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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. 50-155-0OLA
(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: SUA4 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 conciusions on legal issues not brought to it by
way of an appeal. Duke Power Co. (Cherokee Nuclear Station, Units 1,
2. and 3), ALAB-482, 7 NRC 979, 98! 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).



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 decisicns. issued over a two-year span by the Licensing Board
in this spent fuel pool amendment proceeding.’ We deferred our review
of ali decisions until after the Licensing Board issued the last one.? 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.’ 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.* 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 siare decisis effect to licensing board conclusions
on legalissues not brought to us by way of an appeal.”’ 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

| See LBP-82-60. |6 NRC 540 (1982) LBP-82-77 16 NRC 1096 (1982). LBP-82-78, 16 NRC 1107
(1982), LBP-83-44 |8 NRC 201 (1953). LBP.83-43A I8 NRC 21! 11983, LBP-84.32. 20 NRC 801
f1984), LBP-84-38, 20 NRC 1019 (1984)

An additonal “imital” Jecision was previously before us on directed certficanon. LBP-82-97. 16
NRC 1429 (1982), revd and remanded. ALAB-T25, 17 NRC 362 (1983)
Z See Order of August 31, 1982 (unpublished). Order of October 4 982 (unpublished). Because our
October 4. 1982 Order was issued after the Board alresdy had handed down its third “initial™ decision.
we caunoned that “[iln the future, the Licensing Bosrd should. if possibie, confine its issuances 0 a
minimum number of partial miual deciwons  Order at 2 Apparently, the Board overlooked our
sdmonition
T LBP-84-38. supra
4 See Letter of October 2, 1984, from Christa-Maria to all parties See aiso Order of October 24, 1984
{unpublished?
* Duke Power Co. (Cherokee Nuclear Station. Units 1. 2. and 31, ALAB-482, 7 NRC 979, 981 n4
(1978)



result reached.® Nor do we necessarily agree with the Board’s discussion
of matters which do not have a direct bearing on tae outcome.’

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

FOR THE APPEAL BOARD

C. Jean Shoemaker
Secretary to the
Appeal Board

6 For example. the Licensing Board permutted the liigation of 4 number of issues pertaining 10 the Big
Rock Point emergency plan. Putting 10 one side the procedural machinations surrounding the admission
of these issues (see LBP-82-32, 15 NRC 874 (1982); LBP-80-4. || NRC 117 (1980)). it is difficult 10
see how the 2xpansion of a fuel pool could ever properly implicate the faciliy emergency plan Any addi-
tional spent fue! placed in the expanded pooi would make an entirely negligible contribution w0 the
plant’s radioisotopic inveniory and 10 s potential for radiological r _.ses

7 See Portiand Generai Electric Co. (Trojan Nuclear Plant). ALA®R 51 7 AEC 207. 208 a4 (1974



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. 50-344-0OLA

PORTLAND GENERAL ELECTRIC
COMPANY, et al.
(Trojan Nuclear Plant) January 1 0, 1985

The Appeal Board in this operating license amendment proceeding de-
clines to undertake sua sponte 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 1ssued 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
previcusly 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. 30.91. No ap-
peals from the initial decision were filed.



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 | (1985). In this in-
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
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
safety or environmental 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
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 not conduct a sua sponte appellate review here.

It is so ORDERED.

FOR THE APPEAL BOARD

C. Jean Shoemaker
Secretary to the
Appeal Board

{ In fact. all the Licensing Board did was adopt the agreed upon findings of the parties



Cite as 21 NRC 6 (1985) ALAB-797

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING APPEAL BOARD
Administrative Judges:

Christine N. Kohl, Chairman
Dr. W. Reed Juhnson
Howard A. Wilber

In the Matter of Docket No. 50-382-0OL

"LOUISIANA POWER & LIGHT
COMPANY
(Waterford Steam Electric
Station, Unit 3) January 17, 1988

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-
ceeaing and others are still pending before it, the board has jurisdiction
over new mattears 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).



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 effi-
ciency in the disposition of the matter at hand and fairness to the par-
ties. See Philadelphia Electric Co. (Limerick Generating Station, Units 1
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 operauing
license proceeding. We concluded that there is a reasonable nexus be-
tween that motion and another mouicn (o reopen concerning the adequa-
¢y 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



extends to only that parr of the November 8 motion that specifically re-
lates to matters rwsed by the basematl motion.! We grant the staff’s
motion and clarify our decision as explained below.*

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 of integrity and competence on the part of
applicant’s management, and (3} a lack of confidence in the NRC stalf's
inspection and investigation efforts at the Waterford tacility. The conten-
tions contain numerous, more specific subissues as well. As we stated in
ALAB-792, “[allthough [this] mouon 1s substanually broader, there is a
clear overlap insofar as Joint Intervenors aliege (in their earlizr motion
to reopen| quality assurance deficiencies in connection with the con-
struction of the basemat.” 20 NRC at 1589 Acknowledging that it
would require “a careful examination.” the statt would have us parse
through the motion and excise from our consideration any allegations
not specifically related to the concrete basemat. NRC Suaff's Motion
(Dec. 24, 1984) at 7.

The cases on which we relied for guidance in ALAB-792 refer to a
“reasonable nexus” and “a rational and direct ZnA” — not a total ident-
ty or commonality of 1ssues. See. ¢.¢.. Virgima Eleciric and Power Co.
(North Anna Nuclear Power Station. Units | and 2). ALAB-3351. 9
NRC 704, 707 (1979) (emphasis added). Florida Power and Light Co.
(St. Lucie Nuclear Power Plant, Unit No. 2), ALAB-379. 11 NRC 223,
226 (1980) temphasis added). That is not to say that a party could prop-
erly import wholly unrelated. discrete issues mto a closed proceeding by
combining them. in a single motion 1o reopen, with another issue that is
related to a matter already pending oetore us. In such a case, we could
and would sever the unrelated material from the matter over which we
have retained junisdiction. But contrary to the stafi"s assertion, the partic-
ular 1ssues raised by Joint Intervenors’ November 8 motion are not so
easily separated. That is. whether many specilic matters raised in that
motion have a reasonable nexus to the basemat motion will not be ap-

U Apphicant agrees with the sial! aad us that we would have wrisdiction f there s & réssonudiz 1exus be-
twgen (he two mobons. Apphcant argués. however. tad there is oo such unk between and of the matlers
rased i the motions fere. Joint Intervenors Jud nor Hig g reply 10 the siafl”™s motion

2 'We deny the stall’s curious request. 1 note 3 of ity motion. for & stay of XL AB-792 We fail 10 under-
stand exactiv what the stalf wants us 1o siay and why. AL AB-TI2 “ordered  nothing. It ssmply expressed
the view, In advance of our ments ruhng cn the moton, that we have unsdiction over the November
1984 mouon and wtend 10 entertan 11, Both the stafl and applicant have already addressed the entire
moton to reopen. on iy Mmerits and at vonsiderabie ength Further. we have not vetl ordered the
“hugation” of any matiers rosed by (e malion W reopen. and. indeed. 1t remains 1o be séen whether
any such Ltigation will be ordered. Thus, we do 20t understand the staft™s sssernon that, withouwt a stay
now. irreparable imjury may result from the “hitigatson  of matiers dnrelaied (0 the basemal



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 fai. 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, incuiry 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.’ For the sole present purpose of determining
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 ¢ *u subject to the reservation noted above, we again
conclude that we have _'irisdiction to consider the entirety of Joint Inter-
venors' November 8 moti. 7 to reopen.*

3 In this connection, we siress that the comments made here concerming jurisdiction are mor 1o be con-
strued as reflecting any judgment whatsoever on the menits of Jont intervenors’ motion

4 Apparently, the swafl cannot enther. Other than listing some exampies of general matters :t considers
unrelated (o the basemat, the staif has not gone through Joint Intervenors’ 62-page motion and identi-
fied the specific pages and arguments that are assertedly beyond our jurisdiction See NRC Suafl's
Motion at 4. i

5 The stall suggests that the Commission itself may have junisdiction to consider the matters raised n
Joint Intervenors’ motion to reopen that are not reiated to the basemat, and that, pursuant 0 a
“remand order,” the Commission could then direct us 10 consider such matters anyway. Id at9nl We
previously considered that possibility and concluded that. if this 15 s0. the Commission has already
delegated us that authonty in the Rules of Pracuce. See 10 CFR. § 2.785(b)(1) ("Appeal Board will
also exercise the authority and perform the functions which would otherwise have been exercised and
performed by the Commuission under {10 CFR. §) 2730" (disposing of mouons)). Under that
view, there is additional cause for us (o consider the entirety of Joint Intervenors motion.



The staff’s motion for clarification and/or reconsideration of
ALAB-792 is granted, and ALAB-792 is clarified in accordance with the
discussion above.

Itis so ORDERED.

FOR THE APPEAL BOARD

C. Jean Shoemaker
Secretary to the
Appeal Board
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Cite as 21 NR. 11 (1985) LBP-85-1

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD
Before Administrative Judges:

John H Frye, lll, 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 1o 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
proceeding need not so respond. However. such State agencies may be
subject to subpoenas seeking documents.

RULES OF PRACTICE: DISCOVERY (PRIVILEGED
MATTER)

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



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

RULES OF PRACTICE: DISCOVERY

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

RULES OF PRACTICE: DISCOVERY

Subpoenas may be issued to State agencies which are not parties to a
psroceeding in order to obtain documents.

MEMORANDUM AND ORDER
(Ruling on Discovery Disputes)

Discovery disputes currently exist between Kerr-McGee 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-McGee 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-
McGee's counsel from any State agency possessing them or whether
counsel’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-
tuons for reconsideration of our Memorandum and Order ruling on con-
tentions (LBP-84-42, 20 NRC 1296 (1984)).

WAIVER OF PRIVILEGE

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

! The Peopie of the State of [inots and the llinois Department of Nuciear Safety are imiervening par-
tes i this proceeding. They are collectively referred to as “the People

2 Motions for extensions of ime were granted on April 3 and July 6. 1984 No party objected to these
requests

12



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 People inspected some one
million pages of documents and marked approximately 30.000 pages for
copying at Kerr-McGee'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, | met with Ms. Anne Rapkin from the Office of the Attor-
ney General of the State of [llinois (the “State™} in the offices of Kerr-McGee in Ok-
lahoma City. Ms. Rapkin was present in the Kerr-McGee office: in order to inspect
Kerr-McGee's files in connection with discovery in the above-captioned matter |
explained that Kerr-McGee had assembied all of s fHies relaung to West Chicago
for inspection by the State and had undertaken efforts 1o remove privileged docu-
ments from the liles. Because the files were volummous and the ume avaiiable for
review was short, | was not confident that all privileged materials had been
removed. | theretore informed Ms. Rapkin that copies of the documents marked by
the State for production would be forwarded o Covington & Burling's offices in
Washington for further examination to idently privileged documents that should
not be produced. Covington & Burling would then forward the copies that were
determined not 1o be priviieged to the State Ms. Raphin expressed no disagreement
witk this procedure.

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

Before Jim and | came 0 Oklahoma. Mead [Mead Hedglon. in-house attorney for
Kerr-McGee| reviewed the documents to be produced and withdrew a number of
them on grounds of priviiege. Last Friday vou informed me that betore the company
xeroxes and mails us those documents we marked for copying. vou personally wiil
re-review them to determine whether any are privileged. 11 s the Peopie’s position

13



that whether or not any of the documents vou produced might have heen privi-
leged. any privilege was waived when you produced them last week Therefore |
expect @ serox of each and cvery document which Jim and | marked for copying.
together with any notes which may be affived there

The documents marked by Ms. Rapkin in Oklahoma City and in West
Chicago were copied and forwarded to Mr. Nickles' office. In a Novem-
ber 9 letter to Ms. Rapkin. Mr. Nickles stated in part.

As you know. while you were in Oklehoma Ciy and in West Chicago you were
given unrestricted access to every file in any way related to the West Chiago
matter. This included memotanda which refllected the development of Kerr-
MeGee's spproach to the maiter from the beginming night up to the tume that you
were making your inspection. Many of the documents put forth proposals or set out
tentative conclusions thut were never adopted or perhups even given sefious consid-
eration by Kerr-McGee. Moreover. many of the documents discuss sensitive mat-
ters and some may contn mformation that may be decmed to be proprietary or to
reflect trade secrets

. iW]e believe that our internal consideration of policies and procedures s entitled
10 confidential treatment. We have therefore prepured the enclosed Protective
Order which will afford the documents confidential treatment without Jdelaying the
proceeding. If you will sign und requrn the Order to us, we will then forward the non-
priviieged documents that vou huve dentified for copying.

Thus. on further examination. counsel raised not only claims of
privilege, but claims of confidentiality as well. The protective order en-
closed by Mr. Nickles would have accorded confidential treatment to ail
the documents in guestion and prevenied their use or disclosure, absent
Kerr-McGee's consent. other than for purposes of this proceeding. On
November 13, Ms. Rapkin wrote Mr. Nickles rejecting the latter’s pro-
tective order but offering to consider a protective order for specified
documents. Ms. Rapkin noted her expectation of receiving the docu-
ments by November 23. When the documents were not furnished on
that date, Ms. Rapkin moved to compel production on November 26 as-
serting that Kerr-McGee had waived any privilege and on November 30
Kerr-McGee moved lor an order that its claims of privilege were pre-
served. Additionally. Kerr-McGee sought an order implementing its pro-
posed protective order or a protective order hmited to specifically identi-
fied documents. If the 4wtter order were to be adopted. Kerr-McGee
sought an additional 308ys to idenuly documents which contain trade
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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
to the documents inspected by the People: and
Second. was Kerr-McGee entitled to a protective order with re-
spect to trade secrets or other proprietary or confidential informa-
tion contained in those documents.*

On December 10, 11. and 17, respectively, Kerr-McGee. Staff,* and
the People replied to the two motions. The People resisted Kerr-
McGee's requests for relief and argued that any privileges pertaining to
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
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.
This document recites evidence that Kerr-McGee has sought to in-
fluence public opinion and elected officials with respect to its West
Chicago site.” !

Noting that early resolution of these dispfites would speed the progress
of this proceeding. on December 19 we scheduled a prehearing confer-
ence for December 26. Then, on December 21, Kerr-McGee responded
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

3 During the same ume that the above dispute was developing. a second disp arose concerning the
People’s obligation to produce documents [rom vanous State agencies that are not parties (o this pro-
ceeding. Kerr-McGee's November 30 motion aiso sought relief with respect to that dispute. We discuss
that dispute msra

4 0n November 27. the People submitted a third set of inierrogatones and reguests for documents o
Kerr-McGee. This led Kerr-Metiee 1o seek a stay in further discovery. This mouon is also dealt with,
infrg

5 Suaff supported Kerr-McGee's motion 'nsofar as it s*eks 4 response (0 1ts document production re-
quest from all State agencies. Staff took no position on the other disputes.

5 This document was not flled with the Secretary but was served on counsel under instructions not (0
disclose 1ts contents. Because we saw nothing in this document which demanded that ' be withheid
from the public. we indicated on December 24 that. .in the absence of objection received by January 4,
we would transmit a copy to the Secretary for inclusion in the Commussion's pubiic files. No objections
having been reveived. we have laken that action
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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 canc:lled 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 Peopie’s respouse 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 thet the disclosure of the ninety-
two documents was inadvertent. Thu the issue is whether Kerr-
McGee's inadvertent disclosure of thes: locuments operated to waive
its right to withhold them.

The Federal case law concerning inadv rtent disclosure of privileged
documents is not uniform. Suburban Sew n Sweep Inc. v. Swiss Bernina,
Inc., 91 F.R.D. 254, 257 (N.D. lil. 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 tradmonal 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.’
While Wigmore's text does not directly address inadvertent waiver, an
explication may be found under the section on Indirect Disclosure by the
Anorney. 8 Wigmore, Evidence §§ 2325-2327 (McNaughton 1961).
There Wigmore adopts the traditional view that even an involuntary dis-
closure resuits m a waiver of the attorney-client or work product privi-
leges.*

Under the Wigmore analysis. the privilege is lost when documents are
disclosed, even when that disclosure 1s through loss or theft from the
attorney,

T United States v. Keisey-Haves Whee! Co. 15 FRD 361 (ED Mich 1934). Unwed States v. Cole. 456
F.2d 142, 144 (8th Cir. 1972). Duplan Corp . Deermg Milbhen, Inc. 397 F Supp 1146 (DCSC
1974). In Re Grand Jury Investgauon ot Ovean Transporiation. 604 F 2d 672 (D.C. Cir 1979). In Re
Sealed Case. 676 F 24 793 807 (D €. Cir 1982}

% Because of the conclusion which we reach on this subsect. we find 1t unnecessary to consider this
issue in terms of the particular privilege which 1s deemed waived Further, the section of the Wigmore
treatise cited herein has been used by several courts in their analysis of waiver as it apphes 10 both the
attorney-chient and work product priviteges. See [n Re Subpoenas Duces Tecum Fulbright and Jaworski,
Vinson and Etkins, Tesore Pewroleum Corp . 738 F 2d 1367 (D C. Cir. 1984) . Permian Corp. and Occudental
Petroleum Corp. v. Unwted States. 565 F 2d 1214, 1219 1D C Cie 1981
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on the principle (8 2326 infra) that, since the law has granted secrecy so far as is
own process goes, it leaves to the chent and attorney-io take measures of caution
sufficient to prevent being overheard by third persons. The risk of insufficient pre-
cautions is upon the client. This principle applies er ually to documents

ld. a1 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 instead
apply Wigmore's strict responsibility doctri e as enunciated in the often
quoted case Underwater Storage, Inc. v. U.S. Rubber Co., 314 F. Supp.
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
contents was within the knowledge of the 0)posing 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
no longer present, the basis for the privilege has been ab ‘ogated.

In Kelsey-Hayes, supra, an earlier case relied upon by the court in Un-
derwater Storage, supra, one of the defendant corporations permitted at-
torneys for the Government to review its files consistent with a discov-
ery request by the Government. The files contained twenty-nine docu-
ments which may have been subject to work product or attorney-client
privilege. The court declined to give credence to the defendant’s later
claim that the documents’ privileged status continued once they were
made available to the Government's attorneys. The Kelsey-Hayes Court
recognized the competing interests at work in the discovery process but
concluded that the disclosure by defendant’s attorneys negates any argu-
ment counse! might later assert as to how or why the documents were
shown to opposing counsel.

As a result of the claimant’s own acts, the context in which the rule is intended to
serve, the protection of confidznual communications is no longer present. Since the
privilege exists in derogation of the overnding interest in full disclosure of all
competent evidence, where the policy underlying the rule car no longer be served.
it would amount 1o no more than mechanical obedience to a formula to continue to
recognize it.
. .

Nor 1s this result affected by Budd s assertion that the privileged documents were
inadvertently handed over to the Government's representatives, that the mass of
documents in its files were so volummous that it did not know nor did it have time
to discover that privileged ones were among them It is difficult to be persuaded
that these documents were intended 1o remain confidential in the light of the fact
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that they were indiscriminately mingled with the other routine documents of the
corporation and that no special effort to preserve them in segregated files with spe-
cial protections was made. One measure of thewr conunuing confidentiality is the
degree of care exhibited in their keeping. and the risk of insufficient precautions
must rest with the party claiming the privilege. Wigmore, 3d Ed . Sec. 2325, p. 629

Kelsey-Hayes, supra, 15 F.R.D. at 465. Many 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 (0 a discovery
request. Grand Jury Investigation of Ocean Transportation, supra; W.R.
Grace v. Pullman Inc., 446 F. Supp. 771 (W.D. Okla. 1976).

Cases departing from this view generaily acknowledge it. but discredit
it primarily for its rigidity and the lack of consideration it accords to the
intent of the disclosing party. Mendenhall v. Barber Greene Co., 331 F.
Supp. 951, 954 (N.D. 11l 1982), Weil v. Investment/Indicators Research &
Management, 647 F.2d 18, 24 (9th Cir. 1981). Other factors considered
in these cases are the confidentiality of the document, whether reasona-
ble arrangemenis 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. IBM, 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 case¢ 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 divuige the information.” but only
disclosed it through some accident or error in its own review. Courts are
generally sympathetic to the arguments of inadvertence 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 ime pressures
in which to review the documents, including orders by the court com-
pelling discovery under an expedited schedule. Connecticur Mutual Life
Insurance Co. v. Shields, 18 F.R.D. 448 (S.D.N.Y. 1953). Dunn Chemical
Co. v. Sybron Corp., 1975-2 Trade Cas. (CCH) ® 60,561 at 67,463
(S.D.N.Y. 1975); Control Data Corp. v. IBM Corp., 16 Fed. R. Serv. 2d
1233 (D. Minn. 1972). Transamerica Computer. supra. 573 F.2d

¥ Mendenhall, supra. 531 F Supp a1 953 n9



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

This view has recently been enunciated in Magnavox Co. v. Bally
Midway Manu'acruring Co. and Sanders Associates Inc., third-party
defendant, No. 83C 2357 (N.D. Illl., Nov. 5, 1984) and Donovan v. Rob-
bins, Nos. 78C 4075, 82C 7951 (N.D. L, Nov. 14, 1983). Both cases
follow the intent analysis and both held that a clearly inadvertent discio-
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 1If Kerr-McGee
has waived its privileges,

The People submitted their discovery request 1o Kerr-McGee on July
13. 1984, At the August 22, 1984, Prehearing Conference, counsel for
Kerr-McGee informed the Board that Kerr-McGee was prepared to
submit its objections to discovery requests or provide the parties with
the opportunity to review requested files by September 13, 1984, the
date which counsel had earlier requested and which had been granted on
August 6. Based on this extension. Kerr-McGee's filing 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 conterence. Discovery was proceeding on schedules
agreed to by the parties. which we adopted. Counsel undeniably s aware
of the right to come to the Board with any ditficulties in complying with
those schedules. Yet unul our receipt of the motions here in guestion,
we were not informed that problems had arisen.

We have assumed that the disclosure was inadvertent. as required by
Magnavox, supra. However, under that holding the circumstances must
be such that adequate precautions were taken imitially o prevent disclo-
sure if the privilege i1s 10 be preserved. Here an initial review was made
and documents were removed {rom the tiles inspected by counsel for
the People. We are not unsympathetic to the fact that more than a mil-
lon pages of documents had to be compiled and reviewed by Kerr-
McGee. We recogmize that this meant the company and/or its law firm
was faced with the need to amass substantial manpower to sift through

vy

19 Prenearing Conterence, \ugust 22 1984 Tr 238
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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 o juxtapose that with
the number of documents which were disclosed. Although only under
the pressure of 2 schedule to which it had agreed, Kerr-McGee allowed
ninety-two documents to slip through iis review process. This is not an
insignificant number and indicates that the precautions taken were inade-
quate, a fact .ecognized by Kerr-McGee'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-McGee, 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-McGee 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-McGee. In these
circumstances, it was actually the People who timely objected to Kerr-
McGee's proposal, allowing only the 2 days of the intervening weekend
to pass before submitung a letter of objection to Kerr-McGee. If Kerr-
McGee 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-McGee produced the Oklahoma City
documents it could not unilaterally bind the People to an unconventional
discovery routine by i=forming counsel at the close of her inspection of
Its intent to do a secornd review.

Counsel for Kerr McGee 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-McGee should not have pro-
duced documents for inspection prior to a complete review and should
have sought relief from the Board if necessary. '

Kerr-McGee 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-McGee did not take adequate steps (0 pre-
serve the confidentiality of these documents. In this circumstance, we

11 We note that representatives of the People apparently continued thewr inspection of the Oklahoma
City documents on the same day that counsel wrole obeciing 1o the second-stage review While we do
not condone this practice. we find that it does not alter our conclusion The other tuctors clearly out-
weigh this event



do not believe that the fact that Kerr-McGee asserted its privileges prior
to physically turning over the documents marked by the People 1s
material. In short, we find that Kerr-McGee's ciaims 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 lilinois Attorney General, counsel for the People of the State of Illi-
nois and the Illinois Department of Nuclear Safety (collectively referred
to as the “Peopie™). The interrogatories and requests were directed to
the State, and defined “State™ to be:

the State of Ilinois and any departments or agencies of the State, as well as any
employees, agents, consuitants, contractors. or subcontractors of the State or any
departments or agencies of the State. '*

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

the Autorney General, when representing particular agencies ™ litigation, produces
the documents of only those agencies. The Attorney General's client agencies, i.¢.
those which have requested representation in either this or the related state court
pfoceed‘mls‘ are the [IDNS] and [IEPA] Therefore only their documents were pro-
duced. "

Subsequently, counsel aiso produced documents from the lllinois 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.'* The People continue to adhere to their position that only client
agencies need respond.'®

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

!} Peopie’s Response of December 17, 1984, a1 1.2

14 See note 3, supra.

15 Staff"s “Response 10 Kerr-McGee's and llhnois Discovery Motions ™ of December | |, 1984,
I8 Peopie s Response of December |7, 1984, a1 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 [IDNS]
and on his own motion.” " Therefore, the IDNS is the only State agency
which is a party to this proceeding, and consequently IDNS is the only
State agency which must respond to requests for documents pursuant to
§ 2.741.% In this respect. the Rules of Practice are in accord with-Federal
practice. See Trane Co. v. Kiutznick, 87 F.R.D. 473 (W.D. Wisc. 1980).
Kerr-McGee'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.* See Pacific Gas and Electric Co. (Stanislaus Nucle-
ar Project, Unit 1), ALAB-350, 9 NRC 683 (1979). Upon satisfactory ap-
plication pursuant to § 2.720. the Board will issue subpoenas directing
the production of documents by State agencies which have not respond-
ed to Kerr-McGee's requests.

STAY OF DISCOVERY

On December 7. Kerr-McGee moved for a stay of further discovery in
this proceeding pending our rulings on the above discovery disputes and
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 discuvery disputes. it is now moot. And we see no
reason to defer furthe: discovery pending resolution of the motions for
reconsideration.” Ceasequently Kerr-McGee's motion is denied.

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

ORDERED:

1. Kerr-McGee's motion for an order instructing the " “ople to pro-
duce all relevant documents in the possession or control of the executive
branch of the State s denied:

2. Kerr-McGee's motion for an order making clear that its privilege
claims have been preserved with respect to minety-iwo documents identi-
fied in Attachment A o its December 21, 1984 response to the People’s
motion for an emergency ruling 1s denied:

17 Petition to Intervene fited July 7. 1983, 4s amended February 29, 1984

I8 Because oo ovnsel hus never sought 10 add TEPA ay a party to this proceeding. we assume that that
agency is 4 party o the reigied State court procesding

19 The Board has . >upply of blank subpoenas which are avaniabie 1o the parties on reyuest

M we anticipate that our rulings on these motons will be issued 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 20, 1984 discovery motion is granted,

6. The People’s motion for an order compelling Kerr-McGee to pro-
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 ruling 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, I1l, Chairman
ADMINISTRATIVE JUDGE

Bethesda, Maryland
January 9, 1985
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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&0OM
50-330-OL&OM

(ASLBP Nos. 78-389-03-0OL

80-429-02-SP)

CONSUMERS POWER COMPANY
(Midiand 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
‘which. construction has been halted (but as to which the operating
license application has not been withdrawn). The Decision resolves, sub-
ject to specified conditions or technical specifications. varnous 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 appiicable 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
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is conceptually different from the sufficiency 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 'ncovered during construction, those
problems may be taken into account in assessing the technical adequacy
of the design. Cf. Power Reactor Development Co. v. Internaiional Union
of Electrical, Radio & Machine Workers, 367 U.S. 396, 415 (1961).

SEISMIC AND GEOLOGIC CRITERIA: SCOPE OF INCUIRY

At the operating license stage of review, an applicant must p. “vide,
and the NRC Staff reviews, “current information . . . which has been “e-
veloped since issuance of the construction permit, relating to site evalu -
tion factors.” including the geologic and seismic matters comprehended
by 10 C.F.R. Part 100. 10 C.F.R. § 50.34(b)(1).

RULFS 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 penod. the Staff need not follow
the backfitting 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 been deve'oped since issuance of the
construction permit,” within the meaning of 10 C.F.R. § 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

Where an operating license and a show cause proceeding are being car-
ried on simultaneously and are consolidated. and where th2 proceedings
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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.

SEISMIC AND GEOLOGIC CRITERIA: GROUND MOTION

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)(]) and VI(a).

SEISMIC 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.

SEISMIC AND GEOLOGIC CRITERIA: SAFE SHUTDOWN
EARTHQUAKE

An inadequacy in seismological data may warrant requiring. pursuant
to 10 C.F.R. Part 100, Appendix A, § 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 shakedown

Site-specific response spectra (SSRS)

Soil compaction

Soii density

Soil liquefaction

Structural design — cantilever designs

Structural design — evaluation of cracks

26




Tectonic provinces
Underground piping — corrosion
Underpinning of safety structures.
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PARTIAL INITIAL DECISION
(Remedial Soils Issues)

Opinion
[. INTRODUCTION

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

Thie Decision represents ine culmination of proceedings initiated
more than'd vears ago. it involves a project which was novel — indeed
ungue = but which most likely will never come 1o fruition: namely,
the proposed construciion and operation by Consumers Power Company
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(CPC or Applicant) of the Midland Nuclear Plant, Units 1 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 reflects 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 Midland Plant, Units |
and 2 (OL proceeding) and (2) the Order under 10 C.F.R. § 2.204 for
modification of licenses. dated December 6, 1979 (OM 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 Midland County, Michigan,
adjacent to the Dow Chemical Company's main industrial complex in
the city of Midland.

The facility’s uniqueness stems from the once-planned usage of a
large percentage of the capacitv of Unit | (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 MWe
whereas Unit | would have produced 504 MWe 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 finance the project, CPC halted construction,
first of Unit | and later the entire project.

The OL proceeding involves CPC's application for licenses to operate
these two units. At present, the application has not been tormally with-
drawn, notwithstanding the halt of construction. The OM 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 OM proceeding, CPC s a “hicensee  Nonetheless, 10 avord confusion. we shall
refer 0 Consumers as CPC or Appheant. irrespective of the particular proceeding or proceedings 10
which the relerence 1s apphicable
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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 cperating 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 10 sur-
render its construction p2rmits. 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 ol the same issues if
work on the project should ever be resumed.

On the other hand. the issues involving 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 ort the implemen-
tation of certain procedures and the performance and attitude of ceriain
personnel. As such, they would appear to be of unceriain materiality,
even il 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 indefi-
nite suspension of the project, we do not intend to resolve those issues
at this time. (In the Conclusions section of this Opinion. we oifer a few
observations on some of them.) Nothing herein should be taken as in-
dJicating that the project would be licensable absent resolution of any of
those 1ssues which remained pertinent to a revived project.

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

Ms. Mary Sinclair, Mr. Wendell H. Marshall, and Ms. Barbara Stamiris
were admitied as Intervenors in the OL proceeding. The Attorney
General of the State of Michigan was admitted as an interested State
{hut has not actively participated in the proceeding to date). Ms. Stamiris
and Ms. Sharon Warren were admitted as Iniervenors in the OM pro-
ceeding (with Ms. Warren subsequenily withdrawing). Reflecting both
the overlap of certain issues between proceedings and the Commission
policy to permut intervenors to conduct cross-examination and file pro-
posed findings on issues raised by others, we permutted ali of the Inter-
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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 OM issues. (Ms. 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 May 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 Ms. Sinclair’s proposed contentions, including one
which raised safety questions concerning the excessive settlement of the
diesel generator building ( DGB).: We also accepted a similar contention
of Mr. Mearshail.

The OM proceeding was initiated on December 6. 1979, by the is-
suance by the Staff of an Order Modifying Construction Permits (“Modi-
fication Order”), a type of show-cause order. The Modification 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-
wres founded in whole or in part on fill materials. The Modification
Order would have suspended all soils-related and remedial work on the
Midland facility until the related safety issues were resolved and con-
struction permit amendments for the soils remedial work were submitted
by CPC and approved by the Staff. Through s December 26, 1979 re-
quest for a hearing, CPC stayed the effectiveness of the Modification
Order pending conclusion of the OM proceeding.

Under the Modification 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 1l of the Order (setting forth the factual basis for
the Order) are correct, and (2) whether the Order shouid be sustained
(i.e.. the specific relief put into effect). In addition, in response 1o an
Amended Notice of Hearing published in May 1980, two Intervenors
(Ms. Stamiris and Ms. Warren) were admitted 1o the OM proceeding.
We accepted a number of contentions sponsored by each of them in our
Prehearing Conference Order ol October 24, 1980 (unpublished). Be-
cause of the overlap of Ms. Sinclair’s and Mr. Marshall’s OL contentions

I AN soils-releted contentions, whether of not dealt with or resotved in this Decision. are set forin
infra n Appendix A
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relating to the DGB settlement and the issues that had been subsequent-
ly raised by the Modification Order (including certain contentions of
Ms. Stamiris and Ms. Warren), we also granted CPC’s request that we
consolidate the two proceedings. Ms. Warren subsequently withdrew
from the proceeding (although she made a limited appearance state-
ment). Since her issues were encompassed within the broader OM 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 OM contentions sponsored by Ms. Stamiris, engen-
dered by the litgation between Dow and CPC. LBP-84-20, 19 NRC
1285 (1984).

Hearings on soils-related OM-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 March 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 OM-OL consoli-
dated proceeding: those which guestion the QA/QC performance and
managerial attitude of CPC or its contractor, Bechte! (most of Ms. Sta-
miris’ contentions) and issues involving the technical aspects of remedial
soils activities (the remainder of Ms. 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-
cai aspects of remedial soils activities. we had planned to issue a Partial
Initial Decision on QA/management atutude 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 first ime at
the instance of Ms. 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 “fixes.” Proposed findings and conclusions on those
technical issues were submitted by CPC, Ms. Stamiris. and the NRC
Staff.’ Although we could possibly have issued an Initial Decision cover-

} Applicant’s Proposed Findings of Fact and Conclusions of Luw (FOF) on Remediai Soils Issues,
dated August 5, 1983 (hereinafier App FOF). NRC Sl Respunsive Findings. duted November 15
1983 (Stafy FOF). Intervenor (Stamiris] Proposed FOF, dates December 16, 1983 (Staminis FOF . Ap-
plicant’s Rephies 10 Stall and Stamurs FOF . vach dated January 3. (984 ( App Reply 10 Statl tStamins!

L ontimued)
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ing both QA/management attitude and the technical aspects of the reme-
dial “fixes.” considerations of uming and length. as welil as the recentiy
announced suspension of work on the facility. have caused us to adhere
to our earlier plan of separating the decisions on QA/managemen’ atu-
tude and on the technical aspects of remedial soils activiues

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 thui
subject, we determined it to be necessary to issue an order :mposing in-
terim conditions on further soils-related construction activities. 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). Memorandum and
Order (Imposing Certain Interim Conditions Pending Issuance of Partal
Initial Decision), LBP-82-35, 15 NRC 1060. [n other words. sotls-refatzd
construction activities were halted in the absence of authorization by the
NRC Staff. Thus. the effect of that Order in substance was 10 sustain, on
an interim basis. the requirements of the Modification Order. except
with respect to the submission and approval of amendments to 1he con-
struction permits, a procedural step which in our opinion was not neces-
sary to attain the safety goals which we believaed should be achieved. In
order to comply with the requirements of LBP-82-35. CPC put nto ef-
fect, inter alia, its “Work Authorization Procedure.”

The conditions imposed on the Applicant by LBP-82-33 were motivat-
ed by QA (including QC) considerations. As & result of the subseguent
reopening of the record on QA/management attitude matters, and more
recently the project shutdown, we have not 1ssued the decision which
woilld supersede those interim conditions. Accordingly, (o the extent
that any soils-related construction were o be resumed. (hey conunue in
effect. This Partial Initial Decision does not generally ireat QA or
management attitude issues and has no effect on those interim condi-
10"1S.

FOF ). Uniess otherwise specilically pornted oul. reterenues 1o surious pufliey  rroposed N0 tus wo
10 those on remedial sols issues. as catalogued 1n this tooinole

Reterences 10 all parties proposed findings 'FOF will be 1o 1he paragraph aumsers und or puds
Since Ms. Stamiris’ FOF did not include numbered parsdraphis. a¢ Buve numbdered cuch alse
her findings consecutinely (99 “1.277). for ease of reference  THUs. ihe (est mursgrand ande
“Introduction” 18 ¥ 27, the first paragraph under The Sous Remetin Foses o *
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D. Summary of Decision (Findings 17-18)

This Partial Initial Decision deals with the technical adequacy of the
remedial soils activities which have been proposed by CPC. The subjects
covered are seismic matters (including the appropriate safe shutdown
earthqua¥e, standards for the proposed seismic margin review, soil lique-
faction and J~watering), the designs and plans for assuring the structural
adequacy of the ~uxiliary building (except with respect to differential set-
tlement of the conirol 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. Stamiris 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 FOF, 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-
fied 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 impiementation.
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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.) Moreover, contrary to Ms. Stamiris’ 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 (1961).

