasonable and acceptable for use in design.

The Applicant's soils exploration program identified and located
potentially liquefiable sands in the plant fill. Identification was accom-
plished by the standard penetration tests (SPT) made during drilling, in
conjunction with analyses of recovered samples. The SPT involves driv-
ing a standard samplirg tube into soil in a borehole by dropping a
hammer of standard weight a specified distance onto the drill stem to
which the sampling tube is attached. The number of blows needed to

~

drive the samples I foot is counted and recorded, and correlated with
the material recovered from the samples. In general, a low "blowcount"
from the SPT, in sand soil, would indicate low density and a high lique-
faction potential.

Testimony during the hearings indicated that some of the low-
blowcount sands, e.g., near the diesel fuel oil tanks,' were not encoun-
tered in nearby borings and were surrounded above and below by nonli-
quefiable soils. Subsequently, however, we were advised that the logs of
borings near the diesel fuel oil tanks were erroneous (see supra p. 38,
and inf a pp.103-04). In general, small, isolated sand bodies, especially
where deeply buried and under a relatively high confining pressure,
were not considered by the Applicant's or Staff's experts as presenting
significant liquefaction problems. In the case of the diesel fuel oil tanks,
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the passive resistance of nonliquefiable soil which confines the founda-
tior. of the tanks as well as the sand pocket, would have been sufficient
to prevent tank failure, even if the sand pocket were assumed to liquefy.
Although we agree with the general conclusions of the Applicant and
Staff on this point, and further that the small amount of seismic shake-
down which had been predicted for the diesel fuel oil tanks (0.1 inch)
presented no significant hazard to their safety, as a result of the errone-
ous boring logs we are making no findings concerning liquefaction or
soils stability under the diesel fuel oil tanks.

Potentially liquefiable sands beneath the service water piping and>

electrical duct banks in the area just north of the SWPS presented a spe-
cial problem. Because most of the recharge of ground water in the plant
fill would come from the cooling pond through natural sands occurring
in this area and hydraulically connected to the sands in the fill, failure of
the dewatering system would cause the water table near the SWPS to
rise rapidly The rapid rise of ground water and resultant saturation of
the loose sands in the plant fill near the SWPS might not allow sufficient
time for plant shutdown. While this would not cause liquefaction to
occur, it would have caused the potential for soil liquefaction to exist'

beneath the safety-related utilities in this locality during plant operation.
Accordingly, the Applicant committed to removal of the loose sands
abwe 610-foot elevation and beneath the safety-related utilities in this
area and replacement with nonliquefiable materials. This remedy would
eliminate concern for both liquefaction and seismic shakedown potential.

Elsewhere at the plant site, the bodies ofloose sand in the plant fill oc--
curred mainly above elevation 610 feet. The few pockets that lie below*

that elevation are of such limited extent and under such high con' fining
pressure that they would not present a significant liquefact-ion problem,
even if saturated. The Applicant and Staff, based on their independent
evaluations and reviews, both agreed that lowering the ground water.

table and maintaining it at a le' vel below 610 feet beneath the RBA and
i DGB would ensure that there would be no potential for liquefaction of

soils to affect the integrity of either structure. However, where these

L
bodies occurred beneath safety structures, effects of seismic shakedown
were evaluated.

Removal of the buoyancy effect by dewatering and the increase in the
load on plant fill layers at depth would have the beneficial effect of in-
creasing the bearing capacity of those dewatered layers. Dewatering of
the plant fill would also reduce uplift and hydrostatic pressure loads on
embedded structures. In these respects, as in its reduction or elimination

'

of soil liquefaction potential, dewatering would produce effects advanta-
geous to the safety of plant structures. For these reasons, we disagree

3
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' with a portion of Ms. Stamitis' proposed Findings of Fact (1 "13," at 5),
where she asserts that there has been a " discovery that the bearing
capacity of the base soils for the underpinning is % that used in the origi-
nal analysis (BN 83-174)." Ms. Stamiris has apparently confused the
term " bearing capacity" with " elastic modulus," another soil parameter.
For an explanation of the Applicant's change in elastic modulus value,
seeirtfra Finding 140.

The effect of dewatering on the clay soils was to increase the amount
of compression and the rate of consolidation of the clays, particularly,

those in the plant fill that were not properly consolidated during their
placement. Part of the compression from the dewatering load was recov-
erable as shown by small amounts of rebound measured when the
ground water level was allowed to rise during a recharge test. The.part
not recoverable on removal of the load is termed consolidation. The
effect on the clay soils was expected and predictable on the basis of the
settlement observations made. For each of the safety-related structures
and underground utilities at the Midland site, the Applicant assessed the
additional settlements that would be caused by dewatering, and the Staff-
was satisfied that they are adequately included in the predicted settle-
ments that were to be used in the structural analyses. While we repeat
that we are reaching no conclusions concerning the acceptability of the-

DGB or its foundation soils, nor on the prediction of differential settle-
ment between the main portion of the auxiliary building and the control,

tower, no unresolved controversy over dewatering effects at those (or
any other) structures exists between the Applicant and the Staff. Interve-
nor Stamiris did not submit proposed findings on the technical adequacy
of the dewatering system, nor upon the effects of dewatering on soils,

, except for the conclusory denial that the Applicant has adequately and
conservatively taken them into account (see Stamiris FOF,1 "12," at
4-5).

As pointed out above, the threat of possible failure or degradation of
the permanent dewatering system was alleged by Stamiris Contention
4.D(3) as resulting. in insufficient time for plant shutdown before the
ground water level rose to a level causing saturation of the potentially
liqueliable sands in the plant fill. Postulated causes of such failure or
degradation (as specified in Warren Contention 2) were increased seep-
age, flooding, failure of pumping systems, and power outages. During
the hearings we heard testimony on the design and performance of the
permanent dewatering system, the llow patterns and rates of water-level
rise in the absence of any pumping, isolation of the ground water in the
power block area from laterally and vertically proximate regional ground
water aquifers, and the proposed water-level monitoring system. We
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also heard testimony on the ability of the permanent dewatering system*

to detect and remove water from potential breaks in underground pipes
t and from infiltration resulting from the 100-year maximum precipitation.

Because the potentially liquenable plant fill sands lie above 610-foot
elevation, a principal design objective of the permanent dewatering
system was to lower and maintain the ground water level beneath the
RBA and DGB below that 610-foot level. In order to do this, it was
planned to lower the ground water level beneath those structures to ele-'

vation 595 feet. At that level, even if total failure of the system
occurred, there would be adequate time to repair or replace equipment;

in the dewatering system, or to shut down the plant before the ground~

water level beneath the RBA and DGB rose to the 610-foot elevation.
Based on results of a recharge test, in which the water level was drawn,

down to below 595 feet and all pumps were then turned off, a minimum
of 40 days would be required for the water level to rise to the 610-foot
elevation beneath either of the two potentially affected structures.

Redu'ndancy was to be provided to ensure effectiveness and reliability
of the pumping system. Twenty interceptor and twenty backup intercep-
tor wells located in two lines along the primary recharge area (near the
SWPS), and twenty-four area wells in the plant area form the main
components of the permanent dewatering system. One line ofinterceptor
wells and only two area wells would need to remain in operation to dewa-
ter the RBA and DGB areas to the design level. All of the wells, howev-
er, would have been kept operational, should the need for any of them
have arisen. One complete set of discharge well replacement parts was to
be kept on site for quick repair or replacement,if needed. Also, electrical
wiring was to be designed so that a temporary outage of one or more-

wells would have no impact on power to the other wells. In the event of
a loss of power to the system a separate diesel generator was to be
provided to power the interceptor wells.

The _ discharge collectors, or header systems, were to be separate for
the two lines of interceptor wells. If failure of one header system oc-
curred it would not affect operability 'of the other. Also, individual wells
could have Dexible hoses attached to their outlets, bypassing the header
systems entirely, in the event of header rupture underground near one
or more dewatering wells. This was to prevent overloading the pumping

. capacity if water from a ruptured header " flooded" a well in the pumping-

area. Water from the system was to have been pumped back to the cool-
ing pond.

The discharge wells were each equipped with well screens and filter,

packs to prevent removal of soil Ones from the soils through which the
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ground water percolated. Monthly sampling of fines was to have been re-
quired to check on continued serviceability of the filter packs during the
operating life of the plant. Actual tests to check for possible discharge of
soil fines were conducted for each well, and all were indicated to be well
below the Staffs acceptance criteria.

Water quality samples were to be taken annuallf during plant opera-
tion to determine concentrations of compounds associated with encrusta-
tion. Acid treatment of the wells would have been employed to remove
encrusting minerals, if needed.

Six permanent water-level monitoring wells were to have provided
continuous recordings of water levels during plant operation, and alarms
to warn plant personnel of a significant rise in Icvel at any well. Two of
the six monitoring wells were to have been located near the DGB, and
two near the RBA.The remaining two were to have been placed between |
each of those structures and the main recharge area. A technical specifi- j
cation would have required the initiation of plant shutdown if the water l
level beneath the RBA or DGB rose to 606.5-foot elevation. It was I

determined during the recharge test that it would take about 8.5 days for |
the water level to rise from elevation 606.5 feet to 610 feet. To reacn
cold shutdown would require about 36 hours.

The Applicant and the Staff each analyzed the impact of various pipe.

breaks on ground water levels and considered the ability of the perma-
nent dewatering system to detect a water-level rise and to maintain
water levels below 610-foot elevation at the DGB and RBA. The analyses
included postulated breaks of the low-pressure 66-inch-diameter cooling-
pond-blowdown line near the SWPS and the 96-inch-diameter Unit 2 cir-
culating-water pipe near the DGB. Also, the effect of a postulated break
in the 20-inch-diameter condensate pipe, which runs directly beneath
the DGB, was ' analyzed. The Applicant and StalT agreed that, in all of
these analyses, conservative conditions were assumed and that, even if
the monitoring wells failed to alarm, the ground water level would not

| rise significantly above the 610-foot limiting elevation.

| Because of the hydraulic isolation of the power block area and the
'

flood protection provided by the plant dikes, the only source of flooding
that might challenge the dewatering system would be from precipitation
falling within the cooling-pond and power-block areas. Using the predict-
ed 100-year-maximum precipitation, an analysis of the impact of this
flood on ground water levels was made. The Applicant's and Staffs ex-
perts both concluded that the dewatering system could accommodate

.

the runoff and infiltration from this precipitation and that it would not
result in the ground water level rising to 610-foot elevation.
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The impervious, widespread natural clay layer, about 135 feet thick,
that underlies the plant site area, together with impervious dike cores,
cutoff dikes and slurry trenches designed to extend down to the natural'

clay, provide hydraulic isolation of the cooling-pond and power-block
areas from regional ground water systems. The dikes and slurry trenches
prevent hydraulic connection with laterally adjacent shallow sediments
where ground water occurs under water table conditions. A ' confined
aquifer of a lower ground water system, located beneath the_ essentially
impervious 135 foot-thick clay layer is under artesian pressure with a hy-
drostatic head about equal to the water-table level of the upper ground
water system. Observation wells drilled to the lower aquifer outside the

^ dike perimeter showed no fluctuations of water level with changes of
water level inside the dike and above the clay layer, indicating a lack of
hydraulic connection. The casings of these wells drilled through the clay
were grouted to prevent a connection whereby ground water could rise
from the lower aquifer to the upper system. (Water flow in the other di-
rection would be prevented by the artesian pressure in' the lower aqui-

'

fer.)
This Board concludes that, contrary to Stamiris Contention 4.D (and

to Warren Contention 2), while the water table, soil, and seismic charac-
teristics of the site would be changed as a result of dewatering, the Appli-
cant has adequately taken these changed characteristics into account in
evaluating and designing safety-related structures, piping and duct banks
to resist future soil settlement loads (including those from soil consolida-
tion and seismic shakedown) and other loads attributable to the effects.

of dewatering. We also conclude that, except with respect to the diesel
.

fuel oil tanks, we have reasonable assurance that soit liquefaction will
not affect the integrity of safety related structures, piping or electrical
duct banks during an earthquake as large in magnitude and associated

'

ground accet.cration as the SSE determined to be appropriate for this
>

site, providing the permanent dewatering system lowers and maintains
the ground water level to below elevation 610 feet beneath the RBA and,

'

DGB. (For reasons indicated earlier, we are not now ruling on liquefac-
tion in the diesel fuel oil tank area.)

We also have reasonable assurance that the Applicant has provided ad-
equate redundancy and other features in the design of the permanent
dewatering system to reduce the likelihood of, or to obviate, failure or
degradation of the system in the event of seepage, flooding, failure of
pumping systems and power outages, over the life of the plant, if the,

plant were to be operated. The Applicant has provided reasonable assur-
ance that, if the plant were completed and operated, its design of the
permanent dewatering system (including water level monitoring) will

,
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maintain the ground water level below elevation 610 feet, even in the
event of total failure of the system, and will provide adequate time to
repair or replace parts of the system, or to bring the plant to cold shut-
down before the ground water rises to the 610-foot level of the potential-
ly liquefiable sands beneath the RBA and DGB.

We also conclude that the Applicant has accounted for the effects of
temporary drawdown of ground water levels during construction on the
settlement of soils and the safety-related structures founded. or to be'

founded, on them. We note that Ms. Stamitis, in her proposed findings
(Stamiris F0F,1 "13," item 9, at 6), refers to " continued water seepage
problems in the underpinning excavations" as an unresolved question.
However, in a previous Memorandum and Order (Denying Motion to
Reopen Record on Containment Cracks), LBP-83-50,18 NRC 242,249-
51 (1983), we ruled, inter alia. that Ms. Stamiris had misinterpreted
reports on water seepage and that there was no persuasive connection
between cracks in the containment buildings and dewatering, including
construction dewatering of the natural clay on which the containment
(and auxiliary) buildings are founded, or that settlement due to dewater-
ing has been excessive. We reaffirm those rulings.

III. DIESEL GENERATOR BUILDING

As we previously pointed out (supra p. 37), we are not at this time
formally making any findings or rulings with respect to the structural ad-
equacy of the diesel generator building (DGB) or the sufficiency of the
corrective measures which have been applied thereto as a result of soils
settlement problems. Because of its significance with respect to various'

OM and several OL issues, however, we believe that a brief deteription
of the DGB structure, the problems which have surfaced following its
construction, and the corrective actions which have been followed
would prove instructive ap t ?.sdal as background for considering the
soils-related issues discuv.J sewnere in this Decision.

The DGB, which i< h i e , lireerdy south of the turbine building, is a
rectangular, reinfc ce n e, box-like structure which was to house
four diesel genera. _, .c. i. . partitioned into four bays, one for each
generator. The gerarators therdselves rest on thick concrete pedestals
which are structurally independent from the rest of the DGB. Both the

. DGB and its generators are classified as Seismic Category I_ items and

,
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hence are subject to the QA requirements of 10 C.F.R. Part 50, Appen-
dix B.2'

The DGB foundation consists of continuous spread footings around
the building and beneath the three interior walls, resting upon approxi-
mately 30 feet of plant fill. Fill placement activities took place mainly
from October 1975 to October 1977; the footings for the DGB were
poured in October 1977, and construction of the building was carried
out from that time until the Spring of 1979. During the course of con-
structioil, in July 1978, it was discovered that the DGB had settled in
excess of that which would have been expected throughout the entire
plant life. As of August 23,1978, when construction on the building was
temporarily halted as a result of the settlement problem,55% of the con-
crete had been placed, with the walls in place to an elevation of 30 feet
above grade, the generator pedestals poured, the mud mat poured inside
the building, the electrical duct banks placed under the building with
horizontal and vertical runs completed, the underground pipirig in the
area under and adjacent to the building installed, and all backfill placed
to grade level. In other words, with approximately half the construction
completed and half the static structural load in place, the DGB settled to
a greater degree than would have been expected throughout plant life,
during which greater loads could be expected.22

The safety implications of the excessive settlement of the DGB gave
rise to an OL contention of his. Sinclair (originally designated as Sinclair
Contention 24, see Special Prehearing Conference Order dated February
23,1979, at 8), questioning the suitability of the fill soils on which the
DGB was founded. Str. 51arshall advanced a similar contention (id. at
21). Thereafter, the " unusual settlement" of the DGB formed the basis
for the December 6,1979 51odification Order, which raised questions as
to an asserted " breakdown in quality assurance related to soil construc-
tion activities," the adequacy of corrective actions which had been fol-
lowed up to that time or acceptance criteria for such actions which had'

been submitted, and an alleged material false statement in the FSAR
concerning the condition of the plant fill. Finally, following the initiation
of the 051 proceeding, his. Stamiris raised numerous contentions bear-
ing upon the DGB, including the managerial attitude which led to the
extensive QA/QC violations, asserted financial and time schedule pres-
sures affecting resolution of the soils settlement issues (including the
nature of the corrective measures selected by CPC for the DGB), and

21 wiedner rr. Tr.10.790, at vi.1. and Figs. DGB-l. DGB-2. DGB-3. sSER e 2. 4 2.$ 4 4 2. at p.
2 24. and s 3 8.3.4. at p 3-22.
22 Keeley fr. Tr.1163. at 6. Tr. 3222-23 I R B. Peck 4 wiedner, ff. Tr 10.790, at vi.
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the asserted technical inadequacy of the DGB corrective actions.23 In
particular, Ms. Stamiris claimed that the proper corrective action for the
DGB structure would have been the removal and replacement of the par-
tially completed structure.

The remedial actions which in fact were chosen by CPC for the DGB,
upon the advice of consultants who included Dr. Ralph B. Peck, a Pro-
fessor of Foundation Engineering Emeritus, of the University of Illinois,
and Dr. A.L Hendron, Jr., Professor of Civil Engineering at the Uni-
versity of Illinois, were the severing of duct banks and conduits beneath
the structure (to alleviate stresses resulting from differential settle-
ment), the resumption of construction and completion of the DGB
structure, and the surcharging or preloading of the structure with about
20 feet of sand over and around the soils under the DGB foundation.
Construction was resumed in -December 1978. The surcharging was

; begun in early 1979 and was essentially completed, and the sand re-
moved, by the end of August 1979, prior to the issuance of the ModiGca-
tion Order. The remedial actions for the DGB further called for perma-
nent dewatering of the plant fill in the vicinity of the DGB, to preclude
liquefaction developing as a result of seismic stress in the underlying
and adjacent sandy 611 soils.24

The purpose of surcharging was to cause the soil to settle at an acceler-
ated rate so tha , under operating loads, future settlement would be
small and within tolerable limits. The procedure was also intended to
permit a conservative and reliable estimate' of the amount of future
settlement.25 During the course of the hearing, however, significant
questions were raised concerning such matters as whether the severing

'

of the duct banks was performed in a manner which would keep stresses
to the DGB structure as low as possible, whether the surcharge was left
in place for a sufficient time to attain secondary, or to complete primary
consolidation of the 611,2* and whether sufDeient reliable data were
recorded to provide an adequate basis for future settlement estimates.2',

Furthermore, the Staff recognized that surcharging the essentially
completed DGB structure did nothing to avoid the undesirable and large
total and differential settlements that had occurred, with the accompany-

23 Comennons or Ms. stamirts specificalh concermng the DGB are oM Comennons 1. 2(b) and (dt.
3fcl. 4 A, and 4 Cte). Ms. Warren's three contennons also dealt with the technical adequacy of the
DGB correcuse acuens. Sa Appendn A to this Decision for a hsung orall ets-related contentions.
24 wiedner. fr. Tr.10.790, at 2-4; Keeley fr. Tr.1163, at 8; SSER * 2. i 2.5.44 2. at p. 241,
25 R. Peck. IL Tr.10.180. at 6.
26 The Apphcant regards primary consohdation from the surcharge as that resulung from the dissipauon

of excess pore pressures and secondary conschdauon as seulement that occurs after excess pore pres-
sures hase been dissmated. R. Peck. it Tr.10.180. at 811.
27 ssER e 2. ( 2.5 4 4.2. at 2-24 and 241.
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, ing concern for warping and cracking. The settlement originally predicted
for the DGB throughout its projected life had been 2.8 inches. By
December 1978, prior to the surcharge, the largest measured settle-
ment, located in tiie southeast corner of the DGB, had reached 4.25
inches. Following removal of the surcharge, the total settlement for this

-
-

portion of the DGB had reached 7.45 inches.28 One Staff witness estimat-
ed the amount of du/erential settlement between various segments of.

,

the DGB to have been about 7.5 inches and to have resulted in structural
cracks in the building?

There developed a difference of opinion among several Staff witness-
es, and between the Applicant and the Staff, as to the significance of
cracks in the DGB. Those cracks were caused in part by the differential
settlement of different portions of the DGB, including that caused by ap-
plication of the surcharge. The Applicant performed a structural reanaly-
sis of the DGB, using a Gnite-element model to estimate stresses in the
DGBM lt also presented experts who testified as to the observed condi-

! - tion of the DGB.21
The Staff's structural engineers considered the Applicant's approach

to be consistent with sound engineering practice.32 However, these struc-
tural engineers actually evaluated the structural adequacy of the DGB,

on the basis of a crack analysis, and they added the residual stresses cal-
culated from crack widths to the stresses calculated in the Applicant's
finite-element analysis.33 The $taffs geotechnical engineers, on the
other hand, rais'ed questions as to the sufficiency of the Applicant's
approach, and criticized the method of the structural engineers as not
being normal engineering practice.54 Moreover, an NRC Staff inspector
in April 1983 expressed considerable doubt about the structural adequa-

,

cy of the DGB, based in part upon similar considerations but also upon
the design of the DGB utilizing spread footings founded upon (111.254

Because of the internal Staff differences of opinion with respect to the
analyses of the DGB cracks and with regard to the structural adequacy of '

the DGB, the Staff commissioned Brookhaven National Laboratory to
.

perform a further study. When completed, this study was reviewed by a

28 iw
29Tr.16,429 iLandsmant
30 wiedner, fr. Tr 10.790. at 1417.
31 soien/Corley, fr. Tr.10.950, Attachment 4. at 4.11. 4.34.
32 Rinaldi, et al. IT. Tr.11.086. at 6. and Tr.11.121-24 ( Rinald:L
33Rinaldi, et al. IT. Tr.11.086. at 2 5.,

34 Tr.10.521.11.187-88.11.196 94 (Kanch Tr. 11.177-81,11.189 40,11.20243 (smsht
.

35 Tr.15.059 60.16.410-13.16.516-17 iLandsmant He also expressed these concerns to a congression.
41 osersight committee m June 1983. The sta:T testified. however, that there is no regulatory require- ,

ment that would preclude the use of spread footings on diesel generator buildmas. Tr. 16.424 25 (HoodL
i

j
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Staff task group, which prepared a report. The study and report were
j then reanalyzed by Staff witnesses to ascertain whether their earlier tes-

timony would have to be changed.36 Although opinions on the need to
reopen the reco'rd were not unanimous, reviewers agreed that, at the
least, further documentation of calculations which had been performed j

was needed. This documentation was still in progress at the time we de- 1

clined to grant (pending completion of the review process) the StafTs
motion to reopen -the record on the DGB but also permitted the Staff
and Intervenors to defer filing their proposed findings and conclusions
with respect to that structure. See supra p. 37. Any final resolution of
questions concerning the structural adequacy of the DGB would, of
course, have to include a satisfactory resolution of the crack issues
which we have been discussing.

In addition to the soils settlement questions, there have been other
QA problems associated with the DGB which have been extensively liti-
gated. In particular, a Staff inspection performed by Region 111 from<

October 12 to November 29,1982 and January 19-21, 1983, primarily of
work accomplis.hed in the DGB, indicated (according to the Staf0 anoth-
er "significant breakdown" in the implementation of CPC's QA pro-
gram. The Staff also proposed substantial civil penalties as a result of the
violations which had occurred.37 CPC as a result suspended most non-
soils-related work on the DGB (as well as other portions of the project)
fro'm early December 198-2 to October 1983 (when the Staff approved
CPC's Construction Completion Plan), and it paid the civil penalty after

; its request for mitigation was turned down by the Staff.38 The Construc-
'

tion Completion Plan, under which construction of the DGB was re-
sumed, applied to nonsoils-related construction activities; it included
the application to those activities of Staff controls analogous to those
which we earlier imposed on soils-related construction activities by
LBP-82-35 (see supra p. 35). The general implications of the QA defi-
ciencies at the DGB, as well as the potential, effectiveness of the Con-
struction Completion Plan, were extensively litigated before us as QA/4

management attitude issues (on which we are not at this time ruling).
i

a

36The Board and parues hase oeen kept advised of the progress of this review through seseral lioard3

4 Noti 6cauons from the statt See BN 83-109 fJuly 27.1983). BN 83142 tseptember 22.19Ri; BN
'

83153 loctober 11.1983t; BN 83165 toetober 26.1983t; BN 83185 (December 2.1983). The BN
83165 nonfication includes copies of the Brookhaven report and the report of the NRC task group. BN
83185 includes recommendauons of several mitnesses on whether the record should be reopened.
Neither these not:6 cations, nor their attachments. have f.hus far been entered into the endentury
record of these proceedmss.
37Ser Keppler. lY. Tr.15.114. at 4 5. Attachments 3. 4. and 7.

*

38 Tr.15.074.15.086 Ishafer. Gardner); 3. cook. fr. Tr.18.025. at h Letter to Board and parties from
staff dated December 15.1983. transtmttmg Con 6rmatory oruer for Nfodificanon of Construction Per.
mits (Effecuve immediately t d.ned October 6.1983..
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IV. AUXILIARY BUILDING AND FEEDWATER ISOLATION
VALVE PITS

(Findings 118-151)

The auxiliary building is made up of several parts. The main portion is
founded on the same overconsolidated hard clays oflacustrine origin as
are the containment buildings, which lie immediately to the east and
west. Other parts of the auxiliary building project to the north (railroad
bay area (RBA)) and to the south (control tower and electrical penetra-
tion area (EPA) wings) and are founded, at elevations higher than the _

footings of the main structure, on backfill. Sce Figure 4, infra p. 87, for -
the identiGeation and arrangement of the several parts of the auxiliary
building. Each of the feedwater isolation valve pits (FIVPs) is situated
immediately outboard of an EPA wing and slightly beyond the line pro-
jecting southward from the center of the respective containment building
that each serves. Although the FIVPs are structurally independent of
the EPAs, they have been discussed in these proceedings along with the
auxiliary building structures. The FIVPs are founded on plant backfill,
like the EPAs, control tower, and RBA All of these structures or sub-
structures contain safety related equipment and are required to be de-
signed to Seismic Category I standards.

Following discovery in 1978 of excessive settlement of the DGB, the
Applicant undertook a soils exploration program. At the time, construc-
tion of the auxiliary building and FIVPs was essentially complete. This
program gave rise to various concerns about the integrity of the RBA,
control tower EPAs and FIVPs. In 1% Staffs opinion (see discussion,
infra p. 93), the program revealed indequately compacted backfill sup-
porting these structures, demonstrated by differential settlement of the
south end of the control tower, the location of cracks in the auxiliary
building, and a 1-foot void between a concrete mudmat and the underly-
ing plant fill. Potentially liquenable sands in the fill were found above
the 610-foot elevation beneath the RBA and EPAs. Clay soils in the fill
posed a concern for differential settlement and attendant structural loads
in the FIVPs and the EPAs.

Concern for the adequacy of the till beneath the control tower arose
partly from questions about the effect of added foundation loads from
the attached EPAs, resulting from an early plan to support the other, or
outer, ends of each EPA by caissons. Partial loss of support of the EPA
foundations through soil compression would have produced a bridge-like
effect, adding loads to the supports at either end. The loads thus added
to the control tower from both EPAs might have resulted in an insuffi-
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(Compiled from Figs. AUX 2 and AUX-3, Burke, et al.,
ffe Tr. 5509.)
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cient safety margin in the dynamic bearing capacity of its supporting
'

backfill under earthquake loading conditions.
The proposed caisson support remedy for the EPAs was subsequently

abandoned. The approach that was eventually selected to eliminate con-
cerns about the plant fill entailed underground construction of new foun-
dation walls (underpinning) beneath the control tower as well as the
EPAs in order to transfer their support directly to the underlying hard
lacustrine clay. Also, the plant fill beneath the FIVPs would have been
removed by excavation down to the clay and was to be replaced with,

properly compacted granular till capped by a concrete jacking pad. The
jacking space would finally have been tilled with grout. Potential soil
liquefaction concerns for the plant fill beneath the RBA (like the DGB)
were to have been remedied by lowering and maintaining the ground
water level below 610-foot elevation. (Our analysis of dewatering is dis-
cussed supra p. 71, et seq.; also see infra Findings 98-116).

The adequacy of the Applicant's proposed remedial measures to
resolve questions of safety of the auxiliary building and FIVPs (and of
other safety-related structures) stemming from the improperly compact-
ed plant fill was questioned by the Staff in the hiodification Order and
challenged by his. Stamiris in her 051 contentions. In her Contention
4.C(a), his. Stamiris asserted that the Applicant's remedial actions are
not based on adequate evaluation of dynamic responses regarding
dewatering effects, differential soil settlement effects and seismic effects.

The Applicano considered the effects of dewatering in its niost recent
design of the remedial measures (e.g., underpinning) for the auxiliary
building and FIVPs. In addition to eliminating concern for soil liquefac-
tion, dewatering also removes the effect of buoyancy caused by ground
water on individual soil particles, and thus increases the load on the af-
fected foundation soil. As a result, dewatering would increase the bear-
ing capacity of the soil, a benelicial effect, but also would increase the-
settlement and rate of compression of the soils. The dewatering effect is
small and predictable, based on the load added by the loss of buoyancy.
Part of the settlement, or soil compression,is recoverable upon removal
of the dewatering load when the ground water level is allowed to rise.
Subsequent fluctuations of water level cause only minor settlement, if
any, from the dewatering load after the initial effect has occurred.

To counter possible structural effects of temporary (construction)
dewatering on the FIVPs and EPAs, temporary support systems were in-
stalled before underpinning began. A beam-and-tie system provided st@
port for the FIVPs, and post-tensioning ties were installed through the
control tower and attached to the ul per part of the east-west walls of thei
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EPAs on either side. (Similar post-tensioning ties were applied to the
SWPS north-south walls, as well. See infra Finding 156.)

The basic underpinning plan for the control tower and EPAs called for
construction of piers beneath the existing walls, extending down to the
hard clay. Construction was to be of reinforced concrete, cast in place.
The bottoms of the piers were to be belled-out to increase the pier foot-
ing suppott area and to cause the bottom of each pier to touch its neigh-
boring piers. After completion of the piers, walls were to be constructed
in the intervening spaces between them, with provision made for tying
the underpinning walls of the control tower and EPAs together and for
fixing the walls to the supported structures, after jacking pressures be-
tween the piers and the supported structures were locked off.

The hydraulie jacking system between each pier and the supported
structure was designed to preload the supporting hard clay soil, to

- ensure that full initial and elastic recompression of the soil was attained,
and to provide a period of observation of secondary compression of the
soil. The Applicant developed a schedule of jacking pressures at the dif-
ferent piers, to prevent nontolerable movements in the supported struc-
tures during' construction and the period of soil preloading.

Horizontal and vertical motions of the structures were to be monitored .
- during construction and jacking. Alert and action levellimits of structure
motions, based on tolerable limits, were to' he established, and the -
movement data were to be checked for trends indicating that an alert
level might be reached. Corrections of structure movements were to be
made by adjusting jacking pressure on individual piers, and provisions,

for emergency mechanical support systems were to be made in the event
of the possible occurrence of settlements not correctable by the methods-
planned. Loads in the. piers as well as pier deflection were also to be
monitored during construction of the underpinning. Cracks in the struc-

*
tures were mapped and were to be monitored as a check against predict-
ed structure deflections. Alonitoring of cracks and structure motions
would hase been continuing requirements if the facility were to be
completed and operated.

The jacking procedures were intended to prevent or relieve any struc-
tural oserstressing. The competency of the hard clay providing founda-

i tion support was determined to be adequate to preclude development of
structural loads arising from differential settlement that, when combined
with other loads, would be unacceptable. See inga Finding 138. While
the testimony. indicated that design _ changes could be implemented
during underpinning construction - e.g., widening the pier bases to in-,

crease bearing area - we heard little or nothing about specific circum- -
stances that might warrant such changes, only that the construction se-
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quence and procedures could accommodate the option during the time
prior to completion of the final design calculations. (Cf our discussion,

.

infra p. 91, of the unsuccessful pier W-ll load test.)
, The underground construction sequence was planned so as not to

weaken the foundation support excessively during removal of soil and
installation of the piers and temporary structure supports. The plans also
included measures to support walls of the excavations. The underground

_ construction area was dewatered to an elevation about 30 feet lower
than the planned permanent dewatering ground water level. To facilitate
the construction dewatering, a freezewall was emplaced by circulating re-
frigerant fluids through boreholes that were closely spaced in lines
around part of the work area (see infra Findings 135,136). Construction
proceeded from two access shafts dug on the east and west ends of the
affected area and then from a tunnel between them located beneath the
turbine generator building. The work was to progress in a stepwise
fashion, tunneling far enough to construct temporary supports, con-
structing them, then tunneling far enough to accomplish the next part of
the construction, constructing it, and so on.

Prior to the suspension of work activities on the project, a considerable
amount of the underpinning construction had been accomplished. We
understand that the Applicant intends to leave the underpinning, like
other project construction, in a safe layup cond,ition. See Board Notifica-
tion 84-148, dated September 14,1984, at 2 and Enclosure 3; I&E
Report 84 25/26 (attachment to letter from R.F. Warnick to CPC,* dated
September 21, 1984). While the plans for activities to accomplish this
(and including reporting requirement changes) are not now included in
the evidentiary record, we regard such activities as subject to Staff ap-
proval pursuant to the Work Authorization Procedure adopted as a
result of LBP-82-35, supra.'

In evaluating the design of the remedial measures for the control
tower, EPAs and FIVPs, the Applicant took into account the loads that
would be imposed by postulated seismic events (as well as flooding
events). Because the SSRS were not yet agreed upon when the initial
design of the remedial measures was developed, seismic loads equal to
1.5 times the loads which would result from use of the DBE (or FSAR
SSE) response spectra were used in the actual desiga Subsequently, this'

design basis was demonstrated to be conservative: analyses performed
by the Applicant's consultant, and an audit of the Applicant's design cal-
culations by the Staff, determined that loads equal to 1.5 times the DBE
(FSAR SSE) loads are conservative in relation to loads which would
result from application of the now-agreed-upon SSRS (Finding 142). |

!
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Although we have reasonable assurance that the seismic designs of
the auxiliary building and FIVPs are acceptable, this conclusion applie;
only to the extent that those designs are based on the nominal value of
the dynamic soil modulus (or soil spring constant) used in the seismic
analyses. This limitation stems from the design deficiency of which we
were advised by Board Notification BN 84-115. See supra pp. 70-71.

A load test conducted on pier W-il to evaluate soil parameters and
settlement response of the lacustrine clay did not produce the results ex-
pected (Finding 140). Carlson stress meters installed on the pier indicat-

~
ed that the load applied at the top by jacking was not reaching the
bottom of the pier. The Applicant ascribed the failure of the test to pro-
duce the expected results to a deficiency in the anti friction installation;
the StalT did not accept this explanation, but protTered no explanation of
its own. Further, we were advised by both the Applicant and Staff that
the pier, which was test-loaded initially to 130% of its design pressure,
settled more than predicted (but we could not find in the record any tes-
timony as to whether this was during, or subsequent to, the pier load

Implicit in the indication that the load was not reaching thetest).
bottom of the pier, as well as in the Applicant's explanation, is the sug-
gestion that some of the load was being transferred to the surroundmg
fill soil, and hence the load at the bottom was spread over an area of the
supporting clay larger than the area of the pier footing alone. The obser-
vation that the pier settled more than was predicted, however, would ap-

,

parently contradict the notion that the pier footing had not been ful!y
-

loaded.
As a result of the unsuccessful pier load test, the Applicant reanalyzed

the structure for settlement loads using an assumed settlement of S
inch instead of the originally calculated % inch. Such procedure was
equivalent to assuming the soil modulus used for calculating settlement
to be one half that employed in the original calculations.

Following a design audit of the Applicant's reanalysis of the auxiliary
building differential settlement loads using % inch, the Staff issued
Board Notification BN 83-174. See inka Finding 127. The three open
items that the Staff cited as relevant to soils-remedial actisities potential-
ly at issue in these proceedings concerned (1) the baseline length oser
which the %-inch ditTerential settlement of the control tower relative to
the main auxiliary building, and hente the stresses in the structure,
were to be calculated; (2) the permissible limits of vertical dellections ol'
the structures during jacking operations; and (3) how existing settlement
stresses in structures will be treated in the final analyses of stresses and

combined loads in the structures
i.e., can all existing stresses be re-

moved during linal jacking? Because these design issues were not fully ,
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addressed by the testimony of record, we accordingly make no findings 1

at this time as to the adequacy of their treatment by the Applicant. We I

note, however, that the Applicant's witnesses did address the last two |

items in their testimony (see Burke, et al., ff; Tr. 5509, at 42-43,
A9-A15), and we regard these two items as reasonable disagreements
between experts that are susceptible to eventual resolution. We regard
the final resolution of these items as subject to the Work Authorization
Procedure established pursuant to LBP-82-35, supra.

In addition to BN 83-174, the absence of agreement among the expert'

witnesses as to the underlying reasons for failure of the W Il pier load
test to produce expected settlements provides a further reason for our
declining to rule 6t this time, because of prematurity, on the issue of dif-
ferential settlement between the control tower and the main part of the
auxiliary building in the design of the underpinning. While the Staft's
and Applicant's expert witnesses attested to the general competency of
the hard lacustrine clay, a conclusion which the Board accepts as well-
supported and reasonable, the final design of the underpinning was to
rely on observations of settlement data. Data from pier W-il settlements
were to comprise part of that data base. In light of our concern, arising
from the Stodification Order (at 13-14), that acceptance criteria be suffi-
ciently established to assure adequate design of the proposed underpin-
ning prior to its construction, failure of the W-il pier load test casts ,

doubt on the foundation design or construction procedure. While we
might envision several causes for that failure, evidence in the record is
insufficient for us to reach a conclusion at this time about the relevance
and significance of the unsuccessful load test to the foundation design
accepiance criteria.

The Staff and his. Stamitis, in their proposed findings, both ques-
tioned the absence of any discussion of the unsuccessful pier load test in
the Applicant's proposed findings. Staff FOF,1 228; Stamiris FOF,
i "11," at 4. The Staff pointed to the test's relationship to the design
audit conducted on September 14 and 15,1983, and to the question of
adequacy of the Applicant's treatment of differential settlement between
the main portion of the auxiliary building and the control tower conse-
quently raised in BN 83-174.

his. Stamitis went further, alleging that there had been a " discovery
that the bearing capacity of the base soils for the underpinning is % that
used in the original analysis" (Stamiris FOF,1 "13," item (1), at 5). It
appears that his. Stamiris has confused bearing capacity with the soil
modulus and erroneously concluded that circumstances leading to the
Applicant's assumption of % inch (rather than % inch) differential settle-
ment necessarily implies a lack of competence of the base soit layer. The
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general quality of that clay layer as a foundation support was demonstrat-
ed through laboratory tests of the clay, in situ Standard Penetration
Tests, and agreement between predicted values of settlement of struc-
tures founded on the clay with actual settlements measured. The main
purpose of the test was to verify the soil parameters. While we must
reject Ms. Stamiris' conclusions about the clay that stem from the unsuc-
cessful pier load test, we repeat that the evidentiary record on the pier

,

load test (and on the three items cited by the Staffin BN 83-174) is in-'

complete.
~ Ms. Stamiris also registers her dissatisfaction with the Applicant's and

1 Staff's treatment of the cause of cracks in the auxiliary building that
began to appear before remedial actions were initiated. Stamiris FOF,
1 "10," at 4; App. FOF,1217; Staff FOF, 11 216-218. As we outline,

i infra Findings 123 125, the Applicant believed the subject cracks were
attributable to volume changes in the concrete during curing. The Staff

,

; did not accept the explanation that all the cracks in the auxiliary building
stemmed from volume changes; nor do we. Importantly, the Staff re-
quired'the Applicant to evaluate the effect of cracking on all safety-
related structures, and the Applicant did so. The Staff opined that the,

Applicant's crack assessment in the case of the auxiliary building was
satisfactory. We agree. Ms. Stamiris' accusations that this treatment in-
dicated evasiveness on the part of the Applicant and that the Staff at-
tempted "to skirt this issue altogether" are unwarranted, particularly,

i since she gave no indication as to why a iinding on the cause of the
cracking might be significant. Since our findings indicate that the cracks
do not-significantly afTect the strength of the auxiliary building; and
since the cracks were to be monitored for changes in size or new crack

:. development, we attach little significance to the fact that some of them

3
may have been caused by differential settlement, except in regard to the

i allegation that the stepped foundation design of the structure may be de-
ficient. That allegation we address immediately below.

During the hearings an NRC Staff engineer, Dr. Ross Landsman,
volunteered that several " design deficiencies" occurred at the Midland-

: facility. One category of these alleged deficiencies included the stepped-
foundation configuration present in the RBA, control tower and EPAs
of the auxiliary building, and the north projection of the SWPS. In this
configuration, where the main part of the structure is founded on hard
soil,' an extension projects from it so that its foundation is at a higher
level and rests on backfill of considerable thickness. Dr. Landsman as-

3

serted that this stepped-foundation design had an inherent potential forJ

developing problems as a result of differential settlement, even if satis-
factory compaction methods were used on the backfill. The overhanging

i
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portion could act as a cantilever if the backfill supporting it settled more
than anticipated in the design.

Since this potential differential settlement is principally what the Mid-
land underpinning was intended to remedy, by transferring the founda-
tion loads to the deeper hard soil, the potential safety problems to which
the " cantilevered" design might give rise would be adequately resolved
for the Midland structures. While this design was said (by others) to rep-
resent an acceptable engineering practice (indeed other examples have
been accepted on licensed nuclear power plants), we are making no find-
ings here on the adequacy of the original design of the auxiliary build-
ing. See infra Finding 128.

We recommend, however, that in the interest of conservatism the
Staff study and review the practice of using cantilevered designs. That is,
should stepped-foundation designs be utilized at all on nuclear power
plant safety-related structures and, if so, should the NRC provide specif-
ic guidance on composition of backfill materials and their distribution,
compaction standards or possible methods for assuring attainment of
secondary consolidation of the backfill to control differential settlement
when this design is utilized? While the record is not sufficiently detailed
to permit this Board to specify its concern in clearer detail, and while we
recognize that the potential problems of differential settlement in this
case arose mainly from inadequate control of placement, moisture con-
tent, and compaction of the fill materials, the stepped foundation design
on certain structures, particularly those underlain by clay fill, appears to
have contributed to the structural aspects of the potential differential set-
tiement problem. Included in our concern is the practice of using con-
crete as till material unless its use is specifically planned and the location
of such materials in the fill is recorded and utilized in settlement predic-
tions.

In summary, this Board concludes that the Applicant has adequately
taken into account, in its design of remedial actions for the different
parts of the auxiliary building and FIVPs, the effects of dewatering, seis-
mie shaking (including potential soil liquefaction and seismic shake-
dow n) and, except for open items specified in Board Notification BN
83-174 on which we express no opinion, differential settlement. As
regards the seismic effects, we have reasonable assurance that the Appli-
cant's use of the site-specific response spectra (SSRS) determined for
the Midland site is appropriately, conservative for assuring the seismic
safety of the design of the underpinning of the auxiliary building struc-
ture and FIVPs, and that the response spectra used by the Applicant in
the design of those underpinnings, based on a 1.5 multiple of the original
DBE (or FSAR SSE) response spectra, adequately enselope (are higher
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than) the Midland SSRS. See our conclusions on seismic effects, supra
pp. 68-69, and infra Findings 77-79. In regard to the seismic reevalua-
tion of these structures, we have reasonable assuranc,e that the general
analysis methodology proposed by the Applicant, the scismic design,

,

basis (1.5 x DBE (or FSAR SSE) response spectra), and the nominal
i values for the soil spring constant (or dynamic soil modulus) to be used

'

are appropriately conservative input for the planned seismic evaluations
of the completed structures, should construction ever be resumed. Our
conclusion on the soil spring constant is subject to resolution of the Ap-
plicant's failure to meet its commitment given in the FSAR, and relied
upon in testimony (including the SER), to perform addit:onal structural,

i
evaluations for the seismic margin r'eview using 50% salues of the
nominal soil spring constant, as discussed supra pp. 70-71.*-

In the record on which we rely to come to our conclusions concerning
adequacy of the Applicant's consideration of effects of dewatering, soil
compression, and seismic shaking in the design of the remedial actions,'

we have attached considerable weight to evidence of the properties and
' predicted performance of the supporting soils under different loading

conditions. Also, assurance that adequate consideration has been given
i to tolerable limits of structural response, or behavior, is inherent in dur

conclusion that the designs, if properly executed, willlead to structures
posing no unreasonable threat to the health and safety of the public, or=

to the environment, if project construction were resumed. In other
~

4

j words, our conclusions here would be altered if greater differential set-
tiement values or limits of structure dellection occur, or are proposed.

Our conclusions, also, are conditional upon satisfactory performance
! to be demonstrated by results of the structure movement and crack-

monitoring programs that have been, or were to be, initiated by the
! Applicant. (This conditional acceptance applies equally to other struc-

tures, pipes, and duct banks where monitoring programs were to be initi-
ated.) We attach special significance to the results, as well as to the-

proper and continuous conduct, of the monitoring programs. Not only
are they the ? proof of the pudding" on predictions of soil performance
and acceptable limits of structural deflection, but 'also .their time-
dependent data will be essential to a full understanding of the condition-

of structures if construction is ever resumed. The' time dependent
nature of the soil responses - e.g., settlements ascribable to primary

! and secondary compression rates, or correlation of settlements with
changes in ground water levels - was important evidence in our
deliberations.>
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V. SERVICE WATER PU.TIP STRUCTURE
_

(Findings 152-167)

The service water pump structure (SWPS) is a rectangular, reinforced
concrete building with upper and lower sections of the same width but
different lengths. The larger upper section results in an overhang at the
north end of the structure, supported by-underlying soil. See Figure 5,
in/Fa p. 97. Excavation for the SWPS left areas under the overhang to
be backGiled; borings taken later revealed that some localized areas of
backGli underneath and adjacent to the overhang portion of the SWPS
had not been sufficiently compacted.

Although no unusual settlement has thus far developed, the Applicant
undertook an extensive program of monitoring, analysis, crack map-
ping, and underpinning. The underpinning was to consist of a continuous
perimeter reinforced concrete wall beneath the north end of the SWPS,
which would form a box structure beneath the overhang, connected to
the sides of the lower portion of the structure, and extending from the
upper foundation slab to undisturbed glacial till. Construction of the un-
derpinning made it necessary to lower the ground water table temporari-
ly, through dewatering. .

Stamiris Contention 4.C(b) claimed that there had been inadequate
evaluation of dewatering effects, differentialsoil settlement and seismic
effects for the SWPS. All aspects of this contention were extensively ad-
dressed before this Board. Although borings had shown the presence of
some inadequately compacted Gil under the overhang portion of this
building, measurement of differential settlement indicated that the build-
ing was initially stable. However, a survey of cracks led to a disagree-
ment between the Staff and the Applicant as to whether the cracks were
incidental to normal shrinkage of concrete or indicative of unacceptable
stresses. CPC's decision to install underpinning resting on the underly-
ing glacial till made this disagreement immaterial: the Staff agreed
that, with technically acceptable design and construction of the underpin-
ning, together with the proposed crack monitoring and repair program,
the cause of the cracking need not be deGnitively established.

Our Gndings of fact discuss all aspects of the testimonial record,
including a description of the SWPS, the results of borings and surveys
of cracks, the CPC-Staff disagreement about crack interpretation, design
of the underpinning, effects of ground water levels as affected by dewa-
tering, monitoring arrangements (including acceptance criteria, alert and
action levels, and actions to be taken at each level) and the status of a
nearby retaining wall. Although the underpinning was designed to meet
conditions equal to or exceeding the SSE as determined by the SSRS
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FIGURE 5. Typical section of service water pump structure
(looking west) (from Applicant's Exh. 28 (corrections from the ,

testimony)).
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methodology, the basic SWPS structure was designed under the older
DBE requirements and would be part of a project-wide seismic margin
review were construction of Slidland to be resumed under the existing
construction permits. With underpinning in place, the entire SWPS
structure would be founded on undisturbed till. As a result, soil liquefac-
tion and seismic shakedown would not be factors in the SWPS' seismic
response. In reaching our findings, we have taken into account proposed
findings submitted by CPC and the Staff, which differ essentially only
with respect to the sources of cracks. his. Stamiris submitted no pro-
posed findings with respect to the design of the SWPS or the remedial
measures applicable thereto.

We note that the seismic model which was to be utilized for the seis-
mic margin review of the SWPS appears to be subject to the same design
deficiency as was the model for the auxiliary building. See discussion,
supra pp. 70 71. Our reasonable assurance findings with respect to the
SWPS are therefore qualified to the extent that they apply only to the
nominal values for the soil spring constant (or dynamic soil modulus).

Although the Staff initially had concerns similar to those expressed in,

Stamitis Contenuon 4.C(b), and in fact at one time supported that con-
tention, as of the close of the record it was satisfied with CPC's remedial
measures. With the exception of the design deficiency in the seismic
model discussed above, the Board agrees and concludes that the Appli-
cant has now adequately taken into account various dynamic responses
in design of remedial soils measures for the SWPS. If completed as
designed, the underpinning would provide an adequate and stable foun-
dation for the overhang portion of the SWPS and would not adversely
alTect a nearby Seismic Category I retaining wall. These conclusions are
subject to the outcome of a seismic margin resiew, including resolution
of the design deficiency discussed above. The Board endorses monitoring
arrangements agreed to by CPC and the Staff as well as arrangements
for keeping the Staff wellinformed of the results of such monitoring.

VI. BORATED WATER STORAGE TANKS
(Findings 168 195)

Two large borated water storage tanks (BWSTs), located to the north
of the reactor and auxiliary buildings, were to have supplied borated
water to the emergency co're cooling system (and the reactor building
spray system) during the injection phase of a loss-of coolant accident.
Because this function is necessary to safe emergency shutdown, the
tanks are Seismic Category I structures. The foundations of the tanks
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were constructed between July 1978 and January 1979; erection of the
metal tanks was completed by December 1979.

Each tank has a reinforced concrete ring foundation with an integral
valve pit which projects like the handle of a pan outside the perimeter of
the ring. (The valve pits serve to provide access to the piping connec-
tions to the BWSTs and house valves for the fill and drain lines.) Most

-

of the weight of the contained water was to be transf:rred through the
flexible tank bottom to compacted granular backfill inside the ring. Lat.
eral pressure developed from this load in the interior back0ll is resisted
by the ring foundation wall. The ring foundation also carries the weight
of the metal tank and of some of the contained water. The area of verti-
cal loading includes the ring foundation wall footing, the backfill within
it and the projecting valve pits. Both tanks are supported by plant 611
about 25 feet thick that was placed over competent natural soils. The
design originally called for other small tanks to be mounted on the pro-
jecting valve pits, but their location was changed. The foundation design
was not changed as a result of relocation 'of the tanks.

Beginning in October of 1980, the Applicant conducted a proof load-

test by Glling both tanks with water and monitoring movements of the
foundations by means of repeated surveys. Differential settlement of the
ring foundation and between the ring foundation and the valve pits oc-
curred and was initially reported to the NRC, pursuant to 10 C.F.R.
$ 50.55(e), on January 22, 1981. Structural analfses conducted by the
Applicant indicated that the allowable moment capacity for the dead
load and the differential settlement condition was exceeded at several 10-
cations in the foundation structure. Examination revealed cracking in
the foundations of both tanks at the areas of highest calculated stresses
- the junction of the ring wall and the valve pits.

Essentially what occurred during the load test was that the more heavi-
ly loaded areas within the ring walls settled more than the lightly loaded
valve pits. Because they extended beyond the ring walls, the valve pits
induced bending moments that exceeded the capacity of the design. This
condition caused cracking at the junction of the valve pits with the ring
walls and out-of plane distortions around the perimeter of the ring walls.
The bending moments had not been considered in the original design.
Furthermore, differential settlement of the foundations was not the
same at both tanks. The greater differential settlement of tank I than of
tank 2 is mainly attributable to lateral variation in the properties of the
backGli supporting tank 1.

Analyses of BWST 1 showed that, although it had been stressed
beyond normal operating stress limits in two respects (a single point of
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attachment of the tank to the foundation, andlocal tank wall compres-
sive stresses), the tank had not undergone damaging stress resulting
from the effects of the nonuniform support arising from differential
settlement. (Since BWST 2 underwent lesser differential settlement, the
analyses for BWST 1 were sufficient for evaluating both tanks.) With

,

regard to the two exceptions cited, the stress conditions were within
those allowed for emergency (short-term) conditions, and a considerable
margin of safety was calculated to exist for buckling as a result of the
local tank wall compressive stresses. Visual inspection of the tanks in
the loaded condition veriGed that no buckling was present, and subse-
quent dye penetrant examination of the overstressed tank attachment
point veriGed that no cracking was present.

The proposed remedial actions for the BWSTs involved (1) surcharg-
ing the valve pits and adjacent areas with sand (later removed) to com-
press the supporting soils and remove some of the deGection due to dif-
ferential settlement; (2) constructing a new ring beam around the exist-
ing ring wall of each BWST, designed with sufGeient capacity to with-
stand all future loads, and (3) releveling of tank 1. Also, existing cracks

j wider than 0.01 inch were pressure-grouted with epoxy, and monitoring
programs for cracks in the new ring beams and for foundation settlement
were proposed.

The new ring beams will rest on the upper surface of the existing ring
'

wall footings, and shear connections will transfer shear force from the
existing walls to the beams. New connections will be constructed to and
through the valve pits. In the design of the new beam no credit was to
be taken for any strength in the existing walls, although their stiffness
was included in the design evaluations. Future settlement predictions
used in the design of the new beams came from extrapolating settlement
versus log time cur,ves for all the settlement markers, the settlement
values being those recorded during the load test when the tanks were
full.

The Applicant's consultants evaluated the settlement predictions and
confirmed the adequacy of the static and dynamic bearing capacity calcu-
lations as well as the long and short term soil stiffness moduli for use in
the seismic modeling of the BWSTs. The metal tanks were similarly
reevaluated for their ability to withstand the predicted future differential
settlement loads and seismic loads. The seismic evaluations and reevalu-
ations were based on the 1.5 x DBE (FSAR SSE) response spectra
which conservatively envelope the SSRS derived for the Midland site
(and which we have found to be acceptable, see supra p. 69).

'

Plant lill soils beneath the BWST foundations were not found to be
susceptible to soil liquefaction or to seismic shakedown. Settlement due
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to dewatering loads beneath the BWSTs was minimal and would be im.
plicitly included in the settlement calculations. While no commitment to
dewater the plant fill beneath the BWSTs was made, nor was it neces-
sary, some dewatering would occur as a consequence of dewatering re-
quirements for the plant fill beneath the RBA and DGB.

The Staff reviewed and evaluated the Applicant's assessment of the in-
tegrity of the BWSTs following the load test, and the proposed remedial
measures and monitoring programs. With the exception noted by the
Staff regarding the unresolved technical specification for future settle-
ment monitoring (Staff F0F,1290, at 30), the Staff agrees that the Ape
plicant has now adequately evaluated and analyzed the dewatering, dif-
ferential soil settlement and seismic etTects in its proposed remedial ac-
tions for the BWSTs. The adequacy of such evaluations and analyses had
been questioned by his. Stamiris' Contention 4.C(c). By way of indicat-
ing that this contention was well founded when submitted, however, the
Staff notes that "the concerns expressed by his. Stamiris in this and
other contentions are similar to the concerns that caused the Staff to
issue the [Niodification] Order." Staff FOF,1292, at 30. We agree.

The Staff and Applicant disagree as to the cause, or the principal
cause, of the differential settlement of the BWSTs. As in the case of the
overhanging portions of the auxiliary building and SWPS, the effects of
differential settlement are primarily what the remedial measures are in-
tended to address, although different measures were to be taken in the
different cases. The effectiveness of the remedial measures is not de--

pendent on the cause of the differential settlement. Thus we need not
dwell on that cause.

We note, however, that in the case of differential settlement of the
BWSTs, the Applicant has taken the unusual position of asserting that
the cause was its own initial design error (s); i.e., the valve pits' projec-
tion well beyond the perimeter of the ring wall foundation, the removal
of the small tanks that would have added some additional bearing pres-
sure to the valve pits, and the failure to include the elTects of the re-
sultant bending moments induced by the valve pits when calculating the
stresses in the original design. On the other hand, the Staff holds that
the primary cause of differential settlement of the BWSTs was inade-
quately compacted till. The Staff witnesses pointed to 1.1 inches of total
settlement of a BWST foundation marker even before the tanks were
tilled (Finding 176). The Staff also referenced the Applicant's witness'
nonresponsive answers to Board questions on the amount of total settle-
ment (Staff F0F,1277, at 27 28). The Board notes, in this connection,
the "less stiff" (i.e., softer) soil under part of tank I which led to in-
creased differential settlement and required releveling of that tank.
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Dr. Kennedy, another witness for the Applicant, provided what we
regard as the most balanced - and most persuasive - explanation of
the BWST cracks. He believed that there were three causes of cracking
in the BWST foundation walls: first, the soft soil under the west side of
tank 1; second, the light loading and projecting geometry of the valve
pits; and third, under-reinforcing of the ring wall - i.e., had sufficient
reinforcing steel been used to produce a more rigid structure, the load
would have been spread to include the area beneath the valve pits with-
out cracking.

We can see that the differential settlement was caused by the overall
settlement of the soil. Had there been no settlement, as if the BWSTs
were founded on rock, there would have been no differential settlement.
Alternatively, had the design included reinforcing steel suf0cient to
resist totally the bending moment, there would have been no failure
(but possibly some tilting) during settlement. Thus we see the admitted
presence of soil beneath tank I that was soft enough to contribute to the
additional ditTerential settlement of that tank as indicating nonuniformity
of soil compaction.

This situation is not unlike the question of"dencient design" in con-
nection with the stepped foundations of portions of the auxiliary building
and SWPS: had either the supporting backfill not settled, or had the
design of the auxiliary building included the "cantileve.r" stresses and

,

the design of the BWSTs the bending moment stresses, they would have
been adequate. Our discussion here, where design denciency is
admitted, amplifies the reasons for our recommending Staff review and
study of the generic requirements for, or generic acceptability cf the
future use of such conGgurations on safety related structures. See supra
pp. 39. 93-94, for our recommendation stemming from the design of
portions of the auxiliary building and SWPS.

Yll. DIESEL FUEL OIL TANKS
(Findings 196-203)

The design of the diesel fuel oil tanks became an issue in this proceed.
ing because of uncertainties resulting from the presence of improperly
compacted Gil, as set forth in Stamiris Contention 4.C(d) and Warren
Contention 2.B(2). Those contentions questioned whether the fuel oil
tanks had been adequately evaluated with respect to such matters as the
effects of dewatering, differential soil settlement, and seismic effects
(including liquefaction). All aspects of this issue were considered thor-
oughly by both CPC and Staff witnesses. The hearing record and pro-
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posed findings of the Applicant and Staff indicate no areas of disagree-
ment between them, as of the time the record was closed on the design
issue. his. Stamiris submitted no proposed findings with respect to the
design aspects of the fuel oil tanks. With respect both to the potential
for liquefaction under the diesel. fuel oil tank's and the stability of soils
under those tanks, however, recent developments (see below) preclude
our resolving those issues at this time.

