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SUBJECT: MIDLAND

At 3:15 p.m. on April 28, 1982, Mr. Walt Bird called and notified
me that while drilling a dewatering well in a Q area they struck an
electric duct : bank. He stated they should not have hit the duct
because they were probing for such obstacles and their drawings indi-

cated that the duct bank was elsewhere. Investigation continuing.
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MEMORANDUM AND' ORDER
(Imposing Certain Interim Conditions '
Pending lssuance of Partial’ Initia: Decision) :

. Pgnding before this Licensing Board are consolidated proceedings
erising out of the NRC Staff's December 6, 1979 Order Modifying anstruction
Permits No. CPPR-81 and No. CPPR-82 (OM proceeding), and the application by
Consumers Power Co. for operating licenses for Midland Nuclear Perr Plant,
Units 1 and 2 (OL pr&céed1ng).l/ The facility, currently under
construction, consists of two pressurized water reactors located in Midland,
Michigaé.

The Modification Order was generated as 3 result of the excegsive

settlement which occcurred with respect to the facility's diesel generator

1/ The proceedings were consolidated at the request of Consumers Power Co.,
the Applicant in the OL proceeding and the Licensee in the OM proceeding
(hereinafter referred to as “Consumers"), See Prehearing Conference
Oroer, dated October 24, 1980 (unpublished). '
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building and other p]ant structures. Hearings which have been held to date
concern the soi\s settlement issues raised by the Modification Order i
well as related contentions of intervenars in each of the proceedings. (The
majority of the soils settlement contentions have been sponsored by'Ms
Barbara Stamiris, an intervenor 1n the QM proceeding.) As reflected in our
Memor anduméAof October 2, 1981, we have determined to issue :
separate partial initial decisions dealing with vorious aspects of she soils
fssues. Tne first, now under preparation, deals with Quality |
assurance/quality control (QA/QC) ang: management attitude issuves, as
oe1ineated in the Ootober 2, 1881 Kemorandum. With limited exceptmons the
record on these matters was closed on February 19, 1982, following Some
thirty-five days of hearings.= 3/ The second will deal with proposed
remedial actions to correct the soils settlement problems. Hearings on
these matters are nct yet completed, partially as a result of the as-yet
developing positions of al) parties on these questions.

With respect to the QA/QC and menagement  attitude issues, proposed
findings of fact and conclusions of law, and supplemental proposed findings
and conclusions covering matters 8s to which the record was reopened have
been received from al) interested parties, and Consumers has Just recently
filed 1ts replies to each of the proposed and supplemental proposed

findings and conclusions of the gther pcrt1es. During the course of our

!

2/ Memor andum (Concerning Telephone Conference Call of September 25,
1981 and Applicant's Motion for Partial Decision), dated October 2, 1981
(unpublished).

‘g/ Certain aspects of these 1ssoes will remain open until our second
partial initia) decision.
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review of these various filings, as well as of the entirelrecord.'u; have
determined that certain conditions governing further construction, is set
forth in Section VI of this Memorandum and Order, should be put ints effect
fmmediately, pending the complgtfon of our review and the issuance Qithin.
2pproximately two or three months of our first Partial Initial
Decision.d’ our reasons follow. ' .

S ) Backgroung .

‘ |
Under construction permits such as are: in effect for the Midland plants,

|
{
|
|

2 permittee may normally engage in construction activities in accoréaﬁce
.‘uith the principal architectural and engineering criteria and environmental
comnitments set forth in the application for the facility and the »
construction-permit hearing record, withoutiseeking prior approval %f the
NRC staff. The permittee un&ertakes such activities at its own risk;

they are‘subject to Commission: approval before an operating license may be

granted. See 10 C.F.R. §50.57; Lf. Northern Indiana Public Service Co.

(Ba!l]y Generating Station, Nuclear-1), CLI<78-11, 10 NRC 733 (1979),
|

reversed on other grounds, sub.nom. People of the State of 111ino‘s v. NRC

4/ This procedure has been previously utilized by the Appeal Board with
respect to these very same reactors. ALAB-10€, 6 AEC 182 (1973).

We note that, in a telephone conference tall on April 28, 1882, the
-Staff indicated that it might reconsider certain earlier testimony
expressing reasonable assurance that Consumers' QA program will be
appropriately impiemented with respect to future soils construction
activities (Keppler, prepared testiony, p. 9, fol. Tr. 1864). It
requested thet we cancel certain near-term hearings which we hag
Scheduled, and we did so. Memorandum an¢ Order (Cancelling Evidentiary
Hearings and Conference of Counsel or Representatives), dated April 28,
1980 (unpublished). As a result, our first Partial Initia) Decision
could be delayed beyond the time frame we are now projecting.