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 differential 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 Ms. Stamiris and the Staff 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-
¢y of the remedial soils activities associated with the DGB. (Since this
Decision may turn out to be our last major decision in these proceedings
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, Ms. Stamins has pointed to Board Noufication BN §3-174,
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 tn the Board Notification (Tr. 22.672. Stamiris FOF,
% "13." at 5). Although we denied Ms. 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 Noufication BN 84-115, dated June
18. 1984, we were advised by the Staff of the Applicant’s discovery.
during a design review, of a deficiency in the original seismic design of
certain Seismic Category | structures. This deficiency in particular would
affect the analysis of the auxiliary building and the SWPS. With respect
to those structures, our findings 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 Midland diesel fuel oil tanks
were in fact logs of borings taken elsewhere in the Midland area. By
letter dated December 6. 1984, the Applicant advised that the only
technical issue potentially affected was that of liquefaction 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 Mr. Joseph Kane, a geotechnical witness,
the Stalfl agreed that its analysis of liquefaction beneath the diesel fuel
oil tanks would be affected but added that other technical issues might
also be affected (see infra pp. 103-04). In her December 24, 1984
response, Ms. Stamiris took the position that the erroneous boring logs,
which had been discovered during the Dow-CPC liugation. represented
only one example of erroneous iinformation uncovered in that litigation.
She cited other examples bearing upon several of her QA/management
attitude i1ssues. She requested that we order an investigation by the NRC
Oftice of Investigations (Ol) and that, before issuing any decision
depending 1n 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 inguiry on this subject might be
warranted.

Based on the state of the record, we are at this ume making no find-
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 Ms. Stamiris
se.ks further hearings (i.e., “Dow™ 1ssues) as essentially QA/manage-
ment attitude matters. on which we are not now ruling. As set forth
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infra p. 40, we are leaving open the possibility (following 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
Stafl"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, € 3, at 4.

We have no authority to order an Ol investigation (Stamiris Exh. 135,
Policy 4); the Staff, of course. could — and perhaps should — do so. In
any event, to permit us to consider newly discovered informaton 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 heaith 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 10 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 siresses
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
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file an additional report on the status of the project in 6 months. In
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 Statf also
suggested a conference call with respect to the discontinuance of report-
ing requirements. The call was held on November 7, 1984, 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 supphed
to the Board. See Memorandum dated November 8, 1984 (unpub-
lished).

We agree that no further hearings should be 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 informaticn discovered in the Dow-CPC litigation which
would affect these proceedings, as to which Ms. Stamiris seeks further
hearings. Such report should be filed on or before April 1, 1985, Parties
may respond within 10 days of service (15 days for the Staff). Notwith-
standing this schedule. the Applicant shouid notify us promptly of any
significant developments. including but not himited to plans or proposals
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 of) the
parties as to whether, and if so when and how, these proceedings should
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 resolut'on of such open issues.



II. SEISMIC MATTERS

A. Legal Standards (Findings 19-36)

Several regulations specify the seismic and geologic criteria to which
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 carth-
quakes . . . without loss of capability to perform their safety functions.”
10 C.F.R. Part 50, Appendix A, GDC 2. The specific design criteria are
set forth in 10 C.F.R. Part 100, Appendix A (Seismic and Geologic
Siting Criteria for Nuclear Power Plants). The Final Safety Analysis
Report (FSAR) submitted in support of the operating license application
must include, inter alia, “current information . . . which ha, been devel-
aped since issuance of the construction permit, relating to site evaluation
factors identified in Part 100 . .. " 10 C.F.R. § 50.34(b)(]).

The construction permits for the Midland Plant were issued by the
Atomic Energy Commission on December 15, 1972.* That date followed
the publication of the proposed Appendix A to 10 CF.R Part 100 (36
Fed. Reg. 22,601 (Nov. 25, 1971) but preceded the issuance of the final
tule, which was published on November 13, 1973 (38 Fed. Reg. 31,279)
and became effective on December 13, 1973. When it published us pro-
posed rule, the Commission (AEC) set forth its expectation that “the
proposed amendments will be useful as interim guidance until such tume
as the Commission takes further action on them.” 36 Fed Reg at
22,601.

At the construction permit stage, the Staft’s review of the applica-
tions, as set forth in the Staff"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 Staff
in its review did not utilize certain of the criteria which were adopted
through issuance of Appendix A (e g., delineation oi a tectomc prov-
ince);’ nor did the Licensing Board which authorized the issuance of
construction permits, even though its decision followed the promuiga-
tion of the proposed Appendix A *

4 Pursuant 10 the Energy Reorganization Act of 1974, 4s amended. 42 USC % 801 ¢ wy.. the
Atomic Energy Commuission ( AEC) was abolished. snd the Nuclear Regulatory Commussion (NRCT as-
sumed the AEC s licensing and related regulatory functions.

§ See further description of the Staf™s CP review critena, mrra p. 51 and Finding 21

% During the CP hearings, no issue was raised aboul the seismic or geologi analyses which had been
underiaken In is normal CP review, the Licensing Board probably did not use the nroposed Appendix
A as guidance, inasmuch as it merely approved the Stll™s seismie ang geologs conciusions as reflected
wnithe CP “SER " LBP-72.34, 5 AEC 214 11920 (19700 apfd. ALAB-123 6 AEC 331 (19T
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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 reflect that utilized in Appendix A — e.g.,
the design basis earthquake (DBE) at the CP stage became the safe shut-
down earthquake (SSE)" described in the FSAR (FSAR SSE). The
FSAR proposed design response spectrum (modified Housner) was the
same as the DBE response spectrum at the CP stage.

During the course of its OL review, however, the Staff began to doubt
whether the CP earthquake (DBE or proposed FSAR SSE) was adequate
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.
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 Staff’s Standard Review Plan
(SRP, NUREG-0800, not introduced into evidence):

I. The largest historic earthquake in the Central Stable Region
tectonic province, assumed (o occur “near the site,” with
ground acceleration ‘based upon the standardized response
spectra of Regulatory Guide 1.60 anchored at 0.19¢.

2. The "site-specific response spectra” (SSRS) approach using
the magnitude of the same highest earthquake with epicentral
distances assumed to occur less than 25 km from the site, and
using the 84th percentile of the response spectra as derived
directly I'rom real ume histories.

T “Safe Shutdown Earthquaxe” s defined us
that earthquake whieh is based upon an ovaluation of the maumum carthguake potential consid-
ering the regronal and local gevlogy and sersmblogy and specifl. charactenistios of local subsur-
face material 11 s that 2unthguake which produces the muximum «bratory ground motion for
which certan structures, sysiems. and components are designed 1o reman Tunctional. These
SIFUCLUres, sysiems, and components are (hose nevessary o assure
(1) The mtegrity of the reactor coolant pressure boundary,
£2) The capatniny to shut down (he reactorn and maintae it in 4 safe shutdown condition, or
131 The capadility 1o prevent or mitigate the conseguences of suidents which could result in
potential offsite ¢xvposures comparable 1o the guideline xposures of (hiy part
10 CF R Part 100, Appendix A3 lIli¢)
 Mr Richard J Holi, one of the Apphcant s witnesses, submitted || exhibits which the Board sccept-
ed imo evidence in connection with his prepared testimony [ hese exhibits ranged from single-page fig-
ures 10 multi-page reports with their own Ngures and wubles The Holt exiubits were not bound into the
iranscript, but are part of the evidentiary record. Tr 483840 4550.81, STIT7.18 These evhibits are
Rereinalter referred (o as “Holt Exh
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The Applicant elected the SSRS approach. It further agreed to design
remedial structures to this standard (or what 1t 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 | 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 shutdown of construction.

Early in this proceeding, shortly following its receipt of the “Tedesco
letter,” the Applicant moved 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 invahd criteria, 1.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 Appii-
cant and Staff reached an agreement, which we had encouraged and
thereafter accepted. for a schedule under which (1) the establishment of
seismic critena, 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 (OM) i1ssues. This would have left for the
later stages of this consolidated OL-OM proceeding the question of
whether the safety-related structures as built lincluding those with and
those without modifications necessitated by the soils remedial actions)
conformed to the newly determined seismic criteria. See Applicant’s
Motion to Defer Consideration of Seismic Issues Until the Operating
License Proceeding, dated March 18, 1981, Stamins’ Response, dated
April 6, 1981 Stalf's Response, dated April 7, 1981, Prehearing Confer-
ence Order (Ruling upon Apylicant’s Motion to Defer Consideration of
Seismic Issues Unul the Operating Licensing Proceeding and upon
Other Matters), dated May 3. 1981 (unpublished). For these reasons,
we are not ruling in this Decision on whether vanous salety structures
built under DBE or FSAR SSE standards in fact conform to the stand-
ards required by the new SSE.

Two sigmificant legal questions have surfaced by virtue of the Appli-
cant’s election to utilize the SSRS approach - namely. the procedures
which the Staff 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) Procedures for Applying the SSE in OL Review (Applicant’s
Motion for Reconsideration)

In its March 18, 1981 scheduling motion mentioned above, the Appli-
cant took the position that the application of new seismic criteria to the
Midland facility is and should be governed by the backfit requirements
of 10 C.F.R. § 50.109.* Aithough 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 umely 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. § 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 Ms. Stamiris 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 May 5, 1981 (unpublished), at 2-12.

The Applicant now seeks reconsideration of our ruling insofar as it
holds that the backfitting criteria need not be utilized (App. FOF,
1 498). 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.

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

Y That section reads. i relevant part

§ 50109 Backfirting

ta) The Commusmon may, 10 sccordance with the procedures specified in this chapter, require
the backfitting of a facthity of 1 finds that such acton will provide substantial, additional protec:
ton which is required for the public health and safety or the common defense and secunty As
used i this section. “backfitting ' of a production of utilization (acility means the addinon, elim-
nation or modification of structures. sysiems or components of the fagi'ity after the construction
permit has been issued

(B Nothing 8 thes section shall be deemed 10 rehieve 4 holder of 4 construction permit of &
[iwense fram comphance with the rales. 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. § 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 Staff"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 Housner) as insufficiently conservative; and,
for reasons expressed later in this Decision (intra 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 CF.R.§ 50.34(b)(1), thus calling for a reevaluation at the OL stage
without need to resort (o the backfit standards of 10 C. F.R. § 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 Apph-
cant now states (App. FOF, 9 498, 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 CF.R. § 50.109 might well have 1o be applied. But where, as here,
the OL review provisions of 10 C.FR. § 50.34(b)(1) come into play,
they supersede the procedures applicable only in enforcement situa-
tions. '

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

' The OL provisions would appiy 0 any enforvement proceeding carried on Juring the pendency of an
OL application Cf Comsumers Power Co (Midland Plant. Units | and 23, ALAB2YS. 2 SRC 1) 17008
(1975), clartfied. ALAB-3IS. 3 NRC 101 (1970 (burder of proolt Thus, our view has not been in-
fluenced by the consolitation here of the OM and OL proveedings
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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,
“the Seismic Margin Review results may lead the Staff to require modifi-
cations which Applicant is unwilling to make™ (App. FOF, ¥ 498, at 312
n.827). If that situation were to occur, the Applicant could sull challenge
the StafT"s determination. But the decisional criteria would be the
normal OL review criteria, not the backfit standards of 10 C.F.R.
§ 50.109.

(2) Compatibility of SSRS Approach with 10 C.F.R. Part 100,
Appendix A (Finding 34)

Prior to the hearings concerning seismic issues relating to the choice
of an SSE and related ground motion, and as a result of the option af-
forded by the Tedesco letter (and later accepted by the Applicant) to uti-
lize the SSRS approach, we asked the Applicant and Stafl (and permitted
oth.r parties) to file briefs addressing the compaubility of the SSRS ap-
proach with the requirements of 10 C.F.R. Part 100, Appendix A (in
particular, 99 V(@) (1) (i) and (iv) of the Appendix). See Memorandum
dated August 18, 1981 (unpublished). The Applicant and Staff, each
filed responses on September 29, 1981 (hereinafter App. Brief or Staff
Briel). 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 findings
(App. FOF, %9 8-16; Staff FOF. 9% 8-16). For the reasons which follow,
we agree with that conclusion.

Appendix A to 10 C F.R. Part 100

describes the nature of investigations currently| requited to oblain the gevingic and
seismic dala necessary 1o deternune site suitability and to provide reasonable assur-
ance that 4 nuclear power plant can be constructed and operated at a proposed site
withoul undue risk to the health and safety of the publs. It describes procedures for
determining the quantitative vibralory ground mation design basis at a site due 10
carthyuakes

10 CFR.§ 100106001, see also 10 CFR. Part 100, Appendix A,
§ 11 In general, the Appendix A criteria and procedures provide tor
determination of the appropriate SSE and of the ground motion which
that earthquake would generate at the site. General elements of investi-
gation contained in Appendix A for determining the SSE and s repre-
sentative giound motions where (as here) no capable faults tor 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 located, (2) determi-
nation of the size and ground motions of the controiling 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 provingces, 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
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-
dix A have been characterized as “deterministic” rather than “probabil-
istic.” At the time of our August 18, 1981 Memorandum, there was con-
troversy over the extent to which the use of probabilistic methodology
was permissible under Appendix A. See Public Service Co. of New Hamp-
shire (Seabrook Station, Units | and 2), CLI-80-33, 12 NRC 295, 298
(1980). o id.. ALAB-667, 15 NRC 421, 426-42 (1982). For that rea-
son, we specifically inguired 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-
tions. depending upon how those determinations were made, were:

(1) how the requirement that the determinations be carried out in
a conservative manner would be treated,

(2) how probabilistic or statistical averages of ground motions
would be reconciled with the ofien-used requirement that maxi-
mum vibratory ground motions be determined and applied. and

(3) how both the requirements that the controlling earthquake in
the sile’s tectonic province be assumed to occur ar the sire and
that effects 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 the fre-
quency range of interest \s included.

It is in the definition of the vibratory ground motion associated with
the SSE (i.c., 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
defined by response spectra corresponding to the maximum vibratory ac-
celerations at the clevations of the foundations of the nuclear power
plant structures .. .~ (10 C.F.R. Part 100, Appendix A, § VIta)). A re-

47



sponse spectrum (defined in Appendix A, § I1I{D)} 15 “a plot of the maxi-
mum responses (acceleration, velocity or displacement) of a family of
idealized single-degree-of-freedom damped oscillators ugainst natural fre-
quencies (or periods) of the oscillators to a specified vibratory motion
input at their supports.” (See note 59, infra p. 137, for additional expla-
nation of response spectra.) The regulations further require that the
spectra represent an appropriately conservative description of motions
associated with the SSE throughout the frequency range relevant to the
design of a nuclear facility (Appendix A. § Via)(1)Giv)), but they do
not specily the methodology for deriving the required spectra. They do
require that seismology, geology, and seismic and geologic history of the
site and surrounding region, and the charactenstics of the underlying
soil material in transmitting earthquake-inducad motions, be taken into
account (Appendix A, § Viar).

The Staft currently regards at least two different 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
of a large number of earthquakes ol 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 pius one standard
deviation, and, after 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 moton 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 10 the ground acceleration level associated with
the intensity of the site’s SSE. Staff Brief at 10-11.

On the other hand. according 1o the Swaft 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 Statl:

The principle underlying the use of o sitesspecific response  spectrum s
straightforward. Because carthauakes ol sintilar magniudes have been found 1o
have similar ground moton chacacteristics when recorded at suilar distances from
the epicenter and in similar sovi Conditions, an st rate representation of possible
ground motion for an carthyuake of & postulaied magnitude can be derived from
analyzing an adequate set of recordings for semilar muagniude carthquakes at simiar
sites elsewhere To make this comparison. the data base for strong moton records
s searched for all recordings of hstorical earthguakes of sinvlar magnitude 10 the
chosen sale shutdown earthquake recorded ciose o the epenter ol the event and



recorded in similar geologw condivons. I the epsembic of recordings titting these -
parameters is of sulticient size then the ground mouon data for ¢ach of the records
are plotted., and an deshzed spectrum s drawn  representing a mean-
plus-one-standard-geviation, This deahzed spectium s the response specirum
specitic 1o the site

(Staff Brief a1 12-13, citation omitted.)

The Applicant, in both its brief and witnes: * tesiimony, offers that the
approach used in determuining the SSRS for the Midland site primartly is
deterministic but goes un to explain the limiwea use made of probabiiistic
techniques in determining the SSRS. App. Briet at i-2. 4, 12-13: Holy,
ff. Tr. 4539, at i4; Hoit, Exh. 10, at 5-10 and Figs. 1-8. In its brief, the
Staff points out (at 12-13) that the SSRS method recommended in the
Tedesco letter is a siraightforward empirical approach to design a re-
sponse spectrum that is specific to a site (and to its SSE, based on earth-
quake magnitude) and which compiies more closely than the alternative
standardized-spectra approach with the mandate of Appendix A to ac-
count for specific site condittons. It is not a probabilistic methodology as
used here; it does employ certain statistical treatment ot a sutficiently
large population of carthguakes, maiwched as to their size and similarity
of applicable site conditions, which are reviewed for appropriaieness on
a case-by-case basis. The Staff points out that the design of a site-specific
response specirum is no more than the adjusting or tatioring of a stand-
ardized response spectrum f{or the particular sersmic and geologic charac-
teristics of the selected site. /d. at 11-14. The Applicant agrees that use
of SSRS is no moré probabilisiic than use of the Regulatory Guide 1.60
speciral shape. App. FOF. % 14

The Stafl, also in response to our Memorandum, provided information
in its brief on past applications of the SSRS approach, ref2rencing the
licensing of Sequovah, Unis | and 2. and San Onofre, Units 2 and 3.
The Comnussion has approved heenses for both of those facilities. At
the time of the subpussicn ot its brief, the Staft was also in the final
stages of approving site-specilic spectra. Jesigned using methodology
similar to thai employed at Mudland, far the Enrico Ferau Unit 2, Waus
Bar, and Bellefonte plants Salety Evaluation Report. Sequovah Nuclear
Power Plant, Units 1 and 2. Tennessee Valley Authority. Dacket Nos.
50-327 and 50-328. March 1979, NUREG-0011, § 2.5 3: Safery Lvalua-
tion Report (Geolugy . ' Sersmology), San Onofre Neclear Generating
Station, Units 2 and 3, Southern California Edison Co |, ot al., December
1980, NUREG-0712, & 2.52. Safety Evaluation Report, Enrico Farmi,
Unit 2. Detroit Edison Co.. NUREG-0798, July 1981, § 2.3.2; 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 Midland: 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 Adwisory Committee on Reactor Safeguards
(ACRS). Staff Brief at 15 and Attachment | (Letter from ACRS Chair-
man M. Carbon to NRC Chairman J. Ahearne, “Interim Low Power Op-
eration of Sequoyah Nuclear Power Plant, Unit 1.” dated December i
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 statistica! 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 Appii-
cant's Brief (at 6-7, 12), in the testimony of the Applicant’s witness
(Holt, 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 §§ V(a)(1)(iv) and VI(a)(1) of Appendix A. The design
of the spectrum is based on an objective anaf¥sis of empirical historical
records of earthquake ground motion, analytically related to the SSE. as
required by Appendix A, §3 IV(a) and V(a)(l). Finally, the SSRS takes
account of seismology, geology and underlying soil characteristics of the
site, as required by § 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"

1 We are informed that the NRC Statf has developed SSRS using a dilferent methodology than that de-
scribed above for use in its Systemanc Evalustion Program or “SEP” (which inciudes the La Crosse
Boiing Water Reactor) The SEP SSRS are based on 4 complex synthesis of deierministic Judgments
and probabilistic modeling, which do not, at least expliculy, follow the determinisic procedures outlined
n Appendix A This SEP methodology is not involved in this case. and we express no opimion as o 11s
validity. See App. Brief at & n 3. Saff Briet at 14, sew also Davviamd Pawer Cooperatie (La Crosse Bo.
ing Water Reactor) LBP-83-23, |7 NRC 633, @/f'd fsua sponre), AL AB-733. 18 NRC 7 (1983
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B. Maximum Earthquake and Associated Ground Motion at the
Midland Site (Findings 19-79)

The Design Basis Earthquake (DBE) approved for the Midland site at
the CP stage was based on a Modified Mercalli Intensity (MMI) of VI,
the size of the large.t carthquake 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. (Bur see supra note 6.)
The ground motions associated with the DBE were represented by a
modified Housner design response spectrum anchored at 0.12g (where
g = acceleration due to gravity at the earth's surface). The Housner
spectrum was modified by increasing its levels of response motions by
an additional 50% in the frequency range between about 1.6 Hz and 3
Hz (or 0.6- and 0.2-seconds-period range). CP “SER.” at 13 Finding
21, infra.

Because the seismic design basis for the Midland Plant followed proce-
dures and regulations in existence before promulgation of Appendix A.
the Staff, during its review 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 (0.12¢)
and the design response spectra (modified Housner) used to represent
the earthquake motions.

The Board has found remarkably littie 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 commitment by the Applicant to use
site-specific response spectra (SSRS) to represent Safe Shutdown Earth-
quake motions that differ from the original modified Housner 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 derived 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
0.12¢ the original (DBE) peak acceleration value determined for the
Midland site. These site-specific response spectra were to be used by the
Applicant in the seismic reevaiuation of structures, systems, and compo-

51



nents important to safety’’ and as minimum input values in the seismic
design'' of certain remedial structures {underpinnings and new founda-
tions) required to be built as a result of improper 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 onginal DBE was the seismic
design basis for the bulk of the structures, systems. and components im-
portant to safety at the Midland Plant, at the time they were initially
designed.

In its 1977 FSAR, the Applicant proposed an SSE that was based
upon a newly proposed Michigan 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 ure 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 Midland 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. '’

While the December 6, 1979 Medification 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
structures and systems ... (Modification Urder at 4). Seismic design
bases (the SSE and representation of its metions) for the underpinning

12 This Boatd does not distnguish & difference between ‘v terms “important to safeyy” and
“safety-related” when applied (o sersmmc design requirémenis it seems clear 10 us that 10 CF R Pant
100, Appendix A. uses the terms quite interchangeably St il pracuce in this regard 1s reflected in
Regulatory Guide | 19 which designates as “Seismic Category 17 those structures. systems and compo-
nents which shall be designed (o reman funcnional if the safe shutdown earthquake (SSE) occurs. The
Regulatory Guide includes. mrer alia. as Sewmic Caregory I “ltIhose pornons of structures, systems, or
components whose continued function 15 not required but whose fadure could reduce the functuoning of
any plant features (whose function is required] (o 4n unacceptable safety level “lat C2). See aiso
note 94, ifra p 195

13 Those remedial structures already designed were designed to | § times the onginal DBE response
spectrum which was found (o be higher than the SSRS for this particular purpose Tr 6003 (Kennedy!

4 Soe note 12, supra

15 This Board (s ignonng another term inttoduced by the Applicant (App FOF, € 35, the "Seismi
Margin Earthquake ~ or SME. sad 10 represent the earthquake corresponding 1o the site-specific re-
sponse spectrum ground monens. L0 s synonymous with the SSE 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 Staff in 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, § 2525, at p. 2-39. 10 C.FR. Part 100, Appendix A,
§ HId).

(1) Tectonic Province

In its 1980 “Tedesco letter,” the Staff had offered the Applicant two
alternative approaches to resolve the Staff"s 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-
“Matched 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 intepsity of MMI =
VII-VIII which the Staff had come to recognize as the controlling earth-
quake in the Central Stable Region tectonic province that included the
Midland site. :

The Applicant elected to use. and submitted reports on, the SSRS ap-
proach but maintained (1) that the low seismic hazard at the Midland
plant site did not warrant use of an SSE as large as the Anna. Ohio
earthquake; and (2) that the Michigan Basin, with a magnitude 4.5 con-
trolling earthquake. satisfied the requirements of Appendix A to Part
100. The Applicant a'so maintained, in our view incorrectly (see intra
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 Stabie Region were submitied in 1981 to
show the relatively lower seismic hazard at the Midland site.
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Based almost entirely on its evaluaiion of these seismic-hazard study
results. the Staff changed its position. agreeing that the Midland site lies
in a region of lower scismicity that could be subdiv-ded from the Central
Stable Region, but whose boundaries extend westward from the Michi-
gan Basin to include the upper peninsula of Michigan, northern Wiscon-
sin and all of Minnesota. and perhaps other areas, as well. This larger
area included a magnitude 5.0 historic earthquake that occurred in Min-
nesota in 1860 and which would be the controlling earthquake for the
proposed tectonic (or seismotectonic) " province.

The Staff"s changed position on the smalier SSE and appropriate
tectonic province came late in the proceeding, after the Applicant’s
expert witness, Mr. Richard J. Holt. had written his prepared tesumony,
and only shortly before the Stff's expert witness, Mr. Jeffrey K.
Kimball, prepared his own tesumony. A result of this late development
was that the Staff had insufficient tume to develop fully its justification
for the definition of its proposed tectonic province or indeed its extent.
Another effect was that much of the Applicant’s testmony 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 10 correct inconsistencies which were a
source of confusion at the ume and in the record as it stands. While not
specifically abandoning the Michigan Basin as a proposed tectonic prov-
ince to include Midland. Mr. Holt agread that the choice of a magnitude
5.0 SSE would be appropriate and would correspond to the largest his-
torical earthquake which should be associaied with the tectonic province
in which the Mudland sii¢ resides.

On the basis of the record. five choices became available to the Board
for determining the appropriate tectonic province for the Midland site
and the size of the controlling earthquake "o be designated therein. Be-
cause the evidence indicated (a) that there are no capable faults or other
tectonic structures with which earthquakes may reasonably be correlated
within 200 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 is
located would become the SSE. subject in this case to additional limited
effects from a postulated recurrence of the more disiant (about 500
miles), but very large. New Madrid carthquake. The five possible
choices are:

19 The $1 ~onsistently used the term “sismolectonic province” but explamed that 1t eqoated that
erm witk ¢ province as uscd o Appendix A Tr 469899 478738 (Kumbally
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(1) Undivided Central Stable Region, with a magnitude 5.3 or in-
tensity VII-VIII controlling earthquake.

(2) The Stail's ill-defined proposed tectonic province, with a
magnitude 3.0 or intensity VII controlling earthquake.

(3) The Applicant’s proposed Michigan Basin tectonic province,
with the orniginally proposed magnitude 4.5 or intensity VI con-
trolling earthquake.

(4) The Applicant’s proposed Michigan 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
tectonic provinces proposed by the Applicant and by the Stafl),
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 portravals to a common scale
and overlaying them. the Board has provided a single map here (Figure
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 studies. To 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 Michigan that we would ex-
clude based on the Staff's 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 Lo consider here is not very great — magnitude 4.5 to
5.3 and intensity VI 1o VII-VIIL. 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 Parkfieid
earthquake ranging from 5.5 10 6.2). and because intensity is even more
subjectively assigned than magnitude. we believe that determination of
a controlling earthquake. or SSE, to within about one-fourth magnitude
unit or one-half intensity unit 1s about as fine a discrimination as can be
made. The choices between magnitude 5.0 and 5.3 or between intensity
VII and VII-VIII involve what we believe to be the minimum practical
limit for distinguishing controlling earthquakes in different tectonic
provinces. In this same regard. the seismic hazard calculations which we
heard that carricd both magnitude and intensity differences out to two
decimal places strained our credulity. They imply a degree of accuracy
which is not now attainable.
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Both the Applicant and Staff presented sound testimony to the etfegt
that the Central Stable Region can be subdivided, and that the Midiand
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 the region surrounding the Midland site can be smaller than
the magnitude 5.3 Anna. Ohio earthquake.

The maximum historical earthquake that has been recorded 11 the Ap-
plicant’s proposed Michigan Basin province is 4 5. However, the tme in-
terval of record (since about 18350) is short when compared 0 the es-
timated statistical recurrence interval that Staff pracuce deems acceptahle
for an SSE, 1.000 to 10.000 years. Also. the total number o! historic
earthquakes is small, between about nine and seventeen. which may He
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 @ magnitude 3.0 controiling ¢urth-
quake for the tectonic province in which the Midlund site resides (de-
rived by the Staff from the Applicant’s own seismic hazard studies’ ndi-
cates abandonment of the originally proposed magnitude 4.5 controlling
earthquake. Findings 42, 52-34, 56.

As set forth in our findings, we find that the Staff failed to previde ad-
equate tectonic and geéologic bases to support is proposed tectonic pros-
ince, or even to define its boundaries. On this latter point, the Stuff wit-
ness (Mr. Jeffrey Kimbail) testified that given the opporiunity and
ample studies he would be able to define the boundaries concisel:. but
that he had not done so. It was clear that he perceived ¢ uniformity of
low seismic hazard across the entire region. which included ali i the
Michigan Basin, except for the southeasiern corner. as weli as the pro-
posed westward extension. This perception was borne out by the seismic-
ity, there having been about fourteen historic earthquakes in ihe pro-
posed westward extension, which extension alone had abou! twice the
area of the Michigan Basin. However, the Board finds the Staif's theon
linking seismicity and, ipso facro. undefined tecionic structurs 1 weak
upon which appropriately to base definition of a rectonic province. We
also find that the Staff should have addressed ditferences in orontation
of tectonic structures in the westward extension, that we noted on Suaf
Exhibit 5, and those cited by the Applicant as indicating relative vim-
formity of tectonic structure in the Michigan Basin We believe the Stall
also should have addressed the possible tectonic significance of smull
earthquakes with anomaiously high intensities (presumaby resalting
from shallow depth of occurrence! that have occurred in the Keweenaw
Peninsula of Michigan, an area where the tectonic struclures are appar-
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ently orthogonal to those in the Michigan Basin. Findings 43, 45-50, 55,
57. '

For purposes of this Decision, ano 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 Stafl’s or Applicant’s proposed
tectonic provinces. because either province would have a controlling
earthquake of magnitude 5.0. App. FOF, ¥ 30: not contested by the Staff
(Staff FOF. ¥ 30). 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, 54-35). Second, since either of the
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 earthquake of the
Central Stable Region should apply. We have already commented on
why we found the boundaries of the Staff’s 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 Midland 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, sulficient 1@ meet the requirements
for definition under the provisions of Appendix A to Part 100. Thus
there is no reason to consider an indetérminate tectonic province as a
basis for our decision.

The Applicant maintains that the Michigan 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 s distinguishable from the tectonic
arches around its southern perimeter on the bases ol 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. monociines. and possible relat-
ed faults. known mainly in the deep subsurface from petroleum explora-
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tion in the State. The largest histuric earthquakes that have occurred in
the basin were two events in the southern part of the basin. both of
which had an intensity MMI = VI, or an equivalent magnitude my, =
453,

Two maps introduced by the Applicant show somewhat different
boundaries for the Michigan Basin tectonic province. but the differences
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
Michigan 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 Staff witness to be representative of those on the Findlay
Arch, rather than of those in the Michigan Basin. and possibly related to
similarly aligned structures that exist in the vicinity of Anna. Ohto. locat-
ed just to the south. Findings 37, 38, 40, 53.

The Staff"s objections to subdividing just the Michigan 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 “surficial Paleozoic geology™ which both the Staff and Appli-
cant asserted bore little or no relationship to the underlying tectonic fea-
tures causative of earthquakes. However, the Staff as well as the Appli-
cant relied on those very features, the arches along the southern margin
of the Michigan Basin, in proposing the position of portions of the
boundary of their respective tectonic provinces. The Staff’s witness
stated that, in the past, the Staff has relied upon the Central Stuble
Region as a tectonic province (Tr. 4786 (Kimball)): hence it must be
regarded as meeting the requirements of Appendix A to Part 100. at
least in the Staff"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 tmes to have a potential for seis-
mic activity (Tr. 4760 (Kimball)). The Board sees no reason 1o accept
the argument against using features in the “surficial Paleozoic geology ™
to reject either the Michigan 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 activily in defining a tectonic province. it does not require 4 full
understanding of the causal relationships.

The Staff's witness also proffered 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 [llinois 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 Michigan 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 Iilinois Basin (see Staff Exhibit 5) is adjacent to the very
active New Madrid 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 Michigan 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 with a corresponding magnitude of
4.5) to represent the controiling 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 ¥ V(a)(1)(iv) of Appendix A to Part 100 as the reason for
requiring that the procedures used in determination of the SSE be ap-
plied in a conservative manner. Prior to clarification by the Commis-
sion’s amendment in 1977, sentence four of ¥ V(a)(1)(iv) of Appendix
A of the Siting Criteria read:

In order to compensate for the limited data. the procedures in paragraphs tarthw
through () (11 (i) of this section shall be applied in a conservative manner
L

10 C.F.R. Part 100, Appendix A, € V(a)(1)(iv), final rule 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



of the maximum earthquakes historically recorded.” albeit in connaction
with earthquakes associated with tectonic structures (which would in-
clude capable faults). The clarifying amendment issued in 1977 (42 Fed.
Reg. 2051 (Jan. 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, viz:

The procedures in paragraphs (a)(1)(1) through (a) (1) (m) of this section shall be ap-
plied in a conservative manner. The determinations carried out in accordance with
paragraphs (a)(1)(ii) and fa)(1) (i) shall assure that the safe shutdown exrthquake
intensity is, as @ minimum, equal 1o the maximum historic earthquake intensity ex-
perienced within the tectonmic 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 Sectiens 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 sclely to minor 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 Commuis-
sion to illustrate conditions whe.e 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 my,, = 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 Staff's 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
Staff"s 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 StafT"s 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.

6l



We agree with the prudence of the Staff's 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 (¢/. Kimball, ff. Tr. 4690, at 16). We would further repeat tha! 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 provinge, 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 Midland
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 quantifies that principle.

The results of the Staff"s analyses showed that at a 10-* annual proba-
bility-of-exceedance the calculated intensity level for all study sites is es-
sentially the same (about *7.5" or VII-VIII)'" 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 Michigan Basin-and-arches Model, show the Mid-
land site to have a calculated intensity level of about VII (expressed as
“6.97), well below the average intensity calculated for the other sites,
which ranges from “6.9” to a high of “8.75" The highest intensity,
using these zonation models at the 10~ 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 1o be drawn from the relative seismic hazard studies is that the in-
tensity at the Midland site, calculated at a probability-of-exceedance of

1" The Bourd has some difficulty in understanding the sigmificance of decimal values appired 1o the
Modified Mercaili Intensits Scale which property uses Roman numerais for s descripuvely based, non-
uniform divisions See Holt Exh 4
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104 per vear. is about cne-half intensity unit (or about one-quarter
magnitude unit) lower than that at most of the other sites studied in the
Central Stable Region. Th: values obtained in the Staff’s analysis were
“0.50" to ~0.70" intensity units corresponding to 0.25 to 0.35 magnitude
units. /d. ar 20. The sites studied were selected to be representative of
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 sice. The first earthquake to be considered would be similar to the
Anna, Ohio event. which occurred in 1937, and is the controlling earth-
quake wi 1in 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 Staff's 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 ui a magnitude 5.0 event occurring at the site.

The Board 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 ine magnitude 6.2 Timiskaming event which
occurred within the Applicant’s “Western Quebec Seismic Zone.” See
Figure |, supra. Because of the indefiniteness of the boundaries of the
Staff’s proposed tectonic province the Board wanted to be reassured that
the Timiskaming earthquake had not been overlooked because of its oc-
currence outside the United States. While the Staff's witness allowed
that the Staff"s proposed tectonic province might extend northeastward
to abut the province comaining the Timiskaming earthquake, he estimat-
ed that the Canadian earthquake would have to occur within 100 miles
of the site before 1ts 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.

(3) Construction of the SSRS

The Staff evaluated the SSRS that were submitted by the Applicant to
meet the Staff’s 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 Parkfield earthquake. the SSRS were appropriately conserva-
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tive to be used to represent « magnitude 5.0 SSE at the Midland 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 km 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 Midland 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 fill,
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
Hz. Magnitude matching was specified as the SSE magnitude = 0.5
magnitude units. The magnitude range of the “without-Parkfield”
ensemble of carthquakes used in construction of the SSRS submitted by
the Applicant was 4.9 to 5.5, thus falling within the Staff’s magnitude-
watching 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 (rom eighteen sets of records at ten sites during twelve earth-
quakes were used to construct the top-of-fill 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 23-km range, and meeting the specified site-and-magni-
tude-maiching criteria. The 25-km range specified 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 significant source-
to-site attenuation differences need be considered, irrespective of wheth-
er the earthquakes occurred in Michigan. California or ltaly, so long as
the materials properties are similar at all the sites.