The hearing record, as summarized in our findings, indicates that the
Applicant undertook a program of measurement, analysis and monitor-
ing to assure that the tanks could perform their intended functions.
Among other measures, the tanks were surcharged by being filled with
water and monitored for about 8 months. The Applicant also analyzed
each of the factors cited in the relevant contentions. The Staff concluded
that, subject to an audit and the results of a seismic margin review, the
structural concerns expressed by these contentions were (as of the close
of the record on these questions) without merit.

liowever, by copy of a report from CPC to the Staff, dated November
21, 1984, the Board and parties were informed that certain 1977 boring

. logs purportedly reflecting borings taken in the area of the diesel fuel oil
tanks were in fact logs of borings taken elsewhere in the Niidland area.
In response to a telephone request from the' Board, seeking information
as to the extent the incorrect boring logs might affect testimony current-
ly :n the record, the Applicant by letter dated December 6,1984, advised
that the only technical issue potentially affected is the liquefaction of
soils below the diesel fuel oil tanks. It further advised that its analyses
did utilize at least one of the erroneous logs; that such analyses had
been presented to the Staff for licensing review; and that, as a result, the
CPC analysis of the liquefaction potential of soils beneath the diesel fuel
oil tanks is inconclusive. By letters dated December 21,1984, and
December 24, 1984, the NRC Staff and Nis. Stamiris agreed that we
should issue no decision on the liquefaction question. but they went fur-
ther. The Staff indicated that it had also used the subsurface information
from the erroneous boring logs "to assess the compacted density of the
plant fill and to evaluate the adequacy of the foundation soils in the
diesel fuel oil tank area" and to " assist in accepting the placement of the
concrete foundation pads for the diesel fuel oil tanks at elevation 612
feet." his. Stamitis sought an 01 investigation and further hearings on
facts bearing on the erroneous logs. (See supra pp. 38 39, for our resolu-
tion of these requests.)

The Applicant further indicated that, as a result of the project shut-
down, it does not at this time plan to perform the additional analyses or
obtain additional field information to close out this issue. The Staff has
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advised that it has not received the correct boring logs for the diesel fuel
oil tank area (Kane Affidavit, dated December 21,1984,13. at 4). Nor
has this Board. Given the state of the record, this issue remains open.
We are thus making no findings or conclusions at this time on either the
liquefaction potential of soils beneath the diesel fuel oil tanks or the
foundation stability of those soils. Furthermore, because of the signifi-
cance of these "open items" to our evaluation of diesel fuel oil tank
design issues, we also are not reaching any " reasonable assurance" con-
clusions with respect to those issues, or any final rulings on Stamiris
Contention 4.C(d) or, insofar as it relates to liquefaction under the
diesel fuel oil tanks, Warren Contention 2.B(2).

VIII. UNDERGROUND PIPING
(Findings 204 292)

Underground piping is among the items which were covered by the
5fodification Order. Two of the contentions of 51s. Stamiris, and one of
those of his. Warren (which the parties addressed 3'), raised questions
concerning the technical adequacy of such piping, motivated particularly
by the excessive settlement of some of that piping. These contentions
questioned whether CPC's analyses of piping had adequately taken into
account such matters as the etTects of the DGB surcharge, dewatering-

elTects, and differential settlement.
In our Gndings, we describe in detail.the various types of underground

piping which were installed (or planned to be installed) at Niidland.
There are two general categories: Seismic Category I (which must be
designed to withstand earthquake motions and also are subject to QA
requirements) and Nonseismic Category 1. The first category of piping
was reviewed to assure that the pipes would perform their intended
safety functions throughout the plant's projected service life. The
second category was reviewed to the extent necessary to assure that pos.
tulated failures would not have an adverse impact on nearby Seismic
Category I structures or piping.

The concerns with respect to underground piping reflect the inade-
quate compaction of plant fill supporting that piping, resulting in exces-
sive and in some cases dilTerential settlement of the piping. All of the
underground Seismic Category I pipelines (of which there are five
typesi rest on compacted backfill material. Such piping was discovered
to be located from 6 to 21 inches below originally intended elevations (4

-

~ Set IMird 11G?t 4|

104



to 19 inches if credit is taken for placement tolerances), with the majori-
ty in the range of 9-Il inches.

At the time the Intervenors submitted their contentions on under-
ground piping, it is apparent that insufficient analyses of underground
piping had been performed to provide a basis for a reasonable assurance-

finding concerning such piping. Indeed. during the first hearing session
on piping, there were majer unresolsed questions between the Applicant
an:1 Staff on that subject (see, e.g., Chen/ Hood, IT. Tr. 7762; Tr. 7763-77
(Kane, flood, Chen)), leading us to remark that we were being offered
little more than a progress report on the resolution of as yet open ques-

tions (Tr. 7777-78).
The Applicant and Staff subsequently resolved their ditTerences. As is

re0ccted in our findings, there have been detailed and extensive analyses
performed of all of the underground piping, and corrective actions taken
or proposed where required. Criteria for evaluation were developed by
the Applicant and reviewed by the Staff. Corrective actions for the ser-
vice water system (SWS) piping included replacement, rebedding and re-
installation, as well as exteasive monitoring. For the borated water stor-
age system piping, the corrective actions included partial recentering
and rebedding, and monitoring. All of the Seismic Category I piping was
analyzed for seismic elfects and was subject to re-review as part of a seis-
mic margin review. Finally, the Applicant and Stati agreed upon a
number of technical specifications which would govern underground pip-
ing.

One subissue bearing upon underground piping was its susceptibility
to corrosion. This is the major facet of the technical aspects of under-
ground piping as to which Ms. Stamitis filed proposed findings. The
potential corrosion of underground piping was not a part of any conten-
tion. Ilowever, during cross examination on one of Ms. Stamitis' docu-
ments which dealt with other aspects of " soils deficiencies " as well as
corrosion of the piping (Stamiris Exh. 35), it came to light that corrosive
pitting had been discosered in two areas of underground stainless steel
piping. The Board asked the Staff to furnish a witness who could address
the corrosion of underground piping (Tr. 7835-36, 7863, 7914-16). The
Staff responded by presenting Dr. John R. Weeks, a Senior Metallurgist
who has been employed at Brookhaven National Laboratory since 1953.

The Board wishes to take this opportunity to give credit to the knowl-
edgeability and forthrightness of Dr. Weeks. As detailed in our findings,
we believe that Dr. Weeks has satisfactorily addressed and resolved the

,

.various outstanding open questions concerning the corrosion of under-
ground piping. We also appreciate the Staff's elTorts in obtaining Dr.
Weeks as its witness.
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One particular question which Dr. Weeks addressed warrants further
comment in light of challenges to Dr. Weeks' opinion advanced by his.
Stamiris in her proposed Gndings (Stamiris FOF, it "23-27," at 8-10).
Dr. Weeks expressed the opinion that the corrosion in stainless steel
piping was probably caused by stray welding currents. In doing so, he

_

was reaching the same conclusion that was reached in a 1981 study by
Bechtel Group, Inc., the Applicant's consultant. his. Stamiris stressed
that this conclusion varied from that of an earlier,1979 study by Bechtel
National, Inc., which had not been able to determine the cause of the
pitting but had noted the lack of "known electrical sources" in the area
of the corrosion. Dr. Weeks explained why he thought the second study
was more likely correct - in particular because of the discovery of addi-
tional information concerning the welding procedures utilized on the
site, and the contribution to the second study of a project engineer
expert in corrosion matters with whom Dr. Weeks was familiar (Tr.
9180). He also explained how electrical sources could have caused the
corrosion examined in the first report. Niost important, however, Dr.
Weeks reached his conclusion independently, after considering a
number of pertinent considerations which he exphcitly outlined. We
have no hesitation in accepting Dr. Weeks' conclusions on this ques-
tion, and in declining to adopt his. Stamitis' proposed findings which
were premised on the information presented in the first report on the
corrosion question. See inha Findings 279-280.

Based on the entire record on underground piping, we are in general
agreement with the solutions to piping questions which, during the
course of the hearings, were worked out between the Applicant and
StatT. In addition, we are adding the fol!cwing supplemental technical
specifications or conditions (to take effect if the plant were to be operat-
ed or construction resumed):

1. If further placement or replacement of underground Seismic
Category I piping were carried out, the Applicant must prepare
as-built pipe profiles to verify the post installation location of
the pipes (Finding 210).

2. Based on the acceptance criterion of not more than 3 inches of
additional settlement to occur at any pipe location, a technical
specification should include alert and action limits. The alert
limit shall require that, where settlement at any monitoring sta-
tion reaches or exceeds 75% of the 3-inch acceptance criterion,
the NRC Staff shall be notified (Findings 213,260).

3. All Seismic Category I underground piping is to be subject to a
seismic margin review (Findings 240,244,248,250,252).

c
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4. An adequate monitoring program for strain gages must be
instituted, extending throughout plant life and requiring repair
or replacement of the Nages, as necessary or appropriate
(Findings 257, 263). The Staff should determine the monitor-
ing frequency for thq period beyond the first 5 years of moni-
toring.

5. There must be a pipe monitoring schedule for the period be-
tween the commencement of monitoring and the commence-
ment of unit operation, at a frequency to be agreed upon by
the Applicant and Staff (Finding 263).

6. The Staff shall have the authority to impose additional
.

monitoring requirements to the extent necessitated by an ex-
tended period of time between the startup of Units 2 and I, re-
spectively (Finding 263).

7. There shall be annual rattlespace monitoring throughout plant
life, subject to modification after 5 years if requested by the
Applicant and approved by the Staff (under normal procedures
for technical specification changes) (Finding 264).

8. To the extent that excavation of 36-inch pipes were yet to take
place, the condition of the pipe wrappings should be checked
(Finding 271).*

9. If the galvanic protection system were to be shut down for an
extended period of time, and construction were later resumed,
the Staff should carefully consider whether further analysis of
corrosion of existing underground piping is required (Finding
281).

In sum, we conclude that the questions concerning underground
piping raised by Stamiris Contentions 4.A(4) and 4.C(f), and Warren.

Contention 3, have been satisfactorily addressed. Subject to the specifica-
tions or conditions to which the Staff and Applicant have agreed, supple-
mented by the further specilications or conditions set forth above, we
have reasonable assurance that, so long as corrective actions would be
carried out satisfactorily, the Seismic Category I piping would be able to
perform its intended functions and would not place undue risk on the
public health and safety. We further have reasonable assurance that pos-
tulated failures in Nonseismic Category I underground piping, were they
to occur, would not adversely affect nearby Seismic Category I structures
or piping.
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IX. ELECTRICAL DUCT BANKS AND CONDUITS
(Findings 293-305)

The design adequacy of electrical duct banks and conduits became an
isst!e in this proceeding because of uncertainties resulting from the pres-
ence of improperly compacted fill, as set forth in Stamiris Contention
4.C(f) and Warren Contention 3. All aspects of this issue were addressed
thoroughly by both CPC and Staff witnesses.

The CPC proposed findings on electrical duct banks and conduits pro-
vide a comprehensive analysis of the hearing record. We have used
these proposed findings as a basis for our own findings. Staff proposed
findings were in substantial agreement bat provided useful elaborations
and clarifications that we have incorporated in our findings. Ms. Stamitis
submitted no proposed findings concerning the design aspects of electri-
cal duct banks and conduits.

The hearing record summarized in our findings sets forth the accept-
ance criteria developed by the Applicant and the detailed analyses that
were made of surface loads, effects of construction, crossings of the

1 freeze wall, interfaces with the SWPS and DGB and possible seismic ef-
fects. Corrective actions in one area where requirements were not met

j
were developed. The Staff has expressed general agreement with these
corrective actions and the rest of the CPC testimony.

', The Board concludes that the concerns expressed in the contentions
regarding the electrical duct banks and conduits have been adequately
addressed. The Board also finds reasonable assurance that the duct
banks and conduits would be capable of performing their intended safety' '

function over the projected lifetime of the plant, subject to satisfactory
completion of remedial work north of the SWPS and the satisfactory out-
come of a seismic margin review (see infra Findings 301,302 and 305).

.

X. SLOPE STABILITY OF BAFFLE AND PERIMETER DIKES-
(Findings 306-318)

Stamiris Contention 4.B questions, inter alia, the slope stability of the
cooling pond dikes, on the ground that the dikes were built with the
same soils and procedures as was the soils foundation for the DGB. The
issue was addressed fully by both CPC and Staff witnesses. It involves a
safety concern of considerable importance because of possible advers'e

4

impacts on the emergency cooling water reservoir should dike stability
suffer from the presence of insufficiently compacted soils similar to
those present elsewhere on the Midland site. See irtfra Findings 306 309.

,
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In response to a series of questions posed by the Staff and its consul-*

tant, the Army Corps of Engineers, CPC conducted a thorough study,
including extensive borings by Woodward Cycle Consultants (at loca-
tions selected by the Corps of Engineers) and an analysis by Dr. Alfred
J. IIendron of the University of Illinois of the shear strength of the dike
materials. Based on the study and the analysis, the Staff concluded that

' the fill material placed in the bafile and perimeter dikes exceeds the
d. sign parameters and that the slopes of the dikes would remain stable
under static loading conditions (ida Findings 310 312).

Dr. llendron also analyzed dynamic conditions due to a rapid draw-
down of pond water level associated with possible dike failure. Even
using a very conservative method accepted by the Army Corps of Engi-

! neers, factors of safety of 1.34 for critical portions of the baffle dike and

i 1.50 for critical portions of the perimeter dike for such an event were
: obtained. The Staff agreed that this was adequate. Indeed, the Corps of

Engi1eers considered 1.0 as the minimum factor of safety for this case.
Seeida Findings 313 315.

The Army Corps of Engineers initially had concern, based on prelimi-
nary hydrologic information, that a probable maximum flood (Ph1F) .

''

could breach the perimeter dike and cause erosion damage. Ph1F ques-
tions are not related directly to the shear strengthind properties of dike
materials and hence were peripheral to the contention under review.
Nonetheless, these questions were extensively addressed on the record.
After further study, the Staff and the Corps are now satisfied that the
potential for dike overtopping during a PS1F is small and any overtop-
ping that might occur would not affect the safe operation of the plant.
To preclude possible dike damage by erosion, the Staff would require a
suitable dike inspection and maintenance program. See ida Finding'a

316. We concur in that requirement.
Dr. Ilendron also analyzed dike stability under seismic loadings, using

an approach that was accepted by the Staff. Based on conservative as-
sumptions, he obtained yield accelerations for the critical sections of the
dikes that were far larger than the 0.19g value which, in itself, was great-
er than that required at Slidland. lie also testified that soil liquefaction

. under the dikes will not be a problem. See ida Finding 317.
'

Based on the technical record summarized in our findings, we con-
clude that the dikes would be stable under all anticipated static and
dynamic loads. Thus, contrary to Stamiris Contention 4.B (with respect
to which his. Stamitis filed no proposed findings), we conclude that
there is reasonable assurance that critical slopes of the baffle and perime-
ter dikes are stable and would not adversely alTect safe operation of the
hiidland Plant, should it be linished and operated. This conclusion as-

109

.

!

, -r - , r-
-



- . . . . . _ _ _ - - . . - . _ . _ _ _ . . _ _ _ _ - .

i

sumes the applicability of the inspection and maintenance program pro-
posed by the Staff.

j XI. CONCLUSION

A. Technical Issues

in this Decision, we have reviewed only the programmatic rispects of
remedial soils measures or " fixes," to the extent we believe that the
record with respect to any particular remedial activity is adequate to war-
rant a ruling on that activity. In general, and subject to certain technical;

specifications or conditions and the resolution of certain unresolved

}
technical issues, we have found those programs which we have reviewed

.to be adequate. If construction were to be resumed under the outstand-
ing construction permits, those programs could continue to be undertak-
en, subject to the controls authorized by LBP 82 35 and the eventual

,

. resolution of the various QA/QC management attitude issues and the*

particular technical issues which remain unresolved. Verification efforts
relative to as built structures, along the lines of those which have been

4

required by the Staff, would also have to be carried out or completed.

j (We note that further construction may well be subject to additional con-
ditions imposed by the Staff.)

j
In reaching these conclusions, we have reviewed with great care the>

entire record of this proceeding dealing with the issues on which we are
ruling, including the proposed findings of fact and conclusions of law
submitted by CPC, Ms. Stamiris, and the NRC Staff. Our Opinion is

.

,

.

based upon, and incorporates, the Findings of Fact and Conclusions of
Law which follow. Any proposed findings or conclusions on remedial
soils issues submitted by the parties which are not incorporated directly
or inferentially in this Partial Initial Decision are rejected as being unsup-

:

-
portable in law or in fact or as being unnecessary to the rendering of our
Decision.>

| B. General Observations -

It is somewhat ironic that, for a project which apparently is being
halted for financial reasons, many of the extraordinary costs which have

;
attended this project since its inception and undoubtedly contributed to
its likely demise are costs which could easily have been - and should

.

' have been - asoided. As a Staff witness observed,,

;
,

i
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in 1975,1976.1977 in my best estimation, one 30-thousand-dollar a year geo-
technical engineer would have prevented each and esery one of the>e [scils settle-
ment) problems on site.

Tr. 2444 (Gallagher).
Nor would the employment of such a geotechnical engincer have

- been an unusual step to have been followed. In fact, CPC admitted that
it had made a commitment to NRC to have such an engineer on site at
all times when soils were being compacted. Stamiris Exh. 3, Attach. 7
(I&E Rept. 78 20), at 24 25; hiodi0 cation Order, Appendix, Allegation
2.b(2); and CPC's Answer to Notice of Hearing, dated April 16, 1980,
Appendix at 4, Allegation 2.b(2). Such a requirement was in effect
throughout the entire history of the project (Tr. 1834-35 (Gallagher)).
For that reason, we can only reasonably conclude that the soils problems
were to a signiGcant extent the product of QA/QC implementation defi-
ciencies for which both CPC and its contractor, Bechtel Corp., must
assume responsibility. The soils problems have been a prime ingredient
in the project's delay.

Although the soils problems were perhaps the most visible of the
QA/QC implementation problems which. have surfaced. we must ob-
serve that such implementation problems have been endemic to this'
project, arising even prior to the award of construction permits. See
ALAB-106,6 AEC 182 (1973). QA/QC implementation problems con-
tinued to surface prior to the time frame in which the soils problems
arose. See, e.g., ALAB-283, 2 NRC 11 (1975), clarified. ALAB-315, 3
NRC 101 (1976). Following the blodification Order, and despite exten-
sive corrective efforts, problems kept recurring. For example, when
CPC (through Bechtel) attempted to cure the lack of a geotechnical engi-
neer (mentioned above), it Orst hired a qualified engineer but thereafter
replaced him with an indisidual whom the Staffjudged to be unquali0ed
for his position. Gallagher, ff. Tr.1754, Attachment 4 (Appendix B,
Notice of Deviation; I&E Rept. 81-01, at 10); Tr.1834-37 (Gallagher);
Tr.1321,1325-26 (Keeley). Also, as pninted out in LBP-82 35, various

'

incidents such as improperly drilling into buried duct banks continued to
recur. And, in the words of the Staff, a "signincant breakdown" in
implementation of the QA program with respect to the DGB la:er sur-
faced, resulting in numerous nonconforming conditions (Keppler, ff. Tr.
15,113, at 4 and Attachments 3 and 4): Tr.15,13132 (Keppler)). See
supra p. 85. "[C]!early there has been a series of recurrences of quality
assurance lapses at the site which should not have taken place" (Tr.
15,116 (Keppler)).

,

.
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The controls imposed by LBP-82-35, together with the other extensive
review efforts upon which the Staff insisted, were intended to assure
that further soils-related construction activities would be carried out
satisfactorily. Although we are not now ruling on whether these meas-
urcs were successful, we do observe that, on the basis of recent 1&E in-
spection reports which have been transmitted to us and the parties,
covering periods prior to the shutdown of construction, there have ap-
peared to be fewer violations of regulatory requirements than in the
past. (Since the various reports are not part of the record, these observa-
tions should in no event be regarded as final.) We also must observe
that considerable hearing time was devoted to alleged violations of the
requirements imposed by LBP-82-35. Although we are not now resolv-
ing those issues, we note that, as a result ofits investigation, the $taff re-
quired CPC to have a third-party " management appraisal" (which, inso-
far as we are aware, has not been completed). 49 Fed. Reg. 2562 (Jan.
20, 1984). By copy of a letter from NRC (Region Ill) to CPC, dated
November 13, 1984, this Board and the parties were adsised that NRC
is requiring completion of this management appraisal as a predicate for
resumption of construction.

The various controls imposed on construction were designed to assure
the adequacy of construction but not necessarily to correct the root
causes of the QA/QC implementation deficiencies. Indeed, the Staff was
unable to discern exactly what those root causes were. Tr.15,122,
15,163,15,178,15,182,15,196 (Keppler). The QA/QC implementation
difficulties were often attributed by both the Staff and Applicant to a
lack of " attention to detail." Tr.15.125 (Kepple-); Tr.14,731 (Lands-
man); Tr.1199 (Keeley). Taking that into account, our own general ob-
servation would attribute the root cause of the difficulty to the general
managerial attitude of those in control of the project - an attitude
which failed to appreciate and stress the importance of taking all of the
steps necessary to build quality into the project. Although the latter goal
was often enunciated (see, e.g.. J. Cook, ff. Tr.1693, at 22), there ap-
peared to be a number of occasions when -steps necessary to achieve that
goal were bypassed or ignored (Tr.15.124 (Kcppler)).

That general attitude, in our view, contributed to CPC's attempt to
blame others for its own deficiencies. In that regard, we must express
our strong disagreement with (and disapproval of) the statements of
CPC management otTicials (in particular, Mr. Stephen H. Howell, a CPC
Executive Vice-President) made around 1980 to the press or Congress,
to the elTect thct, were it not for the activities ofIntervenors and/or the
NRC Staff, the facility would long ago have been built and operating. Tr.
1723-24 (J. Cook); Tr. 2859-60, 20,988-95, 21,076, 21.083 (Howell);
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Stamitis Exh.118; see also Tr. 15.135-38 (Keppler). Nir. Howell, who
had made the statement with respect to intersc.nors, admitted that he
had not examined, and did not know, how much time (if any) the con-
duct of hearings had delayed the plant (Tr. 21,092, 21,082). Indeed, Str.
Ilowell acknowledged that construction at 5fidland had not been halted
for even 1 day because of the Intervenors (Tr. 21,103). The basis for
the statement was a comparison between the licensing time for Afidland
and a statistical average of the times for five assertedly uncontested or
little-contested facilities initiated in about the same time period (Tr.
21.091, 21,146-47 (llowell)). The comparison had not taken into ac-
count the facts at issue in any of the licensing proceedings; Str. Howell
conceded, however, that none of the " comparable plants" had had prob-
lems during construction of the magnitude of the soils problems encoun-

. tered at Slidland (Tr. 21,117-19).
Were we to resolve the QA/QC management attitude issues of this

proceeding, we would regard CPC management's efforts to blame the In-
tersenors or the Staff for project delays as a reflection of poor managerial

; attitude. On the other hand, we view hlr. Ilowell's renunciation of fur-
ther attempts to blame others for CPC's shortcomings (Tr. 21,087,
21,146-47) as a positive indication. (We express no opinion here as to
what the efTect of these preliminary findings would be on an eventual

| evaluation of CPC's managerial attitude.)
'

For our part, we view the contribution of the Intervenors in this pro-
ceeding as positive - particularly that of his. Stamitis, who devoted the
greatest effort among the Intervenors to the resolution of the various
soils issues which we have thus far heard. (Ntost of his. Sinclair's many
contentions deal with other matters which for the most part have not yet
been litigated.) We reiterate that the QA/QC and management attitude
issues, including most of N!s. Stamitis' 051 contentions, as well as
issues raised by the Staf f through the Sloditication Order, were extreme-
ly important issues in terrns of the facility's licensability. Although we
are declining (for reasons previously outlined) to rule on those issues at
this time. we wish to commend both Nis. Stamitis and the NRC Staff for
their efforts to build an adequate record on these questions.

In that connection, we wish to note that, early in this proceeding,
CPC and the NRC Staff stipulated to the etTect that (18 prior to issuance
of the N1odification Order, there were significant QA deficiencies related
to soil construction activities under and around safety-related structures
and systems; (2) CPC agreed not to contest the StalTs conclusions that
the specified deficiencies constituted "a breakdown in quality assurance
with respect to soils placement" and an " adequate basis" for the Stodifi-
cation Order; but (3) the QA/QC program then being followed was ade-
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quate and NRC had " reasonable assurance" t' hat such program would be
" appropriately implemented with respect to future soils construction ac-
tivities including remedial actions taken as a result of inadequate soil'

placement." ApplStaff Exh.1,13; to the same effect, see Keppler, ff.
Tr.1864, at 8 9. his. Stamiris never joined in this stipulation; and, al-
though the Board accepted the first two items of the stipulati'on recited
above, we have never accepted the third item, except as a reflection of
the then-current views of the Applicant and' Staff (see Tt. 1172-75).

Through some superior efforts by NRC Staff inspectors (particularly
I&E Inspectors Eugene J. Gallagher, Ross B. Landsman, and Ronald N.
Gardner, and Resident inspector Ronald J. Cook), and through the
persistence of his. Stamitis, who made certain that these inspectors'
views were explored at the hearings, the record was developed to an

<

extent which necessitated our imposition 'of the interim conditions
spelled out in LBP-82-35 (see discussion, supra p. 35, and infra Find-t

ings 14-15). Thereafter, following its successful effort to reopen the
record,'the Staff modified its earlier opinion by conditioning its reasona-
ble assurance of the adequacy of QA/QC implementation upon CPC's
adherence to the conditions brought about by LBP-82-35, as well as
specified third-party overview efforts and _ enhanced Staff inspection

1 efforts. Keppler, ff. Tr.15.111, at 6; Keppler, ff Tr.15,114, at 6.* We
express no opinion'at this time whether we currently would have "rea-
sonable assurance" with respect to implementation of the QA/QC pro-
gram for construction, were the resumption of construction again to be
contemplated. But, whatever our conclusion, we believe that the plant,
if completed, likely would be measurably safer not only through the su-'

perior efforts of the Staff but also as a result of the persistence of Als.
Stamitis.

FINDINGS OF FACT AND CONCLUSIONS OF LAW

Findings of Fact

I. BACKGROUND, JURISDICTION AND PARTIES

1. This Partial Initial Decision treats certain issues in a consolidat-
ed proceeding-involving (1) the . application of Consumers Power
Company (CPC or Applicant) for licenses to operate the Slidland Plant,

# Both CPC and the stafr fasored the contmued atticabihtv of those conditions m their mou-recent
proposed rmdings. CPC second surplemental FoF. i 670; S RC Further supp. Fof. " I1.15-*1i

+
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Units 1 and 2 (OL proceeding), and (2) the Order under 10 C.F.R.
@ 2.204 for modification of licenses, dated December 6.1979 (Oh! pro- f
ceeding). '

2. The hiidland Plant consists of two pressurized water nuclear
reactors designed by Babcock & Wilcox Co. (B&W), located on the Ap-
plicant's site on the south shore of the Tittabawasee River in hiidland
County, hiichigan. The site is adjacent to the Dow Chemical Company's I

main industrial complex in the city of Slidland. 37 Fed. Reg. 28,312
(Dec. 22,1972). Each unit was designed to operate at a reactor core
power level of 2452 megawatts thermal. Unit 2 was scheduled as the
first to be completed. As a result of financial problems, CPC currently
has suspended construction of both Units and does not contemplate the i

'revival of construction in the near future. Nonetheless, CPC has stated
that, despite the project shutdown, it intends "for the time being, to
maintain the Construction Permits and Operating License applications

|

for both units" so as to " maintain its options." Letter, CPC to Flarold |
Denton, NRC, dated July 27,1984 (file 1300, serial 31636); letter, CPC |

to J.G. Keppler, NRC, dated July 27,1984, file 0.4.9, serial 31797; also
telephone communication to Board from CPC counsel, on July 17,
1984; and letter from CPC counsel to Board and parties dated September
10,1984.

| 3. The facility as designed was unique in that the heat generated
| was proposed to be used not only to produce electrical energy but also to
i produce steam for the nearby Dow plant. The facility's turbine genera-

tors were designed to produce 504 megawatts electrical (hlWe) fromi

'

Unit I and 852 51We from Unit 2. The remaining heat from Unit I was
| planned to produce 460 kg/s (approximately 3.6 x 10'lb/hr) at 1200 kPa
i gauge (175 psig) and 50 kg/s (approximately 0.4 x 10' lb/hr) at 4100
! kPa gauge (600 psig) of process steam for use at the Dow plant. The pro-

posed process steam system was to have been a tertiary system utilizing
hea.t extracted from the secondary steam system of the hfidland plant.
Staff Exh.14 (SER, y 1.2, at p.1-8). Ilowever, reflecting delays and cost
increases in the project, there developed a contractual dispute between
Dow and CPC, and ongoing litigation resulting therefrom, and Dow
gave up its plans to utilize the steam which Unit I was designed to
produce. Dow Chemical Co. v. Consumers Power Co., Circuit Court for
hiidland County, hiichigan, File No. 83-002232-CK-D, complaint initial-
ly filed July 14,1983. Construction of both units has now been suspend-
ed as a result of CPC's financial problems.

4. Constr'iction Permits CPPR-81 and CPPR-82, for Units 1 and
2, respectively, were issued by the Atomic Energy Commission on
December 15, 1972 (37 Fed. Reg. 28.312 (Dec. 22,1972)). The initial
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part of the application for operating licenses (OL) was Gled with the
NRC on August 31, 1977, and was formally docketed on November 18,
1977. S ER, 1,' at 1-1; Appendix A, at A-3; see also 43 Fed. Reg. 8870
(htarch 3,1978). On hiay 4,1978, following the filing by CPC and
docketing by NRC of the remainder of the OL application, the NRC pub-

._
lished a notice of the " Consideration of issuance of Facility Operating
Licenses; and Opportunity for Hearing." 43 Fed. Reg.19,304. This

. notice commenced the first of the proceedings under consideration here.
5. An Atomic Safety and Licensing Board was established to rule

on intervention petitions and thereafter to conduct the hearing. 43 Fed.
Reg. 25,748 Uune 14,1978); hiemorandum for the Record, dated
August 16, 1978. The OL Board has been reconstituted several times
throughout the proceeding, with the latest change being effective on
h1 arch 1,1982. 47 Fed. Reg. 9939 (hlarch 8,1982).

6. Timely intervention petitions were received from his h1ary P.
Sinclair, on behalf of the Saginaw Valley Nuclear Study Group (Sagi-
naw), and from the Attorney General of the State of hiichigan. Prior to
the first prehearing conference, a late-filed petition was received from
51r. Wendell H. Starshall, on behalf of the 51apleton Intervenors. We

' tentatively admitted N!s. Sinclair and Str. hlarshall as intervenors in
their personal capacities (subject to the acceptance of contentions) but
denied intervention to Saginaw and to the 51apleton Intervenors (al-
though permitting those groups to file additional information which
could qualify them to intervene). The Attorney General of the State of
Niichigan was admitted as an interested State, pursuant to 10 C.F.R.
s 2.715(c). hiemorandum and Order dated August 14,1978 (unpub-
lished); hiemorandum and Order dated October 12,1978 (unpub-
lished). A Notice of Hearing was publ;shed on October 18, 1978. 43
Fed Reg. 48,089.

~ 7. The special prehearing conference in the OL proceeding was
held en December 16, 1978. Following that conference, we accepted
several of $1s. Sinclair's OL contentions and reaffirmed our previous
tentativa admittance of N1s Sinclair as an intervening party. (his. Sinclair
did not continue to seek admission of the Saginaw group.) We also ac-
cepted one of Mr. Starshall's contentions and admitted him as an Inter-
venor, although we reaffirmed our earlier ruling denying intervention to
the blapleton Intervenors. Special Prehearing Conference Order, dated
February 23,1979 (unpublished). Subsequently, we accepted a late-filed
petition to' intervene in the nonsoik-related aspects of the OL proceeding
by his. Barbara Stamiris (a then-Interw.'or in the 051 proceeding). Pre-
hearing Conference Order, LBP-82-63, In NRC 571,585-93 (1982).

1
|
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8. In July 1978, during the placement of concrete on some of the
upper elevations of the diesel generator building (DGB), which was
then approximately half constructed, the construction survey crews
could not close a traverse in surveying (Tr. 2375 (Gallagher)). Upon fur-
ther investigation, the Applicant determined that the half-constructed
DGB had settled both differentially and excessively - indeed, to a great-
er extent than had been anticipated for the 40-year anticipated life of the
plant (Gallagher, ff. Tr.1754, Attachment 2). See supra p. 82. This ex-
cessive settlement of the DGB comprised the foundation for one of Ms.
Sinclair's OL contentions which we admitted in our February 23, 1979
Special Prehearing Conference Order - as well as for the only conten-
tion of Mr. Marshall, which we also admitted in that Order. See supra
Finding 7. This settlement of the DGB also formed the underlying
reason giving rise to the NRC Staff's " Order Modifying Construction
Permits," dated December 6,1979 (" Modification Order" or "OM")
(Stamiris Exh. 3, Attachment 15).

9. The Modification Order, issued by the NRC Staff through its
Oflices of Nuclear Reactor Regulation (NRR) and Inspection and En-
forcement (I&E), would have suspended all soils-related and remedial
work on the Midland facility until the related safety issues were t,: solved
and a construction permit amendment for the soils remedial work was
submitted by CPC and approved by the Staff. It provided that the Appli-
cant or any other person whose interest was affected could request a
hearing with respect to all or any part of the Order; and that, if a hearing
were requested, the Order would become effective "following the
hearing." On December 26, 1979, in accordance with Part V of the
Order, CPC stayed the effectiveness of the Modification Order by-
recuesting a hearing. A Notice of flearing for the OM proceeding was
published on March 20, 1980. In the, Notice, the NRC designated the .

same Licensing Board to conduct the OM llearing as was then designat-
ed for the OL proceeding. 45 Fed. Reg.18,214 (March 20,1980). This
Board, like the OL Board, has been reconstituted several times, most re-
cently on March 1,1982, with the membership for each of the tv,o
Boards remaining the same on each occasion. See 47 Fed. Reg. 9939
(March 8,1982).

10. Both the Modification Order and the Notice of flearing set
forth as issues for adjudication in the OM proceeding (1) whether the
facts set forth in Part 11 of the Order are correct, and (2) whether that
Order should be sustained. On April 26, 1980, CPC filed its answer to
the Notice of flearing, responding to the factual allegations set forth in
the Modification Order and presenting its position with respect to wheth-
er the Modification Order should be sustained.
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11. On April 30.1980, the NRC Staff Gled a "hlotion for Issuance
of Amended Notice of IIearing," which reflected that the earlier notice
of opportunity for hearing had never been published in the Federal
Register. In response to that motion, which was supported by CPC, we
published an " Amended Notice of Elearing" on hlay 28,1980, providing
notice of opportunity for interested persons to part c pate in the 'Oh!ii

proceeding. 45 Fed. Reg. 35,949. Numerous petitions for leave to inter-
vene were tiinely filed. On July 24, 1980, in our Niemorandum and
Order Ruling upon Standing to Intervene (unpublished), we determined
that nine petitioners had satis 6ed the " interest" and " aspect" require-
ments of 10 C.F.R. Q 2.714(a)(2). We provided for the later Gling of
Oh! contentions and deferred ruling on the letter-petition of Wendell11.
51arshall, representative o.f the hiapleton Intervenors.

12. At a special prehearing conference for the Oh! proceeding on
September 10,1980, we acwted certain contentions submitted, respec-
tively, by his. Barbara Stamiris and his. Sharon K. Warren and admitted
each as an Intervenor in the 051 proceeding (Tr. 398). Thereafter, in
our Prehearing Conference Order Ruling on Contentions and on Con-
solidation of Proceedings, dated October 24,1980 (unpublished), we

' ruled on other contentions of his. Stamiris and his. Warren, respective-
ly, accepting most of them (some in modined form). (Some of his. Sta-
miris' contentions were later amended through her Answer to Appli-
cant's Interrogatories, dated April 20,1981; and two of her contentions
were withdrawn by. letter dated June 1,1981.) We rejected Str. Starsh-
all's only ONI contention and hence denied intervention status in the
ONI proceeding to him as well as to the hiapleton Intervenors. We also

I denied intervention to the other petitioners. liowever, inasmuch as two
(similar) OL contentions - one sponsored by his. Sinclair and the other
by hir. blarshall - overlapped the scope of contentions properly litigable
in the 051 proceeding, we granted the Applicant's motion to consolidate
the Oh! proceeding with those issues relating to soil conditions and

-

plant Gil materials raised in' the OL proceeding. By virtue of that
consolidation, we permitted the Intervenors in the 051 and OL proceed-
ings, respectively, to participate in both proceedings (with Oh! Interve-
nors' rights in the OL proceeding limited to soll settlement questions).,

As noted earlier, his. Stamiris was subsequently admitted as an Interve-
nor in the nonsoils related aspects of the OL proceeding (see supra Find-

-
ing 7). We later accepted two additional 051 contentions of his. Stamir-
is, arising out of the litigation between Dow and CPC (see supra Finding
3). LBP-84 20,19 NRC 1285 (1984). his. Warren, the other 051 Inter-
venor, withdrew from the 051 proceeding effective February 16, 1981

4 ~

'
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(see Notice of Withdrawal, dated February 11, 1981), and she never
sought intervention status in the OL proceeding.45

13. Hearings on soils-related OM-OL issues commenced on July 7,
1981, and have been held during the weeks of July 7 and.13. August 4 -

and 10, October 13, and December I and 14, 1981; February 2 and 16,
August 12, November 15 and 22, and December 6,1982; and February
14, April 27, May 2, June 1,6 and 27, July 28. August 1, September 20,
October 31. November 7 and December 3,1983. (In addition, hearings.

on nonsoils-related OL issues were held during the weeks of March 8
and 28,1983.) All hearing sessions were held in Midland, Michigan,
except the hearing on December 3,1983. which was held in Bethesda,
Maryland. Limited appearance statements from members of the public

; were accepted at several hearing sessions.
14. Following the hearings in October 1981, we had proposed to

issue a Partial Initial Decision on soils-related quality assurance
(QA)/ management attitude issues, prior to the close of the record on
technical questions bearing upon the remedial corrective actions associat-
ed with the OM issues. Memorandum (Concerning Telephone Confer-
ence Call of September 25, 1981 and Applicant's Motion for Partial<

Decision), dated October 2, l_981 (unphblished). Parties submitted pro-.

posed findings of fact and conclusions of law on such QA/ma'nagement,

attitude issues.42. Subsequently, we reopened the record on related
_

QA/ management attitude issues; and, after the record was closed on
February 19, 1982, parties submitted supplemental proposed. findings
and conclusions.4) Thereafter, during the course of our preparation of a
decision on those issues, we determined it to be necessary to issue an
Order imposing interim conditions on further soils-related construction
activities, pending completion of our Partial Initial Decision. We issued,

that Order on April 30.1982. Memorandum and Order (Imposing Cer-
tain Interim Conditions Pending issuance of Partial Initial Decision),
LBP 82 35,15 NRC 1060.

15. LBP-82-35, supra, required the Applicant, hrter alia, to obtain
explicit prior approval from the NRC Staff (to the extent such approval

48 vi approvmg Ms. Warren's withdrawal, we asked the parties, in treatmg 'artous Ott issues to in.I

c!ude the substance of W. Warren's contemtons 4 =hgh was necessanly encompawed w.r*pn the broader
o%l issuest iTr. 906.0h, m warren presemed an oral limited appearance staiement on Lly 7.1981
(Tr.1026).
42 CPC Proposed Findmgs or Fact and Conclusions or Law IFoF), dated october 24. IMl; w ndelle

H. hlarshall FoF. dated Nosember 21. 1991; stamms Proposed Fof. dated December 11.191 (Tr.
,

5986); NRC starr FoF. dated December 30. 1981; CPC Responses to stamins FOF and su1T FOF,
each dated Apnl 26.1982.
43 CPC supplemental Prnrosed Fof, dated March 15.1982; intersenor's

(stammsl Proposed supplememal FoF. dated March 29.1982;-stair Prt>powd surptemen:at FoF.,

dated March 26,1982;cPC Roponses to stamins F0F and Statr FoF. each dated Apnl 26.1W2.

.
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had not already been obtained) before proceeding with further soils-
related construction activities (as defined therein). Because LBP-82-35
halted further soils-related construction activities in the absence of NRC--

Staff approval, the effect of issuing LBP-82 35 was generally to sustain,
pending issuance of our Partial Initial Decision on QA/ management atti-

j tude issues, the requirements of the Ntodi0 cation Order except the re-
quirement for submission and approval of amendments to the applica-
tions for construction permits, a procedural 3tep which in our opinione

'

was not necessary to attain the safety goals which we believed should be

achieved.''
16. The conditions imposed on the Applicant by LBP-82-35 were

,

4 motivated by QA (including quality control (QC)) considerations. They'

were intended to remain in effect for what we perceived as a relatively
short period prior to the issuance of a Partial Initial Decision on
QA/ management attitude issues, which'would have further reviewed
the continuing necessity for such conditions or possibly others. Shortly4

1'
after the issuance of LBP 82 35, however, events occurred which caused

i us ultimately to reopen the record on QA matters, at the Staft's request.
The reopening is reflected by our Niemorandum and Order dated July 7,

| 1982 (unpublished), in which we announced that we would defer the
. Partial Initial Decisi'on until we had heard additional testimony on speci-.

*'

fled issues. The record was not thereafter closed until December 3 1983-

(Tr. 22,691) and proposed findings were subsequently submitted.*5 WeL
are not resolving the QA/ management attitude iss'ues in this Decision;

i
and, to the extent that further soils-related construction activities were'

to be undertaken, the interim conditions which we impos'ed through!

LBP-82-35 remain in effect.
.

17. Subsequent to LBP-82-3'5, wpra, we concluded hearings on
~

various technical issues associated with remedial soils activities, and pro-
posed findings were submitted by the Applicant Nis.' Stamitis, and the
NRC Staff." Renecting the probable lack of continuing materiality of
the QA/ management attitude issues in light of the shutdown of construc-

~

tion on the facility, but similarly reflecting the potential relevance of
various programmatic technical findings should facility construction

!.

Although LBP-82 35 wt forth that it was an appealable order, nedher the Appi. cant nor statT Gied44

any appeal Ms stamins filed what rurported ta be an appeal. But the Appeat Board construed the ritmg
as a complaint ag. inst the SRC statrs somphance with and impiementation.or oter order. rather than
the order itself. The Appeal Board dr3 missed Mt 5tamins' appeal witnout prejushce to her right to gire.

.

sent the same arguments in us. in the first mstance. ALAB+84 le NRC 162 (1982).~

45 CPC Propowd second supplemen:al ror en Q \ luues. dated January 27.1964; stamiris'second'
supplemental FoF on QA and Management Attitude issues dated stay it.1984. NRC staff Further

,

supplemental FoF Concernmg Q A dated May 25,19tl4; CPG Rept es to Ms. Stamins' and the staffs

f
FoF, each dated June 22.19114
** Set supra note 3

!
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again be resumed., we have determined to issue this Partial Initial Deci-
sion on a number of the technical issues associated with remedial soils
activities and encompassed by the foregoing proposed findings. For rea-
sons described in the Opinion section of this Partial Initial Decision
(supra p. 38), however, we are not at this time ruling on technical ques-
tions associated with the DGB and with difTerential settlement of the
control tower relative to the main structure of the auxiliary building.
Nor, for reasons set forth supra p. 38, are we ruling on certain questions
bearing upon (1) the adequacy of soil spring constants, and (2) liquefac-
tion and soils stability relative to the diesel fuel oil tanks. We are here
covering various seismic matters (including general seismic standards ap-
plicable to the Midland site, standards for the proposed seismic margin
review (other than certain aspects of soil spring constants), soil liquefac-
tion (except with respect to the diesel fuel oil tanks), and the etTect of
dewaterir.g), the structural adequacy of the auxiliary building (except
with respect to the differential settlement matters mentioned above),
and various issues related to the service water pump structure (SWPS),
borated water storage tanks (BWSTs), the diesel fuel oil tanks (euept
as indicated above), underground piping, electrical duct banks and
conduits, and the baffle and perimeter dikes adjacent to the cooling
pond.

18. Some of the remedial soils activities discussed in this Decision
were commenced prior to the close of the record in these proceedings.
With limited exceptions (see, e.g.. Tr. 7788a and Tr. 779d), they were
subject to the controls imposed by our April 30, 1982 Order (LBP-
82-35) or, for certain earlier activities, the voluntary but somewhat nar-
rower commitment of the Applicant in February 1980 not to proceed
with further soils remedial actions without NRC Staff review and concur-
rence. One such earlier approved activity was the underpinning of the
auxiliary building and feedwater isolation valve pits. The NRC StalTcon-
curred with the construction of access shafts and a freezewall in prepara-
tion for this underpinning on November 24,1981 (Staff Exh. Sh for acti-
vation of the freezewall on February 18,1982 (Tr. 783Sh and by letter
dated December 9,1982, from NRC Region 111 to CPC, the Staff author-
ized the commencement on a step-by step basis of the actual underpin-
ning under the turbine building (Tr.11,007). Other soils aetisities were
also authorized. During these hearings. we heard testimony from Sarious
witnesses on the progress of this work and on various events which have

'

occurred during the course of construction, including actual or potentul
items of noncompliance. With the ebutdn=n 9f cc:.:tr=i;on of the
facility, we do not at this time plan a thorough evaluation of the Appli-
cant's construction performance. but here we will occasionally rely on
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certain data generated by such construction activities, as reflected by the
record before us. In this Decision, we are not taking into account the
fact that construction of particular structures has commenced (or even
been completed) in evaluating the technical adequacy of the Applicant's
soils remedial measures.

II. SEISMIC MATTERS

A. Introduction
:

19. The construction permits for the Midland plant were issued in

i
1972 (see supra Finding 4), after publication of the proposed Appendix

; A to 10 C.F.R. Part 100, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants," but before its issuance and promulgation as a

,

!
final rule, effective December 13, 1973. 36 Fed. Reg. 22,601 (Nov. 25,

! 1971);38 Fed. Reg. 31,279 (Nov.13,1973); 10 C.F.R. Part 100, Appen-
dix A. The Commission (AEC) set forth its expectation that, prior to

.

their elTective date, the proposed rules be used as guidance. 36 Fed.
Reg. 22,601.

20. Appendix A Part 100, -

describes the nature ofinvestigations ! currently) required to obtain the geologic and
seismic data necessary to determine site suitability and to provide reasonable assur,-'

ance that a nuclear power plant can be constructed and operated at a proposed site
without undue risk to the health and safety of the public. It describes procedures for
determining the quantitative vibratory ground motion design basis at a site due to

|' earthquakes . .

'

10 C.F.R. j 100.10(c)(1).
21. The Design Basis Earthquake (DBE) approved for the Midland

site at the CP stage was based on . Modified Mercalli. Intensity (MMI)
3' of VI, the size of the largest earthquake within about 150 miles of the .

plant site. Staff Safety Evaluation ("SER"), CP stage, dated November
12,1970, at 13,114,116. The DBE was not associated with any tectonic .
province, since the StalTs CP review, which formed the basis for the CP
authorization, predated both the issuance of the proposed rule and the
effective date of the final 10 C.F.R. Part 100, Appendix. A, which re-
quired a tectonic province determination. (Insofar as the formulation of
a tectonic province'was involved, the proposed Appendix A does not
appear to have been used as guidance in any portion of the CP review or
proceedings. See supra note 6.) Th'e ground motions associated with the
DBE were represented by a modified flousner design response spectrum
anchored at 0.12g (where g = acceleration due to gravity at the earth's
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surface). The flousner spectrum was modified by increasing its levels of
response motions by an additional 50% in the frequency range between
about 1.6 lfz and 5 llz (or 0.6- and 0.2-seconds-period range). CP
"SER" at 13: Thiruvengadam Affidavit *' at 2; Kimball, ff. Tr. 4539, at
2; Tr. 6041,6087 (Kennedy).

22. Following issuance of 10 C.F.R. Part 100, Appendix A, and
during the OL review, the StafT had two concerns about the DBE accept-
ed during the CP review. First, the Staff had come to accept the "Cen-
tral Stable Region" as a tectonic province which would include the N1id-
land site, and which has a controlling earthquake similar 'to the Anna,
Ohio earthquake of hlarch 9,1937 ofintensity N1511 = Vil-VIII (and a
magnitude of m i = 5.3). Second, the Staff was concerned about theb

- use of a modified'Housner response spectrum anchored at 0.12g to rep-
resent the maximum vibratory ground motion for design purposes. The
StalT, in fact, determined that the design response spectrum as used was
no longer a conservative representation of the ground motion. SER,
{ 2.5.2.1, at p. 2-34; Kimball, ff. Tr. 4690, at 2,4-5.

23. From investigations assertedly performed pursuant to 10 C.F.R.
Part 100, Appendix A, the Applicant in 1977 proposed an SSE (as well
as an operating basis earthquake (OBE)) based upon designation of the
N!ichigan Basin as a tectonic prosince separated out of the larger Central
Stable Region. Thiruvengadam Affidavit at 3; see also FSAR, j 2.5.2.3
(not part of the evidentiary record of this proceeding). (The OBE has
not been at issue in these proceedings, and we make no findings con-
cerning its adequacy.) For an SSE, the Applicant proposed an intensity
of NINil = VI, representing the intensity of the controlling earthquake
in the N1ichigan Basin, derived from the largest historically recorded
earthquake therein. The Applicant further proposed that the SSE ground
motions be represented by modified flousner response spectra anchored
at 0.12g. These characteristics of the SSE proposed in the current version
of the FSAR are identical to those of the DBE determined at the CP
stage, and are at issue in these proceedings. Thus the term "FSAR spec-
tra" (or spectrum) as used to this point in time, should be read as
equivalent to the DBE spectra. fiolt Exh.10," at 2; CP "SER" at 12-13,
116,124

24. If the OL application were to be pursued, the FSAR would
need to be revised to reflect'the SSE and its ground motion characteris-
tics, as determined by the outcome of these proceedir.gs, for purposes of

'IAffidant of Thiru Thirusengadam, dated N! arch 6.1981. submitted utn Applwant's Monon to
Defer Consideration of seismw twues l'ntil the Operating Lwensirig Proceed'ng. dated March 18.1981
(we mera p. 4k hercar'er -Thirusengadam AffidautJ'
4 See wpra r.ote 8.
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design of the remedial structures and reevaluation of the seismic resist-
ance of existing structures. As set forth inpa Findings 27,31 and 79,
the Applicant was using (or was to use) a site-specific response spectra
(SSRS) approach for these purposes, and we have found use of that ap-
proach to be reasonable and conservative. Thus, the DBE spectra served
as the seismic design basis for the original safety-related structures, sys-
tems and components, but an SSE with SSRS ground motion characteris-
tics would be considered as the seismic' design basis in the final design
analyses.

25. The Staff did not accept the proposed delineation of the hiichi-
gan Basin as a tectonic province and continued to be concerned about
the adequacy of the DBE ground motion representations accepted at the
CP stage. Tr. 867-68 (Hood); Holt Exh. 3; Thiruvengadam Affidavit at
3; SER, s 2.5.2.1, at p. 2-34, f 2.5.2.3, at p. 2-37.

26. While the December 9,1979 Niodification Order did not specifi,-
cally address seismic issues, one of its major concerns was "the unre-
solved safety issue concerning the adequacy of the remedial action to
correct the deficiencies in the soil construction under and around safety-
related structures and systems . '' (Niodification Order at 4). Seismic
design bases for the underpinning work clearly would have been includ-
ed under the required acceptance criteria necessary for the Staff to eval-
uate the technical adequacy and proper implementation of the proposed
remedial actions (id. at 3). -

- 27. The Staft's recommendations of two acceptable methods to be
used in resolving the OL concerns about the SSE and seismic design
bases for the remedial actions (Findings 22, 25, 26, supra) were trans-
mitted to the Applicant in a letter (Tedesco to Cook October 14, 1980,
Holt Exh. 3 ("Tedesco letter")). Both alternatives were based on an
SSE for the Slidland site similar to the Anna, Ohio earthquake of Starch
9,1937, which is the largest historically reported earthquake in the Cen-
tral Stable Region tectonic province. The first approach would have pre-
scribed use of the standardi:ed response spectra of Regulatory Guide
1.60" anchored at 0.19g, consistent with an intensity hihil = Vll-Vill
earthquake. The other acceptable approach, which had been discussed
with 'he Applicant as early as July 1979 (Thiruvengadam Affidavit at 3),

" Both the sulT 4:a.1 Appucant often refer to the Regulatory Guide L60 spectra as site-mdependem "
as if implying that the only distinction between them and site. specific response spectra as found in site
conditions. They are rnore appropriately described as standardced response spectra. and are also magm-
tude-independent, epicentral-distance independent. and source-characteristic. independent. Their con.
struction also insobed normahration of all consutuent earthquake records within the ensemble used to
a strndard value (1.0gt. sutT Brief at LO-il. Holt. ti. Tr. 4539, at 5-6. Tr. 4585 86 (Holth Kimball. fr..

rr 4690, at 8 9. It is the Board's understanding that the Housner spectrum is another, but generally
lower, standardized response spectrum. See Figure 2. pera p. 66
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would have been to develop site-specife spectra by enveloping the 84th
percentile spectral level of an ensemble of response spectra which were
derived from actual, site-and-magnitude-matched accelerograms record-
ed at epicentral distances of 25 km or less. Site matching would be
achieved through close similarity of materials properties beneath acceler-
ograph station sites to materials properties beneath the hiidland site.
hiagnitude matching was specified as equivalent to mg (central U.S.)
= 5.3 0.5. Both approaches are discussed in the Standard Review
Plan, il 2.5.2 and 3.7.1. Kimball, ff. Tr. 4690, at 5-6, as corrected at Tr.
4686; Holt Exh. 3.

28. A category of application of the "new" SSE would have been to
the reevaluation of the seismic resistance of already-built structures,
which are founded on plant fill and which were to be supported by the
remedial work. This category needs to be distinguished because the con-
struction of new foundations (underpinning) beneath till-supported
structures may alter seismic response of those structures to vibratory
input motions. (The category results from a combination of the two
other applications, i.e., reevaluation of already-built structures, compo!
nents and systems using current seismic standards, and design of reme-
dial structures or parts of structures, also to current seismic standards.)
Thiruvengadam Affidavit at 7; Tr. 846,857-59 (Statement of 51. Niiller,
Applicant's counsel).

29. The main safety-related structures at the Niidland facility are:
(a) containment buildings (founded on natural soils);
(b) auxiliary building:

main structure (located between containment buildings,
founded on natural soils); railroad bay (located at north
end, founded on plant fill); control tower (located at
south end, founded on plant fill); electrical penetration
areas (EPAs) (extend east and west from control tower,
founded on plant fill);

(c) feedwater isolation valve pits (FIVPs) (structurally isolated,
located adjacent to EPAs and contamment buildings, founded
on plant fill);

(d) service water pump structure (SWPS) (southern part founded
on natural soils, northern overhang founded on soil fill);

(e) diesel generator buildmg (DGB) (founded on plant lill);
(0 diesel fuel oil tanks (founded on plant fill);
(g) borated water storage tanks (BWSTs) (founded on plant fill).

Foundation underpinning structures were required to be constructed
beneath the control tower and EPAs of the auxiliary building and the
overhanging portion of the SWPS; and plant fill beneath the FIVPs was
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I to have been replaced with concrete and compacted granular fill. New
ring foundations, structurally attached to the old and to the integral
valve pits, were required to be constructed for the BWSTs and tank I
was to be relevelled. Surcharging with sand fill was employed by the Ap-
plicant to compact plant fill beneath the DGB, as well as beneath the
valve-pit projections of the BWSTs which caused foundation damage

~ from differential settlement during a preload test. Permanent dewatering
,

of the plant fill was required beneath the railroad bay and the DGB,-as
well as in the area of a portion of the service water piping, to reduce the
potential for| liquefaction of the granular foundation soils under SSE
loading conditions. SSER # 2, f 2.5.4.1.2, Tables 2.2 and 2.3,
y 2.5.4.4.3, at p. 2-34, y 2.5.4.5.5, at 2 43, 2-44.

30. ' For the reasons set forth in the Opinion section of this Decision
(supra p. 43),'we are here making findings with respect to seismic
criteria, including determination of the SSE, ground motions and asso-

,

ciated response spectra, and the analysis model for each structure as
modilled by 'the. remedial actions. We are not making findings at this
time on whether the safety-related structures as buiit (i:icluding those

~

-

with and those without modifications necessitated by the soils remedial
actions) conform to the newly determined seismic criteria.

,

31. The Applicant used the SSRS approach offered in the Tedesco'

letter as an alternative for characterizing the SSE ground motions but
,

without conceding that the seismic design basis of the Midland plant ap-
,

| proved at the. construction permit stage is inappropriate or that the
Michigan Basin is not a separate tectonic province. Thiruvengadam Af-
lidavit at 4.

32. Departures from the SSRS approach offered in ~ the Tedesco
letter that were used, or proposed by the Applicant, in addition to what

,

] tectonic province should be used, are the subject of lates findings,
below. These include such issues as the range of earthquake magnitudes
to be employed and the appropriate statistical spectral level to represent
the SSRS-derived maximum ground motions, as well as the magnitude'

,

of the controlling earthquake in the Central Stable Region tectonic
province.

33. Because of the lack of agreement at the time between the Appli-
cant and Staff on a seismic design criterion, the Applicant incorporated a
" reasonable margin" over the FSAR SSE (DBE) seismic criteria for
design of the remedial " fixes" (Thiruvengadam Affidavit at 6-7).' This
" margin" was established as -1.5 times the "FSAR design spectra,",

which was found generally to envelop the SSRS being proposed and
committed to by the- Applicant for reevaluation of existing structures as<
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part of the seismic margin review, as well as for design of the remedial
*

" fixes." Tr. 5997-98 (Kennedy).
34. Because the SSRS approach proposed in the Tedesco letter ap.'

peared to be a probabilistic methodology (at least in part), the Board'

directed the Applicant and Staff (and permitted other parties) to file trial
briefs discussing the compatibility of the approach with 10 C.F.R. Part

,

: 100, Appendix A, should the Applicant elect to use this approach.-The
Applicant and StalT responded. For reasons expressed in the Opinion sec-
tion of this Decision (supra pp. 46-50), we find that the methodology
used by the Applicant and the NRC StalTin developing the SSRS for the
Midland site is compatible with 10 C.F.R. Part 100, Appendix A.