Given a sufficient number of records frcm 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. statisucal 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 veiocity, 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-
tion at the 84th percentile, while somewhat arbitrary, has been tested
through past application of the Regulatory Guide '1.60 standardized
spectrum, in which combination of its component spectra was at this
statistical level, and which i1s 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 originai 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-
cant’s representations (Holt Exhs. 1 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-nitu-
ral-soils” and “top-of-fill"” SSRS were constrained so as not to fall below
the original DBE spectrum at frequencies below about 1 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 of low-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 SSKS and the Regulatory Guide 160
generalized response spectrum anchored at 0.12¢ (see Figure 2. infra)

18 Frequency of vit story motion. ia hertz, abbreviated Hz. or in cycies per second. is the mverse of
the period of that motion, in seconds. Thus, high irequencies correspond o short pefiods. and low fre-
quencies w long penods of mouons
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is useful only for general comparison purposes. The comparison shows,
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 1 > SSRS. However, we
heard no testimony on details of this comparison, aid we need not rely
on comparisons to the Regulatory Guide 1.60 response specisim in this
Decision.

The Board also notes that Figure 2, supra, portrays the significant o.”
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 Staff’s early
concern in the OL review about adequacy of the seismic design. We
agree, however, with the Staff’s and Applicant’s positions that the SSRS
employed here conform to current seismic design practices and are ap-
propriately conservative for ihe purposes intended.

An alternative approach to determining the SSRS at the top of the
plant fill 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 o calculate the amplification of motions at different frequencies
to produce an amplification spectrum. To account for the heterogeneous
nature and spanal variation of the plant fill, four different soil profiles
were used in the calculations. Because the calculated spectra were lower
than the spectra caiculated directly from the site-and-magnitude-matched
earthquake records for the top of the plant fill, the calculations were of-
fered to show the conservatism inherent in the SSRS method. The Staff
verified this corservatism 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 ume 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, 1 70). The Applica-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. I

Accordingly, the Board finds that the Applicant’s use of the SSRS tor
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 conservatuve.

(4) Seismic Models and Soil Spring Constants (Findings 80-89)

In our May 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 dynamiic 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 Mechanics
Associates, Inc. (SMA). Dr. Kennedy addressed the models being used



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 SMA. The BWST model
was developed by Dr. Kennedy and SMA: it superseded an earlier
mode! 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
(Mr. Frank Rinaldi. NRC; Dr. Paul Hadala, of the Corps of Engineers:
and Mr. John Matra. 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 constanis 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 effect
(App. FOF. 9% 59-76) and the Staff offered no disagreement (Staff
FOF. 99 39-76. at 12). Ms. 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, mfra 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 | structures were
analvzed using only the nominal soil dynamic modulus value without
considering the = 30% 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 — Midland Plant.” issued
June 18, 1984, by the Staff. BN 84-115 was provided to the Board follow-
ing submussion 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 StafT testimony by Messrs. Rinaldi.
Matra and Hadala).

While the impact of this design deficiency potentially is applicable to
all Seismic Category | structures at the facility, its applicability to the
structures considered 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 --ablished for subsequent seismic margin
reviews of plant safety stru. ures — i.e., the soil spring constants. The

deficiency does not affect the BWST model developed by Dr. Kennedy,
who took into account the = 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
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
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. 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.

C. Seil Liquefaction and Dewatering (Findings 90-117)

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-
sults 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.
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The improperly consolidated clay fill caused settlement through a
change in volume as pore water was squeezed out by the weight of over-
lying soils and buildings (“primary consolidation™). Sand layers in the
fill, even where they were low in density and cohesion, presented
enough resistance 1o retard excessive settlement under the static over-
burden and structural loads. However, certain of the sand bodies were
sufficiently loose and low in cohesion that, if saturated by ground water,
they would present a potential for soil liquefaciion in the event of occur-
rence of a strong carthquake.

Liguefaction 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 flow behavior. (For a further explanation of soil
liquefaction, see note 69, infra p. 147.) Soil liquefaction below building
fooungs can cause rapid settlement. tilung, 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
AL IV, IV 4), Vid (), Yita(l), 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
siructures and utilities at the Midland facility; these included the DGB,
the electricul penetration areas (EPAs) and railroad bay area (RBA) por-
tions of the auxiliary building, the overhanging portion of the SWPS,
and & poruen of the service water system piping (and duct banks) near
the SWPS. Potenual sotl liquefaction was determined by both the Appli-
cant and the Staft not to be a problem beneath other safety-related struc-
tures. However. for reasons set forth supra p. 38, and infra p. 103, both
the Applicant and Staff now regard the evidence on liquefaction under
the diese! fuel o1l tanks to be inconclusive and the issue to be unre-
sOved.

The Applicant proposed the following corrective measures to reduce
or <liminate concerns for soil hquefaction potential: permanent
dewatering to mamntain 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-
non ot 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 backfill 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 effectiveness 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) . Stamiris Contention
4.D specifically addresses permanent dewatering concerns. Contention
4.D(1) asserts that the soils remedial acuons proposed and performed
are inadequate because permanent dewatering would change water table,
soil, and seismic characteristics of the site, on which Svaluations 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 soil 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.

19 The apphicant also proposed 1o underpin the foundation of the control ower portion of the auxihary
building and to replace the sotl beneath the feedwater solation vaive pits (FIVPs). but as 4 resuit of cun-
sideration of soil characteristics other than liquelaction potental (see mrra Findings 126, (441 Also, un-
derpinming of the northern portion of the turbine buliding, 4 nonsafety-related building was to be ac-
complished as incidental 10 excavalion and access requirements for underpinming the adjacent portons
of the auxiliary buiiding snd FIVPs. and to ensure that settiement of the turbine building did not ad-
versely impact Seismic Category | structures

20 Spe infra note 41 For the tull lext of these contentions, see mfra Findings 90 and 98, and Appendix
A 10 this Decision
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Part of Ms. Stamiris’ Contention 4.C essentially ov2rlaps her Conten-
tion 4.D(1). in that it questions the adequacy of evaluations of dewater-
ing effects, differzntial soil settlement and seismic effects 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). Ms. 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 th2 proposed dewatering proce-
dures. The contention specified liquefaction of site soils and its adverse
effects on Class | 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 US. 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 peak acceleration of 0.19¢ 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 (3.0) and acceleration (0.12¢-0.13g) of the SSE
associated with the Midland site. This use of higher values of earthquake
magnitude and peak aceleration imparts a measure of conservatism to
the empirically derived determinations of liquefaction 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 loosely 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 conditiors that would cause liquefaction. If partiai 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 tha: the removal of pore water, in order to reduce
liquefaction potential, removes the buoyant effect of the water on the in-
dividual grains, 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 struciure 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 tor the DGB, and about '4 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 accsptable for use in design.

The Applicant’s soils exploration program identified and located
potentially liquefiable sands in the plant fill. Identification was accom-
plisﬁed 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 ci 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 | foot 1s 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 infra 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 nonliguefiable 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 resulit of the errone-
ous boring logs we are making no findings concernming 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
abave 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 of loose 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 confining
pressure that they would not present a significant liquefaction 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 level below 610 feet beneath the RBA and
DGB would ensure that there would be no potential for liquefaction of
soils to affect the integrity of either structure. However, where these
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 soul liquefaction potential, dewatering would produce effects advanta-
geous to the safety of plant structures. For these reasons. we disagree
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with a portion of Ms. Stamiris’ proposed Findings of Fact (¥ *13,” at 5),
where she asserts that there has been a “discovery that the bearing
capacity of the base soils for the underpinning is '4 that used in the origi-
nal analysis (BN 83-174)." Ms. Stamins 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,
see infra 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, 9 *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
liquefiable sands in the plant fill. Pestulated 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 flow 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 1nd remove water from potential breaks in underground pipes
and from infiltration resulting from the 100-year maximum precipitation.

Because the potentially liquefiable 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 beiow that 610-fcot 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.

Redundancy 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 of interceptor
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 lo-s of power to the sysiem. a separate diesel generator was o be
provided to power the interceptor wells.

The discharge collectors, or header sysiems, were 10 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 flexible 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 fines from the soils through which the
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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 ¢onnection 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 o 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 sysiem. (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 Stamuris Contention 4D (and
to Warren Contention 2). while the water table, soil, and seismic charac-
teristics of the site would be changed as a result of dewatenng. 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 aiso conclude that, except with respect to the diesel
fuel oil tanks. we have reasonable assurance that soil 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 acce.eration as the SSF determined to be appropriate for this
site. providing the permanent dewatering system lowers and maintains
the ground water level to below elevation 610 teet bencath 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 10 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



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 1o 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. Stamiris, in her proposed findings
(Stamiris FOF, € “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 reatfirm those rulings.

II. 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 (o various
OM and several OL issues, however. we believe that a brief description
of the DGB structure. the problems which have surfaced following its
construction, and the corrective actions which have been followed
would prove instructive an' tse/ il as background for considering the
soils-related issues discus .. sewnere in this Decision.

The DGB, which ic = tirecuy south of the turbine building. is a
rectangular, reinfc . m 2, box-like structure which was to house
four diesel genere - .. .. . ,artitioned into four bays. one for each
generator. The generators thensselves 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 | items and



hence are subject to the QA requirements of 10 C.F.R. Part 50. Appen-
dix B.*!

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 Ociober 1977, and construction of the building was carried
out from that time until the Spring of 1979. During the course of con-
struction. 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 piping 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 lif2,
during which greater loads could be expected.

The safety implications of the excessive settlement of the DGB gave
rise to an OL contention of Ms. 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. Mr. Marshall advanced a similar contention (id. at
21). Thereafter. the “unusual settlement” of the DGB formed the basis
for the December 6. 1979 Modification 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 acceplance 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 OM proceeding, Ms. 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 tincluding the
nature of the corrective measures selected by CPC for the DGB). and

2 Wiedner. ff Tr. 10,790, at vi. 1. and Figs. DGB-1. DGB-2. DGB-3. SSER » 2.825442 atp
224, and § 3834 mp 302
22 Keeley. If. Tr. 1163, at 6, Tr 3222-23 (R B. Peck). Wiedner. fl Tr 10.790, at i
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the asserted technical inadequacy of the DGB corrective actions.?’ 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. AJ. Hendron, Jr., Professor of Civil Engineering at the Uni-
versity of Illinois, were the severing of duct banks and conduits beneath
the structure (1o alleviate stresses resulting from differential settle-
ment), the resumption of construction and completion of the DGB
structure, and the suicharging 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 Modifica-
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 fill soils.*

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.”* 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 ime to attain secondary, or to complete primary
consolidation of the fill.* and whether sufficient reliable data were
recorded to provide an adequate basis for future settlement estimates.®’

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-

3 Contentions of Ms. Stamiris specifically concerning the DGB are OM Contentions 1. 2(b) and {d).
3e), A, and 3.Cle) Ms Warren's three contentions also dealt with the technical adequacy of the
DGB corrective actions. See Appendix A to this Decision for 4 iisting of ail sois-relaied contentions

3 Wiedner. ff. Tr 10.790. at 2-3. Keeley (¥ Tr 1163, at 8. SSER # 2, 325442 atp 2-31

IR Peck. ff Tr 10.180. at &

2 The Apphcant regards primary consolidation from the surcharge as that resulting irom the dissipation
of excess pore pressures and sevondary consolidation as seitlement that occurs alter excess pore pres-
sures have been dissipated R Peek, ff Tr 10,180, a1 8-11

I7SSER # 2.§ 25442 w1 2-28and 2-31
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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 the 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.” One Staff witness estimat-
ed the amount of dyserential 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 finite-element model to estimate stresses in the
DGB.* It also presented experts who testified as to the observed condi-
tion of the DGB."

The Staff's structural engineers considered the Applicant’s approach
to be consistent with sound engineering practice.’? However, these struc-
tural engineers actually evaiuated 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 analvsis.’”> The Staff's geotechnical engineers. on the
other hand. raised questions as to the sufficiency of the Applicant’s
approach, and criticized the method of the structural engineers as not
being normal engineering practice.* Moreover, an NRC Stuaff inspector
in April 1983 expressed considerable doubt about the structural adequa-
¢y of the DGB, based in part upon similar considerations but also upon
the design of the DGB utilizing spread footings founded upon fill. *

Because of the internal Staff differences of opinion with respect (o 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

3% Ibid

9Tr 16.429 {Landsman!

30 Wiedner. ff Tr 10,790, at 14-17

31 Sozen/Corley. ff. Tr 10,950, Attachment 4, at 411, 334

12 Rinaldi. ef ol . Tr. 11,086, at 6, and Tr. 11.121-24 (Rinalds)

3 Rinaldi. eral, IF Tr 11,086, at 2.3

M e 10521, 1118788, 11.196-99 (Kane). Tr. 11.177-81, 11.189-90. 11.202-03 (Singh)

1S Tr 15.059 60, 16.410-13. 16,8161 (Landsman} He also expressed these concerns to 4 congression-
al oversight commutice in June 1983 The Sl testified. however, thal there is no r2gulalory require-
ment that would preclude the use of spread footings on diesel generator buildings. Tr 16.424-25 (Hood)
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Staff task group, which prepared a report. The study and report were
then reanalyzed by Staff witnesses to ascertain whether their earlier tes-
timony would have to be changed.” Although opinions on the need to
reopen the record werc not unanimous, reviewers agreed that, at the
least, further documentation of calculations which had been performed
was needed. This documentation was still in progress at the time we de-
clined to grant (pending completion of the review process) the Staff's
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 guestions, there have been other
QA problems associated with the DGB which have been extensively liti-
gated. In particular, a Staff inspection performed by Region IIl from
October 12 to November 29, 1982 and January 19-21, 1983, primarily of
work accomplished in the DGB, indicated (according to the Staff) 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.”” CPC as a result suspended most non-
soils-related work on the DGB (as we!l as other portions of the project)
from early December 1982 1o 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.”* 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/
management attitude 1ssues (on which we are not at this time ruling).

36 The Board and parties have neen kept sdvised of the progress of this review through several Board
Noufications from the Stafi See BN 83109 (Juiy 27, 19855 BN 83.142 (September 22, 19831, BN
83-1353 (October 11. 19835, BN $3-165 (October 26. 19831, BN 81-185 (December 2. 19831 The BN
83-165 noufication includes copies ol the Brookhaven report and the report of the NRC task group. BN
§3-185 includes recommendauons of several witnesses on whether the record shouid be reopened.
Neither these noufications, nor thewr attachments, have ‘hus fur been entered 1nto the evidentiary
record of these proceedings.

37 See Keppler, I, Tr 15 114, a1 4-5. Atachments 3. 4, and 7

I Tr 15,074, 15086 (Shafer. Gardner), J Cook, ff Tr 18025, at 5. Letter 10 Board and parties from
Staff, dated December (5. 1983, rransmuung Confirmatory Orger for Modification of Construction Per-
mits (Effecuse Immediately !, dated October b, 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 1s
founded on the same overconsolidated hard clays of lacustrine 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. See Figure 4, infra p. 87, for
the identification 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 backfiil.
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 | standards.

Following discovery in 1978 of excessive settlement of the DGB. the
Applicant undertook a soils exploration program. At the ume, construc-
tion of the auxiliary building and FIVPs was essentially complete. This
program gave rise Lo various concerns about the integrity of the RBA,
control tower. EPAs and FIVPs. In 5= Staff"s opinion (see discussion,
infra p. 93), the program revealed _equately compacted backfill sup-
porting these structures, demonstrated by differential seitlement of the
south end of the control tower, the location of cracks in the auxihary
building. and a |-foot void between a concrete mudmat and the underly-
ing plant fill. Potenually liquefiable 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 fill beneath the control tower arose
partly from questions about the effect of added foundation loads from
the attached EPAs, resulting from an early plan 10 support the other, or
outer. ends of each EPA by caissons. Parual 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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FIGURE 4. Auxiliary Building: (A) Plan view showing location
of portions of structure founded on plant fill, and (B) cross-section
showing stepped foundations with projections founded on plant fill.
(Compiled from Figs. AUX-2 and AUN-3, Burke, eral.,
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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 1o 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 fill capped by a concrete jacking pad. The
jacking space would finally have been filled 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 Modification Order and
challenged by Ms. Stamiris in her OM contentions. [n her Contention
4.C(a). Ms. 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 Applicaneconsidered 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 beneficial 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, 1s 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 Se
port for the FIVPs, and post-tensioning ties were installed through the
control tower and attached to the upper part of the east-west walls of the



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 ior
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 und for
fixing the walls to the supported structures, after jacking pressures be-
tween the piers and the supported structures were locked oft.

The hydraulic 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 sotl was atiained.
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 menitored
during construction and jacking. Alert and action level limits of structure
motions, based on tolerable limits, were to bhe 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 possibie occurrence of settlements not correctabie by the methods
planned. Loads in the piers as well as pier deflection were also to he
monitored during construction of the underpinning. Cracks in the struc-
tures were mapped and were to be moniutored as a check against predict-
ed structure deflections. Monitoring of cracks and struciure moztions
would have been continuing requirements if the facility were to be
completed and operated.

The jacking procedures were intended 1o prevent or relieve any struc-
tural overstressing. The competency of the hard clay providing founda-
tion suppert was determined to be adequate to preclude deveiopment of
structural loads arising from differential settlement that, when combined
with other loads, would be unacceptable. See mfra Finding 133 While
the testimony indicated that design changes could be implemented
during underpinning construction — ¢.g., w.dening the pier bases to in-
crease bearing area — we heard litile or nothing about specilic 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. (Ct. our discussion,
infra p. 91, of the unsuccessful pier W-11 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 condition. 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 requircment 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 desig.: 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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addressed by the testimony of record. we accordingly make no findings
at this ume as to the adequacy of their treatment by the Applicant. We
note. however. that the Applicant’s wilnesses did address the last two
items in their testimony (see Burke, er al, fI. Tr. $509, 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-11 pier load
test 1o produce expected settlements provides a further reason for our
declining to rule at 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 Staff'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 1o
rely on observations of settiement data. Data from pier W-11 settlements
were to comprise part of that data base. In light of our concern, arising
from the Modification 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-11 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
accepuwance criteria.

The Staff and Ms. Stamiris. 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, ¢ 228: Siamiris FOF,
€ “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 83174,

Ms. Stamiris went further, alleging that there had been a “discovery
that the bearing capacity of the base soils for the underpinning is 'z that
used in the original analysis™ (Stamiris FOF, ¢ “13.," item (1), at §). It
appears that Ms. Stamiris has confused bearing capacity with the soil
modulus and erroneously concluded that circumstances leading to the
Applicant’s assumption of '+ inch (rather than A inch) differential settle-
ment necessarily implies a lack of competence of the base soil 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 siw 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 Staff in BN 83-174) is in-
complete.

Ms. Stamiris also registers her dissatisfaction with the Applicant’s and
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, 9 217; Swaff FOF, 19 216-218. As we outline,
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 Swaff 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
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 affect 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
may have been caused by differential settlement, except in regard to the
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 auxihary building, and the north projection of the SWPS. In this
configuration, where the main part of the structure i1s 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-
serted that this stepped-foundation design had an inherent potential for
developing problems as a result of differential settlement, even if satis-
factory compaction methods were used on the backfill. The overhanging
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portion could act as a cantilever if the backfill supporung 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 gxamples 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 contrgl of placement, moisture con-
tent, and compaction of the fill materials, the stepped-foundation design
on certain struciures. particularly those underiain 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 fill material unless its use is specifically planned and the location
of such materials in the fill is recorded and utilized in settlement predic-
Hons.

In summary, this Board concludes that the Applicant has adequately
taken into account, in its design of remediai actions for the different
parts of the auxiliary building and FIVPs, the effects of dewatering, seis-
mic shaking (including potential soil hiquefaction and seismic shake-
down) and. except for open items specified in Board Notfication BN
83-174 on which we express no opinion, differential settiement. As
r;gatds the seismic effects. we have reasonable assurance that the Appit-
cant’s use of the site-specilic response spectra (SSRS) deternuned for
the Midland site is appropriately conservative for assuring the seismic
safety of the design of the underpinning of the auxiiary building struc-
ture and FIVPs, and that the response spectra used by the Applicant in
the design of those underpinnings. based on a 1.3 multiple of the original
DBE (or FSAR SSE) response spectra, adequately envelope (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 assurance that the general
analysis methodology proposed by the Applicant, the seismic design
basis (1.5 x DBE (or FSAR SSE) response spectra), and the nominal
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
evaluations for the seismic margin review using = 50% values 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 ioading
conditions. Also, assurance that adequate consideration has been given
to tolerable limits of structural response, or behavior, is inherent in dur
conclusion that the designs, if properly executed, will lead 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
words, our conclusions here would be altered if greater differential set-
tlement values or limits of structure deflection 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 appiies 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 1s ever resumed. The time-dependent
nature of the soil responses — e¢.g., settiements ascribable to primary
and secondary compression rates, or correlation of settlements with
changes in ground water levels — was important evidence in our
deliberations.



V. SERVICE WATER PUMP STRUCTURE
(Findings 152-167)

The service water pump struciure (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,
infra p. 97. Excavation for the SWPS left areas under the overhang to
be backfilled. borings taken later revealed that some localized areas of
backfill 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, differential soil settiement 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 fill under the overhang portion of this
buiiding, 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 definitively established.

Qur findings 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 Midland 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. Ms. 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 10 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
Staminis 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. [ completed as
designed, the underpinning would provide an adequate and stable foun-
dation for the overhang portion of the SWPS and would not adversely
affect a nearby Seismic Category | retaining wall. These conclusions are
subject to the outcome of a seismic margin review, including resolution
of the design deficiency discussed above. The Board endorses monitoring
arrangements agreed to by CPC and the Stafl as well as arrangements
for keeping the Staff well informed of the resuits of such monitoring.

VI. BORATED WATER STORAGE TANKS
(Findings 168-19%)

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 core cooling system (and the reactor building
spray system) during the injection phase of a loss-of-coolant accident
Because this function 1s necessary to safe emergency shutdown, the
tanks are Seismic Category | structures. The foundations ol 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 1o the BWSTs and house valves for the fill and drain lines.) Most
of the weight of the contained water was to be transferred through the
flexible tank bottom to compacted granular backfill inside the ring. Lat-
eral pressure developed from this load in the interior backfill 1s 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 fil
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 proofl load
test by filling both tanks with water and monitoring movements of the
foundations by means of repeated surveys. Differential settiement 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 CFR.
§ 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 settiement condition was exceeded at several lo-
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 settiement of the foundations was not the
same at both tanks. The greater differential settlement of tank | than of
tank 2 is mainly attributable to lateral variauon in the properties of the
backfill supporting tank 1. ’

Analyses of BWST | showed that, although 1t had been stressed
beyond normal operating stress limuts in two respects (a single point of



attachment of the tank to the foundation, and local 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 | 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 verified that no buckling was present, and subse-
quent dye penetrant examination of the overstressed tank attachment
point verified 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 deflection due to dif-
ferential settlement. (2) constructing a new ring beam around the exist-
ing ring wall of each BWST, designed with sufficient capacity to with-
stand all future loads, and (3) releveling of tank 1. Also, existing cracks
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 construsted 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 curves 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 fill 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 noied by the
Staff regarding the unresolved technical specification for future settle-
ment monitoring (Staff FOF, € 290, at 30), the Staff agrees that the Ap-
plicant has now adequately evaluated and analyzed the dewatering, dif-
ferential soil settlement and seismic effects in its proposed remedial ac-
tions for the BWSTs. The adequacy of such evaluations and analyses had
been questioned by Ms. Stamiris” Contention 4.Cl¢). By way of indicat-
ing that this contention was weil founded when submitied, however, the
Staff notes that “the concerns expressed by Ms. Stamiris in this and
other contentions are similar to the concerns that caused the Stalf to
issue the [Modification) Order.” Staff FOF, ¥ 292, 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 effects of the re-
sultant bending moments induced by the valve pits when calculating the
stresses in the onginal design. On the other hand. the Staff holds that
the primary cause of differential settlement of the BWSTs was inade-
quately compacted (ill. The Staff witnesses pointed to I.1 inches of total
settlement of a BWST foundation marker even before the tanks were
filled (Finding 176). The Staff also referenced the Applicant’'s witness’
nonresponsive answers to Board questions on the amount of total settle-
ment (Staff FOF, € 277, at 27-28). The Board notes, in this connection,
the “less stiff™ (i.e.. softer) soil under part of tank | which led to in-
creased differential settlement and required releveling of that tank.



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 settiement.
Alternatively, had the design included reinforcing steel sufficient to
resist totally the bending moment, there would have been no failure
(but possibly some ulting) during settiement. Thus we see the admitted
presence of soil beneath tank | that was soft enough (o contribute to the
additional differential settlement of that tank as indicating nonuniformity
of soil compaction.

This situation is not unlike the question of “deficient 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 “cantilever™ stresses and
the design of the BWSTs the bending moment stresses, they would have
been adegliate. Our discussion here, where design deficiency 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 configurations 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.

VIl. DIESEL FUEL OIL TANKS
(Findings 196-203)

The design of the diesei fuel oil tanks became an issue in this proceed-
ing because of uncertainties resulting from the presence of improperly
compacted fill, 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
tincluding liguetaction). 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. Ms. Stamiris submitted no proposed findings with respect to the
design aspects of the fuel oil tanks. With respect both to the potental
for liquefaction under the diesel fuel oil tanks and the stability of soils
under those tanks. however, recent developments (see below) preclude
our resolving those issues at this ume.

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 guestions) without merit.

However. by copy of a report from CPC to the Staif, 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 eisewhere in the Midland 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 Ms. Stamiris agreed that we
should issue no decision on the liquefaction question bul 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.” Ms. Stamiris sought an Ol 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 ime 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
o1l tank area (Kane Affidavit, dated December 21, 1984, ¥ 3, 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
liguefaction 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 1s among the items which were covered by the
Modification Order. Two ot the contentions of Ms. Stamiris. and one of
those of Ms. Warren (which the parties addressed’®). raised questions
concerning the technical adequacy of such piping, motivated particularly
by the excessive settlement of some of that piping. These contentions
questoned whether CPC’s analyses of piping had adequately taken into
account such matters as the effects of the DGB surcharge. dewatering
effects, and differenual settlement.

In our findings, we describe in detail the various types of underground
piping which were installed (or planned to be installed) at Midland.
There are two general categories: Setsmic Category | (which must be
designed to withstand earthquake motions and also are subject to QA
requirements) and Nonseismic Category [. The first category of piping
was reviewed to assure tha! the pipes would perform their intended
safety functions throughout the plant's projected service life. The
second category was reviewed (o the extent necessary to assure that pos-
tulated failures would not have an adverse impact on nearby Seismic
Category | structures or piping.

The concerns with respect to underground piping reflect the inade-
quate compaction of plant fill supporting that piping. resulting 1n exces-
sive and in some cases differential setitlement of the piping. All of the
underground Seismic Category | pipelines (of which there are five
tvpes) rest on compacted backfill material. Such piping was discovered
to be located from 6 to 21 inches below originally intended elevations (4

" See inrra note 41



to 19 inches if credit is taken for placement tolerances). with the majori-
ty in the range of 9-11 inches.

At the time the Intervenors sudmitied ther contentions on under-
ground piping. it i1s apparent that insufficient analyses of underground
piping had been performed to provide a basis for a reasonable assurance
finding concerring such piping. Indeed. during the first hearing session
on piping. there were major unresolved questions between the Applicant
and Staff on that subject (see, e.¢., Chen/Hood. ff. Tr. 7762 Tr. 7763-77
(Kane. Hood. Chen)). leading us to remark that we were being offered
little more than a progress report on the resolution of as-vet open ques-
tions (Tr. 7777-78).

The Applicant and Staff subsequently resolved their differences. As is
reflected 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 extensive monitoring. For the borated water stor-
age system piping. the corrective actions included partial recentering
and rebedding. and monitoring. All of the Seismic Category | piping was
analyzed for seismic effects and was subject to re-review as part of a seis-
mic margin review. Finally. the Applicant and Staff 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. Stamris filed proposed findings. The
potential currosion of underground piping was not a part of any conten-
tion. However, during cross-examination on one of Ms. Stamiris’ docu-
ments which dealt with other aspects of “soiis deficiencies.” as well as
corrosion of the piping (Staminis Exh. 35). it came 1o light that corrosive
pitting had been discovered in (wo 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 Semor 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 sausfactorily addressed and resolved the
various outstanding open queslions concerning the corrosion of under-
ground piping. We also appreciate the Staff"s efforts in obtaining Dr.
Weeks as i1s 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 Ms.
Stamiris in her proposed findings (Stamiris FOF, 9% »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. Ms. 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. Most important, however, Dr.
Weeks reached his conclusion independently, after considering a
number of pertinent considerations which he explicitly outlined. We
have no hesitation in accepting Dr. Weeks' conclusions on this ques-
tion, and in declining to adopt Ms. Stamiris’ proposed findings which
were premised on the information presented in the first report on the
corrosion question. See mfra 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
Staff. In additon, we are adding the folicwing 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 | piping were carried out, the Applicant must prepare
as-built pipe profiles to verify the post-installation location of
the pipes (Finding 210).

Based on the acceptance criterion of notmore 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-
uon reaches or exceeds 75% of the 3-inch acceptance criterion,
the NRC Staff shall be notified (Findings 213, 260).

3. All Seismic Category | underground piping is to be subject to a

seismic margin review (Findings 240, 244, 248, 250, 252).

C
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IX. ELECTRICAL DUCT BANKS AND CONDUITS
(Findings 293-305)

The design adequacy of electrical duct banks and conduits became an
isste in this proceeding because of uncertainties resulting from the pres-
ence of improperly compacted fill, as set forth ir Stamiris Contention
4.C(N 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 .t provided vseful elaborations
and clarifications that we have incorporated in our findings. Ms. Stamiris
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 construcion, crossings of the
freeze wall. interfaces with the SWPS and DGB and possible seismic ef-
fects. Corrective actions in one area where requirements were not met
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 3035).

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 impoitance because of possible adverse
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 infra 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-
uons selected by the Corps of Engineers) and an analysis by Dr. Alfred
J. Hendron of the University of Illinois of the shear strength of the dike
materials. Based on the study and the analysis, the Saff concluded that
the fill material placed in the baffle and perimeter dikes exceeds the
d.sign parameters and that the slopes of the dikes would remain stable
under static loading conditions (infra Findings 310-312).

Dr. Hendron 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
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.
See infra Findings 313-315.

The Army Corps of Engineers initially had concern, based on prelimi-
nary hydrologic information, that a probable maximum flood (PMF)
could breach the perimeter Jdike and cause erosion damage. PMF ques-
tions are not related directly to the shear strengthand 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 PMF 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 infra Finding
316. We concur in that requirement.

Dr. Hendron also analyzed dike stability under seismic loadings, using
an approach that was accepted by the Staff. Based on conservative as-
sumptions, he obtained yielc 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 Midland. He aiso testified that soil liquefaction
under the dikes will not be a problem. See infra Finding 317.

Based on the technical record summarized in our findings, we con-
ch.de that the dikes ~ould be stable under all anticipated statc and
dynamic loads. Thus, contrary to Stamiris Contention 4. B (with respect
to which Ms. Stamuris filed no proposed findings)., we cunciude that
there is rcasonable assurance that critical slopes of the baffle and perime-
ter dikes are stable and would not adversely affect safe operation of the
Midland Plant, should it be finished and operated. This conclusion as-
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sumes the applicability of the inspection and maintenance program pro-
posed by the Staff.

XI. CONCLUSION

A. Technical Issues

In this Decision, we have reviewed only the programmatic aspects 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
required by the Staff, would also have to be carried out or completed.
(We note that further construction may well be subject to additional con-
ditions imposed by the Staff.)

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 C onclusions 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 zpparently is b2ing
haited for financial reasons, many of the extraordinary costs which have
attended this project singe its inception and undoubtedly contributed to
its likely demise are costs which could easily have been — and should
have been — avoided. As a Staff witness observed,
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In 1973, 1976, 1977, in my best estimation. one 30-thousand-dollar-a-year geo-
technical engineer would have prevented each and every one of these [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 admitied 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. Modification Order, Appendix, Allegation
2.b(2); and CPC’s Answer to Notice of Hearing, dated April 16, 1980,
Appendix at 4, Allegaton 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 o a significant 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 Modification 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 {(mentoned above), it first hired 4 qualified engineer but thereafter
replaced him with an individual whom the Staff judged to be unqualified
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 pointed 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 “significant breakdown™ In
implementation of the QA program with respect to the DGB leier sur-
faced, resulting in numerous nonconforming conditions (Keppler, ff. Tr
15,113, at 4 and Auachments 3 and 4); Tr. 15,131-32 (Keppler)). See
supra p. 85. “[Cllearly 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 exiensive
review efforts upon which the Staff insisted, were intended 16 assure
that further soils-related construction activities would be carried out
satisfactorily. Although we are not now ruling on whether these meas-
ures were successful, we do observe that, on the basis of recent I&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 shouid 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 of its investigation, the Staf¥ re-
quired CPC to nave 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 I t0 CPC, dated
November 13. 1984, this Board and the parties were advised that NRC
is requiring completion of this management appraisal as a predicate for
resumption of construction.

The various controls imposed on construction were designed o 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 (Keppler): 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.x.. J. Cook, IT. Tr. 1693, at 22), there ap-
peared 1o be a number of occasions when sieps necessary 10 achieve that
goal were bypassed or ignored (Tr. 15,124 (Kepoler)).

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 officials (in particular, Mr. Stephen H. Howell, a CrC
Executive Vice-President) made around 1980 to the press o Congress,
10 the effect thei. were it not for the activities of Intervenors 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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quate and NRC had “reascnable assurance” that such program would be
“appropriately implemented with respect 0 future soils construction ac-
tivities including remedial actions taken as a result of inadequate soil
placement.” App./Staff Exh. 1. ¢ 2: 1o the same effect, see Keppler, fT.
Tr. 1864. at 8-9. Ms. Stamiris never joined in this stipulation; and, al-
though the Board accepted the first two items of the stipulation recited
above. we have never accepted the third item, except as a reflection of
the then-current views of the Applicant and Staff (see Te. 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 Ms. Stamiris, 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-
ings 14-13). Thereafter, following its successful effort to reopen the
record. the Staff modified its earlier opinior 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
efforts. Keppler, ff. Tr. 15,111, at 6. heppler, ff. Tr. 15.114, at 6.* We
express no opinion at this ume whetner 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 (o 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 Ms.
Stamuris.

FINDINGS OF FACT AND CONCLUSIONS OF LAW
Findings of Fact
1. BACKGROUND, JURISDICTION AND PARTIES
I. This Partial Initial Decision treats certain issues in a consolidat-

ed proceeding nvolving (1) the application of Consumers Power
Company (CPC or Applicant) for licenses (o operate the Midland Plant,

W Bath CPC and the Sl favored the conuinued #pp abiiity of those condiuons 1n their mosi-recent
proposed findings. CPC Second Supptemental FOF. * 670 NRC Further Supp FOF. ®* 111540
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part of the application for operating licenses (OL) was filed with the
NRC on August 31, 1977, and was formally docketed on November 18,
1977. SER, § 1." at 1-1; Appendix A, at A-3: see also 43 Fed. Reg. 8870
(March 3. 1978). On May 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 (June 14, 1978). Memorandum 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
March 1. 1982. 47 Fed. Reg. 9939 (March 8, 1982).

6. Timely intervention petitions were received from Ms. Mary P.
Sinclair. on behalf of the Saginaw Valley Nuclear Study Group (Sagi-
naw). and from the Attorney General of the State of Michigan. Prior to
the first prehearing conference, a late-filed petition was received from
Mr. Wendell H. Marshall, on behalf of the Mapleton Intervenors. We
tentatively admitted Ms. Sinclair and Mr. Marshall as intervenors in
their personal capacities (subject to the acceptance of contentions) but
denied intervention to Saginaw and to the Mapleton Intervenors (al-
though permitting those groups to file additional information which
could qualify them to intervene). The Attorney General of the State of
Michigan was admitted as an interested State, pursuant to 10 C.F.R.
§ 2.715(c). Memorandum and Order dated August 14, 1978 {(unpub-
lished): Memorandum 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 cn December 16, 1978, Following that conference. we accepted
several of Ms. Siaclair's OL contentions and reaffirmed our previous
tentatis > admittance of Ms Sinclair s an intervening party. (Ms. Sinclair
did not continue to seek admission of the Saginaw group.) We also ac-
cepted one of Mr. Marshall's contentions and admitted him as an Inter-
venor, although we reaffirmed our earlier ruling denying intervention to
the Mapleton Intervenors. Special Prehearing Conference Order, dated
February 23. 1979 (unpublished). Subsequently. we accepted a late-filed
petition to intervene in the nonsoils-related aspects of the OL proceeding
by Ms. Barbara Staminis (a then-Interv. vor in the OM proceeding). Pre-
hearing Conference Order, LBP-82-63. 1 NRC 571, $85-93 (1982).
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8. In July 1978, during the piacement 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 differenually 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, Auachment 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, Auachment 15).

9. The Modification Order, issued by the NRC Staff through its
Offices 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 1 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 Hearing for the OM proceeding was
published on March 20, 1980. In the Notice. the NRC designated the
same Licensing Boary to conduct the OM Hearing 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 (:mes. most re-
cently on Marck 1, 1982, wuh the membership for eack of the two
Boards remaning the same on each occasion. See 47 Fed. Reg. 9939
(March 8, 1982).

10. Both the Modification Order and the Notice of Hearing set
forth as issues for adjudication in the OM proceeding (1) whether the
facts set forth in Part Il 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 Hearing, responding to the factual allegations set forth in
the Modification Order and presenting its position with respect 10 wheth-
er the Modification Order should be sustained.
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1. On April 30, 1980, the NRC Staff filed a “Motion for Issuance
of Amended Notice of Hearing.” 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 Hearing™ on May 28, 1980, providing

_notice of opportunity for interested persons to participate in the OM
proceeding. 45 Fed. Reg. 35,949, Numerous petitions for leave to inter-
vene were timely filed. On July 24, 1980, in our Memorandum and
Order Ruling upon Standing to Intervene (unpublished), we determined
that nine petitioners had satisfied the “interest” and “aspect” require-
ments of 10 C.F.R. § 2.714(a)(2). We provided for the later filing of
OM contentions and deferred ruling on the ietter-petition of Wendell H.
Marshall, representative of the Mapleton Intervenors.

12. At a special prehearing conference for the OM proceeding on
September 10, 1980, we ace pted certain contentions submitted, respec-
tively, by Ms. Barbara Stamiris and Ms. Sharon K. Warren and admitted
each as an Intervenor in the OM 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 Ms. Stamiris and Ms. Warren, respective-
ly, accepting most of them (some in modified form). (Some of Ms. 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 Mr. Marsh-
all's only OM contention and hence denied intervention status in the
OM proceeding to him as well as to the Mapleton Intervenors. We also
denied intervention to the other petitioners. However, inasmuch as two
(similar) OL contentions — one sponsored by Ms. Sinclair and the other
by Mr. Marshall — overlapped the scope of contentions properly litigable
in the OM proceeding. we granted the Applicant’s motion to consolidate
the OM proceeding with those issues relating to soil conditions and
plant fill materials raised in the OL proceeding. By virtue of that
consolidation, we permitted the Intervenors in the OM and OL proceed-
ings, respeciively, te participate in both proceedings (with OM Interve-
nors’ rights in the OL proceeding limited to sotl settiement questions).
As noted earlier. Ms. 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 OM contentions of Ms. Stamir-
is, arising out of the litigation between Dow and CPC (see supra Finding
3). LBP-84-20, 19 NRC 1285 (1984). Ms. Warren, the other OM Inter-
venor. withdrew from the OM proceeding effective February 16, 1981
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(see Notice of Withdrawal, dated February 11, 1981), and she never
sought intervention status in the OL proceeding.*

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 | 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 |, 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 Parual Inital 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 € onfer-
ence Call of September 25, 1981 and Appiicant’s Motion for Partial
Decision), dated October 2, 1981 (unpublished). Parties submitted pro-
posed findings of fact and conclusions of law on such QA/management
attitude issues.*? Subsequently, we reopened the record on related
QA/management atutude issues. and, after the record was closed on
February 19, 1982, parties submitied supplemental proposed findings
and conclusions.*’ Thereafter, during the course of our preparation of 2
decision on those issues, we determined it to be necessary to issue an
Order imposing interim conditions on further soils-refated construction
activities, pending completion of our Parual Initiai 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. inter ala, 1o obtain
explicit prior approval from the NRC Staff (10 the extent such approval

4l in approving Ms Warren's withdrawal, we asked (he parties. in treating - arous OM issues. 1o in-
clude the substance of Ms. Warren's cont2niions (Which was necessaniv encompassed w.1in the hrodder
OM issues) (Tr 906071 Ms Warren presented sn oral imited appesrance staement on v 7, (98]
(Tr. 1026}

42 CPC Proposed Findings of Fact and Conclusions of Law (FOF), dated October I8, (981, Wendelt
H. Marshall FOF, dated November 21, 1981 Stamiris Proposed FOF. dated December 11, 198] 1 Tr
5986). NRC Suwaff FOF. dated December 30, 1981, CPC Responses o Stamins FOF and Stafl FOF
each dated Apni 26 1982

43 CPC Supplemental Proposed FOF . dated March |5 1982, Intersenor's

[Stamins] Proposed Suppiemental FOF. dated March 29 1982, St Proposed Supplemenial FOF .
dated March 26, 1982, CPC Responses 1o Stamiris FOF and Staif FOF . each dated Apnl 26 1987
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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 atii-
tude issues. the requirements of the Modification Order except the re-
quirement for submission and approval of amendments to the applica-
tions for construction permits. a procedural step which in our opinion
was nol necessary to attain the safety goals which we believed should be
achieved.*

16. The conditions imposed on the Applicant by LBP-82-35 were
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 Imual Decision on
QA/management attitude issues. which would have further reviewed
the continuing necessity for such conditions or possibly others. Shortly
after the issuance of LBP-82-35. however, events occurred which caused
us ultimately to reopen the record on QA matters, at the Stafl"s request.
The reopening is reflected by our Memorandum and Order dated July 7.
1982 (unpublished!. in which we announced that we would defer the
Partial Initial Decision until we had heard additional tesumony on speci-
fied issues. The record was not thereafter closed until December 3.1983
(Tr 22.691) and proposed findings were subsequently submitted.** We
are not resolving the QA/management attitude issues n this Decision;
and. to the extent that further soils-related censtruction activities were
o be undertaken. the interim corditions which we imposed through
LBP-82-3% remain in effect.

17. Subsequent to LBP-82-35, supra, we concluded hearings on
various technical issues associated with remedial soils uctivities, and pro-
posed findings were submitted by the Applicant. Ms. Stamins. and the
NRC Staff.* Reflecting the probable lack of continuing materiality ot
he QA/management attitude issues in light of the shutdown of construc-
tion on the facility. but similurly reflecting the potential relevance of
various programmatic technical findings shouid facility construction

44 Although LBP-82-35 ser forth thai it was an appralable ofoer. neither the Appheant ror Swaill filed
any appeal Ms Stamins filed what purported 10 be an appeal. fut the Appes! Board construed the finng
as a complaint against the NRC Stafl™s compuance with and /mpiementaton of our order. rather than
the order itse!l. The Appeal Board dismissed Ms. Stamuris’ zppeai wiinout prejudice 10 her nght o pre-
sent the same arguments 10 as. i the first instance. AL AR-084. 16 NRC 162 (198D

45 CPC Proposed Second Supplemental FOF or QA issues. dated January 17, 1984. Staminis Second
Supplemental FOF on QA and Management \itiude fssues. daed May 1), 1983, NRC Staff Further
Supplemental FOF Concerning QA dated Mas I35 1984 CPC's Rephies o Ms. Stamns and the Saff's
FOF, each dated June 12, 1984

36 See supra note
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again be resumed, we have determined to issue this Partial Initiai 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 differential 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) hiquetac-
tion and soils stability relative to the diese! fuei 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 liguefac-
tion (except with respect to the diesel fuel oil tanks), and the effect of
dewaterit g). the structural adequacy of the auxiliary building (except
with respect to the differential settlement matters mentioned abhovel,
and various issues related to the service water pump structure (SWPS),
borated water storage tanks (BWSTs), the diesel fuel oil tanks (except
as indicated above), underground piping, elecirical duct banks and
conduits, and the baffle und perimeter dikes adjacent to the cooling
pond.

18. Some of the remedial soils activities discussed in this Decision
were commenced Brior to the close of the record in these proceedings.
With limited exceptions (see, e.g.. Tr. 7788a and Tr. 7790), they wera
subject to the controls imposed by our April 30, 1982 Order (LBP-
82-35) or, for certain earlier activitics, the voluntary but somewhat nar-
rower commitment of the Apphcant 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 Stail con-
curred with the corsiructior of access shafts and a freezewall in prepara-
tion for this underpinning on November 24, 198! (Staff Exh. §); for acti-
vation of the freezewall on February 18, 1982 (Tr. 7838). and by letter
dated December 9, 1982, from NRC Region [l to CPC. the Stuif author-
1zed the commencement on a step-bv-step basis of the actual underpin-
ning under the turbine building (Tr. 11.007), Other soils activities were
also authorized. During these hearings. we heard testimony from various
witnesses on the progress of this work and on various events which have
occurred during the course of construction, inciuding actual or poiential
items of noncompliance. With the shutdown of camctriiion of the
facility, we do not at this time plan a thorough evaluation of the Appir-
cant's construction performance. but here we will necasionally rety 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. ~FISMIC MATTERS

A. Introduction

19. The construction permits for the Midland plant were issued in
1972 (see supra Finding 4), after publication of the proposed Appendix
A to 10 C.FR. Part 100, “Seismic and Geolegic 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 effective date. the proposed rules be used as guidance. 36 Fed.
Reg. 22.601.

20. Appendix A, Part 100,

describes the nature of investugations [currently] required to obtain the geologic and
seismic data necessary to determune site suitability and to provide reasonable assur-
ance that a nuclear power piant can be constructed and operated at a proposed site
without undue risk 10 the health and safety of the public. It describes procedures for
determiming the quantitative vibratory ground motion design basis at a sie due to
earthquakes

10 C.F.R.§ 100.10¢c)(1).

21. The Design Basis Earthquaks (DBE) approved for the Midland
site at the CP stage was based on « Modified Mercalli Intensity (MMID)
of VI, ihe size of the largest earthquake within about 150 miles of the
plant site. Staff Safety Evaluation "“SER™;. CP stage, Jated November
12. 1970, at 13. 114, 116. {he DBE was not associated with any tectonic
province, since the Stafl”s CP review. which formed the basis for the CP
authorization, predated both the issuance of the proposed ruie 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.) The ground motions associated with the
DBE were represented by a modified Housner design response spectrum
anchored at 0.12¢ (where ¢ = acceleration due to gravity at the earth’s
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surface). The Housner spectrum was modified by increasing its levels of
response motions by an additional 50% in the frequency range between
about 1.6 Hz and 5 Hz (or 0.6- and 0.2-seconds-period range). CP
“SER™ at 13; Thiruvengadam Affidavit*” at 2; Kimball, fI. 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 Staff 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 Mid-
land site. and which has a controiling earthquake similar to the Anna,
Ohio earthquake of March 9, 1937 of intensity MMI = VIEVIII (and 2
magnitude of my, = 5.3). Second. the Stafl was concerned about the
use of a modified Housner response spectrum anchored at 0.12¢ to rep-
resent the maximum vibratory ground motion for design purposes. The
Staff, in fact, determined that the design response spectirum as used was
no longer a conservative representation of the ground motion. SER.
§ 2.5.2.1, at p. 2-34; Kimbail, 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
Michigan Basin as a tectonic province separated out of the larger Central
Stable Region. Thiruvengadam Affidavit at 3. see also FSAR, § 2.5.23
(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 MMI = VI, representing the intensity of the controlling earthquake
in the Michigan Basin, derived from the largest historically recorded
earthquake therein. The Applicant further proposed that the SSE ground
motions be represented by modified Housner 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 '‘erm “FSAR spec-
tra” (or spectrum) as used (o this point in time, should be read as
equivalent to the DBE spectra. Holt 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 he revised to reflect the SSE and its ground motion characteris-
tics. as d=termined by the outcome of these proceedings, for purposes of

47 Affidavit of Thiry Thruvengadam, dated Muarch 6. 1981, submutted with Applicant's Maouon
Defer Consideration of Seismuc fssues L nul the Operating Licenung Proceeding. dated March 18, (98]
{ser supra p. 43, herealter “Thiruvengadam Alfidasvi
4% See suprq note §
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design of the remedial structures and reevaluation of the seismic resist-
ance of existing structures. As set forth infra 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 Michi-
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,§252.1,atp. 2-34,§ 2523, atp. 2-37.

26. While the December 9. 1979 Modification 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-
rélated structures and systems . . ." (Modification 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 Staff'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 Midland site similar to the Anna, Ohio earthquake of March
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 standardized response spectra of Regulatory Guide
1.60% anchored at 0.19¢, consistent with an intensity MMI = VII-VIII
earthauake. The other acceptable approach, which had been discussed
with the Applicant as early as July 1979 (Thiruvengadam Affidavit at 3),

49 Both the Stall and Appircant often refer 1o the Reguiatory Guide ' 60 spectra as “site-independent.”

as f implying that the only distinction between them and site-specific response spectra is found in site
condinons. They are more approprately descrided as siandardiced response spectra, and are also magni-
tude-independent. epcentral-distance independent. and source-charactenistic-independent. Their con-
strucuon also involved normahization of al! constituent earthquake records within the ensembie used Lo
a standard value () Ogr Staff Snef at 1011 Hofr, f Tr 4539, at 3-6. Tr 4585-86 (Holt); Kimbail, T
Tr 4690, a1 8-9 [t s the Board's understanding that the Housner spectrum is another. but generally
lower, standardized response spectrum See Figure 1. supra p 66
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would have been to develop site-specific spectra by enveloping the 84th
percentile spectral level of an ensemble of response spectra which were
derived from actual, site-and-magnitude-matched zccelerograms 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 Midland site.
Magnitude matching was specified as equivalent to my, (central U.S.)
= 5.3 = 0.5. Both approaches are discussed in the Standard Review
Plan, §§ 2.5.2 and 3.7.1. Kimball, ff. Tr. 4690, at 5-6, as correcred 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 fill-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 M. Miller,
Applicant’s counsel) .

29. The main safety-related structures at the Midland 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 containment 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 building (DGB) (founded on plant fiil);

(f) 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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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 bhe constructed for the BWSTs and tank |
was 1o 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 requirad 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, § 25412 Tables 2.2 and 2.3,
§25443 atp. 2-34,§2.5455, ac 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
modified by the remedial actions. We are not making findings at this
time on whether the safety-related structures as built (iicluding those
with and those without modifications necessitated by the soils remedial
actions) conform to the newly determined seismic ¢riteria.

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-
fidavit 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 later findings.
below. These include such issues as the range of earthquake magnitudes
to be employed and the appropriate statistical spectral leve! to represent
the SSRS-derived maximum ground motions, as well as the magnitude
of the controlling earthquake in the Central Stable Region tectonic
provinge,

33, Because of the lack of agreement at the ime between the Appli-
cant and Staff on a seismic design criterion, the Applicant incorporated a
“reasonable margin” over the FSAR SSE (DBE) seismic critena for
design of the remedial “fixes” (Thiruvengadam Affidavit at 6-7). This
“margin” was established as 1.5 tumes the "FSAR design spectra.”
which was found generally to envelop the SSRS being proposed and
commitied 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 Stalf 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 Staff in geveloping 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
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)
determination of the size and ground motions of the controlling earth-
quake within that tectonic province. (3) determination of the size and
ground motions, at the plant site, of earthquakes associated with distant
tectonic structures .nd 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 tn the vicinity of the site that would generate earth-
quakes whose motions would control seismic design of the Midland
plant. Hoit, . Tr. 4539, at 7. Tr. 4571-72, 4611-14, 4660-61 (Holt): Tr.
4729 (Kimbail): SER, § 2.5.3, at 2-4] to0 2-44.

B. Tectonic Province and Controlling Earthquake (SSE)

37. The Applicant maintained 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 farge tectonic structure or “unit” uself (Holt, ff. Tr.
4539, at 117, Tr. 4614 (Holt); also see Kimball, ff. Tr. 4690, at 3), dis-

O Mr Holt in his prepaced tesumony (F Tr 4539 at | 1) incorrectly described the Michigan Basin as
being “neariy 200 mules 10 Gameier it s readily apparent on Holt Extibit 9 and in his oral testimony
(Tr. 457576, 4578} that he meant “nearly 200 miles in radius or “nearly 400 nules 1n diameter” See
aiso supra Figure |
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tinguishabie from the tectonic arches around its southern perimeter on
the bases of structural relief, paraliel and cross structures on the arches
and seismicity differences (Holt 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 MMI = VI or magnitude my,, = 4.5. Tr. 4598, 4601
(Holt); see alss FSAR. § 2.5.2.3 (not introduced into evidence).

38. As a result of its evaluation of relative seismic hazard analyses
performed by the Applicant, the Staff withdrew from that part of its posi-
tion expressed in the Tedesco letter that the Central Stable Region, with
a controlling earthquake of intensity MMI = VII-VIII (or magnitude
My = 5.3). was the appropriate tectonic proviace for evaluating the
seismic hazards of the Midland site This change in position apparently
came late in the preparation of the Swaff's testimony. The Staff, howev-
er, still did not agree that the Michigan Basin, as proposed by the
Applicant, was the appropriate tectonic province, but would extend it
westward to include Michigan’s Upper Peninsula, the northern part of
Wisconsin, most of Minnesota. and maybe parts of North Dakota and
southern Canada. The Swffs proposed tectonic province would include,
as well, all of the Michigan Basin province proposed by the Applicant
except for a smal! corner in southeastern Michigan. (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 § to extend toward the Michigan Basin from the
vicinity of the Anna, Ohio earthquake zone. Tr. 4837 (Kimball) referring
sack to Tr. 4577-80 (Holt)). The effect of extending the tectonic prov-
ince boundary to Minnesota wauld be to include 2 magnitude 5.0 earth-
quake which occurred there in 1860, and which would represent the con-
trolhng earthquake for the province.”' The corresponding intensity of
the controlling earthquake would be MMI = VI.VII, or VII, based on
that event. Although the inteasity of one or more earthquakes in the
Keweeraw Peminsula of northern Michigar may have excceded MMI =
VII. the Stafl"s expert, Mr. Jeffrey K. Kimbail, explained that the events
there had anomualously 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. 4787, 4794 4837 (Kimball}, Tr. 4602 (Holt),

The Stalt also cited ihe occurrence of 3 magniude 4 8 earthquake that occurred i Minnesota n
TS K imbatl, T Te 4690, 4 21



39. The Applicant’s witness, Mr. Richard J. Holt, was not aware of
the change in the Staff's position when he prepared his written tesumony
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, Mr. Holt tesufied that, after reading the prepared
testimony of the NRC witness, Mr. 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 specifically abandoning hus
proposed (Michigan Basin) tectonic province for the Midland site, Mr.
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 Midland site resides. Holt. ff. Tr. 4339, at
11. 19-20; Tr. 4540-41, 4567-70, 4596-97. 4602-03 (Holu)

40. Two maps introduced by the Applicant showed somewhat dif-
ferent boundaries for the proposed Michigan Basin tectonic province,
but the amount of disparity between the two representations appears 10
fall within the degree of acceptable uncertainty or “fuzziness™ ascribed
to those boundaries. Holt Exh. 9 and Exh. 10, Figure 5. Tr. 4361-65,
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 Mr. 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 nam= other
than “the upper Midwestern U.S™ 1Tr. 4745, 4783, 4786, 4794 (Kim:
ball)). -

41. By reducing the Applicant’s two cited map portrayals 0
common scale and overlaying them, the Board has provided a single
map here for conveuience to show the proposed tectonic province
boundaries, Major eCtonic siructures, 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 descripuions to be the boundarnes of the
Staff"s proposed westward extension of the tectonic province and the
area in southeastern Michigan that we would exclude based on the
Stafl"s reservations adout its inclusion. For ease in locating the places
discussed in the testimony, we have also added a few place names men-
tioned therein. Tr. 4745-46, 4783, 4837 (referring back to Tr. 4577-80
(Holt)) (Kimball).
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42. Both the Applicant and Staff argued (the Applicant more
strongly) that the Centrai Stable Region could, or should, be
subdivided. Both pointed out that it was based on the “veneer” of sedi-
mentary rocks*’ 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 (Holt): 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 areds of correlative,
but not definitely associated structures and magnitude 5.1-3.3 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 tectonic justifications
for its proposed tectonic province to demonstrate its compatibility with
the requirements of Appendix A to Part 100 (Findings 37. 39, supra).
the Staff relied upon its evaluation of the Applicant’s probabilistic seis-
mic hazard studies, almost exclusively, to jusufy its definition of the
larger tectonic province. While the Staff's 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 “flagged”
the region as requiring a larger controlling earthquake than the maxi-
mum historic event within it. Furthermore, the Stff 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, 4743, 4769-71,
4779-81, 4783, 4786, 4826-30 (Kimbail); Saff Brief at 7.

44. For reasons stated earlier (supra p. 38). we reject the view that
the agreement between the Applicant and Stalff on the appropriate SSE
and the representation of its ground motions by the SSRS permits us not
te define the proper tectonic province in which the Midland site resides.
We view the agreement between the Staff"s and Applicant’s positions as
being material to determination of the SSE and acceptance of the SSRS

2 See note 57, mpea p 133

) These charsciensiics are paraphrased from § 2352 of the Standard Review Plan ( NUREG-0800s
which is quoted 1 the Stalf Briel (a1 71 as providing <ritena 10r scceptance of 4 proposed 4w (ectons
province
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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 n
the Staff’s logic was to equate tectonic (or seismotectonic) provinces
with seismic source zones. Kimball, fT. Tr. 4690, at 4, 20, Tr. 4697-98.
4713-14, 4745, 4747-50, 4830 (Kimball). Tr. 4559-61, 4567-68 (Holu).

46. The Board finds that reliance upon historic seismicity as a tool
to help establish, or to verify a tectonic province and the size of its con-
trolling earthquake, 18 consistent 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 easter.
and western parts each with a different level of seismic hazard. Tr. 4807,
4831-32 (Kimball). (We assume that the Staff there considered the
other characteristics specified in the Standard Review Plan (Finding 43,
including note 33. supra) as criteria when making that subdivision.)

47. Reliance upon seismicity to help establish a tectonic province 1s
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 different level of
seismic hazard. but separated by a large tectonic feature (the Green
Mountain Antclinorium) which has been essentially aseismic in historic
times, and where "as one moves away from the aniiclinorium 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 seisimicity with a tectonic feature that formed the basis for the
subdivision. Public Service Co. of New Hampshire (Seabrook Station,
Units | and 2). ALAB-422_ 6 NRC 33, 6l (1977).

48 This Board finds that the Staff’'s own nast pracuice. 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 1S viewed as somehow indicative of

34 Appendix A, ¥ Vi) of Pant 100 requires that  “{tihe design basis tor the maximum vibragory
ground monon should be determined through evaluation of the seismologs geology. and the seismic
and geologic Mistory of the site and the surrounding region  Seismicity siudies. whether probabilisiic of
dete numstic in nature. are clearly part of the evaluation of the seismic history of the siie and surround-
ing regon
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otherwise poorly known tectonic conditions.”” 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
Staff"s 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.*

49, An example of apparently inconsistent tectonic .onditions
within the Staff’s proposed tectonic province is revealed by “aff Exhibit
5. On that map, northeast-trending tectonic structures prominently
appear in the area of the Keweenaw Peninsula where the anomalously
shallow historic earthquakes occurred, as well as in central Minnesota in
the general region where we assume that the Staff"s proposed controiling
earthquake occurred. The northeast trend of tectonic structures in these
two areas is orthogonal to the predominantly northwest trend of tectonic
structures in the Michigan 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 2arthquakes. 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 Midland region refers to a much subdued set of
northeast-trending structures. orthogonal to the predominant trend. in
the region. Kimball, {f. Tr. 4690, at 20-21; Tr. 4782-83, 4787 (Kimball).

50. The Staff's witness, Mr. Kimbali (Tr. 4746-47, 4789). said that
a problem of subdividing just the Michigan Basin from the Central
Stable Region was the same as the problem perceived with retaining the
Central Stable Region as a tectonic province — 1.¢., both would be large-

* The fact that these studies were probadilistic in nature was not matenal o our determination here
We simply were not convinced that the Staff had not just drawn lines around & cluster of histonic earth-
quakes and called the ares a “sersmotectonc provinge  on that basis

 Although agreeng o principie with the Stafl's approach used in defimiag s proposed tectonic
province. Mr Holt stated ¢isewhere. “while | do not delieve Lthat tectomic provinces should de defined
solely on the basis o histoncal sersmicity or a probabibistic snalysis of such seismucity, seismicity and
analysis of sermucity can be used to test the validity of & defined tecionic province ~ Holt, IT. Tr 4339
a4
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ly based on “surficial Paleozoic geology.” " However, like the Applicant,
he was apparently willing to consider the position of the flank 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 essentiaily 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 Michigan Basin. We would assign little probative
value to this argument against use of the Michigan Basin as a tecionic
province because we do not know the causes of the earthquakes in
either basin and do not assume that the causative tectonic mechanisms
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 Madrid 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 Midland plant site and that the Appli-
cant has proposed a tectonic province, the Michigan 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 Staff’s and Applicant’s positions on the matter (Find-
ings 38-39, supra) and for other reasons found below, the Board aiso
finds that the appropriate magnitude of the controlling earthquake in the
Michigan Basin tectonic province is my, = 5.0, rather than either the
magnitude of 4.5 originally proposed in the FSAR, or the magnitude of
5.3 assigned to the controlling earthquake in remaining parts of the Cen-
tral Stable Region.

53 The Board would accept either of the sets of boundar.¢s for the
Michigan 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 Michigan about which the
Staff expressed reservations, Tr. 4837 (Kimball): see also our composite

3" The Apphcant's witness used this same argument as 10 why the Central Suble Region should de
divided, going so far as 1o siate that ~defiming the tectomc province based on the presence of a veneer
of sedimentary rock is unreasonabie” (Hoit, If Tr 4539, at 13} Thus the Board views as inconsistent
both the Applicant’s and Staff' s arguments against using the veneer of sedimentary rocks as a basis for
defiming a lectonic provinee
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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 Michigan Basin is quite small. The Staff"s witness, Mr. Kimuoall, es-
timated the number as “around ten” for the State of Michigan and
referred to the Applicant’s documents as a source of the actual numbers
(Tr. 4755). By referring to Holt Exhibit 9, the Board counted twenty-two
earthqua<e 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 Holt Exh. 10) of the Michigan 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
Holt Exhibit 9 as having occurred within the region that the Staff would
have included in 1its 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 Micnigan 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), especially Tr. 4753-34, 4756-37.

57 Although we find that the Swaff did not adequately support its
proposed westward extension of the Michigan 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
Michigan to Minnesota. Tr. 47835-86. 4791-92 (Kimball).

58 Ground motions from two historic earthquakes larger than
magnitude 5.0, that occurred outside the Michigan Basin tectonic
province, were considered in the determination of maximum vibratory
ground mouons at the Midland site. These occurred near Timiskarming,
in Canada, and near Anna, Ohio. See supra Figure 1. also infra Finding
62, regarding the location and possible recurrence of the New Madrid
earthquake. The magnitude of the Timiskaming 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, aithough the Applicant claimed that a recent authorita-
tive report indicated that it should be 5.0 instead of 5.3. Mr. 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. Firding 22, supra:. Kimball, ff. Tr.
4690, at 5. Holt, ff. Tr. 4539, at 7, 13 - ., Tr. 4573-74, 4633-34 (Holv).
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 1o below 5.3

59 Questions concerning the Timisk:ming 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 (bur see
the Board's overlay of the Applicant’s seismic maps, Figure 1, supra), it
was not specifically discussed in either the Applicant's™ or Staff"s pre-
pared testimony. The Staff"s expert subsequently testified that, using a
magnitude of 62 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 boundary of the
tectonic province containing the Midland 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 Staff 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. Hoit had
not actually performed the calculation, he esumated that a 5.3 magnitude
Anna-type event would have to come closer than 100 miles from the
site, possibly within 30 miles, before its motions would exceed motions

58 While Mr Holt did not testfy on this subject, the Board assumes that the Applicant s witness would
have assoctated the Timiskaming earthquake with his “Western Quebec Seismic Zone.” had he had the
opportumty to do so. The Board also notes that this zone appears to be the same as the Ottawa poruon
of the “Boston-Ottawa beit” discussed supra. in Finding 47
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of a magnitude 5.0 event at the site. Tr. 4575 (Holt). The Staff’s actual
calculations indicated that an Anna-type event would have to occur
much closer, something like 25 miles, to the site, before its motions
would exceed those of a magnitude 5.0 earthquake at the site. Tr. 4784
(Kimball).

61. The Board finds that the magnitude my, = 5.0 conirolling
earthquake for the tectonic province in which the site is located is the ap-
propriate basis for the SSE at the Midland 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 my, = 5.5. Thus for a magnitude 5.0 SSE. the “without
Parkfield” site-specific spectra conservatively met the Staff's magnitude
criterion specified in the Tedesco letter of = 0.5 magnitude units. The
low-frequency end of the SSRS was modified so as not to fail 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 Madnid
earthquake. The Applicant’s witness agreed that the StafT"s use of the
SSRS without the Parkfield records was an accurate, and conservative,
representation for @ magnitude 5.0 event at the Midland site. Kimball,
ff. Tr. 4690, at 22-23; Tr. 4700 (Kimbal)); Holt. {T. Tr. 4539, at 8-9,
22-23. Holt Exh. 5, Tabie 2. Tr. 4541-42, 4570-71, 4586-88 (Holv).

63. Different representations of the SSE ground motions were de-
rived for those safety-related structures founded on natural soils (glacial
nil 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 ai the elevations of the foundations of
plant structures. Holt, if. Tr. 4339, at 9-10. Kimbali, ff. Tr. 4690, at
23-25; sec infra Findings 66, 72-74

64. During the hearings there was very little reai controversy about
the acceptabiiity of the Apphicant’'s SSRS and their applicability to the
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Midiand site. However. Mr. Holt'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 (Holt, ff. Tr. 4539,
at 7. 15-20. Holt 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
smaller SSE would be appropriate. Similarly, those parts of Mr. Kimball's
prepared testimony on the Staff position that Parkfield spectra should be
included (Y, Tr. 4690. a1t 12-16) should be rcad as if dependent upen a
finding that the Central Stable Region with a magnitude 5.3 controlling
earthquake would be the appropriate tectonic province for seismic
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 Parkfield 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 my,,. Tr. 4594-95
(Holt); Tr. 4723-24, 4727, 4735-36. 4814-17 (Kimbail).

65. Aspects of the testimony concerning inclusion or exclusion of
Parkfield data were material., however, 10 two 1ssues on general critena
for construction of SSRS., i.e., selection of the appropriate statistical
(percentile) spectral leve! 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-calied
“at the site” requirement of § V(a)(1)Gi) of Appendix A to Part 100,
applicable where the SSE is idenufied with the tectonic province in
which the site s 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 horizomal components™ of twenty-two acceler-

¥ Appe Wiy A 10 Part 100 dan g JHUD) defines o response specirum as “u plot of the maximum re-
sponses tacceleration, velocity of dispiscement) of a family of ideahzed single-degree-of-freedom
damped osciliators against aatural frequencies (or peniodst of the osaillutors to & specified vibratory
motion nput 2t thetr supports. Essentially it shows now structures (the oscillators) with a given level
of inherent damping but dilferent nutural (resonant) frequencies, would amphiy the mput motions of 3
postulated eanthquake. Damping values and naiural [requenties of structures depend upon their physical
properties and dimensions, and their determenation is snuther part of the seismic design process For
purposes of comparison. ‘D¢ response spectra generaily have been displayed 1n this proceeding as cal-
culated for 5% of enitical damping, but response specirs for oiher damping values huve been constructed
and will be spplicd as approprisie 1o the individua! siructures. See Hoilt, . Tr. 4339, av 4 App FOF,
2. n.3, quoting Pacific Gay and Ewecerx Co 1 Diabio Canvon Nuciear Power Plant, Units | and 2,
AL AB-644. 13 NRU 903, 924 0 40 (1981 ) Holt Eah §, a1 13
A sttong-menon instrument stalon usualy measures motians slong three arthogonal axes, (wo hori-
ontal and one vertical, Tr 4587 (Hol. The nonzontal components are those of greatest concern in
SeIM analysis and design pracice
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ogram sets taken during ten earthquakes that occurred within 25 km
tabout 15.5 nules) of the individual recording stations. Five of the earth-
quakes occurred in California and five in ltaly. 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 my,, = 5.3 = 0.5,* and founded 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 1s 4.9-5.5. Holt Exh. 5, at 6-10, and Table 2; Tr.
4583-85 (Hoit)

67. Mr Holt in several places attacked the Staff's requirement. as
expressed in the Tedesco letter, for using the 84th percentile level in
statisiically 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, ff. Tr. 4539, at 17-18, 20: Holt Exh. 3;
Holt Exh. 10, at 9-10.

68. One of the Staff’s principal reasons for requiring this particular
spectral level (84th percentile) was that it was the level used in construc-
ton of the generalized response spectra found in Regulatory Guide 1.60
and, therefore, was appropriately conservative. Additionally the Staff
pointed to the necessity of including records that account for uncertainty
in the source propeities 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, <t 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 effect 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 many 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.

®l The mmig magmiude was devised by Dr. Otto Nuuli for use in the centrai United States. In the
magnitude range around 3.0 10 55 i1 s approvimately equivalent to the Richter magnitude, My, devel-
oped for Califorma and aiso applicsble 1 Europe. Thus My values in Califorma and ltaly can be used as
equivalent 10 mwg values in (the central Unned States. See Tr 4691-95. 471113, 471823 (Kimball) for
chear and condise discussions of vanous carthquake magmitude relatonships
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69. A distinction of considerable importance in constructing site-
specific response spectra was drawn by the Staff's wilness between
“nearfield response spectrz” and response spectid that include some
nearfield records and are used to charactenze the SSE where the SSE is
identified with the tectonic province in which the site s located.
“Nearfield response spectra” (which are aiso site-specific) 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
10 occur near the site. as at Midland, 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 thie SSRS for the Mid-
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-specific spectra
for other central U S. sites. Tr. 4727-34, 4799.4806, 4813-17 (Kimball).
Tr. 4629-30. 4658 (lines 10-23), 4674-75, 4682-83 (Holv: also see col.
9 on Tabie 2 of Hoit 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 Midland site was justified on the basis that, out to
about 25 km from an earthquake source. the attenuation in all three
areas could be assuried to be roughly the same. Thus, if the other
parameters (magnituce and site conditions) are matched to those of the
plant site. source-to-s'¢ attenuation conditions do not significantly
affect the records out . « distance of about 25 km. Tr. 4380-83 (Holt):
Tr. 4691-95, 4803, 4803 (*.imball).

71. The SSE response spectra. or SSRS, as accepted here for the
Midland site are highe: than the modified Housner criginal design spec-
tra except that they hu e been constrained not to fall below. and to be
congruent with, the original spectra in the frequency range below | Hz.
In the high-frequency range between 3 Hz and 25 Hz (where the onginal
Housner spectra, “anchored™ at 0.12g. had not been raised. or modified,
at the CP stage). the SSE response spectrum (for 5% damping) <xceeds
the original design spectrum by 18% to 104%; that is. the SSRS is about
double the original design spectrum from 5 Hz out to about 15 Hz.»?

82 I footnote 157 10 its Proposed FOF . ¢ 77 the Applicant incorrectly reversed the meaning of its wit-
ness statemeni on the relationship between the twa specira While the question and answer may have
(Continued)
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The SSRS, or SSE response spectrum. is roughly equivalent to a Reguia-
tory Guide 1.60 standardized response spectrum anchored at 0.12¢g to
0.132. Kimbali, ff 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 (Hoit); Holt Exhs.
| and 2; Holt 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 convemence as Figures 2 and 3. supra pp. 66-67.

72, Appendix A to 10 C.F.R. Part 100, § V(a)(1)(iv), requires the
development of response spectra at each of the vanous 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 | 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; Hoit Exhs. !, 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 matenals and 30-foot thickness of the fill layer. placed on the
stiffer 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 ltaly. 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 similarites of their soil properties and layering to
those beneath .he Midland plant site areas with the soil fill layer. Ten of
the eighteen record sets taken at five sites had also been used in prepara-
tion of SSRS for the top of the natural soils. This overiap of sites and
records used in the two co.apilations was cited as “reflecting the flexibili-
ty in the station characteristics that must be allowed during the selection

sllowed this ambiguity (Tr. 3639401 11 15 clear from Mr Hoit s other 1estimony. ¢ ., Holt Exhs. 2 snd
4. that he was aware that the onginal design spectrum (“FSAR SSE acceleranons ') never exceeded
the SSRS by any amount in the frequency range specified (5 Hz = 02 second-peniod and 15 Hz =
(1067 second-period!
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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 1t continued to use the 1.5 times the DBE ("FSAR
SSE™) spectra in the actual remedial design work. The Applicant aiso
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 umes the
DBE as a design basis, the Applicant’s witness, Mr. Robert P. Kennedy,
testified that in parts of at least one structure or substructure not found-
ed on plant fill (the mussile shield in the main portion of the auxiliary
building) the SSRS responses were 1.7 times the DBE specira! respons-
es. bul that the SSRS responses would be used in the seismic reevalua-
tion of the mussile shield. Tr. 6002-03, 6029-32 (Kennedy). That \2eval-
uation, as part of the seismic margin review, would have been covsid-
ered in the later-scheduled OL portion of this proceeding, but i1s -0t
material to .ssues dealt with in this Decision. SSER # 2,§ 3.7.2.1. at 3-2

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 iis substitute use of 1.5 umes the DBE
(“FSAR SSE") response spectra in seismic design of the remedial struc-
tures. is reasonable and conservative.