35. General elements of investigation for determining the SSE and
1

i . its representative ground motions, in situations where no capable faults
(or similar tectonic structures with which historical earthquake activity

; can be reasonably correlated) exist within the vicinity of the site, are (1)
determination of the tectonic province in which the site is located. (2)

1

determination of the size and ground motions of the controlling earth-r

quake within that tectonic province, (3). determination of the size and
ground motions, at the plant site, of earthquakes associated with distant
tectonic structures and those associated with adjacent tectonic prov-
inces, and (4) definition of the response spectra corresponding to the
maximum vibratory ground accelerations at the various foundation
levels of safety-related structures on the plant site.10 C.F.R.-Part 100,-

} Appendix A.
36. The. Applicant determined, and the Staff agreed, that, on the

basis of extensive investigations by the Applicant, no capable faults, or
.

similar tectonic structures with which earthquake activity can be reasona-
' bly correlated, exist in the vicinity of the site that would generate earth-
i quakes whose motions would control seismic design of the Midland
,

plant. IIolt, ff. Tr. 4539, at 7: Tr. 4571-72c 4611-14,4660-61 (Holt); Tr.
'

4729 (Kimball); SER, j 2.5.3, at 2-41 to 2-44.

{ B. Tectonic Province and Controlling Earthquake (SSE)-

37. The Applicant maimained that the Michigan Basin met the re-
quirements in Appendix A to Part 100 for definition as a tectonic prov-
ince It is a very targe tectdnic structure or~ unit" itself (Ilott, ff. Tr.

! 4539, at i1*; Tr. 4614 (flott); also see Kimball, ff. Tr. 4690, at 3),' dis-
i

50Mr Holt m his prepared terumony (fr Tr. 4539, at ID incorrectly desenbed the Michigan Basin as
bems "nearly 200 miles in diameter? It is readily apparent on Holt Exhibit 9 and m his oral tesumony

,

(Tr. 4575 76. 4$78) th.at he meant "nearly 200 miles m radius' or "nearly 400 miles in diameter? Src ,

dise Siffd figure t.

a
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linguishable from the tectonic arches around its southern perimeter on
the bases of structural relief, parallel and cross structures on the arches
and seismicity ditTerences (flott Exh.10; Holt, ff. Tr. 4539, at 11-12; Tr.
4562, 4577 (Holt)). It has a relative consistency of tectonic features
within it, namely the northwest-southeast trending anticlines, mono-
clines, and possible related faults, known mainly in the deep subsurface
from^ petroleum exploration in the State. The controlling earthquake, de-
rived from two historical events in the southern part of the basin, would
have an intensity Nihil = VI or magnitude mbig = 4.5. Tr. 4598,4601
(flolt); see also FSAR f 2.5.2.3 (not introduced into evidence).

38. As a result ofits evaluation of relative seismic hazard analyses
performed by the Applicant, the Staff withdrew from that part ofits posi-
tion expressed in the Tedesco letter that the Central Stable Region, with
a controlling earthquake of intensity 51511 = VII-VIII (or rnagnitude
mg = 5.3), was the appropriate tectonic provi.tce for evaluating the
seismic hazards of the Slidland site. This change in position apparently
came late in the preparation of the Staff's testimony. The Staff, howev-
er, still did not agree that the Niichigan Basin, as proposed by the
Applicant, was the appropriate tectonic province, but would extend it
westward to include Niichigan's Upper Peninsula, the northern part of
Wisconsin, most of Niinnesota, and maybe parts of North Dakota and
southern Canada. The Staffs proposed tectonic province would include,
as well, all of the Niichigan Basin province proposed by the Applicant
except for a small corner in southeastern hiichigan. (This possible exclu-
sion apparently was based on the north trending zone of small earth-
quakes and cross structures on the flank of the Findlay Arch that can be
seen on Staff Exhibit 5 to extend toward the Niichigan Basin from the
vicinity of the Anna, Ohio earthquake zone. Tr. 4837 (Kimball) referring
back to Tr. 4577-80 (flolt)). The effect of extending the tectonic prov-
ince boundary to Niinnesota would be to include a magnitude 5.0 earth-
quake which occurred there in 1860, and which would represent the con-
trolling earthquake for the prosince.3' The corresponding intensity of
the controlling earthquake would be Nthil = VI-VII, or VII, based on
that event. Although the intensity of one or more earthquakes in the
Keweenw Peninsula of northern Michigar may hase exceeded SIh11 =
Vil, the Staffs expert, Str. Jeffrey K. Kimball, explained that the events
there had anomalously high intensities because of their shallow depths
of occurrence. Kimball, ff. Tr. 4690, at 2-5,11, 20-23: Tr. 4697-98,
4713-14,4769-83,4737,4794,4837 (Kimball); Tr. 4602 (Holt).

fl TN surf also ated the occurrese of a rnagn tude 4 A earthquake inat occurred irt sinnesota m
IC5 8 KsmMI. Il Tr. 4e+J. at 21)
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39. The Applicant's witness, Nir. Richard J. Holt, was not aware of
the change in the Staff's position when he prepared his written testimony
prior to the hearings on October 13,1981, judging from the content of
that testimony and oral testimony at the hearing. During cross-examina-
tion by Staff counsel, Sir. Holt testined that, after reading the prepared
testimony of the NRC witness, Nir. Kimball, he agreed with the use of
seismicity as a tool (that the Staff had used in extending the province
boundary westward) and he agreed that there have been no historic
earthquakes of a magnitude greater than 5.0 in the area of the westward
extension proposed by the Staff. While not speciGeally abandoning his
proposed (51ichigan Basin) tectonic province for the hiidland site, 51r.
Holt agreed that the choice of a magnitude 5.0, while "quite conserva-
tive," would be appropriate in this case and would correspond to the lar-
gest historical earthquake which should be associated with the seismo-
tectonic province in which the Niidland site resides. Ilolt, ff. Tr. 4539, at
.11,19-20; Tr. 4540-41,4567-70,4596-97,4602-03 (flolt).

40. Two maps introduced by the Applicant showed somewhat dif-
ferent boundaries for the proposed Niichigan Basin tectome province,
but the amount of disparity between the two representations appears to
fall within the degree of acceptable uncertainty or " fuzziness" ascribed
to those boundaries. Holt Exh. 9 and Exh.10, Figure 5 Tr. 4561-65,
4576-80, 4597 (Holt); Tr. 4770, 4779, 4783-84 (Kimball). The larger-

representation on Holt Exhibit 9 apparently was the one intended by the
Applicant to be used. Tr. 4781 (representation by N1r. P.A. Steptoe, Ap-
plicant's counsel). The Staff did not introduce map representations of
the boundaries of its proposed tectonic province, or give it a name other
than "the upper Slidwestern U.S." iTr. 4745, 4783, 4786, 4794 (Kim.
ball)),

41, By reducing the Applicant's two cited map portrayals to a
common scale and overlaymg them, the Board has prosided a single
map here for convenience to show the proposed tectonic . province
boundaries, major tectonic structures, seismic source zones. and Central
Stable Region sites used in the relative seismic hazard studies. Figure 1,
supra p. 56. To this map the Board has added the delineation of what we
understand from the verbal descriptions to be the boundaries of the
Staft's proposed westward extension of the tectonic province and the
area in southeastern N1ichigan that we would exclude based on the
Staff's resersations about its inclusion. For ease in locating the places
discussed iri the testimony, we have also added a few place names men-
tioned therein. Tr. 4745-46, 4783, 4837 (referring back to Tr. 4577-S0
(Holt)) (Kimball).
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' 42. Both the Applicant and Staff argued (the Applicant more
strongly) that the Central Stable Region could, or should, be
subdivided. Both pointed out that it was based on the " veneer" of sedi-
mentary rocks 52 deposited over the area about 200-600 million years ago
and that it does not represent a region of uniform seismicity, in that the
larger earthquakes (magnitude == 5.1-5.3) have occurred in isolated re-
gions which generally show more frequent small earthquakes than other
parts of the region. The Applicant's witness believed those larger earth-
quakes were generally associated with tectonic structures. Holt, ff. Tr.
4539, at 12-13; Tr. 4555-58,4561-67,4572,4601,4644 47 Ulolt); Holt
Exh.10, Figs. 5-6; Kimball, ff. Tr. 4690, at 3-4, Figs. 4-5; Tr. 4717,
4744 (Kimball). The Board notes that these isolated areas of correlative,
but not definitely associated structures and magnitude 5.1-5.3 earth-
quakes arguably could be cited as evidence of the relative consistency of
geological structural features needed to characterize a tectonic province,
even though they are widely separated.

43. While the Applicant provided geologic and tectonicjustifications
for its proposed tectonic province to demonstrate its compatibility with
the requirements of Appendix A to Part 100 (Firidings 37,39, supra).
the Staff relied upon its evaluation of the Applicant's probabilistic seis-
mic hazard studies, almost exclusively', to justify its definition of the
larger tectonic province. While the Staffs witness indicated that factors*

other than seismicity should be used in such definitions, e.g., tectonic
flux measurements, past strain releases, tectonic structural fabric such
as amount of folding or faulting, and consistency of structure and geolog-
ic features, he gave no indication that the Staff had, indeed, examined
any of those characteristics," only that nothing in the geology "llagged"
the region as requiring a larger controlling earthquake than the maxi-
mum historic event within it. Furthermore, the StalT has not fully deter-
mined what the boundaries for its proposed tectonic province would be.
Kimball, ff. Tr. 4539, at 4,16-21; Tr. 4697-98,4713-14, 4745,4769-71,
4779-8l',4783,4786,4826-30 (Kimball); StalT Brief at 7.

44. For reasons stated earlier (supra p. 58), we reject the siew that
the agreement between the Applicant and StalT on the appropriate SSE
and the representation ofits ground motions by the SSRS permits us not
to define the proper tectonic province in which the .\lidland site resides.
We view the agreement between the Staffs and Applicant's positions as
being material to determination of the SSE and acceptance of the SSRS

$2 ee note 57. mpa p. IRS
53 Thew charastenstics are paraphrased rrom ( 212 of the Standard Reuen Pan e NL' REG.0800s.

whwh is quoted in the stafr Snef f at h as proudmg cntena ter aceptance ef a pnmowd new tectonic
prounce.
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rather than to definition of the tectonic province, a point on which they
disagreed.

45. The Staff based its almost exclusive reliance on historic seis-
micity for proposing a new tectonic province on a theory with which the
Applicant agreed. That theory held that past earthquake occurrence, or
historic seismicity, provides one of the most, or the most, accurate
means available for inferring geologic mechanisms causing earthquakes
at depths in the earth's crust where earthquakes occur. The next step in
the Staff's logic was to equate tectonic (or seismotectonic) provinces
with seismic source zones. Kimball, IT. Tr. 4690, at 4, 20; Tr. 4697-98,
4713-14,4745,4747-50,4830 (Kimball); Tr. 4559-61,4567-68 (Holt).

46. The Board finds that reliance upon historic seismicity as a tool
to help establish, or to verify a tectonic province and the size ofits con-
trolling earthquake, is egnsistent with both Staff practice and Appendix
A to Part 100." in practice the Staff has relied upon seismicity, at least
in part, to subdivide the Central Stable Region farther south into eastern
and western parts each with a different level of seismic hazard. Tr. 4807,

483132 (Kimball). tWe assume that the Staff there considered the
other characteristics specified.in the Standard Review Plan (Finding 43,
including note 53, supra) as criteria when making that subdivision.)

47. Reliance upon seismicity to help establish a tectonic province is
also consistent with precedent established in the Seabrook proceeding.
In Seabrook, a postulated seismic source zone (the " Boston-Ottawa
belt" or trend) was divided into two parts, each with a difTerent level of
seismic hazard, but separated by a large tectonic feature (the Green
Mountain Anticlinorium) which has been essentially aseismic in historic
times, and where "as one moves away from the anticlinorium into
either of the two adjacent zones, seismic activity begins to increase." It
was not just the aseismic gap, but the correlation of differences in histor-
ic seismicity with a tectonic feature that formed the- basis for the
subdivision. Public Service Co. of New Hampshire (Seabrook Station,
Units I and 2), ALAB-422,6 NRC 33,61 (1977).

48. This Board finds that the Staff's own past practice, Appendix A
to Part 100, and the teaching of ALAB-422 do not support the defini-
tion, or subdivision, of a tectonic province solely on the basis of historic
seismicity, even if that seismicity is viewed as somehow indicative of

M Appenda A. 4 V(4) of Part 100 requires that -liihe design basis for the masinium sibrat<>ry
. should be determined through esaluation of the scismology, geology. and the seismicground motion .

and geologic history of the site and the surrounding region sosmicity studies. whether proeabihstic or
deterministic in nature, are clearly part of the etaluation of the seismic history of the ute and surround-
ing region.
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otherwise poorly known tectonic conditions.55 To support that theory,
- much more information about what the earthquakes reveal about tecton-

ic conditions would be needed, other than just earthquake location, fre-
quency of occurrence, and size. The Board was not convinced by the
Staffs arguments and the Applicant's support of those arguments that
occurrence of historic earthquakes, alone, can provide enough informa-
tion on subsurface geologic or tectonic conditions to permit definition of
a tectonic province based on that premise.5.

49. An example of apparently inconsistent tectonic onditions
within the Staffs proposed tectonic province is revealed by Staff Exhibit1

5, On that map, northeast-trending tectonic structures prominently,

2 appear in the area of the Keweenaw Peninsula where the anomalously
shallow historic earthquakes occurred, as well as in central hiinnesota in
the general region where we assume that the Staffs proposed controlling

j earthquake occurred. The northeast trend of tectonic structures in these
two areas is orthogonal to the predominantly northwest trend of tectonic
structures in the Stichigan Basin that were cited by the Applicant as evi-
dence of consistency of tectonic structure in its proposed province (see
supra Finding 37). The Staff did not address this apparent tectonic in-.

consistency within its tectonic province that contains both sets of dif-
,

ferently oriented tectonic structures, one set of which occurs in a region'

(the Keweenaw area) with anomalous historic earthquakes. In light of
the definition of a tectonic province set forth in Appendix A to Part 100,
we believe the Staff should have done so, especially since an uncited
Staff discussion in the SER (( 2.5.3.2.1, at 2-41, 2-42) of Applicant's
studies of geology in the Niidland region refers to a much subdued set of
northeast-trending structures, orthogonal to the predominant trend, in

.

the region. Kimball, ff. Tr. 4690, at 20-21; Tr. 4782-83,4787 (Kimball).
' 50. The Staffs witness, Str. Kimball (Tr. 4746-47, 4789), said that

a problem of subdividing just the hiichigan Basin from the Central
Stable Region was the same as the problem perceived with retaining the
Central Stable Region as a tectonic province - i.e., both would be large-

55The ract that these studies were probabihstic in nature was not material to our determinahon here.
*

w simply were not conunced that the stafr had not Just drawn knes around a cluster or histors carth-e
quakes and called the area a Nismotecrong prosirke" on that basis.
f* Although agreeing in principle with the staffs approach used in defining its proposed tectonic

prounce. Str. liott stated etsenhere. "while I do not beheve that tectonic provinces should be defined
solely on the basis of historical seismKity or a probabiksts analysis or such seismicity, seismicity and
analysis or senmicity can be used to test the sahdity or a derined tectonic province." Holt. fr. Tr. 4539.
at 14.
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ly based on "surficial Paleozoic geology."57 However, like the Applicant,
he was apparently willing to consider the position of the Hank of the
Findlay ' Arch, a feature of the "surficial Paleozoic geology," in the loca-
tion of his proposed tectonic province boundary (Tr. 4837), and agreed
that the Staff has used the Central Stable Region as a tectonic province
(Tr. 4786). He also stated that there are some experts who would consid-
er that portion of the Kankakee Arch that has had essentially no historic
earthquakes to have a potential for earthquake activity (Tr. 4760). (For
location of the Kankakee Arch, see Figure 1, supra p. 56.)

51. Mr. Kimball (Tr. 4791) also briefly noted that the historic earth-
quake activity in another basin, the Illinois Basin, which is also located
within the Central Stable Region, was inconsistently higher than the
historic activity in the Niichigan Basin. We would assign little probative
value to this argument against use of the hiichigan Basin as a tectonic
province because we do not know the causes of the earthquakes in
either basin and do not assume that the causative tectonic mechanismsi

of earthquakes should be the same in all basins. Also, the Board notes
that the Illinois Basin (see Staff Exh. 5) is adjacent to the very active
New hladrid seismic zone where tectonic stresses are obviously high.

'52. The Board finds that the Central Stable Region can be subdivid-
ed in the region surrounding the hiidland plant site and that the Appli-
cant has proposed a tectonic province, the hiichigan Basin, that appears
reasonably to meet the criteria for its establishment as prescribed by 10,

C.F.R. Part 100, Appendix A (Findings 37,43,. supra). Because of agree-
-

ment between the Staft's and Applicant's positions on the matter (Find-
ings 38-39, supra) and for other reasons found below, the Board also
finds that the appropriate magnitude of the controlling earthquake in the

5.0, rather than either the
hiichigan Basin tectonic province is mg = FSAR, or the magnitude of

,

magnitude of 4.5 originally proposed in the
5.3 assigned to the controlling earthquake in remainirig parts of the Cen-'

tral Stable Region.
53. The Board would accept either of the sets of boundaries for the

hiichigan Basin tectonic province that were provided by the Applicant
(Holt Exh. 9 and Exh.10, Fig. 5; Tr. 4562-62 (Holt)), except that we
would exclude the southeastern corner of hiichigan about which the
Staff expressed reservations. Tr. 4837 (Kimball)tsee a/So our composite

i ,

*

The Appheant's witness used this same argument as to shy the central stable Region should be
a

$1

divided. going so far as to state that *derinmg the tectonic province based on the presence of a seneer
of sedimentary rock is unreasonaefe" (Holt. fr. Tr 4530. et 1)). Thus the Board views as inconsistent
both the Applicant's and statTs arguments against usms the seneer of sedimentary rocks as a basis for
defining a tectonic prounte.

133

;

- -



.-

map in the Opinion section, Figure 1, supra, for what we understand to
be the area that should be excluded.

54. The number of historic earthquakes that have occurred within
,

the Nlichigan Basin is quite small. The Staff's witness, Nir. Kimball, es-
timated the number as "around ten" for the State of hiichigan and
referred to the Applicant's documents as a source of the actual numbers
(Tr. 4755). By referring to lloit Exhibir 9, the Board counted twenty-two
earthquake epicenters on or within the boundaries of the larger version
of the tectonic province shown thereon, five of which would have oc-
curred within the excluded southeastern portion. Thus the larger version
of the Applicant's proposed tectonic province, as modified herein,
would have experienced seventeen earthquakes in historic times. The
smaller version (Fig. 5 of flott Exh.10) of the Stichigan Basin, also ex-
cluding the southeastern corner, would contain only about nine historic
earthquakes, by the Board's count.

55. Approximately fourteen more historic earthquakes (depending
upon how many are counted in the Keweenaw Peninsula) are shown on
iloit Exhibit 9 as having occurred within the region that the Staff would
have included in its westward extension of the tectonic province, which
extension alone would have about twice the area of either version of the
Applicant's proposed tectonic province.

56. While the Board finds that the paucity of historic earthquakes
in the N!ienigan Basin is, indeed, indicative of low seismic hazard, the
data are so scant that the uncertainty that the maximum reported event
represents a conservative controlling earthquake is large. See responses
to Board questions on seismological and statistical uncertainties in this

,

region. Tr. 4749-57 (Kimball), especial /v Tr. 4753-54,4756-57.
57. Although we find that the Staff did not adequately support its

proposed westward extension of the Stichigan Basin tectonic province, it
is clear that the Staff's proposed basis for tha; extension is essentially a
perceived uniformity of seismic hazard across the entire region from
Stichigan to Niinnesota. Tr. 4785-86,4791-92 (Kimball).

58. Ground motions from two historic earthquakes larger than
magnitude 5.0, that occurred outside the N!ichigan Basin tectonic
province, were considered in the determination of maximum vibratory
ground motions at the Slidland site. These occurred near Timiskaming,
in Canada, and near Anna, Ohio. See supra Figure 1; also infra Finding
62, regarding the location and possible recurrence of the New Ntadrid
earthquake. The magnitude of the Timiskammg event was greater than
6.0. Tr. 4777 (Kimball). The Anna, Ohio earthquake, which is the con-
trolling earthquake in the Central Stable Region. has been assigned a
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magnitude of 5.3, although the Applicant claimed that a recent authorita-
tive report indicated that it should be 5.0 instead of 5.3. hir. Holt,
however, was unable to justify adequately the differences between this
report and an earlier report by the same author which assigned a magni-
tude of 5.3 to this same earthquake. Fir-ling 22, supra; Kimball, ff. Tr.
4690, at 5; Holt, ff. Tr. 4539, at 7,13 ,4: Tr. 4573-74,4633-34 (Holt).
On the basis of the evidence of record, the Board finds no reason to sup-
port a reduction or modification of the magnitude of the Anna, Ohio
earthquake to below 5.3.

59. Questions concerning the Timiskaming earthquake were raised"

by the Board (Tr. 4765-69, 4770-72, 4776-81) mainly to be reassured
that it had not been overlooked because of its occurrence outside the
United States. While this event fell within the Applicant's ** Western

.
Quebec Seismic Zone," a fact not obvious during the hearing (but see

~

the Board's overlay of the Applicant's seismic maps, Figure 1, supra),~it
was not specifically discussed in either the Applicant's58 or Staff's pre-#

pared testimony. The StalTs expert subsequently testified that, using a

i
magnitude of 6.2 for the Timiskaming earthquake, it would have to
occur at least as close as 100 miles from the site to produce ground'

motion that would exceed the potential for coming close to the accepted
(SSRS) spectrum. He further testified that while the boundaiy of the
tectonic province containing the hiidland site might extend northeast-
ward to abut the province containing the Timiskaming earthquake, the

.

boundary in that direction would in any case be more than 100 miles
from the Midland site. Tr. 4808-09 (Kimball).

60. The Anna earthquake occurred about 205 miles south of the
Midland site. The Applicant's witness testified that the closest approach*

of the boundary of the Michigan Basin tectonic province was about 150
to 170 miles from the site in that direction. However, in making that
statement, he had not considered excluding the southeastern corner of
Michigan, as was later suggested by the StalT and which exclusion the
Board is accepting in this decision. Holt Exh.10, at 2; Tr. 4571,4578
(Holt). Even with the exclusion, the nearest approach of the tectonic
province boundary, which the Board has drawn conservatively, would be
no closer than about 70 miles (see supra Figure 1). While Mr. Holt had
not actually performed the calculation, he estimated that a 5.3 magnitude
Anna-type event would have to come closer than 100 miles from the
site, possibly within 50 miles, before its motions would exceed motions

58 while Mr. Holt did not tesufy on this subject. the Board assumes that the' Apphcant's witness woukh
have associated the Timiskaming earthquake with his " Western Quebec seismic Zone." had he haJ ihe
opportunity to do so. The Board also notes that this zone appears to be the same as the ottama portion
or the " Boston-Ottawa belt" discussed supra, in Finding 47.

,

s
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of a magnitude 5.0 event at the site. Tr. 4575 0101t). The Staff's actual
calculations indicated that an Anna type event would have to occurc

much closer, something like 25 miles, to the site, before its motions1 .

would exceed those of a magnitude 5.0 earthquake at the site. Tr. 4784
(Kimball).

61. The Board finds that the' magnitude mbig = 5.0 controlling
earthquake for the tectonic province in which the site is located is the ap-
propriate_ basis for the SSE at the hiidland site. It would produce the
maximum ground acceleration at the site because no capable faults or
tectonic structures with which earthquakes may reasonably be correlated
exist within 200 miles of the site, and because its ground accelerations
would be greater at the site than those resulting from earthquakes in

: adjacent or nearby tectonic provinces, assuming those earthquakes oc-
curred at a point on the tectonic province boundary nearest the site.

! Findings 36, 58-60, supra.

C. Construction of the SSRS

62. Representation of the ground motions associated with the SSE -
was evaluated by the Staff using the SSRS determinations made by the
Applicant, but without including spectra from the Parkfield event, the

; only earthquake in the Applicant's SSRS ensemble with a magnitude

greater than mbig =ic spectra conservatively met the Staff's magnitude
5.5. Thus for a' magnitude 5.0 SSE, the "without3

Parkfield" site-specif1

criterion specified in the Tedesco letter of e 0.5 magnitude units. The
low-frequency erid of the SSRS was modified so as not to fall below the
DBE spectrum and to account for the possible effects at the site of
distant, very large earthquakes, such as a recurrence of the New hladrid
earthquake. The Applicant's witness agreed that the Staff's use of the

. SSRS without the Parkfield records was an accurate, and conservative,
I representation for a magnitude 5.0 event at the hiidland site. Kimball,

ff. Tr. 4690, at 22-23; Tr. 4700 (Kimball); flolt, ff. Tr. 4539. at 8-9,
22 23; flott Exh. 5, Table 2: Tr. 4541-42,4570-71,4586-88 (Holt).

63. Different representations of the SSE ground motions were de-
rived for those safety-related structures founded on natural soils (glacial

i till and lacustrine clays) and for those founded on soil fill material, to
comply with the requirement of Appendix A to Part 100 that SSE re-
sponse spectra be determined at the elevations of the foundations of
plant structures. Holt, ff. Tr. 4539, at 910; Kimball, ff. Tr. 4690, at
23 25; seein/Fa Findings 66,72-74.

64. During the hearings there was very little real controversy about
the acceptability of the Applicant's SSRS and their applicability to the
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Midland site. Ilowever. Mr. IIolt's prepared testimony, especially that
objecting to use of the magnitude 5.3 Anna-type earthquake and conse-.

quent inclusion of spectra from the Parkfield event (flolt, ff. Tr. 4539,
.

'

at 7,15-20; 11o11 Exhs. 7,10, ~at 4-5, 9-10) must be read in light of
Staff's subsequent conclusion, and this Board's concurrence, that a
maller SSE would be appropriate. Similarly, those parts 6f Mr. Kimball's.s

- prepared testimony on the Staff position that Parkfield spectra should be
included (ff. Tr. 4690, at 12-16) should be read as if dependent upon a
finding that the Central Stable Region with a magnitude 5.3 controlling
earthquake would be the appropriate' tectonic province for seismic

i

design considerations at Midland. The Staff position that Parkfield
records would be appropriate for inclusion in the SSRS ensemble for an
Anna type SSE (magnitude 5.3) was unchanged. Both witnesses agreed,

*

eventually, that Parklield spectra should not be used in construction of
the SSRS for Midland because the magnitude of that event (between 5.6, - -

and 5.9) was outside the magnitude range of 5.0 0.5 mg Tr. 4594-95
,

(Holt); Tr. 4723-24,4727,4735-36,4814-17 (Kimball)..

- 65. Aspects of the testimony concerning inclusion or exclusion of
i

Parkfield data were material, however, to two issues on general criteria
for construction of SSRS, i.e., selection of the appropriate. statistical
(percentile) spectral level within the ensemble of response spectra" for
representing the SSE, and the inclusion of response spectra from acceler-
ograms recorded at short distances from an earthquake (the so-called
"at the' site" requirement of { V(a)(1)(ii) of Appendix A to Part 100,
applicable where the SSE is identified with the tectonic province in
which the site is located).

' 66. Construction of the site-specific response spectra at the top of-
the natural soils (" original ground surface") for the Midland site in-
volved calculation and statistical combination of individual spectra from'

.

records of forty four horizontal componentsd of twenty two acceler-

NAppsMt A in Pari 10t) 4at ( HIHil defines a response spectrum as a plot of the maximum re-
.

vonses laccelerahon, seloetty' or displaement) of a famuy of idealized single-degree-of-freedom'

damped oWillators against natural frequencies lor periodsk or the osediators to a spectlied sibratory
motion input at their supportC Essennal:y it shows how structures (the oscillators) with a given leve!

- of inherent damping but ditTerent natural tresonant) frcquencies, mould amphly the input monons or a
. postulated earthqualte. Dampmg values and natural frequencies of structures depend upon their physical ;E

. propernes and dimensions, and their determmation is another part of the scismic design process. For
- purposes or comparison the response spectra generally have been displayed in this proceeding as cal.

,

culated for 5% of critical dampmg. but response spectra for other damping values base been constructed
- and will be applied as appropriate to the individual structures, Scr Holt fr. Tr. 4539. at 4; App. FoF.

12. n.$. qs,onna PacWc Gas and Ekctrr Co ;(Dutsio Canyon Nudear Power Plant. Units I and 21.
ALAB444.13 NRC 903. 924 n.40 098 t h Holt bh. 5. at 13.
en A strong-motion instrument statiort usually measures rtlotions along three orthogonal axes, two hori-

' rontal and one sertical Tr. 4582 (Holtt. T he horwntal components are those of greatest concern in

i seismic anal) sis ai'd design pracuce.'

I
i
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ogram sets taken during ten earthquakes that occurred within 25 km
(about 15.5 miles) of the individual recording stations. Five of the earth-
quakes occurred in California and five in Italy. The records were selected -

to include all those available worldwide from stations that have recorded
earthquakes within the 25-km distance, and in the magnitude range
equivalent to Central United States mbig = 5.3 0.5,*' and foundect on
stiff soils having approximately the same shear-wave-velocity profiles

'and horizontal layering as those occurring beneath the Midland site.<

When the Parkfield event is excluded, the magnitude range of earth-
. quakes actually used is 4.9 5.5. IIolt Exh. 5, at 6-10, and Table 2; Tr.
4583 85 (flolt).

67. Mr. Ilott in several places attacked the Staffs requirement, as
expressed in the Tedesco letter, for using the 84th percentile level in

,

statistically combining the individual spectra to arrive at the SSRS. He
addressed this requirement as arbitrary and as not being required statisti-
cally. While he also asserted that justifications exist for spectral combina-
tion at some lower level, i.e., the mean, the 72nd or the 76th percentile,
he presented no evidence or reasoning sufficient,in the Board's view, to.

support those assertions. Holt, fi. Tr. 4539, at 17-18, 20;' IIolt Exh. 3;
flott Exh.10, at 9-10.

68. One of the Staffs principal reasons for requiring this particular
spectral level (84th percentile) was that it was the level used in construc-
tion of the generalized response spectra found in Regulatory Guide 1.60
and, therefore, was appropriately conservative. Additionally the Staff
pointed to the necessity ofincluding records that account for uncertainty
in the source properties of the' design earthquake other than its magni-
tude, e.g., stress drop, fault rupture length, fault displacement, and rup-
ture . velocity. Kimball, ff. Tr. 4690, ct 10-11,15-16; Tr. 4735-36 (Kim-
ball). Records 'containing the possible effects of such variables can ap-
propriately influence the combined spectra when enveloped at the 84th
percentile level. The efTect of including a few such spectra, among a
total of thirty or more, would be inappropriately minimized when combi-
nation is 'at the mean or median level. The Board finds that a purpose of
utilizing imany records, assuming they meet the site-and-magnitude

. matching and distance requirements, is to include the effects of these un-

.

'
known parameters, not to average them out of the design spectrum.

63 The mug' magmtude was devised by Dr. otto Nuttii ror use in the central United states. In tiv:
magmtude range around 5.0 to $.5 it is approumately equisalent to the Rghter magmtude. M . devet.t
oped ror Cahrorma and alw appiscable en Europe. Thus M values in Calirornia and Italy can be used as+

L
equisalent to mm, salues m the cemral tJmied states. See Tr. 4 91-95. 471! 13. 4718 23 WimbalD ror -
clear arid cotwise discuw orts or sarious carthquake magmtude relationships.

.
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69. A distinction of considerable importance in constructing site-
specific response spectra was drawn by the Staff's witness between
"nearlield response spectra" and response spectra that include some-

nearfield records and are used to characterize the SSE where the SSE is
identiGed with the tectonic province in which the site is located.
"Nearlield response spectra" (which are also site-speciGc) represent
ground motions at a given distance from a known nearby earthquake,

source such as a capable fault or zone of reservoir induced seismicity.,

'

On the other hand, where neither tectonic structures with associated
earthquake activity nor reservoir induced earthquake activity are known
to occur near the site, as at hiidland, some nearfield records, if meeting
the other matching criteria, would be included in the SSRS ensemble of
records. The number of nearfield records to be included would be a'

.

specific consideration on a case-by-case basis. Indeed, nearfield records
were included in the Applicant's construction of the SSRS for the Slid-
land site, even without the Parkfield earthquake records, and the Staff's,
witness made the unrefuted statement that the Applicant's consultant

;
had previously used Parkfield records in deve!oping site-speciGc spectra
for other central U.S. sites. Tr. 4727-34,4799-4806,4813-17 (Kimball);,

Tr. 4629-30, 4658 Uines 10-23),4674-75,4682-83 (flolt); also see col.
9 on Table 2 ofIlott Exh. 5 for distances less than 10 to 15 km.'

70. Use of earthquake records from California and italy.to construct
!

the SSRS for the Slidland site was justified on the basis that, out to
about 25 km from an earthquake source, ~~the attenuation in all three
areas could be assumed to be roughly the same. Thus, if the other
parameters (magnitude and site conditions) are matched to those of the
plant site, source-to-G( attenuation conditions do not significantly
affect the records out o a distance of about 25 km. Tr. 4580-83 (flolt);

I
- Tr. 4691-95,4803,4805 (Kimball),

71, - The SSE response spectra, or SSRS, as accepted here for the'

hiidland site are higher than the modified Housner original design spec-
tra except that they hve been constrained not to fall below, and to be
congruent with, the original spectra in the frequency range below I fiz.

,

In the high frequency range between 5 liz and 25112 (where the original
Housner spectra, " anchored" at 0.12g, had not been raised, or modiGed,
at the CP stage), the SSE response spectrum (for 5% damping) exceeds
the original design spectrum by 18% to 104%; that is, the SSRS is about
double the- original design spectrum from 5 ilz out to about 15 fiz.*:

,

62 n rootnote 157 to ais Proposed FoF.? 77, the Appheant mcorrectly reversed the meamns ofits mit.I
ness' statement on the relationship between the two spectra. w hile the question and answer may have

(Contmwe
'
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The SSRS, or SSE response spectrum, is roughly equivalent to a Regula-
tor) Guide 1.60 standardized response spectrum anchored at 0.12g to
0.13g. Kimball, IT. Tr. 4690, at 10-11, 22-23 Fig.1; Tr. 4787-88 (Kim-
ball); SER at 2-34, 2-37, 2-38, Fig. 2.7; Tr. 4639-40 (flolt); Holt Exhs.
I and 2; lloit Exh. 6. Figs.1.1 and 1.2: Holt Exh.11. Figure 2.7 of the
SER, and Holt Exh.1, with an overlay of Holt Exhibit 2 are reproduced*

here for convenience as Figures 2 and 3, apra pp. 66-67.
72. Appendix A to 10 C.F.R. Part 100, s V(a)(1)(iv), requires the

development of response spectra at each of the various foundation loca-
tions of safety-related structures at the plant site. Because some of the
main structures were founded entirely in plant fill and were not to be un-
derpinned to the natural soils below, site-specific response spectra were
constructed for the top of the plant fill. The effect of the layer of fill,
which is about 30 feet thick and softer than the natural soils, would be
to amplify certain ground motions, mainly those with a vibratory fre-
quency between i Hz and 4 Hz, in the event of occurrence of an earth-
quake. These response spectra would have been applicable to the seismic
reevaluation of the diesel generator building, the borated water storage
tanks and the railroad bay area of the auxiliary building. Holt, ff. Tr.
4539, at 9-10; Holt Exhs.1, 2,11, and 8, at 1-7 and Fig. 7; Kimball ff.
Tr. 4690, at 23-25 Tr. 5107, 5110-11 (Kimball); SER, Table 2.2, at p.
2-46,

73. The same general methodology that was used for calculating
the SSRS at the top of the natural soils was employed to calculate the
SSRS at the top of the plant fill, except that allowances were made for
the softer materials and 30 foot thickness of the tilllayer, placed on the
stilTer natural soils. The ensemble of records used consisted of thirty-six
components (from eighteen record sets) taken at ten sites during twelve
earthquakes, eight of which occurred in California and four in Italy. The
earthquakes ranged in magnitude from 4.9 to 5.6; epicentral distances
ranged from 6 to 30.5 km, and the accelerograph stations were selected
on the basis of the similarities of their soil properties and layering to.

those beneath the .\lidland plant site areas with the soil fill layer. Ten of
the eighteen record sets taken at live sites had also been used in prepara-
tion of SSRS for the top of the natural soils. This overlap of sites and
records used in the two co.npilations was cited as " reflecting the flexibili-
ty in the station characteristics that must be allowed during the selection

,

allowed this ambiguity iTr. 46N-40L it is cle.ir from Mr. Holt's other testimony, e s. flott Exhs. 2 and
11. that he was aware that the origmal desgn spectrum rFsAR ssE accelerations") neser ciceeded
the ssRs by any amount in the frequency range specified (5 Hz = 0 2 seconsperiod and 15 Hz =
0 067 second-periodt
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process" (Holt Exh. 8, at 4). The Board assumes that this means that
the materials and layering at those accelerograph sites were sufficiently
similar to match either of the pro 0les to be modeled at the Slidland site.
Holt, ff. Tr. 4539, at 9-10; Holt Exh. 8, at 2-5, Table 1 (cf Table 2 of
Ilolt Exh. 5), Fig. 7; Kimball, IT. Tr. 4690, at 24-25.

74. An alternative approach to determine the SSRS at the top of
the plant fill would be to compute amplification factors (and an amplifi-
cation spectrum) for increasing the SSRS responses at the top of the j

natural soil. The Applicant accomplished this as a check against the top- j
of-fill SSRS that was calculated directly from the site-and-magni- |
tude-matched ensemble of earthquake records. The SHAKE one-dimen- |

sional wave propagation computer code was applied to four different soil
profiles to account for the hetercgeneous nature of the plant fill, and am-

,

plification spectra were determined. Holt, ff. Tr. 4539, at 10; Holt Exh.
8, at B-1 to B-5; Kimball, ff. Tr. 4690, at 23-24.

75. The Staff employed Dr. Paul F. Hadala of the Army Corps of
Engineers to review the Applicant's amplification spectra analyses.- Dr.
Hadala also performed his own analyses using the SHAKE computer
code, but used what he believed to be more realistic soil and bedrock
outcrop stiffnesses and earthquakes as input. He concluded that if one,

accepts the validity of the SSRS for the original ground surface then the
directly computed SSRS for the top of plant fill is more conservative
than the response spectrum derived from the theoretically calculated am-
plification factors. Hadala, ff. Tr. 5081, at 2-7; Kimball, IT. Tr. 4690, at
25,

76. The SSRS developed for the top of plant fill was modified in the
low-frequency range (1 llz and below) in a manner similar to that devel-
oped for the top of the natural soils, i.e., it was constrained so as not to
fall below the original design spectrum for the Niidland plant. Tr.

,

5108-14 (Kimball); Holt Exh. I1; see also Finding 71, supra. The Board
accepts this SSRS (as shown on Holt Exhibit 11) with the understanding
that, were the project reactivated, it would be used for seismic reevalua-
tion of safety-related structures founded on, or in, the plant fill.

77. At the time when the Applicant undertook design of the under-
pinning structures and the new ring-beam foundation of the borated
water storage tanks, and began seismic reevaluation of structures found-
ed in soils, no agreement existed on the seismic criteria for those struc-
tures. In order to proceed, the Applicant incorporated what it believed
to be a reasonable margin over the original DBE into the design or re-
evaluation of those structures. The Applicant directed its contractors to
use 1.5 times the DBE (or "FS AR SSE") response spectra as the seismic
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design basis for the remedial structures and for the various seismic re-
.

evaluations (but not for the seismic margin review). Subsequently, the
Applicant committed to use of the SSRS, as accepted here, as a seismic
design basis, but it continued to use the 1.5 times the DBE ("FSAR
SSE") spectra in the actual remedial design work. The Applicant also
had dynamic analyses performed which demonstrated that, for purposes
of design of the remedial structures the seismic design basis used ex-
ceeded the responses derived from the SSRS. Thiruvengadam Affidavit
at 6-7; Tr. 5996-97,5996-6005,6027-28,6040-43 (Kennedy).

78. In answers to questions about the adequacy of 1.5 times the
DBE as a design basis, the Applicant's witness, Afr. Robert P. Kennedy,
testified that in parts of at least one structure or substructure not found-
ed on plant fill (the missile shield in the main portion of the auxiliary
building) the SSRS responses were 1.7 times the DBE spectra.' respons-
es, but that the SSRS responses would be used in the seismic reevalua-
tion of the missile shield. Tr. 6002-03,6029-32 (Kennedy). That reeval-
uation, as part of the seismic margin review, would have been coesid-
ered in the later-scheduled OL portion of this proceeding, but is rot
material to .ssues dealt with in this Decision. SSER # 2, s 3.7.2.1, at 3-1

79. Accordingly, the Board finds that the Applicant's use of the
SSRS for seismic reevaluation of safety-related structures, systems and
components of the plant, and its substitute use of 1.5 times the DBE
("FS AR SSE") response spectra in seismic design of the remedial struc-
tures, is reasonable and conservative.

D. Seismic Niodels and Soil Spring Constants

80. As provided in our Stay 5,1981 Prehearing Conference Order,
one of the issues considered in the soils hearings was the mathematical
models to be used for dynamic analyses of structures as modified by the
remedial soil settlement measures, including the bases for the derivation
of the spring constants. The Applicant's consultant, Dr. Robert P. Ken-
nedy of Structural Niechanics Associates, Inc. ("SNIA"), testified on the
dynamic m,athematical models being used to perform the seismic evalua-
tion of structures in conjunction with the foundation remedial work. Dr.
Kennedy summarized the dynamic models developed for (1) the auxilia-
ry building - control tower - electrical penetration area (" auxiliary
building") which is supported on an interconnected foundation system;
(2) the service water pump structure ("SWPS"); and (3) the borated

,

water storage tank ("BWST"). The auxiliary building and SWPS models
were developed by Bechtel Corporation, and important features of the
modei, were reviewed by Dr. Kennedy and SN1 A. The BWST model was
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developed by Dr. Kennedy and SNIA. Kennedy, ff. Tr. 5995, at 1; Tr.
5998-6121,6250-86 (Kennedy). The NRC Staff structural reviewer, Str.
Frank Rinaldi, and the Staff's consultants, Dr. Paul Hadala of the Corps
of Engineers and Str. John hiatra of the Naval Surface Weapons Labora-
tory, presented the results of their review of the Applicant's dynamic
models. Rinaldi/N1atra, ff. Tr. 6129; Tr. 6121-36, 6252 86 (Rinaldi,
hlatra, Hadala).

81. Dynamic mathematical models are used to define the response
characteristics of a structure subjected to a dynamic forcing function.*)
For the seismic evaluation of complex buildings, such as the auxiliary
building or the SWPS, a two-step modeling procedure is commoi...
used. First, an overall dynamic response model of the complete structure
is developed. This model must be adequate to determine the seismic-
induced forces, shears, moments, displacements, and accelerations at all
important locations throughout the structure, as well as to determine
the seismic input to equipment mounted on the structure. Second,
detailed static models for local regions of the complex structure are
developed. These detailed static models are used to convert the overall
seismic-induced dynamic responses (step one) to local forces and
stresses for use in the seismic evaluation of the design of individual
structural elements. The dynamic mathematical models presented by
Dr. Kennedy are only intended for the first step; i.e., ta determine ade-
quately*hnd conservatively the overall seismic-induced forces, shears,
moments, displacements, and accelerations throughcut the auxiliary
building, SWPS, and BWST structures and foundations and to determine
the seismic input to equipment mounted on these structures. Kennedy,
ff. Tr. 5995, at 2-3; Tr. 6009-10,6102-05 (Kennedy).64

82. Dr. Kennedy's testimony addressed various influences upon
6he overall dynamic response of a complex structural system to' seismic -
input, but this Partial Initial Decision will summarize only the Appli-
cant's treatment of soil-structure . interaction and energy dissipation
capability, which have special pertinence to this proceeding. A soil-
structure interaction model must (1) feed the seismic input into the
building models at the appropriate elevations and plan view locations
(center of rigidity of the supporting soil); (2) account for the reduced

63 The mathematical representation of structures by dsnamic models is not always necessary. For a
sery simple building. or for simple belom. ground structures such as balse pits and retainmg malls. an
analyst can determine the natural freque'ncy of n.bration and thus the structural responses without con-
structmg a dynamic model. Kennedy. tT. Tr. 5995, at 6
64 The Applicant described the detailed static Ifinite-element) models used m designing the remedial

underpinnir's work m other testimony. See Burke. er a'.. fr. Tr. 5509 lauuliary buildman Boos. er at
fr Tr. 9490 (sw Pst Paos/Hanson. lT. Tr. 7173 (BwsTL
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stiffness of the overall b: ' ding system due to the flexibility of the sup-
porting soil; and (3) cons.rvatively account for the radiation of energy
(associated with build.ag response relative to the soil) from the building
into the surrounding soil. Kennedy, ff. Tr. 5995, at 5.

83. The soil-structure interaction effect on complex buildings such
as the auxiliary building is a complicated and controversial subject. A
complete interaction analysis is beyond the current state of the art and
cannot be performed for complex buildings. Dr. Kennedy testified that
the soil-structure interaction models incorporated into the auxiliary
building, SWPS, and BWST dynamic models for the foundation remedial
work are very simple. They do not represent the most advanced state-
of-the-art models, but they were developed in such a way as to provide
high confidence that they will either accurately compute or conservative-

~

ly overpr' edict the seismic response of the structures. Kennedy, ff. Tr.
5995, at 7 8; Tr. 6099-6102,6105-08,6118 (Kennedy).

84. Because of uncertainties in soil properties and in the mathemati-
cal modeling of soil-structure interaction, there is significant uncertainty
in the " softening" efTect of soil-structure interaction." In order to cover
this uncertainty, the Applicant and its consultant were to have varied
the soil-structure interaction stilTnesses within the range from 0.5 to 1.5
times the "best estimate" soil-structure interaction stiffnesses. Dr. Ken-
nedy testified.that using this wide range of soil properties avoids the
need for more sophisticated soil-structure interaction modeling. Kenne-
dy, ff. Tr. 5995, at 9.a

85. Dr. Paul lladala of the Corps of Engineers evaluated for the
NRC Staff the methods used by the Applicant in calculating soil spring
constants and damping parameters for the auxiliary building, the SWPS,
and the BWSTs. Dr. Iladala used a different method of calculation than
did the Applicant. Dr. iladala used field-measured seismic shear wave
velocities in the plant fill and in the glacial till to derive a shear
modulus. He then made a reduction based on the work of Seed and Idris
to account for the fact that strain levels in earthquakes are larger than
those in field seismic shear wave velocity tests. Elis result was in close
agreement with the Applicant's best-estimate soil properties. Dr. Iladala
'testilled that.the methodology used by the Applicant and its consultant
in determining soil spring constants and damping parameters is a sound
one which provides conservative answers for estimating the transmission

d The " softening" etTect is the etTect or soil. structure interaction on the natural frequencies and mode
shapes of ubration of the structure.

As we point out elsewhere in this Decision, supre pp 70-71. the Applicant tthrough BechteD failed#

to include the t 50% sananon in soil modules in analping the auultary building and sw Ps. Dr. Ken.
nedy did include this sanation in his BWsT analms Sev mpa Finding 88.

144



.. - _ _. .

d

.

4

.

'

of energy away from the structure due to radiation damping and the con-
,

tribution of the foundation soil to the stiffness of the system. Tr.
6130-31,6278-79 (Hadala).

86. The Applicant's witnesses presented the dynamic models for
the auxiliary building, SWPS and BWSTs. The auxiliary building is repre-

! sented by a three-dimensional, lumped-mass stick mode,1, with additional
detail in the electrical penetration areas, which preserves the physical,a

geometry of the various building components. The SWPS is represented
by a three-dimensional lumped mass stick model using beam elements.
The model which has been submitted for the BWST, which was devel-
oped by Dr. Kennedy and SMA, and replaces a model which Bechtel
had developed, is somewhat different." The BWST is a vertical cylindri-

'. cal tank which is supported by the soil beneath the tank and anchored to

! a ring foundation. The ring foundation must withstand the seismic-in-
| duced forces in the tank shell. These forces are nearly totally due to the
1 water in the tank since the tank shell weight is negligible when compared

to the weight of the borated water. Therefore, the primary seismic
,

modeling concern is to model properly and conservatively the seismic
4

forces induced by the water on the tank shell and thus also on the foun-'

dation. Dr. Kennedy testified that it -is best to model the impulsive
mode, the sloshing mode, and the vertical mode of fluid-structure inter-

: action individually. The seismic forces imposed upon the tank shell and
i ring foundation are added by the square-root- sum-of-squares method.

,

The impulsive mode is modeled by vertical stick elements between mass
'

points distributed up the tank shell. A dynamic modelis not required to
evaluate the forces in the sloshing and vertical modes. The- forces in
these two modes can be determined by mathematical equations.' Dr.-

Kennedy testified that the foundation ring does not affect seismic model-
ing except that the rings act as an anchor for vertical movement. Thus,

.

the facts that the old foundation ring is out of plane and is cracked, and
that another foundation ring will be added to the BWST foundation as a
remedial measure, are irrelevant in the determination of seismic re-'

sponse of the BWST." For details on all of these models, see Kennedy,
' ff. Tr. 5995, at' 13-22, Figs. 212; Rinaldi/Matra, ff. Tr. 6129, at 3-5.

' ~

*?The foundation or the Bw si has been des.gned based upon the Bc6htet dynamic model. The Bechtet

| model pr6dicts higher loads on the foundation than the Kennedir model by about 2&% or a tactor of 1.2.
Because BwsT foundation dcugn inads are based upon the higher Bechtel model, estra conservatism is
provided in the remedial work. Dr. Kennedy's mode was to tw used in the seismic margin review and
in checking or the torces on the tank for the ssRs. Tr. 599194, 6006 08 (Kennedyn Tr. 6279 80a

f (Rinaldi).
68 l'nhke Dr. Kennedy's modet whwh considers the tank to be supported by the soil at the base point

or the tank. Bechte!'s dynamic modet includes the roundation sing. Dr. Kennedy explained that thrs is
one of the reasons why his modelis better and more accurate. Tr. 6044-$2,6059-63 iKennedy).

<
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Dr. Kennedy concluded that the dynamic models for the auxiliary build-
ing, SWPS and BWST are adequate for establishing the conservative
seismic forces to be used in the design of the remedial work and in the
seismic margin review. Kennedy, ff. Tr. 5595, at 19-22, Figs.13-14,
Attachment B.

87. In. addition to the review of soil spring constants and damping
parameters by Dr. Iladata, the NRC Stafi's structural reviewer, Str.
Frank Rinaldi, and its consultant Str. John hiatra of the Naval Surface
Weapons Laboratory reviewed the other aspects of Applicant's dynamic
models. The NRC Staff found that the methodologies used by the Appli-
cant and its consultant to develop and to review the dynamic mathemati-
cal models are within the state of the art, and that the auxiliary building
and SWPS models adequately represented those structures within the
state of the art. Rinaldi/hlatra, ff. Tr. 6129, at 9,11-14; Tr. 6131
(lladala); Tr. 6131-34, 6258, 6266 (Rinaldi); Tr. 6134 (Niatra). But see
Finding 88, inf?a. Following its review of the dynamic model for the
BWST, hir. Rinaldi and 51r. 51atra testified that the Applicant's dynamic
analysis of the BWST was satisfactory. Rinaldi/Nf atra, ff. Tr. 7537, at 3.

88. By Board Notification BN 84-115. " Seismic and Structural
Design Departures from Licensing and Design Criteria - Niidland
Plant," issued June 18, 1984, by the Staff, the Board and part'ies were
advised of the Applicant's discovery during*a design review that, in the
original seismic design, Category I structures were analyzed using only
the nominal soil dynamic modulus value without considering the : 50%
variation of that value as required by the FSAR. The design review, and
BN 84-115, followed by several months the presentation of testimony
on the seismic models. By letter dated August 2,1984, the Staff supple-
mented BN 84-115 by identifying certain of its testimony and evidence
which would be affected by the reported deGeiencies (including testimo-
ny by Niessrs. Rinaldi, Statra and lladata). The impact of the design defi-
ciency would be applicable to the seismic design of the underpinning

,

structures (under the auxiliary building and the SWPS), and to the crite-
ria to be established for subsequent seismic margin reviews of plant
safety structures, i.e., the soil spring constants. The deficiency would
not be applicable to the seismic design of the BWSTs, since Dr. Kennedy
took into account the requisite variation in the nominal soil dynamic
modulus value in deriving his new seismic model for the BWSTs. Tr.
6001-04 (Kennedy); see a/So inf?a Finding 192. Our conclusions with re-
spect to the seismic models for the auxiliary building and SWPS - but
not the BWSTs - are qualified to the extent they may be affected by
the design denciency.
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89. The Licensing Board finds that the methodology used to devel-
op the models for the auxiliary building, SWPS, and BWST was within
the state of the art. The Board concludes that these models are adequate
for the purpose of de0ning seismic design forces to be used in the
design of foundation remedial work, for conservatively estimating the
seismic-induced forces in these struct'ures, and for defining the seismic
input to equipment, systems, and components mounted on these
structures. With respect to the auxiliary building and SWPS models,
however, this conclusion is limited to the establishment and validity of
the nominal values of the soil spring constants. Although the record es-
tablishes some measure of conservatism in the seismic design of the aux-
iliary building and SWPS by virtue of the exceedance of the SSRS by 1.5
x the DBE (FSAR SSE) response spectra actually used in the design of
the underpinning, the record is not sufficient to permit a determination
of whether the conservatism in calculation of seismic loads provided by
use of the 1.5 x DBE (FSAR SSE) response spectra is sufficient to in-
clude the range of seismic loads that would result from the required vari-
ation of soil spring constants in those calculations.

E. Soil Liquefaction Potential

90. The potential for liquefaction'* at a power plant site is a neces-
sary part of the seismic evaluation prescribed by NRC regulations. See
10 C.F.R. Part 100, Appendix A, sf V(d) and VI(a).'Its potential oc-
currence at Midland gave rise, inter alia, to the permanent dewatering
system discussed inha in Findings 98-117. That potential became appar-
ent when, following the discovery of excessive settlement of the partly
built DGB in July of 1978 the Applicant undertook an extensive under-
ground soils investigation program. One of the results of the borings and

** Liquefaction of loose. coheuonless wnds th.st are usurated with mater is a prienomenon that may
occur during strong carthquake sh.skmg that results in low of shear stren5'h of the material. During the
shaking, partial compaction may occur and the me'ght of the userburden and any oserty mg structures, if
present, is transferred to the pore mater whNh cannot escape rapidly enough to dissipaic the elevated
poremater pressures that result. Because the load, then n torne largely or entircls by the mater, which
has no shear streng"h. the sand-mater misture behases like a bquid woods, it Tr. U45 at 3. if unods.
It Tr. |1.549 at 23 on a relied phenomenon, senmic shakedomn. m unsaturated loose und.
4 The adequacy of the senmic eviluaison at Ntidiand. and of the capacity of sartous structures to with.

Stand hquefaction. mas dealt with generally by %15 stamiris' Contentions 4 C and 4.D (which are cuoted
m full in findings on partNular si stures or dematering. as meal as in Appendit A 8 The oni) contention
u hwh specifically mentioned leque w'mn mas % arten Contennon 2 B. m hNh reads as folloes.

Gisen the fats alleged m (ontention 2A leoncermng the adequacy of the permanent dewater.
any stem |, and conuderms also that the sagman vatte) is built upon centuries of uit deposits.
Lt..e highly permeable soils whNh underhe, m part, the dicsci generator buildirg and other
class I struttures may be adscrsely affected by increased hater leselv producmg hquefaction of
these soils .

I47



4

soils testing was the identification, in isolated areas, of potentially
liquefiable sands in the plant fill beneath certain safety-related structures
and underground utilities at the Midland facility. These were the DGB,
the EPAs and railroad bay /radwaste structure (RBA)'' of the auxiliary
building, the overhanging portion of the SWPS, and a portion of the

_

service water piping. Underpinning the EPAs and the " cantilevered"
part of the SWPS was to have eliminated the concern about potential
liquefaction of their foundation soils, by extending their foundations
down to dense natural soils beneath the plant fill. Other remedial action
(e.g., dewatering or removal of loose sands) was needed to reduce or
eliminate the liquefaction potential of plant lill soils beneath the DGB
and the RBA, and beneath parts of the service water piping. While sands
of questionable density were discovered in a few places in the natural
soils, the evaluations of the Applicant and Staff showed that potential
liquefaction of natural soils was not a problem beneath any safety-related
structures or utilities. SSER * 2, j 2.5.4.5.5, at 2-42 to 2-43; Woods, ff.
Tr. 9745, at 714, Figs. L 3, L-4, L-5 (locations of borings); Tr. 9786,
9793,9802-03 (Kane). (With respect to borings under the diesel fuel oil
tanks, we are making no findings, for reasons set forth supra pp. 3$ and
103-04, and infra Finding 202.)

91. The Applican't and the Staff both conducted independent evalu-
ations of the liquefaction potential of the loose sands encountered
during the boring program. The U.S. Army Corps of Engineers, acting
as a consultant to the Staff, performec. i study of soils liquefaction poten-
tial and the permanent dewatering system proposed by the Applicant to
eliminate liquefaction potential ofloose sands under the DGB and RBA.
The Applicant's witness on soils liquefaction was Dr. Richard D.
Woods, a professor of civil engineering at the University of Michigan
acting as a private consultant. The Staft's testimony on soils liquefaction
was presented by Mr. Joseph Kane, a geotechnical engineer with the
NRC Staff. SSER * 2, % 2.5.4.4.4, at p. 2-35 and i 2.5.4.5.5, at 2-42 to
2 44; Woods, ff. Tr. 9745; Tr. 9782, er seq. (Kane).

92. In their analyses of liquelation potential, both the Applicant
and the Corps of Engineers assumed a magnitude 6.0 earthquake and a
peak acceleration of 0.19g. Dr. Woods explained that earthquake magni-
tude determines the number of cycles of stress reversal used in deriving
liquefaction potential, and that a single cycle of peak motion would not

73 The area committcJ to be dem.iiered instuded a small portion of the northeast corner of the radmaste
buildmg. The term RB A as used herein instudes that corner of the raduate building (wc ssER e 2.
Fig 2A at p 2 86
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be a concern. Both the earthquake magnitude used and the peak acceler.
- ation used are higher than corresponding values of the SSE (magnitude

5.0) and the peak acceleration (0.12g-0.13g) associated with the SSRS
: for the Midland site. Woods, ff. Tr. 9745, at 2; SSER * 2. j 2.5.4.5.5, at

2 43 and 2-44; Tr. 9749-52 (Woods).
93. Whether a specific sand body or layer will liquefy or not4

depends upon several factors. First, . the sand must be loosely
compacted, I.'e., relatively low in density. Second, the sand must be low
in cohesion, or cohesionless, i.e., it does not have a high proportion of

'clay or other binders. Third. the sand must be saturated; this occurs
when the sand is below the water table and the pore spaces are filled

, .with water. If not saturated, a loose, cohesionless sand body may under-
, - go partial compaction during strong earthquake shaking, resulting in set-
j - tiement (" seismic shakedown"), but not liquefaction (see infra Findings

>

114, 117). Other factors also influence the potential for liquefaction,.

such as the strength and duration (number of shaking cycles) of earth-
| quake motions, an increase in either of which would increase liquefac-
i tion potential. Also, an increase in the effective confining pressure on a -

_

j sand body (as from a greater depth of occurrence) decreases its liquefac-
tion potential." Manifestations of liquefaction of foundation soils include *

settlement and tilting of structures, cracking and lateral spreading of
slopes and embankments, and disruptions of the ground surface.
Woods, ff. Tr. 9745, at 3-7; Tr. 9785-86 (Kane); Woods, ff. Tr. I1,549,

; at 2-3. ,. .