D. Seismic Models and Soil Spring Constants

80. As provided in our May 5, 198] Prehearing Conference Order,
one of the issues considered in the soils hearings was the mathematical
modeis 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 Mechanics Associates, Inc. (*SMA”). testified on the
dynamic mathematcal 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 (“auxihary
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
modeis were reviewed by Dr. Kennedy and SMA. The BWST model was
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stiffness of the overall b 'ding system due to the fiexibility of the sup-
porting soil. and (3) cons.rvatively account for the radiation of energy
(associated with build..g 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 compiex 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 mode!s 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 ¢ way as to provide
high confidence that they will either accurately compute or conservative-
ly overpredict 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 n the mathemati-
cal modeling of soil-structure interaction, there is significant uncertainty
in the “softeming” effect of soil-structure interaction.” In order to cover
this uncertainty, the Applicant and its consultant were to have varied
the soil-structure interaction stiffnesses 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.%

85. Dr Paul Hadala of the Corps of Engineers evaluated for the
NRC Stwaff the methods used by the Applicant in calculating soil spring
constants and damping parameters for the auxiliary building, the SWPS,
and the BWSTs. Dr. Hadala used a different method of calculation than
did the Applicant. Dr. {iadala used field-measured seismic shear wave
velocities in the plant fill and in the glacial tll 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. His result was in close
agreement with the Applicant’s best-estimate soil properties. Dr. Hadala
testified 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

5 The “softening  effect is the effect of soil-structure interaction on the natural frequencies and mode
shapes of vibrauon of the structure

86 A5 we point out elsewhers in this Decision. suprg pp 70-71. the Applicant (through Bechtel) fatled
10 include the + S0 variation in soi modules in analyzing the auxiiary buiiding and SWPS. Dr. Ken-
nedy did include this vanation 1n his BWST analysis See msru Finding 88
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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 model. with additional
detail in the electrical penetration areas, which preserves the physical
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 nng foundation. The ring foundation must withstand the seismic-in-
duced forces in the tank shell. These forces are nearly totally due to the
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
forces induced by the water on the tank shell and thus aiso on the foun-
dation. Dr. Kennedy tesufied that it is best to model the impulsive
mode. the sloshing mode, and the vertical mode of fluid-structure inter-
action individually. The seismuc forces imposed upon the tank sheil and
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 model 15 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 foundauon 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 deternmination of seismic re-
sponse of the BWST.* For details on all of these models, see Kennedy,
ff. Tr. 5995, at 13-22, Figs. 2-12. Rinaldi/Matra, {f. Tr. 6129, at 3-5.

*" The foundation of the BWST Ras becn designed based upon the Bechtel dynamic mode!. The Bechte!
model prudicts higher loads on the foundation than 1he Kennedy modei by about 206 or a factor of 1.2
Because BWST foundation design lnads are based upon the higher Bechiel model. exira conservatism is
provided in the remedial work. Dr Kennedy s mode was 1o be used in the seismic margin review and
in checking of the forces on the tank tor the SSRS. Tr $991.94 »006-08 (Kennedy). Tr 6279.80
(Rinaidi)

88 Unlike Dr. Kennedy's mode!l, which considers the tank 1o be supportad by the soil ai the base point
of the wank, Bechtel s dvname mode! includes the foundation nng Dr. Kennedy explained that this is
one of the reasons why his model s betier and more accurate. Tr 5044-52, 6059-63 (Kennedy)
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Dr. Kennedy concluded that the dynamic models for the auxiliary buld-
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, a 19-22, Figs. 13-14,
Attachment B.

87. In addition to the review of soil spring constants and damping
parameters by Dr. Hadala, the NRC Stafl"s structural reviewer, Mr.
Frank Rinaldi, and its consultant Mr. John Matra 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. Kinaidi/Matra, ff. Tr. 6129, at 9. 11-14; Tr. 6131
(Hadala): Tr. 6131-34, 6258, 6266 (Rinaldi); Tr. 6134 (Matra). But see
Finding 88, m/fra. Following its review of the dynamic model for the
BWST. Mr. Rinaldi and Mr. Matra testified that the Applicant’s dynamic
analysis of the BWST was satisfactory. Rinaldi/Matra, ff. Te. 7837, at 3.

88. By Board Notfication BN 84-115, “Seismic and Structural
Design Departures from Licensing and Design Criteria — Midiand
Plant,” issued June 18, 1984, by the Stafl. the Board and parties were
advised of the Applicant’s discovery during"a design review that, in the
original seismic design, Category | 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 tesumony and evidence
which would be affected by the reported deficiencies (including testimo-
ny by Messrs. Rinaldi, Matra and Hadala). 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 10 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 also infra 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 deficiency.
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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 defining seismic design forces to be used in the
design of foundation remedial work, for conservatively estimating the
seismic-induced forces in these structures, 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-
thary 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 1s not sufficient to permit a determination
of whether the conservatism in caiculation of seismic loads provided by
use of the 1.5 x DBE (FSAR SSE) response spectra s sufficient to in-
¢lude 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, 8§ V(d) and VI{a).” Its potential oc-
currence at Midland gave rise, inter alia. to the permanent dewatering
system discussed m/ra 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 anc

¥ Liquetaction of loose. cohesioniess sands thet are saturated with water is o phenomenon that may
Oceur dunng strong carthyuake shaking that results in loss of shear sirength of the material During the
shaking, partal compaction may occur and the wewght of the overburden and any overlying structures, if
present. is transfesred (0 the pore water which cannot escape rapidly enough 1o dissipate the elevated
porewater pressures that result. Because the load. then. is borne largeiy or entirgly by the water, which
has no shear sirength. the sand-water Mintare behaves like a hguid Woods. 1T Tr 9748 41 3. 7 Woods.
I Tr 11,399, 41 23 on 4 related phenomenon, seismuc shakedown. in unsaturated loose sand
U The sdequacy of the setsmic evaluation at Midland. and of the capacity of various Stuciures 10 with-
stand liquefaction. was dealt with generally by Ms Stamuns Contentions 4 C snd 4 D (which are quoted
m full in findings on partcular st ‘wiures or dewatening. as well 4s in Appendix A} The oniy conention
which specitically mentioned igue: w*'on was Warren Comtention 2 B, which resds 45 follows
Given the tacts alieged 1n Contention 2 A lcnmermn; the adequucy of the permunent Jewaler-
my stem). und considenng also that the Saginaw Valley s built upon centunes of stht deposiis,
th.se Mighly permeable soils which underhie, in part. the diesel geaerator building and other
class | structures may be adversely aifected by increased water levels producing hquefacuon of
these sorls
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soils testing was the identificaton, in 1solated 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 auxihary
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 foundauon 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 fill 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. § 2.5.45.5 at 2-42 1o 2-43. Woods, T
Tr. 9745, at 7-14. Figs. L-3, L-4, L-3 (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. 38 and
103-04, and infra Finding 202.)

91. The Applicant and the Staff both conducted independent evalu-
ations of the liquefaction potential of the loose sands encountered
during the boring program. The US. Army Corps of Engineers, acting
as a consultant to the Staff, performec 1 study of soils liquefaction poten-
tial and the permanent dewatering system proposed by the Applicant to
eliminate liquefaction potential of loose 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 Staff’s testimony on soils liquefaction
was presented by Mr. Joseph Kane, a geotechnical engineer with the
NRC Staff. SSER # 2. § 25444 atp 2-35and § 2.5455, at 2-42 to
2-44, Woods, ff. Tr. 9745 Tr. 9782, er seq. (Kane).

92. In their analyses of hiquetl.ction 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 ¢ycle of peak motion would not

I The ares commitied 1o be dewaitered iniluded a smail portion of the northeast corner of the radwaste
building. The term RBA as used herein includes that corner of the radwaste buliding ( see SSER # 2.
Fig 24 atp 280
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be a concern. Both the earthquake magnitude used and the peak acceler-
auon 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, 1. Tr. 9745, at 2. SSER # 2, § 25455 &
2-43 and 2-44; Tr. 9749-52 (Woods).

93. Whether a specific sand body or layer will liquefy or not
depends upon several factors. First, the sand must be loosely
compacted. 1.e., relatively low in density. Second, the sand must be low
in cohesion, or cohesionless, 1.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-
80 partial compaction during strong earthquake shaking, resulting in set-
tlement (“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-
tion potential. Also, an increase in the effective confining pressure on a
sand body (as from a greater depth of occurrence) decreases its liquefac-
tion potential. * Manifestations of hiquefaction of foundation soils include
settlement and ulting 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. 11,549,
at 2-3. o

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
were. not regarded by the Applicant as significant threats to the integrity
of safety-related structures. Woods. f. Tr. 9745 at 11-13; Tr. 9747-48,
9753, 9761-62. 9765-66 (Woods). (With respect to borings used 10 eval-
uate the potential for liquefaction under the diesel fuel oil tanks (Tr.
9347-48 (Woods)), we are not making a1y (indings. as a result of the
discovery of information indicating those borings may be erroneous. See

"2 The Standard Penetration Test (SPT) is commonly employed when making borings (o estimute rela-
tive density and hquefaction potential of sois. The (est procedure consists of drising a standard sampling
tube into soil at the bottom of the hoie by dropping & “hammer” of speaified weight from a specified
height onto the dnill stem (0 which the sampler in the hole 1s aitached. The number of biows required Lo
dnive the sampler a4 specified distance s recorded. In general. a low blowcount indivates low relative
density and a high biquetaction potentiai in sand. In his evaluation here, De Woods' caleulations resulted
in a companson between the « sivu dlowcount and the predicied blowcount at which iquefaction wouid
not occur during a magnitude & carthquake. accounung for sample depth, relative density and gievation
of the water table. Curves were shown for (he cyclic stress ralio at which liquelacuon would not occur
(safety factor of | U, and for 4 safety fucror of | 510 that vatue Woods. ff Tr. 9745, a0 3.7
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supra pp. 38, 103-04, and infra 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, liquefaction has not occurred
in areas where there have not been several acres of liquefiable matenal
that is both in connection and fully saturated (Tr. 9769-72, corrected at
Tr. 11.550-51 (Woods)). On the other hand. Mr. Kane belheved that
liquefaction could be a problem in saturated sands in areas under | acre.
He indicated that. in the consideration of lateral restraint of a confined
pocket of sand, it 1s necessary 1o 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. Mr. Kane indicated further that
dewatering the sands to below elevation 6 0 feet would resolve the
Staff’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 vicinity 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 6l10-foot elevation, would become
saturated. According to the Staff, it has been demonstrated that the
water table. which would have 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 nonliquefiable material down to elevation 610 feet.
Woods, . Tr. 9745, at 12-13; SSER # 2. § 25445, at p. 2-36. Parnis,
ff. Tr. 9900, at B-3. Tr. 9902 (Paris).

96. The potenually liquetiable sands near the SWPS were not identi-
fied by the Applicant’s representatives durng a meeting held with the
NRC Staff on March 3, 1982, the 2urpose of which was to obtain Staff
approval of the Applicant’'s proposed site dewatering critena, including
limitation of ground water control to the areas near the DGB and RBA.
The Staff 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 March 3, 1982 meeting, the Staff requested that the Applicant
supply the NRC with cories of Bechtel's liquefaction analysis for soils
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above elevation 610 feet. CPC subsequently did so. The analyvsis showed
loose sand in the plant fill at locanons other than the RBA and DGB,
including that beneath the service 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 Maicn 12, 1982, Hood,
ff. Tr. 12,144, with attachments; Tr. 12.145-47 (Hood), Tr. 9785-86.
12,168-70 (Kane): Tr. 12.186-99 (Budzik); Tr. 9901-03 (Paris) Becuause
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 meeung is not material to
the technical aspects of liquefaction on which we are here ruling. The
extent, if any. to which testimony on the March 3. 1982 meeting bears
on management attitude was 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 aii 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 levei 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 Staff
reached the same conclusion based on its independent evaluation and
review. SSER # 2. § 2.54.5.5 at 2-43 10 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 eliminate the potential »r liguefaction
beneath the DGB and RBA. a permanent dewatering sysiem was 10 be
installed. Woods. ff. Tr. 9745, at 9. 13. Paris, . Tr. 9900, at 3-4, 39
This system was the subject of Stamiris Contention 4.D. which reads as
follows:

4. Consumers Power Company performed and proposed remedial actions regard-
ing soils setilement that are inadequate ss presented because
e 9
D Permanent dewatering
1) would change the water table, soil and sersmic charactenstics of the
dewatered site from thewr orgnally approved PSAR characteristics —
characteristics on which the satety and integrity of the plant were based.
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thereby necessitating & reevaluation of these characterisiics for atfected
Category | structures,

2) may cause an unacceptabie degree of further settlement in safety-related
structures due 1o the anticipated drawdown effect. .t

3) 1o the extent subject o failure of degradaton, would allow nadequate
tme in which 10 initiate shutdown, therehy neccssilaiing reassessment
of these umes

(1) Sufficiency of Permanent Dewatering System (Stamiris
Contention 4.D13))

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 Swaff. Other Staff witnesses. including
Mr. Kane and Mr. Darl S. Hood. the M:dland Project Manager, provided
additional testimony pertinent to the effects of dewatering upon plant
soils, and other aspects of the dewatering system. See generally Paris, fT.
Tr. 9900: Tr. 10,012, er seq. (Gonzales): SSER # 2, §% 2.4 6.2, 2463,
2.4.6.4; Tr. 10.013, er seq. (Hood): Tr. 9812-51 (Kane).

100. The perm:nent dewatering system was designed 10 maintain
the ground water table below 610-foot ¢clevation beneath the DGB and
RBA to eliminate or reduce the liguefaction potential of loose. noncohe-
sive sands present in the plant fill beneath those structures (see supra
Findings 97, Y8). Aithough the sysiem was not required to be designed
to Seismic Category | standards, it was designed to lower the water table
to elevation 5935 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 ailow
time to repair and restore the system. Pans, ff. Tr. 9900, at 4-5, 30-31;
SSER # 2.§246.2, at2-1, 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 siruc-
ture. from where the water would flow through natural sand just below
the plant fill. The sands in the plant fill are hydraulically connected 10

3 §umilar considerations were raised by Warren Contention 2A. which r2uds as follows
Because of the xnown seepage of water from the cooling pond into the fill sodls in the power
biock ares. permanent dewatening procedures being proposed by Consumers Power Company
are inadequate. particutarly o the event of increased waler seepuge. Nooding. Maiure of pumping
systems and power vutages Under these condiions, Consumers cannotl proviae reasonable
assurance that stated maumum ievels can be maintained.



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, § 2462, at 2-1.

102. The cooling pond and area of the power block to be dewatered
are fydraulically isolated from aquifers of the regional ground wuter 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 extend down (o 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 agui-
fer of a lower ground water system. located beneath the 133-foot-thick
natural clay layer, 1s under artesian pressure with a hydrostatic head
about equal to the water-table level ol 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, n-
dicating a lack of hydraulic connection between the upper and lower sys-
tems. The casings of these wells were sealed with grout to preveni 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 prevent-
ed by the artesian pressure in the lower aquifer. Thus the potential
sources of recharge of the ground water in the plant fill 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 ff. Tr. 9900, at 6-13; Tr. 9917-31, 9933-34, 9938.62
(Paris). Tr. 9835-37, 9841-43 (Kane); Tr. 10,017-20, 10,035-39, 10.043.
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 componenis of the permanent Jewatering
system. They are designed to lower the water table to clevation 598 feet.
and to intercept recharge from the cooling pond and from natural precip-
itation or pipe leakage. While it is anticipaied that only one line of inter-
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 arisc.

L Testimony was given that granular materials cxisted beneath the cutoff dike just west of the sdmimis-
tration buiiding, which permutied some intlow of water from (712 upper ground water sysiem 1o the plant
fili. However, because the degree of connection apparenth was slight and the di'Terence in head scinss
the dike would be only about J feet. even with dewatering. no significant influw from the upper systom
was considered likely Tr. 9546-48 (Kane). Tr 10.020-21. 10,035:39 tGonzales), Tr 1002224 (Hondi
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Paris. ff. Tr. 9900, at 13-16, 31-32: SSER # 2. § 2462, at 2-1 to0 2-5,
§2464, atp. 2-10.

104. Each of the pumping wells was equipped with a well screen/
sand filter pack to reduce the guantity of soil: fines removed from the
sand through which the ground water would flow. 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 10 be accepted
(cf. SSER # 2,§ 25444, atp 2-35) A lifeume limit of 1 cubic yard of
soils fines was to have been specified for each well. If the limit had been
reached during plant operation. thar well would have been shut down
and a new well would have been deveioped to replace it. Monthly tesung
to determine the quantity of fines being removed was 1o 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 welis would have been employed, if needed. to
remove encrusting minerals in order to prevent a decrease in dewatering
efficiency 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 tumer for cycling and a low-level cutoff switch to prevent pump
damage if unexpected low flow were to occur. Timer seitings were (o
have been determined on the basis of experience with the dewatering
system and were to have been adjusted periodically to meet the limitng
conditions of the operating technical specifications. 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 (o be provided to power the
interceptor wells. Paris, If. Tr. 9900, at 21-22. SSER # 2. § 2.4.6.4, at p.
2-10.

107. The first line of interceptor wells and the backup iine were o
be connected to different header lines so that if some problem developed
in the header of the first 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 flexible hoses to each
well, thus bypassing the header system enurely, 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 sufficient based on a pipe break scenario which postulates
damage Yo two dewatering wells (see Pans, 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 such a requirement, it pointed out that this kind of re-
quirement would not usually be a matter for technical specifications but,
rather, would generally be covered by other procedures that the Appli-
cant would maintain. Tr. 9979-80 (Paris); Tr. 10.102-03 (Hood). In
view of this approach, and in consideration of the water-level monitoring
requirements and the technical specification 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 significant 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 ol other wells to supplement, and check on, the recording
wells. Paris, fI. Tr. 9900, at 22-23. 37. FSAR Fig. 2.4-46 (attached):
SSER # 2. § 2464, at p. 2-7 (also 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 munimal 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. § 2463, 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 sufficient to prevent ground water from rising significantly
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above elevation 610 feer. While this 607-foot elevation would be just
slightly above the 606.5-foot elevation at which piant 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 flowed into
the ground, that plant personnel did not notice the diversion of this
water which normally would flow into the cooling pond, that the obser-
vation wells in the vicinity failed to alarm, and that all the water flowed
towards the DGB. Paris, ff. Tr. 9900, at 34. SSER # 2, § 2463, 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. However, there would have been an alarm if
the level in the condensate tank dropped below 175,000 gallons. At that
point another proposed technical specification 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 (Hood).

111. 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 (o 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
fill. The test was necessary to determine whether there would be suffi-
cient time in the event of total failure of the dewatering system to repair
or replace the system or safely shut dowrn the plant. At the time of the
recharge test, the cooling pond was full and the plant soils had been
dewatered to elevation 593 feet, or considerably below, except for isolat-
ed perched water the dranage of which was retarded by impervious soil
layers. All pumps were shut off 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 NGB,
in that time, to about 609-foot elevation (worked out to be about 32
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
that was not related to the test but which was accidentally ruptured
auring 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 5935- to 610-foot elevation beneath the RBA in the event of com-
plete failure of the dewatering system. The Staff esimated rates of water-
level rise from the last 2 weeks of the recharge test as being 0.35 ft/day
beneath the DGB and 041 ft/day beneath the RBA. SSER # 2.
§ 24.6.2, at 2-1 to 2-5; Pans, fT. Tr. 9900, at D1-D5. FSAR Fig. 2.4-58
(attached).

113. A permanent dewatering system technical specification was to
have been provided detailing the measures to idenufy 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 shightly 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 ftom 606.5 feet to 610
feet, the design base elevation to mitigate soil hquefaction. 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, §246.2, at 2-4t0 2-5,§ 2464, at 2-7 10 2-10; Pans, ff. Tr.
9900, at 37; Tr. 9831-32 (Hood).

(2) Effects of Dewatering on Soils (Stamiris Contentions 4.D(1)
and 4.D12))

114. In addition to eliminating or reducing the potential for soil
liquefaction, as discussed above, dewatering may have other cffects 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.

L Dewatening did not actually resume unnl ahout 4 weeks after the end of the recharge test Tr
9954-58 (Panis)
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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 of loose sands
related to their densification during earthquake shaking, and which
might cause setilement of overlying structures. While not & conse-
quence, strictly speaking, of dewatering, it is a lesser effect that must be
considered in lieu of higuefaction of the same sands. The potential for
seismic shakedown at the Midland site is governed by the same charac-
reristics of loose sand in the plant fill that caused concern for liquefaction
and engendered the need for dewatering (see supra Findings 90. 94,
98) Tr. 9212-16. 9814 (Kane). Woods, ff. Tr. 11,549 at 2-6: Hendron,
ff. Tr. 8586 at 25. C-10 1o C-12, Hendron, fT. Tr. 8675, at I, 4-8: Tr.
8638-19, 8676 (Hendron).

115. What impact the removal of soil fines would have had on plant
soils was not explored in the testimony because both the Applicant’s
and the Staff’s experts agreed that proper discharge-well filter-pack
design and construction would obviate the potential cause. The actual
tesis performed by pumping the dewatering wells and monitoring the
content of fines in the discharged water demonstrated that the quantity
of fines removed fell within the Staff"s acceptance criterion by a consid-
erable 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 fines. SSER # 2. § 2544, atp.
2.35. Tr. 9814-15, 9828-30 (Kane):. Paris, ff. Tr. 9990, at 18-19, 27
37-38

116, Dewatering would remove the effect 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 1o soil compression.™ Tr. 9816 (Kane). The elfects of the
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 setilement curve,
increased. During the recharge test, some soil rebound was correlated

o Suil compression refers (o the reduction in vertical height i 4 sodl due 10 loading Conschdation of
sonl 18 the nelastic portion that is not recovered upon removal of the load. Tr 20,588 (Kane) The
eftedt of dewatering on soil compreswon wouid nfluenve settlement of siructares founded on natural
soits as well as plant 61 For exampie. the long-term setdement of the containment burldings. founded
on natural sotis, was estimated at 13 and 2 4 inches, of which 0 6 inch was aitributabie 10 the dewaisring
load (SSER @ 2 3 23452 atp 2441
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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 settiements that would be
caused by dewatering, and the Staff was satisfied that they are adequately
included in the predicted settlements that were to be used in the struc-
wural analyses. Tr. 9816, 9818, 20,535-37, 20,543-45, 20,578 (Kane):
SSER # 2.4 25452, 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, 11 122-125 and 137
(DGB), 226-227 (Aux. Bidg.), 261-262 (SWPS), 294 (BWST), 335 (pip-
ing), 410 (duct barks).

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 potentially subject to hquefaction if
not dewatered. The Applicant analyzed the potential additional settle-
ment using conservative earthquake input, i.e., 0.19¢ peak acceleration
and 10 cycles of shearing strain reversal, applied to each known sand
body capable of affecting a safety-related structure. The seismically in-
duced settlement was derived by summing the potential shakedown for
each laver 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 buned utilities potentially affected. Dr. Woods estimated that
for an SSE of 0.12¢ (as accepied here for the Midland site, see supra
Finding 71) the shakedown settlement would be about 50% of that deter-
mined by him (Woods. T, Tr. 11.549, at 9). The Staff was in agreement
with the magmitude of the settiements 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 was 0.25 inch =0.15 inch
(Hendron. ff Tr. 8675, at 1. 8; Tr. 8682-83 (Hendron)) and about 4
inch or less for the other affected structures (Woods, ff. Tr. 11,549, at
6-9) See also Wiedner. ff. Tr. 10,790, at i8-19; Shunmugavel, ff. Tr.
11,997, Shunmugave!. ff. Tr. 12,016, at 5-6.

T While we d0 Aot Mere reach any conclusions on the scceptability of the DGB or s foundauon soils,
or on the predution o differential settiement between the man structure of ihe auxiliary building and
the conirol owe. . no unresoived controversy over dewatening effects at those structures exists “etween
the Applicant and Stailt Ms Stamirrs submitted no proposed findings with regard 1o the technical design
of the dewatering system
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1. AUXILIARY BUILDING AND FEEDWATER ISOLATION
VALVE PITS

118. Stamiris Contention 4.Cla) asserts.

Remedial soil setllement actions are not based on adeguate ¢valvation of dynamic
responses regarding dewatening effects. differenual soul sertlement, and seismic ef-
fecis for these structures
a  Auxiliary Buiiding Etectrical Penetration Aregas [EPAs] and Feedwater Iso-
lation Valve Pus [FIVPs]

Prehearing Conference Order, dated October 24, 1980, Appendix at 6-7,
as supplemented by Ms. Stamiris’ Answer 0 Applicant’s Interrogato-
ries, dated April 20, 1981.

119. The Applicant’s testimony on remedi. | measures for the auxili-
ary building and FIVPs was presented by a panel consisting of Mr.
Edmund M. Burke. Dr. W. Gene Corley, ur. James P. Gould, Mr.
Theodore E. Johnson. and Dr. Mete A. Sozen. Burke. et al. fI. Tr.
$509. The Applicant’s witness on seismic shakedown of sands in the
plant fill beneath the RBA, control tower. EPAs and FIVPs was Mr.
Palanichamy Shunmugavel Shunmugavel, I 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, er al, fl. 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 T, Tr. 12.080.

120. The auxihary building is a large, mainly renforced concrete
buiiding located between the containment buildings to the east and
west. and adjacent to the turbine building on the south. The main struc-
wre is founded on overconsolidated, hard lacustrine clay, a competent
natural soil. at elevation 362 feet, about 73 feet below plant grade. The
RBA projects northward about 28 feet and is founded on plant fill at ele-
vaton 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
exiend as wings about 90 feet to the east and to the west of the control
wower The control tower and EPAs are founded on plant fill at elevauon
609 feat, 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
respective 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 wei' as the FIVPs
all contain safety-related equipment and are required to be designed to
Seismic Category | standards. Burke, er al., If. Tr. 5509, ut 7-9, Figs.
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Aux-1 to Aux-5: Hood, er al., ff. Tr. 5839, at 4-6, 7-8. Shunmugavel, fT.
Tr. 11,997, at 2-3, Figs. 1. 2; SSER # 2, § 2.54.1.2, at 2-12, 2-13.
Tables 2.2, 2.3.

121. The Applicant undertook a soils exploration program in 1978
following discovery 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 remedial “fix.” subsequently aban-
doned, would have supported the extreme ends of each EPA by caissons
to control their differential settiement. Burke, er al, fI. Tr. 3509, at
10-11, Figs. Aux-6 to Aux-8; Hood, er al, ff. Tr. 5839, at 8-11. 13-14;
Tr. 5856-57 (Kane). Tr. $747-49 (Johnson). See also Stalf FOF. ¢ 215,

122. In its evaluation of the proposed plan for caisson support of the
extreme ends of the EPAs, the Staff determined that the plan did not ad-
equately address the loads it would add to the control tower at the cen-
ter. In the Staff"s view, the added loads likely would have caused over-
stressing of the plant fill supporting the control tower under some load-
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 362 feet and
571 feet, respectively. Hood, er al., IT. Tr.*3839, at 13-14. Rinaidi. ff. Tr.
$944, at 4 Burke, er al, ff. Tr 3509, at 1, Figs. Aux-23. Aux-38. Tr.
5873-78 (Singh). The proposed remedy for the FIVPs, ie.. removal of
supporting plant fill and replacement by competent nonliquefiable mate-
rial, was not changed. SSER # 2.§ 254 4.1, at p. 2-17; Burke. e ai. ff.
Tr. 5509, at 13-14, see infra Finding 144, re proposed remedial action
for the RBA.

123. The Staff"s 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 fill, encountered in one of the exploratory borings, also contributed
to the Staff"s concern over the adequacy of the plant fill beneath the con-
trol tower. While the measured differenual settlement of the south end
of the control tower had been slight (on the order of '4 inch between




July of 19787 and August of 1981), the Staff believed it was reasonabie
to expect that it might have been as much as 0.5 to | inch, or more.
since the beginnming 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,§25441, atp 2-17.§ 25452, at p. 2-40; Burke, er al., ff. Tr.
5509, at Fig. Aux-8-A; Hood. eral, ff. Tr. 5839, at 9.

124. The Appiicant, on the other hand, regarded the cracking in the
auxiliary building as primanly 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
However, 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
even structural significance. to be found in the cracking. Burke, er al, fT.
Tr. 5509, at 11-12, Figs. Aux-9 to Aux-21, Appendix A

125. As to the cause of the cracking in the auxiliary building. the
Staff was unwilling to accept a deternunation that all of the cracks
stemmed from shrinkage of the concrete. (See first conclusion, Burke.
et al., f. Tr. 5509, at A-15.) The Stall required an evaluation of the
effect of the cracks on the Seismic Category | structures supported fully
or partially by plant fili, 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
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 (o prevent
degradation of the structures during construction of the underpinnings
and during the operating lifeume of the plant if construction were to be
completed. SSER # 2, § 3.83.5, at 3-27 1o 3-29. Burke. er al. fT. Tr.
5509, at 11-12, Figs. Aux-9 to Aux-21, Appendix A.

" The Applicant stated that 3 Foundaton Data Survey Program was esiablished in May 1977 with the
attachment, at that ime. of & settlement marker 1o ome corner of the aunhary bukding (Burke, ¢ @/
. Tr. 5509, a1 10). Except for a generai reference 10 the FSAR and 0 asserted use of 1he ubsets stion.
the Board found no reference that provided or used the aciual elovation data from the marker in the gve
dentiary record (o App. FOF ® 216, Burke ¢ral i1 Tr 3509 4S80
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Thomas M. Novak of the NRC Staff (hereinafter “BN 83-174"); Modifi-
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 in 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 3, 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 [a thick
section of] 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 Midland plant. However, similar design
configurations have been accepted not only at the Midland plant (at the
construction permit stage) but at other plants; the configuration violates
no regulatory requirements and, if properly built, would be licensable.
Dr. Lindsman testified 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 settiement 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 potentiai safety problems to
which the cantilevered design might give rise would be adequately re-
solved for the Midland 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, 16,316-17, 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 te 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 FOF, ¥ 219, the Staff advised the Boar1 that the Applicant was plan-
ning to use lean concrete instead of sand to fill the 4-foot gap left by the
curving of rhe walls around each containment. The Applicant’s Reply
FOF, ¥ 219, 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 tewer 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 the 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 underpinning 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. er al., ff. Tr. 5509, at 12-13, Figs. Aux-22 to Aux-25.

131. The FIVPs were to be supported in a diffcrent 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 originai mat
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. /d. at 13-14, Figs. Aux-21, Aux-31:
SSER # 2,§ 25441, atp. 2-17.

132. In order to accomplish the underpinning of the control iowar
and EPAs and the removal and replacement of the soil backfill uncer
the FIVPs, access shalts were dug on the west and east ends of the at-
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 constructicn, constructing it and so on. Burke,
et al., ff. Tr. 5509, at 14-28, Figs. Aux-22 to Aux-26, Aux-30; SSER
#2.§2544.1,at2-17 10 2-23; see also Tr. 5532-72 (Burke).
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133. Because excavation under and alongside existing structures was
necessary to accomplish underpinning efforts. the construction proce-
dures to be used included measures tc 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 M) 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.
§532-72), and in the prepared testimony of the Burke panel, fT. Tr.
5509, av 14 28. See also SSER # 2, Appendix |.

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 (¢/. SSER # 2,§ 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 cutoff dike and the impermeable clay beneath the containment
buildings, was created in order to maintain relatively dry working
conditions. Burke, er al, ff. 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 cooiant 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 uulity b~¢s or ducts where they were crossed by the
freezewall. Seepage through the freezewall at these breaks was to have
been controlled by excavating and backfilling with impermeable mate-
rials and/or by temporary dewatering wells installed in their vicimty.
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Burke. er al, ff. Tr. 5509, at 16-18, 55, Fig. Aux-26: Tr. 3511-18
(Burke): SSER # 2. Appendix I at I-1 1o 1-2: 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 83-174 in regard to differential settiement 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, et al., fT.
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. Ail 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
deiermining settlement, an overconsolidated or precompressed clay will
have no “virgin" compression and the elastic moduius (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. Tae 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, et al., fT. Tr. 5839, at 15-16; Burke, er al., ff. Tr. 5509, at 50-31,
53-55. Table Aux-4; wee also Staff FOF, 1 219 (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 soil

167



before the control tower and EPAs were finally fixed to the underpin-
ning. After each increment of jacking, sets of steel plates and wedges
acjacent 1o the jacks were to be driven tight to prevent settlement of the
structure when jacking pressures were removed. The structural motions
were 1o be monitored to assure that excessive stresses were not devel-
oped in tne structure during the jacking process. Stresses in the piers
were to be monitored by imeans of Carison 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 hat primary
cempression (elastic recompression) of the supporting clay was attained,
and predicted future !ong-term settlements would be checked by ex-
trapolatior: ot the trend of the measured secondary settiements while the
jacks were still active Burke, er al, ff. Tr. 5509, at 22-34, 36-37, 53-55;
SSER # 2. § 25461, at 2-44 10 2-46, 2-48 10 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-11 by jacking to 50% of the maximum load
predicted throughout the operating life of the plant, unloading to 25%,
and then raising to 120% of the maximum predicted load. After comple-
tion of the test the load was lowered to the design jacking load (SSER
#2,§2546.1.2, atp 2-51). The pier load test did not produce expect-
ed results in that the Carlson - -ess meters on the pier indicated that the
load was not reaching the bcttom of the pier (Tr. 14,370-71, 14,664
(Landsman)). Also, settlement of pier W-11 during (or subsequent to)
the test was apparently more than predicted (Tr. 16,601-05 (Lands-
man)). As a result, the Applicant reevaluated the structure using an as-
suimed settlement of twice the originally calculated amount, equivalent
to an assumption of a soil medulus of one-half the originally estimated
value. The purpose of the reanalysis, according to the Applicant, “was
10 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
Finding 127). The Board notes that the Applicant’s assumption of a re-
duced elasticity modulus in its reanalysis was derived from an option
provided to it by the Staff following unsatisfactory completion of the
pier W-11 load test (Tr. 16,604-05 (Landsman)). The assumption of a
reduced soil modulus does not equate to a reduction of bearing capacity
by one-haif, as alleged in Ms. Stamiris’ FOF *13." item (1) at 5. See
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Burke, er al., ff. Tr. 3509, at 51-53, for a discussion of “ultimate bearing
capacity” and the determination of the “bearing capacity factor™ for the
clay;, and, id. at 53-53, 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, 38.3 and 3.8.5. Rinaldi, ff. Tr. 12,080, at 6-8;
SSER # 2, § 3.8.3.1, at 3-1C to 3-!1. Burke, er al., ff. Tr. 5509 at 46, Ap-
pendix B. See also supra Findings 19-79, for general background on seis-
mic issues. However, the seismic evaluation is subject to the resolution
nf 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 resuit 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 consuitant 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
loose sands in the fill to affect the performance of Category [ structures.
However, 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 eftects for the railroad bay and liquid rad-
waste areas and determined that, even in the event of an carthquake
with peak ground acceleration of 0.19g, settlement of no more than ap-
proximately 0.25 inch would occur. This amount of settiement would
not affect the integrity of the auxiliary building. Shunmugavel, ff. Tr.
11,997, at 3-7. Woods. fI. Tr. 11.547, 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 fiil soils only beneath the RBA portion of the auxiliary build-
ing. By lowering and mainiaining the ground water elevation in this area
to below elevation 610 feet, the Applicant’s permanent dewatering
system would eliminate concerns about soil liguefaction 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, IT.
Tr. 9745; see also supra Findings 90-93, 97 on soil 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
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 extensive instrumentation to monitor
any absolute or relative movement which might occur.® For a detailed
description of the instrumentation, places of installation and movements
measured. see Burke. er al, ff. Tr. 5509 at 29-34, Fig. Aux-36. SSER
#2.§2546.1, at 2-44 10 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 construction activities and all the measuring devices were in metal

 This memtoring ol structures dunng underpinning construction activites addressed concerns ex-

pressed by the Board 10 the effect that
(1} the system for detecung structure movement be rehable as well a8 accurate so that large data
gaps do not occur or nstruments get covered up with sand. (2) the plan for arresting structural
mavement. f it should occur. 15 adequate. and (3) there s suflicient ciearance between the tur-
bine building and the auxnbary building, after waking into account any settlement of the
buildings. so that the two buildings would not coliide during an earthquake

Te 712228
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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 significant data gaps would occur. Tr.
9404-05 (Krause): R. Cook., er al., ff. Tr. 11,391, at 3-4, Attach. 3, 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. 3521-26 (Burke): Tr. 9413-14 (Shunmugavel): Tr.
9549-30 (Shunmugavel. Boos. Burke).

147. The computer ook 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. 11391, at 3-4 Tr. 11,396-97
(Landsman): Tr. 9412 (Boos).

148. The Applicant and the NRC Suaff 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 whf
would constitute tolerable deflections. Once these were calculated and
the action levels were set, with the concurrence of the NRC Staff, haif
the action level would generally be used as the alert level. The action
levels for deflection of the auxiliary building are based on a very con-
servative analysis of what that structure could tolerate. R. Cook, er al,
ff. Tr. 11.391. Auach. 2 (Bechtel Specification C-200): SSER # 2,
§2.54.6.1.2, Table 2.7, at p. 2-45: 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 o°ds
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. 11,392 (Landsman), see also R.
Cock, etal., ft. Tr. 11,391, Autach. 2.

150. The Applicant 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 1o 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 controi 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).

1V. 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 | structure, located at the northwest bank of the return

172



leg of the cooling pond, adjacent to the circulating water intake structure
(CWIS) and the Seismic Category | 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 material left
a generally trianguiar (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, § 1.12.7, 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 sis
cant structural distress. A Foundation Data Survey Program was ¢sia.-
lished by the Applicant in May 1977 to monitor settiement of Seismic
Category 1 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
surveyv control points has shown that the SWPS has been' very stable,
with & . ximum north-south differential settlement of 0.25 inch. Settle-
ments predicted by the Applicant after completicn 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, er
al., ff. Tr. 9490, at 3-5; Tr. 9517-18 (Boos); SSER # 2. § 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 | 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 1estrained 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 10 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 1s 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 Stalf 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 (o 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, fT. Tr.
11.204. at 11-29 (crack mapping). 29-34 (crack significance), and 34-40
(crack monitoring): Tr. 9721 (Rinaldi): SSER # 2. § 2.54.4.1, at p.
2-23.§ 3.8.3.5, at 3-27 to 3-29: Corley. ff. 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 (o the sides ol 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-
wurbed glacial ull. But see infra Finding 138, In order to construct the un-
derpinning for the SWPS, an access cofferdem was to be constructed to
provide access for workers and equipment. [t 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. 10 efevation 618 feet to permut 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 access
cofferdam. Boos, er al., ff. Tr. 9490, at 6-9; SSER # 2, § 3.83.2 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, er al.. ff. Tr. 9490, at 8 and 10; SSER # 2, § 2.54.6.1.2, 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 possible loss of support under the base slab
caused by the underpinning operations and further to counteract any
loss of buoyancy force. After compietion of the first stage, the rest of
he piers would be constructed in a designatcd sequence. A typical pier
would be 3 feet long, 4 feet wide and 30 feet deep. The piers along the
north wall would be belled to 6 feet wide at the botiom. Shear keys and
reinforcement would be used so that the individual piers, though cast
separately, would form one continuous wall upon completion. Boos, er
al., fI. Tr. 9490, at 9-15 and Figs. SWP 11-13; SSER # 2, Fig. 2.9, at
2-27 10 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 tiil and therefore would provide an adequate foundation.
A lean concrete working mat was to be cast on (7p of the inspected and
accepted soil to ensure that it remained undisturbed throughout the cast-
ing of the pier. A load test of pier 1E 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 2'luvium
rather than the hard sandy clay fill.*' Boos, er ai., ff. Tr. 9450, at 11-13
and 29-32: Tr. 9545-47 (Burke); SSER # 2, § 2.54.6.1.2, 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:

C. Remedial soil settlement actions are not based on adequate evaiuation of
dynamic responses regarding dewatering effects. dilferential soil setilement
and seismic effects for these structures.

b. Service Water Intake Building [sicl and its Retaining Walls

Prehearing Conference Order, dated October 24, 1980, Appendix at 6-7,
as modified by Ms. Stamiris’ Answer to Applicant’s Interrogatories,
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 (CWI1S), which 1s nou safety-related.)

160. The Seismic Category | retainiag wall in the vicinity of the
SWPS is structurally isolated from the SWPS and would therefore not be
affected by the underpinning of the overhang portion of the SWPS. The
retaining wa!l was constructed 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 smail settiement to date and no compressible layers of soil

31 We were informed (App Reply FOF, ¢ 258) that the Applicant was giving consideration (o substitut-
ing a plate load test for the test fescnibed in SSER # 2 because of the poor experience with the pier load
test encountered at the suxdiary building. Since such a change. along with other possible last-minute
modifications. would have been subject 1o Stail approval under the Work Auchenzation Procedure. 11 is
not a factor n our formulation of this Partial Iniaal Decision See discussion at Tr. 14,379
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were found in the plant fill supporting one secuion of the retaining wall.
Therefore the foundation of the retaining wall was not part of the prob-
lem involving plant fill and it was determined that no remedial soils
measures were required. Tr. 9692-93, 9723-27 (Kanz2); Tr. 9726-27
(Hood).

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 Applicant 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 differential settlement by jacking loads onto the
underpinning until only secondary settlement remains. before final lock-
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 pradicted towl settlement in analyzing
the design of the underpinning for the SWPS. The Applicant assigned a
load factor of 1.4 fequivalent to the load factor for deadweight loads) to
differential settlement loads in accordance with the requirements of the
Standard Review Plar. The NRC Staif found the Appiicant’s calculations
1o 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, er al.,
ff. Tr. 9490, at 34-39:. Tr. 9690-91 (Kane); Tr. 9697-99 (Rinaldi): SSER
#2,§25452 atp. 2-41.

163. To implement the crack-monitoring and repair program refer-
enced supra in Finding 154, the Applicant nstailed instrumentation in
the underpinning itself and 12 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 resuli 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 Staff; 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, er al., ff. Tr.
9490, at 15-20; Tr. 9549-55, 9570-74, 9584-91 (Boos, Burke, Shunmuga-
vel): SSER # 2.§ 2.5.4.6.1.2, at 2-50 to 2-51 and § 3.8.3.5, at p. 3-29:
Tr. 9634-38, 9641 (Poulos); statement by Steptoe (Applicant’s counsel)
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 satisfied th~* the SWPS underpinning would be ade-
quate 0 meet design con”_..ons, including earthquake motions equal to
those of the SSRS. As part of the seismic margin review, the enure
SWES. existing portion plus underpinning, would have been evaluated
to determine whether the integrity of the structure would be affecied by
earthquake motions equal to those of the SSRS. Preliminary indications
were that the SWPS would withstand an SSRS garthquake without im-
pairing safety-related functions. SSER # 2, § 372, at 3-2 to 3-4,
§ 5.8.3.2, at 3-14 and 3-135; Tr. 6004 (Kennedy): Tr. 9568-69 (Shunmu- i
gavel): Tr. 9626-30, 9694-97, 9701, 9713-19 (Rinaldi). Boos, er al, fT.
Tr. 9490. 99 5.1 and 5.2, at 20 and 21, and ¢ 7.1.1.5, at 25 and 26 We
note. however, that the seismic model which was to have beeii 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 valies of the soil spring constants and
1s 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 seismic shakedown are not factors which
would aifect 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
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-
ble interactions between the SWPS and the CWIS but expected to reex-
amine this matter as part of the seismic margin review. SSER # 2,
§ 25455, 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 163, 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 conciudes
that the Seismic Category [ 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 Appiicant 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 the 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 ceoling 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 1 than for Unit 2) con-
nected to the southeast side of each BWST, to provide access 1o 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, ff. Tr. 7186, at § and
Fig. 1; Boos/Hanson, fT. Tr. 7173, at | and Figs. BWST-1 and BWST-2;
Hood, eral., . 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 lay.r of oiled sand separating the tank bottom
from the granular fill. There is a '2-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 10 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 1'4A-inch-diameter anchor bolts which attach the tank
to the ring foundation. Boos/Hanson, ff. Tr 7173, at 1-2; Kenne-
dy/Campbell, ff. Tr. 7345, at 2 and Autach. B, at 1-3; Tr. 7382-
84 (Kennedv): Tr. 7550 (Rinaldi); Tr. 7954-56 (Boos); SSER # 2.
§3.8.3.3 atp. 3-16.

170. Plant grade around the BWSTs is approximately at elevation
634 feet. From that elevation down to between 395 and 605 feet, the
foundation material is compacted backfill. Below elevation 595 10 603
feet, there are competent natural soils. An area of “less stifi”" or soft
backfill material occurs in the southwest side of the Unit | 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-
tlement of the DGB, additional exploratory programs were carried out
in the area of the BWSTs during 1978-79 and 1981, after compacted fiil
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 guestioned by Sta-
miris Contention 4.C(¢), which reads as follows:

4. Consumers Power Company performed and proposed remedial actions regard-
ing soils settlement that are nadequate as presented because:
.- . »
C. Remedial soil settlement actions are not based on adeguate evaluation of
dynamic responses regarding dewatering effects, differential soil settlement.
and seismic effects for these structures:

¢. Borated Water Storuge 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 %

82 Since the BWST vaive pits were subject 10 surcharging i.e . “pre-loading techniques '), Warren Con-
tention | apphes 10 the BWSTs It reads
The composition of the fill soil used to prepare the site of the Midland Plant — Units | and 2 1s
not of sutficient quality 10 assure that pre-loading techmiques have permanently corrected soil
seitiement problems, The NRC has indicated that random fill dirt was used for backlill The
components of random fill can inciude loose rock. broken concrete, sand. silt, ashes, etc. all of
which cannot be compacted through pre-loading procedures.
Warren Contention 2 B is also apphicabie to the BWSTs. it states
Given the facts alleged in Contention 2 A [concerning an allegedly inadequate dewatenng sys-
tem}, and considering also that the Saginaw Valley is buiit upon centunes of silt deposits. these
(Continued)
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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 uncoverad differential settiement between the valve pit
and the ring wall foundation. As a result. on January 22, 1981, the Ap-
plicant reported a deficiency 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 several locations in the foundation structure. Exam-
ination at the locations where overstresses were calculated revealed visi-
ble cracking in the foundations of both BWSTs — a maximum crack
width of 0.063 inch for Unit 1 and 0.035 inch for Unit 2 — at the junc-
ture of each ring wall and the valve pit structures. Boos/Hanson, fT. Tr.
7173, at 1, 3: Hood., er al., ff. Tr. 7444, at 9 and Attachs. 7-8.

174. The witnesses addressing the BWST probiem provided diver-
gent explanations for the cause of the BWST cracks. Mr. Alan J. Boos
and Dr. Robert D. Hanson, oa 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-
dations included the load of two smail tanks which were to be located on
the top slab of each valve pit; but that, wnen the tanks were relocated to
another area, the original design of the BWST foundations was not modi-
fied. During the proof load test, when each BWST was loaded with
water, the weight of the water was transferred 1o the soil through the
tank bottom and (partly) the ring foundations, causing greater settle-
ment beneath the tank bottom and ring foundatons 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 sufficient in itself to have produced a lesser degree of differen-
tial settlement. without regard to whether the smail tanks had been left
on the valve pits. Tr. 7260-63 (Boos).

175. Dr. Alfred J. Hendron, 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 permeable soils which underlic. in part, the diesel generator buliding and owher class |
structures may be adversely affected by the ncreased water levels producing fiquefaction of
these soils. The following will aiso be affected
1) borated water tanks .
Preheanng Conference Order, duted October 24, 1980, Appendix m1 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 reallv designed to take the distortions that
they would get from the valve 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 deficiency. SSER # 2,
§ 25443 at p. 2-34, Tr. 7449 (Hood); Tr. 7451 (Kane). A Staff witness
on this question, Mr. Joseph Kane, expiained 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 refied on an additional 1.1 inches of settlement of
Unit 1 whick 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 actually expe-
rienced by Unit 2. Tr. 7494-96. 7510-11 (Kane). see also SSER # 2.
§ 2.54.5.2, at p. 2-41 (including FSAR references). Although not ad-
vanced for this purpose, the recognition by Mr. 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 |.

177. Other Staff witnesses recognizad that, in addition to soils
problems, design probiems 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, theie were three causes of the cracking in
the ring wall. First, from the settlement patterns, he believas the soils
under the west end of BWST | had a pocket of softer material than
under the east side »f the tank or under BWST 2. C/. Findings 170, 176,
supra. The second cause was the design of the valve pits. which had low
bearing pressurcs and hence to some extent acted like a snowshoe on
snow and settled less than the rings. The resulting differental setilement
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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 setilement 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-
tlement on the foundation; (b} constructing reinforcing ring beams
around the periphery of the existing cracked beams, and (c) establishing
a program for releveling the Unit | BWST. The first phase was complet-
ed by February 1982. The surcharge process served (o consolidate the
fill beneath the valve pit. thereby reducing the residual differential set-
tlement over the 40-vear life of the plant. Further, 1t had the additional
effect of reducing ring wall distortion. A monitoring program was in
place to monitor foundation settiement. concrete cracks and strair in
the tanks during surchagge 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.. ff. Tr. 7444, at 13-18: Tr. 7447-49 (Singh), Rinaidi/Matra, . Tr.
7537, at 9; Tr. 7538-45 (Rinaldi); SSER # 2,§ 2.5.4.4.3, atp. 2-34.%

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 designed 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 Finding 181.
Shear connectors would transfer the shear force from ihe existing ring
wall to the newly constructed ring beam. Although the stiffness of the
existing ring wall was taken into account in the cesign of the remedial

83 After application of the surcharge, (he Applicant noted a S-mul crack 10 the valve pit wall which ex-
tended o the bottom of the roof slab of the valve pit. At the point Wwhere the crack touched the slab it
was only | or 2 mils. The Applicant was unadie 1o determine whether the crack occurred prior to, orasa
result of. the surcharge. Tr 7284-86 {Boos) However, since the crack underwent no change subsequent
to its discovery, and due to s small magnitude L was deemed by the Applicant to be ! no concarn Tr
7286-90 (Boos) NRC Stalf witness Dar! Hood felt therz was a “very high probabiiiy that the Stafl
would have concurred with that finding. However, given the fact that a commitment had been made by
the Applicant 1o inform the Statl of the propagauon of cracks reluted to surcharging. he felt the crack
should have been reporied 1o the Swtl Tr 7463-66 (Hood). und Hood. eral. fi. Tr. 7834, Attach. 10
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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 sieel 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 (Riraldi).

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 curve for each settlement marker. Basing settlement predictions
on the full-scaie 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. Finaily, the effect of soft soil under the south-
west quadrant of the Unit | 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 implicitiy takes
this area into account. Boos/Hanson, ff. Tr. 7173, at 4, 7, 15; Tr. 7212-
13, 7943-45 (Boos); Hood, eral., 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 swatic analyses of BWSTs. Although it was out-
side the scope of his prepared testimony. Dr. Hendron agreed with the
range of short-term modul: used in the seismic analyses of the BWST
foundations. Hendron, . Tr. 7186. Tr 7207-08 (Hendron): Tr. 7214
(Boos).

183. The NRC Swif and uts consultant, the Corps of Engineers,
reviewed and approved the settiement 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.. T. Tr. 7444, at 14-16; Rinaldi/Matra, [f. 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)
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whether Bechtel had used earthquake loads equal to 1.5 imes the FSAR
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 n SSER # 2, § 3.8.3.3, at 3-16
through 3-22. Final resolution of the third concern, as far as the Staff is
concerned, awaits compietion of a seismic margin review. However, the
Staff finds “strong evidence” that the ring beam design based on 1.5
times FSAR SSE loads will be acceptable to it. See Rinaldi, fT. Tr.
12,080, at 8.

184. Upon completion of the reinforced ring beam,* the Unit 1
BWST would be releveled. Releveling of the empty tank was to include
draining and venting the tank, mounting strain gages, raising ihe tank,
leveling the existing ring wall, releveling the oil-sand layer below the
bottom plate, installing asphalt-impregnated Cefotex underneath the
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
#2 §3833, at3-21 to 3-22.

185. The BWST tanks (as distinguished from the BWST founda-
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 1| BWST tank had been ex-
posed to more severe conditions and that verification of the integrity of
that tank would unquestionably venify 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

8 From documents recently provided us and the parties (whicn are not in the evidenuary record). it

appears that the ring beams were not completed at the time construction of the facility was suspended.
I&E Rept 8$4-25/26. Auvachment 2 1“Sois Demobilization™), enclosure to leter from R.F Warmick,
NRC, 10 CPC, dated Sepiember 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 ASME Boiler and Pressure
Vessel Code. § IIl. Nuclear Power Plant Components. subsec. NC.
1974, supplemented by ASME 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 mel. 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 critenia for an
ASME Code Class | plate-and-shell-type component support. A subse-
quent dye penetrant examination of the top plate welds verified that no
cracking was present. Careful visual inspections by Dr. Kennady and
Mr. Campbell did not indicate any visibie deformation to any bolt chairs.
Kennedy/Campbell, ff. Tr. 7345, at 3.* The other exception was that
local tank wall compressive 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. /d.
at 3-4 ¥ A visual examination of the tanks performed by Mr. Campbell
while they were under their most highly stressed conditions also verified
that no buckling was present. Thus, Dr. Kennedy and Mr. 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 | tank after releveling and the Unit 2 tank without releveling could
withstand the future differential settiement 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. /d. at 4; Tr. 7348, 7351, 743!-34 (Kennedy).

55 The ASME Code design rules do not specifically cover settiement-induced siresses. Therefore Dr
Kennedy and Mr Campbe!l followed what they considered 10 be the intent of the Code in using the
second level of stress in the Code | “service level C7) appiwcabie to plant emergency conditions of infre-
quent loading conditions. to assess the effect of settlement At this level the Code recognizes that some
permanent deformation is possibie but that the equipment will remain serviceable. Kennedy/Campbell
T Tr. 7343, a1 3. see atso Tr 7330-31, 7433.34 (Campoell. Kennedy

86 If there had been sgmificant buckling. it could easiiy have been obsersed wvisualy Tr "429.30
(K ennedy! LUltrasonic and x-ray nspection methods are not apphcable 1o this type of weld Tr 7430-3)
tCampbell!. see aiso Tr "568-69 (Rinaldi. Matra)

%7 The 2.46 buckling factor of safety was calculated by using 4 NASA-deve formuia documented
in NASA publication 8007, as opposed 1o the more conservative methods recommended by \SME
Code Using Code-recommended calculations. the BWST 15 9« under Service Level € allowable
siresses. However. Dr Kennedy testufied that the NASA formula s more appropriate lor the nonuni-
form avial loading of the BWST rhan the method recommended by the Code. which assumes uniform
axial compression Te "370-81 (Kennedy!
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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 aay unacceptable stresses on the tank
components. Rinaldi/Matra, ff. Tr. 7337, 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 10 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 effect 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/Hanson. ff. Tr. 7173, at 20-21 and Fig. BWST-2; Tr. 7562 (Rinal-
di). SSER # 2. § 383.3, at p. 3-22. The Applicant has committed to
providing a technical specification for long-term settiement 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.§ 25443, atp 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 effects on the BWSTs of dewatering, differential soil
settlement and seismic loads. the Applicant has now adequately analyzed
these effects in connection with its plans for the remedial surcharging of
the valve pits. construction of new ring beams, and releveling BWST-1,
measures which it has proposed and the Staff 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. Hendron and reviewed and approved by the NRC Staff and the
Corps of Engineers. The prediction is conservative because it takes no
credit for the effect of the water load test and of the surcharging of the
vaive pits. which w!! reduce future differential settlements. It is also
conservative because the BWST foundations. as modified by the new

S Mr Boos testified that in terms of developing a techmique for future monitoring of the concrete
foundation. the ared of interest was smail ¢nough that traditional opuical survey methods for determiming
displacements in the nng foundation would not suffice (0 detect the rotation of the concrete member.
which 15 4 reflection of the nduced bending momenis and stresses (Te 7176)



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 differential scitlement and able to withstand predicted future dif-
ferential settiements without exceeding normal operating-service-level
stresses.

190. In uts prediction of future differential settlement for the
BWSTs, the Applicant took into account possible dewatering effects.
Rinaldi/Matra, ff. Tr. 7537, at 12. Boos/Hanson, ff. Tr. 7173, at Fig.
BWST-8: Rinaldi, fT. Tr. 12,080, at 3.

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, ff. Tr. 7173, at 11-12;
SSER # 2, § 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 of its 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 siresses than the SSRS, which is equivalent to about 1.3
times the FSAR SSE. SSER # 2, § 3.7.2 at 3-2 10 3-3: Rinaldi, fT. Tr.
12,080, at 8. Tr. 6001-02, 7389 (Kennedy). In Finding 89, supra, the
Board notes its approval of the seismic model of the BWST developed
by Dr. Kennedy and accepted by the NRC Staff.

193.  Although in our May 35, 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 differenual settlement of the foundation and
the SSRS. The Staff 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 Swaff. Tr. 7395-99
(Kennedy); Rinaidi, ff. 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 that the soil under the BWSTs exhibited no potental 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 cecur. Woods, ff. Tr. 11,549,
at 3-6. The Applicant has shown and the Staff agrees tiiat the materials
underneath the BWSTs are not subject to liquefaction. Woods, ff. Tr.
9745, SSER # 2. § 2.54.5.5, 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 Staff is satisfied that liquefac-
tion 1s not a problem for the BWST structures. Tr. 9817. The Board
agrees.

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-
uon. pending submission by the Applicant and approval by the Stalff of a
technical specification governing such monitoring. Our reasonable assur-
ance finding is subject o the submission by the Appiicant and approval
oy the Stalf of an appropriate technical specification governing long-term
settlement monitoring, together with additional FSAR documentation,
as set forth in SSER # 2, § 25443, atp. 2-35.§ 25463, atp. 2-52.
and Table 2.8, at p. 2-33.¥ '

V1. DIESEL FUEL OIL TANKS

196. There are four Seismic Category | steel diesel fuel oil storage
tanks at the Midland Nuciear Power Plant site. They are located to the
southeast of the DGB and are bunied approximately 6 feet underground.

¥ These conclusions are also dispositise of Warren Contenuon 1. insofar as 1t relates o the BWSTs
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The function of the en.ergency diesel fuel system is to supply fuel to the
onsite diesel generators i case of loss of offsite power. Eight diesel fuel
oil lines provide fuel oil supp!” and return between the diesel generators
and the four buried diesel fuel oil storage tanks.

The diesei fuel oil storage tanks were designed and fabricated to the
requirements of ASME Code, § II1, Class 3 (1974). Their 3-foot-thick
concrete foundations. which rest predominantly on a supporting base of
medium stiff to medium dense sandy clay backfill material, were de-
signed and fabricated to the requirements of ASME Code. § IlI, Class 3
(1974) and aiso, ACI 318-71. The tiedown is designed to the AISC-
1971. The Staff has determined that the load combinations and accept-
ance criteria utilized by the Applicant in designing the four storage tanks
meet the Staff"s design requirements. Rinaldi/Matra, ff. Tr. 7537, at 10,
12, Attach. 4; Tr. 12,071-73 (Kane); Landers, er al, ff. Tr. 7619, at 5-7;
SER. § 1.12.10, at p. 1-25 (Staff Exh. 14).

197. Stamiris Contention 4.C(d), as amended, states as foilows:

4. Consumers Power Company performed and proposed remedial actions regard-
ing soifs settlement that are inadequate as presented because:
L B
C. Remedial soil settiement actions are not based on adequate evaluation of
dynamic responses regarding dewatering effects, differential 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 Ms. Stamiris’ Answer to Applicant’s Interrogato-
ries, dated April 20, 1981. In addition, one of the contentions of Ms.
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 Appiicant 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

9 Warren Contenuion 2. B(2) states
Given the facis alleged in Contention 2 A [concerning an allegedly imadequate dewatering sys-
tem). and considenng aiso that the Saginaw Valley 1s built upon centuries of silt deposits, these
highly permeable suids which underlie, in part, the diesel generator building and other class |
structures may be adversely affected by increased water |»vels producing liquefaction of these
soils. The following will also be atfecied:

2) diesel fuel o1l tanks
Pre vearing Conference Order dated October 24, 1980, Appendix 4t 9
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were isolated from the effects of the fill's initial settiement. In 1979, the
Applcant 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-
tified that the diesel fuel oil storage tanks will settle with the surrounding
soil, as will the connecting pipes. Thus, the differential settilement be-
tween the pipes and the tanks would be small, and the nozzle loads due
o settlement. insignificant. Rinaldi/Matra, ff. Tr. 7537, at 10: Rinaldi,
ff. Tr. 12,080, at 5-6: Landers, et 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
ihe four diesel fuel oil storage tanks. He stated that a total maximum set-
tlement of a half an inch was the largest settlement recorded for the
diese! fuel oil storage tanks. Following surcharging in 1979, the tanks ex-
perienced @ 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. settiement rebounded one-tenth of an inch, to a total set-
tlement of four-tenths of an inch. For the expected operating life of the
plant, additional settlement of approximately half an inch was estimated.
The NRC Staff, in recognizing and accepting the settlement values relat-
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- .
tals resulting from differential settlement, and there was no reason for
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, § 1.12.9, at p. 1-25. The
Siaff has recently raised questions, however, as to the continuing viabili-
1; of its earlier conclusions on the stability of soils beneath the diesel
fuel ol 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 anaivzed and cvaluated the effects of dewater-
ing. seismic events, and differential soil settlement on the diesel fuel oil
storage tanks. It analyzed and monitored the tanks for possible effects
caused by differential settlement of the soil supporting them. It found
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
information, and to the outcome of the seismic margin review, any
structural concerns regarding the fuel oil tanks which are represented in
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Stamiris Contention 4.C(d) are without merit. The effect of dewatering
on settiement of the tanks was taken into account. As stated supra In
Finding 199, following dewatering, the tanks reached @ maximum settie-
ment of half an inch. When the ground water table was allowed to
rebound to the full-scale recharge test, rebound settlement of one-tenth
of an inch occurred. The Staff found these settlement values acceptable.
Landers. er al, ff. 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 nofmal, 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
Staff’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-specific 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
there is a potental of shakedown settlement, exist in a number of site
locations. One boring performed in the diesel fuel oil storage tank area
revealed the existence of loose sand. Dr. Woods testified 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.
Tr. 12.080, at 6-8; Rinaldi/Matra, ff. Tr. 7537, at 10; Woods, ff. Tr.
11,549, at 7; Tr. 11.357-38 (Kane). However, information uncovered re-
cently casts doubi 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
tanks.

202. Dr. Woods also presented testimony regarding the potential for
liquefaction at the buried diesel fuel oil storage tanks. He explained that
during the initial liquefaction boring study, a loose sand pockel was dis-
covered in one of the borings close to the storage tanks. Using an carth-
quake producing a peak ground acceleration of 0.19¢ 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, fT. Tr.
9745, at 13-14, and Fig. L-3; Tr. 12,071-73 (Kane). However. the Bourd
has recently been advised that the logs of borings relied upon to establish
the conservatism of Dr. Woods' con:lusions were erroneous and that
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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 Ms. Stamiris’ 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.

VIl. UNDERGROUND PIPING

A. Introduction

204. Two of Ms. Stamiris’ OM 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
L
4) may adversely affect underlying piping, conduits or nearby structures:”’
- " s
{ . Remedial soil settlement actions are not based on adequate evaluation of
dynamic responses regarding dewatering effects. differential soil settlement,
and seismic effects for these structures
. . .

f. Related Underground Piping and Condun.*?

Prehearing Conference Order, dated October 24, 1980, Appendix at 5-6,
as supplemented by Ms. Stamiris’ Answer to Applicant’s Interrogato-
ries, dated April 20, 1981. In addition, one of the contentions of Ms.
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.*

¥ See infra Findings 293-305, for a discussion of the portions of Ms. Staminis’ contentions dealing with
underground conduit. We are not deuling in this decision with the effect of the DGB surcharge on
nearby siructures.
9 See supra note 91
93 That contention ( Number 3) states
Pre-oading procedures undertaken by Consumers Power have induced stresses on the diese!
generaung buiiding structure and have reduced the ability of this structure to perform its essen-
Continued)
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205. A concern for foundation stability of underground piping at the
Midland Plant arose because the piant 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, § 1.12.10, at p. 1-25 (Staff Exh. 14); Kane. ff. Tr. 7732, at
1-2.

206. There are two categorizations for underground piping sysiems
and components at the Midland facility: Seismic Category | and Non-
seismic Category I. SER, § 1.12.10, at 1-25 10 1-26. and § 39.3.1, 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 effects of the earthquake forces applicable
at the Midland site.* 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 | items are
reviewed 1o the extent necessary to assure that postulated faiiure$ would
not have an adverse impact on nearby Seismic Category | structures or
piping. SER. § 2.4.6.3, at 2-28 to 2-29; SSER # 2, § 2.4.6.5. al 2-5 10
2-6, and § 3.9.3.1.2, at p. 3-34; Tr. 3646-47, 3649 (Kane). Tr. 7825-26
(Hood).

B. Seismic Category I Underground Piping
(1) General

207. There are five types of buried Seismic Category | piping at the
Midiand Plant. ranging in size from 1 inch to 36 inches in diameter.
These types are (1) service water system (SWS) lines: (2) diesel fuel o1l

tial functions under that stress Those remedial actons that have been taken have priwduced
uneven settiement and caused Mordinale stress on the structure and arculaung water hines, fud!
onl lines, and electrical condut
Preheanng Conference Order. dated Octoner 24, 1980, Appendix at 9-10
94 We understand the Apphcant and Stalf 10 uithize the lerm “important (o safety” as it appears in 10
CF.R. Part 100. Appendix A. We are here using it simlarty but are expressing no ommoen us 10 e
exuct scope of such termmoiogy. See BN 84011, provided by the Staff to the Board and parties &
Memorandum dated Januars 18, 1984 sec also Tr 3646-47 (Kane) Sve alio note 12, supra ¢ $2
Fer a discussion of the earthquake forces spplicable to Seismic Category | tems, e supre Findings
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. Thesc larger-diame-
ter pipes are fabricated in nominal lengths ranging approximately from 4
to 40 feet, which are fitted together and welded. The welds are inspected
and hydrostatically tested to assure integrity. Landers, er al, ff. Tr.
7619, a1 7.

209. All of the underground Seismic Category | pipelines at the Mid-
land site rest on compacted backfill material. As a result of its discovery
of insufficiently compacted fill material at a number of onsite locations
and its investigation (in part through borings) of such fiil conditions, the
Applicant ascertained that the consistency of the fill at the location of
buried piping can vary considerably in a vertical du ction within a bor-
ing, and aiso laterally as evidenced by closely spaced borings. Settle-
ments of buried piping were primarily a result of fill 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 profiling of some of the buried pipes to establish pipe deflection
(settlement) profiles. The results of the profiling indicate that the pipe
invert elevations” have maximum deviations from A to 21 ifiches below
the originally intended elevations, with the majority in the range of 9-11
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. er al, fI. Tr. 7619, at 7-9, 13-14; SSER
# 25445 atp 2-35 and § 1.12.10, at p. 1-25; Tr. 7658 (Meisenhei-
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. However, lacking any profiles to verify post-installation locations, it
is not known how much of the deviation in invert elevations is due to
soil settiement alone. Although some of the deviation is likely the result
of fabrication and installation, the Applicant and NRC Staff conducted

9% As we understand i1, “invert glevauon refers (o the elevanon at the bottom of the pipe below the
pipe s central axis
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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
ihe 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 10 be carried
out. the Applicant must prepare as-built pipe profiles to verify the post-
installation locaiion 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 aiso 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. 9033, 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 lo-
cations are representative of the variable soil conditions encountered
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throughout the fill. SSER # 2. at p. 2.36. Landers, er al., ff. Tr. 7619,
at9.

713. 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 44 years of settlement data exist for these
anchors. As of the close of the record on underground piping. the plots
of settlement versus log-time for each of these anchors formed straight
lines which extrapolite to 2.0 to 2.5 inches of additioral settlement oc-
curring over the next 40 vears. 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 locauon, provided
only limited ioads are placed over the piping. This estimate includes al-
lowances for settlement due to both seismic shakedown and dewatering.
SSER # 2. § 25445, at p. 2-36. SER, § 1.12.10, at p. 1-25: Kane, fT.
Tr. 7752. at 6: Landers, er al.. ff. Tr. 7619, at 10: Shunmugavel, f. 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 of Serviceability

214. The various Seismic Category | underground pipes have been
reviewed by the Applicant and Stall 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 uming in which it was mitially
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 1o the
pipe coating, and backfiil 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 first 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 3.9.2 of the Standard Review Plan (SRP) defines 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,§ 39313, atp
3-35: Tr. 7811 (Chen). Tr. 7815 (Hood): Landers, et al., ff. Tr. 7619, at
23; see also 10 C.F.R.§ 50.55a(d)(2).

216. To augment the SRP and the ASME Code, the Applicant initial-
ly proposed a design criterion of 3§ (three times the allowable basic
material stresses at minimum (cold) temperature, in psi) for its evalua-
tion of the buried pipe. SSER # 2. § 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 di‘ferential settlement yielded stresses which in
some cases exceeded the 35, criterion. /bid.. Landers, er al., ff. Tr. 7619,
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
38, criterion, additional design criteria. remedial action and monitoring
to assure the safety and serviceability of the Seismic Category | under-
ground piping. SSER # 2, § 3.93.1.3, at p. 3-35; Chen/Hood, ff. Tr.
7762, at 8-9.

(i) Strength Criteria

217. These ciiteria are intended to provide assurance that the overall
cross-sections of piping are capable of resisiing 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 to0
3-36; Chen/Hood fT. Tr. 7762, at 7.

218. For settlement stresses only, the 3§, criterion is an acceptabie
strength criterion (SSER # 2, § 3.9.3.1.3, at p. 3-36). In cases where the
3§, criterion could not be satisfied. however, the Applicant and the
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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 (o the pro-
posed monitoring frequency. In particular. the Staff and the Applicant
considered and made provisions for adequate margins of safety for the
effects of settlement in conjunction with 1.5 x FSAR SSE ground
motion forces (i.e., using an input of 0.18¢ ground motion). The 1.5 x
FSAR response spectra envelopes the site-specific response spectra
(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 dvnamic seismic analysis based on the FSAR
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, fT. Tr. 8868, Tabie 4, Enclosure 2,
at Sheet 3, n.2). The Applicant was given permission (o supplement the
record to explain how the underground SWS piping to be installed meets
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
Dr. Paul Chen indicating concurrence with Dr. Thiruvengadam'’s
affidavit. (No other party has commented on either affidavit.)

220. In addition, overburden and vehicular load effects were assessed
relative to the margins of safety for existing Code criteria (SSER # 2,
§393.1.3, atp. 3-36).

221. The following strength criteria have been found acceptable by
the NRC Staff:

Criterion |: S, =38,

where S, = stresses due to differenual soil
settlement only.

In cases where Criterion | could not be sausfied, the following three
criteria must be met:

Criterion 2:  The 1otal ovality due to a 1.5 x FSAR SSE plus
soils settlement must be !ess than the maximum
allowable ovality permitted for the diameter-to-wall
thickness ratio of the pipe.



Criterion L SSL 2 So/b =13 Sh

where Sg; = stress due to sustained loads, as
defined in the ASME Code:

S, = stress due to overburden loads:
S, = basic material stress allowable at
operating temperature, in psi.

Criterion 4: S =1.8 5,

where Sg;  stress due to occasional loads, as
= defined in the ASME Code, but also
including bending or other stresses
due to traffic loads.

(iit) 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 - D )/D

max min

where D outside diameter of unovalized pipe

D,,, = maximum outside diameter of ovalized pipe

D,., = mimmum outside diameter of ovalized pipe
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/1) ratio of 69 and a factor of safety of 1.5. SSER # 2,
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§ 3.9.3.1.3, at 3-36 and 3-37. Chen/Hood, ff. Tr. 7762, at 7. see aiso
Landers. eral., ff. 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 strain-
to-ovality relationship was developed by the Applicant and approved by
the Staff. See Lewis, ff. Tr. 8868, at 3 and Fig. 1, see also SSER # 2,
§ 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 of less than 69, the permissible maximum ovality under
this relationship is actually greater than 4%. but the Applicant agreed to
the 4% limit. SSER # 2. § 3.9.3.1.3, atp. 3-37.