{ 94. Certain of the low blowcount sand bodies encountered in the
borings were not encountered in nearby borings and were surrounded
above and below by nonliquefiable soils. These isolated small pockets:

1 were.not regarded by the Applicant as significant threats to th'c integrity
*

of safety-related structures. Woods, IT. Tr. 9745 at 11 13; Tr. 9747-48-
*

I, 9753,976162,9765 66 (Woods). (With respect to borings used to eval-
uate the potential for liquefaction under the diesel fuel oil tanks (Tr.

i 9347-48 (Woods)), we are not making aty.lindings, as a result of the
; . discovery of information indicating those borings may be erroneous. See
!
J

u

U; The standard Penetration Test isPTl is commonly employed when making boririgs to estimate reta.
tne density and hquefaction potential of scels. The tesi procedure consists of dnsing a standard umpling
tube mto soil at the bottom of the hole by dropping 4 hammer" of spuified neight rrom a specified
herbht onto the drill stem to which the sampler en the hole is attached. The number of bloms required to,

drne the sampler a specilied distance is recorded. In general, a low blomcount indicates lo* relatne
density and a high isquefaction potential in sand. In his esaluation here. Dr. woods' calculations rusulted
in a companson between the a sits blowcount.and the predicted blomcount at which liquefaction mould
not occur dunng a magnitude 6 earthquake, accounting for sample depth relative density. and 6csation
of the water table. Cunes were shown ror the c)che stress ratio at which hquefaction would not occur
(safety factor of 1.01, and for a safety factor or 1.5 in that salue. Woods, fr. Tr. 9745, at 3-7
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supra pp. 38,103 04, and inha Finding 202.) In response to Board ques-
tions concerning the necessary lateral extent of sands in order for lique-
faction to occur, Dr. Woods stated that, based on his examination of
published records of liquefaction events, hquefaction has not occurred
in areas where there have not been several acres of liquefiable material
that is both in connection and fully saturated (Tr. 9769 72, corrected at
Tr.11.550-51 (Woods)). On the other hand, Str. Kane beliesed that
liquefaction could be a problem in saturated sands in areas under I acre.
He indicated that. in the consideration of lateral restraint of a confined
pocket of sand, it is necessary to consider the depth of the pocket and its
location with respect to the foundation of the structure. For example, if
it were located so as to be the layer most heavily stressed by the founda-
tion pressures, and it lost its strength through liquefaction, there would
be a risk of losing foundation support. hlr. Kane indicated further that
dewatering the sands to below elevation 6'.0 feet would resolve the
Staft's concerns with respect to liquefaction. Tr. 9793-96, 9799-9800,
9810 (Kane).

95. Dewatering, however, was not,to be employed to resolve poten-
tial liquefaction of those loose sands beneath service water piping and
duct banks located in the sicinity of the SWPS. This was because of the
proximity of that area to the cooling pond, the primary source of re-
charge of the ground water in the plant area. If the dewatering system
were to fail, the water table could rise very rapidly in this area and the
loose sands, which lie above 610-foot elevation, would become
saturated. According to the StafT, it has been demonstrated that the
water table, which would hase been drawn down to elevation 595 feet,
could reach an elevation of 610 feet in this recharge zone in approxi-
mately 3 days, which might not allow sufficient time to repair the
dewatering system. Therefore the soil beneath the safety related service
water piping and duct banks near the SWPS was to have been removed
and replaced with nonliqueliable material down to elevation 610 feet.
Woods, IT. Tr. 9745, at 12-13; SSER * 2, } 2.5.4.4.5, at p. 2-36; Paris,

.

IT. Tr. 9900, at B 3; Tr. 9902 (Paris).
96. The potentially liqueliable sands near the SWPS were not identi-

fled by the Applicant's representatives during a meeting held with the
NRC StalT on hlarch 3,1982, the 7urpose of which was to obtain StatT
approval of the Applicant's proposed site dewatering criteria, including
limitation of ground water control to the areas near the DGB and RBA.
The StalT had become aware of loose sands near the SWPS by July of
1980 through its review of the Applicant's logs of borings made in 1979.
At the Alarch 3,1982 meeting, the Staff requested that the Applicant
supply the NRC with cones of Bechtel's liquefaction analysis for soils
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above elevation 610 feet. CPC subsequently did so. The analysis showed
loose sand in the plant fill at locations other than the RBA and DGB,
including that beneath the sersice water piping just north of the SWPS.
The Applicant advised the Staff of CPC's intention to remove and re-
place the loose sand during a telephone call on Maren 12,1982. liood,
ff. Tr.12,144, with attachments; Tr. 12,145-47 Olood); Tr. 9785 86,
12,168-70 (Kane); Tr. 12,186-99 (Budzik); Tr. 9901-03 (Paris). Because
the issue of liquefaction potential in this area was resolved by the com-
mitment to remove and replace the loose sands beneath the service
water piping and duct banks north of the SWPS (Finding 95, supra > the
controversy surrounding the March 3,1982 meeting is not material to
the technical aspects of liquefaction on which we are here ruhng. The
extent, if any, to which testimony on the March 3,1982 meeting bears
on management attitude w!as to have been addressed in a subsequent
Decision in these proceedings.

97. The Applicant's evaluation of the bodies of loose sand present
in the plant fill under the RBA and DGB indicated that almost all of
them lie above 610-foot elevation. The few pockets that lie below that
elevation are of such limited extent and deep enough that they do not
present a liquefaction problem, even if saturated. Therefore, lowering
the ground water table and maintaining it at a level below 610 feet
beneath the RBA and DGB will ensure that there is no potential for
liquefaction of soils to affect the integrity of either structure. The StafT
reached the same conclusion based on its independent evaluation and
review. SSER # 2, f 2.5.4.5.5, at 2 43 to 2-44; Woods, ff. Tr. 9745, at
8-9,13, Figs. L-6 through L-9; Tr. 9784-86,9810-11 (Kane). We agree.

.

F. Dewatering of Plant Soils

98. In order to reduce or climinate the potential ,r liquefaction
beneath the DGB and RBA, a permanent dewatering system was to be
installed. Woods, ff. Tr. 9745, at 9.13; Paris, ff. Tr. 9900, at 3-4, 39.
This system was the subject of Stamiris Contention 4.D, w hich reads as
follows:

4. Consumers Power Company performed and proposed remedial actions reprd-
ing soils settlement that are inadequate as presented because:

...

D. Permanent dewatering
|} would change the water tabic, soil and seismic characteristics of the

dewatered site from their originally approsed PSAR characteristics -
characteristics on which the safety and integrity of the plant were based.
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thereby necessitating a reesaluation of these characteristics for affected
Category I structures.

2) may cause an unacceptable degree of further settlement in safety.related
structures due to the anticipated drawdown effect; .*

3) to the estent subject to failure or degradation, would allow madequate
time in which to tmtlate shutdown. thereby necessitating reassessment,

'

of these times 3
>

; (1) Spfficiency ofPermanent Dewatering System (Stamiris
Contention 4.D(3))

99. Two witnesses described the design of the permanent dewater-"

ing system. Mr._ William Paris, an engineering geologist with Bechtel
testified for the Applicant, and Mr. Raymond O. Gonzales, a hydraulic

~ engineer, testified for the NRC Staff. Other Staff witnesses, including
: Mr. Kane and Mr. Darl S. Hood, the Midland Project Manager, provided

additional testimony pertinent to the effects of dewatering upon plant**

soils, and other aspects of the dewatering system. See generaRv Paris, ff.i
Tr. 9900; Tr.10,012, et seq. (Gonzales); SSER e 2, is 2.4.6.2, 2.4.6.3,
2.4.6.4; Tr.10,013, et seq. (Hood); Tr. 9812-51 (Kane).

.

$ 100. The permanent dewatering system was designed to maintain
! the ground water table below 610-foot elevation beneath the DGB and

RBA to eliminate or reduce the liquefaction potential ofloose, noncohe-
:

|
sive sands present .in the plant fill beneath those structures (see supra
Findings 97,98). Although the system was not required to be designed

L to Seismic Category I standards, it was designed to lower the water table

i
to elevation 595 feet Hence, even in the event of total failure of all
pumping capacity, the time required for the water table to rise to eleva-
tion 610 feet under the DGB or the RBA (about 40 days) would allow;

-

time to repair and restore the system. Paris, ff. Tr. 9900, at 4 5, 30-31,'

SSER * 2, s 2.4.6.2, at 2 1,2 5.
101. The main source of water supply, or recharge, to the plant fill

;
would be the cooling water pond, which was to have been maintained at

}

a pool elevation of 627 feet. The main area of recharge would have been
in the vicinity of the SWPS and adjacent circulating water intake struc-
ture, from where the water would flow through natural sand just below
the plant fill. The sands in the plant fill are hydraulically connected to

U similar consideranone were raned by warten Contenunn 2.A. wtudt reads as (Miows'
Because of the snown scepage of water from the coolms pond mto the Gil soels in the power -
block area permanent dewatenng procedures bems prorosed by Consumets Power Ccmpany
are madequate particularly en the everit o(increawd water wepage. Gooding railure o(purpping

, systems and power outages. t!nder these conditions. Consamers cannot prostde reasonable
4

assurance that stated matimum levels can tic tr.amtamed.
l
1

!
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the underlying natural sand. Water from the dewatering system would
have been pumped back to the cooling pond. Paris, ff. Tr. 9900, at 6 7,
10-13; SSER * 2, f 2.4.6.2, at 2-1.

- 102. The cooling pond and area of the power block to be dewatered
are ydraulically isolated from aquifers of the regional ground water sys .
tems by a widespread underlying natural clay layer about 135 feet thick,
and by the enclosing perimeter dike core, cutoff dikes and slurry
trenches that were designed to emend down to the natura! clay. The
dikes and slurry trenches prevent hydraulic connection of the plant fill
with laterally adjacent shallow sediments where ground water occurs
under water table conditions in the upper ground water system. An aqui-
fer of a lower ground water system, located beneath the 135-foot thick
natural clay layer, is under artesian pressure with a hydrostatic head
about equal to the water table level of the upper ground water system.
Observation wells drilled to the lower aquifer outside the perimeter dike
showed no fluctuations with changes of water level inside the dike, in-

,

dicating a lack of hydraulic connection between the upper and lower sys-
tems. The casings of these wells were sealed with grout to prevent a con-
nection whereby water could rise from the lower aquifer and escape into
the upper system. Water flow in the opposite direction would be present-
ed by the artesian pressure in the lower aquifer. Thus the potential
sources of recharge of the ground water in the plant till beneath the
DGB and RBA are the cooling pond, leakage" from pipes, and natural '

'precipitation falling within the confines of the cutoff dikes and slurry
trenches.'' Paris fr. Tr. 9900, at 6-13; Tr. 9917 31, 9933 34, 9958 62
(Paris); Tr. 9835-37,9841-43 (Kaneh Tr. 10,017-20, 10,035-39, 10,045-
51 (Gonzales).

103. Twenty interceptor and twenty backup interceptor wells located
*

in two lines along the primary recharge area, and twenty-four area wells
in the site area, form the main components of the permanent dewatering
system. They are designed to lower the water table to elevation 595 feet,
and to intercept recharge from the cooling pond and from natural precip-
itation or pipe leakage. While it is anticipated that only one line ofinter-
ceptor wells and two of the area wells would need to remain in operation
to maintain the ground water level at or below the design level, all of
these wells were to be operational should the need for any of them arise.

?4 Tesumeny was gisen that granular materials existed beneatt' the cutotT dike just west or the admmis.
tration buildmg. which permitted some indow or water from th: upper ground waier sptem to tne plant
rill. However. because the degree or connecuan apparerttl** eds shght and the d4erense in head .ntnis
the dike would be only about 3 feet. esen with dewaterms. no normficant m6vw from the upper vstem
was considered likely tr. 9846-48 (Kaneh Tr. 10.020 21.10.03$ 19 IGenialein tr. 10.022 24 Otedt
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Paris, IT. Tr. 9900, at 13 16, 31-32; SSER * 2, s 2.4.6.2, at 2-1 to 2-5,
f 2.4.6.4, at p. 2-10.

104. Each of the pumping wells was equipped with a well screen /
sand filter pack to reduce the quantity of soili lines removed from the
sand through which the ground water would How. Following well con-
struction and initial development, each well had to meet a test limit of
no more than 10 parts per million (ppm) of soils fines to be accepted
(cf. SSER # 2, { 2.5.4.4.4, at p. 2-35). A lifetime limir of I cubic yard of
soils lines was to have been specified for each well. If the limit had been
reached during p! ant operation. that well would have been shut down
and a new well would have been deseloped to replace it. Monthly testing
to determine the quantity of fines being removed was to have been re-
quired. Paris, ff. Tr. 9900, at 18 19, 24-26, 36 38; Tr. 9814-15 (Kane).

105. Water quality samples were to have been taken annually to
determine the concentration of compounds associated with encrustation.
Acid treatment of the wells would have been employed, if needed, to
remove encrusting minerals in order to prevent a decrease in dewatering
ef0ciency that might result from encrustation of the well screens. Paris,
ff. Tr. 9900, at 38-39; Tr.10,065 67 (Gonzales).

106. Each primary interceptor well was to have been controlled by
its own timer for cycling and a low-level cutoff switch to prevent pump

~

damage if unexpected low Dow were to occur. Timer settings were to
have been determined on the basis of experience with the dewatering
system and were to have b'een adjusted periodically to meet the limiting
conditions of the operating technical speci0 cations. The backup intercep-
tor wells and the area wells were to have been automatically controlled
by high water level and low water-level switches. Electrical wiring was
to have been designed so that a temporary outage of one or more wells
would have no effect on the other wells. In the event of loss of power to
the system, a separate diesel generator was to be provided to power the
interceptor wells. Paris, IT. Tr. 9900, at 21-22; SSER e 2, s 2.4.6.4, at p.
2 10.

107. The first line of interceptor wells and the backup line were to
be connected to different header lines so that if some problem developed
in the header of the Orst line, the backup line would have been able to
discharge excess ground water through its own header system. In addi-
tion, provision would have been made to attach Ocxible hoses to each
well, thus bypassing the header system entirely, if so needed in the
event of rupture of an underground header near a dewatering well.
Paris, ff. Tr. 9900, at 32-33.

108. The Applicant committed to store on site one complete set of
-

replacement parts for any repair, replacement, or installation which may
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be required for a dewatering well during the operating life of the plant
(Paris, ff.'Tr. 9900, at 36). The Board (at Tr. 9979) questioned whether
this was suf0cient based on a pipe break scenario which postulates
damage To two dewatering wells (see Paris, ff. Tr. 9900, at 33). Mr.
Paris would recommend that more than one set of replacement parts be
stored on site. Although the Staff would have no difficulty with the
Board imposing sucn a requirement, it pointed out that this kind of re-
quirement would not usually be a matter for technical speciGcations but,
rather, would generally be covered by other procedures that the Appli-
cant would maintain. Tr. 9979-80 (Paris); Tr. 10,102-03 (flood). In
view of this approach, and in consideration of the water level monitoring
requirements and the technical speciGcation that the plant be shut down
before the ground water rose to a level where a liquefaction hazard exist-
ed (Findings 109-110, 113, infra), we see no safety reason compelling
imposition of a requirement for more than one set of dewatering well re-
placement parts on site.

109. Six permanent water level monitoring wells were to have
provided continuous recordings of water level during plant operation.
and alarms to alert plant personnel to a signincant rise in level at any of
the wells. Of these six monitoring wells, two each were to have been
located in the area of the DGB and the RBA.The remaining two were to
have been located between each of those structures and the main re-.

charge area. The Staff position was that the four permanent monitoring
wells near the DGB and RBA would provide sufficient information on
the ground water level at those structures, but would require additional
monitoring of other wells to supplement, and check on, the recording

* wells. Paris, ff. Tr. 9900, at 22-23. 37, FSAR Fig. 2.4-46 (attached);
SSER * 2, { 2.4.6.4, at p. 2 7 (aho see Fig. 2.1 at 2 2 for plan location
of all wells in the permanent dewatering system).

110. The Applicant and Staff each evaluated the impact of various
pipe breaks on the ground water levels. A postulated break in the
66-inch cooling pond blowdown line near the service water pump struc-
ture would have minimal impact on the dewatering system because this
is a low pressure line and the dewatering system has sufficient capacity
to remove all the released water from such a line break. Paris, ff. Tr.
9900 at 33 34; SSER * 2, j 2.4.6.3, at p. 2 7. A postulated break in the
Unit 2 circulating water pipe near the DGB was considered. This is a

,

96 inch line located on natural material just to the east of the DGB. It
was calculated that the ground water would rise over a period of about
3.3 days to about elevation 607 feet before the closest permanent area
well would have been automatically activated. Operation of one area
well would be sufGcient to prevent ground water from rising signiGeantly
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above elevation 610 feet. While this 607-foot elevation would be just
slightly above the 606.5 foot elevation at which plant shutdown would
have been initiated, there still would have been time to shut down the
plant before elevation 610 feet was reached. Moreover, the analysis was,

very conservative in that it assumed that 100% of the water Gowed into
the ground, that plant personnel did not notice the diversion of this
water which normally would now into the cooling pond, that the obser;
vation wells in the vicinity failed to alarm, and that all the water Dowed
towards the DGB. Paris, ff. Tr. 9900, at 34; SSER * 2, j 2.4.6.3, at p.
2 5; Tr. 9938 45 (Paris); Tr.10,062 (Gonzales). Finally, the effect of a
postulated break in the 20-inch condensate water pipe, which is located
directly beneath the DGB, was evaluated. Using a simplified analysis, it
was conservatively assumed that the entire contents of the condensate
water tank (300,000 gallons) were spilled directly beneath the DGB, and
that all the water would be contained in this area. It was determined that
the ground water elevation would not rise above 610 feet, even if the
area wells did not operate. liowever, there would have been an alarm if
the lesel in the condensate tank dropped below 175,000 gallons. At that
point another proposed technical speciGcation would have required plant
shutdown unless the low tank level could be mitigated in a given period
of time. Tr. 9944-45, 9969-72 (Paris); Tr. 10,063-65 (Gonzales); Tr.
10,064-65 Glood).

I i 1. An evaluation of the impact of unusually heavy rainfall on the
ground water level also was made. Such rainfall could be accommodated
by the permanent dewatering system and would not result in the ground
water level rising to elevation 610 feet. This evaluation was based on a
prediction of the 100-year maximum rainfall. Tr. 9973-75 (Paris); Tr.

.

10,134 (Gonzales).
112. A recharge test of the dewatered portion of the site was request-

ed by the Staff and conducted in 1982 by the Applicant. The purpose of
the test was to verify the time it would take the ground water to rise
from elevation 595 feet to elevation 610 feet, the elevation above which
a potential soil liquefaction hazard would exist beneath the DGB and
RBA as a result of ground water saturation of loose sands in the plant
Gil. The test was necessary to determine whether there would be sufG-
cient time in the event of total failure of the dewatering system to repair
or replace the system or safely shut down the plant. At the time of the
recharge test, the cooling pond was full and the plant soils had been
dewatered to elevation 595 feet, or considerably below, except for isolat-
ed perched water the drainage of which was retarded by impervious soil
layers. All pumps were shut olT and water levels were allowed to rise nor-
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mally for a period of 60 days." The water level rose beneath the DGB,
in that time, to about 609 foot elevation (worked out to be about 52
days for a rise from 595- to 610-foot elevation). The rise in water level
beneath the RBA was complicated by water leaking from a buried pipe
tLit was not related to the test but which was accidentally. ruptured
during the period of the recharge test. It was nonetheless possible to esti-
mate that about 40 days would be required for the ground water to rise-

from 595- to 610-foot elevation beneath the RBA in the event of com-
plete failure of the dewatering system. The Staff estimated rates of water-
level rise from the last 2 weeks of the recharge test as being 0.35 ft/ day
beneath the DGB and 0.41 ft/ day beneath the RBA. SSER * 2,
i 2.4.6.2, at 21 to 2-5; Paris, IT. Tr. 9900, at Dl DS, FSAR Fig. 2.4-58
(attached).

113. A permanent dewatering system technical specification was to
have been provided detailing the measures to identify and verify a water-
level rise above elevation 595 feet and to initiate repairs or, if the
ground water level rose to elevation 606.5 feet, to initiate and coordinate
plant shutdown. Based on the last 2 weeks of the recharge test, the Staff
found that, with no wells operating, the rate of ground water rise
beneath.the RBA was about 0.41 ft/ day. This was slightly faster than the'

0.35 ft/ day rate beneath the DGB. Using the faster rate, it would take
about 8.5 days for the ground water level to rise f om 606.5 feet to 610'

t
feet, the design base elevation to mitigate soil liquefaction. It would
have taken about 36 hours to bring the plant to cold shutdown. Thus,*

there would have been time to shut down the plant before the ground
water reached an elevation that would present a liquefaction hazard.
SSER * 2, f 2.4.6.2, at 2-4 to 2 5, } 2.4.6.4, at 2-7 to 210; Paris, ff. Tr.
9900, at 37; Tr. 9831-32 (flood).

(2) Effects ofDewatering on Soils (Stamiris Contentions 4.D(1)
and 4.D(2))

114. In addition to eliminating or reducing the potential for soil
liquefaction, as discussed above, dewatering may have other effects on

,

the engineering characteristics of site soils. Some of these effects may be
advantageous while others may be adverse. Dewatering will increase the
shear strength of soils which would increase their bearing capacity. Elim-,

inating the lateral force exerted by ground water against underground
walls of certain structures would be another advantage of dewatering.

75 Dewaterms did not actually resume until about 4 weeks after the end of the recharge test Tr.'

9954-58 (Paris).
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Potentially adverse effects of dewatering might come from the removal
of soil fines, or from the loss of buoyancy of soil particles accompanying
removal of the interstitial water and lead to increased compression of'
the soil. Seismic shakedown is a permanent vertical strain ofloose sands -

related to their densincation during earthquake shaking, and which
.

might cause settlement of overlying structures. While not a conse-
quence, strictly speaking, of dewatering, it is a lesser effect that must be
considered in lieu of liquefaction of the same sands. The potential for
seismic shakedown at the Midland site is governed by the same charac-
teristics ofloose sand in the plant till that caused concern for liquefaction
and engendered the need for dewatering (see supra Findings 90, 94,
98). Tr. 9212-16,9814 (Kane); Woods, fr. Tr.11.549 at 2-6; liendron,
ff. Tr. 8586 at -25, C-10 to C 12; llendron, ff. Tr. 8675, at 1, 4-8; Tr.
8638-39,8676 (liendron).

115. What impact the removal of soillines would have had on plant'

soils was not explored in the testimony because both the Applicant's
~

and the StafTs experts agreed that proper discharge-well Giter pack
design and construction would obviate the potential cause. The actual
tests performed by pumping the dewatering wells and monitoring the

. content of fines in the discharged water demonstrated that the quantity
of Gnes removed fell within the Staffs acceptance. criterion by a consid-
etable margin - less than -2 ppm observed, versus 10 ppm allowed.
Monthly monitoring of the' discharge from the dewatering wells was to.
be a requirement during operation of the plant (supra Finding 104), and
would assure that continued operation of the dewatering system would
not remove excessive quantities of soil Ones. SSER * 2. j 2.5.4.4, at p.
2 35; Tr. 9814-15, 9828 30 (Kanen Paris, ff. Tr. 9990, at 18-19, 27,*

37-38.
116, Dewatering would remove the elTect of buoyancy from soil par-

ticles, and would hence increase the effective weight of the soil mass.
This increase, in turn, would place greater loads on the foundation soils
and lead to soil compression.'' Tr. 9816 (Kane). The elTects of.the e

dewatering loads were seen in plots of measured settlement and parallel .

plots of water-table elevation.' As the water table was lowered, the rate
of soil settlement :as indicated by the slope of the settlement curve,
increased. During the recharge' test, some soil rebound was correlated

a

'' soil compresuun refers to the reduction in sertical height in a sod due to loading Conschdation or
wil is the snelastic portion that is not recosered upon removal or the load. tr. 20.$ss (Kanet The
e Test or dewatering oft sod compression would anfluence wttlement of struciares' rounded on naturals

wds as well as plint rill for cumple, the long-term settlement of the containment buddings rounded
on riatural wits, was estimated at 2.3 and 2 4 inches, or shxh 0 6 inch nas attributable to the dematenng
load tssER e 2. t 214 5.2. at p. 2-4t L
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with the rise of ground water level. The effects were expected. For each
of the safety-related structures and underground utilities at the Midland
site," the Applicant assessed the additional settlements that would be
caused by dewatering, and the StalT was satislied that they are adequately
included in the predicted settlements that were to be used in the struc-
tural analyses. Tr. 9816, 9818, 20,535-37, 20,543-45, 20,578 (Kane);
SSER * 2, s 2.5.4.5.2, at p. 2-41 (reactor containment buildings only);
Staff Exh. 23 (" Diesel Generator Building Dewatering Settlement Re-
port," accompanied by Affidavit of Ralph B. Peck, dated March 4,
1983). For general background, see also App. FOF, 11122-125 and 137
(DGB),226-227 ( Aux. Bldg.), 261262 (SWPS),294 (BWST),335 (pip-
ing),410 (duct banks).

117. Seismically induced settlements of structures may occur as a
result of " seismic shakedown" of loose cohesionless sands in the plant
fill. The structures potentially affected would be the DGB and the RBA,
as well as the diesel fuel oil storage tanks. The sand bodies subject to
shakedown are those that would be potentiall) subject to liquefaction if
not dewatered. The Applicant analyzed the potential additional settle-
ment using conservative earthquake input, i.e.,0.19g peak acceleration
and 10 cycles of shearing strain reversal, applied to each known sand
body capable of afTecting a safety-related structure. The seismically in-
duced settlement was derived by summing the potential shakedown for
each layer beneath each structure'. Dr. A.J. Hendron presented testimony
on his analyses of seismic shakedown potential at the DGB and Dr. R.D.
Woods presented results of his analyses on the other safety-related struc-
tures and buried utilities potentially atTected. Dr. Woods estimated that
for an SSE of 0.12x (as accepted here for the Midland site, see supra
Finding 71) the shakedown settlement would be about 50% of that deter-
mined by him (Woods, IT. Tr.11,549, at 9). The Staff was in agreement
with the magnitude of the settlements and concluded that they are rea-
sonable and acceptable for use in design (Tr. 11,558 59 (Kane)). The

.

seismic shakedown settlement for the DGB wa3 0.25 inch 0.15 inch
(liendron ff. Tr. 8675, at 1, 8: Tr. 8682-83 (liendron)) and about %
inch or less for the other alTected structures (Woods, ff. Tr.11,549, at
6-9). See aho Wiedner, ff. Tr.10,790, at 18-19; Shunmugavel, ff. Tr.
I 1,997; Shunmugavel, ff. Tr.12.016, at 5-6.

'I w hile we do nist *iere reah any conclusions on the acceptability or the DGB or its roundaten soils.
or on the prcJtLtron )r ddrerential wttlement between the main structure or the autitiary building and
the control to*c., no unrewtud centrosersy oser dewarenrg ellects at those structures es:sts Ntween
the Appliunt and StatT Ms stameris submitted no proposed findings with regard to the tecbrucal design
or the dew 4tering setem.
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111. AUXILIARY BUILDING AND FEEDWATER ISOLATION
VALVE PITS

118. Stamiris Contention 4.C(a) asserts.

Remediat smi settlement actions are not based on adequate evaluation of dynamic
responses regardmg dewaterms effects, differential sod settlement, and seismic ef-
feca for these structures-

Ausdiary Building Electrical Penetration Areas (EPAsl and Feedwater Iso-a.

lanon Valve Pits (Fl\ Psl.

Prehearing Conference Order, dated October 24,1980, Appendix at 6-7,
as supplemented by Ms. Stamitis' Answer to Applicant's Interrogato-
ries, dated April 20,1981.

I19. The Applicant's testimony on remedial measures for the auxili-
ary building and FIVPs was presented by a panel consisting of Afr.
Edmund M. Burke, Dr. W. Gene Corley, Dr. James P. Gould, Mr. -
Theodore E. Johnson, and Dr. Mete A. Sozen. Burke, er al., ff. Tr.
5509. The Applicant's witness on seismic shakedown of sands ~in the
plant Gli beneath the RBA, control tower EPAs and FIVPs was Mr.
Palanichamy Shunmugavel. Shunmugavel, ff. Tr. 11,997. The Staff

.

panel presenting testimony on the remedial underpinning of the auxiliary
building was made up of Messrs. Darl Hood, Joseph Kane and Hari N.
Singh. Hood, et al., fr. Tr. 5839. Mr. Frank Rinaldi, of the NRC Staff, "

gave testimony on structural engineering evaluations of the auxiliary
building underpinning design. Rinaldi, IT. Tr. 5944 and IT. Tr.12.080.

120. The auxiliary building is a large, mainly reinforced concrete
building located between the containment buildings to the east and
west. and adjacent to the turbine building on the south. The main struc-
ture is founded on overconsolidated, hard lacustrine clay, a competent
natural soil, at elevation 562 feet, about 73 feet below plant grade. The
RBA projects northward about 28 feet and is founded on plant till at ele-
vation 630.5 feet, about 4 feet below plant grade. The control tower pro-
jects southward about 48 feet from the main structure, and the EPAs
extend as wings about 90 feet to the east and to the west of the control
tower. The control tower and EPAs are founded on plant till at elevation
609 feet, about 25 feet below plant grade. The FIVPs are structurally
isolated, but each is adjacent to the outer end of an EPA wing and to the
respectise containment building which each serves. The FIVPs are sup-
ported by plant fill at elevation 615 feet, about 20 feet below plant grade.
The auxiliary building, its control tower and EPAs, as well as the FIVPs
all contain safety-related ettuipment and are required to be designed to
Seismic Category'l standards. Burke, et al., IT. Tr. 5509, at 7 9, Figs.

,
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1,

Aux-1 to Aux-5; Hood, et al., ff. Tr. 5839, at 4-6,7-8; Shunmugavel, ff.
.

Tr.11,997, at 2-3, Figs.1, 2; SSER # 2, s 2.5.4.1.2, at 2-12, 2-13,
Tables 2.2,2.3.

121. The Applicant undertook a soils exploration program in 1978
following discosery of excessive settlement of the DGB. Three borings
were taken in the vicinity of the RBA on the north side, and twelve bor-
ings were taken along the south side in the vicinity of the control tower,
the EPAs and the FIVPs. Inadequately compacted soils that could lead
to differential settlement were found in the backfill supporting the EPAs
and the FIVPs. An early proposed reritedial "Ox," subsequently aban-
doned, would have supported the extreme ends of each EPA by caissons
to control their differential settlement. Burke, et al., IT. Tr. 5509, at
10-11, Figs. Aux-6 to Aux-8; Hood, et al., ff. Tr. 5839, at 8-11,13-14;
Tr. 5856-57 (Kane); Tr. 5747-49 Uohnson). See also Staff F0F, *. 215.

122. In its evaluation of the proposed plan for cakson support of the
extreme ends of the EPAs, the StalT determined that the plan did not ad-
equately address the loads it would add to the control tower at the cen-
ter. In the Staffs view, the added loads likely would have caused over-
stre' sing of the plant Gil supporting the control tower under some load-s

ing conditions (e.g., dynamic bearing capacity). This problem was to
have been solved by the eventually approved plan which required under-
pinning the control tower and EPAs with new foundation walls that
would extend down to the hard lacustrine clay at elevations 562 feet and
571 feet, respectively. Ilood, et al., ff. Tr.-5839, at 1314; Rinaldi, IT. Tr.
5944, at 4; Burke, et al., ff. Tr. 5509, at 1 Figs. Aux-23 Aux 38; Tr.
5873-78 (Singh) The proposed remedy for the FIVPs, i.e., removal of
supporting plant fill and replacement by competent nonliquenable mate-
rial, was not changed. SSER * 2. j 2.5.4.4.1, at p. 2-17; Burke. et al., ff.
Tr. 5509, at 13-14; see infra Finding 144, re proposed remedial action
for the RBA.

123. The Staffs concern over the adequacy of the fill foundation
soils supporting the control tower was engendered in part by the dif-
ferential settlement of the south end of the control tower that had oc-
curred, and by the location of cracks in the auxiliary building. The pres-
ence of a 1-foot void between a concrete mudmat and the underlying
plant lill, encountered in one of the exploratory borings, also contributed
to the Staffs concern over the adequacy of the plant fill beneath the con-
trol tower. While the measured differential settlement of the south end
of the control tower had been slight (on the order of % inch between

*

,
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July of 1978'8 and August of 1981), the Staff believed it was reasonable
to expect that it might have been as much as 0.5 to 1 inch, or more,
since the beginning of construction. Cracks observed in the auxiliary
building concrete, including some through-cracks, were regarded by the
Staff as possible manifestations of distress. Tr. 5880 82 (Kane): SSER
# 2, i 2.5.4.4.1, at p. 2 17, { 2.5.4.5.2, at p. 2-40; Burke, et al., ff. Tr.;-
5509, at Fig. Aux-8 A; flood, et al., ff. Tr. 5839, at 9.-

124. The Applicant, on the other hand, regarded the cracking in the
auxiliary building as primarily caused by constrained volume changes in
the concrete due to temperature changes and drying shrinkage during<

curing. The Applicant's witnesses recognized the possibility that there
may have been some very slight structural deformation associated with
rotation of the auxiliary building to the south during settlement.
Flowever, their analyses of the locations, patterns and widths of cracks
did not indicate to them that the primary cause of cracking was differen-
tial settlement, nor that there was evidence of any structural distress, or

3

i even structural significance, to be found in the cracking. Burke, et al., ff '
Tr. 5509, at 11-12, Figs. Aux 9 to Aux-21, Appendix A.

i 125. As to the cause of the cracking in the auxiliary building, the
Staff was unwilling to accept a determination that all of the cracks
stemmed from shrinkage of the concrete. (See first conclusion, Burke,!

I et al., ff. Tr. 5509, at A-15.) The Staff required an evaluation of the
effect of the cracks on the Seismic Category I structures supported fully

I or partially by plant fill, and found that the Applicant's analyses were
acceptable. The results of the Applicant's analyses showed that existing

,

cracks do not significantly affect the strength in tension, compression,;

and shear of properly reinforced concrete members. The results further
4

showed that, provided the structure has been proportioned and detailed
to resist design load combinations, reinforced concrete structures will de-

: velop their design strength, even if they have "precracks." Crack
mapping, repair and monitoring programs were instituted to prevent'

degradation of the structures during construction of the underpinnings
and during the operating lifetime of the plant if construction were to be

i completed. SSER * 2, s 3.8.3.5, at 3-27 to 3 29; Burke, ci al.. ff. Tr.
~

5509, at 11-12, Figs. Aux-9 to Aux 21, Appendix A.
|

'
18 The Applicant stated that a Foundanon Data surscy Program was estabtahed m May 19U. wah the

attachment, at that time, of a nettlement marker to ear corner of the auuharv building iBurke. er aL.
.

fr. rr. $$09. at 108. Except for a general refererwe to the FsAR and to merted uw of the utnersatiori.
the Board found no reference that proWded or used the attual e'esatiof' data from the marker art the zu.

.

dentiary record (if App. FoF.12ltu Burke es ut. If Tr_5509. at Seo.
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126. Underpinning the control tower and EPAs and replacement of
the plant fill beneath the FIVPs were selected as the best remedial mea-
sures for assuring proper foundation support for.the southern portions
cf the auxiliary building. If properly designed and executed, this ap-
proach would cause the foundation loads of these overhanging structur:s
to be borne by the hard natural clay layer and eliminate those concerns,

about differential settlement a'ising from the unsatisfactorily compactedr
plant fill. Potentially, it also would have reduced, or effectively
eliminated, stresses in the existing structures that might have been in-
duced during underpinning construction or stresses possibly indicated
by the presence of cracking ("precracking"). Burke, et al., ff. Tr. 5509,
at 12-14, 31-32, 37, 39-44, 50-53, 56-59, A-12 to A 15; SSER * 2,
s 2.5.4.4.1, at 216 to 2-23.

~

14-15, 1983,127. Following a design audit conducted on September
the NRC Staff issued a Board Notification (BN 83-174) concerning soils
remedial activities potentially at issue in these proceedings. The Staff
cited three open items from the audit findings (items "d," "e," and

"g") which it believed pertinent to soils remedial design issues. Open
item "d" pertains to the Applicant's method of analyzing differential set-
tiement between the main auxiliary building and the control tower and
concerned the baseline length over which effects of a lixed differential
and, hence, resultant structural stresses, were to be calculated. This
item relates to the Stamitis Contention 4.C(a) allegation on inadequacy
of the underpinning design to account for the effect of (future) differen-
tial settlement, as well as to the validity of acceptance criteria to be
provided to the Staff (as cited in the Niodification Order). Open items
"e" and "g" call into question the permissible limits of upward move-
ments on the structures during jacking operations, whether residual
stresses in the building can be removed during jacking, and how the
residual stresses would be treated in the final design analysis load
combinations. Items "e" and "g" relate to questions of validity of accep-
tance criteria, but only indirectly, if at all, to the design adequacy aspects
of his. Stamitis' contention. Nevertheless, the effect is the same, and
the Board makes no findings at this time on any of the three open items
referred to above from BN 83174.'' Board Notification Regarding Niid-
land Auxiliary Building Underpinning (BN 83174), dated November
21, 1983, transmitted to Board and Parties by memorandum from

.

'' The othe* open items from the statTs dewgn audit stems 4. b. c and f. mere not identitled as sub estsf
of BN 8317+ BN 83174 has been prouded to att parties but has not been introduced into eudence at
this t'me. we rejected Ms. stamirts' motion to reopen the re6ord on matters covered by BN 83-174 as.

premature - sw m;va p. 37.
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Thomas St. Novak of the NRC Staff (hereinafter "BN 83-174"); $1odifi-
cation Order at 3.

128. During hearings on quality assurance / management attitude
issues, Dr. Ross Landsman, a soils engineer with the NRC Staff, volun-

*

teered that i.n his opinion the design of the auxiliary building, and the-
SWPS, whereby the main part of the structure was founded on hard soil
and another part was founded (at a higher elevation) on plant fill, con-
stituted a design deficiency. See Figure 5, supra p. 97. He asserted that
this design had an inherent potential for developing problems as a result
of differential settlement. The " overhanging" part, resting on la thick
section off backfill, could act as a cantilever projecting from the main
structure if the backfill settled more than anticipated in the design. This
would cause overstressing of the structure in the region where the two
parts of the building connect. Dr. Landsman believed that, even if the
backfill had been compacted as designed, the configuration would still
have presented a problem at the Niidland plant. However, similar design
configurations have been accepted not only at the hfidland plant (at the
construction permit stage) but at other plants; the configuration violates
no regulatory requirements and, if properly built, would be licensable.
Dr. Landsman testilled that differential settlement also was a problem at
at least one of the other sites (South Texas), but he did not know if the
differential settlement there was attributable to design of the foundations
or to the compacted fill. Because this condition is what the underpinning
was principally intended to remedy, the potential safety problems to
which the cantilevered design might give rise would be adequately re-
solved for the Niidland structures. We therefore need not determine
whether or not the original design practice is generally acceptable. We
are therefore not doing so - but see our recommendation in the Opin-
ion section, supra pp. 93-94. Tr.15,060,16,31617,16,319,16,392-99,
16,404-05,16,505-09,16,589-91,16,816 (Landsman); Tr. 20,218 43,
20,281-88 (Thomas).

129. The underpinning wall for each electrical penetration area was
to extend down to undisturbed lacus.rine clay at about elevation 571
feet. Each wall would have a minimum thickness of 6 feet with an in-
creased thickness at the base to provide greater soil bearing area. The
thickness of the base would vary as the north face of each wall curves
about the conta:nment, leaving a 4-foot gap for compacted sand fill.
Burke, er al., ff. Tr. 5509, at 12. Figs. Aux-22 to Aux 29. (In its respon-
sive F0F,1219, the Staff advised the Board that the Applicant was plan-
ning to use lean concrete instead of sand to fill the 4 foot gap left by the
curving of the walls around each containment. The Applicant's Reply
F0F,1219, indicated that any change would be submitted for Staff ap-
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proval pursuant to the Work Authorization Procedure adopted as a'
result of LBP-82-35, supra.)

130. The underpinning wall for the control tower would extend
down to undisturbed glacial till at elevation 562 feet and consist of 6-
foot wide by 3-foot-long piers (which provide support during construc-
tion operations) and closure portions which interconnect tht individual
piers to provide a continuous permanent underpinning wall. The piers
and wall sections were to be belled out to 14 feet wide at the base to pro-
vide greater soil bearing area. The underpirining walls would have
formed a box in conjunction with the existing south foundation wall of
the main portion of the auxiliary building to whici. they were to be
attached. The control tower underpinning walls would also have been at-
tached to the underpinning walls of the electrical penetration areas.
Burke, et al., ff. Tr. 5509, at 12 13, Figs. Aux 22 to Aux-25.

131. The FIVPs were to be supported in a different manner than the
control tower and EPAs. The existing backfill under the FIVPs was to
be removed and replaced with well-compacted granular material to a
suitable height below the existing valve pit mat. The new granular back-
fill was to be compacted to 95% maximum dry density as determined by
ASTM Test D-1557 or ASTM Test D 2049, whichever results in the
greater maximum dry density. A reinforced concrete slab would have
been cast on top of the new fill and jacks placed between the slab and
the original mat to precompress the new fill. After precompression of
the fill was completed, the space between the slab and the original mat c

was to be filled with grout and concrete. A beam-and-tie system which
provides temporary support for the FIVPs was installed for their support
during the underpinning operation. Id. at 13-14, Figs. Aux-21, Aux-31;
SSER # 2, j 2.5.4.4.1, at p. 2-17.

132. In order to accomplish the underpinning of the control tower
and EPAs and the removal and replacement of the soil backfill uncer
the FIVPs, access shafts were dug on the west and east ends of the af-
fected area. These shafts were located immediately to the north of the
turbine building and immediately to the west and east of the respective
FIVPs. From these access shafts, tunnels were excavated which allowed
workers to drift under the turbine building and, as the work progressed,
under the EPAs, FIVPs and control tower. The work was to progress in

-a stepwise fashion, tunneling far enough to construct the first temporary
supports, constructing those supports, tunneling far enough to accom-
plish the next part of the constructien, constructing it and so on. Burke,
et al., ff. Tr. 5509, at 14-28, Figs. Aux-22 to Aux 26, Aux-30; SSER
# 2, { 2.5.4.4.1, at 2-17 to 2 23; see also Tr. 5532-72 (Burke).
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133. Because excavation undet and alongside existing structures was
necessary to accomplish underpinning efTorts, the construction proce-
dures to be used included measures to support the soil adjacent to all ex-
cavations and to provide temporary support for the affected structures
during the construction process. In addition to the piers which were to
become part of the foundation walls, and the beam-and-tie system to
support the FIVPs, the EPAs were to be supported by a grillage system
of beams and cross-beams supported at one end by steel posts resting on
a projection of the containment structure and at the other end by a con-
structed pier (Pier 51) bearing on the undisturbed natural soil (Tr.
5542-46 (Burke)). The procedures and sequence of construction of the
underpinning operation for the auxiliary building and FIVPs are ex-
plained in detail by one of the Applicant's witnesses, Mr. Burke (at Tr.
5532-72), and in the prepared testimony of the Burke panel, ff. Tr.
5509, at 14 28. See also SSER # 2, Appendix 1.

134. Temporary post tensioning ties were installed to the upper part
of the east-west wall of each EPA on either side of, and through, the
control tower. These ties served to compensate for loads induced by loss
of buoyancy under the EPAs resulting from construction dewatering of
the foundation soils (see infra Finding 137). Burke, er al., ff. Tr. 5509,
at 16, Fig. Aux-27 (cf SSER * 2, s 3.8.3.1, at p. 3-6).

135. During underpinning construction, the ground water level was
lowered in the area of the southern end of the auxiliary building to
about 565-foot elevation (30 feet below the permanent dewatering lev-
el). A freezewall or freeze-curtain dam, in conjunction with the existing
west cutolT dike and the impermeable clay beneath the containment
buildings, was created in order to maintain relatively dry working

'

conditions. Burke, er al., IT. Tr. 5509, at 16-18, 55, Fig. Aux 28; Tr.
5511-18 (Burke).

136. The freezewall was emplaced by drilling a line of closely spaced
bore holes and circulating a coolant at low temperatures through pipes
in the boreholes. The coolant froze water in the soil in a narrow strip
along the line of boreholes and from elevation 610 feet down to the un-
disturbed natural soil (lacustrine clay). The frozen soil acted as a dam
which minimized seepage of ground water into the excavations from sur-
rounding areas. Breaks in the freezewall were left in the vicinity of
buried utilities to prevent possible damage that might have resulted in
heaving of the utility li .es or ducts where they were crossed by the
freezewall. Seepage through the freezewall at these breaks was to have
been controlle'd by excavating and bac'kfilling with impermeable mate-
rials and/or by temporary dewatering wells installed in their vicinity.
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Burke, er al., IT. Tr. 5509, at 16-18, 55, Fig. Aux-28: Tr. 5511-18
(Burke); SSER # 2 Appendix ! at I-l to I-2; Tr. 22,106-07 (Wheeler).

137. The Applicant took into account the loads resulting from the
lowered ground water elevations to be maintained by permanent
dewatering and by temporary (construction) dewatering in its design of-

the remedial soils measures for the control tower, electrical penetration
areas and FIVPs. The NRC Staff verified that these loads were consid-
ered in the design of the remedial soils measures and that, with 'the ex-
ceptions noted in BN 83174 in regard to differential settlement between
the main part of auxiliary building and the control tower, the Applicant's
design loads with respect to effects of dewatering were acceptable.
Rinaldi, ff. Tr.12,080 at 2-3; Tr.12,101-03 (Rinaldi); Burke, er al., ff.
Tr. 5509, at 16-18,55-57; Board Notification BN 83-174.

138. The natural clay soil which was to provide foundation support
for the underpinning of the centrol tower, EPAs and FIVPs is the same
as that supporting the containment buildings and main part of the auxili-
ary building. All parties and the Board in these proceedings often
referred to all the natural soils at the Midland site simply as "till" or
" glacial till," when, in fact, glacial till actually occurs only in limited
areas of the plant site. The natural soil in the vicinity of the auxiliary
building is a very stiff to hard clay of lacustrine origin which has been
overconsolidated by glacial ice (probably many hundreds of feet thick)
that produced a compressive burden on the clay greatly in excess of the
foundation load that will be exerted by the Midland Plant structures. In
determining settlement, an overconsolidated or precompressed clay will
have no " virgin" compression and the elastic modulus (Young's Modu-
lus) can be used to calculate the elastic recompression of the soil. Jack-
ing loads were to have been maintained until pier settlements indicated*

that the full elastic recompression had been attained. Secondary, long-
term settlements can be computed separately by extrapolating observed
secondary compression or by using coefficients of secondary consolida-
tion. The settlement calculated from secondary consolidation would be
added to the initial settlement from elastic recompression to predict
total settlement of the piers. Future settlement of structures resting on
the piers would be predicted from the secondary consolidation of the
clay, because of the preloading procedure. Tr. 5873-79 (Singh), amending
Hood, er al., fr. Tr. 5839, at 15-16; Burke, er al., ff. Tr. 5509, at 50-51,
53-55, Table Aux-4; ree also Staff F0F,1219 (and authorities there
cited) for clarification of natural soils terminology.

139. Hydraulic jacks placed at the tops of the piers were to be used
to impose predetermined pre-loads on the underpinning supporting soit
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4 before the control tower and EPAs were finally fixed to the underpin-
I ning. After each increment of jacking, sets of steel plates and wedges |
i adjacent to the jacks were to be driven tight to prevent settlement of the

structure when jacking pressures were removed. The structural motions |
were to be monitored to assure that excessive stresses were not devel-

! oped in.the structure during the jacking process. Stresses in the piers
were to be monitored by means of Carlson gages embedded in the top;

and bottom of the pier concrete or by load cells at the top of the pier.
;

Pier vertical deflections were to be monitored to ensure that primary
ecmpression (elastic recompression) of the supporting clay was attained,

- and predicted future long term settlements would be checked by ex-

i
trapolatior, of the trend of the measured secondary settlements while the

i Jacks were still active Burke, et al., fT. Tr. 5509, at 22-34,36-37,53-55;

! . SSER # 2, j 2.5.4.6.1, at 2 44 to 2 46,2-48 to 2-50; { 3.8.3.a. at 3-6 to
! 3-9.

140. During underpinning construction the Applicant conducted a
pier load test to evaluate the soil parameters and settlement response of-;
the lacustrine clay. The test procedure, which was found acceptable to

- the Staff, was to load pier W-Il by jacking to 50% of the maximum load
,

predicted throughout the' operating life of the plant, unloading to 25%,'
,

and then raising to 110% of the maximum predicted load. After comple-
| tion of the test the load was lowered to the design jacking load (SSER

# 2, f 2.5.4.6.1.2, at p' 2-51). The pier load test did not produce' expect-

i ed results in that the Carlson uress meters on the pier indicated that the
load -was not. reaching the_ bcttom of the pier (Tr. 14,370-71, 14,664j

'

(Landsman)). Also, settle' ment of pier W-ll-during (or subsequent to)i
,

F the test was apparently more than predicted (Tr.16,601-05 (Lands-
j. man)). As a result, the Applicant reevaluated the structure using an as-

! sumed settlemer.t of twice the originally calculated amount, equivalent
to an assumption of a soil mcdulus of one-half the originally estimated

,

[ value. The purpose of the reanalysis, according to the Applicant, "was
! to ensure that even if the soils conditions _ were as poor as the tests
' indicated, the building would perform satisfactorily over the life of the
.

. plant" (Tr.17,170 (Mooney)). This reanalysis was the subject of the
', NRC design audit that resulted in the issuance of BN 83-174 (supra
j Finding 127). The Board notes that the Applicant's assumption of a re-
: duced elasticity modulus in its reanalysis was derived from an. option ,

I provided to it by 'the Staff following unsatisfactory completion of the
pier W-li load test (Tr. 16,604 05 (Landsman)). The assumption of a,

'

[
- by one-half, as alleged in Ms.-Stamiris' FOF "13 " item (1) at 5. See -
reduced soil modulus does not equate to a reduction of bearing' capacity

-

!
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Burke, er al., ff. Tr. 5509, at 51-53, for a discussion of" ultimate bearing
capacity" and the determination of the " bearing capacity factor" for the
clay; and, id. at 53-55, for a discussion of the settlement estimates using
the elastic method for estimating settlement of overconsolidated clay.

141. The Applicant took into account loads which would be imposed
by postulated seismic events as well as flooding events in developing
and evaluating the design of the remedial soils measures for the contro!

- tower, EPAs and FIVPs and, in so doing, complied with the require-
ments of SRP {{ 3.7.2, 3.8.3 and 3.8.5. Rinaldi, ff. Tr.12,080, at 6-8;
SSER # 2, f 3.8.3.1, at 3-10 to 3-11; Burke, er al., ff. Tr. 5509 at 46, Ap-
pendix B. See also supra Findings 19-79, for general background on seis-
mic issues. Ilowever, the seismic evaluation is subject to the resolution
of the design deficiency identified in BN 84-115 (see supra Findings
88-89) and our findings on seismic design are limited by this open item.

142. Because the SSRS was not yet agreed upon when the design of
the remedial soils measures was developed, the Applicant used loads
equal to 1.5 times the loads which would result from the FSAR SSE in
evaluating the design of the remedial soils measures for the control
tower, electrical penetration areas and the FIVPs. Subsequent analysis
by a consultant hired by the Applicant and an audit of the Applicant's
design calculations by the NRC Staff determined that loads equal to 1.5
times FSAR SSE loads are conservative in relation to loads which would'
result from the now-agreed-upon SSRS. Tr. 6004-28, 6038-41 (Kenne-
dy); Rinaldi, ff. Tr.12,080, at 7-8; Tr.12,130-31 (Rinaldi); see also
supra Findings 77-79, on seismic issues.

143. The Applicant analyzed the potential for seismic shakedown of
loos ~e sands in the fill to affect the performance of Category I structures.
Flowever, because the replacement fill under the FIVPs was to be com-
pacted to a 95% maximum dry density and all of the underpinning was
to be founded on the natural hard clay, like the main portion of the aux-
iliary building, seismic shakedown is a potential concern only with re-
spect to the RBA portion of the auxiliary building. The Applicant eval-
uated the seismic shakedown elTects for the railroad bay and liquid rad-
waste areas and determined that, even in the event of an earthquake
with peak ground acceleration of 0.19g, settlement of no more than ap-
proximately 0.25 inch would occur. This amount of settlement would
not affect the integrity of the auxiliary building. Shunmugavel, ff. Tr.
I1,997, at 3-7; Woods, ff. Tr. I1,547, at 6; Tr.12,004-11 (Shunmuga-
vel).

144. The Applicant and the Corps of Engineers, for the NRC Staff,
conducted independent liquefaction analyses for the Midland site. Inso-
far as they apply to the underpinned auxiliary building and the FIVPs,
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these studies indicated that a potential for liquefaction would remain in'

the plant fill soils only beneath the RBA portion of the auxiliary build-'

ing. By lowering and maintaining the ground water elevation in this area
to below elevation 610 feet, the Applicant's permanent dewatering
system would eliminate' concerns about soil liquefaction potential
beneath the RBA. The natural hard clay beneath the, auxiliary building is
not liquefiable. Therefore the underpinning and excavation and-backfill
measures for the control tower, EPAs and FIVPs would eliminate any
concern, if it existed, for potential soil liquefaction in these areas. In car-
rying out its liquefaction analysis, the Corps of Engineers postulated a
seismic event with peak ground acceleration of 0.19g, which is more
severe than the SSE for the Midland site determined during the course
of these proceedings. SSER # 2, } 2.5.4.5.5, at 2-42 to 2-44; Woods, ff.
Tr. 9745; see also supra Findings 90-93, 97 on soit liquefaction poten-
tial. The Board concludes that there is an acceptable margin of safety
against liquefaction of soil beneath the RBA, provided the ground water

j in that area is maintained below elevation 610 feet.
145. Because of the possibility of structural movement as a result of

the excavations alongside and under existing structures necessary for
construction of the remedial soils measures for the control tower, EPAs
and FIVPs, the Applicant installed exten'sive instrumentation to monitor'

any absolute or relative movement which might occur.80 For a detailed
description of the instrumentation, places ofinstallation and movements
measured, see Burke, er al., ff. Tr. 5509 at 29-34, Fig. Aux-36; SSER
# 2, s 2.5.4.6.1, at 2-44 to 2-49; Tr. 9400-05 (Krause).

146. The primary monitoring system consists of a network of state-
of-the-art electronic measuring devices which were to be read by
computer every hour and which were to be attended by a technician 24
hours a day. Tr. 9400-03 (Krause). At every point where an electronic
device is installed there is also installed a mechanical gauge which does'

not depend on the electricity to. operate. The mechanical gauges would'

be used to cross-check the electronic readings and would serve as a
backup system in the event of a power outage. Tr. 9404-05 (Krause).
All the instrumentation was installed away from the immediate area of
any ' onstruction activities and all the measuring devices were in metalc

80This momtonng of structures dunn; underpinmng construcuon acuvines addressed concerns ex-
prewed by the Basrd to the elTect that:

'

tIi the system ror detectmg structure movement be reliable as well as accurate so that large data
gaps do not occur or instruments get covered up with sand; (2) the plan ror arresting structural

- movement. ir at shoukt occur. is adequate; and (3) there is suf0cient clearance between the tur.
bine buildmg and the austhary buddmg. atier taking into account any settlement or the
buildmgs. so that the two buildings would not colhde dunng an earthquake.

' Tr. 7122 28.
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cases so they should not become covered with sand or suffer degradation
due to environmental conditions. Tr. 9405 (Krause). Together the me-
chanical and electronic devices would provide a reliable and accurate
monitoring system for detecting any structural movement and provide
reasonable assurance that no signiGeant data gaps would occur. Tr.
9404-05 (Krause); R. Cook, et al. ff. Tr.11,391, at 3-4, Attach. 5, at 4.
Also, extensometers were installed to monitor strains that might occur
in certain walls, and a crack-monitoring program was initiated to monitor
development of any new cracks or changes in the width of already-
mapped cracks. Tr. 5521-26 (Burke): Tr. 9413-14 (Shunmugavel); Tr.
9549-50 (Shunmugavel, Boos, Burke).

147. The computer took hourly readings of all the instruments
monitoring structural movement and was set to sound an alarm and im-
mediately print out the data it had collected if an alert or action level
were reached. In the event an action level were reached, the NRC Staff
was to be notified. An NRC Staff test verified that the computer did
sound an alarm and print out collected data when displacement exceed-
ing the alert level was recorded by one of the instruments. Tr. 9400-04

, Krause); R. Cook, er al.. ff. Tr. 11,391, at 3-4; Tr. 11,396-97(
(Landsman); Tr. 9412 (Boos)..

148. The Applicant and the NRC Staff agreed on alert and action
levels for structural movement which, if reached, would require that ap-
propriate procedures be followed. The action levels for the auxiliary
building were arrived at by analyzing the structure to determine wh!L
would constitute tolerable deflections. Once these were calculated and
the action levels were set, with the concurrence of the NRC Staff, half
the action level would generally be used as the alert level. The action
levels for deHection of the auxiliary building are based on a very con-
servative analysis of what that structure could tolerate. R. Cook, et al..
ff. Tr. I1,391, Attach. 2 (Bechtel Specification C-200); SSER * 2,
s 2.5.4.6.1.2, Table 2.7, at p. 2-49; Tr. 9413 14 (Shunmugavel).

149. Any movement the monitoring system detected would have
been analyzed and appropriate' steps would have been taken in response
to that movement. In response to any movement trends in the monitor-
ing record which suggest that an alert or action level might be reached,
the applicant would have taken steps to arrest the movement before an
alert or action level was reached. The primary method which would be
used to arrest structural movement would be to jack additional iords
into the existing piers and underpinning. However, there were contin-
gency plans for installing additional temporary supports in those in-
stances when the jacking would not be relied upon. If appropriate, all
work would be stopped in the area of the movement. Tr. 9406-08
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(Burke, Boos); 9634-37 (Poulos); Tr. I1.392 (Landsman); see also R.
Coc k, er al., ft. Tr. I1,391, Attach. 2.

150. The App!icant performed an analysis of how much space is
needed between the nonsafety-related turbine building and the safety-
related auxiliary building at various elevations in order to ensure that
these buildings do not come in contact with each other during an earth-
quake. Calculations of the maximum amount of deflection of each of
these buildings during an earthquake determined that at all elevations
there is significantly more space available between the building than the
combined amount of deflection of both buildings. Instrumentation was
installed by the Applicant to measure relative horizontal displacement
between these two buildings to assure that settlement rotation during
underpinning activities does not reduce the existing clearance to a point
where the buildings would interact during an earthquake. Thus, there is
reasonable assurance that the turbine building and the auxiliary building
would not impact during an earthquake as large as the SSE determined
during the course of these proceedings. Tr. 9416-22,9621-23 (Shunmu-
gavel); Tr. 9608-21,9626-29 (Rinaldi); see also App. Exh. 27.

151. This Board finds that the concerns expressed in Stamiris Con-
tention 4.C(a) have been adequately addressed, except with respect to
the soil spring constants to be utilized in a seismic margin review. The
Applicant at this time has adequately evaluated and taken into account
during design of the soils remedial actions the responses regarding
dewatering effects and (except as noted below) seismic effects, whether
static or dynamic, for the auxiliary building electrical penetration areas
and feedwater isolation valve pits. However, in the absence of a com-
plete record on resolution of open issues described in Board Notifications
BN 83-174 and BN 84-115, as discussed, supra, in Findings 127 and
88-89, we make no finding on the adequacy of the design of the remedial
action to account for effects of differential settlement between the main
portion of the auxiliary building and the control tower; our findings con-
cerning the conservatism of the soil spring constants to be used in a seis-
mic margin review of the auxiliary building structures are limited to the
nominal value of such constants (and are subject to resolution of the
reported design deficiency).

.

IV. SERVICE WATER PUMP STRUCTURE

152. The service water pump structure (SWPS), which houses the
five pumps and support equipment for the service water system, is a
Seismic Category I structure, located at the northwest bank of the return
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leg of the cooling pond, adjacent to the circulating water intake structure
(CWIS) and the Seismic Category I retaining wall of the cooling pond. It
is a rectangular, reinforced concrete building with upper and lower sec-

'tions of different dimensions. The lower section is approximately 72 feet
long and 86 feet wide. Its base slab is supported on undisturbed glacial
till at elevation 587 feet. The upper section is 106 feet long and 86 feet

.

wide. This size difference results in an overhang at the north end of the
upper section, resting on soil. Excavation of the natural clay materialleft
a generally triangular (or trapezoidal) volume under the overhang to be'

backfilled. Thus the overhang was to be supported by this volume of fill
as well as the unexcavated natural material above the undisturbed glacial
till layer supporting the main part of the SWPS at elevation 587 feet.
Boos, er al., ff. Tr. 9490, at 1-3, Figs. SWP 2-4; Tr. 9728-29 (Hocd)-
SER, { l.12.7, at p.1-23; Tr. 9536-41 (Boos); App. Exh. 28; SSER * 2,
Fig. 2.8; see Figure 5, supra p. 97.

153. To evaluate the backfill under the overhang portion of the
SWPS, eleven soil borings were taken - two inside the SWPS and nine
in the surrounding area. These borings indicated that some localized
areas of the soil backfill underneath and adjacent to the overhang portion
of the SWPS had not been sufficiently compacted. The inadequately
compacted fill revealed by the borings, however, has not caused the
SWPS to undergo any unusual settlement, or to experience any sir

' cant structural distress. A Foundation Data Survey Program was esto -
lished by the Applicant in May 1977 to monitor settlement of Seismic
Category I buildings. Pursuant to this program, settlement markers were
attached to the four corners of the SWPS by the Summer of 1978. In ad-
dition, six construction survey control points were installed a short time
after concrete placement. Monitoring of the settlement markers and the
survey control points has shown that the SWPS has been very stable,
with a maimum north-south differential settlement of 0.25 inch. Settle-
ments predicted by the Applicant after completion of the underpinning
wall of the SWPS overhang, relative to the portion currently on the till,
are 0.1 to 0.2 inch. The Staff considers these estimates of differential set-
tlements for the underpinned SWPS reasonable and acceptable. Boos, et
al., IT. Tr. 9490, at 3-5; Tr. 9517-18 (Boos); SSER # 2, s 2.5.4.5.2, at p.
2-41; Tr. 9737-38 (Kane).

154. .In December 1978, the Applicant instituted a crack-mapping
program for all Seismic Category I buildings founded on plant fill.' Sever-

- al crack mappings of the SWPS were conducted pursuant to this pro-
gram. The Applicant and Staff reached different conclusions on the rea-
sons for cracks. Dr. W. Gene Corley, the Applicant's' expert, concluded
that the primary reason for the cracking was testrained volume changes
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that occur during curing and drying of concrete. Although he could not
completely rule out the possibility that stresses due to differential settle-
ment contributed to some degree to the observed cracking, Dr. Corley.

indicated that the observed crack patterns do not support the conclusion
that stress due to differential settlement was a primary cause of cracking.
Dr. Corley observed no evidence of structural distress. On the other
hand, the Staff noted the ' presence of some cracks at locations where
one would expect them to occur if caused by differential settlement.
Accordingly, in assessing the effects of cracks, the Staff directed its at-
tention to determining whether the cracks significantly diminish the

.

strength of the structure. The Applicant has shown that there is no such
diminution in strength. A program for crack monitoring (and repair
where appropriate) has,been agreed to and found acceptable by the Staff.
See discussion, infra Finding .163. The Staff concluded that, once con-
cerns about future differential settlement were addressed by the remedial
measures, it was no longer necessary to address further the reasons for
the cracks. Dr. Corley agreed.

| While the observed settlement of the SWPS and an analysis of the ob-
|

served cracks in the SWPS indicate that the SWPS has not suffered sig-

-
nificant structural distress to date, the Applicant elected to underpin the
overhang portion of the SWPS in order to ensure long-term foundation
stability and to allay concerns about future differential settlement due to
the pockets of compressible backfill discovered under the overhang por-
tion of the SWPS. Burke, er al., ff. Tr. 5509, at 11; Corley, ff. Tr.

, 11,204, at Il-29 (crack mapping),29-34 (crack significance), and 34-40'

(crack monitoring); Tr. 9721' (Rinaldi); SSER * 2, j 2.5.4.4.1, at p.
.

2-23, } 3.8.3.5, at 3-27 to 3-29; Corley, IT. Tr.11.206, at 1-3 and Attach.'
*

1; Boos, er al.. ff. Tr. 9490,' at 6: Tr.18,483-84 (J. Cook); Tr. 2743-46
(Hood); Tr. 9738 (Kane).

155. - The underpinning design for the SWPS consists of a continuous
perimeter underpinning wall beneath the north end of the SWPS. The
reinforced concrete wall was to form a box structure beneath the over-
hang,- connected to the sides of the lower portion of the existing
structure, and extending from the upper foundation slab to undisturbed
glacial till at approximately elevation 587 feet. The completed underpin-
ning wall would thus provide a structural foundation resting on undis-
turbed ;;lacial till. But see infra Finding 158. In order to construct the un-
derpinning for the SWPS, an access cofferdam was to be constructed to
provide access for workers and equipment it was to be excavated in two
stages using soldier piles, tubular ' steel lagging and wales to ensure
proper support for the adjacent soil. Initially it would be excavated, adja-
cent to the SWPS. to e!evation 618 feet to permit installation through ap-
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. proach pits of the piers at the corners of the SWP3. Then the cofferdam
would be lowered at the northwest corner to elevation 609 feet to pro-
vide access for excavation of a tunnel beneath the west wall of the
SWPS. A tunnel was planned to provide access for constructing the west
underpinning wall because of the location of the CWIS. All of the under-
pinning under the north and east walls of the SWPS would be construct-
ed from elevation 618 feet by means of approach pits from the a~ cessc

cofferdam. Boos, et a,l., ff. Tr. 9490, at 6-9; SSER # 2, f 3.8.3.2, at p.
3-15; Tr. 5534-36 (Burke).

! 156. Construction of the underpinning made it necessary to lower
temporarily the ground water table, and construction dewatering wells
were to be installed in the vicinity of the SWPS for this purpose. Opera-
tion of these wells would maintain the ground water level 2 feet below
the lowest point of any existing . excavation during the construction of
the SWPS underpinning /To offset any loss of buoyancy force during the
construction due to temporary dewatering, post-tensioning ties were in-
stalled along the tops of the east and west exterior walls of the SWPS in

' November 1981. These ties, which consist of two tendon groups on each
side of the building, apply a compressive force of approximately 500 kips
(kilo-pounds) to the upper portion of the east and west exterior walls.
Boos, et al.. ff. Tr. 9490, at 8 and 10; SSER # 2, J 2.5.4.6.1.2, at p. 2-51;
Tr. 9515-17 (Shunmugavel).

157. It was planned that the construction of the underpinning prog-
ress in stages. The principal consideration in the first stage of construc-
tion was to provide initial support for the north end of the SWPS in
order to compensate for the l'ossible loss of sapport under the base slab
caused by the' underpinning operations and further to counteract any
los5 of buoyancy force. After completion of the first stage, the rest of
the piers would be constructed in a designated sequence. A typical pier.

would be 5 feet long,4 feet wide and 30 feet deep. The piers along the
north wall would be belled to 6 feet wide at the bottom. Shear keys and
reinforcement would be used so that the individual piers, though cast

,

separately, would form one continuous wall upon completion. Boos, et
al., ff. Tr. 9490, at 9-15 and Figs. SWP 11-13; SSER # 2, Fig. 2.9, at
2 27 to 2-30.

'

158. It was ' expected that, all the piers would be founded on undis-
turbed glacial till which would have been inspected and accepted as ade-
quate by a geotechnical engineer before each pier was cast. It is possible,
however, that some pockets of alluvial sand might be encountered at the

' 587-foot elevation. If alluvial sand were encountered at the base of any
of the piers, it would be removed if the pocket were shallow (less than
18 inches deep); however, if it were deep, it would have been accepted

*
.
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as an adequate foundation material if undisturbed. The alluvial sand
found so far has exhibited a higher median blowcount than the undis-
turbed glacial till and therefore would provide an adequate foundation.
A lean concrete working mat was to be cast on top of the inspected and
accepted soil to ensure that it remained undisturbed throughout the cast-
ing of the pier. A load test of pier IE at the SWPS was to be performed

,

as was done at the auxiliary building; i.e., using an initial loading of"

130% of the maximum predicted bearing pressure, eventually reduced
to the design jacking load. The Staff found this procedure acceptable.
However, at the SWPS an additional pier would have been load tested if
the bearing level for any of the piers were on the dense sandy alluviuni
rather than the hard sandy clay Gil.*' Boos, et al., ff. Tr. 9490, at 11-13
and 29 32; Tr. 9545-47 (Burke); SSER # 2, i 2.5.4.6.1.2, at p. 2-51
(pier foundation. load tests).

159. Ms. Stamiris' Contention 4.C(b), as amended, expresses certain
safety-related concerns with respect to the remedial measures the Appli-
cant has proposed for ensuring adequate foundation conditions for the-

SWPS. The contention states:
i

C. Remedial soil settlement actions are not based on adequate evaluation of
dynamic responses regarding dewatering effects, ditTerential soil settlement
and seismic effects for these structures:

...

b. Servtce Water intake Building Isic] and its Retaining Walls

Prehearing Conference Order, dated October 24,1980, Appendix at 6-7,
as modined by Ms. Stamiris' Answer to Applicant's Interrogatories,

i

dated April 20,1981. (Ms. Stamiris clarified (at Tr. 9500) that this con--

tention refers to the SWPS rather than to the adjacent Circulating Water
Intake Structure (CWIS), which is not safety related.)

1

160. The Seismic Category I retaining wall in the vicinity of the
SWPS is structurally isolated from the SWPS and would therefore not be
afTected by the underpinning of the overhang portion of the SWPS. The
retaining wall was constrpeted in two sections which are' structurally
isolated from one another (though the sections would perform as a'

unit). One section is totally founded on undisturbed glacial till and the
other is totally founded on plant fill. The retaining wall has exhibited
only very small settlement to date and no compressible layers of soil

81 We were informed ( App, Reply FOF,1258) that the Apphcant was gains consideration to substitut-
ing a plate load test for the test desenbed in SSER s 2 because or the poor etrerience with the pier load

| test encountered at the auuliary builJang. since such a change, along with other possible last-minute'

moditications, would hase been subject to stati approval under the Work Atehorization Procedure, it is
not a ractor in our formulation or this Partial Insaal Dee:sion. See discussion at Tr.14.379.

!
,
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were found in the plant lill supporting one section of the retaining wall.
Therefore the foundation of the retaining wall was not part of the prob-
lem involving plant fall and it was determined that no remedial soils
measures were required. Tr. 9692-93, 9723-27 (Kane); Tr. 9726-27
(flood).

161. In evaluating the design of the SWPS underpinning, the Appli-
cant has taken into account the load resulting from the lowest ground
water level possible as a result of the temporary dewatering necessary
for the construction of that underpinning (587 feet), as well as the high -
est possible ground water level (627 feet) (estimated as equal to the
highest water elevation predicated for the cooling pond). The NRC Staff
reviewed the calculations the Applicant used to analyze the design, in

'

light of the loads which would result from the lowest and highest possi-
ble ground water levels, and found that the design was acceptable and
met all applicable requirements with regard to its capacity to withstand
those loads. Tr. 9698-99 (Rinaldi).

162. The A,nplicant predicted that after completion of the underpin-
ning there should be no more than 0.1 to 0.2 inch of differential settle-
ment between the overhang portion of the SWPS and the portion cur-

! rently founded on glacial till. The planned method of construction would
! achieve small values of differenti:.1 settlement by jacking loads onto the
1 uriderpinning until only secondary settlement remains, before finallock-

off. The NRC Staff considered this estimate of differential settlement to
be reasonable and acceptable. Moreover, the NRC Staff indicated that
the Applicant had considered loads associated with both the predicted
differential settlement and the predicted total settlement in analyzing
the design of the underpinning for the SWPS. The Applicant assigned a
load factor of 1.4 (equivalent to the load factor for deadweight loads) to
differential settlement loads in accordance with the requirements of the
Standard Review Plan. The NRC Staff found the Applicant's calculations
to be acceptable and the design for the SWPS underpinning to be con-
servative with respect to its capacity to withstand any loads which would,

be imposed as a result of predicted differential settlement. Boos, et al.,
ff. Tr. 9490, at 34-39; Tr. 9690-91 (Kane); Tr. 9697 99 (Rinaldi); SSER
# 2, j 2.5.4.5.2, at p. 2-41.,

'

163. To implement the crack-monitoring and repair program refer-
enced supra in Finding 154, the Applicant installed instrumentation in
the underpinning itself and in the SWPS. The instrumentation would
have been used to monitor any building movement which might occur

'

prior to or during construction, in order to determine if the SWPS were
suffering any structural distress as a result of the underpinning
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operation. Acceptance criteria for movement and strain limits were de-
veloped and incorporated into the Applicant's construction specifications
as " alert" and " action" limits, each with specified consequences. In
particular, if a new crack greater than 0.01 inch developed or if an exist-
ing crack exceeded 0.03 inch in width, an evaluation would have been
undertaken to determine whether underpinning procedures should be al-
tered or halted. Requirements for repair of certain cracks were also
specified. If an " action" level were reached, a report would be required
to be made to the StafT; in our view, the Staff should also have been au-
thorized to require reports (if it deemed them useful) whenever an
" alert" level was reached, and (insofar as construction might be re-
sumed) we grant such authority. Furthermore, efforts have been made
to anticipate and plan for contingencies which might cause structural
movement or cracking. For example, the portion of the SWPS wall
which comes into contact with cooling pond water was to be coated with
waterproofing compounds. Precautions were also to be taken to assure
against skin friction during the pier load testing. Boos, et al., ff. Tr.
9490, at 15-20; Tr. 9549-55,9570-74,9584-91 (Boos, Burke, Shunmuga-
vel); SSER e 2, s 2.5.4.6.1.2, at 2-50 to 2-51 and j 3.8.3.5, at p. 3-29;

.

Tr. 9634-38,9641 (Poulos); statement by Steptoe (Applicant's counsell-

at Tr. 9592.
164. The Applicant took into account seismic effects in evaluating

its design of the underpinning for the SWPS. The SWPS underpinning
was required to be designed to meet loads associated with the site-
specific response spectrum (SSRS). However, because the SSRS had not
been agreed upon when the design was developed, the Applicant used
loads equal to 1.5 times the FSAR SSE loads in developing and evaluat-

-

ing the design. Subsequent analysis has determined that loads equal to
1.5 times FSAR SSE loads exceed those which would result from the
now-agreed-upon SSRS. The NRC Staff reviewed the Applicant's design
calculations and was satislied thr' the SWPS underpinning would be ade-
quate to meet design conf. .ons, including earthquake motions equal to
those of the SSRS. As part of the seismic margin review, the entire
SWPS, existing portion plus underpinning, would have been evaluated
to determine whether the integrity of the structure would be affected by
earthquake motions equal to those of the SSRS. Preliminary indications
were that the SWPS would withstand an SSRS earthquake without im-
pairing safety-related functions. SSER * 2, { 3.7.2, at 3-2 to 3-4,
s 3.8.3.2, at 3-14 and 3-15; Tr. 6004 (Kennedy); Tr. 9568-69 (Shunmu-
gavel); Tr. 9626-30, 9694-97, 9701, 9713-19 (Rinaldi); Boos, et al., ff.
Tr. 9490,115.1 and 5.2, at 20 and 21, and Y 7.1.1.5, at 25 and 26 We
note, however, that the seismic model which wa< to have been utilized
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for the seismic margin review of the SWPS appears to be subject to the
- same design deficiency as has been discussed, supra, at pp. 70-71 and
Finding'88. Our finding with respect to the SWPS seismic model is limit-
ed to the adequacy of the nominal values of the soil spring constants and
is subject to resolution of the design deficiency noted above.

165. Because once the underpinning for the overhang portion of the
SWPS was complete the entire SWPS would be founded on undisturbed.

glacial till, soil liquefaction and seismie shakedown are not factors which
would affect the performance of the SWPS during a seismic event.
(Findings on site-wide problems of liquefaction and dewatering are set
forth in Findings 90 to 117, supra.) The Applicant also analyzed the
possibility of an interaction between the SWPS and the nearby CWIS

'
dur;ng postulated seismic events. The results of this analysis showed
that there was sufficient space between the two buildings to ensure they
would not collide during an SSRS earthquake. The space available be-
tween the SWPS and the CWIS is 1 inch, while the sum of the maximum

j displacements of. the two buildings during a postulated FSAR SSE
'

(DBE) is 0.3 inch and during a postulated SSRS earthquake is 0.5 inch.
~

The Staff has expressed agreement with the Applicant's analysis of possi-4

ble interactions between the SWPS and the CWIS but expected to reex-
i amine this matter as part of the seismic margin review. SSER # 2,

2.5.4.5.5, at 2-42, to 2-44; 3.7.2.4, at 3-4 and 3-5; Tr. 9519-21,
9575-82 (Shunmugavel);Tr. 9626 30 (Rinaldi); Tr. 9730-35 (Kane).

'

166. -The NRC Staff was in agreement with Ms; Stamiris' Contention
4.C(b) at the time it was submitted but later became satisfied with
CPC's remedial measures for the SWPS based on information subse-
quently submitted by CPC (Tr. 9734 (Kane)). The Board agrees and
concludes, based on Findings 159 to 165, supra, that the Applicant has
adequately taken into account the dynamic responses of the remedial
soils measures for the SWPS with regard to dewatering effects, differen-
tial soil settlement and seismic effects, in the design and evaluation of

,

those remedial soils measures. Insofar as the seismic model of the
SWPS is concerned, this conclusion ~ is limited to the nominal values of
the soil spring constants and is subject to resolution of the design defi-

'

ciency noted supra in Findings 88 and 164. Further, the Board concludes
that the Seismic Category I retaining wall,' to which Contention 4.C(b)
apparently also refers, would not be affected by remedial soils measures
taken with respect to the SWPS, nor would any remedial soils measures
be necessary with respect to it.
.167. The Licensing Board also concludes that the Applicant has com-.

plied with all applicable requirements in designing the underpinning for
the SWPS. The design is conservative with respect to' the loads it would
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have been expected to encounter and withstand and provides reasonable
assurance that, if completed as designed, the underpinning would pro-
vide an adequate and stable foundation for the overhang portion of the
SWPS. Our conclusions in regard to the SWPS remedial design are sub-
ject to the outcome of a seismic margin review (including resolution of
the adequacy of the soil spring constants), as well as to satisfactory exe-
cution of the remedial measures. Although we are not now resolving the
QA/QC and management attitude issues which bear upon such remedial
measures, any possible granting of operating licenses would necessarily
be contingent upon satisfactory evaluation of past practices and
construction, including the matters which have been the subject of the
independent overview commenced by Stone and Webster (but not
completed at the time construction was suspended - see letter, J.G.
Keppler (NRC) to CPC, dated November 13, 1984).

V. BORATED WATER STORAGE TANKS

168. Each unit of tlie Midland Plant has an identical 500,000-gallon,
stainless steel, borated water storage tank (BWST), which was to have
supplied borated water to the emergency core cooling system (and the
reactor building spray system) during the injection phase of a loss-
of-coolant accident. These Seismic Category I structures, which are locat-

ed in the tank farm area on the north side of the containment and auxil-
iary buildings, are 32 feet high and 52 feet in diameter. Each tank foun-
dation also includes a valve pit (larger for Unit I than for Unit 2) con-
nected to the southeast side of each BWST, to provide access to the
piping connections to the tank and house valves for the fill and drain
lines. SSER * 2, 3.8.3.3, at p. 3-16; Hendron, IT. Tr. 7186, at 5 and
Fig.1: Boos /Hanson, fr. Tr. 7173, at I and Figs. BWST-1 and BWST-2;
Hood, et al., ff. Tr. 7444, at 4-6.

169. Each BWST is a cylindrical structure with a flexible, flat bot-
tom. The tank shell, roof, and part of the water in the tank are supported
by a reinforced concrete ring wall. Compacted granular fill lies inside the
ring wall with a 6-inch layer of oiled sand separating the tank bottom
from the granular fill. There is a %-inch-thick asphalt-impregnated fiber-
board (Celotex) between the tank bottom and the ring wall. The material
is compressible and tends to distribute the tank wall loading to the ring
wall in a more uniform manner than if there were no compressible mate'-
rial at the interface. Approximately 25 feet of compacted fill lies under
the foundation structure. The flexible tank bottom enables most of the
vertical pressure created by the weight of the water to transfer directly to
the soil within the ring wall This vertical pressure also causes a lateral
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pressure in the sand which is resisted by the ring wall. Anchorage for
resisting overturning loads caused by externally applied lateral forces is
provided by forty 1%-inch-diameter anchor bolts which attach the tank
to the ring foundation. Boos /Ilanson, ff. Tr. 7173, at .1-2; Kenne-,

1 dy/ Campbell, IT. Tr. 7345, at 2 and Attach. B, at 1-3; Tr. 7382-
84 (Kennedy); Tr. 7550 (Rinaldi); Tr. 7954-56 (Boos); SSER * 2,
{ 3.8.3.3, at p. 3-16.

170. Plant grade around the BWSTs is approximately at elevation
634 feet. From that elevation down to between 595 and 605 feet, the
foundation material is compacted backfill. Below elevation 595 to 605

_

feet, there are competent natural soils. An area of "less stiff" or soft
backfill material occurs in the southwest side of the Unit 1 BWST. Hen-
dron, ff. Tr. 7186, at 6; Tr. 7943-44 (Boos); App. Exh. 25.

- 171. Exploratory programs were conducted on the natural soils at
the Midland site in 1968,1969 and 1970. Following discovery of the set-
tiement of the DGB, additional exploratory programs were carried out
in the area of the BWSTs during 1978-79 and 1981, after compacted fill
materials had been placed. The foundations for the two BWSTs were
constructed between July 1978 and January 1979. Erection of the tanks
was completed by December 1979. Hendron, ff. Tr. 7186, at 6-8.

172. The structural adequacy of the BWSTs was questioned by Sta-
miris Contention 4.C(c), which reads as follows:

4. Consumers Power Company performed and proposed remedial actions regard-
ing soils settlement that are inadequate as presented because:

...

C. Remedial soil settlement actions are not based on adequate evaluation of
. dynamic responses regarding dewatering effects, ditTerential soil settlement,
and seismic effects for these structures:

...

c Borated Water storage Tanks.

Prehearing Conference Order, dated October 24,1980, Appendix at 5-7,,

as supplemented by. Ms. Stamiris' Answer to Applicant's Interrogato-,

ries, dated April 20,1981.52

s2 since the BwsT vahe pits were subject to surcharging ti.e.. " pre.loadmg techmques') Warren Con._
tention I applies to the BWSTs. It reads

The composition of the fill soil used to prepare the site or the Midland Plant - Units I and 2 is
not of sutlicier.t quality to assure that pre-loadmg techniques have permanently corrected soil-
settlement problems. The NRC has indicated that random fill dirt was used for backfill. The
components of random rill can include Icose rock, broken concrete. sand, silt, ashes, etc. all of
which cannot be compacted through pre-loadmg procedures.

; Warren Contention 2.8 is also applicable to the BWsTs;it states:
Given the racts alleged in Contention 2.A [concernmg an allegedly madequate dewatenng sys-
tem), and cocsidenng also that the saginaw valley is built upon centunes of silt deposits, these

IContmued)
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173. In October 1980, the Applicant conducted a proof load test of
the BWSTs. It filled both tanks with water and, by means of surveys,
monitored the behavior of the foundations and supporting fill materials.
This proof test uncovered differential settlement between the valve pit
and the ring wall foundation. As a result, on January 22,1981, the Ap-
plicant reported a deGciency of the tank foundation to the NRC pursuant

-

to 10 C.F.R. { 50.55(e). Structural analysis indicated that the allowable.

moment capacity for the dead load and the differential settlement condi-'

tion was exceeded at severallocations in the foundation structure. Exam-
ination at the locations where overstresses were calculated revealed visi-

! ble cracking in the foundation's of both BWSTs - a maximum crack
1

width of 0.063 inch for Unit I and 0.035 inch for Unit 2 - at the junc-j
ture of each ring wall and the valve pit structures. Boos /ffanson, ff. Tr.

1

7173, at 1,3; flood, er al., ff. Tr. 7444, at 9 and Attachs. 7-8.
174. The witnesses addressing the BWST problem provided diver-

gent explanations for the cause of the BWST cracks. Mr. Alan J. Boos
and Dr. Robert D. Hanson, on' behalf of the Applicant, attributed the,

root cause of the cracks to a design error and not to soils compaction
.

inadequacies. They explained that the original design of the BWST foun-
4

|
dations included the load of two small tanks which were to be located on4

the top' slab of each valve pit; but that, when the tanks were relocated to
another area, the original design of the BWST foundations was not modi-i
fled. During the proof load test, when each BWST was loaded with
water, the weight of the water was transferred to the soil through the
tank bottom and -(partly) the ring foundations, causing greater settle-4

I

ment beneath the tak bottom and ring foundations than beneath the
;

valve pits.- They opined that ,because of this uneven settlement, the
valve pits rotated relative to the ring walls and induced bending mo-
ments which had not been considered in the original design. Boos /Han-
son, ff. Tr. 7173, at 3: Tr. 7274-75, 7305 (Boos). Indeed, Mr. Boos
deemed the failure to have considered bending moments in the original
design as sufGeient in itself to have produced a lesser degree of differen-'

tial settlement, without regard to whether the small tanks had been left
on the valve pits. Tr. 7260 63 (Boost.

.

175. Dr. Alfred J. Ilendron, also testifying for the Applicant,likewise
attributed the BWST cracks to design inadequacy, although he reached
this conclusion on the basis of a different rationale. He explained that;

'

highly permeaNe soils which underlie. in part the diegt generato'r building and other clau I
structures rnay be adsersely alTected by the increased water levels producing hquefaction of4

these soils. The following will also be atTected:
1) borated water tanks . . .

Prehearing Conrerence Order, dated october 24.1980 Appendn at 9.
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the primary settlements observed for the BWST (about 1.3 inches at the
edge of the foundations) were not excessive, and that the structural
cracks at the boundary between the valve pit and the ring wall indicated
that the foundations were not really designed to take the distortions that
they would get from the valse pits being very lightly loaded and the ring
walls more heavily loaded. Tr. 7215 (Hendron). Mr. Boos concurred
with Dr. Hendron's evaluation. Tr. 7216 (Boos).

176. In contrast, the NRC Staff attributed the primary cause of the
BWST differential settlement, and the resultant cracking, to inadequately
compacted backfill, rather than only to a design deliciency. SSER * 2,
j 2.5.4.4.3 at p. 2-34; Tr. 7449 (Hood); Tr. 7451 (Kane). A Staff witness
on this question, Mr. Joseph Kane, explained that the 1.3-inch settle-
ment experienced at the Unit 1 BWST as a result of the proof load test
was greater than he would have anticipated if the soil had been properly

,

compacted. He also relied on an additional 1.1 inches of settlement of
Unit I whict had occurred prior to the proof load test, while the tank
was empty, as well as results of the soils investigations, including the
plate-load tests, as indications that the differential settlement stemmed
from a soils-related problem. According to Mr. Kane, absent a soils
problem the settlement prior to the load test would have been no more
than about % inch, roughly the amount of settlement actu' ally expe-
rienced by Unit 2. Tr. 7494-96, 7510-11 (Kane); see also SSER # 2,
{ 2.5.4.5.2, at p. 2-41 (including FSAR references). Although not ad-
vanced for this purpose, the recognition by Afr. Boos (for the Applicant)
of an area of "less stiff" soil in the vicinity of BWST 1 (Tr. 7944
(Boos)) supports the Staff view that soils problems were a prime cause
of cracking in the BWSTs, at least at BWST 1.-

177. Other Staff witnesses recognized that, in addition to soils
problems, design problems represented another factor that might have
contributed to the differential settlement and hence the cracking. Tr.
7481-82 (Singh); Tr. 16,589-91 (Landsman).

178. The most balanced - and, in our view (for reasons expressed
supra at p.102), the most persuasive - explanation of the BWST cracks
was provided by another witness for the Applicant, Dr. Robert P.
Kennedy, President of Structural Mechanical Associates, Inc. (SMA).
In Dr. Kennedy's judgment, there were three causes of the cracking in
the ring wall. First, from the settlement patterns, he believes the soils
under the west end of BWST 1 had a pocket of softer material than
under the east side of the tank or under BWST 2. Cf. Findings 170, 176,,
supra. The second cause was the design of the valve pits, which had low
bearing pressures and hence to some extent acted like a snowshoe on
snow and settled less than the rings. The resulting differential settlement

183



caused the largest stresses and the largest cracking in the vicinity of the
valve pits. Finally, the ring walls were under-reinforced: had there
been sufficient reinforcing steel in the ring walls, the load would have
been spread and the differential settlement would not have occurred.
Dr. Kennedy was unable to say which cause was the " primary" cause of
the differential settlement, although he characterized the under--

reinforcement of the ring walls as a " major cause." Tr. 7366-67

|
(Kennedy).

179. The Applicant and (subject to certain confirmatory items) the
Staff have agreed upon a three phase corrective action for the BWST
foundation problems, consisting of (a) surcharging the valve pits and
their surrounding areas with sand to reduce the residual differential set-

4

tiement on the foandation; (b) constructing reinforcing ring beams
around the periphery of the existing cracked beams; and (c) establishing
a program for releveling the Unit 1 BWST. The first phase was complet-
ed by February 1982. The surcharge process served to consolidate the
fill beneath the valve pit, thereby reducing the residual differential set-
tiement over the 40-year life of the plant. Further, it had the additional
effect of reducing ring wall distortion. A monitoring program was in
place to monitor foundation settlement, concrete cracks and straitt in
the tanks during surchatge placement and removal. This monitoring did
not reveal any unexpected changes or abnormal results. Boos /Hanson,
ff. Tr. 7173, at 4-10, Fig. BWST-2 and Table 1; Tr. 7223 (Boos); Hood,
et al., fr. Tr. 7444, at 13-18; Tr. 7447-49 (Singh); Rinaldi/Matra, ff. Tr.,

7537, at 9; Tr. 7538-45 (Rinaldi); SSER # 2,6 2.5.4.4.3, at p. 2-34.82
180. Under the BWST corrective actions, a new ring beam, con-

structed of reinforced concrete with a minimum compressive strength of
4000 psi, would be added to each BWST foundation. The modified

|
beams are debigned to resist all imposed loading from the tank, including
future bending induced by the predicted residual differential settlement
between the ring' wall and the valve pit described infra in Firiding 181.
Shear connectors would transfer the shear force from the existing ring

,

wall to the newly constructed ring beam. Although the stiffness of the
existing ring wall was taken into account in the design of the remedial

83Ancr apphcation of the surcharge. the Apphcant noted a 5-mil crack in the valve pit wall which es.
tended to the bottom or the roor slab or the sahe pd. At the pomt where the crack touched the stab it -
was only 1 or 2 mits. The Apphcant was unable to determine whether the crack occurred prior to, of as a
result or. the surcharge. Tr. 7284-86 IBoos). However. smce the crack underwent no change subsequent
to its discovery and due to its small magmtude it was Jcen'ed by the Apphcant to be vt'no concern. Tr.
7286-90 (Boost NRC stalT witness Dart Hood felt there was a "very high probabihty' that the statT,

would have concurred with that rindmg. Howeser given the fact that a commitment had been made by
the Appheant to inform the StatY or the propaeation of crach rel.ted to sure'targmg. he felt the crack
should have been reported to the stati. Tr 7463 66 iflood); and Hood. rr al. n. Tr. 7444. Attach.10

<

184'
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measures, no credit was taken for any strength in the existing wall.
Nevertheless, all cracks found in the existing ring exceeding 10 mils
were to be repaired with compressive grout to avoid potential corrosion-

damage to the reinforcing steel in the existing ring. Boos /Hanson, ff. Tr.
7173, at 7-8,12,14, and Figs. BWST-4 and BWST-5; Tr. 7253-54 (Han-
son): Tr. 7548 (Rinaldi).

181. Future settlement predictions used in designing the new ring
beams were based on the data obtain:d from the full-scale load test of
the existing foundation and soil, by extrapolating the settlement versus
log-time curse for each settlement marker. Basing settlement predictions

,

on the full-scale load test of the existing foundation is conservative be-
cause the modified BWST foundations will be stiffer and thus reduce
future differential settlement. Moreover, the design procedure is conser-
vative because no credit was taken for the substantial reduction in
future differential settlement which predictably will be caused by the sur-
charge of the valve pits. Finally, the effect of soft soil under the south-
west quadrant of the Unit i BWST has been considered in this design ap-
proach. The soil in that area has been compressed by the water load test
and subsequent surcharge of the valve pit, and the extrapolation of set-
tiement patterns used in designing the new ring beam implicitly takes

9 this area into account. Boos /Hanson, ff. Tr. 7173, at 4, 7,15; Tr. 7212-
13,7943-45 (Boos); Hood, et al., ff. Tr. 7444, at 17. *

,

182. The settlement values used by Bechtel in designing the new
ring beams were independently confirmed by Dr. Hendron. Dr. Hendron
also confirmed that the factor of safety against bearing capacity failure of
the modified ring walls will be adequate and in excess of accepted
normal practice for both long-term static, and for static-plus-earthquake,
loadings. Dr. Hendron also derived the appropriate long-term soil stiff-
ness values used in the static analyses of BWSTs. Although it was out-

. side the scope of his prepared testimony, Dr. Hendron agreed with the
range of short-term moduli used in the seismic analyses of the BWST
foundations. Hendron, ff. Tr. 7186; Tr. 7207-08 (Hendron); Tr. 7214
(Boos).

183. The NRC Staff and its consultant, the Corps of Engineers,
reviewed and approved the settlement values and other soil parameters
used in the design of the ring beams. The NRC Staff's structural engi-
neering witness, Mr. Frank Rinaldi, stated that the Applicant's proposal
to add a new ring beam to the existing foundation was "in concept,

'

. structurally . adequate,'' subject to a number of stated concerns.-

.

Hood, et al., ff. Tr. 7444, at 14-16; Rinaldi/Matra, ff. Tr. 7537,' at 9; Tr.
7538-45 (Rinaldi). By the conclusion of the evidentiary hearings on the

' BWSTs, these concerns had been reduced to three in number: (1)

183
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whether Bechtel had used earthquake loads equal to 1.5 times the FSAR

1- SSE along with ACI-349. as supplemented by Regulatory Guide 1.142 in ,

' evaluating the structural adequacy of the modified BWST foundations;
(2) whether Bechtel had in fact checked all regions of the new ring
beams for all the load combinations in ACI-349 as modified by.Regula-
tory Guide 1.142; and (3) whether using 1.5 times FSAR SSE loads for
the BWST gives greater loads than the SSRS.'Each'of these concerns
was answered affirmatively ~ by the Applicant's witnesses. See Tr.

,

7949-51 (Boos); Tr. 7278-80 (Hanson); Tr. 7388-89, 7395 98 (Kenne-'

} dy). The NRC Staff ultimately resolved the first two concerns in a'struc-
tural audit of Bechtel, as documented in SSER # 2, Q 3.8.3.3, at 3-16'

through 3-22. Final resolution of the third concern, as far as the Staffis
,

: concerned, awaits completion of a seismic margin review. However, the
Staff finds " strong evidence" that the ring beam ' design based on 1.52

times FSAR SSE loads will be acceptable to it. See Rinaldi, ff. Tr.
,

12,080, at 8
i

184. Upon completion 'of the. reinforced ring beam,84 the Unit 1;
.BWST would be releveled. Releveling of the empty tank was to include -j -

| draining and venting the tank, mounting strain gages, raising the tank,
i leveling the existing ring wall, releveling the oil-sand layer below the -
! bottom plate, installing asphalt-impregnated .Cetotex underneath the

~

i tanks and reattaching the tank to the foundation by anchor bolts. Analy-
! ses show that the Unit 2 BWST foundation has not undergone significant '
; tilting or out-oi-plane deflections and the metal tank can withstand'

future predicted settlement .and the SSRS earthquake without being re-!

. leveled. Tr. 7349 (Kennedy, Campbell); Tr. 7544-45 (Rinaldi); SSER ->

i ' # 2, f 3.8.3.3, at 3-21 to 3-22.
185. The BWST tanks (as distinguished from the BWST founda-

i tions) were evaluated by Dr. Kennedy and Mr. Robert D. Campbell of
! SMA for stresses incurred due to uneven support conditions resulting -

*

| from ' differential settlement of the foundations. Examination of field
measurement data established that the Unit i BWST tank had been ex-
posed to more severe conditions and that verification of the integrity.of:

that tank .would unquestionably verify the integrity of the Unit 2 BWST.
From the anchor bolt-loading (determined by strain gaging the bolts)
and the known weights of tank components, all loading conditions were

,

known. The. nonuniform support reactions and resulting tank wall

?
i

8'From documents recently provided us and the parties f whwh are not in the esidentiary record). it .
;

i appears that the ring beams were not completed at the time construction of the facility was suspended.
i 1&E Rept 84 25/26. At:achment 2 I" soils Demobilization'*). enclosure to letter from R.F. warnick.

NRC. to CPC. dated september 21.1984.
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stresses were computed utilizing a finite-element model and incorporat-
ing laboratory-determined properties of the Celotex on which the tank
rests. The governing design codes are the ASN1E Boiler and Pressure
Vessel Code, s III. Nuclear Power Plant Components, subsec. NC,
1974, supplemented by ASN1E Code Case 1607-1 to establish allowable
stresses for conditions other than normal operation (infrequent events).
Kennedy / Campbell, ff. Tr. 7345, at 2-3."

186. The results showed that normal operating stress limits of the
governing design code were met, with two exceptions. First, the most
highly loaded bolt chair top plate did not meet normal operating stress
limits, although it did meet the emergency event loading criteria for an
ASN1E Code Class I plate and-shell-type component support. A subse-
quent dye penetrant examinat. ion of the top plate welds verified that no
cracking was present. Careful visual inspections by Dr. Kennedy and
hir. Campbell did not indicate any visib;e deformation to any bolt chairs.
Kennedy / Campbell, (T. Tr. 7345. at 3.'a The other exception was that
local tank wall compressire stresses did not meet normal operating stress
limits. Again, the emergency-event buckling criterion was used to verify
freedom from buckling. A buckling factor of safety of 2.46 was also cal-
culated to demonstrate that a large margin existed for tank buckling. Id.
at 3-4.87 A visual examination of the tanks performed by Str. Campbell
while they were under their most highly stressed conditions also verified
that no buckling was present. Thus, Dr. Kennedy and Nir. Campbell
concluded that the uneven support which resulted from soil settlement
had not resulted in any damage to the tanks. They also testified that the
Unit I tank after releveling and the Unit 2 tank without releveling could

,

withstand the future differential settlement predicted by the Applicant
together with the SSRS earthquake without exceeding the Code-allowa-

;
ble stress level. Therefore, the safe operating life of the tanks had not'

been reduced. Id. at 4; Tr. 7348,7351,7431-34 (Kennedy).

85 The AsME Code desgn rules do not speci6cally coser settlement induced stresses. Therefore Dr.
Kennedy and Mr. Campbell followed what they considered to be the intertt of the Code in using the
second lesel or stress in the Code 4 senice lesel C7 applicable tn ;iant emergency conditions or infre.

j
quent loadmg conditions. to assess the effect of settlement. At this lesel the Code recosmzes that some
permanent deformataon is possible but that the equipment will remJin seniceable. KennedpCampbell.
17. Tr. 7345. at 3; ser atso Tr- 7350 51. 7433 34 iCampbell. Kenneds t
86 tr there had been wgm6 cant buckling it could eauly hase been obsened sisually. Tr *429 30

(Kennedyt Ultrasome and t.ra) inspection methods are not applicable to this type o(meld. Tr. '430 31
(Campbelli; see also Tr. *$6849 iRmaldi. Matrat
8' The 2.40 buckling factor of safety was calculated by using a N AsA-deselo formula documented

m N AsA publication 8007 as opposed to the more consenatise methods recommended by AsME
Code. Using Code recommended calculations, the 8%sT is % under senice Lesel C allowable
stresses. Homeser. Dr. Kenned) testified that the N AsA formula as more appropriate for the nonuni.
rorm assai loading of the BW si than the rnethod recommended b) the Code which assumes umform
anal compression. Tr. *370 8 I i Kennedy L

187
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187. The NRC Staff reviewed the Applicant's evaluation of the cur-
rent condition of the tanks and also concluded that the nonuniform sup-
port condition did not impose any unacceptable stresses on the tank
components. Rinaldi/Matra, IT. Tr. 7537, at 5: Tr. 7565-69 (Rinaldi,
Matra).

188. Subsequent to the construction of the new ring beam, two ob-,

servation pits were to be provided for each BWST foundation at the
high-stress locaticns. The new ring beams were to undergo monitoring
for a period of at least 6 months after the tanks were initially filled with
water. Upon completion of a 6-month monitoring period, a report eval-
uating the elTect of any existing cracks would be submitted to the NRC.
However, if during the monitoring period any crack were to reach 0.03
inch or larger, the tanks would be emptied and the condition evaluated.
Boos /flanson. IT. Tr. 7173, at 20-21 and Fig. BWST-2; Tr. 7562 (Rinal-

.

di); SSER s 2, j 3.8.3.3, at p. 3-22. The Applicant has committed to
providing a technical specification for long-term settlement monitoring
should the plant be operated, and to providing FSAR documentation of
the as-built conditions for the new ring beam foundations and releveling
operations, once they are completed. During the operating life of the
plant, the Applicant would utilize strain-gage monitoring in the area of
interest, the transition zone where the high stresses occur, to demon-

! strate that the ring beam foundation is-performing adequately. SSER
* 2 } 2.5.4.4.3, at p. 2-35; Tr. 7176-78, 7320-21 (Boos); Tr. 7178-79
(Hanson)."

189. Although Ms. Stamiris' Contention 4.C(c) raised legitimate
questions about the elTects on the BWSTs of dewatering, differential soil
settlement and seismic loads, the Applicant has now adequately analyzed

,

these elTects in connection with its plans for the remedial surcharging of
the valve pits, construction of new ring beams, and releveling BWST-1,
measures w hich it has proposed and the StatT has accepted. The addition
of new ring beams to the BWST foundations is based on a conservative
prediction of future settlement which has been independently confirmed
by Dr. Elendron and reviewed and approved by the NRC StafT and the
Corps of Engineers. The prediction is conservative because it takes no
credit for the elTect of the water load test and of the surcharging of the

1

valve pits, which w!!! reduce future differential settlements. It is also'

conservative because the BWST foundations, as modified by the new

18 Mr. Boos testified that en terms of deseloping 4 technique for future monitonng or the concrete
foundation, the area ofinterest was small enough that traditional optical sursey methods for determining
displaecments in the ring foundation would not sufrece to de'ect the rotation of the concrete member,
whKh is a reflection of the induced bending moments and stresses (Tr. 71768.

.
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ring beam, will be stiffer than the old foundation and thus undergo less
differential settlement than extrapolations of past settlement would indi-

*

cate. The BWST tanks themselves have been shown to be unharmed by
past difTerential settlement and able to withstand predicted future dif-
ferential settlements without exceeding normal operating-service-level
stresses.

- 190. In its prediction of future differential settlement for the
BWSTs, the Applicant took into account possible dewatering effects.
Rinaldi/Matra, fr. Tr. 7537, at 12; Boos /Hanson, fi. Tr. 7173, at Fig.
BWST-8; Rinaldi, fT. Tr.12,080, at 3. 1

191, The Applicant has also adequately analyzed the effect of poten-
tial seismic activity in developing its remedial soil measures for the
BWSTs. The new ring beam interface-shear connectors and new ring
foundation are designed to resist resulting stress requirements without
exceeding the allowable stress values and load combinations identified,

; in ACI 318 and ACI 349-76, as supplemented by Reg. Guide 1.142.
These criteria meet with Staff approval since they' conform with require-
ments set forth ~ in SRP { 3.8.4. Boos /Hanson, fT. Tr. 7173, at 11-12;
SSER # 2, f 3.8.3.3, at 3-18 through 3-21.

192. At the time the remedial steps for the BWSTs were being initi-
ated, the site-specific response spectra (SSRS) had not yet been
developed. The Applicant, in order to proceed with the design ofits pro-
posed new foundation ring beams, adopted the load formula of 1.5 multi-

,

plied by the FSAR SSE. Dr. Kennedy testified that this procedure would'

.
'

result in higher stresses than the SSRS, which is equivalent to sbout 1.3
times the FSAR SSE. SSER # 2 l 3.7.2 at 3-2 to 3-3; Rinaldi, ff. Tr.

i 12,080, at 8: Tr. 6001-02, 7389 (Kennedy). In Finding 89, supm, the '

Board notes its approval of the seismic model of the BWST developed
j by Dr. Kennedy and accepted by the NRC Staff.

193. Although in our May 5,1981 Prehearing Conference Order we;
^

deferred until subsequent stages of the OL proceeding the question of
whether the structures as built conform to newly determined seismic cri-
teria, preliminary evidence indicates that the BWST,'as modified, would

*

in fact meet such criteria. Dr. Kennedy testified that there is a substantial
margin for the design of the tank and the foundation, taking into account,

both the predicted future differential settlement of the foundation and
the SSRS. Tne StafT has not yet formally reviewed the results of the seis-'

mic margin review but, based on preliminary information provided by
'

the Applicant, also reports " strong evidence" that the BWSTs comply
with design and acceptance criteria acceptable to the Staff. Tr. 7395-99
(Kennedy); Rinaldi, IT. Tr.12,080, at 8..

.
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194, Dr. Richard Woods, a consultant for Bechtel appearing as a wit-
ness for the Applicant, evaluated the potential for seismic shakedown
settlement at the Midland site. Although pockets of sand which have a'

potential for shakedown settlement . exist at several site locations Dr.
'

Woods testified tha't the soil under the BWSTs exhibited no potential for'

such settlement. Moreover, the sand within the ring foundation has
been compacted to a relative density greater than 80% for which no sig-
nificant seismic shakedown settlement will occur. Woods, ff Tr.11,549,
at 3-6. The Applicant has shown and the Staff agrees that the materials
underneath the BWSTs are not subject to liquefaction. Woods, ff.. Tr.
9745; SSER * 2, j 2.5.4.5.5, at 2-43 and 2-44. Intervenor Sharon War-
ren's Contention 2.B expressed concern for liquefaction adversely affect-

.
ing the BWSTs. Mr. Kane testified that the Staffis satisfied that liquefac-
tion is not a problem for the BWST structures. Tr. 9817. The Board
agrees.

4 195. The Board concludes that the concerns set forth by Ms. Stamiris
in Contention 4.C(c) have been adequately addressed in the remedial

; soil measures being taken for the BWSTs. The Applicant has shown and
the Staff has verified that the remedial measures, assuming they are suc-
cessfully completed, will provide reasonable assurance that the BWSTs
will perform their intended safety. functions throughout the operating
life of the plant, Moreover, Staff-approved methods of monitoring the
BWSTs for settlement, concrete cracking and strain provide additional -
assurance that any unanticipated future differential settlement would be'

;
- detected and corrected before presenting any undue risk to the public

'

health and safety. The details of the monitoring remain an open ques-'

,

tion, pending submission by the Applicant and approval by the Staff of a
j technical specification governing such monitoring. Our reasonable assur-

ance finding is subject to the submission by the Applicant and approval
,

by the Staff of an appropriate technical specification governing long-term;

i settlement monitoring, together with additional FSAR documentation,
as set forth in SSER # 2, { 2.5,4.4.3, at p. 2-35; } 2.5.4.6.3, at p. 2-52:

: and Table 2.8, at p. 2-53."
~

4

VI. DIESEL FUEL OIL TANKS

196. There are four Seismic Category 1 steel diesel fuel oil storage,

- tanks at the Midland Nuclear Power Plant site;They are located to the-
southeast of the DGB and are buried approximately 6 feet underground.

'

" rhew concluwom are also dispositise of Warren Comemion I. msofar as it relates to the BW sTs. .
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The function of the energency diesel fuel system is to supply fuel to the
onsite diesel generators ir, case ofloss of offsite power. Eight diesel fuel
oil. lines provi,de fuel oil supp'y and return between the diesel generators |
and the four buried diesel fuel oil storage tanks. |

The diesel fuel oil storage tanks were designed and fabricated to the
requirements of AShfE Code, f Ill, Class 3 (1974). Their 3-foot-thick
concrete foundations, which rest predominantly on a supporting base of
medium stiff to mediur'n dense sandy clay backfill material, were de-
signed and fabricated to the requirements of AShfE Code, f III, Class 3
(1974) and also, ACI 318-71. The tiedown is designed to the AISC-
1971. The Staff has determined that the load combinations and accept-4

ance criteria utilized by the Applicant in designing the four storage tanks
meet the StafTs design requirements. Rinaldi/hfatra, fr. Tr. 7537, at 10,
12, Attach. 4; Tr.12,071-73 (Kane); Landers, et al., ff. Tr. 7619, at 5-7;
SER, j 1.12.10, at p.1-25 (Staff Exh.14).

197. Stamiris Contention 4 C(d), as amended, states as followsi

4. Consumers Power Company performed and proposed remedial actions regard-*

ing soi!s settlement that are inadequate as presented because:
...

C. Remedial soil settlement actions are not based on adequate evaluation of
,

dynamic responses regarding dewatering effects. ditTerential soil settlement,'

and seismic effects for these structures:
...

d. Diesel fuel Oil Storage Tanks.,
,

' Prehearing Conference Order, dated October 24,1980, Appendix at 6-7,-'

as supplemented by his. Stamitis' Answer.to Applicant's Interrogato-
~

ries,- dated April 20, 1981. In addition, one of the contentions of his.
Warren which the parties addressed (see Finding 41), claims that the.

!' diesel fuel oil tanks will be affected by liquefaction resulting from an al-
legedly inadequate dewatering system."

198. The Applicant undertook a program of measurement, analysis-

and monitoring to assure that the tanks could perform their intended
functions throughout the operating life of the plant.~ The tanks had been,

installed approximately 2 years after the fill was placed, and therefore

# Warren Contention 2.B(2) states -
Given the racts alleged in Contention 2.A [concermns an allegedly inadequate dewatenng sys-
tem]. and considenng also that the saginaw Valley is built upon centunes of salt deposits, these

. highly permeable soils which underlie, in part, the diesel generator budding and other dass 1
structures may be adversely affected by increased water levels producing liquefaction of these

|
- soils. The followmg will also be atTected:

...

2) diesel fuel oil tanks.
PreMaring Conference order dated october 24.1980. Appendix at 9. <
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: .were isolated from the effects of the fill's initial settlement. In 1979, the
Applicant surcharged the four tanks by filling them with water and moni-

,
tored settlement for about an 8-month, period. The Applicant's witnesses
(Messrs. Donald Landers, Donald Lewis and James Meisenheimer) tes-1

tified that the diesel fuel oil storage tanks will settle with the surrounding
'' soil,_as will the connecting pipes. Thus, the differential settlement be-

tween the pipes and the tanks would be small, and the nozzle loads due

}#
to settlement,' insignificant. Rinaldi/Matra, ff. Tr. 7537, at 10; Rinaldi,
ff. Tr.12,080, at 5-6; Landers, er al., ff. Tr. 7619, at 11.

.

'

199. NRC Staff witness Joseph Kane testified that, at the time of the
hearing, the Staff was not concerned about the foundation stability of
the four diesel fuct oil storage tanks. He stated that a total maximum set-j
tiement of a half an inch was the largest settlement recorded for the

i diesel fuel oil storage tanks. Following surcharging in 1979, the tanks ex-

l' perienced a maximum settlement of a quarter of an inch. An additional
quarter inch settlement occurred in late 1980 as a result of temporary'

dewatering conditions; however, when the ground water table was allow->

ed to rebound, settlement rebounded one tenth of an inch, to a total set-
j- t!ement of four tenths of an. inch. For the expected operating li,fe of the
; plant, additional settlement of approximately half an inch was estimated.

The NRC StalT, in recognizing and accepting the settlement values relat-

i. ing to the storage tanks, concluded that the results of the analysis and

| monitoring program performed by the Applicant indicated that the Staff
; did not anticipate any significant problem for these tanks or their pedes-'.
i~ tais resulting from differential settlement, and there was no reason for -
j- any structural concerns relating to the effects of differential soil settle-;

ment on the diesel fuel oil storage tanks. Tr. 12,071-73, 12,090-91
. (Kane); Landers, er al., ff. Tr. 7619,' at 11; Rinaldi,- ff. Tr.12,080, at

~

5-6; Rinaldi/Matra, ff. Tr. 7537, at 12; SER, f 1.12.9, at p.1-25. The -.

'

Staff has recently raised questions, however, as to the continuing viabili--
.

ty of its earlier conclusions on the stability of soils beneath the diesel,

fuel oil tanks. Kane Affidavit,- dated December 21, 1984, submitted to
Board and parties by letter dated December 21,1984~ (see supra pp.
38-39, 103-04).

,

200. The Applicant analyzed and evaluated the effects of dewater-
ing, seismic events, and differential soil settlement on the diesel fuel oil .

j storage tanks. It analyzed and monitored the tanks for possible effects -
caused by differential settlement of the soil supporting them. It found 'i

"

the tanks to be in an acceptable and functionally capable condition, lead-
ing the Staff to express its belief that, subject to an audit of the

i> infordtation, and to the outcome of the seismic margin review, any -
: structural concerns regarding the fuel oil tanks which are represented in 3

,
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- Stamiris Contention 4.C(d) are without merit. The effect of dewatering

on settlement of. the tanks was taken into account. As stated supra in
Finding 199, following dewatering, the tanks reached a maximum settle-

t ment of half an inch. When the ground water t,able was allowed to
'j rebound to the full-scale recharge test, rebound settlement of one-tenth

of an inch occurred.The Staff found these settlement values acceptable.
Landers, et al., IT. Tr. 7619, at 11, 35; Rinaldi, ff. Tr.12,080, at 5-6;'

Rinaldi/Matra, ff. Tr. 7537, at 12; Tr.12,071-73,12,090-91 (Kane).
201. The Applicant also analyzed the fuel storage tanks for seismic-'

induced loads in conjunction with normal, thermal and differential settle-
'

. ment loads. In addition, it provided a reinforced concrete cover to resist
the impact of postulated tornado, missiles. As noted . supra in Finding'

196, the Staff determined that the . load combinations and acceptance
criteria used by Applicant to design and fabricate the tanks meet the

I StafT's design criteria. (Although the tanks were designed for the original
seismic' loads of the FSAR SSE (DBE), in the seismic margin review
they were to be reevaluated using the site-speciGe response spectra.) Dr.
Richard Woods evaluated the potential for seismic shakedown of loose'

' sands at the Midland Plant. His analysis revealed that sands for which
Y there is a potential of shakedown settlement, exist in a number of site

locations. One boring performed in the diesel fuel oil storage tank area
I revealed the existence of loose sand. Dr. Woods testined that the maxi-

mum shakedown settlement which would occur based on evaluation of
loose sands in this boring amounts to about 0.10 inch. These settlements -
do not present any hazard to the diesel fuel oil storage tanks. Rinaldi, ff.i -

Tr.12,080, at. 6-8; .Rinaldi/Matra, ff. Tr. 7537, at 10; Woods, ff. Tr.i.
11,549, at 7; Tr.11,557-58 (Kane). However,information uncovered re-
cently casts doubt _on any conclusions based on borings beneath the
diesel fuel oil tanks. See supra pp.- 38-39,' 103-04.' We are making no
findings at this time on the' stability of soils beneath the diesel fuel oil

i tanks.
202. Dr. Woods also presented testimony regarding t.he potential for

. liquefaction at the buried diesel fuel oil storage tanks. He explained that
i during the initial liquefaction boring study,- a loose sand pocket was dis-

. covered in one of the borings close to the' storage tanks. Using an earth---'

quake producing a peak ground acceleration of 0.19g 'and what he
' regarded as conservative-assumptions (based on certain borings), Dr.,

.

Woods had concluded, and the Staff was satisfied, that no danger of
- liquefaction exists for the tanks. Tr. 9747-49'(Woods); Woods, ff. Tr.
9745, at 13-14, and Fig. L-3; Tr.12,071-73 (Kane). However, the Board '
has recently been advised that the logs of borings relied upon to establish

,-

the conservatism of Dr. -Woods' con:lusions were erroneous and that-'

0 >

y.
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the analyses of liquefaction under the diesel fuel oil tanks must be
regarded as inconclusive (supra pp. 38-39, 103-04). For these reasons, -

we are making no findings at this time with respect to liquefaction under
the diesel fuel oil tanks.

203. The Board concludes that the outstanding open items regarding
soils stability and liquefaction are significant enough to preclude our
reaching any final conclusions with respect to his. Stamitis' Contention
4.C(d) or, to the extent it relates to liquefaction under the diesel fuel oil
tanks, Warren Contention 2.B(2). We also are reaching no " reasonable
assurance" conclusions with respect to those tanks.

VII. UNDERGROUND PIPING
.

A. Introduction

204. Two of his. Stamiris' Oh! contentions (Nos. 4.A(4) and 4.C(f))
relate to the technical (as distinguished from QA/QC) aspects of under-
ground piping. They read:

4. Consumers Power Company performed and proposed remedial actions regard-
ing soils settlement that are inadequate as presented because:

...