(iv) Miaimum 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 o. the plant. Tr. 7892 (Hood),
SSER # 2,§393.1.3, atp. 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
3-38.

226. In general, assurance that minimum rattlespace will be adequate
over the projected life of the plant was provided by the analytical
method et forth in § 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 infra Find-
ing 240). SSER # 2, § 3.93.1.3, atp. 3-38. -
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(b) Remedial Actions
(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
of ASME Code Class 3 SA-106 and SA-135 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 § 3.9.3.1.1, at p. 3-33.

228. Al of the 26- and 36-inch-diameter SWS piping at the Midland
plant (see supra Finding 22, was subjected to extensive profile and
pipe ovalization measurement programs in November 1981. Profile data
were obtained at 3-foot intervals along the pipe lengths and at welds,
and are accurate to 1/16 inch. These 1981 data. which supersede the pre-
viously obtained 1979 data, which were accurate only to 1/4 inch, were
furnished to the Staff in 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 | and 1.5%, with a maximum of 3%.
SSER # 2. § 3.93.1.1, at p. 3-33. see also Landers, eral., 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 instalied before the soils settlement problem
was recognized, and they were in place during the DGB surcharge pro-
gram. The lines were profiled in 1979, and the data indicated that they
were, on the average, 6 to 8 inches below their design elevation, with a
maximum deviation of up to 21 inches. SSER # 2.§ 39.3.1.1, at 3-33 10
3-34.

230. The two longest SWS lines that exhibited the greatest deviations
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 diameter verification has been conducted on 4-foot
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
#2.§393. 1.1, atp 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,

9 Sep SSER # 2.3 25445 Fig 211, for a diagram of the vanous SWS pipes
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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 of a fill replacement program to
resolve poteniial 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. fT. Tr. 8868. at 8. see also Enclosure 2 to Applicant’s letier dated
March 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. The 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 1.

233. The new fill material used in the reinstallation program to re-
place the potentially liquifiable fiil in the area north of the SWPS and
CWIS was 1o be a type of low-strength fly ash concrete similar to the
material known by the brand name “K-KRETE.” The properties of this
new {ill material would have been similar to those set forth in Table 3 to
the testimony of Applicant’s witness Donaild F. Lewis (ff. Tr. 8863).
These properties were to be verified by testing (id. at 11). This matenal
was 10 be placed to a level of | foot above the top of the pipe. SSER # 2,
§ 25445, atp. 2-36.

234 The existing 36-inch-diameter buried pipe would have been re-
placed with 36-inch-diameter welded ASME SA-672, Grade B-70. Class
20 pipe. The 0.625-inch nominal wail thickness would result in a D/t
ratio of 57.6. considerably and acceptably reducing the potential for local
buckling. SSER # 2,§ 3.9.3.1.3, at p. 3-38; Lews. . 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, 3§ 25445, at 2-36
o 2-37. % 393.1.3, at p. 3-39. Affidavit of Palanichamy Shunmugavel
on Ethafoam. dated August 2. 1983, at 8). By so doing, the Ethafoam
would minimize the effects of differential settiement,




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 contiguous 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,

¢. 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 excavauon is included in Table 5 10 the testimo-
ny of Applicant’s witness Donald F. Lewis. Lewis, iT. 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 not 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 limus 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
corosion coating, and then encased in compressible material where ap-
plicable. cew: ff. Tr. 8868, at 15

239. Al pipe would have been fabricated and installed in accordance
with design drawings and specifications and in accordance with the Work
Authornization Procedure established as a result of our April 30, 1982

97 Because of the Apphicant s need for the J6-inch pipe 1n meeting its startup test schedules, portions ol
this pipe mught have been replaced. and then temporanly backfilled for frost protestion. See Lews, T
Tr 8868, a1 i3
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Order, LBP-82-35, supra.” All material used to replace unsuitable fill
and to backfill the excavation was planned to be placed in accordance
with design drawings and specifications. 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 input. As indicated supra in Finding 219. even though the
FSAR SSE (0.12¢ 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, {f. Tr. 8868, at 12-14 and Table 4. Affidavit
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 | underground 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.

(i)  Diesel Fuel Oil Lines

241. The diesel fuel oil lines include four 1'2-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, eral, {f. Tr. 7619, at 5, 7.

242, These lines were imtially installed in June 1980, after comple-
tion of the DGB surcharge program. They were attached to umistrut 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 # 2.8 3.9.3.1.1, at p. 3-34.

9 Soe also Bird/Wheeler. T Tr 11,408 119
9 Bechiel computer program ME-101 is described in FSAR Y 3912
100 ASME Boiler and Pressure Vessel Code 3 11 (1980 Ed.. wih Addenda itrough Winter 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 43 ksi
for these lines under the 1977 ASME Code. Further, the pipes would
settle with the diesel fuel oil storage tanks, and thus the differential set
tlement between the pipes and tanks would be small. Landers, er al., ff.
Tr. 7619, at 11.

244. Subject to the outcome of a seismic margin review (see Finding
240), the Licensing Board finds that this flexible small-diameter pipe in
the diesel fuel lines could safely accommodate future plant fill settle-
ment, '

(1ii) Borated Water Piping

245. The borated water lines include four 18-inch pipes const, ‘ted
of ASME SA-358. Grade 304 stainless steel and installed in accordance
with ASME 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 § 3.9.3.1.1, at p.
3-34; Landers, eral, ff. Tr. 7619, at 3-6, 7.

246. Profile data obtained in 1979 and 1981 show that these lines are
below their design elevation by up to 2 inches, the maximum deviation
allowed for under the construction tolerances. However, with the ¢excep-
tion of the portions of the lines discussed below, the differential settle-
ment etfects for these lines have been evaluated, and the NRC Staff has
found the effects of past and projected future settlement to be accept-
able. SSER # 2. § 3.9.3.a.1. atp. 3-34.

247. The portions of the four |8-inch-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 refitted and recentered in the valve pit
penetrations. Stress analyses based on the profile data for these lines

101 By copy of a letter from the Staff 1o CPC, dated June 20, 1984, we v 're informed thut the Applicant
had sought. and the Stall had approved. the removal and replacement of at least some fand possidly alli
of the diese. fuel o1l lines. As long as procedures prescribed by LBP-82.35. supra. were followed. and as
long 13 SSRS criteria govern the analvsis of new piping. we find no obrection 10 this change of plans for
corrective action
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satisfy the 3S_ criterion accepted by the Staff. However, monitoring pro-
grams were (o be implemented at the ends of the piping 10 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 10 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 1-7/8 inches. SSER # 2.§ 3.9.3.1.4, at p. 3-40; Landers, er 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 ASME Code Class 3 carbon steel pipe and one l-inch ASME
stainless steel pipe. This system would supply overpressurization air (o
the main control room from two tanks buried to the east of the auxiliary
building, during postulated accidents such as releases of exazardous gases
from offsite storage areas. SSER # 2. § 3.93.1.1, at p. 3-34, and Table
3.1: Landers. et al., ff. Tr. 7619, at 6, 7. see also SSER # 2, § 2.6.44.5,
Fig. 2.11.

250. These lines were installed in 1981. after major fill settiements
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, § 3.9.3.1.1, at p. 3-34; Landers, er 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 | piping includes two I-
inch-diameter ASME 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 latest hearings on underground pipiug were
held). SSER # 2.3 39.3.1.1, at p. 3-34 and Table 3.1.

252. The majority of fill settlement would already have occurred
before these pipes were to be installed. The effects of diff_rential settle-
ment therefore should be negligible. SSER # 2, § 3.93.1.1, 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
pressurization lines.

(vi) The Monitoring Program

253. Effective monitoring of Seismic Category | 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 records 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-GAGE 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 of its 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, er al, ff
Tr. 7619, at 33; Tr. 7673 (Lewis). The strain gages would be located at
positions along the piping where the zreatest settlement, and hence the
most stress, would likely occur. The Applicant took the position that the
maximum differential settlement aiong the longitudinal axis of buried
piping would occur at anchor -points, and that the maximum critica! dif-
ferential settiement expected along buried piping would be the difference
between the future projected settiement 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 soil
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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 adjacent to high spots, as where conduit is located beneath the pipe.
Tr. 7765-66. 7864-65 (Chen). Since the Stafl 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, 9088-1
(Kane): SSER # 2, § 2.5.46.2, at p. 2-52, and § 3.9.3.1.3, at 3-39 to
3-40.

255. A curve derived theoretically would be used o determine the
equivalent strains for the allowable ovality and the actual ovality data
measured on the Midland 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 o an equivalent strain.
This equivalent strain value would then be subtracted from the aliowaole
strain to determine the future maxima for the strain monitoring stations.
Lewis, If. Tr. 8868, at 4 and Fig. 1. Tr. 7637 (Lewis).

256. Table | to the®™Lewis testimony shows the measured ovality,
corresponding meridional strain, and future allowable strain for all strain
monitoring stations on the buried Midland Seismic Category | piping. as
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 inflection points and critical buckling
zones. Each such station would include at least two gages, thus providing
redundancy. The strain gages would be mounted | pipe diameter apart
along the top line of each pipe. Lewss, ff. Tr. 8868, at 4. Fig. | and Table
1. Tr. 7736-37 (Lewis); Tr. 9023-25 (Kane, Chen).

257. The strain gages would be used, and would »e necessary,
throughout the life of the plant (as much as 40 years). Alihough the
gages represent the “state of the art” in such equipment. existing
records verify their effectiveness only for periods up to about 20 years.
Moreover. within the scope of such records, problems have been raised
concerning the reliability of those gages and the length of ime 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
relaxadon of the wire in the gages or movement of the anchors. For that

210



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 detaiis. see mfra Finding 263.) Tr. 7704-035, 7738-39 (Lewis);
Tr. 7763-64, 7880-82 (Kane).

VERTICAL SETTLEMENT MONITORING

258. Vertical settlement markers were added to various monitoring
stations to supplement the pipe strain gage measurements. These mark-
ers have been installed where loosely compacted soil may exist, based
on borings taken throughout the plaat site fill material, and where high
future differential settlement could potentially occur due to underlying
utilities. Figure 2 to the testimony of Mr. Lewis is a monitoring station
location diagram for both strain gage monitors and settlement markers.
Figure 3 to the Lewis testimony shov's a typical pipe settlement marker
which weuld be attached directly to the pipe. Lewis, ff. Tr. 8868, at 3,
and Figs. 2 and 3. SSER # 2, § 2.5.46.2, 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.

259. The vertical seitlement measurements were to be based upon
the initial installation survey of the markers. This survey would establish
an elevation datum. Subsequent surveys would be compared against this
datum to calculate the pipe movements. The differential vertical dis-
placement from the initial datum to the current survey measurement
would be used for comparison to the acceptance criterion discussed infra
in Finding 262. This acceprance criterion is based on the prediction of 3
inches of predicted maximum future settlement (supra Finding 213).
Lewis. IT. Tr. 8868. at §.

260. The vertical settlement markers measure the absolute pipe set-
tlement 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 mfra 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.
Ibid. The combination of strain gages and settlement markers at each
monitoring station, together with the foregoing alert-level reporting
requirement, would ensure that differenual settlement would be detected
and proper actions taken before stresses exceed the allowable limits.
Lewis, ft. Tr. 8868, at 5-6. Tr. 8869-72 (Lewis).
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STRAIN AND SETTLEMENT MONITORING FREQUENCY

261. The proposed measuring frequency for the monitoring stations
was the same for both strain gages and verucal settlement markers.
Monitoring would commence after the gages and markers were installed
and operational. The monitoring schedule that was proposed by the Ap-
plicant is as follows: :

1. At least once each 30 days during the first 6 months of unit operation. The fre-
quency will continue until observed settlement has stabilized at less than or
equal to 0.10 inches from the previous reading.

2. When observed settlement stabilizes as discussed in (1), above. the monitoring
frequency will decrease to at least once each 90 days during the first § years of
plant operation for all stations. After the fifth year. the Apphcant will file a
report with the NRC on the need to conunue monitoring of the fieid 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
yearly basis for the remaining plant operating life

4. In the event of an unusual event, the Applicant will immediately monitor all
stauons.

5. In the event of a reportable occurrence, the Applicant will increase monioring
frequency as is determined necéssary by the Applicant and the NRC.

Lewis, ff. Tr. 8868, at 6-7; Tr. 8873-75 (Lewis): SSER # 2, § 2.54.6.2,
at p. 2-52.

PROPOSED TECHNICAL SPECIFICATION ACCEPTANCE CRITERIA
AND ACTIONS

262. Under the Applicant's proposed technical specifications, if
either the future allowable strain specified in Table 1 to the Lewis tes-
timony or 75% of the 3-inch vertical set:lemient criterion were reached,
this would constitute a reportable occurrzace. Increased monitoring fre-
quency would thereafter be required, the NRC would be notified of the
occurrence and an engineering evaluation of the situation would be initi-
ated. Supplemental reports to the NRC would follow the initial notifica-
tion to describe the final resolution and actions. Such actions might in-
clude excavation of piping in the affected zone for visual examination
and possible replacement or sleeving. Strain gages determined to be
providing faulty data would be recalibrated or replaced within 90 days
during the first § years of monitoring. Lewis, . 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:

I. 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 resuiting 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 sunra Finding 262)
should be supplemented by extending it for the life of the
plant, on a schedule 1o be determined by the Staff.

3. The monitoring schedule proposed for the period of “plant”
operation does nnt appear to take into account any extended
period of time betwgen 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.

RATTLESPACE 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 mimimum 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 0.3-inch safety margin. The Applicant proposed
that the designated rattlespaces be monitored on a yearly basis for the
first § years of plant operation. and that a determination then be made
as to the necessity of continued monitoring Lewis, ff. Tr. 8868, at §:
App. FOF, ® 380, see also FSAR, § 16, at p. 3/4.13-18. On the other
hand, the Stafl believes that the question of exacily which pipes should
be monitored for rattlespace can be resolved as part of the Staff’s review
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of CPC’s proposed technical specifications (Staff FOF. ¥ 395) and the
Applicant offers no objection to this proposal”(App. Reply FOF. T 3935).
To the extent that the plants are to become operational, we will permit
the Applicant and Staff 1o resolve this matter in the manner suggested
by the Staff. In addition, with respect to the frequency of rattiespace
monitoring, the technical specification should provide for annual
monitoring throughout plant life. subject to modification after S years if
requested by the Applicant and approved by the Staff (subject to normal
requirements for effectuating a technical specification modification).

(vii) Laydown Loads and Safety-Grade Uulities

265. Load limits have been specified to prevent a surcharging effect
resulting from laydown loads of long-term slorage over buried safety-
grade piping and conduits. Exclusion zones would be used to designate
the affected safety-grade uulity and the maximum allowable loads and
time limits. The Applicant proposed technical specification 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, fT.
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), v express no opinion at this ume concerning
the adequacy of the proposed technical specification limits. Should plant
operation ever again be contsmplated, the precise technical specification
limits may be worked out by the Applicant and Staff during the Staff"s
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 lin 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-
tons 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 minimize ground water flowing into the areas
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where underpinning excavations for the control tower, electrical penetra-
tion areas, and the feedwater isolation valve 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 settiement. Details on backfilling the excavations at the
freezewall crossings would also have been provided by the Applicant.
SSER # 2,§ 25445, atp. 2-36.

(¢c) Corrosion

268. As indicated earlier (Findings 245 and 249). there are two
types of Seismic Category | underground piping which are composed of
stainless steel: the borated water lines and one of the control room
pressurization lines. The remainder of such 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:" 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 Staff's 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 service water and diesel fuel
lines was to be protecied 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

102 Samiris Exi 35 was admutted subject 1o the qualification that certan handwrnitien notes on the lace
of the document. which had not been authenticated. were not 10 be regarded as evidence | Tr 7836.37)
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for defects in the coating. Bechtel inspectors have determined that the
coatings are acceptable. SSER # 2. § 3.12.1. at p. 3-42 Tr. 8877,
8882-24 (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 field-
coated material. Both techniques are standard commercial practices for
protecting carbon steel piping from ground water attack. Field installa-
tion and backfill techniques were carefully specified to minimize damage
to the coatings. These procedures were also monitored by the Bechtel
quality assurance department. Contrary (o the claim of Ms. Stamiris. the
pipe wrapping materials would not be subject to degradation due to dif-
ferential settlement bending. inasmuch as they are inherently flexible
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. § 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 1o occur
following issuance of this Decision.'”

272. The entire Midland site was to be protected by a galvanic pro-
tection sysiem 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 protective coating of these .pipes, localized corrosion
would not occur. This galvanic protection system consists of an array of
buried electrodes charged from a central rectifier, as well as zinc 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 (Weéeks): Tr. 9222-34
(Woodby).

273. The galvanic protecdon system. as originally installed, included
approximately 120 buried :rodes. At the request of the site geotechnical
engineer, concrete was use - as backfill 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

10} Since both the Apphicant and Stall assert that we shouid give credit o this possibviity of checking of
the condition of the pipe wrappings. we are doing so but are directing that it be undertaker (o the ¢xtent
1t 18 sull foasidle (o 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 Ccok) ). Shouid 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 arodes 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 planred 10 abundon the concrete-encased anodes.
even though they had heen shown to operate properly. The Applicant
would have replaced them with anodes placed 1n a matenal called “coke
breeze.” a byproduct of burning coal which would allow for adequate
compaction and propei conuuctivity. Tr. 9226-27 (Woodby). Moreover,
the Applicant had been upgrading the galvanic protection system by in-
stalling about 150 new anodes in addition to the approximately 106 that
would conunue to bz in operation (Tr. 9223-27 (Woodby)).

275, The galvanic protection svsiem has been in operation since
November 1980. Readings wer: being taken from voltmeters located on
the rectifiers of the sysiem approximately every other day, and the
entire svstem was inspected twice monthly, Tr. 9160 (Weeks): 9230-31,
9254.55 (Woodby'i, Tr. 10 601 (Hood ' One potential concern about the
system. raised by NRC resident inspacior Roa Cook, was that it might
promoie corrosion. Dr. Waoeks opined that the polanity ol the DC current
in the system would ae ¢ to reverse to cause a corrosion problem (Tr.
9325 (Weeks) ) We aic not aware of a mechanism (and none 1s reflected
in the record) by waich such a reversal in polarity nught occur.

276. Leaching tesis on sand samples from the backfill used at the
Midland site have shoan only trace amounis of chlondes, and a pH
greatar than neutral ‘8.6 10 8 95, Thus combination should minimize the
extent of corrosion that mught occur should the galvanic protection
system or the pipe wrapprings not perform then job. Furthermore, corro-
sion effects on all underground piping at the Midland site wouid be mim-
mized by the operation of the sie dewatering system. This system, dis-
cussed supra at Findings 98-1 16, should keep ground water levels below
the elevation of th2 turied piping. Moreover, it is not anticipated that
any low-leve! radioactive waste contamination would lead te an increase
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in external corrosion to buried pipe at the site. See SSER # 2.8 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 flaws 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.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 ume. 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 iar
paper wrap, are inherently flexible and should not fail as a result of the
amount of strain that might occur in 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 flaws develop in the protective wrap, the galvanic pro-
tection system should prevent corrosion at such flaws. Therefore, assum-
ing the system remains operative, it 1s not anticipated that significant
localized corrosion of coated carbon steel piping would occur as a result
of soils settlement. SSER # 2. § 3.12.2, at p. 3-42. Tr. 8903 (Lewis). Tr.
9217 (Weeks).

279 Buried stainless steel piping at the Midland site 1s not coated on
the outside, but is protected from corrosion by the galvanic protection
system. Following the discovery, during construction, of piting in the
Nonseismic Category | 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 first, which was undertaken in 1979, the
Appiicant’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 uniikely that this pitting would have been caused by
interaction between the piping and the soil before the galvanic protection
system was activated. However, the consultant could not determine the
cause of the pitting but noted the lack of "' nown electrical sources’ in
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the vicinity of the corrojed pipe sections. Stamuris Exh. 36.
Subsequent'y, 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 grounding during field welding of other components at the
Midland site (Staminis Exh. 37). The Suwaff believes this to be a likely
explanation for the putting. 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 Staminis Exh. 37, at 2, with Stamiris Exh. 36, see also Tr. 9176
(Weeks). The different conclusions were atiributed by Dr. Weeks to dif-
ferent investigators (including the contribution to the second report of a
project engineer expert in corrosion matters) and to the discovery by the
authors of the 1981 report of poor field welding procedures which could
have given nise to the corrosion which was discovered. Tr. 9176. 9180
(Weeks). Stamiris Exh. 37, at 2, 7-10. Dr. Weeks also explained how
electrical current could have caused the corrosion invesugated in the
first report (Tr. 9434-35). We find Dr. Weeks' reconciliation of the two
reports 1o be credible. Further, Dr. Weeks utilized the two reports only
for their discussion of the soil chemustry and the pitting corrosion. He
also relied on other information in performing his review, and he
formed his own independent conclusions. Tr. 9165-66, 9173-74, 9352-
53. 9384-85 (Weeks). Moreover, the inspections of substantial portions
of the remaiming buried piping (which have been or were planned to be
undertaken) provide the best assurance of the adequacy of protection
against cxternal corrosion of the buried piping. Tr. 9386 (Weeks). Tr.
9212-14, 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 ol buried stainless steel piping 12 the BWST
lines were being excavated and examined to determine the condition of
the external surface of this piping. During the summer of 1982, all por-
tions of the line that could be readily excavated were examined. The
pipe came from the same area where at least one example of pituing had
previously been found. During this inspection, no piing was discov-
ered. In addition, portions of the condensate storage lines have already
been examined during the Applicant’s investigation. The Applicant and
the Stafl have concluded that this proposed inspection followed by re-
placement of any defective piping will ensure the integrity of these
systems. See SSER # 2, § 3.12.3, at p 3-43. Tr. 8879-81 (Lewis). Tr.
9435, 9442 (Weeks). The Applicant and the Stafl have also conciuded
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that the galvanic protection sysiem now 1n piace will help prevent any
future external corrosion of stainless steel piping. See SSER # 2.
§ 3.12.3. at p. 3-43. Tr. 9160, 9168-69 (Weeks). Were the system 1o
become moperative and plant construction were later resumed, addition-
al analysis of the corrosion of underground piping might be required.

C. Nonseismic Category | 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 (o liquefaction
at the site resulting from earthquakes equal to or smaller than the
SSE.'"™ At the Stafl"s request, the Applicant analyzed breaks in Nonseis-
mic Category | underground piping to determine the effects of such
breaks on the ability of the permanent dewatering system O maintain
water levels below elevation 610 feet in these areas. SER, § 2.4.6.3, at
2-28 and 2-29.

283. Several Nonseismic Categoiy | lines, called circulauing water
discharge lines (CWDL), are located to the east and west of the DGB,
about 18 fect below the DGB's continuous reinforced concrete footings
(SSER # 2.§ 25442 atp 2-24.§ 3834, 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 Nonseismic Category | underground pipe
near a critical structure!. See Paris, 1. Tr. 9900, at 34; Tr. 9938-43
(Paris): SFR. § 2463, 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-
matcally activate. Thereafter, operation of only one well would be suffi-
cient to prevent ground water from nising significantly above elevation
610 feet. However, 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 rnise significantly above this elevation as a result of a

I The potential for hquetacnon in areas (0 the north and west of the SWPS 15 being dealt with by re-
placement of loose sands in those arcas. See supra Findings %0, 93
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CWDL break. See SER. § 2463, at 2-28 to 2-29. Tr. 9938-43 (Pans).
See also discussion. supra Findings 110 and 112-113.

284. The Applicant also analyzed the Nonsessmic Category | conden-
sate storage lines (CSLs) for a postulated failure. These lines consist of
the two 20-inch-diameter supply lines and two b-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, § 2.4.6.3, at p. 2-29.'™

285. Prior to the placement of the DGB surcharge, the Applicant
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
consideration was given to severing both ends of the CSLs, but apparent-
lv that course of action was not carried out.) See, eg., Tr. 4199-4200
(Hood). As a result of its znalysis, the Applicant has concluded, and the
Staff 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 DGUB, the ground water
would not exceed elevation 610 feet even if the area dewatering wells
were not operational. See SER. § 2463, at p. 2-29; SSER # 2,
§ 2.4.6.3, atp. 2-5; see also discussion, supra Finding 110. -

286. The Applicant has also evaluated a postulated break in a
dewatering system header line. In this event, inflow 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 flexible header diversion hoses and backup interceptor wells
provides reasonable assurance that ground water levels will not nise
above elevation 610 feet. See SSER # 2.§ 2.46.3, 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 dewatering system has sufficient
capacity to remove the volume that would be introduced into the
ground water due 1o a rupture in this line. SSER # 2. § 2463, atp. 2-7;
Paris, 1. 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) waenufied a 10-foot

105 Spe SSER # 2. Fig. 2 11 for the location of the CSL, designated 207-THDC- 169, and the two CSTs.
Figure 2.11, however, is inaccurate in that 1t indicates only one oul of the four CSLs. Tr 9123
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length of 48-inch-diameter line extending from the SWPS which, at the
ume. was classified by the Apphant as Seismic Category | (see App.
FOF. € 324, a1 223 n 574). The Applicant later reclassified this portion
of the 48-inch-diameter line as Nonseismic Category |. The NRC Staff
concurred with the reclassification and agreed that falure of this 48-
irch-diameter line would not cause a loss of essential SWS cooling.
SSFR # 2.892 1. at9-1; seealsoid § 393.1.1, at 3-32 10 3-33

. Conclusions with Respect to Underground Piping

289 The Licensing Board concludes that, although adequate analyses
had not been completed at the ume of the submission of Stamiris Con-
weniton 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-
ivzed for adverse effects due to the preload, and (assuming resumption
of the project) conservative rattlespace monitoring requirements are to
be required. Some piping, such as the diesel fuel oil lines, was not n-
stalled until afrer 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 1o relieve stresses 1o
the pipes and to the DGB.

290. The Licensing Board similarly concludes that, aithough Stamiris
Contention No. 4 C(f) was to some extent meritorious at the tume of its
submission, the Apphicant has now adequately evaluated the effects of
differential settlement, dewatering:induced settlement and seismic set-
tement on buried piping. The Applicant and the NRC Stafl have pre-
«onted extensive testimony and numerous exhibits outiiming the reme-
dial actions and analyses whicn have been performed on the buried
piping with respect to soils settlement. Mpreover. the comprehensive
racnitoring 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 operztion, should settiement of Seismic Category I un-
derzround piping greater than predicted occur. the Applicant would be
required to report such setilement and take corrective action prior to the
point where settiement might affect the ability of that pipe to nerform its
intended function.

291 The Licensing Board further concludes that, under the programs
described by the Applicant and Stail, there 1s reasonabie assurance that
the underground piping at the Midland site would be adequately protect-
od from external corrosion This conclusion is specificaily subject (o the

222



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 corrective actions (including replacement, rebedding, reinsial-
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 | underground piping at the
Midland site would be able to perform its intended functions and wouid
not place undue risk on the public health and safety. Furthermore, there
is reasonable assurance that postulated failures in Nonseismic Category |
underground piping, were they to occur, would not adversely affect
nearby Seismic Category | structures or piping.

VIII. 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 sous settiement that are inadequate as presented because:
- s s
C. Remedia! soil settlement actions are not based on adeguate evaluaton of
dynamic responses regarding dewatering effects. differental soil settlement,
and seismic effects for these structures:

I Related Underground Piping and Conduit.

Prehearing Conference Order. dated October 24, 1980, Appendix at 5-6,
as supplemented by Ms. Stamiris’ Answer tv 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 | buried electricai duct banks at the Midland
Plant run under the turbine building from the auxiliary building to the
DGB and to the SWPS. Others run north from the auxihary building to
the borated water storage tanks and to the control room pressurization
tanks. A third group runs from the emergency ciesel fuel oil storage
tanks to the DGB. The duct banks are buried at depths from 3 to 40 feet
below grade levei. 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
compress.ve 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 partally
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 electri.al 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).

296. Based on the function of duct banks, Dr. Palanichamy Shunmu-
gavel, the Applicant's witness, deveioped conservative acceptance crite-
ria 10 overcome various problems — e.g., to avoid concentrated shear
deformation large enough to cut or damage the eiectrical 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 a!lowable longitudinal cable-pulling tension and maximum bend
radit were alse 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. He conciuded 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 4
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).

2908, Under construction conditions, the concrete duct banks are pro-
tected from nearby construction acuvity 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 becausc 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 effects of freezing. Monitoring pits
have also been installed. The portions of the ducts in the excavated pits
were 10 be encircled with 6-inch-thick polyethylene planks and backfiiled
with fly-ash cement and compacted soils. The Staff has identified 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, 1982
Order (LBP-82-35). That issue also is one of the QA/management atli-
tude issues which are not being dealt with in this Decision. See supra 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 banks would then have been evaluated and temporary sup-
ports placed under them. if necessary, during the excavaton process.
Shunmugavel, ff. Tr. 12,016, at 5. Tr. 12,034 (Shunmugavel); SSER
#2, §25445 atp. 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 possiblé laydown 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
infra 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. Skunmugavel’s evaluation indicate that there is
a potential problem with concentrated shear deformations caused by dif-
ferential interface settiements 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 hiquefiable 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 ume 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, Mr. Rinaldi
agreed that Ethafoam would retain enough insulating capacity. even
after dead and live loads are considered, because of its limited com-
pressibility 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 suppie-
menting the response elicited 1n 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 te Dr. Shun-
mugavel's testimony. Since neither the Staff nor Ms. Stamiris has object-
ed to this affidavit, through proposed findings or otherwise, we are treat-
ing it as ar integral part of the record on this topic. Shunmugavel, ff. Tr.
12.016, at 7-8; Tr. 12.017-19, 12,025-31 (Shunmugavel): Tr. 12.040-41,
12.046-47 (Rinaldi): Affidavit of Dr. Shunmugave! Concerning the Use
of Ethafoam at Midland, dated August 2. 1983 (transmitted to Board
and parties on August 8, 1983).

302. Finally, Dr. Shunmugave! conducted a seismic evauation of
the Category | electrical duct banks and conduits at the Midland site.
Seismic compression, shear and surface wave effects were included n
the evaluation. Using 1.3 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 uc-
certaave criteria for strain and concentrated shear deformations.

Seismic interactions between the buildings and duct banks could
oceur 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.ualuated these clearances using 1.3
x FSAR SSE and determined that there was no problem from such seis-
mic interaction at Midland. As noted previously, the acceptability cf
designs made on this basis for Seismic Category | structures is contingen:
on the satisfactory completion of a seismic margin review. Shunmuga-
vel. ff. Tr. 12,016, at 8-9; Tr. 12,017-18 (Shunmugavei): Tr. 7530,
7558, 12.130-31 (Rinaldi)

303. Four Seismic Category | duct banks 2nter the DGB from below.
For a period of time in 1978 due to the greater-than-anticipated settie-
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 Novembes 1978, Applicant eliminated this joad transfer by
increasing the clearances at the vertical joints between the duct banks
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and the footings. In May 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 | 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. Shunmugavei. ff. Tr.
12,016, at 8 and Appendix A; Tr. 12,021 (Shunmugavel); Tr. 12,109-10
(Rinaidi).

304. The NRC Staff expressed agreement with the Applicant’s analy-
sis of duct banks and conduits. Mr. 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 Midland site. In response to a Board
question, he cited a number of conservative aspects of this duct bank
design in support of the above Stalf 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 Contentienn 3, Mr. Rinaldi summarized testimony given in
February 1982 expressing satisfaction with plans for meeting initial Staff
concerns about elecrrical duct banks. subject to adequate documenta-
tion. : his docurientation has since been thoroughly audited by one of
the Staif’s consultants at the office of the CPC architect-engineer to
verify the previous conclusions. and was found to be acceptable.
Rinaldi, ff. 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) relaung to the remedial soils measures taken
or planned for Seismic Category I duct banks and conduit at the Midland
site. The Board finds reasonable assurance that they are capable of per-
forming their intended safety function over the projected lifetime of the
plant. This conclusion s 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
PERIMETER 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 would have provided cooling waler 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 ia 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 | reinforced concrete water pipes (“return
pipes”). Hendron, ff. Tr. 3940, at 6-7, Figs. | 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 | return pipes which drai 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
anu narallel to the slope of the baffle dike. On the northeast side, the

106 The Staff would have us icly 1 mire on 3ER 2 7 S8 1 thicugn 2367 (&t 2-47 10 2-51) in our evalu-
ation of the slope stability of the dikes. CPC objects, because of the lack of formal sponsorship of those
sections and the consequent lack of a proper opportumity for cross-examunation on their contents We
are noting these sections here since they are relevant and we find no area of conflict between them and
our record. However, we do not depend on them to any significant extent in making our findings See
Southern Califorma Edison Co. (San Onofre Nuciear Generatng Station, Units 2 and 3) ALAB-T17. 17
NRC 346, 365-68 (1983) J
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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
baffle 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 siity sand, topsoil
and suriicial silt. The elevation of the surface of the glacial till is not uni-
form and pockets or layers of gravel, sand. siit and clays may lie between
the glacial ull and the preconsolidated lacustrine clay and topsoil. The
presence of a layer of silty sand where glacial till had previously been as-
sumed was confirmed by borings taken by Woodward Clyde Consultants
(see infra Finding 312).

The topsoil and surficial silt were removed from beneath the ¢ntire
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 fill 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
iayers of gravel, riprap, topsoil and seeding. Hendron. ff. Tr. 3940, at
<3-15, 18, 22, Figs. 5 and 6: Singh, . Tr. 3488, at 5. Tr. 3496-97

Singh).

309. Ms. Stamiris” Contention 4. B, as amended, raises several safety-

related concerns, including one on cooling pond dikes. It states:

4 Consumers Power Company performed and proposed remedial actions regard-
ing souls settiement that are inadequate as presented because:
B. Slope stability of cooling pond dikes 1s not assured because they were built
with the same soils and procedures [as the soils foundation for the
DGY).”

197 The phrase “sur.¢ soils and presedures” refers 1o ftem A of Staminis Contention 4 that alleges sever-
al sorls and procedures prodlems at the diesel generatlor burlding
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Prehearing Conference Order dated October 24, 1980, Appendix at 5-b,
as supplemented by Ms. Stamiris” Answer 10 Applicant’s Interrogato-
ries, dated Apiil 20, 1981.

310. Safety-related concerns regarding the slope stability of the por-
tions of the baffle and perimeter dikes adjacent to the ECWR originally
arose due 1o 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 baffle and perimeter dikes which could impinge upon the opera-
tion of the return pipes and the ECWR. The Staff’s primary concern was
whether the soils materials in those portions of the cooling pond dikes
which could affect Seismic Category | 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 the Staff through the Army Corps of Lngineers. 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, analyzed them for a static factor of safety and
performed a .oseudo-slauc 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
(Hood): Hendron. ff. Tr. 3940, at 8-9, 17-18: Singh, fI. Tr. 3488, at 3-4.

311. The Army Corps of Engineers found CPC’s answer to be not
satisfactory 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 baffle 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 final 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 fill material placed in the baffle and perimeter dikes exceeds its
design parameters. Hendron. ff. Tr. 3940, at 9-10; Singh, ff. Tr. 3488, at
3-4.
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312. The boring sampies conducted by Woodward Clyde Consuitants
established the existence of a laver ol 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 cenclusion 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 Appiicant had
demonstrated that the shear strength of the layer of silty sand equals or
exceeds the parameters specified in the FSAR swbility analysis. Dr.
Alfred J. Hendron, a Professor at the University of lhinois, 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
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

Mr. Hari Singh. Staff witness from the Army Corps of Engineers,
stated that Dr. Hendron's testimony estabiishes that the shear strength
of the fine 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. Mr. 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 3. 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 baffle and perimeter dikes adjacent to the ECWR. Further, Dr.
Hendron evaluated the critical vield acceieration for these critical dike
slopes under seismic loadings. Dr. Hendron aiso evaluated the stability
of these critical dike slopes under the conditions of a rapid drawdown of
the cooling pond water level from an elevation of 627 1o 604 feet, in the
extreme event that the perimeter dike would fail at some other location
away from the ECWR. Mr. Singh testilied that Dr. Hendron's analyticai
approach was in accordance with the accepted Army Corps of Engineers’
manual and procedures.

Dr. Hendron's analyses evaluaied the critical sections of the baffle
and perimeter dikes and ussumed the steepest slope. The criiical 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.






that he had reviewed the urawdown 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.
Messrs. 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-
down of the cooling pond from the level of 627 feet. Hendron, ff. Tr.
3940, at 34-35, Tr. 1952-53 (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-
bawusee River raised 1o the level of 620 feet. However, these analyses
did not address the flooding levels associated with the Probable Maxi-
mum Flood (*PMF™) with the river level at 631 feet. This is an extreme
condition dependent on a coincidence of events in upstream retention
areas.