A. Preloading of the diesel generator building

4) may adversely afTect underlying piping, conduits or nearby structures?

l . Remedial soil settlement actions are not based on adequate evaluation of
.

dynamic responses regarding dewatermg etTects, differential soil settlement.
and seismic elTects for these structures:

f. Related Underground Piping and Conduit.92
4

Prehearing Conference Order, dated October 24,1980, Appendix at 5-6,
as supplemented by his. Stamiris' Answer to Applicant's Interrogato-
ries, dated April 20, 1981. In addition, one of the contentions of his.
Warren which the parties addressed (see supra note 41) questioned the
stress produced by surcharging of the DGB on, inter alia, circulating
water lines and fuel oil lines.')

91 See uttra Findmss 293 305. for a discussion of the portions of Ms. stamins' contenuons deatmg with
underground conduit. We are not de hng in this decision with the effect of the DGB surcharge on
nearby structures.
92 eesupra note 9I.S

'3 That contention (. Number 31 states-
Pre-soading procedures undertaken by Consumers Power have mduced stresses on the diesel
generating buildmg structure and have reduced the abihty of this structure to perform its essen.

(Contmued)
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205. A concern for foundation stability of underground piping at the
Midland Plant arose because the plant fill supporting these pipes was
found to be inadequately compacted and settling under its own weight.
Consequently, piping buried in the plant fill was settling with the fiil. Ob-
served settlements have not been uniform because of the highly variable
soil fill conditions, differences in actual loadings, and also due to the

~

varying foundation elevations of structures connected with underground
_ piping. SER, s 1.12.10, at p.1-25 (Staff Exh.14); Kane, ff. Tr. 7752, at

1-2. -

206. There are two categorizations for underground piping systems
and components at the Midland facility: Seismic Category I and Non-
seismic Category I. SER, { l.12.10, at 1-25 to 1-26, and i 3.9.3.1, at
3-28 to 3 30; SSER # 2, Table 3.1, at p. 3-33 (Staff Exh.14, Supp. 2).
The Applicant and Staff have included in the first category those systems
and components which they regard as "important to safety" and which
are designed to withstand the eiTects of the earthquake forces applicable
at the Midland site.*4 Those systems and components are reviewed to

,

assure through analysis and, where appropriate, remedial measures and/
or monitoring that they will perform their imended safety functions
throughout the plant's projected service life. See, e.g., Tr. 7763 (Kane):'

Tr. 7931-32 (Chen). In contrast, the Nonseismic Category 1 items are
reviewed to the extent necessary to assure that postulated failures would
not have an adverse impact on nearby Seismic Category I structures or
piping. SER, i 2.4.6.3, at 2-28 to 2-29; SSER # 2, j 2.4.6.3, at 2 5 to
2-6, and Q 3.9.3.1.2, at p. 3-34: Tr. 3646-47, 3649 (Kane); Tr. 7825-26-
(Hood).

f

B. Seismic Category 1 Underground Piping

(1) General
207. There are five types of buried Seismic Category I piping at the

Midland Plant, ranging in size from 1-inch to 36 inches in diameter.'

These types are (1) service water system (SwS) lines; (2) diesel fuel oil

tial functions under that stress. Those remedial actrons that base been taken hase produced
unesen settlement and caused mordinate stress on t!'e structure and circulatmg mater imes, fue!

; oil hnes, and electrical conduit.
Prehearms Conference order, dated october 24,1950. Appendis at 9 10.
'4We understand the Applicant and stafr to uuhze the term "important to safety' as it appears in 10

C.F.R. Part 100. Appendis A. We are here usms it simdarty but are espressmg no opmion es to the
esact scope or such termmology. Scr BN 84-011. prodded by the stati to tne Board and parues by
Memorandum dated January I8.1984; we a.'so Tr.3646-47 iKane). Sw also note 12. wra p. 52.
- Fct a discussion of the earthquake forces applicable to Seismie Category I items. ser sura Fmd:np

,

19 79.*
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lines; (3) borated water lines; (4) control room pressurization lines; and
(5) penetration pressurization lines. SSER * 2, Table 3.1, at p. 3-33
(Staff Exh.14, Supp. 2).

208. The smaller underground pipelines are seamless, while the
18-inch and larger-diameter pipes are seam-welded. These larger-diame-
ter pipes are fabricated in nominal lengths ranging approximately from 4
to 40 feet, which are Gtted together and welded. The welds are inspected
and hydrostatically tested to assure integrity. Landers, et al., ff. Tr.
7619, at 7.

209. All of the underground Seismic Category I pipelines at the hiid-
land site rest on compacted backDll material. As a result ofits discovery
of insufficiently compacted 011 material at a number of onsite locations
and its investigation (in part through borings) of such 611 conditions, the
Applicant ascertained that the consistency of the 611 at the location of
buried piping can vary considerably in a vertical dh ction within a bor-
ing, and also laterally as evidenced by closely spaced borings. Settle-
ments of buried pipinP, were primarily a result of Oli settling under its
own weight; the piping itself adds little, if any, weight to the fill and
hence has little impact on settlements. The Applicant also undertook in-
ternal proGling of some of the buried pipes to establish pipe deflection
(settlement) pro 0les. The results of the proGling indicate that the pipe
invert elevations" have maximum deviations from 6 o 21 inches belowt
the originally intended elevations, with the majority in the range of 9-Il
inches. In contrast, field installation procedures for the installation of
the piping provided for a placement tolerance of 2 inches from the
' design invert of elevation. Even if credit is taken for placement toler-
ances, deviations in pipe elevations from design values of at least 4 to 19
inches occurred. Landers, et al., ff. Tr. 7619, at 7-9,13-14, SSER
# 2.5.4.4.5, at p. 2-35, and s 1.12.10, at p.1-25; Tr. 7658 (hfeisenhei-
mer); Tr. 7693 (Lewis); Tr. 7807 (Kane).

210. Inspection records would suggest that Seismic Category I piping
was installed within the 2-inch placement tolerance, inasmuch as no
construction nonconformances related to this requirement were report-
ed. Flowever, lacking any profiles to verify post-installation locations, it
is not known how much of the deviation in invert elevations is due to
soil settlement alone. Although some of the deviation is likely the result
of fabrication and installation, the Applicant and NRC Staff conducted

.

DAs we underst.ind it. *inser: elesation" refers to the elevation at the bottern of the pipe below the
pipe's ceritral aus.
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their analyses of underground piping on the assumption that all varia-
tions in design elevation are due to settlement. Chen/ Hood, ff. Tr.
7762, at 6; Tr. 7693-95 (Lewis). One Staff witness questioned the con-
servatism of that approach (Tr. 7766 (Chen)). Others expressed reasons
for requiring such post-placement profiles (Tr. 7904 (Kane, Hood)). In
lhe Board's view, the analyses of piping would have been more accurate
if post-placement pipe profiles had been prepared. In addition, such
profiles could assist in the monitoring of future settlement (Tr. 7624
(Kane)). For that reason, we are providing that, if further placement or
replacement of underground Seismic Category I piping were to be carried
out, the Applicant must prepare as-built pipe profiles to veriry the post-
installation location of the pipes.

211. The Applicant compared depth profiles along pipelines with sub-
surface conditions projected from adjacent exploration borings. Its direct
testimony indicated that it could establish no correlation between lower
profile areas and softer underlying fill areas or between higher profiles
and stiffer underlying fill soils. Nor, according to its direct testimony,
did the Applicant observe abrupt differential variations in pipeline
profiles in areas where closely spaced borings indicate stiffer soils and
softer soils adjacent to one another. Landers, er al. ff. Tr. 7619, at 9. On
the other hand, the Staff in reviewing pipe settlement profiles, did
detect such a correlation. It observed a general pattern where the major
settlement of pipes occurred under the greatest surcharge loading. But
one instance where the piping experienced smaller settlement in the sur--

charge area could be explained by recognizing that other pipes encased
in concrete had put a discontinuity into the foundation support beneath
the higher placed piping. Tr. 7902-03 (Kane). On cross-examination,
one of the Applicant's witnesses acknowledged such a correlation (Tr.
7658 (Meisenheimer)). The Staff also explained that one reason it had"

requested development of soil profiles along the alignment of the under-
ground piping was to identify the softer soil areas as evidenced by the
low blowcounts recorded in the soil borings that had been completed. It
used this information to determine where settlement markers should be
installed. Tr. 9053,9088,9090 (Kane).

212. Records of the monitored settlement within the fill have been
utilized to predict future settlement for buried pipes. A series of markers
(Borros anchors) have been installed at nine locations in the vicinity of
buried piping not influenced by surcharge loadings. Settlement readings
for anchors that have been established at depths of 7 to 12 feet below
the surface were used in the analysis, because this depth is representative
of the depth of most buried pipes or utilities. Soil conditions at these to-
cations are representative of the variable soil conditions encountered
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throughout the fill. SSER * 2 at p. 2-36; Landers, et al., ff. Tr. 7619,
at 9.

213. Borros anchors BA 13, BA 14, and BA 34 were installed in
December 1978. Settlement data have been taken on these anchors for
over 5 years. Borros anchors BA 100 through BA 106 were installed in
September 1979, and over 4% years of settlement data exist for these
anchors. As of the close of the record on underground piping, the plots
of set'tlement versus log-time for each of these anchors formed straight

~ lines which extrapobte to 2.0 to 2.5 inches of additional settlement oc-
curring over the next 40 years. Based on these projections, the Applicant
and the NRC Staff have concluded that a conservative estimate of future
maximum settlement of buried piping or utilities is for not more than 3
inches of additional settlement to occur at any pipe location. provided
only limited loads are placed over the piping. This estimate includes al-
lowances for settlement due to both seismic shakedown and dewatering.
SSER # 2, 2.5.4.4.5, at p. 2-36; SER, 1.12.10, at p.1-25; Kane, ff.
Tr. 7752, at 6; Landers, et al. ff. Tr. 7619, at 10; Shunmugavel, ff. Tr.
12,016, at 6. As indicated in Findings 259,262, infra. the 3-inch settle-
ment estimate is to be considered as an acceptance criterion. The Appli-
cant committed to providing a technical specification that would include
control measures restricting placement of heavy loads over buried piping
and conduits. In addition, were the plant to be operated, the technical
specifications should include alert and action limits based on the forego-
ing acceptance criterion for settlement. ,

(2) Assurance ofServiceability

214. The various Seismic Category I underground pipes have been
reviewed by the Applicant and Staff to assure their continued serviceabil-
ity over the life of the facility. Remedial activities for each pipe depend
upon the type of pipe, the conditions and timing in which it was initially
installed, and the settlement and other measurements described previ-
ously. Among the remedial actions included for piping are replacement,
rebedment, and reinstallation, which are defined as follows:

Replacement - the removal of existing buried pipe and the installation
of new pipe.

Rebedding - the exposure of the existing buried pipe, removal of un-
derlying soil, placement of new underlying fly ash con-
crete fill, realignment of the existing pipe, repairs to the
pipe coating, and backfill around and over the pipe.

Reinstallation - the replacing and/or rebedding of piping.
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Lewis, ff. Tr. 8868, at 9. We turn Grst to the criteria utilized to evaluate
- underground piping and then to the remedial actions which were

planned to be utilized for each category of piping.

(a) Criteria.

! (i) Stress Analyses and Design Criteria

215. - Section -3.9.3 of the Standard Review Plan (SRP) dennes the-
design criteria and load combinations'to be employed in the design of'

ASME Code Class 1,2 and 3 items. Stresses in piping as a result of soil
settlement are not addressed either by the SRP or the 1971 Edition of
the ASME Code (with Addenda through Summer 1973), which general-
ly governs the Midland facility. However, the 1977 Edition of the ASME
Code addresses single deflection of a pipe through a discussion of
" single nonrepeated anchor movement." SSER # 2, j 3.9.3.1.3, at p.
3-35; Tr. 7811 (Chen); Tr. 7815 (Hood); Landers, et al., ff. Tr. 7619, at
23; see also 10 C.F.R. f 50.55a(d)(2).

216. To augment the SRP and the ASME Code, the Applicant initial-
ly proposed a design criterion of 3S (three times the allowable basic

_

e

material stresses at minimum (cold) temperature, in psi) for its evalua.
tion of the buried pipe. SSER # 2. j 3.9.3.1.3, at p. 3-35. Stress analyses

,

;

based on the assumption that existing deviations from design configura-
tions are due solely to differential settlement yielded stresses which in

>

some cases exceeded the 3S criterion. Ibid.; Landers, er al., ff. Tr. 7619,*
e

at 23-24; Chen/ Hood, ff. Tr. - 7762, at 8. Subsequently, to provide a
greater margin of safety, the Applicant proposed a combination of the

>

; 3S criterion, additional design criteria,' remedial action and monitoring-

e

v to assure the safety and serviceability of the Seismic Category I under-
ground piping. SSER * 2, {13.9.3.1.3,' at p. 3. 35; Chen/ Hood, ff. Tr.
7762, at 8 9.

,

,

j (ii) Strength Criteria

'217. These criteria are intended to provide assurance that the overall
;

. cross-sections of piping are capable of resisting the forces and movement*

due to all loads imposed upon the piping over the life of the plant.
~

These loads include pressure, thermal expansion, overburden and traf-

; fic, soils settlement and seismic loads. SSER * 2, { 3.9.3.1.3, at 3-35 to
3-36; Chen/ Hood fT. Tr. 7762, at 7.

.

218. For settlement stresses only, the 3S criterion is an acceptable,

e;
' strength criterion (SSER # 2, j 3.9.3.1.3, at p. 3 36);ln cases where the.
3S criterion could not be satisfied, however, the Applicant and the

e
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NRC staff considered the effects of load combinations that could lead to
catastrophic effects in a short amount of time in comparison to the pro-
posed monitoring frequency. In particular, the Staff and the Applicant
considered and made provisions for adequate margins of safety for the

3, elTects of settlement in conjunction with 1.5 x FSAR SSE ground
motion forces (i.e., using an input of 0.18g ground motion). The 1.5 x-

4 FSAR response spectra envelopes the site-specific response spectra
2 (SSRS) for purposes of the BC-TOP-4A analyses of buried piping. Tr.

8941-44 (Lewis).
*

219. With respect only to underground SWS piping to be reinstalled,'
the Applicant performed a dynamic seismic analysis based on the FSAR

,

'

i SSE earthquake (0.12g ground motion). The Applicant committed to
run a check analysis using BC-TOP-4A techniques and 1.5 x FSAR SSE
as input (Tr. 8942-43 (Lewis); Lewis, ff. Tr. 8868, Table 4, Enclosure 2,
at Sheet 3, n.2). The Applicant was given permission to supplement the
record to explain how the underground SWS piping to be installed meets

j current criteria (Tr. 8944). By affidavit dated January 21, 1983
(Enclosure E to Applicant's letter to Board dated February 3,1983), Dr.
Thiru Thiruvengadam of CPC demonstrated that input spectra used in
the dynamic seismic analysis of the SWS piping to be reinstalled (which

'
had earlier been analyzed against the FSAR SSE) in fact exceeds the cur-
rent SSRS criteria. On November 2,1983, the Staff filed an affidavit of
D r. Paul Chen indicating concurrence with Dr. Thiruvengadam's
affidavit. (No other party has commented on either affidavit.)

220. In addition, overburden and vehicular load elTects were assessed
relative to the margins of safety for existing Code criteria (SSER # 2,
j 3.9.3.L.3, at p. 3-36):

221. The following strength criteria have been found acceptable by
the NRC-Staff:

Criterion 1: S,, s;3Sc

where S,, = stresses due to differential soil
settlement only.

'
In cases where Criterion I could not be satisfied, the following three
criteria must be met:

;

Criterion 2: The total ovality due to a 1.5 x FSAR SSE plus
soils settlement must be less tha6 the maximum
allowable ovality permitted for the diameter-to-wall7

thickness ratio of the pipe.
f
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Criterion 3: S5t + S ,s M.5 Sno

where S3t = stress due to sustained loads, as
defined in the ASNIE Code;

So/b = stress due to overburden loads;

'Sh= basic material stress allowable at
operating temperature, in psi.

Crtjerion 4: Sot s;I.8 su

where Sot stress due to occasional loads, as
= defined in the ash!E Code, but also

including bending or other stresses
due to traffic loads.

(iii) Buckling Criteria

222. The buckling criteria discussed herein are intended to provide
assurance that local buckling (which could lead to cracking in the pipe)
and gross collapse (which could lead to loss of function of the pipe)

.

would.not occur throughout the life of the plant. Buckling data were ob-
tained from theoretical and experimental sources available in the current
technical literature. These data were reviewed in depth by the Staff and

,

adapted for specifying tuckling criteria for underground piping. For this
type of piping, the criteria are expressed specifically in terms of ovality
and strain criteria. Ovality of a pipe is defined as:

Ovality = (D -Dmin)/D*
-

mas

where D = outside diameter of unovalized pipe

D = maximum outside diameter of ovalized pipe
max

D = minimum outside diameter of ovalized pipe
min

Based on these data, the allowable ovality adopted for the underground
piping over the life of the plant is 4% for pipe with a diameter-to-wall
thickness (D/t) ratio of 69 and a factor of safety of 1.5. SSER # 2,
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f 3.9.3.1.3, at 3-36 and 3-37; Chen/ Hood, ff. Tr. 7762, at 7; see also
Landers, et al., IT. Tr. 7619, at 16,19, 21-25. ,

223. Where monitoring of pipe ovality was to be specified, the ovali-
ty would be determined by measuring pipe strains. A specific s. train-
to-ovality relationship was developed by the Applicant and approved by
the StalT. See Lewis, ff. Tr. 8868, at 3 and Fig.1; see also SSER * 2,
f 3.9.3.1.3, at p. 3 37; Landers, et al., ff. Tr. 7619, at 24-26. For pipes
with a D/t ratio ofless than 69, the permissible maximum ovality under
this relationship is actually greater than 4%, but the Applicant agreed to
the 4% limit. SSER # 2, s 3.9.3.1.3, at p. 3-37.

' .

(iv) Minimum Rattlespace Criteria

224. ' A "rattlespace" is the gap opening between the exterior of a
pipe and the wall of a building or other structure which the pipe
penetrates. The minimum rattlespace criteria discussed herein are in-
tended to provide assurance that both local and gross overstressing of
the piping and gross overstressing or distortion of piping components or
attached equipment would not occur due to loads which may be imposed
or are postulated to occur during the life oi :he plant. Tr. 7892 (Hood);

'

SSER # 2, j 3.9.3.13, at p. 3-36.
225. The clearance conditions of the piping at building or other struc-

tural penetrations are in part dependent on the proposed remedial ac-
tions for the associated piping in the plant fill (see infra Findings
227-250) and on the configuration of the piping at the penetrations.
These conditions are therefore quite variable and have required case-
by-case study for their resolution. SSER # 2, ! 3.9.3.1.3 at 3-37 and
3-3 8.'

226. In general,' assurance that minimum rattlespace will be adequate
1 over the projected life of the plant was provided by the analytical,

method set forth in s 3.9.3.1.3 of SSER # 2 with respect to the 36 inch
SWPS pipe penetrations. This criterion requires that the minimum rattle-
space shall be greater than or equal to 0.5 inch at all locations after
taking into account variations in calculated pipe displacement resulting

~

from predicted future settlement (see supra Finding 213) or the effects
of a 1.5 x FSAR or an SSRS SSE (see supra Finding 219, and irtfra Find-

'
ing 240). SSER # 2, j 3.9.3.1.3, at p. 3-38.
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(b) RemedialActions..

,

(i) Service Water Piping'

-227. The SWS piping includes twenty-two lines, consisting of eight
lines of-8-inch diameter, two 10-inch-diameter lines, eight 26-inch-
diameter lines, and four 36-inch-diameter lines. These lines, constructed

4

of ASME Code Class 3 SA 106 and SA 155 carbon steel piping, were to
be used to supply water to various systems as needed under normal and
accident conditions. SSER # 2, Table 3.1 and j 3.9.3.1.1, at p. 3-33.

,

All of the 26' and 36-inch-diameter SWS piping at the Midland.228. -
7

plant (see supra Finding 22;) was subjected to extensive profile and
- - pipe ovalization measurement programs in November 1981.- Profile data

were obtained at 5-foot intervals along the pipe lengths and at welds,
and are accurate to 1/16 inch. These 1981 data, which supersede the pre-

i
viously obtained 1979 data, which were accurate only to 1/4 inch, were'

j furnished to the Staffin 1982. The data show that the piping was, on the
average, approximately 5 inches below its design elevation, with devia-

,

tions of up to 8 to 12 inches. The 1981 data also show that, in general,
pipe ovalizations were between I and 1.5%, with a maximum of 3%.
SSER's 2, { 3.9.3.1.1, at p. 3-331 see also 1.anders, et al., ff. Tr. 7619, at - .

; '
'

~ 13-14.*
229. All the 8- and 10-inch SWS piping is located in the vicinity of

;
! the DGB. These lines were installed before the soils settlement problem

was recognized, and they were in place during the DGB stircharge pro-
-

i gram. The lines were profiled in 1979, and the data indicated that they
i - were, on the average,6 to 8 inches below their design elevation with a
: maximum deviation of up to 21 inches. SSER * 2, ! 3.9.3.1.1, at 3 33 to
! 3-34.

230. The two longest SWS lines that exhibited the greatest deviations-
f are located north of the DGB between'the DGB and the turbine build-'

ing. These lines were rebedded after the removal of the DGB surcharge.
| ' In addition, pipe diam'eter verification has been conducted on'4-footp
4 - lines. The verification indicated that these lines are acceptable in accor-

|. dance.with American Waterworks Association (AWWA) requirements

! (i.e., less than 5% ovality) These rebedded and diameter-verified lines

|- have been disconnected at the bolted connections at or near their DGB

} ' penetrations and have been recentered in their rattlespace annuli. SSER.

i * 2, j 3.9.3.1.1, at p. 3-34.'
: 231; The Applicant and Staff did not agree on the adequacy-of the
! 36-inch-diameter SWS piping, but the Applicant, as discussed below,

!
* su ssER e 2. ( 2.5 4 4.3. Fig. 2.11. ror a diagram of the unous SwS pipes.*

4
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agreed to replace this pipe. Following hearings in April 1982, it was
determined that it was also necessary to rebed a portion of the buried 26-
inch-diameter SWS piping as part er a fill replacement program to
resolve potential liquefaction concerns in the area north and west of the

- SWPS. Because all the 36-inch-diameter SWS pipe is located in this area
of potential liquefaction, it too was to be rebedded during replacement.
Lewis, ff. Tr. 8868, at 8; see also Enclosure 2 to Applicant's letter dated
Starch 16, 1982, serial 16269,' attached as Reference 2 to the Lewis
testimony.

232. The reinstallation program for SWS piping proposed by the Ap-
plicant and accepted by the NRC Staff included the reinstallation of the
buried 36-inch-diameter SWS piping in the vicinity of the SWPS and the
rebedding of the two buried 26-inch-diameter service water lines im-
mediately north of the circulating water intake structure. The 36-inch
lines which were to be replaced were the service water supply and return
lines at the point of entry to and from the SWPS Lewis, ff. Tr. 8868, at
10. T he 26-inch pipes which were to be rebedded were service water
supply and return lines to and from the DGB and. turbine building. The
lines proposed to be rebedded extended from the 36-inch lines to a
point even with the southwest edge of the CWIS. /d. at 11.

233. The new fill material used in the reinstallation program to re-
place the potentially liquiGable fill in the area north of the SWPS and
CWIS was to be a type of low-strength Gy ash concrete similar to the
material known by the brand name "K-KRETE." The properties of this
new fill material would have been similar to those set forth in Table 3 to
the testimony of Applicant's witness Donald F. Lewis (ff. Tr. 8868).
These properties were to be veriGed by testing (id. at 11). This material
was to be placed to a level of I foot abose the top of the pipe. SSER * 2,
s 2.5.4.4.5, at p. 2-36.

234. The existing 36-inch-diameter buried pipe would have been re- |

placed with 36-inch-diameter welded ASN1E SA-672, Grade B-70, Class
20 pipe. The 0.625-inch nominal wall thickness would result in a D/r
ratio of 57.6, considerably and acceptably reducing the potential for local
buckling. SSER # 2, s 3.9.3.1.3, at p. 3-38; Lewis, ff. Tr. 8868, at 11.

235. The 36-inch pipe would be encased in a 6-inch thick layer of a
compressible polyethylene material known as "Ethafoam," which would
create a transition that would eliminate concentrated shear strain to the
piping caused by differential settlement (SSER # 2, i 2.5.4.4.5, at 2-36
to 2 37; s 3.9.3.1.3, at p. 3-39; AfGdavit of Palanichamy Shunmugavel
on Ethafoam, dated August 2,1983, at 8). By so doing, the Ethafoam
would minimize the effects of differential settlement.
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236. The reinstallation of the designated SWS lines would have been
coordinated with the SWPS underpinning. The excavation required to
expose these lines and replace unsuitable fill would be contigubus with
the excavation for the SWPS underpinning. Underground pipelines that
would be exposed during excavation work would be left in place, and
temporarily supported and protected to preclude damage. Precautions
would include, as necessary, such measures as:

,

a. shoring and bracing supporting fill;
b. complete temporary support;
c. staking utility locations prior to excavation; and
d. hand excavation near utilities..,

A list of structures, facilities, and utilities that might have been encoun-
'

tered or affected by the excavation is included,in, Table 5 to the testimo-
ny of Applicant's witness Donald F. Lewis. Lewis, ff. Tr. 8868, at 14 and
Table 5.

237. Fill material within limits agreed to by the Applicant and the
NRC Staff (id., Table 4) would be excavated down to elevation 610 feet

'

and replaced with a suitable material to minimize settlement and prevent
liquefaction. Predicted future settlement, considering replacement of
loose or soft fill material, was npt expected to exceed 1.5 inches, a
figure less than the 3.0 inches of settlement estimated for the existing
fill. SSER # 2, at 2 36,3-39; Lewis, ff. Tr. 6686, at 11.

238. The 26-inch pipe to be rebedded was, at a minimum, to have
been exposed from the point where it connects to the 36-inch line to a
point approximately even with the southwest edge of the CWIS. The ex-
isting 36-inch pipe to be replaced would have been cut from the point
where it connects to the 26-inch pipe and at a point inside the SWPS
near the penetration. Any 36-inch pipe which has already been replaced
and temporarily covered would again have been exposed." The soil
beneath all the pipes, within the limits referenced supra in Finding 237,
would have been removed and replaced with the fly ash concrete dis-
cussed supra in Finding 233. Before being rebedded, the pipe was to
have been inspected to verify the integrity of the pipe and the external
coirosion coating, and then encased in compressible material where ap-
plicable. Lew!:. (T. Tr. 8868, at 15.

239. All pipe would have been fabricated and installed in accordance
with design drawings and specifications and in accordance with the Work
Authorization Procedure established as a result of our April 30, 1982

" Because or the Applicant's need ror the Sinch pipe in meeting its startup test whedules, portions or
* this pipe might hoe been replaced, and then temporarily backrilleJ ror trost protettion. See 1.cwis. IT

Tr 8868, at 15.
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Order, LBP-82-35, supra." All material used to replace unsuitable 611
and to backnil the excavation was planned to be placed in accordance
with design drawings and speci0 cations. Lewis, ff. Tr. 8868, at 15.

240. The Applicant has performed dynamic seismic analyses of the
buried SWS piping which has been or will be reinstalled. These analyses,
performed using Bechtel Associates' ME-010 computer code, analyzed
the piping for appropriate ASME load combinations and certain single
nonrepeated anchor movement. ASME Code Equations 8,9, and 10 and
Code Case 1606-1, which were utilized by Applicant in the analyses, ad-
dress stresses due to design and peak pressure, weight and sustained
loads (including overburden), seismic inertial loads, thermal expansion*

and seismic anchor movements. The ME-101 analysis" incorporated the
FSAR SSE as inpat. As indicated supra in Finding 219, even though the
FSAR SSE (0.12g ground motion) was used in this analysis, the input
spectra are more conservative than the SSRS; moreover, a check analysis
using approved BC-TOP-4A techniques and 1.5 x FSAR SSE as input
was to be carried out. Lewis, ff. Tr. 8868, at 12-14 and Table 4; Afndavit
of Thiru R. Thiruvengadam dated January 21,1983 (Enclosure E to Ap-
plicant's Letter to Board, dated February 3,1983). Finally, the Applicant
had planned to include Seismic Category I anderground piping in its seis-
mic margin review. See Letter from Philip P. Steptoe (Applicant's coun--

sel) to Board,, dated February 3,1983, Enclosure A.'

(ii) Diesel Fuel Oil Lines
241. The diesel fuel oil lines include four 1%-inch-diameter pipes

and four 2-inch-diameter ASME Code"* Class 3 carbon steel pipes.
These lines were to provide fuel oil supply and return between the
emergency diesel generators and four buried fuel oil storage tanks locat-
ed east of the condensate storage tanks. SSER # 2, Table 3.1 and
{ 3.9.3.1.1, at 3-33 and 3-34; Landers, er al., IT. Tr. 7619, at 5, 7.

242. ' These lines were initially installed in June 1980, after comple-
tion of the DGB surcharge program. They were attached to unistrut sup-
port frames embedded in concrete piers, which are located at approxi-
mately 20 foot intervals. Both piping and supports are covered with ap-
proximately 2 feet of compacted fill and were to be provided with
tornado missile protection. SSER * 2 j 3.9.3.1.1, at p. 3 34.

'8See aho Bird /w heeler, fr. Tr ll.408. at 9.
" Bechtel computer program ME.101 n desnbed in fs AR 4 3 911

INAsME Boder and Prenure \ewt Code. t til t1%0 Ed.. wnh Addenda through * inter 1981)
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243. The maximum settlement stress of the diesel fuel piping has
been calculated assuming that the maximum value of 3 inches of predict-
ed settlement was apportioned over a span of pipe corresponding to the
maximum spacing between pipe footings. The highest calculated stress
value was 18 ksi. This value is well within the allowable stress of 45 ksi
for these lines under the 1977 ASNIE Code. Further, the pipes would
settle with the diesel fuel oil storage tanks, and thus the differential set
tiement between the pipes and tanks would be small. Landers, et al., ff.
Tr. 7619, at 11.

~

244. Subject to the outcome of a seismic margin review (see Finding.

240), the Licensing Board Gnds that this Dexible small-diameter pipe in
- the diesel fuel lines could safely accommodate futiire plant Gil settle-
'

,

ment.io'

(iii) Borated Water Piping

245. The borated water lines include four 18-inch pipes consti ted
of ASN1E SA-358, Grade 304 stainless steel and installed in accordance
with ASNIE Code Class 2. They were to provide water from the borated
water storage tanks (BWST) for normal functions, emergency volume
and reactivity control and for such postulated accidents as a pipe break
in the reactor coolant system. SSER # 2, Table 3.1 and j 3.9.3.1.1, at p.
3 34; Landers, et al., ff. Tr. 7619, at 5-6, 7.

246. ProGle data obtained in 1979 and 1981 show that these lines are
below their design elevation by up to 2 inches, the maximum desiation
allowed for under the construction tolerances. However, with the excep-
tion of the portions of the lines diseassed below, the differential settle-

' ment e!Tects for these lines have been evaluated, and the NRC Staff has
found the etTects of past and projected future settlement to be accept-
able. SSER # 2 s 3.9.3.a.1, at p. 3-34.

247. The portions of the four 18-incb-diameter borated water lines
from the BWST valve pits to the dike wall around the outdoor tanks
were to be rebedded. These lines have been cut loose from the valve
pits to isolate them from settlement caused by the surcharge of the
valve pits, and have been rentted and recentered in the valve pit
penetrations. Stress analyses based on the proGle data for these lines

103 By copy of a letter from the staff to CPC. dated June 20.1984 me w re informed that the Applicant
had sought. and the staff had apfrosed. the remosal and replacement of at least eme Iand possibly all)
of the diew; fuel oil lines. As long as procedures prescribed by LBP 82.M. supra. mere followed. and as
long as ssRs critena gosern the anabsis of new piping. we rmd no obgcison to this change of plans for
corrective action.
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satisfy the 3S criterion accepted by the Staff. H'owever, monitoring pro-
c

grams were to be implemented at the ends of the piping to address rattle-
space concerns. Pipe strain only would have been monitored at the valve
pit penetrations. Pipe strain and minimum rattlespace dimension would
have been monitored at the auxiliary building penetrations. The maxi-
mum additional ovality and minimum rattlespace dimension were to be
limited to 4% and 0.5 inch, respectively, throughout the projected life of
the plant. The current minimum rattlespace dimension at any penetra-
tion is 17/8 inches. SSER # 2, 3.9.3.1.4, at p. 3-40; Landers, et al., ff.

Tr. 7619, at 12.
248. Subject to the outcome of a seismic margin review (see Finding'

240), the Board agrees with the Applicant and Staff that the foregoing
partial rebedding and recentering of borated water lines in conjunction
with the proposed monitoring program for the BWSTs and the auxiliary
building (including the rattlespace monitoring described above) would
provide sufficient assurance of the continued serviceability of this piping.

(iv) Control Room Pressurization Lines

249. Piping in the control room pressurization system includes one
4-inch ASNIE Code Class 3 carbon steel pipe and one 1-inch AShtE
stainless steel pipe. This system would supply overpressurization air to
the main control room from two tanks buried to the east of the auxiliary
building, during postulated accidents such as releases ofhazardous gases
from offsite storage areas. SSER # 2, } 3.9.3.1.1, at p. 3-34, and Table
3.1; Landers, et al., ff. Tr. 7619, at 6,7; see also SSER # 2, s 2.6.4.4.5,
Fig. 2.11.

250. These lines were installed in 1981, after major fill settlements
had occurred and in a manner equivalent to that utilized for the rebed-
ding of other piping. The future differential settlement effects were ex-
pected to be negligible. SSER * 2, s 3.9.3.1.1, at p. 3-34; Landers, et al.,
ff. Tr. 7619, at 33. Therefore, subject to the outcome of a seismic
margin review (see Finding 240), the Licensing Board finds that there
would be reasonable assurance of continued serviceability of the pipes in
this system.

(v) Penetration Pressurization Lines

251. The fifth type of Seismic Category I piping includes two 1-
inch-diameter AShlE Code Class 2 carbon steel penetration pressuriza-
tion lines. These lines had not been installed as of November 1982 (the
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month during which the l'atest hearings on underground pipitig were
held). SSER # 2. j 3.9.3.1.1, at p. 3-34 and Table 3.1.

252.' The majority of lill settlement would already have occurred
before these pipes were to be installed. The effects of difr rential settle-
ment therefore should be negligible. SSER * 2, s 3.9.3.1.1, at p. 3-34.
Moreover, installation of these pipes would be governed by procedures
instituted as a result of our April 30, 1982 Order, LBP-82-35, supra.
Accordingly, and subject to the outcome of a seismic margin review (see
Finding 240), we agree with the Applicant and Staff that there is rea-
sonable assurance of the continued serviceability of these penetration

,

pressuriza. tion lines.-

.

(vi) The Monitoring Program

253. Effective monitoring of Seismic Category I piping, particularly
SWS piping, is a necessary step for assuring that such piping would
remain serviceable for the life of the facility in the face of the differential
soil settlement conditions which have been present in the past and the
lack of sufficient reccrds to ascertain the exact amount of settlement
caused by soil settlement and imperfect installation, respectively. See
supra Finding 210. Both strain gage monitoring and vertical settlement
monitoring were to be employed.

.

STRAIN-G AGE MONITORING

254. To ascertain the effect of future soil settlement, externally
mounted strain gage instruments would be located at various points
along the SWS system. The SWS piping was to be monitored by strain
gages because it is the most critical piping in terms ofits' response to soil
settlement,' and because of the necessity of the strain measurements in
computing ovality. SSER # 2, { 3.9.3.1.3, at p. 3-39; Landers, et al., ff.
Tr. 7619, at 33; Tr. 7673 (Lewis). The strain gages would be located at
positions along the piping where the greatest settlement, and hence the
most stress, would likely occur. The Applicant took the position that the
maximum differential settlement along the longitudinal axis of buried
piping would occur at anchor points, and that the maximum critical dif-
ferential settlement expected along buried piping would be the difference
between the future projected settlement of the building entered at the
anchor locations and the maximum estimated settlement of the fill in
which the pipeline is buried. Landers, er al., ff. Tr. 7619, at 10. On the.

other hand, the Staff took the position that, due to the variable soit
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properties, maximum differential settlement could occur at any point
along the length of the piping - and particularly where local soft spots
are adjacsnt to high spots, as where conduit is located beneath the pipe.
Tr. 7765-66, 7864-65 (Chen). Since the Staff conservatively required
strain and settlement monitors wherever it believed there could be a
potential problem (based on its review of soil profiles prepared along the
line of the underground piping), and because the Applicant agreed to
those locations, the question is moot as to precisely where one would
expect to find the maximum differential settlement. Tr. 9086. 9088-91
(Kane): SSER # 2, { 2.5.4.6.2, at p. 2 52, and s 3.9.3.1.3, at 3-39 to
3-40.

255. A curve derived theoretically would be used to determine the
equivalent strains for the allowable ovality and the actual ovality data
measured on the N!idland 26-inch-diameter SWS piping. Allowable
ovality for the pipe is 4%, which is equivalent to 0.0048 inch / inch strain
and which includes an appropriate safety factor, as discussed supra in
Findings 222-223. Using the curve, the ovalization data measured in the
26-inch-diameter pipe would be transformed to an equivalent strain.
This equivalent strain value would then be subtracted from the allowa' ole
strain to determine the future maxima for the strain monitoring stations.
Lewis, ff. Tr. 8868, at 4 and Fig.1; Tr. 7637 (Lewis).

256. Table I to the* Lewis testimony shows the measured ovality,
corresponding meridional strain, and future allowable strain for all strain
monitoring stations o' the buried 51idland Seismic Category I piping, asn
well as the number of gages for each station. The method used to calcu-
late the future allowable strain would allow the pipe strain resulting
from soil settlement occurring before the 1981 data to be accounted for
at each station. The number of gages was determined by reviewing the
pipe elevation profiles for abrupt in0ection points and critical buckling
zones. Each such station would include at least two gages, thus providing
redundancy. The strain gages would be mounted 1 pipe diameter apart
along the top line of each pipe. Lewis, ff. Tr. 8868, at 4, Fig. I and Table
1; Tr. 7736-37 (Lewis); Tr. 9023-25 (Kane, Chen).

257. The strain gages would be used, and would be necessary,
throughout the life of the plant (as much as 40 years). Although the
gages represent the " state of the art" in such equipment. existing
records verify their effectiveness only for periods up to about 20 years.
N1oreover, within the scope of such records., problems have been raised
concerning the reliability of those gages and the length of time they may
be expected to provide reliable information. For example, certain gages
failed to give accurate readings after about 3 5 years for reasons such as
relaxation of the wire in the gages or movement of the anchors. For that
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reason, the use of strain gages necessitates an adequate monitoring pro-.

.

gram- for the gages themselves, which would extend throughout the
'

period (i.e., plant life) when strain gages would be used and, as neces-
sary or appropriate, requiring repair or replacement of the gages. (For,

; further details, see infra Finding 263.) Tr. 7704-05, 7738-39 (Lewis);
i Tr. 7763-64,7880-82 (Kane).

I.
VERTICAL SETTLEMENT MONITORING

258. Vertical settlement markers were added to various monitoring
' stations to supplement the pipe strain gage measurements. These mark-.

1' ers have beeri installed where loosely compacted soil may exist, based .
on borings taken throughout the plant site fill material, and where high

j future differential settlement could potentially occur due to underlying-
; utilities. Figure 2. to the testimony of.\lr. Lewis is a monitoring station '

1 location diagram for both strain gage monitors and settlement markers.
Figure 3 to the Lewis testimony shows a typical pipe settlement marker'

i which would be attached directly to the pipe. Lewis, ff. Tr. 8868, at 5,
i and Figs. 2 and 3 SSER # 2 j 2.5.4.6.2, at p. 2-52. We understand the
; locations of these markers to incorporate the locations determined by

the Staff to be necessary, as set forth supra in Finding 211.,

I 259. The vertical settlement measurements were to be based upon
: the initial installation survey of the markers. This survey would establish
! an elevation datum. Subsequent suneys would be compared against this
! datum to calculete the pipe movements. The differential vertical dis-
.

placement from the initial datum to the current survey measurement
I would be used for comparison to the acceptance criterion discussed infra

in Finding 262. This acceptance criterion is based on the prediction of 3
inches of predicted maximum future settlement (supra Finding 213).

'

Lewis, ff. Tr. 8868 at 5.
!- 260. The vertical settlement markers measure the absolute pipe set-

tiement at each monitoring station, rather than the differential settle-,.

ment between stations. If settlement at any one station reaches.or ex-

| ceeds the acceptance criterion discussed ida in Finding 262, an investi-
; gation would be called for under the proposed technical specifications.

In addition, where any station. reaches or exceeds an " alert level" of
_

75% of the 3 inch acceptance criterion, the NRC Staff is to.be notified.
j / bid. The combination of strain gages and settlement markers at.each
; monitoring. station, together with the foregoing alert-level reporting
f . requirement, would ensure that differential settle. ment would be detected

,

; . and proper actions taken before stresses exceed the allowable limits.
: Lewis, ff. Tr. 8868. at 5 6; Tr. S869-72 (Lewis).

I
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STR AIN AND SETTLENIENT hlONITORING FREQUENCY

.261. The proposed measuring frequency for the monitoring stations
was the same for both strain gages and vertical settlement markers.'

! Monitoring would commence after the gages and markers were installed
I and operational. The monitoring schedule that was proposed by the Ap-
4 plicant is as follows:

-

4

1. At least once each 30 days during the first 6 months of unit operation. The fre-
quency will continue until observed wttlement has stabilized at less than or
equal to 0.10 inches from the previous reading.

.

2. When observed settlement stabihzes as discussed in (1) above the monitoring
;

frequency will decrease to at least once each 90 days during the first 5 years of
4

plant operation for all stations. After the fifth year, the Apphcant will file a
report with the NRC on the need to contmue monitoring of the field stations.
This report will be based upon the evaluation of time history plots of the col-

' lected data.

! 3. After the fifth year of plant operation, anchor stations will be monitored on a

f yearly basis for the remaining plant operating life.

4. In the event of an unusual event, the Applicant will immediately monitor all
stations.

5. In the event of a reportable occurrence, the Applicant willincrease momtoring
frequency as is determined necessary by the Applicant and the NRC.*

'

Lewis, ff. Tr. 8868, at 6-7; Tr. 8873 75 (Lewis); SSER * 2, { 2.5.4.6.2,
at p. 2 52.

4

PROPOSED TECilNICAL SPECIFICATION ACCEPTANCE CRITERI A'

AND ACTIONS

!
.

.

262. Under - the Applicant's ' proposed technical specifications, if
;

either the future allowable strain specified in Table I to the Lewis tes-
; timony or 75% of the 3 inch vertical setdement criterion were reached, ,

| this would constitute a reportable occurrence. Increased monitoring fre-

i
quency would thereafter be required, the NRC would be notified of the
occurrence and an engineering evaluation of the situation would be initi-

3

ated. Supplemental reports to the NRC would folio.w the initial notifica-
3

|
tion to describe the final resolution and actions. Such actions might in-
clude excavation of piping in' the affected zone for visual examinatio'n'

and possible replacement or sleeving. Strain gages determined to bei

providing faulty data would be recalibrated or replaced within 90 days'

during the first 5 years of monitoring. Lewis, ff. Tr. 8868, at 5.
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263. Based on our earlier findings, should plant operation be contem-
plated, the following guidelines should also be factored into license or
permit requirements to be imposed by the Staff.

1. No monitoring schedule is proposed for the period between
the commencement of monitoring (i.e., after gages and mark-
ers are installed and operational) and the commencement of
unit operation. Since the degree of pipe settlement at any
period of time is. relevant, and since settlement resulting from
defective installation, if any, would likely occur at an early
date, the Applicant and Staff should agree upon an appropriate
monitoring schedule for pipe settlement during the period be-
tween the commencement of monitoring and the initiation of
unit operation.

2. To accommodate the usage of strain gages beyond the first five
years of monitoring and throughout plant life, if necessary, the
requirement for repair or replacement of gages which are deter-
mined to be providing faulty data (see suora Finding 262)
should be supplemented by extending it for the life of the
plant, on a schedule to be determined by the Staff.

3. The monitoring schedule proposed for the period of " plant"
operation does not appear to take into account any extended
period of time betwqen the startup of Units 2 and 1, respective-
ly. Nothing herein is to be taken to preclude the Staff, in the
event a second unit were to be operated, from imposing addi-
tional monitoring requirements following the startup of the
first unit,if appropriate.

.

RATTLES? ACE MONITORINC

264. To assure continuing adequate rattlespace clearance, the Appli-
cant proposed monitoring the clearances of piping penetrations into
buildings, but only where the pipes involved had not been rebedded and
re-analyzed. As required by the minimum rattlespace criteria discussed
supra in Findings 224-226, the soil settlement, seismic, and thermal dis-
placements would be combined and compared to the available annular
space to ensure at least a 0.5 inch safety margin. The Applicant proposed
that the designated rattlespaces be monitored on a yearly basis for the
first 5 years of plant operation, and that a determination then be made
as to the necessity ol' continued monitoring Lewis, ff. Tr. 8868, at 5;

'

App. F0F, 5 380; see also FSAR, } 16, at p. 3/4.1318. On the other
hand, the Staff believes that the question of exactly which pipes should
be monitored for rattlespace can be resolved as part of the Staff's review

4
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of CPC's proposed technical specifications (Staff FOF,1395) and the
Applicant offers no objection to this proposal *(App. Reply F0F, f 395).
To the extent that the plants are to become operational, we will permit
the Applicant and Staff to resolve this matter in the manner suggested
by the StafT. In addition, with respect to the frequency of rattlespace
monitoring, the technical specification should provide for annual
monitoring throughout plant life, subject to modification after 5 years if
requested by the Applicant and approved by the Staff (subject to normal
requirements for elTectuating a technical specification modiGcation).

(vii) Laydown Loads and Safety-Grade Utilities

265. Load limits have been specified to prevent a surcharging effect
resuhing from laydown loads of long-term storage over buried safety-
grade piping and conduits. Exclusion zones would be used to designate
the affected safety-grade utility and the maximum allowable loads and
time limits. The Applicant proposed technical specilication limits based
on an allowable surcharge settlement of 0.5 inch at a depth of 7 feet
below the ground surface - the average buried pipe depth. Lewis, ff.
Tr. 8868, at 7-8 and Table 2.

266. Based on questions raised by the Staff as to this proposal (Tr.
8999,9011-12 (Kane), vec express no opinion at this time concerning
the adequacy of the proposed technical specilication limits. Should plant
operation ever again be contenplated, the precise technical specification
limits may be worked out by the Applicant and Staff during the Staffs
review of proposed technical specifications, but the specifications must
provide an adequate margin of safety for the heaviest loads postulated to
occur over buried piping and conduits (in terms of both weight and, if
appropriate, time within which loads might remain in place). Tr. 7909-
11 (Kane). The control procedure to administer these technical specifica-
tions would be handled in conjunction with the plant operating proce-
dures for controlling h'avy loads inside the plant. Lewis, ff. Tr. 8868,
at 8.

(viii) Freezewall Concerns

267. The Applicant committed to providing a plan for addressing a
Staff concern about differential settlement that arises from a modification
to Applicant's originally proposed freezewall crossing design. The freeze-
wall is a temporary underground barrier of frozen earth created for con-
struction purposes to. minimite ground water ' flowing into the areas
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I

where underpinning excavations for the control tower, electrical penetra-
tion areas, and the feedwater. isolation valse pit are taking place. There
is a potential for differential settlements where piping or conduit crosses
the freezewall. The Applicant had planned to submit information that de-
scribes the crossing modification, details on surcharging the piping and
conduit foundations during ground freezing, and the monitoring records
on heave and/or settlement. Details on backfilling the excavations at the

'

freezewall crossings would also have been provided by the Applicant.
SSER # 2 j 2.5.4.4.5, at p. 2-36.

(c) Corrosion

268. As indica 4ed earlier (Findings 245 and 249), there are two.

types of Seismic Category I underground piping which are composed of
stainless steel: the borated water lines and one of the control room
pressurization lines. The remainder of stich piping is composed of
carbon steel. See also Tr. 7832 (Hood). The Applicant initially relied to
some extent on the use of these materials to resist potential corrosion.
Tr. 7859-60 (Hood, citing } 9.21 of the FSAR, Rev. 30, dated October
1980, at 9.2-7). Nonetheless, pitting corrosion was discovered with re-
spect to a portion of certain nonsafety stainless steel piping (Stamiris
Exh. 35;'d2 Tr. 7683-86 (Lewis); Tr. 7827 28 (Hood); Lewis, ff. Tr.
8868, at 16-17.

269. At the Board's request the Staff presented an expert witness on
corrosion. That witness was Dr. John R. Weeks, a Senior Metallurgist at
Brookhaven National Laboratory, where he has been employed since
1953. His responsibilities include experimental investigations on the
mechanisms of stress corrosion cracking and pitting corrosion of stainless
steels. Weeks, ff. Tr. 9147. Dr. Weeks, who prepared and sponsored the
section of the Staffs Safety Evaluation (SSER # 2, { 3.12) dealing with
corrosion of underground piping, addressed potential corrosion in both
stainless steel and carbon steel piping. Tr. 9148 (Weeks).

270. All carbon steel piping used in the sersice water and diesel fuel
lines was to be protected from corrosion by a combination of a primer
paint and a protective wrapping to provide electrical insulation as well as
a physical barrier between the piping and the corrosive environment.
There were procedures for. both shop coating of piping and field coating
of field welds to ensure that this piping would be protected from external
corrosion. In addition, the piping has been 100% inspected by Bechtel

M2 stamiris Exh. 35 was admated subject to the quahtication that certain handeraten notes on the face
or the document. which had not been authenticated, were not to be reprded as evidence iTr 7436 37p.
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for defects in the coating. Bechtel inspectors have determined that the
coatings are acceptable. SSER * 2, j 3.12.1, at p. 3-42; Tr. 8877,
8882-84 (Lewis); see also Tr. 9394-95 (Weeks).

271. The buried pipe wrapping material consists of reinforced fiber-
glass followed by a layer of coal-tar-saturated felt paper wrap for the
shop-coated material, and by a field-installed tape coat for the Geld-
coated material. Both techniques are standard commercial practices for
protecting carbon steel piping from ground water attack. Field installa-
tion and backGli techniques were carefully speciGed to minimize damage
to the coatings. These procedures were also monitored by the Bechtel
quality assurance department. Contrary to the claim of Ms. Stamitis, the
pipe wrapping materials would not be subject to degradation due to dif-
ferential settlement bending, inasmuch as they are inherently Gexible
and should not fail as a result of the amount of strain that might occur
in the piping. Moreover, an independent check of the condition of the
pipe wrappings would te possible when the 36 inch pipes are excavated
and replaced before startup of the plant. See SSER * 2, y 3.12.1, at p.
3 42; Tr. 9146-49, 9159-60, 9209-12 (Weeks). The Board directs that
this check be undertaken, to the extent that excavation were to occur
following issuance of this Decision.""

272. The entire Midland site was to be protected by a galvanic pro-
tection system designed to maintain all buried piping to a potential of
0.85 V negative to the copper / copper sulfate reference electrode. This is
a standard industry practice intended to ensure that, should any defects
develop in the protectise coating of these . pipes, localized corrosion
would not occur. This galvanic protection system consists of an array of
buried electrodes charged from a central rectiGer, as well as zine protec-
tive anodes that can be used both for controlling corrosion and for
monitoring the effectiveness of the applied galvanic current protection
system. SSER # 2, 3.12.1, at p. 3-42; Tr. 9168 (Weeks); Tr. 9222-34
(Woodby).

273. The galvanie protection system, as originally installed, included
approximately 120 buried trodes. At the request of the site geotechnical
engineer, concrete was use.c as backGil material for the installation of ap.
proximately fourteen anodes located near the BWSTs and to the south
of the DGB. This practice was discontinued soon after it started, howev-
er, and no further anodes were encased in concrete, because of a concern

M3 since both the Apphcant and stair a%crt that me shouid gne credit o this possit%ty of checking or
the condition of the pipe wrappings. me are duing so but are directing that it be undertaker * to the estent
it is stdl rsasible to do so.
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that the concrete would insulate the anodes and diminish their effective-
ness. In further response to this concern, the concrete-embedded
anodes were tested and shown to be performing within acceptable limits.
Tr. 9223-25. 9256 (Woodby).

274. Well-founded concerns do exist, however, about the ability of
concrete-encased anodes to function in the future. One reason that the
concrete-encased anodes have functioned well is the high porosity of the
concrete (Tr. 9304 (R. Cook)). Should the concrete become dry, howev-
er, it would act as an insulator, thereby defeating the purpose of the
anodes (Tr. 9225,9256-57 (Woodby)). The satisfactory performance of ~

the concrete encased anodes can also be attributed to the fact that the
resistivities of the soil and concrete are about equal. If the site were to
be flooded with _ water of higher conductivity, the concrete-encased
anodes might not be as effective. Tr. 9303 (Weeks). For these reasons,
the Applicant had planned to abandon the concrete-encased anodes,
even though they had been shown to operate properly. The Applicant
would have replaced them with anodes placed in a material called " coke
breeze," a byproduct of burning coal which would allow for adequate
compaction and proper conouctivits. Tr. 9226-27 (Woodby) Moreover,
the Applicant had been upgrading the galvanic protection system by in-
stalling about 190 new anodes in addition to the approximately 106 that
would continue to be in operation (Tr. 9223-27 (Woodby)).

275. The galvanic protection system has been in operation since
November 1980. Readings were being taken from voltmeters located on
the rectillers of the system .ipproximately every other day, and the
entire system was inspected twice monthly. Tr. 9160 (Weeks); 9230-31,
9254 55 (Woodby); Tr.10.601 (llood). One potential concern about the
system, raised by NRC resident inspector Ron Cook, was that it might
promote corrosion. Dr. Weeks opined that the polar:ty of the DC current
in tne system wou!d have to reserse to cause a corrosion problem (Tr.
9325 (Weeks)). We are not aware of.i mechanism (and none is reflected
in the record) by wnich such a resersalin polarity might occur.

276. Leaching tests on 3and samples from the backfill used at the
Midland site have shoan only trace amounts of chlorides, and a pl{
greater than neutral (8.6 to 8.9). This combination should minimize the
extent of corrosion that might occur should the galvanic protection
system or the pipe wrappin;;s not perform their job. Furthermore, corro-
sion elTects on all underground piping at the Midland site would be mini-
mized by the operation of tha site dewatering system. This system, dis-
cussed supra at Findings 98-116. should keep ground water levels below
the elevation of the buried piping. Moreoser, it is not anticipated that
any low-lesel radio.ativc waste comamination would lead to an increase
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in external corrosion to buried pipe at the site. See SSER s 2, f 3.12.1,
at p. 3-42.; Tr. 9153,9158,9161-62,9303-05 (Weeks).

277. Should the galvanic protection system become inoperative, and
assuming there were Daws in the coating on carbon steel pipes, corrosion
at such locations would not be serious for periods up to at least 6
months. This is because other elements of the corrosion protection
system would still be in effect i i.e., the nonaggressive chemical proper-
ties of the fill, and the materials from which the piping is constructed.
Buried piping at the Midland site is designed with a 1/16 inch corrosion
allowance, and pitting depths would not exceed one-half this allowance
in 6 months. SSER, # 2, { 3.12.2, at p. 3-43; see also Tr. 7744-45 (Lan-
ders); Tr. 9167, 9217, 9305-06 (Weeks); Tr. 10,602-03 (Hood). We
note that, during plant construction, the galvanic protection system has
periodically been shut down for extended periods of time. For example,
the system was inoperative from February through August 1982. Tr.
9228 29 (Woodby). In July 1982, near the end of that period, excavation
of a stainless steel line revealed no visible corrosion on that piece of
piping (Tr. 9301 (Weeks)).

278. The pipe-coating materials, such as fiberglass wrap or a coal tar
paper wrap, are inherently Dexible and should not fail as a result of the
amount of strain that might occurin the Midland site buried piping. The
protective wraps can "give" within the maximum acceptable ovalization
and strain limits set for the piping. See supra Findings 270, 271.
Further, should Daws develop in the protective wrap. the galvanic pro-
tection system should prevent corrosion at such Daws. Therefore, assum-
ing the system remains operative, it is not anticipated that significant
localized corrosion of coated carbon steel piping would occur as a result
of soils settlement. SSER # 2, j 3.12.2, at p. 3-42; Tr. 8903 (Lewis); Tr.
9217 (Weeks).

279. Buried stainless steel piping at the Midland site is not coated on
the outside, but is protected from corrosion by the galvanic protection
system. Following the discovery, during construction, of pitting in the
Nonseismic Category I stainless steel piping from the condensate storage
tanks (see supra Finding 268), two studies were performed to determine
the causes of the pitting. In the Grst, which was undertaken in 1979, the
Applicant's consultant (Bechtel National, Inc.) examined this piping and
concluded that the corrosion was a highly localized pitting, present on
only one side of the piping. In view of the good soil chemistry at the
Midland site, it is unlikely that this pitting would have been caused by
interaction between the piping and the soil before the galvanic protection
system was activated. Ilowever, the consultant could not determine the
cause of the pitting but noted the lack of "1.nown electrical sources" in
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the vicinity of the corrojed pipe sections. Stamiris Exh. 36.
7 Subsequently, in a study dated January 26,1981, the Applicant's consul-

tant (Bechtel Group, Inc.)' performed another study which suggested

]
that these corrosion' pits were caused by stray currents resulting from
improper groundi'na during field welding of other components at the;; Midland site (Stamiris Exh. 37). The Staff believes this to be a likely

i

|' explanation for the pitting. SSER * 2, { 3.11.3, at p. 3-43; Tr. 8878-79,
8886,8904 (Lewis); Tr. 9385,9434-35 (Weeks). . .'

280. Although the recommendations of the two studies vary, it is sig-
'

'
;

nificant that the experimental findings of the two studies were similar.
! Cf Stamiris Exh. 37, at 2, with Stamiris Exh. 36L see also Tr. 9176
; (Weeks). The different conclusions were attributed by Dr. Weeks to dif-

ferent investigators (including the contribution to the second report of ai
'

project engineer expert in corrosion matters) and to the discovery by the
; authors of the 1981 report of poor field welding procedures which could
<

j . have given rise to the corrosion which was discovered. Tr. 9176;9180
i (Weeks); Stamiris Exh. 37, at 2, 710. Dr. . Weeks also explained how

electrical current could have caused the corrosion investigated in the
first report (Tr. 9434-35). We find Dr. Weeks' reconciliation of the two

j reports to be credible. Further, Dr. Weeks utilized the two reports only
,

for their discussion of the soil chemistry and the pitting corrosion. He*i

also relied on other information in performing his review, and hej-
; formed his own independent conclusions. Tr. 9165-66, 9173-74, 9352-

!
53, 9384-85 (Weeks). Moreover, the inspections of substantial portions
of the remaining buried piping (which have been or were planned to bey

! undertaken) provitie the best assurance of the adequacy of protection
against external corrosion of the buried piping. Tr. 9386 (Weeks); Tr.j

' 921214,9216 (R. Cook); Stamiris Exh. 38.
281. Construction personnel were advised to exercise greater care in

<.
assuring a firm grounding path exists when welding was taking place.
Further, selected lengths of buried stainless steel piping in the BWST

{e
lines were being excavated and examined to determine the condition of
the external surface of this piping. During the summer of 1942, all por-

,

t tions of the line that could be readily excavated were examined. The

| pipe came from the same area where at least one example of pitting had
; previously been found. During this inspection, no pitting was discov-

- ered. In addition, portions of the condensate storage lines have already
;

i been examined during the Applicant's investigation. The Applicant and
I the StalT have concluded that this proposed inspection followed by re-

placement of any defective piping will ' ensure the integrity of these
j' systems. See SSER. # 2, j 3.12.3, at p. 3 43; Tr. 8879-81 (Lewis);-Tr.