Although PMF questions are not related directly to the shear strength
and properties of dike materials, and hence are peripheral to the OM
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 PMF but that there might be concern
about erosion and the need (or rip-rap. Based on preliminary hydrological
information. the Staff consultant, Mr. Singh, expressed concern that a
PMF might breach the perimeter dike and thereby induce damage be-
cause of erosion. Staff witness Joseph Kane also noted that the outstand-
ing design quesiions concerned the dike's capability to prevent and with-
stand wave runup. Messrs. Singh. Hendron and Kane further indicated
that in their opinion the PMF 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 PMF was stll under study.

In November 1982, Staff witness Raymond Gonzales testified that,
based on stadies submitted by the Applicant, NRC was satisfied that any
PMF overtopping would be minor and would not impact on the cooling
pond dikes. To preciude possible dike damage by erosion. NRC would
require a suitable dike inspection and mainienance program. Tr
3962-63. 3966-69 (Hendron): Tr. 3575, 3639-40, 4117-21 (Singh): Tr.
2641-44, 3650-32. 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 | water retarn pipes to withstand
seismic action. However, CPC performed a dynamic seismic analysis
which confirmed the capability of these pipes to withstand current seis-
mic criteria.'” This affidavit indicated that, although iniually based on
the FSAR SSE (0.12g), the actual seisinic input used was conservatively
chosen so as 10 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 vield accelerations for the critical portions of the baffle 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 vould 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
baffle and perimeter dikes exceed design parameters and have 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 ail 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 1s reasonable assurance that the critical slopes of
the baffle 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 | water return pipes. This conclusion assumes the applicability
of a suitable dike inspection and maintenance program, as proposed by
the Staff (Finding 316, supra).

108 Sop Affidavit of Dr Thiruvengadam, Enclosure E 1o Letter of Februs 3. 1983 from P P Sieptoe
(Appiicant s counsel) 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 #xpress 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 Il 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 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,

URDERED: .

. The issues and contentions dealt with in this Decision are resoived
to the extent set forth in this Decision and subject ‘0 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 backfitting procedures in
the OL seismic review) is denied.

3. Requirements imposed by LBP-82-35 are continued in effect, 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
days for the Staff). The Board's ruling on CPC’s proposal that its current
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. §§ 2.760, 2.762, 2.764, 2.785, and
2.786, this Partial Imitial 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 appeal
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). Within
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 Staff). a
party who is not an appellant may fiie a brief in support of, or in oprusi-
tion to, any such appeal(s). A responding party shali file a single. respon-
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sive brief only, regardless of the number of appellants’ briefs filed. (See
10 C.F.R.§ 2.762 (1984).)

THE ATOMIC SAFETY AND
LICENSING BOARD

Frederick P. Cowan
ADMINISTRATIVE JUDGE

Jerry Harbou
ADMINISTRATIVE JUDGE

Charles Bechhoefer, Chairman
ADMINISTRATIVE JUDGE

[Appendices B and C have been omitted from this publication, but may
b> 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-
solved by this Decision).

I.  OM Contentions of Barbara Stamiris ifrom Appendix to Prehearing Conference
Order dated October 24, 1980. as modified by Stamirns Answers 0 Applicant’s
interrogatories, dated April 20. 1981 Contentions 6 and 7 from LBP-84-20, 19
NRC 1285, 1287 (1984)):

. Consumers Power Company statements and responses 1o NRC regarding
soil settiement issues reflect a less than complete and candid dedication to
providing informauon relevant 10 heaith and safety standards with respect
1o resolving the soil settiement 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 geclogic 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. § 30.54(f) requests (as set forth in part I 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.

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
demonstrated by:

a) the admission (in response to § 50.54(f) question #!| requesting iden-
tification of deficiencies which contributed 1o soil settlement problems)
that the FSAR was submitted early due to forecasted OL intervention,
before some of the material required 1o be included was available;

b) the choice of remedial actions being based in part on expediency, as
noted in Consumers Power Company consultant R.B. Peck's statement
of 8-10-79;

¢) 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 I, Dec.
78-Jan. 79],

d) conunued work on the diesel generator building while unresolved
safety issues existed, which preciuded thorough consideration of
Option 2 Removal and Replacement Plan; and

e) [withdrawn by letter dated June |. 1981)

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-
ance deficiency reflecting a managertal attitude inconsistent with implemen-
taton of Quality Assurance Regulations with respect to soil settiement
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 not.
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The Quality Assurance deficiencies regarding soil settlement include:

a) 10 CFR. Part 50, Appendix B, Critenia 1. V. X and XVI as set forth
in the Order of Modification,

b) 10 C.F.R. Part 50, Appendix B, addinonal criteria denoted by roman
numerais below:

VIL

X

XL

XIIL

XV

The Applicant has failed 1o assume responsibility for execu-
uon of the QA program through its failure to verify and
review FSAR statements (pp. 6-8 and »o. 21, Keppler
Report) and through its reliance on final test results not in
accordance with specified requirements (p. 16, Keppler
Report):

The QA program was not carried out according 10 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).

Contro! of purchased material has not been maintained, in
that examination and testing of backfill matenals did not
occur in accordance with regulations (NCR QF29, NCR
QF147),

Control of non-destructive testing was not accomplished
by qualified personael using qualified procedures regarding

a) moisture control (Keppler Report p. 14-16. QA Regquest
SD40, NCR QFS52, 172, 174 and 199).

b) compaction procedures (Kz=ppler Report, p. 9. NCR
QFS 68, 120 and 130): and

¢) plamt fill work (pp 24 and 25, Keppier Report).

Test program.~ did not incorporate requirements and accep-
tance limits adegquately in the areas referenced in a, b and
¢ above. and do not meet these requirements regarding
soil settiement remedial actions.

Measures were not adequately established to prevent
damage or deterioration of material regarding frost effects
on compacted fill (pp. 16 and 17, Keppler Report).

Measures were not taken to control non-conforming mate-
rial in order to prevent the inadverient use (NCR QF29
and QF127).

¢) the settlement of the Admimistration Building in 1977 should have
setved as a gnality indicator. preventing the same inadequate proce-
dures from occurring m the 1978 construction of the diesel genera-
tor building causing s eventual settiement.
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4. Consumers Power Company performed . .d proposed remedial actions
regarding soils settlement that are inadequate as presented because:

A. Preloading of the diesel generator building

)

2)

3)

4)

5

does not change the composition of the improper soils to
meet the onginal PSAR specifications;

does not preclude an unacceptable degree of further dif-
ferential settlement of diese! generator building;

does not allow proper evaluation of compaction procedures
because of unknown locations of cohesionless soil pockets:

may adversely affect underlying piping, conduits or nearby
structures. and

yields effects not scientitically isolated from the effects of a
rise in cooling water and therefore not measured prope-ly;

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:

e
£

Auxiliary Building Electrical Penetration Areas and Feedwa-
ier Isolation Vaive Pits

Service Water Intake Building [sic] and its Retaining Wails
Borated Water Storage Tanks

Diesel Fuel Oil Storage Tanks

Diesel Generan.or Buiiding

Related Underground Piping and Conduit.

D. Permanent dewatering

b

3)

would change the water able, soil and seismic characteris-
tics of the dewatered site from their originally approved
PSAR characieristics — characteristics on which the safety
and integrity of the plant were based, thereby necessitating
a reevaluation of these characteristics for affected Category
I structures:

may cause an unacceplable degree of further settlement in
safety-related structures due to the anticipated drawdown
effect.

to the extent subject to failure or degradation, would
allow inadequate time in which to initiate shutdown, there-
by necessitating reassessment of these times,



5,

Therefore, uniess all the issues set forth in this contention are ade-
quately resolved. the licensee acuons in question should not be con-
sidered an acceptable remediation of soil settlement problems

[withdrawn by letter dated June 1, 1981]

6. Consumers misrepresented its tume 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 ininal Dow complaint against
CPC, dated July 14, 1983]

Consumers used and relied on US. Testing test resulis 10 fulfili NRC
regulatory requirements while knowing that these test results were
invalid. See par. 24, 35 (of ininal Dow complaint].

II. OL Contention 24 of Mary Sinclair (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 stability 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 CFR
§§ 50.57(a)(3)m and 50.57(2)(6) cannot be made

OL Contention 2 of Wendell H. Marshall (from supplemental statement of con-
tentions dated October 31. 1978, as clarified by Special Prehearing Conference
Order dated February 26. 1979, at 21):

Present geological conditions, according 1o newspaper accounts, Is causing
the settling of the [diesell generator building at the Nuclear Power Plant
sie.

OM Contentions of Sharon K. Warren (from Appendix to Prehearing Conference
Order dated October 24, 1980)

The composition of the fill soil used to prepare the site of the Miuland Plant
— Units 1 and 2 is not of sufficient quality to assure that pre-loading tech-
niques have permanently corrected soil settlement problems. The NRC has
indicated that random fill dirt was used for backfill. The components of
random fill can include loose rock, broken concrete. sand. silt, ashes, et
all of which cannot be compacted through pre-loading procedures

A. Because of the known seepage of water from the cooling pond into the
fill soils in the power block area. permanent dewatering procedures
being proposed by Consumers Power Company are inadequate, partic-
ularly in the event of increased water seepage, flooding, failure of
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pumping systems and power outages. Undaer these conditions, Consum-
€rs cannot provide reasonable assurance that “tated maximum levels
can he maintained.

B Given ihe facts alieged in Contention 2.A. ard considering also that
the Saginaw Vailey i1s built upon centuries of sili deposits, these highly
permeable soils which underlie. in part. the diesel generator building
and other class | structures may be adversely atfected by increased
water levels producing higuefaction of these soils. The following will
1l50 be affected:

1) borated water tanks

2)  diesel fuel oil tanks.

3. Pre-loadin® procedures undertaken by Consumers Powsr have induced
stresses on the diesel generating building structure and have reduced the
ability of thrs 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 struciure and circulating water
lines, fuel oil lines, and electrical conduit.
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Cite as 21 NRC 244 (1985) LBP-85-3

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 23, 1985

Licensing Board rules on pe:itions for reconsideration and clarification
of its Memorandum and Order ruling on the admissibility of contentions
(LBP-84-42, 20 NRC 1296'. in response to Staff’s motion, Licensing
Board rules that Kerr-McGee'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 Staff"s obligation to sup-
plement the record on NEPA issues springs from the People’s conten-
tion rather than Kerr-McGee's. that Staff must circulate a supplemental
impact statement to accomplish this supplementation, and that the
Board will not refer its ruling admitting Kerr-McGee's contention (o 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 ~onsideration of the denial of another
subcontention which seeks to reg = 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
denied without stating reasons for the denial. These reas ns must indi-
cate why the application does not comply with the statute and regulations
under which it is filed. SEC v. Chenery Corp., 318 US. 80, 94; 87 L. Ed.
626, 636 (1943). Commonwealth Edison Co. (Byron Nuclear Power
Station, Units | and 2), ALAB-770, 19 NRC 1163 (1984). 5 US.C.
§ 555(e). I0C.FR.§2.103(b).

NEPA: RECIRTCULATION OF AN ENVIRONMENTAL
IMPACT STATEMENT

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 RULING

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 | and 2).
ALAB-687, 16 NRC 460, 464 (1982}, revd on other grounds, CL1-83-19.
17 NRC 1041 (1983).

MEMORANDUM AND ORDER

(Ruling on Motions 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 llinois' seek relief with respect to those
rulings. Staff moved for reconsideration, clarification or referral to the

| The Peopie and the Illinoss Deparntment of Nuclear Safety have intervened in this proceeding
Heremnafier they are collectively referred 1o as “the Peopie
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Finally, it should be pointed out that even if Kerr-McGee had itself applied for an
amendment autho:zing 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 will likely remain there forever (FES at 1-8). In hight of this acknowledg-
ment, the hearing requirement of Sec. 189 would be violated if the hearing were
limited to snort-te’ m issues

For all these reasons, whatever theoretical questions the Staff’s mot:on may raise,
in practical 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-
posal of 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 Staff"s 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 de'ermination.

Staff respor”« 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 merorialized in the Commission’s June 7, 1983, notice
of opportunity for hearing.® Staff notes that it stated in the FES that it
had selected Alternative Il as the preferred alternative and that that ai-
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 “[ul..* r Alternative IIl, the decision on
ultimate disposal of the radioactive wastes would be deferred.” In Part

348 Fed. Reg. 26.381
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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 ciearly presented for the first time
and Kerr-McGee moved to protect its interest in obtaining approval.
These are not circumstances which give rise to a waiver of Kerr-McGee's
right to contest a Staff denial of its application.

Moreover, the People’s contentions broaght Kerr-McGee'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 and AG-2 would require that Contention KM-i be
accepted.”

For the foregoing reasons, we deny Staff"s 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 KM-1 requires that permanent disposal
of these tailings be considered now. Staff then states that we did not find
the FES inacequate to support Alternative Ill. although it notes that our
“decision could be read as finding the FES inadequate to support Alter-
native Il with regard to serial segmentation and the nee for a cost-
benefit analysis.”* Staff goes on to assert its right to con’.aue to support
Alternative 111 and defend its “denial” of Kerr-McGee's application,
and states:

Accordingly, the Staff does not bear the primary burden of demonstrating in this
proceeding. the suitability of the West Chicago site for permanent disposal. Similar-
ly. the Stafl has no burden of demonstrating the superionty of any alternative dis-
posaj site. The primary evidentiary burden on the acceptability of an alternative for
licensing 1s on the advocate of the alternative.”

Staff then concludes this portion ol its request for clarification with
the assertion that, if Kerr-McGee wishes to trigger a new Staff review of
its proposal, it should file a new application, which would permit Staff 1o
recover the cost of that review in license fees.

" Because of this result, we need not address Stafl’s argument that an appiicant which has waived i1s
right 1o request a hearing may not file contentions which are outside the scope of those filed by an inter-
vening party

8 S1aff"s Motion at 8 n.2

% 1d a1 89
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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. [t 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 alternative 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 Scaff"s interpretation of its 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 | and 2), ALAB-373, 10 NRC 778, 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 Staft counsel of October 30, 1984.° In that letter they take
the following positions with respect to Contention AG-1:

10 That letter 15 attached to Stalf"s motion
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Staff is thus similarly incorrect in its assumption that we did not find
the FES inadequate to suppert Alternative 1. We specifically found that
Alternative Il was but one step toward the goal of permanent disposal
and that the FES strongly indicated that once Alternative lII were imple-
mented. Staff would approve permanent onsite disposal.'' Consequent-
lv. 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-McGee's proposal. We did require Staff to take
4 position on that proposal. By admitting Contention KM-1, we required
Staff 10 take a position under UMTRCA and by our ruling on Contention
AG-1. we required Staff to perform an environmental review of Kerr-
McGee's proposal.

Nevertheless. we are compelled to observe that Staff is legally free 1o
pursue Alternative 111 if it wishes, although we can perceive no practical
reason for doing so.'” We have held that Kerr-McGee'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-McGee's proposal is acceptable, there
appears o us 1o be no practical reason for it to continue to support Alter-
native I Should Staff conclude that Kerr-McGee's proposal i1s unac-
ceptable. perhaps Alternative 11l might assume slightly more practicali-
ty. However, even in that situation, we do not believe it 1o 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 1s 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 aguifer™ and that airborne emissions are not
excessive:' " and

LBP-S4-42, supra. 20 NRC a1 1316
< in answer 10 our Guers as 10 which reasons cast o contnue 10 advogate Alernative i permanent
Lsposal must be considered now under NEPAL Stui! responded on Junuary 3 by indicating that, in high
W oal the circumstances, Statl considers Alternanve U a prudent course

Sev LBP-34-32 supra. 20 NRC 41 1309
HRES. v I8 20 mp -0
"FES, Tuble 5.5, atp. 3-28
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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 111, 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-
erlv challenged. That is the course which we have followed here. By ad-
mitting Contentions KM-1 and AG-l., 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 of its ac-
tions when they are, as here, properly challenged under procedures es-
tablished by the Commussion. The fact that our rulings require additional
Staff effort does not impinge on Staff’s independence.

Siaff"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 first, how much sup-
plementation of the FES is necessary, and second, whether that supple-
mentation may be done in tesimony or whether a supplemental impact
statement is necessary.'* 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. However, 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 10 note that. while we cannot direct Siaff in precisely how 1t goes about its business, 1 would
appear useful, as a practical matter. for Staff 10 underiake s supplementation of this FES only after
Stafl has determined whether it will approve Kerr-McGee's proposel under UMTRCA . Shouid Staff
make an adverse determmnation. is NEPA review. to the extent it 15 not duplicauve of the UMTRCA
review. would be meamngless. Should Staif elect to support Kerr-McGee under UMTRCA, anc. should
that view not prevarl at hearing, Staff’s NEPA review would simidarly be meamingiess. We recogmize
that there is a great deal of overlap to S1aff's NEPA and UMTRCA reviews, so that any addional work
10 accomplish ithe NEPA review may be small once the UMTRCA review s compiete. Nonetheless. a
NEPA review 1s meamingless f Kerr-McGee 's 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 bznefit 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.'” we 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. [bid.; 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 Peopie 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
Peopie. The fact that we have held that NEPA demands that permanent
uiisite disposal be considered now dictates this resuit. This omission
alone 1s of sufficient magnitude to require circulation of a supplemental
impact statement prior to hearing. Appeal Boards have noted that if an
FES disregards broad areas of environmental impact or fails to apprise
the public of the nature of the propose 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-373, 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-
latton of a supplemental statement or recirculation of an amended FES
in order o advise the public of the nature of the proposal and 1s expect-
ed consequences.

Referral to an Appeal Beard

P
Swiff requests that. in the event we order it to supplement 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

" We realfirm our conclusion in LBP-84-42 that Swaif may. in the absence of some demonstrated
reason net 1o, rely on imormation generated by Apphicants. Public Servke Co. of New Hompshire
{Seabrook Station. Units | and 20, CLI-77-8, § NRC §73, 524.25 119773, 10 C F R §% 5145 (b) and
¢ and SLow
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Board. Staff asserts that if it must engage ‘n such supplementation, the
deley 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 Qut that this expense could not be recov-
ered from Kerr-McGee'* 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-McGee's tailings. Staff concludes by
arguing that our ruling will infringe on its exercise of its independent re-
sponsibilities.

Both Kerr-McGee and the People oppose a referral. Kerr-McGee cor-
rectly points out that, to the extent Staff must supplement the FES.
referral of our ruling on Contention KM-1 would in no way alleviate
Staff*s problems. Further, Kerr-McGee anticipates that such supplemen-
tation need not be extensive and ar’.cipates being called on to assist in
the effort. Moreover, Kerr-McGee argues that Staff’s obligations to sup-
plement 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 illegai segmentation and that it is that finding
which results in the necessity for suppiementation 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-
McGee's application. We part company with Staff in its thinking that a
referral of our ruling on Contention KM-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-McGee 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.

' In response 10 our Inquiry on this peint, Stalf indicated that Kere-McGee pad the full tes applicabie
4l the time 1is application was submitted and that Commussion policy forpids the retroaciive ssscasment
of the currently apphicable tees. The present fees are based on the cost of processing an applicav.on and
were adopted after submission of Kerr-McGee's applicaiion

19 Duke Power Co. 'Catawba Nuclear Station. Umits | and 2). ALAB-687. 16 NRC 460, 464 (1982)
rev d i part on other grounds, CLI-83-19, 17 NRC 1041 (1983
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It is also unfortunate that Staff may not biil Kerr-McGee 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 UMTRCA and NEPA.

Finally, we note that Staff's obligations under NEPA would in no way
be affected by interlecutory review of the admission of Contention
KM-1. To that extent, Statf’s request for referral could not alleviate its
problems. Nor do our rulings infringe on Staff"s independent responsibil-
ities. Both Kerr-McGee and the People have challenged Staff’s 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 chalienges and deny to Kerr-McGee and the People that which the
Commission has granted them. We have no authority to take that action.

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 wi'h Contention AG-1(g). On the first of these, [llinois ground
water standards, the People state:

This contention alleges that the FES fails to consider applicable federal, state, and
local polices, including lllinois’" groundwater protection standards. In its ruling on
*his contention, the Board states:
We admuitted 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 finding that we are competent to enforce
them. The applicability of these requiremients is the subject of litigation in the
courts of Hlinois. Thus, the first condition has not vet been satisfied
Board decision, pp. 48-9, n.84. To the extent that the Board has held that applicabili-
ty of State laws govermng nonradiological hazards remains an open question. the
People respectively disagree.

Unfortunately, the People have quoted our ruling on Contention
AG-2(g). We admitted Contention AG-1(g) as filed after eliminating its
references to Part 61. Consequently this portion of the motion is denied.

Kerr-McGee and the People are engaged in a continuing debate with
regarc to the applicability of the lllinois ground water standards.*® Much

30 See Kerr-McGee's Response of December 13. 1984, 4t 10-14, People’s Reply 10 Kerr-McGee's Re-
sponse of January 4, 1985 a4t -3
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of this debate centers on the question of Federal preemption of the Iili-
nois standards. Both Kerr-McGee and the People cite various Federa!
and lllinois court decisions in support of their preemption arguments.

Our ruling on Contention AG-2(g) quoted by the Peopie’' was based
on the assumption that the People are seeking to enforce the lliinois
ground water standards in People of the Siate of Hlinois v. Kerr-McGee
Chemical Corp., No. 80 CH 298 (18th Judicial Circuit of Illinots), and
that Kerr-McGee was resisting. Thus unless that litigation is resolved
favorably to the People, the ground water standards will not be applicable
to Kerr-McGee. We will discuss this matter with the paties in more
detail at the next prehearing conference. In the interim. we would ap-
preciate Kerr-McGee and the People providing us with copies of the
complaint, answer, and Memorandum of Opinion dated March 21,
1984, in the above case.

Kerr-McGee notes that we have not been consistent in our rulings on
Contentions AG-1(g) and -2(g). That is correct. AG-1(g) asserts that
the Staff must consider the [llinois ground water standards in its environ-
mental review. That contention was admitted because, regaidiess of
iheir applicability to Kerr-McGee, Staff must indeed touch on these
standards even if it simply pauses to note that they are not aoplicable
(should that turn out to be the case). AG-2(g), on the other hand.
states Kerr-McGee must demonstrate that its disposal cell -1’ not vio-
late these ground water standards. In our view, such a demons ration
should not be required if the standards are nol applicable. Hence. this
contention was treated differently.

e noted in LBP-84-422? that Kerr-McGee and the People had agreed
that this contention should be interpreted to require Kerr-McGee 10
show that it had complied with these requirements fassuming they are
applicable) prior to license authorization. Staff points out that this may
not be necessary.’’ 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-
bie 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

1 LBP-84-42, 20 NRC at 1325 n 84
22 nd
23 Staff"s November 20. 1984 Response to the People s Monon at 2
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and that Appendix A to Part 40 expresses the same policies. Conse-
quen 7, the People believe that the Staff should consider Part 61 in the
FES. Kerr-McGee 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 1o sider it in the FES This is not to say, however, that Part 61
might n urnish some indication of the Commission’s intent should
that inter ot be explicitly set out in Part 40. All parties remain free to
look to Purt 61 (and any other relevant material) in attempting to
reconcile ambiguities in Part 40,

Kerr-McGee correctly poinis 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 conceraing alternaie sites, the rationale for rejecting offsite
disposal, and long-term environmental impucts. Because we had admit-
ted contentions on all these points, we rejected Contention AG-1(h) as
redundant.

The People argue that, because a supplemental impact statement must
be circulated, Staff should respond to these comments and they point
out that, by adopting Alternative IIl. Staff postponed a close ana'ysis of
these points. Kerr-McGee 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 Staff's fail-
ure o consider permanent onsite disposal requires that a supplemental
‘mpact statement be circulated. Staff should respond to the comments in

question along with its response to the comments on the supplemental
impact statement

SUMMARY

For the convenience of the purties, we summarize our rulings below.
1. Staff's motion for reconsideration of the admission of Contention
KM-1 is denied because:
(a) Staff did not deny Kerr-McGee's application; and
(b) Contention KM-1 is within the scope of the matters raised by
Contentions AG-1 and -2,
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Order

In consideration of the foregoing, it is. this 23rd day of January 1985,

ORDERED

1. Staff's motion for reconsideration «f ¢ ar ruling admitting Conten-
tion KM-1 or for referial to the Appeal Board is denied;

2. Siuaff's 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; and

4. The People’s motion for reconsideration of our ruling denying the
admission of Contention AG-l(h) is granted and that contention is
admitted.

ATOMIC SAFETY AND
LICENS.NG BOARD

Dr. James H. Carpenter
ADMINISTRATIVE JUDGE

Dr. Peter A. Morris
ADMINISTRATIVE JUDGE

John H Frye, 1II, Chairman
ADMINISTRATIVE JUDGE

Bethesda, Maryland
January 23. 1985
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION

~

Harold R. Denton, Director

In the Matter of Docket Nos. 50-. 89
§C .1 20

50-219

(10 C.F.R.§ 2.208)

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 Rzgulation 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 (TMI) Units | and 2 and
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.FR. § 2.206 proce-
dures to initiate a show cause proceeding.
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DIRECTOR’S DECISION UNDER § 10 C.F.R. 2.206

INTRODUCTION

By Petition dated August 13, 1984, Joanne Doroshow, on behalf of
Three Mile Island Alert, Inc. (TMIA), and others' requested that the
Nuclear Regulatory Commission revoke the licenses of General Public
Utilities Nuclear Corporation (GPUN) to operate Three Mile Island
Nuclear Station (TMI) Units 1 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, percention, 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. § 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-
plemental 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.

DISCULSION

Fetitioners' 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 1 be re-
voked, including that, essentially, Metropolitan Edison Company,
GPUN and 2l 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

| Additional Petitioners are Peter C Wambach, State Representative, 103d Legislatuve District, Com-
monwealth of Pennsylvania. John Shumaker, State Sénator, 15th Disirict, Commonweaith of
Pennsylvania. Pat Sordill. Essex County Women's International League for Peace and Freedom: Alan
Swenson., SANE. A Jane Perkins, Harrisburg Cuy Council. Larry J. Hochendoner, County
Commissioner. Dauphin County, Pennsylvania. Judith Mariow, Safe Energy Alternatives Alliance, Dr.
D K. Cinqueman:, Essex SEA Allance, 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 aiready considered the issues
raised by the Petition. Virtually no new information or argument is pre-
sented by the Petitioners which “as not been fully considered by the
Staff in its analysis of the issiies. See “TMI-1 Restart: An Evaluation
of the Licensee's Management Inteurity as It Atfects Restart of Three
Mile Isiand Nuclear Station., Unit !, 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 Brief in Response to CLI-84-18, October 9, i984, and NRC
Staff’'s Comments on the Commission’s January 20, 1984 List of Integri-
ty Issues in Restart Proceeding, February 21, 1984. Based upon its
assessment, the Staff has concluded that GPUN can operate TMI Unit 1
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 irom the Staff’s 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 | 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.’ In view of the pending question
before the Commission of the need for further hearings, it is inappropri-
ate for me to initif®e show cause proceedings in response to Petitioners’
request. See Pacific Gas and Electric Co. (Diablo Canyon Nuclear Power
Plant, Units | and 2), CLI-81-6, 13 NRC 443 (1981); Consolidated

2 As indicated in  RC Swafl's Reply to Other Parties’ Comments in Response 10 CLI-84-18, at 3 n 2,
some new information, not previously considered by the Stalf prior w the issuance of NUREG- 0680,
Supp. No. §, was oited in the Peution The new information consisted of I&E Inspection Report
§0-289/84-12, dated August 14, 1984 Attachment B of the Petition, concerning allegations of Licensee's
use of unqualified welders. Attachment C of the Petition concermn- . © _uttal of Staff"s conciusions on
the Parks/King/Gischel issue, and the Special Report of GPU's Rec.  «@iuted OARP Review Commut-
tee In the Stafl"s Reply to Other Parties’ Comments in Response to CLI-84-18, the Staff stated that
considered this material and found that i did not modify the Stafl™s position on any of the issues con-
cerming restart and that the nformation. either separately orf in conjunction with other available
information, did not raise a significant safety issue

I The Staff reviewed TMIA's response to CLI-84-13, including those portions of the Petition which
were incorporated in TMIA's response (as well as those portions of the Pettion incorporated in the
Union of Concerned Scientists’ response to CLI-84-18), and found no reason therein to change the
Stafl’s previous position on the issues. See NRC Staff"s Reply to Other Parties’ Comments in Response
0 CLI-B4-18. October 29, 1984, see alio NRC Staff's Breef in Response 1o CLI-84-18, October 9, 1984
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Edison Co. of New York (Indian Point, Units 1, 2 and 3), CL1-75-8, 2
NRC 173 (1875). Petitioners’ request as it relates to TMI Unit 1 is there-
fore denied.

Petitioners’ Allegations with Regard to TMI Unit 2

As a basis for action with regard to TMI Unit 2, Petitioners make es-
ser ally the same argument as they do with regard to TMI Unit | that
the Licensee has demonstrated such defects of character as to mandate
revocation of its license to operate this facility. Specifically, Petitioners
assert as a basis for action with regard to TMI Unit 2 a number of con-
tentions relating to the Licensee's management of cleanup operations at
the TMI-2 facility.

The Staff has considered the deficiencies in the TMI-2 cleanup opera-
tions raised by the Ol investigation (Ol Report dated September 1,
1983, Allegations Regarding Safety-Related Modifications and QA
Procedures. H-83-002, and Ol Report dated May 18, 1984, Allegations
Regarding Discrimination for Raising Safety-Related Concerns, H-83-
002) and referred to in the Petition. The violations were found individu-
ally to be of minc - safety significance. Enforcement action was taken on
these matters.* The Staff"s recent reconsideration of its position regard-
ing the results of the previous Ol investigation on the polar crane may
result in the earlier enforcement action being modified. In addition, the
Stall is currently reviewing the technical implications of newly discov-
ered “unlike kind” brake modifications made by the Licensee on the
polar crane.*

The Staff has also completed an extensive Performance Appraisal In-
spection which reviewed the Licensee’'s Quulity Assurance program,
safety review functions, design changes, maintenance, facility opera-
tions. corrective action systems and training. The Staff had determined,
based on the results of this inspection, that the Licensee is performing
adequately in each of these areas. See Performance Appraisal Inspection
50-320/84-08 (May 15, 1984). For these reasons, Petitioners’ request
for revocation of the license for TMI Unit 2 is denied.

4 A Nouce of Violation, Severity Level IV, was «ssued February 3. 1984, Leter from Richard DeYoung
w PR Clark, President, GPUN (EA 83-89)

§ Leters from Bernard | Snyder, Program Director, TMI Program Office, Office of Nuclear Reacior
Regulaton (NRR) to F R Standerfer, Vice President/Director. TMI Umit 2 iOctober 9, 1984 and Octo-
ber |8, 1984}




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 |1 and 2 such that Licensee’s poor record regarding
its management of TMI Units | 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 Licensing 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-1 with no undue risk to
public health and safety. The Staff"s review of circumstances surrounding
the response to the NOV is contained in NUREG-0680, Supplement
No. §, 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.
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
11anagement as required by 10 C.F.R. § 50.59. Moreover, Mr. Wallace
was candid and cooperative during the OI inves’ gation of this matter.
For these reasons, the Staff finds that there is reasonable assurance that
GPUN can and will meet its regulatoiy 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
Commussion that it is not material to a restart decision and that further
hearings on this matter should not be required. The Petiticners have
filed their views with the Commission as part of the TMI-1 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-| Restart
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Procecding dictates a different result with respect to Mr. Wallace, ap-
propriate 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 Replogle, 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 accompiish plant mainte nance
and modification activities. These activities involved preventi /e and cor-
reclive maintenar-e, 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 results of such assessment are discussed in a
memorandum dated September 28, 1984, from the Regional Administra-
tor of Region | to the Directors of the Office of Inspection and Enforce-
ment and the Office 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 confirm 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 1o mainienance to review organizational
structure. administradve 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 sausfied that the technical specifica-
tions are adequate for monitoring required equipment reliability and
determining whether or not the plant can operate with degraded equip-
ment.
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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 Oystcr Creek in order to
independently assess Licensee performance in these areas. The results
of the Staff"s 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 Staff's efforts were gearcd 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 Staff"s assessment niemorandum and its
referenced reports, policies are widely distributed and generally well un-
derstood by plant operators and supervisors. Procedures have been
found to be technically adequate and capable of being properly imple-
mented. Licensee's management has demonstrated a strong commitment
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

Based upon the foregoing discussion and the information contained in
the referenced documentation, | have concluded that no adequate basis
exists for revocation of GPUN's license to operate TMI Unit | 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. § 2.206(¢) of
the Commission’s regulations.

Harold R. Denton, Director
Office of Nuclear Reactor
Regulation

Dated at Bethesda, Maryland,
this 15th day of January 1985,
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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 Office of Nuclear Reactor Regulation grants in
part and denies in part a Petitien by Edward Gogol alleging inadequacies
in the contanment integrated leak rate test performed in 1981 at Zion
Nuclear Power Stetion, Unit 1. The Petition sought a variety of relief
including immediate NRC action to deal with the threat raised by the al-
leged inadequate leck rate test ol the Zion Unit | facility and the comple-
tion of an adequate and properly supervised retesting of the facility. Peti-
tioner also requesied copies of all documents collected by either the
licensee or the NRC in the course of the retest.

TECHNICAL ISSUE DISCUSSED: CONTAINMENT LEAK
RATE TESTING

Discrepancies in the Containment Integrated Leak Rate Test
(CILRT) for the Zion Nuclear Power Station, Unit | 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 o a petition
pursuant to 10 C.F.R. 2.206 when the licensee agrees 10 take remedial
measures similar to those requested by the peution.

270



DIRECTOR'S DECISION UNDER 10 C.F.R. § 2.206

On June 5, 1984, Mr Edward Gogol filed on behalf of Ciuzens
Against Nuclear Power a Petition for Emergency Reliel (Petition). The
Petition contended that the Commonwealth Edison Company's (CECo!
document “Zion Unit | Reactor Containment Building Integrated Leak

“Rate Test Report,” dated Ap:il 24, 1981, revealsd that (epeated efforts
were made to obtain a satisfactory verification test to validate the per-
formance and reliability of the basic test performed on March 12, 1981,
at Zion Nuclear Power Station. Unit 1. The Affidavit of Dr. Zinovy V.
Reytblatt, attached to the Petitio: contended that these repeated efforts
to obtain a satistactory verification test demonstrated that the basic test
had been deficient. Consequently, 1t was alleged that the American Na-
tional Standards Institute ANSI N435.4-1972 specified in Appendix J 10
i0 C.F.R. Part 50 was not met and. accordingly, Zion Nuclear Power Sta-
ton, Unit 1 was in noncompliance with the Commission’s regulations
regarding containment leak rate testing. Based on the above ailegation,
the Petition requested the following relict: (1) that the NRC act im-
mediately to remove the threat posed by this situation; (2) that the
NRC immediately order CECo to pertorm a scientifically vahd 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 documents containing actual test data,
test logs, calculations, graphs, eic., collected by CECo or the NRC in
the course of this test or its review, be provided on a timely basis to the
Petitioner: and (3) that if (1) through (4) are not or cannot be accom-
plished, that Zion Nuclear Power Station. Unit 1 operating license be
suspended. The request for documents was reiterated in Mr. Gogol's
letter of August 6, 1984,

As a result of the Petition. the NRC Region il Office investigated the
various allegations contained in the Petition. The regional inspectors per-
formed a special inspecuon of the 1981 and 1983 Containment Integrac-
ed Leak Rate Tests (CILRT) performed for the Zion Nuclear Power Sta-
tion, Unit 1.

The inspection identified discrepancies in the above-mentioned
CILRTSs and. on July 19, 1984 the Region 11l Office notitied CECo that
Zion Nuclear Power Station, Unit | was not in compliance with Appen-
dix J to 10 C.F.R. Part 30 and the Zion Nuclear Power Station. Unit |
Technical Specifications. A copy of the Region’s notification was sent to
Mr. Gogol as an enclosure to the Director’s letter to 'um, dated July 30,
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1984, acknowledging receipt of the Petition. The Inspection Reports
documerting the Region Il Office’s inspection findings (50-295/84-11
and 50-305/84-11) were aiso 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 IIl Office, CECo voluntarily shut
down Zion Nuclear Power Station, Unit | and performed a valid CILRT,
portions of which were witnessed by Region Il 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 | containment
integrity. Consequently, Zion Nuclear Power Station, Unit 1 contain-
ment has been demonstrated to be in compliance with Commission regu-
lations 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 | 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 N» U 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 | 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 ot Commission

I Commonweaith Edison Co. (LaSalle County Station. Units | and 2), DD-84.6. 19 NRC 891, 895.46
(1984)
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