9435,9442 (Weeks). The Applicant and the Staff have also concludedL -
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that the galvanic protection system now in piace will help prevent any
future external corrosion of stainless steel piping. See SSER s 2,
l 3.12.3, at p. 3-43; Tr. 9160, 9168 69 (Weeks). Were the system to
become inoperative and plant construction were later resumed, addition-
al analysis of the corrosion of underground piping might be required.

C. Nonseismic Category I Piping

282. As set forth supra in Findings 90,94,97, if the Midland site
permanent dewatering system lowers and maintains ground water levels!

below elevation 610 feet in the vicinity of the DGB and the railroad bay-
area of the auxiliary building, there will be no danger due to liquefaction
at the site .resulting from earthquakes equal to or smaller 'than the
SSE."" At the Staffs request, the Applicant analyzed breaks in Nonseis-

-

mic Category I underground piping to determine the effects of such
breaks on the ability of the permanent dewatering system to maintain
water levels below elevation 610 feet in these areas. SER, f 2.4.6.3, at
2-28 and 2 29.

283. Several Nonseismic Category I lines, called circulating water
discharge lines (CWDL), are located to the east and west of the DGB,
about 18 feet below the DGB's continuous, reinforced concrete footings
(SSER # 2, i 2.5.4.4.2, at p. 2 24; { 3.8.3.4, at p. 3 22; see FSAR Fig.
2.5-177 for the location of this piping). In this area, the dewatering
system would normally contro! the ground water level to elevation 595
feet. The Applicant performed an analysis of a postulated failure of the
Unit 2 CWDL (the largest Nonscismic Category I underground pipe
near a critical structure). See Paris, IT. Tr. 9900, at 34; Tr. 9938-43
(Paris); SER, l 2.4.6.3, at p. 2 28. This analysis established that the
ground water level would rise to elevation 607 feet over a period of ap- -

proximately 3.3 days before the closest area dewatering well would auto-
matically activate. Thereafter, operation of only one well would be suffi-
cient to prevent ground water from rising significantly above elevation
610 feet. Ilowever, should all the area dewatering wells be inoperable at
the time of the pipe break, the rising ground water would trigger the
permanent dewatering monitoring system, resulting in appropriate ac-
tions under the proposed technical specifications. Moreover, since the
top of the Unit 2 CWDL is at elevation 610 feet, ground water levels are
not expected to rise significantly above this elevation as a result of a

f

HM The potennal for hquefacuan in areas to the north and mest of the sw Ps is bems deah with by re.
placement or loow sands en those areas. Su mpro Fmdings 90. 91

i
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CWDL ~ break. See SER, l 2.4.6.3, at 2 28 to 2 29; Tr. 9938-43 (Paris).
See also discussion, supra Findings 110 and 112-113.

284. The Applicant also analyzed the Nonseismic Category I conden-
sate storage lines (CSLs) for a postulated failure. These lines consist of
the two 20-inch-diameter supply lines and two 6-inch-diameter return
lines that run from the condensate storage tanks (CSTs) located near
the southeast corner of the DGB, underneath the DGB to the condens-
ers located in the turbine building. SER,i 2.4.6.3, at p. 2 29.'*5'

285. Prior to the placement of the DGB surcharge, the Applicants

committed to monitoring the CSLs so as to evaluate pressures imposed
on the line by the surcharge (Tr. 4404-06 (Kane): Tr. 2455 56 (Galla-
gher)). In addition, both CSLs were severed on the north side of the
DGB at a point between the DGB and the turbine building so as to
relieve stresses on the line and to the DGB due to settlement. (Some

,

<onsideration was given to severing both ends of the CSLs, but apparent-
ly that course of action was not carried out.) See, e.g., Tr. 4199-4200
(flood). As a result ofits analysis, the Applicant has concluded, and the
StafT concurs, that, if any of the CSLs were to break so that the entire
liquid inventory of the affected CST were to drain cat through the break
and remain in the area directly beneath the DGB, the ground water
would not exceed elevation 610 feet even if the area dewatering wells
were not operational. See SER, i 2.4.6.3, at p. 2-29; SSER # 2,
{ 2.4.6.3, at p. 2 5; see also discussion, supra Finding 110. -.

286. The Applicant has also evaluated a p'ostulated break in a*

dewatering system header line. In this event, innow of water could
exceed the capacity of the affected dewatering pumps, producing a rise
in ground water in the immediate vicinity of the affected wells. The in-
stallation of Oexible header diversion hoses and backup interceptor wells
provides reasonable assurance that ground water levels will not rise
above elevation 610 feet. See SSER * 2, i 2.4.6.3, at 2-5 to 2-6; see also
supra Finding 110.

287. A break in the 66-inch concrete cooling pond blowdown line
would have minimal impact on ground water levels because of the low-
pressure' delivery of this line. The dewate ing system has suf0cient
capacity . to remove the volume that would be introduced into the
ground water due to a rupture in this line. SSER * 2,l 2.4.6.3, at p. 2-7;
Paris, IT. Tr. 9900, at 33,

288. CPC advises that its letter to the Staff of March 16,1982 (File
0485.16, Serial 16269, not introduced into evidence) identined a 10. foot

i

105 See ssER # 2. Fig. 211 for the locanon of the Cst. designated 20~-illDC.169. and the two CSTs.
Figure 2.11, however. sunacurate in that it andwates only one out of the four CsLs. Tr. 9123.
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'ength of 48 inch-diameter line extending from the SWPS which, at the
time, was classified by the Appliant as Seismic Category 1 (see App.
FOF, 9 324, at 223 n.574). The Applicant later reclassified this portion
of the 48-inch-diameter line as Nonscismic Category 1. The NRC Staff

-
concurred with the reclassification and agreed that failure of this 48-
inch-diameter line would not cause a loss of essential SWS cooling.
SSER e 2, s 9.2.I, at 9-1; see also id. l 3.9.3.1.1, at 3-32 to 3-33. ,

D. Conclusions with Respect to Underground Piping

289. The Licensing Board concludes that, although adequate analyses
had not been completed at the time of the submission of Stamiris Con-
tention No. 4.A(4) and Warren Contention 3, the Applicant has now ad-
equately taken into account the effects of the preloading of the DGB on
underlying piping. All pipes in the vicinity of the DGB have been ana-
lyzed for adverse efTects due to the preload, and (assuming resumption
of the project) conservative ratt!cspace monitoring requirements are to
be required. Some piping, such as the diesel fuel oil lines, was not in-
stalled until of?ce the preload, and thus was not subjected to preload
stresses. Other piping, such as the condensate storage lines, had been in-
stalled prior to the preload but were severed so as to relieve stresses to
the pipe 3 and to the DGB.

290. The Licensing Board similarly concludes that, although Stamitis
Contention No. 4.C(0 was to some extent meritorious at the time ofits
submission, the Applicant has now adequately evaluated the effects of
differential settlement, dewateringsinduced settlement and seismic set-
tiement on buried piping. The Applicant and the NRC Staff have pre-
sented extensive testimony and numerous exhibits outlining the reme-
oial actions and analyses which have been performed on the buried
p. ping .with respect to soils settlement. Mpreover. the comprehensive
mcnitoring program, which has been described supra in Findings 253-
264, would provide additional assurance that Seismic Category I piping
would continue to be safe throughout the operating life of the plant. In
the event of plant operation, should settlement of Seismic Category I un-
dergound piping greater than predicted occur, the Applicant would be
required to report such settlement and take corrective action prior to the
point where settlement might affect the ability of th'at pipe to perform its
intended function.

291. The Licensing Board further concludes that, under the programs
described by the Applicant and Staff, there is reasonable assurance that
the underground piping at the Midland site would be adequately protect-
ed from external corrosion. This conclusion is specifically subject to the
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continued operation of the galvanic protection system; if the system
were to become inoperative for extended periods, further analyses
might be required.

292. Accordingly, the_ Licensing Board concludes that, so long as the
proposed correctise actions (including replacement, rebedding, reinstal-
lation, and monitoring, as appropriate) would be carried out satisfactorily
(a question not considered in this Partial Initial Decision), there is rea-
sonable assurance that Seismic Category I underground piping at the
Midland site would be able to perform its intended functions and would
not place undue risk on the public health and safety. Furthermore, there
is reasonable assurance that postulated failures in Nonseismic Category I
underground piping, were they to occur, would not adversely affect
nearby Seismic Category 1. structures or piping.

Vill. ELECTRICAL DUCT BANKS AND CONDUITS

293. Stamiris Contention 4.C(f), as amended, states:

4. Consumers Power Company performed and proposed remedial actions regard-
ing sods settlement that are inadequate as presented because:

...

C. Remedia! soil settlement actions are not based on adequate evaluation of
dynamic responses regarding dewatering effects. differential soil settlement,
and seismic effects for thesc structures:

...

f. Related Underground Piping and Conduit.

Prehearing Conference Order, dated October 24,1980, Appendix at 5-6,
as supplemented by his. Stamiris' Answer to Applicant's Interrogato-
ries, dated April 20,1981. Similar safety-related concerns were expressed
by former Intervenor Sharon Warren in her Contention 3 (quoted supra
at note 93). Insofar as they relate to the electrical duct banks and
conduits, they will be addressed here.

294. Seismic Category I buried electrical duct banks at the Slidland
Plant run under the turbine building from the auxiliary building to the
DGB and to the SWPS. Others run north from the auxiliary building to
the borated water storage tanks and to the control room pressurization
tanks. A third group runs from the emergency diesel fuel oil storage
tanks to the DGB. The duct banks are buried at depths from 3 to 40 feet
below grade levet. Their dimensions vary from 18 x 19 inches to 74 x 20
inches. Each duct bank is rectangular in cross-section, constructed of
concrete with a minimum thickness of 6 inches, possessing a minimum
compressive strength of 3000 psi, with a nominal amount of grade 60
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steel as reinforcement to avoid surface cracking. The steel is asserted to
serve no structural purpose (bur see infra Finding 304). Plastic or steel
conduits,2 to 4 inches in diameter, are placed inside the electrical duct
banks. Electrical cables are then pulled through this conduit. The electri-
cal cables are placed loosely in the conduits which are only partially
filled by the cable volume. The electrical cables, which are ductile and
capable of considerable stretching before breaking, are suitable for direct
burial in wet and dry earth, and have a 40-year service life without con-
sidering the presence of the duct banks. Rinaldi/Matra, ff. Tr. 7537, at
11; Shunmugavel, ff. Tr.12,016, at 1-4, Appendix A: Tr. 12,023 31
(Shunmugavel).

295. The function of the electrical duct banks is only to provide a
space in the ground through which Seismic Category I electrical cable
may be pulled. They are not required to provide a water-tight pressure
boundary around the electrical cables, and cracking of the duct banks
due to differential settlement or the leakage of water does not affect'

their design function. Therefore, although the duct banks are usually

! referred to as Seismic Category I, they serve no structural function; it

!
really is the cables within the duct banks which are Category I. The Ap-
plicant has analyzed these duct banks for normal conditions, construc-'

tion conditions, settlements, and seismic effects. In addition, the Appli-
cant has given special consideration to the duct banks which temporarily
restrained DGB settlement to ensure that they had not been damaged
by this loading history -(see infra Finding 303). Rinaldi/Matra, ff. Tr.

,

7537, at 11: Shunmugavel, ff. Tr.12,016. at 1-2, Appendix A; Tr.
12.020-22 (Shunmugavel).

2,96. Based on the function of duct banks, Dr. Palanichamy Shunmu-
.

gavel, the Applicant's witness, developed conservative acceptance crite.
- ria to overcome various problems - e.g., to avoid concentrated shear
deformation large enough to cut or damage the electrical cables. These

,

' criteria specify allowable values of shear deformation for 2, 3- and
4-inch conduits filled to maxima of 20,' 56 and 51%, respectively. Maxi-

!
mum allowable longitudinal cable-pulling tension and maximum bend

.

i radii were also specified.- Shunmugavel, ff. Tr.12,016, at 3; - Tr.
; - 12,021-22,12,033-35 (Shunmugavel).
' 297. Dr. Shunmugavel testified that, during normal operating condi-

tions where the duct banks are buried in the earth, soil overburden, sur-
charge and live loads from surface traffic would be absorbed by duct
bank concrete and distributed to the soil around and below the duct
bank. lie concluded that, as a result, the cables inside the duct banks
and conduits would never see the effects of these loads. Dr. Shunmuga-
vel further testified that the duct banks have the capacity to span dis-

;
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tances up to 10 feet without any soil support. A cracked duct spanning a
10-foot gap might require some support; however voids are not expected
beneath the duct banks during the life of the plant. Shunmugavel, ff. Tr.
12,016, at 2,4; Tr.12,027-35 (Shunmugavel).

298. Under construction conditions, the concrete duct banks are pro-
tected from nearby construction activity by the placement of sufficient
earth cover over them. Notwithstanding such planned protection, how-
ever, on two separate occasions duct banks have been injured during
construction because of drilling errors. These incidents have been exten-
sively reviewed on this record, as part of the consideration of QA/ man-
agement attitude issues (with which we are not dealing in this Decision).

The duct bank concrete and conduits protect the cable pathways from
being obstructed by laitance (drippings of cement mixture or aggregate
that can harden and form obstructions) and other trash from construc-
tion activity. To ensure that the electrical cable is protected when it is
pulled through a duct, the duct is first cleaned and checked for continui-

~

ty and obstructions by pulling a segmented hard-fiber-composition man-
drel through it. Shunmugavel, ff. Tr.12,016, at 2,4 and Appendix A.
Fig. 7-3; Tr.12,023,12,034 (Shunmugavel).

299. Where duct banks cross the freezewall constructed in conjunc-.

tion with the installation of a dewatering system for the auxiliary
building, the soil around and below the ducts has been removed in order
to isolate the duct banks from the elTects of freezing. Monitoring pits.

,

have also been installed. The portions of the ducts in the excavated pits
were to be encircled with 6-inch-thick polyethylene planks and backGiled
with fly-ash cement and compacted soils. The StatT has identitled on
page 2-36 of SSER # 2 the information required to be provided by the-

Applicant in regard to a modification of the originally proposed freeze-
wall crossing design. The issue of duct banks crossing the freezewall was
extensively covered during hearings in November and December 1983,
in connection with an alleged violation of the Board's April 30, 1932
Order (LBP-82 35). That issue also is one of the QA/ management atti-
tude issues which are not being dealt with in this Decision. See mpra p.

32.
Dr. Shunmugavel testified that during construction, when the present

backfill was to be excavated and replaced in the area north of the SWPS,
some of the duct banks in that area would be temporarily unsupported.
These duct bank's would then have been evaluated and temporary sup-
ports placed under them, if necessary, during the excavation process.
Shunmugavel, ff. Tr.12,016, at 5; Tr.12.034 (Shunmugavel); SSER
* 2, i 2.5.4.4.5, at p. 2-36 (second paragraph).
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300. Dr. Shunmugavel also evaluated the integrity of the electrical
duct banks and conduits under differential soil settlement conditions.
He estimated that the maximum duct bank settlement from October

- 1978 through the year 2025 would be 3 inches, and also that this 3-inch
maximum duct bank settlement would occur over a minimum distance
of 25 feet. The 3 inch maximum duct bank settlement prediction takes
into account secondary consolidation to the year 2025, settlement effects
due to the temporary and permanent site dewatering systems, a 0.5-inch
allowance for possibliilaydown loading and a 0.25-inch allowance for
possible seismic shakedown settlement due to an earthquake with peak
ground acceleration of 0.19g. The NRC Staff was in agreement with the
estimates of differential soil settlement used in Dr. Shunmugavel's
analysis.

A conservative evaluation performed by Dr. Shunmugavel based on
the maximum allowable longitudinal cable strain of 0.333 x 10-)indicat-
ed that the duct banks could actually tolerate up to 3 inches of differen-
tial settlement over as little as a 12-foot length. Based on this evalua-
tion, the estimated maximum duct bank settlement of 3 inches over a
25 foot length during the plant's operating life could easily be accommo-
dated.

Dr. Shunmugavel also testified that; except in one area, discussed
irlfra in Finding 301, the electrical ' cables can accommodate the con-
centrated shear deformations which could result from the predicted dif-
ferential soil settlement at various interfaces between the Midland Plant
buildings and the duct banks. Shunmugavel, ff. Tr.12,016, at 5-7: Tr.
12,028-29 (Shunmugavel); Tr. 12,075,12,100 (Kane).

301. Results of Dr. Shunmugavel's evaluation indicate that there is ,

#
a potential problem with concentrated shear deformations caused by dif-
ferential interface settlements where seven duct banks enter the north
wall of the SWPS. In addition, cables contained in one of these seven
duct banks also exceed allowable concentrated shear deformations at the
interface between the existing backfill material and the fly-ash cement
mixture which will be used to replace certain liqueGable sands northwest
of the SWPS.

To remedy this problem, a polyethylene called "Ethafoam'' was to be
wrapped around the duct banks in these areas to isolate them from the.

predicted concentrated shear deformations. The Ethafoam isolation
would have occurred, subject. to the NRC's work authorization proce-
dure, at the same time the present backfill north of the SWPS was to be
excavated and replaced with the fly-ash cement mixture. Dr. Shunmuga-
vel testified that the 6-inch design thickness of the Ethafoam would be
adequate to isolate the duct banks from the effects of shearing or any
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other load resulting from laydown equipment or traffic. Staff witness
Frank Rinaldi expressed general agreement with the testimony of Dr.
Shunmugavel. Responding to a question from the Board, hir. Rinaldi
agreed that Ethafoam would retain enough insulating capacity, even
after dead and live loads are considered, because of its limited com-
pre'ssibility and the spreading out of surface loads with depth below the
surface. In response to Board questions concerning the characteristics
and use of Ethafoam, Dr. Shunmugavel did not have the requested data
at hand; the Applicant accordingly agreed to provide an affidavit supple-
menting the response elicited in the record. That affidavit, which was
distributed to the Board and the parties on August 8,1983, constitutes a
full answer to the Board's questions and a useful addition to Dr. Shun-
mugavel's testimony. Since neither the Staff nor his. Stamiris has object-
ed to this affidavit, through proposed lindings or otherwise, we are treat-
ing it as an integral part of the record on this topic. Shunmugavel, ff. Tr.
12,016, at 7-8; Tr.12,017-19,12,025-31 (Shunmugasel); Tr. 12,040-41,
12,046-47 (Rinaldi); Affidavit of Dr. Shunmugavel Concerning the Use
of Ethafoam at hiidland, dated August 2,1933 (transmitted to Board
and parties on August 8,1983).

302. Finally, Dr. Shunmugavel conducted a seismic evaiuation of
the Category I electrical duct banks and conduits at the Niidland site.
Seismic com.pression, shear and surface wave effects were included in

-

the evaluation. Using 1.5 times the ground response spectra for the
FSAR SSE, Dr. Shunmugavel concluded that the maximum values
determined for these duct bank sections are well within the allowable ac-
cepthe criteria for strain and concentrated shear deformations.

Seismic interactions between the buildings and duct _ banks could
occur if clearances along the axial direction between the duct' banks and
the buildings were not sufficient to accommodate maximum relative
seismic motion. Dr. Shunmugavel e',uluated these clearances using 1.5
x FSAR SSE and determined that there was no problem from such seis-
mic interaction at Slidland. As noted previously, the acceptability cf
designs made on this basis for Seismic Category I structures is contingent
on the satisfactory completion of a seismic margin review. Shunmuga-
vel, IT. Tr.12,016, at 8-9; Tr.12,01718 (Shunniugavel); Tr. 75.t0,
7558,12,130-31 (Rinaldi).

303. Four Seismic Category I duct banks enter the DGB from below.
For a period of time in 1978 due to the greater-than-anticipated settle-
ment of the DGB and inadequate clearances between the duct banks and
the building footings, these duct banks supported part of the weight of
the DGB. In November 1978, Applicant eliminated this load transfer by
increasing the clearances at the vertical joints between the duct banks
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and the footings. In hiay 1980, after the DGB surcharge program, all of
the conduits in the duct banks were checked and no obstruction or dis-
continuity was encountered. The cables were pulled through and placed
in those conduits in 1981.

The Applicant analyzed the DGB duct banks and concluded that this
one-time loading condition has not affected their ultimate. strength.
Since the duct banks are not required to provide a watertight boundary
around the cables, any cracking caused by this episode would not affect
their design function. The Category I cables have not been affected be-
cause they were not in place until after the DGB was isolated from the
duct banks and after the surcharge of the DGB. Shunmugavel, ff. Tr.
12,016, at 8 and Appendix A; Tr.12,021 (Shunmugavel); Tr. 12,109-10
(Rinaldi).

304. The NRC Staff expressed agreement with the Applicant's analy-
sis of duct banks and conduits. hir. Rinaldi testified that the Staff be-
lieves that the Applicant has adequately taken into account all dead, live
and seismic loads in its evaluation of Category I buried electrical duct
banks, conduits and cable at the hiidland site. In response to a Board
question, he cited a number of conservative aspects of this duct bank
design in support of the above Staff belief, including not relying on the
steel reinforcement in fact used, providing for unsupported spans far
greater than reasonably expectable, and the use of fly-ash lean concrete
as a support mixture instead of soil.

In responding to a relevant portion of Stamiris Contention 4.C(f) and
Warren Contention 3, hir. Rinaldi summarized testimony given in
February 1982 expressing satisfaction with plans for meeting initial Staff
concerns about electrical duct banks. . subject to adequate documenta-
tion. 'ihis documentation has since been thoroughly audited by one of
the Staffs consultants at the ' ffice of the CPC architect engineer too
verify the previous conclusions. and was found to be acceptable.
Rinaldi, IT. Tr. 12,080, at 2, 8-10; Tr. 7554, 12,042, 12,045-46,
12,117-18 (Rinaldi).

305. The Licensing Board concludes, based on the foregoing find-
ings, that the Applicant has adequately resolved the concerns raised in
Stamiris Contention 4.C(f) relating to the remedial soils measures taken
or planned for Seismic Category I duct banks and conduit at the hiidland
site. The Board finds reasonable assurance that they are capable of per-
forming their intended safety function over the projected lifetime of tiie
plant. This conclusion is subject to satisfactory completion of the reme-
dial work north of the Service Water Pump Structure described supra in
Finding 301, as well as to the satisfactory outcome of a seismic margin
review (see supra Finding 302).
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IX. SLOPE STABILITY OF BAFFLE AND
PERIS 1ETER DIKES *

306. The cooling pond enclosed within the perimeter dikes is a po-
lygonal body of water approximately 880 acres in area, located south and
east of the Midland Plant, which wo lld have provided cooling water to
the condensers during normal plant operation. The pond is bordered on
the northeast by the Tittabawasee River. The pond design includes
intake and outlet areas which are separated by a baffle dike to assure
proper water circulation. The water level of the cooling pond during
normal plant operation would be maintained at elevation 627 feet. The
bottom of most of the cooling pond lies between elevations 605 and 610

feet.
The Emergency Cooling Water Reservoir (ECWR), located in the

northeast corner of the cooling pond, is an area of the larger cooling
pond which has been excavated in the natural soils to elevations ranging
from 593 to 596 feet, below the original ground surface elevation of ap-
proximately 605 feet. The ECWR is classified Seismic Category 1. In the
event of the failure of the cooling pond perimeter dikes and the loss of
the larger cooling pond reservoir, water for safe shutdown of the reactors
and for mitigation of accident conditions is retained in the ECWR. The
ECWR is designed to contain a sufficient volume of circulating water to
cool the plant for a 30-day period without makeup. If the ECWR were
used, return cooling water would be discharged to the ECWR through.

two 30-inch Seismic Category I reinforced concrete water pipes (" return
pipes"). Hendron, ff. Tr. 3940, at 6-7, Figs. I and 2; Kane, ff. Tr. 3484,
at 3; Tr. 3577-79 (Kane, Singh).

307. The ECWR is bounded on the southwest by the baffle dike,
which separates the intake and outlet areas of the cooling pond. The
ECWR area is bounded on the northeast by the upstream slope of the
perimeter dike. The perimeter dike runs from the power block area
down along the Tittabawasee River and extends into the cooling pond
area. The Category I return pipes which drain into the ECWR exit from
the SWPS and run along the southwest and northeast sides of the
ECWR, On the southwest side, the return pipe runs along the base of
and parallel to the slope of the baffle dike. On the northeast side, the

106 The stalT would have us tely m pre .m 3r rt N 2 3 S.! throve 216.7 lat 2-47 to 2 51) in our esalu.
ation of the slope stability of the dikes. CPC objects, twcause of the lack of formal sponsorship of those
sections and the consequent lack of a proper opportunity for cross examination on their contents. We
are noting these sections here since they are relevant and we Gnd no area of conGict between them and
our record. However, we do not depend on them to any signiGcant extent in making our Gndings. See
Southern Cahforma E.ltson Co. (san onofre Nuclear Generating station. Units 2 and 31. ALAB 717.17
NRC 346. 365-68 (1983).
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return pipe runs along a berm at the base of and parallel to the slope of
the perimeter dike. The critical portions of the cooling pond dikes are
those slopes adjacent to the ECWR which, if they moved, might deform
these pipes. Where the perimeter dike separates the ECWR section of
the cooling pond from the river it has been zoned and covered with an
outer layer of riprap to reduce the action of river flow and river erosion
and to ensure slope stability. To reduce water seepage into the perimeter
dike from the river or the ECWR, a slurry trench tied into the impervi-
ous natural layer below the dike has been installed to prevent seepage"

into dike sands.: Hendron, ff. Tr. 3940, at 7-8, Figs. 2, 5 and 6; Tr.
3526-27,3529 (Kane).

308. The subsoils underneath the portions of the perimeter and
baf0e dikes ' adjacent to the ECWR consist of, from lower to higher
elevations, dense water-bearing sands, a thick mantle of dense impervi-
ous glacial till, preconsolidated lacustrine clay, uniform silty sand, topsoil
and suriicial sitt. The elevation of the surface of the glacial tillis not uni-
form and pockets or layers of gravel, sand, silt and clays may lie between
the glacial till and the preconsolidated lacustrine clay and topsoil. The
presence of a layer of silty sand where glacial till had previously been as-
sumed was con 0rmed by borings taken by Woodward Clyde Consultants
(see infra Finding 312).

The topsoil and sur0cial silt were removed from beneath the entire
dike embankment during the construction of the baffle and perimeter
dikes. The soils composition of the baffle dike consists of both cohesive
fill and some granular Gli which has been designated in some reports as>

" random" fill, covered by layers of gravel and riprap. The composition
.

of the perimeter dike consists of compacted cohesive fill, covered by
layers of gravel, riprap, topsoil and seeding. Hendron, ff. Tr. 3940, at
5 3-15,18, 22, Figs. 5 and 6; Singh, IT. Tr. 3488, at 5; Tr. 3496-97
sSingh).

309. Ms. Sta.miris' Contention 4.B, as amended, taises several safety-
related concerns, including one on cooling pond dikes. It states:'

4. Consumers Power Company performed and proposed remedial actions regard-*

ing soils settlement that are inadequate as presented because:

B. Slope stability of cooling pond dikes is not assured because they were built+

with the same soils and procedures las the soils foundation for the
DGBl.187

i

# The phree sar.e soils and prc;edures" refers to item A of stamins Comention 4 that alleges sever.
al soils and procedures problems at the diesel generator building.;

i
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Prehearing Conference Order dated October 24, 1980, Appendix at 5-6,
as supplemented by Ms. Stamitis' Answer to Applicant's Interrogato-
ries, dated April 20,1981.

310. Safety-related concerns regarding the slope stability of the por-
tions of the baf0e and perimeter dikes adjacent to the ECWR originally

'

arose due to the excess settlement of the DGB. When the NRC Staff
realized that the settlement difficulties were attributable to inadequately
compacted soils, the Staff reevaluated the construction of those portions
of the bafne and perimeter dike's which could impinge upon the opera-
tion of the return pipes and the ECWR. The Stafrs primary concern was
whether the soils materials in those portions of the cooling pond dikes
which could affect Seismic Category I equipment had sufficient shear
strength properties to withstand the various loading conditions likely to
be imposed on the dikes during plant operation.

Initial questions concerning the stability of these slopes were posed to
CPC by thb Staff through the Army Corps of Engineers. These included
requests for a determination of the static factor of safety for the dike
slopes which contain' the two return pipes, a seismic analysis for these
slopes, profiles across the dikes, and a discussion of the available shear
strength data and the choice of shear strengths used in the stability
analyses. In its November 1980, response, CPC identified the critical
sections of the dike slopes, analy, zed them for a static factor of safety and

performed apseudo-static analysis which indicated that the yield acceler-
ation for the critical dike slopes exceeded the ground acceleration asso-
ciated with the SSE. Kane, ff. Tr. 3484, at 2-3; Tr.10,095,10,105-07
Olood); Hendron, ff. Tr. 3940, at 8-9,17-18; Singh, ff. Tr. 3488, at 3-4.

311. The Army Corps of Engineers found CPC's answer to be not
sati: factory in one respect: the Corps believed that the shear strength
parameters used in Applicant's stability analyses might not be repre-
sentative of actual dike soils conditions. In response, the Applicant con-
tracted Woodward Clyde Consultants to perform a boring and sampling
program of the portions of the baf0e and perimeter dikes near the
ECWR. The boring locations were selected by Army Corps of Engineer
personnel, and were conducted by Woodward Clyde Consultants under
the Army Corps' observation. The Gnal results of the boring and sam-
pling program were submitted to the Army Corps of Engineers and the
NRC Staff in July 1981. On the basis of the boring samples and the
previous CPC responses, the Army Corps of Engineers concluded that
the Gil material placed in the bafne and perimeter dikes exceeds its
design parameters. Hendron, ff. Tr. 3940, at 910; Singh, ff. Tr. 3488, at
3-4.
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312. The boring samples conducted by Woodward Clyde Consultants
established the existence of a 'ayer of silty sand below the dike where
the presence of glacial till had been assumed. As a result, the Army
Corps of Engineers could not reach a conclusion as to whether the stabil-
ity of the slopes of the dikes adjacent to the ECWR would adversely
affect the safe operation of the ECWR until the Applicant had
demonstrated that the shear strength of the layer of silty sand equals or.

exceeds the parameters specified in the FS.\R stability analysis. Dr.
-

Alfred J. Hendron, a Professor at the Unisersity of Illinois, conducted
_ .

an independent assessment on behalf of the Applicant to evaluate,
among other things, the shear strength of the layer of silty sand. He

_

concluded that the.undrained shear strengths of this material are much
,

i stronger than the undrained shear strengths of the foundation clay. This
| estimate was confirmed by three triaxial tests conducted by Woodward

Clyde Consultants on boring samples of this material.
Nir. Hari Singh, Staff witness from the Army Corps of Engineers.

* stated that Dr. Hendron's testimony establishes that the shear strength
of the line sand equals or exceeds previously specified soils strength.
parameters, and that he could therefore conclude that the slopes of the
dike would remain stable under static loading conditions. hlr. Kane,

~

'

' another NRC Staff witness, concurred, testifying that the baffle and
,

perimeter dikes' soils materials are no less resistant than the materials
described in the PSAR. Singh, ff. Tr. 3488. at 5: Tr. 3489-94 (Singh);

"
Staff Exh. 3; Hendron, ff. Tr. 3940, at 3-4, 22-23; Tr. 3960-61 (Hen-
dron);'Tr. 4140 (Kane).

; - 313. _ Dr. Hendron's assessment evaluated the static factor of safety
; for the bafile and perimeter dikes adjacent to the ECWR. Further, Dr.

Hendron evaluated the critical yield acceleration for these critical dike
slopes under scismic loadings. Dr. Hendron also evaluated the stability
of these critical dike slopes under the conditinns of a rapid drawdown of
the cooling pond water level.from an elevation of 627 to 604 feet, in the
extreme event that the perimeter dike would fail at some other location4

- away from the ECWR. hir. Singh testitied that Dr. Hendron's analytical
approach was in accordance with the accepted Army Corps of Engineers'
manual and procedures.

;'

Dr. Hendron's analyses evaluated the critical sections of the baffle
and perimeter dikes and assumed the steepest slope. The critical portions
of these dikes are the upstream slope of the northeast perimeter dike
which inclines towards the ECWR and the northeast slope of the baffle

- dike which inclines northeast towards the ECWR. Movement in either
of these slopes would tend to deform the return pipes and impair the op-

| eration of the ECWR.

.
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The results of Dr. Hendron's analyses indicate that the soils materials
in the critical portions of the baffle and perimeter dikes have sufficient
shear strength and resistance to preclude lateral deformation of the dike
slopes towards the ECWR. Hendron, ff. Tr. 3940, at 10-11,17-21,29-38
and Appendix A; Tr. 3942-51, 3987-95 (Hendron); Tr. 3655-58, 4114-
19 (Singh).

314. The static factors of safety determined by Dr. Hendron for long-
term stability in terms of " effective" stresses for the critical portions of
the baffle and perimeter dikes are 2.18 and 2.66, respectively. These fac- j

,

tors of safety greatly exceed the 1.5 factor of safety normally used in the
'

design of dikes for nuclear power- plants. They are conservatively cal-
culated in that the effective cohesion for all materials is taken as zero,
an eiTective angle of shearing resistance of 28.5' is used although meas-
ured values ranged from 28.5 to 35.0, and the shear strength parameters
of the glacial till were taken equal to those of the foundation clays.
Hendron, ff. Tr. 3940, at 17-25, 31-32; Tr. 3953-55, 3992 95 (Hen-
dron); Tr. 3655-56 (Singh).

315. In the unlikely event that the perimeter dike were to fail at
some location away from the ECWR, the rapid draining of cooling pond
water into the Tittabawasee River could potentially cause the critical
slopes of the baffle and perimeter dikes adjacent to the ECWR to slide.
This phenomenon has been referred to as the " rapid drawdown."

Dr. Hendron performed two evaluations of dike stability for rapid
drawdown of pond level from 627 to 604 feet. The first evaluation used
values of undrained shear strength appropriate to cooling pond levels of
627 feet and yielded factors of safety for the critical portions of the baffle
and perimeter dikes of 2.73 and 3.55, respectively. These values are sig-
nificantly higher than the static long-term values noted, supra, because
of negative pore pressure developing during shear.

Dr. Hendron then utilized a method accepted by the Army Corps of
Engineers which is more conservative because it assumes that negative
pore pressure will dissipate rapidly and cannot be counted on to increase
the undrained shear strength. That this is a very severe assumption is re-
llected in the use of 1.0 as the minimum factor of safety for this case by
the Army Corps of Engineers. This approach yielded factors of safety for
the critical portions of the baffle and perimeter dikes of 1.34 and 1.50,
respectively. Hendron, ff. Tr. 3940, at 33-35; Tr. 3946-51 (Hendron);
Tr. 3517,4114-17 (Singh).

Dr. Hendron concluded that the factors of safety obtained for this ex-
treme condition are sufficient to assure the integrity of the return pipes
during the improbable event of a rapid drawdown. Alr. Singh testified
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that he had reviewed the orawdown analyses performed by Dr. Hen-
dron, and that.the more conservative analysis was performed in accor-
dance with the Army Corps of Engineers manual and procedures.
hiessrs. Singh and Kane concurred with Dr. Hendron's conclusion that a
factor of safety of 1.34 would be adequate to assure the stability of the ,

critical portions of the baffle and perimeter dikes during a rapid draw- |

1 _ down of the cooling pond from the level of 627 feet. Hendron, ff. Tr. |,

3940, at 34-35; Tr. 3952-53 (Hendron); Tr. 3517, 3656-58, 4114-17
.

(Singh); Tr. 3649 (Kane).
316. The analyses performed by Dr. Hendron and the Army Corps

of Engineers also assessed the stability of the baffle and perimeter dikes
under the flooding conditions specified in the FSAR, i.e., with the Titta-
bawasee River raised to the level of 620 feet. However, these analyses
did not address the flooding levels associated with the Probable Maxi-
mum Flood ("Ph1F") with the river level at 631 feet. This is an extreme
condition dependent on a ' coincidence of events in upstream retention
areas.

Although Ph1F questions are not related directly to the shear strength
and properties of dike materials, and hence are peripheral to the OM

,

i contention under consideration, they have been extensively addressed
* on our record. In August 1981, Dr. Hendron testified that he felt no con-

cern about dike stability during a PS1F but that there might be concern
about erosion and the need for rip-rap. Based on preliminary hydrological
information, the Staff consultant, hir. Singh, expressed concern that a
PSIF might breach the perimeter dike and thereby induce damage be-

4

cause of erosion. Staff witness Joseph Kane also noted that the outstand-
ing design questions concerned the dike's capability to prevent and with-
stand wave runup, hiessrs. Singh, Hendron and Kane further indicated
that in their opinion the PSIF should not cause dike stability problems
in the vicinity of the ECWR and that erosion to the outside slope of the
perimeter dike should not affect the operation of the ECWR and the
return pipes. They indicated, however, that the acceptability of the dikes
in respect to a PSIF was still under study.

In November 1982, Staff witness Raymond Gonzales ' testified that,
based on studies submitted by the Applicant. NRC was satisfied that any
PMF overtopping would be minor and would not impact on the cooling
pond dikes.- To preclude possible dike damage by erosion, NRC would

j' require a suitable dike inspection a,nd maintenance program. Tr.
3962-63, 3966-69 (Hendron); Tr. 3575, 3639-40, 4117-21 (Singh); Tr.
3641-44, 3650 52, 4123-36 (Kane); Tr. 10,113-15,10,121-28 (Gon-
zales).
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317. Dr. Hendron also evaluated the stability of the critical portions
of the baffle and perimeter dikes under seismic loadings. He did not
evaluate the capability of the Category I water retarn pipes to withstand
seismic action. However, CPC performed a dynamic seismic analysis
wh.ich confirmed the capability of these pipes to withstand current seis-
mie criteria.808 This affidavit indicated that, although initially based on
the FSAR SSE (0.12g), the actual seismic input used was conservatively
chosen so as to encompass the requirements of the SSRS.

Dr. Hendron did assess the dynamic resistance of the dike slopes in
terms of critical yield acceleration using an approach that has been ac-
cepted by the NRC Staff for demonstration of stability under dynamic
loads. Using very conservative assumptions Dr. Hendron determined
that the yield accelerations for the critical portions of the bafne and
perimeter dikes are 0.54g and 0.61g. respectively, i.e., three times larger
than the values required for a critical yield acceleration of 0.19g. Dr.
Hendron also testified that liquifaction of the foundation materials
under the baffle and perimeter dikes is not a problem. Thus the critical
slopes of these dikes would not experience significant inelastic move-
ment under the seismic loadings associated with the SSE. Hendron, ff.
Tr. 3940, at 16-17, 22-23, 35-36 and Appendix A; Tr. 3955-61, 3984-92
(Hendron); Tr. 3658-59 (Kane).- -

318. The Licensing Board finds that the soils materials placed in the
4

baffle and perimeter dikes exceed design parameters and hase sufficient
shear strength to withstand the loadings likely to be imposed on the
dikes should the Midland facility be operated. The Board further finds
that the slopes of the portions of the baffle and perimeter dikes adjacent
to the ECWR would be stable under all anticipated static loadings, condi-
tions of rapid drawdown of cooling pond water, and the seismic loadings
associated with earthquakes far greater than the FSAR SSE or the SSRS
earthquake. Accordingly, the Board concludes, contrary to Stamiris Con-
tention 4.B, that there is reasonable assurance that the critical slopes of

i the bafile and perimeter dikes are stable and will not adversely affect the
safe operation of the ECWR or impinge upon the integrity of the two+

Category I water return pipes. This conclusion assumes the applicability
of a suitable dike inspection and maintenance program, as proposed by
the Staff (Finding 316, supra).

los See Affidavit or Dr Thirusengadam. Enclosure E to Leuer or Febru. 3.1983 from P P. stepioe
( Applicant's counseD to this Board
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Conclusions of Law

Based upon the foregoing Findings of Fact and upon consideration of
the entire evidentiary record in these proceedings, including earlier rul-
ings (such as LBP-82-35), the Board makes the following conclusions of
law:

1. Although we have found many of the existing or proposed struc-
tures and soils remedial actions to be satisfactory (subject in some cases
to certain technical specifications or conditions), any reasonable assur-
ance conclusions bearing on the OL proceeding would also be subject to
satisfactory execution of the remedial measures and satisfactory con-
struction of the various facilities. Since each of these subjects must be
subject to a further decision (and, in some cases, to further evidentiary
hearings), and taking into account the'present suspension of construc-
tion and questions concerning whether the project will ever be complet-
ed, we are declining at this time to express any conclusions of law, with
respect to the OL proceeding.

2. With respect to the OM issues, we reiterate our conclusion (set
forth in LBP-82-35) that the soils-related quality assurance deficiencies
set forth in Part 11 and in Appendix A of the Modification Order were an
adequate basis for the issuance of that Order.

3. For the reasons set forth in 1 1 of these conclusions, we are
declining at this time to render a decision as to the extent to which the

.

Modification Order should be sustained; except that the Modification
Order shall continue in effect to the extent directed by LBP-82-35, pend-
ing further Order of this Board.

ORDER

On the basis of the foregoing Findings of Fact, Conclusions of Law
and Opinion, and the entire record, it is, this 23rd day of January 1985,

ORDERED:
1. The issues and contentions dealt with in this Decision are resolved

to the extent set forth in this Decision and subject to the terms and con-
ditions set forth herein.

2. CPC's motion for reconsideration of our Prehearing Conference
Order dated May 5,1981 (concerning use of backtitting procedures in
the OL seismic review) is denied.

3. Requirements imposed by LBP-82-35 are continued in e/Ji>ct, pend-
ing further Order of this Board.
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4. Jurisdiction is retained, pending issuance of a final Initial Decision
in the OM proceeding, to entertain new information arising from the
Dow-CPC litigation and significantly affecting issues covered by this Par-
tial Initial Decision.

5. CPC's September 10, 1984 proposal, to the extent that it asserts
that no further hearings be held at this time and that CPC file an addi-
tional report on the status of the project in 6 months,is granted; with the
understanding that we be informed promptly of any significant develop-
ments (including but not limited to plans or proposals for the restart of

,

construction). The foregoing project status report should be filed on or .

before April 1,1985. Parties may respond within 10 days of service (15
1 days for the Staf0. The Board's ruling on CPC's proposal that its current
i obligation to forward audit and nonconformance reports to the Board
; and parties be discontinued is deferred, pending our receipt and evalua-

tion of a further report in early 1985 on this question. (In the interim,
~

CPC need furnish the Board only one copy of such audit and noncon-,

formance reports.)
6. In accordance with 10 C.F.R. jf 2.760, 2.762, 2.764, 2.785, and

2.786,- this Partial Initial Decision shall become ' effective immediately
'

and will constitute, with respect to the matters resolved herein (and sub-
ject to the limitations set forth herein) the final decision of the Commis-,

sion thirty (30) days after issuance hereof, subject to any review pur-
suant to the above-cited Rules of Practice. Any party may take an appeal4

*

from this decision ''y filing a Notice of Appeal within ten (10) days after,

service of this Partial Initial Decision. Each appellant must file a brief'

supporting its position on appeal within thirty (30) days after filing its
Notice of Appeal (forty (40) days if the Staff is the appellant). Within4

thirty (30) days after the period has expired for the filing and service of
'

the briefs of all appellants (forty (40) days in the case of the Staf0, a
party who is not an appellant may file a briefin support of, or in opNsi-
tion to, any such appeal (s). A responding party shall file a single, respon-

:

.

.

&
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sive brief only, regardless of the number of appellants' briefs filed. (See

10 C.F.R. f 2.762 (1984).)

THE ATOMIC SAFETY AND
LICENSING BOARD

Frederick P. Cowan
ADMINISTRATIVE JUDGE

Jerry Harbour
' ADMINISTRA7iVE JUDGE

Charles Bechhoefer, Chairman

ADMINISTRATIVE JUDGE

lAppendices B and C have been omitte,d from this publication, but may
be found in the NRC Public Document Room,1717 H Street, NW,
Washington, DC 20555.]

?

APPENDIX A
.

Soils-Related Contentions
.

Following is the text of the Intervenors' contentions which have been ,

at issue in the soils-related hearings. These contentions include both
those raising technical design issues (some of which are resolved in this*

Decision) and those involving QA/ managerial attitude issues (not re-
i

solved by this Decision).

OM Contentions of Barbara Stamins (from Appendix to Prehearing ConferenceI.
Order dated October 24,1980, as modified by Stamiris Answers to Applicant's
interrogatories, dated April 20,1981; Contentions 6 and 7 from LBP-84-20,19
NRC 1285,1287 (1984)):

.l. Consumers Power Company statements and responses to NRC regarding
soil settlement issues reflect a less than complete and candid dedication to
providing information relevant to health and safety standards with respect
to resol ing the soil settlement problems, as seen in:
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a) the material false statement in the FSAR (Order of Modification, Ap-
pendix B);

b) the failure to provide information resolving geologic classification of
the site which is pertinent to the seismic design input on , soil settlement
issues (Responses to FSAR Questions 361.4,361.5,361.7 and 362.9);

d) the failure to provide adequate acceptance criteria for remedial actions
in response to 10 C.F.R. f 50.54(f) requests (as set forth in part II of

'
the Order of Modification);

and this managerial attitude necessitates stricter than usual regulatory super-
vision (ALAB-106) to assure appropriate implementation of the remedial

'
steps required by the Order Modifying Construction Permits, dated Decem-
ber 6,1979.

!
2 Consumers Power Company's financial and time schedule pressures have -+

,

directly and adversely affected resolution of soil settlement issues, which
constitutes a compromise of applicable health and safety regulations as i

demonstrated by:

a) the admission (in response to j 50.54(f) question el requesting iden-
tification of deficiencies which contributed to soil settlement problems)
that the FSAR was submitted early due to forecasted OL intervention,
before some of the material required to be included was available;

b) the choice of remedial actions being based in part on expediency, as', ,

noted m Consumers Power Company consultant R.B. Peck's statement .
of 8-10-79;

c) the practice of substituting materials for those originally specified for,

>

'" commercial reasons" (NCR QF203) or expediency, as in the use of
concrete in electrical duct banks (p 23 Keppler Report) [ March 22
1979 Keppler Investigation Report conducted by Region 111 Dec.
78-Jan. 79];.

i d) ' continued work on the diesel generator building while unresolved
safety issues existed, which precluded thorough . consideration of .4

'

Option 2 Removal and Replacement Plan; and

e) . [ withdrawn by letter dated June I,'1981) .

'

3. Consumers Pcwer Company has not implemented its Quality Assurance,

; Program regarding soil settlement issues according to 10 C.F.R. Part 50, Ap.
pendix B regulations, and this represents a repeated pattern of quality assur-
acce deficiency reflecting a managerial attitude inconsistent with implemen-,,

!

tation of Quality Assurance Regulations with respect to soil settlement'
problems, since reasonable assurance was given in past cases (ALAB-147,

'

ALAB-106 and LBP-74-71) that proper quality assurance would ensue and
- it has notc

1,
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The Quality Assurance deficiencies regarding soit settlement include:

10 C.F.R. Part 50, Appendix B, Criteria til, V, X and XVI as set fortha)
in the Order of Modificanon;

b) 10 C.F.R. Part 50, Appendix B, additional c'iteria denoted by romanr

numerals below:

1. The Applicant has failed to assurne responsibility for execu-
tion of the QA program through its failure to verify and
review FSAR statements (pp. 6-8 and p. 21, Keppler

Report) and through its reliance on final test results not in
accordance with specified requirements fp. 16, Keppler
Report);

11. The QA program was not carried out according to written
policies, procedures and instructions, in that oral directions
were relied upon and repeated deviations from policies oc-
curred regarding compaction procedures (p. 9-14, Keppler
Report);

Vll. Control of purchased material has not been maintained, in
that examination and testing of backfill materials did not
occur in accordance with regulations (NCR QF29, NCR
QF147);

IX. Control of non-destructive testing was not accomplished
'

by qualified personael using qualified procedures regarding*

a) moisture control (Keppler Report p.1416; QA Request
SD40 NCR QFS$2.172,174 and 199);

b) compaction procedures (Keppler Report, p. 9; NCR
QFS 68,120 and 130); and

plant lill work (pp 24 and 25. Keppler Report);c)

XI. Test prograrr, did not incorporate requirements and accep-
tance limits adequately in the areas referenced in a, b and*

*

c above, and do not meet these requirements regarding
soil settlement remedial actions;

Xlli. Measures were not adequately established to prevent
damage or deterioration of material regarding frost effects
on compacted fill (pp.16 and 17. Keppler Report);

XV. Measures were not taken to control non-conforming mate-
rial in order to present the inadvertent use (NCR QF29
and QF127);

c) the settlement of the Admimstration Buildmg in 1977 should have
served as a quality indicator, presenting the same inadequate proce-
dures from occurring 'm the 1978 construction of the diesel genera-
tot building causing its eventual settlement.

1
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4. Consumers Power Company performed . .d proposed remedial actions
regarding soils settlement that are inadequate as presented because:

A. Preloadmg of the diesel generator building

1) does not change the compositim of the improper soils to
meet the original PSAR specifications;

2) does not preclude an unacceptable degree of further dif-
ferential settlement of diesel generator building;

3) does not allow proper evaluation of compaction procedures
because of unknown locations of cohesionless soil pockets;

4) may adversely affect underlying piping, conduits or nearby
structures; and

5) yields effects not scientiiically isolated from the effects of a
rise in cooling water and therefore not, measured properly;

B. Slope stability of cooling pond dikes is not assured because they
were built with the same improper soils and procedures [as the
soils foundation for the DGB) (NCR QF172);

C. Remedial soil settlement actions are not based on adequate evalua.
tion of dynamic responses regarding dewatering effects, differential
soil settlement, and seismic effects for these structures:

a. Auxiliary Building Electrical Penetration Areas and Feedwa-
ter Isolation Valve Pits

b. Service Water Intake Building [ sic] and its Retaining Walls

c. Borated Water Storage Tanks

d. Diesel Fuel Oil Storage Tanks

e. Diesel Generator Building

f. Related Underground Piping and Conduit.

D. Permanent dewatermg

1) would change the water table, sod and seismic characteris-
tics of the dewatered site from their originally approved
PSAR characterisacs - characteristics on which the safety
and integrity of the plant were based, thereby necessitating
a reevaluation of these characteristics for affected Category
I structures:

2) may cause an unacceptable degree of further settlement in
safety-related structures due to the anticipated drawdown
effect;

3) to the extent subject to failure or degradation, would
allow inadequate time m which to initiate shutdown, there-
by necessitating reassessment of these times.

241



Therefore, unless all the issues set forth in this contention are ade-
quitely resobed, the licensee actions in question should not be con-
sidered an acceptable remediation of soil settlement problems.

5. [ withdrawn by letter dated June I,19811

6. Consumers misrepresented its time schedule for completion of the Mid-
land plants to the NRC, including the NRC Staff and this Licensing
Board. See paragraphs 20, 37, 39-48 [of initial Dow complaint against
CPC, dated July 14, 1983).

7. Consumers used and relied on U.S. Testing test resul:s to fulfill NRC
regulatory requirements while knowing that these test results were
invalid. See par. 24, 35 [of initial Dow complainti.

II. OL Contenten N ofMary Smctair (from statement of contentions dated October
31, 1978, as modified in accordance with Special Prehearing Conference Order
dated February 26,1979, at 8):

.

Serious questions have been raised concerning the ground stabihty of por-
tions of the site (of the Midland facility). At least one of the essential build-
ings of the reactor complex [the DGB) is reported sinking, and construction
has been halted on that building. As a result of the serious and unresolved
questions concerning ground stability; the findings required by 10 C.F.R.

{{ 50.57(a)(3)m and 50.57(a)(6) cannot be made.

Ill. OL Contention 2 of Wendell H. Marshall (from supplemental statement of con-
tentions dated October 31, 1978, as clarined by Special Prehearing Conference
Order dated February 26,1979, at 21):

Present geological conditions, according to newspaper accounts, is causing
the settling of the [diesell generator building at the Nuclear Power Plant
site. ,

IV. OM Conteniens of Sharon K. Warren (from Appe. da to Prehearing Conference
Order dated October 24,1930):

1. The composition of the fill soil used to prepare the site of the Mialand Plant
- Umts I and 2 is not of sufGcient quality to assure that pre-loading tech-
mques have permanently corrected soil settlement problems. The NRC has
indicated that random Gil dirt was used for backGil. The components of
random fill can include loose rock, broken concrete. sand, silt, ashes, etc.
all of which cannot be compacted through pre loading procedures.

2. A. Because of the known seepage of water from the coohng pond into the
Gil soils in the power block area, permanent dewatermg procedures
being proposed by Consumers Power Company are inadequate, partic-
utarly in the event of increased water seepage, Gooding, failure of
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pumping systems and power outages. Unaer these conditions, Consum-
ers cannot proside reasonable assurance that 7 tate 1 maximum levels
can be maintained.

B. Gisen the facts alleged in Contention 2.A and considering also that
the Saginaw Wiley is built upon centuries of sitt deposits, these highly
permeable soils which underlie, in part, the diesel generator build:ng

* and other class I structures may be adversely atfected by increased
w.ter !csels producing hquefaction of these scils. The following will
11so bt, affected:

1) bcrated water tanks

2) diesel fuel oil tanks.

3. Pre-loadinc. procedures undertaken by Consumers Power have induced
stresses on the diesel generating t,uilding structure and have reduced the
ability of this structure to perform its essential functions under that stress.
Those remedial actions that have been taken have produced uneven settle-
ment and caused inordinate stress on the structure and circulating water
lines, fuel oil lines, and electrical conduit.

.

S

S

S
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY t.ND LICENSING BOARD
.

Before Administrative Judges:

John H Frye,lil, Chairman
Dr. James H. Carpenter

Dr. Peter A. Morris

in the Matter of Docket No. 40-2061-ML
(ASLBP No. 83-495-01 -M L)

KERR-McGEE CHEMICAL
CORPORATION

(West Chicago Rare Earths*

Facility) January 23,1985

Licensing Board rules on petitions for reconsideration and clarification
of its hiemorandum and Order ruling on the admissibility of contentions
(LBP-84-42, 20 NRC 1296' in response to Staffs motion, Licensing
Board rules that Kerr-htcGee's contention (which seeks a determination
that its plan for permanently disposing of mill tailings at its West Chicago
is acceptable) is an acceptable contention, that Staffs obligation to sup-
plement the record on NEPA issues springs from the People's conten-
tion rather than Kerr-htcGee's, that Staff must circulate a supplemental
impact . statement to accomplish this supplementation, and that the
Board will not refer its ruling admitting Kerr-NicGee's contention to an
appeal board for interlocutory review. The Board denies the People's
motion for reconsideration of its ruling removing references to Part 61
from one of their subcontentions on the ground that Part 61 is inapplica-
ble and grants their motion for r 7nsideration of the denial of another

r

|
subcontention which seeks to rec. * Staff to respond to certain com-
ments on the DES.'

|

.
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ATOMIC ENERGY ACT: DENIAL OF APPLICATION
RULES OF PRACTICE: DENIAL OF APPLICATION |

ADMINISTRATIVE PROCEDURE ACT: DENIAL OF
APPLICATION

|

Under the Administrative Procedure Act, the Atomic Energy Act,
and the Commission's Rules of Practice, an application cannot be i
denied without stating reasons for the denial. These reas.ns must indi-
cate why the application does not comply with the statute and regulatio'ns
under which it is filed. SEC v. Chenery Corp.,318 U.S. 80,94; 87 L. Ed.
626, 636 (1943); Commonwealth Edison Co. (Byron Nuclear Power
Station, Units 1 and 2), ALAB-770,19 NRC 1163 (1984); 5 U.S.C.
f 555(e); 10 C.F.R. i 2.103(b).

NEPA: RECIRCULATION OF AN ENVIRONSIENTAL
ISIPACT STATE 31ENT

Where an FES disregards broad areas of environmental impact or fails
to apprise the public of the nature of the proposed action and its expect-
ed consequences, recirculation of the statement is necessary.

RULES OF PRACTICE: REFERRAL OF ROLING
*

Admission of a cor"ention which will require further Staff review does
not result in unusual delay which justifies referral for interlocutory
review. -Duke Power Co. (Catawba Nuclear Station, Units 1 and 2),
ALAB-687,16 NRC 460,464 (1982), rev'd on other grounds. CL1-83-19,
17 NRC 1041 (1983).

MEMORANDUM AND ORDER
(Ruling on Slotions for Reconsideration)

In LBP-84-42, 20 NRC 1296 (1984) we ruled on the admissibility of
contentions and defined the scope of this proceeding. The NRC Staff
and the People of the State of Illinois' seek relief with respect to those
rulings. Staff moved for re' consideration, clarification or referral to the

3 The People and the III:nois Departnient of Nui; tear safety hase intervened in this proceeding.
Here:nafter they are collectnely referred to as "the People."
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Appeal Board on November 16 and the People moved for reconsidera-
tion on November 2. Kerr-McGee opposes both motions but suggests
that some clarification may be appropriate. Staff opposes a portion of the
People's motion and supports a portion. The People oppose the Staff's
motion. We deal with Staff's motion first.

STAFF'S MOTION

Before discussing Stafi's motion in detail, some background is neces-
sary. Kerr-McGee has filed an application for a license amendment
which would permit it to permanently dispose of thorium mill tailings ;

{
generated at its West Chicago Rare Earths Facility in a disposal cell locat-

|ed on site. Staff reviewed this applicationi and published a Final Environ-
mental Statement (FES) in which it coaciuded that, rather than perma-
nent disposal, onsite storage in a similar disposal cell should be approved
and a decision on permanent disposal deferred until several years of
monitoring data had 'been accumulated. Petitions to intervene were
invited. The People responded to this invitation and filed a contention .|

|
'

(AG 1) which attacked the FES on the ground, inter alia, that it con-
stituted an illegal segmentation of an overall plan to permanently dispose |

'

of these tailings on site. Although it did not request a hearing, Kerr-
McGee filed a contention (KM-1) in which it asserts that its plan for
onsite disposal should be approved now.

It should be noted that the FES is an unusual document. The various,

alternatives were not evaluated to the point of a final Staff conclusion
for the reason stated on page 1-6 that "the Staff has no basis on which to
evaluate the applicant's proposal for use of the site as a disposal site "
Staff was in this unusual position because of two factors. The U.S. Envi-
ronmental Protection Agency (EPA) standards governing disposal re-
quired by the Uranium Mill Tailings and Radiation Control Act
(UMTRCA) had not been published in final form and the NRC criteria

- x
for mill tailings disposal (10 C.F.R. Part 40, Appendix A) had been in
part temporarily suspended by congressional action. Because Staff had
no basis for evaluating other alternatives, in its view the only tvailable

-

*

option at that time was Alternative Ill, onsite storage in a safe mWiner.
..

'

The situation dramatically changed after Staff issued its FES. EPA'e '; _
standards were promulgated 2 and the temporary suspension of Appendix
A expired. The Commission initiated rulemaking to bring Appendix A

4

2 40 C.F R. Part 192, promulgated on october 7.1983.48 Fed. Reg. 45.926.
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( into conformity with the EPA standards.3 Staff now has a basis for eval-
uating alternatives.

As noted above, the People's Contention AG-1 challenged the FES
on the ground that it constituted an illegal segmentation of an overall
plan for permanent onsite disposal. All parties agreed that this and other
issues raised by Contention AG-1 should be decided on briefs. Addition-
ally, the admissibility of Contention KM-1 was extensively briefed.

In LBP-84-42 we ruled on the legal issues presented in these briefs.
We agreed with the People that the FES illegally segments the overall
plan to dispose of these tailings and admitted Kerr-McGee's contention
over Staffs objection. StalT seeks reconsideration of our ruling admitting
Contention KM-1, and clarificaaon with respect to the obligation to sup-
r!ement its environmental and safety reviews in connection with both
Contentions KM-1 and AG-1. In the event we order Staff to supplement%

the record on the safety ani! environmental aspects of Kerr-McGee's
'

proposal for permanent disposal, Staff request that we refer our ruling
on Contention KM-1 to the Appeal Board for p'rompt decision.s

, ,

Admissibility of Contention 'Kht-1 '

,
,

mg In LBP-84-42, we agreed with Staff <that Kerr-McGee had indeed
^

waived its right to causeta hesring ho be held on its application.
- ~ s ~

.

However, we disagreed with Staff that that %aiver precluded Kerr-. c

McGee from filMg a.conterition urging that its' application be approvedt
,-

t

and that such ahntention was ostside the scope of this proceeding as
defined by,the Cdmmission. In its motion,F Staff takes the position that
we erred in thesh two respects.,

_ , ' Staff does'not contest our' ruling insofar as it stands for the pro' position
that an applicant, as a party to an adjudicatory hearing held at thbrequest
of another, hiay file contentions that ari within the scopchf,the proceed-,

[u; ing. As we understand StalTs position, it is fcunded on Staffs vie {v that
it had denied Kerr-McGee's application. Thus, Staff, ergues that Kerr-

McGee, having waised hs right %[challeng'e Staffs der,ial ofits applica-
.v,

'

tion by requesting 1 hesring, ma not nQ pursue s'uch a contention_ \'
- 3

unless it is within the scope ~ of the hearing' as. defined by the People's
'

. contentions. In Staffs ; view,sContention RM-l isiot within that scope # ' '
s

~ t Staffs position-is tiest sumnied up in 'the following p4agraphs from C'

~ pages 4-5 ofitimotion.*
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It is true that an apphcant will be admitted as a party without first requesting a
hearing, instituted at the request of ancther party. that may affect its interests. The
$talT does not dispute that an applicant may raise issues, in the form of cententions
or otherwise, that are within the scope of a proceeding requested by anothcr party.
It does not follow. howeser that an applicant may also avoid the consequences of
waising its hearing rights by submitting enntentions that espand the scope of the,

proceeding #te include the very issue on which a hearing was waived.

'; By admitting Kerr McGee's Contention 1. the Board has, in effect oserruled the
StatTs denial of the Kerr-McGee proposal without that denial having been prcperly

'' ' placed in issue before the Board. Indeed, in holding that Kerr.McGee waised its
*

right to initiats' a jearing on the denial of its proposal. the Board should have recog-
nited that Kerr-McGee had forfeited its right to file contentions that *o'ild initiate a

review of that denial.

There a e sound public policy reasons for reaching this result. Kerr.McGee partici-
pated in numerous iterations with the Staff over its proposal. It knew in detail the
StatTs position, and. w t fcr the Ilhnois intervention, was willing to accept it. That

.

a

Kerr-McGee did - Nuest a hearing is conclusive evidence of that fact. Ap-

pl. cants should bc . , ,uy accountable for the consequences of their considered
acts. Kerr-McGee did not as for a hearing. Consequently,in view of Board's correct
ruling that%iver does obtain in NRC adjudicatory proceedings. Kerr-McGee'

should be held to has e acrepted the StatTs conclusion and should be bound by it.,

/
.

~ Kerr McGee oppose's Staffs request for reconsideration of this ruling.

'E
Kerr-McGee points out that, because 'the Environmental Protection-
Agency's standards appjicable to-its-proposal'were not published until.

after its ' opportunity P tequest a hearing had expired, it could not have --

filed such a reqtzsetl6cg with Contention sKM-i within that period.,

But, even if Contention KM-l could have been filed along with a timely.

*'
,

request for hearing. Kerr-McGeeAo,ca onho point out that, in the,
'

u
- course of bricftng this issue originally | $taff took the position'that Con-r

/ teption KM-l~ could have been litigated within the scope of the matters
- raised by the People, and attacks Staf 7 reading of the Commission's

'

delegation as too. narrow.' f'~

The People also oppose this aspect of Staffs motions. Tney take issue'

l'i '

with Staffs assertion that it denied Kerr McGee's application. Their po-,.

- sition is .best summed up in the following excerpts from pages 6-8 of/
- their December 13 response.c ._ , , - s,

.

In shor't, the su5 ject matter of this p ecced;ng is Kett-McGee's application and theW
.

petitions concerning its together witi Staff recommendations and the FES. Under
' -'l Sce.189 and the NRC's rules thn is true regardless whether Kerr McGee requested

r'\ [ -- a hearing or hied contentions and regardless what the StatTs FES may recommend.
,

3
-

>6, -
.

'
(

N- S
._

4 Kerr McGee's Decemocr il Response at M
''
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.

Finally, it should be pointed out that even if Kerr McGee had itself applied for an
amendment autho:izing onsite storage, the scope of the proceeding would have to
include the impacts of, and legal requirements associated with, permanent onsite
disposal. This is because the FES acknowledges that once the wastes are buried on
site they willlikely remain there forever (FES at I-8). In light of this acknowledg-

,

ment, the hearing requirement of Sec.189 would be violated if the hearing were
limited to snort-ter m issues.

...

For all these reasons, whatever theoretical questions the StafTs motion may raise.
in pracncal terms they have no bearing on this proceeding. No matter how you cut
it, whether under the AEA or NEPA, the proceeding must address permanent dis-
posalof the wastes.

Staff's position is premised in part on the proposition that it denied
Kerr-McGee's application and that, in order to preserve its right to chal-
lenge that denial, Kerr McGee was obligated to request a hearing. We
did not in LBP-84-42 view Stairs action on Kerr-McGee's application as
a denial. If that action does constitute a denial, Staff's position that Kerr-
McGee waived its right to challenge it has considerable force. For this
reason, we asked Staff to provide specific citations to its denial, whether
its denial required a determination that the West Chicago site is not
suitable for permanent disposal of the tailings, and whether Staff had
made such a determination.

Staff responfe 4 to these questions on January 3. Staff takes the posi-
tion that it denied the application at pages 1-3 to 1-9 of'the FES and that
that denial was meraorialized in the Commission's June 7,1983, notice
of opportunity for hearing.8 Staff notes that it stated in the FES that it
had selected Alternative Ill as the preferred alternative and that that al-*

ternative was the only currently acceptable alternative.
Staff goes on to argue that its denial of Kerr-McGee's application does

not require a Staff determination that the West Chicago site is unsuitable
on the ground that NEPA does not require such a finding, but rather a
finding whether there are environmentally preferable alternatives to that-

put forth in the application. In that event, Staff argues that it must take ,

whatever steps it can to see to it that that alternative is implemented.
Staff states that it has made no determination as to the suitability of this

; site for permanent disposal. .

We must reject this position. It is clear to us that Staff did not deny
Kerr-McGee's application Rather, Staff sought to defer it. At page 1-2
of the FES the Staff states that "[uhitr Alternative 111, the decision on
uhimate disposal of the radioactive wastes would be deferred." In Part

*
5 48 Fed. Reg. 26.381.

.
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VI of the same chapter of the FES (p.1-8) Staff outlines the conditions
under which licensed storage on site would be terminated. This state-
ment clearly implies to us that the Kerr-htcGee's application has not
been denied, but rather has been deferred becaus,: of the lack of regula-a
tory standards under which it could be judged (see FES at p: 1-6).

: Whatever the merits of Staff's argument that NEPA does not require

} it to reject the West Chicago site in order to deny Kerr-htcGee's propos-

). al may be, it misses the mark. Under the Atomic Energy Act and the
most basic principals of jurisprudence, Staff may not deny this applica-
tion without stating reasons. Yet Staff has made no determination with
regard to the suitability of this site and is prepared to approve storage in
a disposal cell proposed by Kerr-htcGee for permanent disposal in full
recognition of the fact that once storage is implemented, removal to
another site is unlikely. This does not smack of application denial, and
we are unable to find any language in the FES which does. |

The simple fact is that, in order to deny the application, Staff must |
state some reasons. Not to do so is the epitome of arbitrary and capri-
cious action. Yet, because of the lack of regulatory standards, no reasons
could be given. For this reason, Staff had no choice but to defer, as it

,

has done in the FES, its determination with respect to this application. '

,

SEC v. Chenery Corp.,318 U.S. 80,94; 87 L. Ed. 626,636 (1943); Com-
monweahh Edison Co. (Byron Nuclear Power Station, Units I and 2), |
ALAB-770, l') NRC 1163,1168-69 (1984); 5 U.S.C. { 555(e).

Indeed, this result is required by the Commission's regulations. Sec-
tion 2.103(b) of 10 C.F.R. provides that. before the Director of Nuclear
hiaterial Safety and Safeguards may deny an application, he must find
that the application does not comply with the requirements of the
Atomic Energy Act arid the Commission's regulations. Here, because
no such finding was or could have been made, no denial could issue.6

Before leaving this topic, we are compelled to add the observation
that, had Staff reached a determination that the West Chicago site was
unsuitable for permanent disposal, Kerr-htcGee might well have
requested a hearing. Instead, in these circumstances where it appeared
from the FES that there was at least a substantial probability that that
site would ultimately be appro\ed, there is little apparent reason why
Kerr-htcGee should follow that course. Those circumstances dramatical-
ly changed when the People, perceiving that Staff would ultimately an-

6 Storeover, we are compelled to note that a denial of Kerr..\tcGee's application might hase had some
unmtended results. Kerr-NicGee's license, sTA-$83, has an espiration date of August 31,1979. This
license remains in effect by urtue or Kerr .\fs-Gee's July 25.1979. arpheation for renewal. If this is the
app'ication stati claims to base denied. then that denial would hase the result of terminating Kerr.
NicGee's license. We doubt that staff would wish such a result.

250

cs

t
. . . , .



__

]

prove onsite disposal, requested a hearing in order to seek a determina->

tion that this site was not suitable as a repository for the tailings. At that
point, the issue of site suitability was clearly presented for the first time
and Kerr htcGee moved to protect its interest in obtaining approval.
These are not circumstances which give rise'to a waiver of Kerr-htcGee's
right to contest a StalT denial ofits application.

hforeover, the People's contentions brocght Kerr-hicGee's contention
clearly within the scope of.the proceeding. Even were we to accept
Staff's position on application denial, which we do not, the existence of
Contentions AG-1 a'nd AG-2 would require that Contention Kht 1 be
accepted.7

For the foregoing reasons, we deny StalTs motion for reconsideration,
and move to its motion for clarification.

Clarification of LBP-84-42

In its request for clarification of our rulings in LBP-84-42, Staff notes
that the admission of Contention Kht-l requires that permanent disposal

,

of these tailings be considered now. Staff then states that we did not find
the FES inadequate to support Alternative lil, although it notes that our
" decision could be read as finding the FES inadequate to support Alter-
native Ill with regard to serial segmentation and the need for a cost-.

benefit analysis."8 Staff goes on to assert its right to conCnue to support
Alternative Ill and defend its " denial" of Kerr-htcGee's application,

, and states:

Accordingly, the Staff does not bear tha primary burden of demonstrating in this
proceeding, the suitability of the West Chicago site for permanent disposal. Similar-
ly, the Staff has no burden of demonstrating the superiority of any alternative dis-
posal site. The primary evidentiary burden on the acceptability of an alternative for
licensing ts on the advocate of the alternatise?

*

Staff then concludes this portion of its request for clarification with
the assertion that, if Kerr-htcGee wishes to trigger a new Staff review of
its proposal, it'should file a new application, which would permit Staff to
recover the cost of that review in license fees.

7Because of this result, we need not address staffs argument that an apphcant which has waived its
* right to request a heanng may not file contentions which are outside the scope of those filed by an inter.

vening party.
8 staffs Monon at 8 n.2.
*Id.at8 9.
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in the second part of its request for clarification, Staff repeats.its posi-
tion with respect to its obligations set forth in the first part. It then as-
sumes for the sake of argument that some deficiencies in the FES are*

not attributable to the admission of Contention KM-1, but rather to
Contention AG-1. Under this assumption, Staff requests clarification in
three areas.

First, Staff states that under LBP-84-42, it is for it to assess the extent
to which long-term environmental impacts require further treatment
and whether this may be accomplished in testimony.

,

Second, Staff states that it need not undertake any additional review
of alternativ,e sites unless it is determined after hearing that Kerr-
'McGee's alternative site investigation generated insufficient information
to permit the required "hard look." Staff notes that the People are free
to develop in this proceeding any alternative sites they wish considered.

Third, Staff may assess for itself what needs to be considered in the*

cost-benefit balance and whether that may be accomplished in testimony.
* In its response to the Staff's motion for clarification, Kerr-McGee

notes that Staff believes that its additional obligations stem from the ad-
mission of Contention KM-1. Kerr-McGee points out that Staff's obliga-

- tion, if any, to supplement the record on NEPA issues stems from the '

admission of Contention AG 1. Kerr-McGee,'while noting its inability
to determine what portions of LBP-84-42 Staff considers ambiguous,
states its belief that it is appropriate for us to provide guidance to the
extent we find Staft's interpretation ofits obligations to be incorrect.

! The People take strong issue with the Staff's position that any defi-
ciencies in the FES may be cured through testimony rather than by
requiring the issuance of a supplemental environmental' statement for
comment prior to hearing. The People maintain.that the defects in the
FES are not of'a minor nature and therefore may not be corrected at
hearing, relying on Public Service Co. of Oklahoma (Black Fox Station,
Units 1 and 2), ALAB-573,10 'NRC 775,785-87 (1979); florida Power
& Light Co. (Turkey Point Nuclear Generating Station, Units 3 and 4),
ALAB-660,14 NRC 987,1014 (1981); and Boston Edison Co. (Pilgrim
Nuclear Generatiag Station, Unit 2), ALAB-479,7 NRC 774 (1978);

.

As to what the supplemental EIS should cover, the People stand by
their letter to Staff counsel of October 30; 1984.'o in that letter they take
the following positions with respect to Contention AG-1:

e-

1

,

10 That letter is attached to Stal.Ts motion.

.
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1. AG-1(b) - long-term impacts of onsite disposal - requires the Staff to
consider:

a) specific measures for excluding humans over the long-term;
- b) long-term maintenance and monitoring, its cost, and its funding;

c) long term reliability of the disposalcell;
d) long-term radiological impacts on children; and
c) the likelihood and effects of settlement on the disposal cell.

2. AG-!(d) - cost-benefit balance - requires Staff to compare the above factors
along with economic and socioeconomic factors for West Chicago and alterna-
tives. With Iespect to alternate sites ( AG-l(c)), the People expect that Staff
will'not limit its consideration to those sites identified by Kerr.McGee. but will
consider other sites as well and will require sufficiently detailed information on
these sites to make the analysis credible. The People read the FES as a decision
to defer detailed analysis of alternatives, and suggest that,if this is so, the alter-
native site question must be freshly addressed. To this end, the People offer
the assistance of various state agencies.

3. AG lig) - consistency of Kerr41cGee's proposal with applicable Federal and |
State policies - the Staff should address the Illinois ground water protection 1

standards, Illinois' policy on the siting of long-term radioactive waste disposal I
facilities, and the re. uirements of the Uranium Mill Tailings Radiation Control |
Act and Appends a to 10 C.F.R. Part 40.

In their response to Staffs motion, the People reiterate their position
that under NEPA, the Staff must perform the alternate site analysis and

~

may not rely on informati-on generated by' Kerr-hicGee for that purpose.
The People rely on filgrim, ALAB-479, supra. 7 NRC at 794, Tor this
point.

The first point to be addressed is Staff's assumption that the deficien-
cies in the FES (segmentation and the need for a cost benefit analysis)
which were identilied in LBP-84-42 are solely related to, Contention
Kht-1. That is not the case. First, Contention Kht-1 asserts that Kerr-
NicGee's proposal meets the standards of Uh1TRCA and EPA's regula-
tions promulgated under it. It does not assert that the Staff's NEPA anal-
ysis has been inadequate and, in fact, Kerr-htcGee defended that analy-
sis in briefing Contention AG-1.

Second, Contention AG-1 clearly raises the issue of segmentation and
lack of a cost-benefit balance. It was in connection with Contention
AG-1 that we held that NEPA requires Staff to consider permanent
onsite disposal now. Thus Contention AG-1 serves to force a NEPA con-
sideration of permanent onsite disposal, while Contention Kht-1 forces
an evaluation of Kerr htcGee's proposal under Uh1TRCA. Staffs as-
sumption that our NEPA ruling was tied to Contention Kht-l is incor-
rect; that ruling would have been made in response to Contention AG-1
had Kerr-hicGee refrained from advancing Contention KN1 1.

.
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Staff is thus similarly incorrect in its assumption that we did not find
the FES inadequate to suppert Alternative III. We specifically found that
Alternative Ill was but one step toward the goal of permanent disposal
and that the FES strongly indicated that once Alternative III were imple-
mented, Staff would approve permanent onsite disposal." Consequent-
ly, we held that NEPA.and certain of the CEQ regulations which have
been adopted by the Commission required that permanent onsite dispos-
al be considered in connection with Alternative Ill.

Thus Staff is incorrect in its assumption that we did not require it to
support or oppose Kerr-NicGee's proposal. We did require Staff to take
a position on that proposal. By admitting Contention KNt-1, we required
StalT to take a position under UNITRCA and by our ruling on Contention
AG-1, we required Staff to perform an environmental review of Kerr-
N1cGee's proposal.

Nevertheless, we are compelled to observe that Staff is legally free to
pursue Alternative III ifit wishes, although we can perceive no practical
rec. son for doing so.i2 We have held that Kerr-NicGee's application is
still pending before the Staff and that, even if that application were no
longer pending, Staff's preferred alternative requires a NEPA considera-
tion of permanent disposal. Consequently Staff will have to consider and
conclude whether it will approve permanent onsite disposal at West Chi-
cago. If Staff concludes that Kerr-NicGee's proposal is acceptable, there
appears to us to be no practical reason for it to continue to support Alter-
native 111. Should Staff conclude that Kerr-NicGee's proposal is unac-
ceptable, perhaps Alternative til might assume slightly more practicali-

,

ty. However, even in that situation, we do not believe it to be a sensible
alternative because:

First, the cost of storage at West Chicago and subsequent
removal to another site is regarded as prohibitive by the Staff;')

Second, the FES reveals that there is currently no compelling
reason why storage in an engineered cell is necessary for the
short term. The FES indicates that radioactive materials are not
leaking into the aquifer'4 and that airborne emissions are not
excessive;" and

i' t.BP44-42. wpra. 20 NRC at 1316
UM answer to our query as to which reasora cmt to continue to adwcate Alternatne !!! if permanent
awat must be conudered now under NLPA. statf responded on Januar) 3 ta indicating that. in ligh:
of ah the etrcumstarwes. 5tatr considers Alterr.ame !!! a prudent coars.
'; L LBP a4-42. wpra 20 NRC at 1309
!4F ts. ) 5 6 2.1. at p. 5-11.
I' r D. rable 5 5. at p. .%28
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Third, as we indicated in LBP-84-42 (20 NRC at 1304-05), we
do not perceive any regulatory restraint under Alternative I
which would be avoided by Alternative III.

Nonetheless, while we see nothing to be gained by continuing to
pursue Alternative III, Staff is of course free to show us that our conclu-
sion in this regard is in error.

We agree with Staff that we have no authority to direct it in the per-
formance of its independent regulatory and review functions. But we do
have authority to pass on the adequacy of Staff's review when it is prop-
erly challenged. That is the course which we have followed here. By ad-
mitting Contentions KM-1 and AG-1, we have concluded that Staff
must determine the acceptability of Kerr-McGee's application under
UMTRCA and review it under NEPA. While we agree with Staff that we
cannot dictate the timing of its review or the conclusion it should reach,
we must reaffirm our right to pass on the adequacy and legality ofits ac-
tions when they are, as here, properly challenged under procedures es-
tablished by the Commission. The fact that our rulings require additional
Staff effort does not impinge on Staff's independence.

Staff's request for clarification with respect to long-term environmen-
tal impacts, alternate sites, and cost-benefit balancing under NEPA es-
sentially asserts that Staff may determine for itself firs', how much sup-t

piementation of the FES is necessary, and second, whether that supple-
mentation may be done in testimony or wh' ther a supplemental impacte

statement is necessary.16 We agree with the first proposition but not the
second. It is for Staff to determine in the first instance how much supple-
mentation is necessary and to defend its position with evidence. We may*

not decide this matter in advance of receiving that evidence along with
Kerr-McGee's and the People's evidence. Ilowever, we do note that
Staff has made no determination under UMTRCA and has not reviewed
permanent onsite disposal under NEPA.

The People's letter advises Staff of the People's position on the
NEPA issues. Staff should take this position into account in making its
determination and be aware that it will have to defend its decisions

#-

16 We wish to note that. while we cannot direct stafr m preciv:ly how it goes about its busmess it would
appear useful, as a practical matter. for stalT to undertake its supplementation of this FEs only after
statT has determined whether it will approve Kerr-NicGeel proposel under UNITRCA. should stafr
make an adverse determmation. its NEPA reuew. to the extent it is not duplicatne of the UM TRCA'

review. would be meanmgless should staif elect to support Kerr.McGee under UMTRCA. and should
that view not prevail at heanng. Staffs NEPA review would similarly be meanmgless. we recognize
that there is a great deal of overlap to stati's NEPA and UMTRCA reviews. 50 that any additional work
to accomphsh the NEPA review may be small once the UMTRCA reuew is complete. Nonetheless. a
NEPA review is meamngless if Kerr-McGeis proposal does not meet UMTRCA standards.
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accordingly. Staff must remember that its NEPA evaluation is of perma-
nent onsite disposal, and its assessment of the supplementation neces-
sary must be made in that context.

The People have made it clear that they do not consider Kerr-McGee's
, - alternative site inquiry adequate and have offered technical assistance to
'

the Staff in making its evaluation. While without the benefit of an evi-
dentiary presentation we cannot conclude, as the People do, that Kerr-
McGee's inquiry is inadequate and that, under NEPA, Staff may 'not
rely on data generated by Kerr McGee,'7 v'e must note that the People
have clearly raised these issues and have offered technical assistance. It'

thus may turn out to be inappropriate for Staff to limit its alternative site
analysis solely to data generated by Kerr McGee. Ibid.; Pilgrim,
ALAB-479, supra,7 NRC at 780-81.

Staff's decision whether to proceed by way of testimony or a supple-
mental impact statement is on a'different footing. The People take the

,

position that at least a supplemental impact statement must be prepared
and circulated for comment prior to hearing. In LBP-84-42, we did not
directly address this point. On further consideration, we agree with the
People. The fact that we have held that NEPA demands that permanent

'

onsite disposal be considered now dictates this result. This omission
t alone is of sulTicient magnitude to require circulation of a supplemental
' impact statement prior to hearing. Appeal Boards have noted that if aa

FES disregards broad areas of environmental impact or fails to apprise
the public of the nature of the proposed action and its expected conse-
quences, recirculation of the FES may be necessary. Turkey Point,
ALAB-660, supra.14 NRC at 1014; Black Fox, ALAB-573, supra,10
NRC at 786. Staff's failure to consider permanent onsite disposal consti-
tutes disregard of a broad environmental impact which will require circu-
lation of a supplemental statement'or recirculation of an amended FES
in order to advise the public of the nature of the proposal and its expect-
ed consequences.

Referral to an Appeal Board
.

Staff requests thai,^in the event we order it to suppfement the record
on the UMTRCA and NEPA considerations incident to Kerr McGee's
application, we. refer our' ruling on. Contention KM-1 to the Appeal

^

I? %e resfrirm our conctumon m LBP-84-42 that stati may. m the absence of some demonstrated
*

reason net to, rely on in.ormation generated by Apphcants. pun.c &vrte Co. of Yew Haespshire --
tseabrook station. Umts I and 2h CLI.77-8. 5 NRC 503. 524 25 (19?7); 10 C.F.R. li 51.45 (b) and
(c) and $1.tp).

E
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Board. Staff asserts that if it must engage in such supplementation, the
delcy and expense entailed would be detrimental to the public interest.
Staff argues that if the People's view of the NEPA questions prevails,
the proceeding could be delayed for as long as 2 years and considerable
expense incurred. Staff points out that this expense could not be recov-
ered from Kerr-McGee'8 and would result in immediate and irreparable
harm to Staff as a result. Staff argues that the public interest would be
served by a prompt resolution of this proceeding which would settle the
question of the disposition of Kerr-NicGee's tailings. Staff concludes by
arguing that our ruling will infringe on its exercise ofits independent re-
sponsibilities.

Both Kerr-htcGee and the People oppose a referral. Kerr-htcGee cor-
rectly points out that, to the extent Staff must supplement the FES,
referral of our ruling on Contention Kht-1 would in no way alleviate
Staff's problems. Further, Kerr-NicGee anticipates that such supplemen-
tation need not be extensive and ac'..cipates being called on to assist in
the effort. Storeover, Kerr-McGee argues that StafTs obligations to sup-
piement the record are in no way an intrusion' on its independent
responsibilities.

The People maintain that interlocutory review, as a practical matter,
can have no effect on the scope of the proceeding, that Staff does not.

contest our finding on illegal segmentation and that it is that finding
which results in the necessity for supplementation on NEPA issues, and
that there has been no persuasive showing that unusual delay or expense
will result from our rulings.

We deny the request for referral. We agree with Staff that the public
interest demands a resolution of the problem presented by Kerr-
NicGee's application. We part company with Staff in its thinking that a

-
-

referral of our ruling on Contention Khl-1 will somehow further that
public interest. To the contrary, we think such a referral would needless-
ly delay such a resolution by diverting the parties' efforts from the issue
- permanent disposal of these tailings. Both Kerr-htcGee and the
People are anxious to resolve that issue. Any delay occasioned by the
necessity for Staff to engage in further reviews, while unfortunate, is not.
unusual." Rather, it is essential to the resolutior of the issue and there-
fore in the public interest.

'8 In response to our inquiry on this point statT indicated that Kerr McGee paid the full fee apphrable
at the time its apphcauon was submitted and that Commission pohey rorbids the retroactise asses, ment
of the currently appheable fees. The present fees are b.hed on the cost or processing an appheas.on and
*ere adopted after submission of Kerr-McGee's apphca: ion."
3* DuAt 1%er Co. ICatawba Nuclear Station. L' nits I and 21. AL AB-687.16 NRC 460, 464 (l082t.
rer'd un part on other emunds. CLl-83-19.17 NRC 1041 (193D.
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It is also unfortunate that Staff may not bill Kerr-htcGee for the costs
incurred in its reviews, but that fact cannot control the disposition of the

- issues here presented. Staff must nonetheless discharge its responsibili-
ties under UhfTRCA and NEPA.

Finally, we note that Staff's obligations under NEPA would in no way
be alTected by interlocutory review of the admission of Contention
Kht-1. To that extent, StalTs request for referral could not alleviate its -
problems.' Nor do our rulings infringe on Stafrs independent responsibil-
ities. Both Kerr-hicGee and the People have, challenged StafTs actions
in accord with the procedures established by the Commission. If we
were to agree with Staff on this point, we would effectively preclude
those challenges and deny to Kerr-hicGee and the People that which the
Commission has granted them. We have no authority to take that action.

1 THE PEOPLE'S MOTION

The People have moved for reconsideration or clarification of our rul-
ings on Contentions AG-1(g) and (h). They raise two points in connec-
tion with Contention AG-1(g). On the first of these, Illinois ground
water standards, the People state:

-

This contention alleges that the FES fails to consider applicable federal, state and
local polices, including Illinois' groundwater protection standards. In its ruling on
'his contention, the Board states:

We admitted this contention in our February 24 Prehearing Conference Order
(pp. 7-8) on condition that the People demonstrate that Kerr-McGee is subject
to these requirements and on our Gnding that we are competent to enforce
them. The applicabdity of these requirements is the subject oflitigation in the
courts ofIllinois. Thus, the first condition has not yet been satisGed.

Board decision, pp. 48-9,' n.84. To the extent that the Board has held that applicabili-
ty of State laws governing nonradiological hazards remains an open question, the
People respectively disagree.

Unfortunately, the People have quoted our ruling on Contention
AG-2(g). We admitted Conlention AG-1(g) as filed after eliminating its
references to Part 61. Consequently this portion of the motion is denied.,

Kerr-htcGee and the People are engaged in a continuing debate with
regard to the applicability of the Illinois ground water standards.20 hiuch

20 ee Kerr-McGee's Response of December 13.1984, at 1014. People's Reply to KerrotcGee's Re-5
sponse of knuary 4,1985, at 13.

!
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of this debate centers on the question of Federal preemption of the Illi-
nois standards. Both Kerr-htcGee and the People cite various Federal
and Illinois co6tt decisions in support of their preemption arguments.

Our ruling on Contention AG-2(g) quoted by the People ' was based
on the assumption that the People are seeking to enforce the Illinois

. ground water standards in People of the State ofIllinois v. Kerr-McGee
Chemical Corp., No. 80 CH 298 (18th Judicial Circuit of Illinois), and-

that Kerr-htcGee was resisting. Thus unless that litigation is resolved
favorably to the People, the ground water standards will not be applicable
to Kerr-htcGee. We will discuss'this matter with the paities in more
detail at the next prehearing conference 'In the interim, we would ap-
preciate Kerr-htcGee and the People providing us .with copies of the
complaint, answer, and hiemorandum of Opinion dated hlarch 21,
1984, in the above case.

Kerr htcGee notes that we have not been consistent in our rulings on
Contentions AG-1(g) and -2(g). That is correct. AG-l(g) asserts that
the Staff must consider the Illinois ground water standards in its environ-
mental review. That contention was admitted because, regardless of
their applicability to Kerr-NicGee, Staff must indeed touch on these
standards even if it simply pauses to note that they are not aaplicable
(should that turn out to be the case). AG-2(g), on the other hand,
states Kerr-htcGee must demonstrate that its disposal cell cil! not vio-
late these ground water standards. In our view, such a demons: ration
should not be required if the standards are not applicable. Hence., this
contention was treated differently.

We noted in LBP 84-42:2 that Kerr-htcGee and the People had agreed
that this contention should be interpreted to require Kerr-hicGee to
show that it had complied with these requirements (assuming they are'

applicable) prior.to license authorization. Staff points out that this may
not be necessary.23 We will also explore this matter at the next prehear-
ing conference.

The People's second point with respect to Contention AG 1(g) con-
cerns 10 C.F.R. Part 61. As filed, that contention asserted that Staff has'

ignored the guidance provided by Part 61 Because Part 61 is not applica-
ble to this proceeding, we struck this assertion in the contention."

The People argue that the underlying policies of Part 61, which per-
tains to land disposal of radioactive waste, are relevant to this proceeding

21 LBP 84-42. 20 SRC at 1325 n.84-

22 ps. .

23 statTs No5 ember 20.1984 Response to the Peoplei Motion at 2.'
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and that Appendix A to Part 40 expresses the same policies. Conse-
quen'y, the People believe that the Staff should consider Part 61 in the
FES. Kerr-htcGee and Staff oppose.

This part of the People's motion is denied. Part 61 is not applicable to
this proceeding, and consequently there is no obligation compelling
Staff to consider it in the FES This is not to say, however, that Part 61
might nc furnish some indication of the Commission's intent should

_ that inter. not be explicitly set out in Part 40. All parties remain free to
look to Part 61 (and any other relevant material) in attempting to
reconcile ambiguities in Part 40.

Kerr-htcGee correctly points out that we did not strike references to
Part 61 in Ccntentions AG-2(u) and (w). This was an oversight. Those
references are also stricken.

The People object to our denial of Contention AG-1(h). This conten-
tion asserted that Staff has not adequately responded to comments on
the DES concerning alternate sites, the rationale for rejecting offsite
disposal, and long-term environmental impacts. Because we had admit-
ted contentions on all these points, we rejected Contention AG-1(h) as
redundant.

The People argue that, because a supplementalimpact statement must
be circulated Staff should respond to these comments and they point.

out that, by adopting Alternative III, Staff postponed a close analysis of
these points. Kerr-NicGee and Staff oppose, arguing that the hearing
record offers the appropriate vehicle to correct any deficiencies in this
regard.

The People's motion is granted. Staff has not considered permanent
onsite disposal in the FES, and apparently as a consequence, felt it un-
necessary to respond to these comments. We have held that Stafi's fail-
ure to consider permanent onsite disposal requires that a supplemental
impact statement be circulated. Staff should respond to the comments in
question along with its response to the comments on the supplemental
impact statement.

SU313tARY

For the convenience of the parties, we summarize our rulings below.
1. StalTs motion for reconsideration of the admission of Contention

Kht-1 is denied because:
(a) Staff did not deny Kerr-htcGee's application; and |-

(b) Contention Kht-1 is within the scope of the matters raised by
Contentions AG-1 and 2.

~ |
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2. The deficiencies which we found in the FES are related to Conten-
tion AG-1:

(a) The FES is inadequate to support Alternative 111 because ofits
failure to consider permanent onsite disposal; and

(b) Contention KM-1 requires Staff to review Kerr-McGee's dis-
posal plan under UMTRCA.

3. Although we can see no practical reason for Staff to continue to
- pursue Alternative III, Staff is free to attempt to demonstrate that our

conclusion in this regard is incorrect.
4. It is for Staff to determine in the first instance how much supple- 1

mentation to the FES is necessary to comply with NEPA. In making this !

determination:
(a) Staff should take the People's position into account and realize

that it will have to defend its conclusions at hearing; and
(b) Staff should realize that its NEPA review of permanent onsite

disposal at West Chicago is meaningless if West Chicago does
not meet UMTRCA standards.

5. Staff must circulate a supplement to the FES, evaluating perma-
nent onsite disposal at West Chicago, for public comment. When Staff
responds to those public comments, it must also respond to previous
comments on the DES identified in Contention AG 1(h) (see item 8,
below). .

6. Staff's request- for referral of our ruling admitting Contention
'

KM-1 to an appeal board is denied.
7. The People's motion for reconsideration of our ruling on Conten-

tion AG-1(g) '.3 denied. At the next prehearing conference in this pro-
ceeding, we wish the parties to address the question of the applicability
of the lilinois ground water star.dards to Kerr-McGee's proposal and
Staff's position that, even if these standards are applicable, we need not
delay licensing action on Kerr-McGee's proposal pending compliance
with them.

8. The People's motion for reconsideration of our ruling on Conten-
tion AG l(h) is granted and that contention is admitted. In responding
to public comments on the supplement to the FES, Staff must also re-
spond to the comments identified in - this contention. (See item 5,
above.)
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Order

In consideration of the foregoing, it is, this 23rd day of January 1985,
ORDERED
1. Staffs motion for reconsideration O car ruling admitting Conten-f

tion KM-1 or for referral to the Appeal Board is denied;
i. 2. Staffs motion for clarification is granted consistent with the views

expressed herein;
3. -The People's motion for reconsideration of our rulings on Conten-

- -tion AG-1(g) is denied and the references to 10 C.F.R. Part 61 in Con-
tentions AG-2(v) and (w) are stricken; anda

4. The' People's motion for reconsideration of our ruling denying the
admission of Contention AG-1(h) is granted and that contention is
admitted.

1

ATOMIC SAFETY AND
i LICENSING BOARD
5-

; Dr. James H. Carpenter.
ADMINISTRATIVE JUDGE.;

i -
.

'
- Dr. Peter A. Morris

.
,

ADMINISTRATIVE JUDGE
.

'

I.
~

John 11 Frye, III, Chairman
ADMINISTRATIVE JUDGE

Bethesda, Maryland*

January 23,1985
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Cite as 21 NRC 263 (1985) DD 85-1

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION

-

Narold R. Denton, Director

in the Matter of Docket Nos. 50.. 89
5C .L 20
50-219

(10 C.F.R. I 2.206)

GENERAL PUBLIC UTILITIES NUCLEAR
CORPORATION

(Three Mile Island Nuclear Station,
Units 1 and 2)

(Oyster Creek Nuclear Generating
Station) January 15,1985

.

The Director of the Office of Nuclear Reactor Regulation denies a pe-
tition submitted by Joanne Doroshow on behalf of the Three Mile

! Island Alert, Inc., and other named Petitioners requesting action with re-
spect to the Three Mile Island Nuclear Station (TMD Units 1 and 2 and

i the Oyster Creek Nuclear Generating Station.
-

.

RULES OF PRACTICE: SHOW CAUSE PROCEEDING

Where the Commission has before it the Petitioners' allegations in
another proceeding, it is inappropriate to use 10 C.F.R. { 2.206 proce-
dures to initiate a show cause proceeding.
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DIRECTOR'S DECISION UNDER 910 C.F.R. 2.206

INTRODUCTION

By Petition dated August 13, 1984, Joantie Doroshow, on behalf of
Three Mile Island Alert, Inc. (TMIA), and othersi requested that the
Nuclear Regulatory Commission revoke the licenses of General Public
Utilities Nuclear Corporation (GPUN) to operate Three Mile Island
Nuclear Station (TMD Units I and 2 and the Oyster Creck Nuclear
Generating Station. As the basis for this request, Petitioners assert that
GPUN lacks the requisite character to safely operate a nuclear reactor.
Specifically, Petitioners allege that management's past record indicates
defects in " foresight, judgment, perceotion, resolve, integrity and
values" which reflect negatively upon its present ability to demonstrate
the qualities of character required for an NRC license holder.

In accordance with usual NRC practice, the Petition was referred to
the Staff for appropriate action in accordance with 10 C.F.R. l 2.206. A
notice was published that the Petition was under consideration. 49 Fed.
Reg. 35,447 (Sept. 7,1984). On August 22,1984, Petitioners filed sup-*

piemental pages to replace certain pages to the Petition, and on October
1,1984, filed additional sections to supplement the Appendix to the

* Petition. On October 12, 1984, the Licensee filed its response to the
Petition. The Staff has completed its evaluation of the Petition and, for
the reasons stated in this Decision, the Petitioners' request is denied.

DISCU6SION

I'etitioners' Allegations with Regard to TMI Unit 1

Petitioners assert a number of factual circumstances in support of
their request that the license of GPUN to operate TMI Unit I be re-
voked, including that, essentially, ' Metropolitan Edison Company,~

GPUN and all GPU subsidiaries are one company and were run since
before the accident by the same individuals. As such, Petitioners allege
that public health and safety require that the Licensee show that its past

IAddinonal Pennoners are Peter C. Wambach, state Representauve.103d Legislauve District. Com-
monwealth of Pennsylv'ania; John shumaker. state senator. 15th Distnct. Commonwealth of
Pennsylvania; Pat sordill. Essex County Women's Interna'ional League for Peace and Freedorn. Alan
swenson. SANE; A. Jane Perkins. Harnsburg City Council; Larry J. Hochendoner. County
Commissioner. Dauphin County, Pennsylvania; Judith Marlow. safe Energy Alternatives Alliance. Dr.
D.K. Cinquemant. Essex SEA Alliance, and Louise Bradford. TMIA.
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record of wrong-doing is unrelated to fundamental character flaws inher-
ent within the company. The Staff has already considered the issues
raised by the Petition. Virtually no new information or argument is pre-
sented by the Petitioners which has not been fully considered by the
Staff in its analysis of the iss'ies. See "TMI-l Restart: An Evaluation
of the Licensee's Management Integrity as It Affect's Restart of Three
Mile Island Nuclear Station, Unit 1, Docket 50-289." NUREG-0680,
Supp. No. 5 (July 1984); NUREG-0680, Supp. No. 4 (October 1983),
and NUREG-1020LD (September 1983). See also NRC Staff's Reply to
Other Parties' Comments in Response to CLI-84-18, October 29, 1984;
NRC Staff's Briefin Response to CLI-84-18, October 9,1984, and NRC
StalTs Comments on the Commission's January 20,1984 List ofIntegri-
ty Issues in Restart Proceeding, February 21, 1984.2 Based upon its
assessment, the Staff has concluded that GPUN can operate TM1 Unit I
without undue risk to the health and safety of the public and that these
issues do not raise a bar to restart of TMI Unit 1.

Apart from the StafTs view of the substance of the Petitioners' allega-
tions, another consideration leads me to deny Petitioners' request that
the license of GPUN to operate TMI Unit I be revoked. The Commis-
sion itself has before it the question of whether further hearings are war-
ranted on such matters as are covered in NUREG-0680, Supp. No. 5.
See Commission Order, CLI-84-18, 20 NRC 808, 809 (1984). In fact,
most of Petitioners' allegations have been incorporated in TMIA's re-
sponse to the Commission's Order.3 In view of the pending question
before the Commission of the need for' further hearings, it is inappropri-
ate for me to initiae show cause proceedings in response to Petitioners'
request. See Pacvic Gas and Electric Co. (Diablo Canyon Nuclear Power
Plant, Units 1 'and 2), CLI-81-6,13 NRC 443 (1981); Consolidated

2As indicated in .1C stalTs Reply to other Parties' Comments in Response to CLi 8418. at 3 n 2.
some new information, not pressously considered by the start pnct to the issuance of SUREG Oe80,
supp. No. 5 was cited m the Petition. The new mformation consisted of l&E Inspection Report
50-289/84-12. dated August 14.1984 Attachment B of the Petition, concerning allegations of Licensee's
use of unquahfied welders; Attachment C of the Peuuon concernmr . . ttal of starts conclusions on
the Parks / King /Gischel issue. and the special Report of GPU's Rec.: 4.tuted oARP Review Commit-
tee. In the stalTs Reply to other Parties' Comments m Response to CL1-8418. the start stated that it
considered this matenal and found that et did not modify the staffs poution on any of the issues con-
cerning restart and that the enformation, either separately or m conjunction with other available
information. did not raise a significant safety issue.
3 The stati reviewed T.\tlNs response to CLI-84-13. including those portions of the Petiuou wnich
were mcorporated in TNflNs response (as well as those pornona of the Pennon incorporated in the
Union of Concerned scienusts' response to CLI-8418), and found no reason therem to change the
staffs previous position on the issues. see NRC staffs Reply to other Parties' Comments m Response
to CLI 8418, october 29,1984. see a6a S RC starts Bner m Response to CLI 84-18, october 9.1984
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Edison Co. of New York (Indian Point, Units 1, 2 and 3), CLI-75-8, 2
NRC 173 (19'5). Petitioners' request as it relates to Thil Unit 1 is there-
fore denied.

.

Petitioners' Allegations with Regard to TMI Unit 2

As a basis for action with regard to Thil Unit 2, Petitioners make es-
ser" ally the same argument as they do with regard to Th11 Unit I that
the Licensee has demonstrated such defects of character as to mandate
revocation of its license to cperate this facility. Specifically, Petitioners
assert as a basis for action with regard to Thil Unit 2 a number of con-
tentions relating to the Licensee's management of cleanup operations at
the Th11-2 facility.

The Staff has considered the deficiencies in the TN11-2 cleanup opera-
tions raised by the 01 investigation (OI Report dated September 1,
1983, Allegations Regarding Safety-Related hiodifications and QA
Procedures, H-83-002, and 01 Report dated Stay 18, 1984, Allegations
Regarding Discrimination for Raising Safety-Related Concerns, H-83-
002) anc' referred to in the Petition. The violations were found individu-
ally to be of mine safety significance. Enforcement action was taken on'

these matters.* The StafTs recent reconsideration of its position regard-
ing the results of the previous 01 investigation on the polar crane may
result in the earlier enforcement action being modified. In addition, the
Staff is currently reviewing the technical implications of newly discov-
ered "unlike kind" brake modifications made by the Licensee on the
polar crane.5

The Staff has also completed an extensive Performance Appraisal in-
spection which reviewed the Licensee's Quolity Assurance program,
safety review functions, design changes, maintenance, facility opera-
tions, corrective action systems and training. The Staff had determined,
based on the re'sults of this inspection, that the Licensee is performing
adequately in each of these areas. See Performance AppraisalInspection
50-320/84-08 (Niay 15,1984). For these reasons, Petitioners' request
for revocation of the license for Thil Unit 2 is denied.

.

* A Nouce of violauon, sesenty Level IV. wasissued February 3.1984. Letter from Richard DeYoung
to P.R. Clark. President. GPUN (EA 83-89L
5 Letters from Bernard L snyder. Program Director. TMI Prcgram oince. OfGce of Nuclear Reactor
Regulauon (NRR) to F R standerfer. vice President / Director. TMt Unit 2 (october 9.1984 and octo.
ber 18.1984L
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Petitioners' Allegations with Regard to Oyster Creek Nuclear
Generating Station

Petitioners assert as a basis for their request for action with regard to
Oyster Creek that there is a nexus between management of Oyster
Creek and TMI Units I and 2 such that Licensee's poor record regarding
its management of TMI Units 1 and 2 can reasonably be viewed.as aris-,

ing.from defects of character also affecting safe operation of the Oyster
Creek facility. In addition, Petitioners express concern regarding Edward
G. Wallace. Mr. Wallace is currently Manager of the Expanded Safety
Systems Facility Project at Oyster Creek. While Manager of Licen' sing of
TMI in 1979, Mr. Wallace drafted a " dishonest" response to a Notice of
Violation (NOV) issued by NRC after the accident.

The Staff has evaluated Met-Ed's response to the NOV with respect to
current GPUN management integrity and concluded that there is rea-
sonable assurance that GPUN can operate TMI-l with no undue risk to
public health and safety. The StalTs review of circumstances . surrounding
the response to the NOV is contained in NUREG-0680, Supplement
No. 5, at 8-15 through 8-22. As a separate matter, the Staff is consider-
ing what enforcement action, if any, is appropriate regarding the Licen-

~
see's response to the NOV. Petitioners are correct that Mr. Wallace was
involved in preparing the response to the NOV and is currently in a
" technical" management - position with respect to Oyster Creek.3

However, Mr. Wallace is not involved in any~ way in the on-line opera-,

tion of the Oyster Creek facility. His role is that of an offsite project
'

manager and his current work (e.g., project management of the Expand-
? ed Safety Systems Facility) is subject to extensive review'by GPUN

nanagement as required by 10 C.F.R. j 50.59. Moreover, Mr. Wallace
was candid and cooperative during the O! inves%ation of this matter.
For these reasons, the Staff finds that there is reasonable assurance th.tt
GPUN can and will meet its regulatory responsibilities with no undue
risk to public health and safety with Mr. Wallace in his present manage-
ment position.

The Licensee's response to the NOV is relevant to proceedings con-,

cerning the restart of TMI 1; however, the Staff has argued before the
Commission that it is not material to a restart decision and that further
hearings on this matter should not be required. The Petitioners have
filed their views with the Commission as part of the TMI I Restart Pro-
ceeding (see TMIA Response to Commission Order of September 11,
1984. dated October 9,1984 and TMIA Reply Comments to NRC

~

Staff's Brief in Response to CL1-84-18, dated October '29,1984). If the
record is subject to reopening for further hearings and the TMI-I Restart

.
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Proc 6cding dictates a different result with respect to Mr. Wallace, ap-
propnate action will be taken at that time.

Additionally, Petitioners argue that Oyster Creek has a notably poor
record in its own right. As a basis for this allegation, the Petitioners
allege that Oyster Creek was so poorly run that it had to be shut down
for maintenance work since early 1983, that results of a study undertak-
en by Rohrer, Hibler and Replogie, Inc. (RHR) show that training is
still inadequate, and that the results of a study by Basic Energy Technol-
ogy Associates, Inc. (BETA) show that plant maintenance at Oyster
Creek has not yet reached the point where required equipment reliability
can be reasonably assumed.

With regard to the shutdown of Oyster Creek, the outage was not, as
Petitioners allege, due to a poor operating record. Rather, the extended
shutdown was a pre-planned outage to accomplish plant maintenance
and modification activities. These activities insolved preventi/e and cor-
rective maintenarce, surveillance testing and inspection, and engineer-
ing and installation of improved design features. The nature and extent
of the activities had been planned and integrated in a systematic
manner. Due to the extent of the outage, the Staff recognized the need
to assess the condition of the plant and operators prior to the resumption
of licensed operations. The ' esults of such assessment are discussed in ar
memorandum dated September 28,1984, from the Regional Administra-
tor of Region I to the Directors of the OfGce ofInspection and Enforce-
ment and the OfGce of Nuclear Reactor Regulation. A copy of the
memorandum is being provided to Petitioners with this Decision. The
Staff has determined that during the outage the Licensee has taken
action to improve the physical plant and conGrm through testing the ade-
quacy of existing plant conditions, that these actions are indicative of a
responsible Licensee, and that the results are not indicative of a poorly
run facility.

Special inspections were performed (see inspection Report No.
50-219/84-06) with respect to maintenance to review organizational
structure, administratise controls, organizational interfaces, completed
safety-related work packages, and preventive maintenance. Extensive
corrective and preventive maintenance was satisfactorily performed
during the outage. Prior to resumption of power operations, appropriate
surveillance testing was performed to assure conformance with the
technical specifications. The Staff is satisGed that the technical specifica-
tions are adequate for monitoring required equipment reliability and
determining whether or not the plant can operate with degraded equip-
rnent.
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With regard to Petitioners' allegations based on their review of the
BETA and RHR reports, the Staff has specifically reviewed training,
maintenance, and adherence to procedures at Oyster Creek in order to
independently assess Licensee performance in these areas. The results
of the Staffs efforts with respect to the BETA and RHR reports are
documented in Inspection Report No. 50-219/84-06. The review and in-
spections focused on the current staff and plant systems and procedures.
The Staffs efforts were geared towards obtaining a better understanding
of current attitudes and conditions as exhibited by current performance.

With regard to procedures and adherence to procedures, the Staff has
specifically examined, during 1983 and 1984, policies governing plant
operations. As discussed in the Staffs assessment memorandum and its

' '

-referenced reports, policies are widely distributed and generally well un-
derstood by plant operators and supervisors. Procedures have been4

found to be technically adequate and capable of being properly imple-
'mented. Licensee's management has demonstrated a strong commitment

I at Oyster Creek to adherence to procedures and requirements. Accord-
ingly, the Petitioners' allegations do not provide an adequate basis for
initiating show cause proceedings to revoke the Oyster Creek license.

CONCLUSION

I Based upon the foregoing discussion and the information contained in
; the referenced documentation, I have concluded that no adequate basis
; exists for revocation of GPUN's license to operate TMI Unit I or Oyster

Creek or to maintain TMI Unit 2. Accordingly, the Petitioners' request
has been denied. A copy of this decision will be filed with the Secretary
for the Commission's review in accordance with 10 C.F.R. s 2.206(c) of,

'

the Commission's regulations.

i

Harold R. Denton, Director
O'ffice of Nuclear Reactor

Regulation-

! Dated at Bethesda, Maryland,
; this 15th day of January 1985.

!

269

!
-

:

o

9 9

! , ,

- _ ,



Cite as 21 NRC 270 (1985) DD-85 2

UNITED STATES OF AMERICA'

, NUCLEAR REGULATORY COMMISSION
.

OFFICE OF NUCLEAR REACTOR REGULATION

Harold R. Denton, Director

in the Matter of Docket No. 50 295
(10 C.F.R. $ 2.206)

COMMONWEALTH EDISON COMPANY
(Zion Station, Unit 1) January 23,1985

The Director of the OITice of Nuclear Reactor Regulation grants in
part and denies in part a Petition by Edward Gogol alleging inadequacies
in the contair, ment integrated leak rate test performed in 1981 at Zion
Nuclear Power Station. Unit 1 The Petition sought a variety of relief*

includmg immediate NRC action to deal with the threat' raised by the al-
leged inadequate leak rate test of the Zion Unit i facility and the comple-
tion of an adequate and properly supervised retesting of the facility. Peti-
tioner also requested copies of all documents collected by either the

.

licensee or the NRC in the course of the retest.

TECilNICAL ISSUE DISCUSSED: CONTAIN31ENT LEAK
RATE TESTING

Discrepancies in the Containment Integrated Leak Rate Test
(CILRT) for the Zion Nuclear Po Aer Station. Unit I required retesting
of the facility to demonstrate compliance with 10 C.F.R. Part 50,'Appen-
dix J.

' RULES OF PRACTICE: ORDERS
. -

It is not necessary for the NRC to issue orders in response to a petition
pursuant to 10 C.F.R. 2.206 when the licensee agrees to take remedial
measures similar to those requested by the petition.-
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DIRECTOR'S DECISION UNDER 10 C.F.R. Q 2.206
4

On June 5,1984 Alr. Edward Gogol filed on behalf of Citizens
Against Nuclear Power a Petition for Emergency Relief (Petition). The'

Petition contended that the Commonwealth Edison Company's (CECO)
document " Zion Unit 1 Reactor Containment Building Integrated Leak

' Rate Test Report," dated April 24, 1981, revea!ed that tepeated efforts
were made to obtain a satisfactory verification test to "alidate the per-
formance and reliability of the basic test performed on Starch 12, 1981,
at Zion Nuclear Power Station, Unit 1. The Affidavit of Dr. Zinovy V.
Reytblatt, attached to the Petitioin contended that these repeated efforts
to obtain a satisfactory verification test demonstrated that the basic test
had been deficient. Consequently, it was alleged that the American Na-t

tional Standards Institute ANSI N45.4-1972 specified in Appendix J to'

10 C.F.R. Part 50 was not met and, accordingly, Zion Nuclear Power Sta-
tion, Unit I was in noncompliance with the Commission's regulations

} regarding containment leak rate testing. Based on the above allegation,
1 the Petition requested the following relief: (1) that the NRC act im-
t mediately to remove the threat posed by this situation; (2) that the
j NRC immediately order CECO to perform a scientilically valid Contain-

ment Integrated Leak Rate Test on Zion Nuclear Power Station. Unit 1:
' (3) that the NRC supervise and review this test, and certify both that

this test is scientifically valid and performed in accordance with ANSI
~

N45.4-1972; (4) that a copy of all doctiments containing actual test data.
! test logs, calculations, graphs, etc., collected by CECO or the NRC in,

the course of this test or its review, be p ovided o.n a timely basis to the4

Petitioner; and (5) that if (1)'through'(4) are not or cannot be accom-
plished, that Zion Nuclear Power Station. Unit I operating license be
suspended. The request for documents was reiterated in Nir. Gogol's

'

letter of August 6,1984
As a result of the Petition. the NRC Region ill Office investigated the

,

various allegations contained in the Petition. The regionalinspectors per-;

formed a special inspection of the 1981 and 1983 Containment integrat-
ed Leak Rate Tests (CILRT) performed for the Zion Nuclear Power Sta-

,

tion, Unit 1.*

The inspection identitled discrepane:es in the above-mentioned.
CILRTs and, on July 19, 1984, the Region 111 Office notilled CECO that

! Zion Nuclear Power Station, Unit I was not in compliance with Appen-
dix J to 10 C.F.R. Part 50 and the Zion Nuclear Power Station. Unit i

I Technical Specifications. A copy of the Region's notification was sent to
,

_

Mr. Gogol as an enclosure to the Director's !ctter to him, dated July 30
!,

.
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1984, acknowledging receipt of the Petition. The Inspection Reports
documerting the Region Ill Office's inspection findings (50-295/84-11
and 50-305/84-11) were also sent to Mr. Gogol, along with twenty-seven
other documents in NRC s possession relevant to the CILRTs performed
at Zion Nuclear Station, Unit 1, by letter dated September 27,1984.

Upon notification by the Region III Office, CECO voluntarily shut
down Zion Nuclear Power Station, Unit I and performed a valid CILRT,
portions of which were witnessed by Region 111 inspectors. The results

- of that inspection are also contained in Inspection Reports 50-295/84-11
and 50 3u4/84-11.

The CILRT showed Zion Nuclear Power Station, Unit I containment
integrity. Consequently, Zion Nuclear Power Station, Unit I contain-
ment has been demonstrated to be in compliance with Commission regu-
!ations in 10 C.F.R. Part 50, Appendix J.

To the extent that the Petition sought immediate NRC action to
remove any threat posed by unacceptable CILRTs at Zion Nuclear
Power Station, Unit 1, such actions were taken and the relief requested
by the Petition was granted. To the extent that the Petition sought NRC
review of the CILRT conducted at Zion Unit I and copies of all docu-
ments in the possession of the NRC regarding that CILRT, those por-
tions of the Petition have also been granted.

The remainder of the Petition is denied. It was not necessary for the
NRC to issue an order in this matter, because CECO agreed to take
remedial measures similar to those requested upon notification that the
plant did not comply with Appendix J. See Rochester Gas and Electric
Corp. (R.E. Ginna Nuclear Power Plant), DD-82-3,15 Ni r 1348,
1357-58 (1982). Nor is it appropriate for the NRC to supervise a CILRT
or certify its validity. Compliance with NRC regulations is the responsi-
bility of the Licensee. The NRC did review the test, and this review pro-
vides reasonable assurance that the Commission's regulations are met.
Consequently, there is no cause to suspend the operating license for
Zion Nuclear Power Station, Unit No.1.

To the extent the Petition sought documents collected by CECO but
not in the possession of the NRC, the request is denied for the same rea-
sons I stated in an earlier Director's Decision on a Petition filed by Mr.
Gogol which requested similar relief.' As noted there, to honor such a
request would impose substantial burdens and costs on the NRC without
a clear corresponding benefit. Section 2.206 does not provide a means
for general discovery of documentation in the possession of Commission

I Commonwolth Edtson Co. (Lasalle County station. Un.ts I and 2). DD 84-6.19 NRC 891. 895 #6
(1984L
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licensees. See Texas Utilities Generating Co. (Comanche Peak Steam Elec-
tric Station, Units I and 2), DD-83-11,18 NRC 293,295 (1983).

For the reasons stated in this Decision, the ietitioner's request for
action pursuant to 10 C.F.R. } 2.206 has been granted in part and denied
in part. As provided by 10 C.F.R. j 2.206(c), a copy of this Decision will
be filed with the Secretary for the Commission's review.

e

'llarold R. Denton, Director
Office of Nuclear Reactor

Regulation

Dated at Bethesda, .\taryland,
this 23rd day of Jan aary 1985.
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