(119) removal and replacement of £i11 beneath the feedwater
¢ isolation valve pit area
o (iv) placing caissons at the ends of the auxiliary building
electrical penetration areas.
(v) ‘compaction and 102ding :activities;

(¢) ;::structfon work in 3611 materials under or around safety-related
stoyctures and systens such as field: 1nsta11ation of condyits and
piping.

Had the hearings in the OM proceeding not been requested Consumers
“could not have undertaken any of the foregoing activities without submitt1ng
an znendment to its application and obtaining construction- permit
emendments authorizing such activities. .Since the hearing was requested
the norm;l construction permit suthority remains in effect, and no
construction permit amendment (or other NRC ‘authorization) needs to be

- sought in order for Consumers to engage in the activities in question.

Both the Modification Order (Part V) and.the Commission's Notice of
Hearing of, March 14, 1980 (45 Fed. Reg. 18214, March 20, 1980) stated that
this Board is to consider and decide the following issues:

(1) .Hhether the facts (concerning quality deficiencies) set forth in

Part 11 of the Order are correct; anc

(2) Wnether that Order should be sustained.

11. Facts Underlying Modification Order

One of the pases for the Modification Order was the allegation{that

there had been a breakdown in quality assurance related to soils. Another -



(D.C. Cir. No. 80-1163, July 1, 1981). The December 6, 1979 Modification
Order would hive modified this regime by prohibiiting certain constructibn
activities with respect to safety-related structures and systems affected by
the soils settlement problems which have: been aired in the ongoing
consolidatgg»proéeeding. e prohibited. activities could not be underlaken
abeent (1) submission of an amendment to the application seeking approval of
remedial actéons, and (2) issuance of an amendment to the constructicn
permits authorizing the remedial actions.s/ . Tne Modification Orger
further provided that a hearing could be requested by Consumers or other

‘intcrested person and, {f it were, the Order would go into effect only as

& result of an order made following the hearjngmé/

The construction activities which the Modification Order would have
prbhipited consist of the forowing;Z/
(a) ;ny placing, compacting, or excavating sofl materials under or
around safetv related structures ang systems; :
(b) physical implementation of remedial action for correction of
soi\-related'probIems under and.around these structures and
gystems. including but not limited to:.
(1) dewatering systems

(11)  underpinning of service water building

5/ Modification Order, Part 1V. The Modification Order has been

;dmigted into evidence as Stamiris Exh. 3, Attachment 15 (Tr.
479).

§/ Modification Order, Part V.
7/ Modification Order, Part .
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ba;is was that Consumers had not provided the information which the Stqff
and 1t§ consultants required to permit a thorough safety review of proﬁbsed
remedial actions.8/ g result of these deficiencies, the Staff

concluded that it did not have reasonable assurance thdﬁ the safety-related
portions oi‘fhe Mid1and facilities would be so constructed that they could
be bperéted without undue risk to public health and safety.

With repard to the first basis, Consumers and the Staff entered into a
stipulation on June 5, 1881, in which Consumers conceded that prior to
December ‘6, 1979 there were quality assurance deficiencies related to soil
‘construction activitfes. Consumers agreed:.not to contest the Staff's
conclusion that these deticiencies constituted a breakdown in quality
assurance with respect to soils placement at Midland, and it acknowledged
tﬁat ghe.deficiencies consti{uted an adequate basis for issuance of the
order.2’ with regard to the second basis for the Order, the Staff and
Consumers entered into two additional stipulations in which Consumers agreed
not to contest that, as of December 6, 1979, the NRC Staff had insufficient
information to evaluate the proposed remedial actions for the auxiliary
building..for the borated water'storage'tanks and underground

piping.ﬂj

8/ We are ‘here meking no findings and reaching no conclusions with
respect to a third basis for the Order, an 21leged material false
Statement. Hearings on that subjact are not yet completed although we

have heard testimony on the management-attitude aspects cf the alleged
statement. .

8/ :pp1icant/5t|ff Joint Exh. 1, following Tr. 1175, admitted at
r. 1188. ’

10/ Applicant/Steff Joint Exhs. 2 and 3, dated December 1, 1981 and
February 9, 1882, respectively (Jr. 5447, 7164).



As @ result of these stipulations, we are able at an:early stiﬁe of our
review to coﬁklude. with respect to the. first hearing issue, that the
fecis set forth in Part 11 of the Modification Order (to the extent they
relete to soils QA deficiencies and the adeguacy on December 6, 1979 of tﬁe
Stafy's 1nggrmat}on to review rem;dial actions) are correct and constituted
&n adequate basis for issuance of the Order. Consumers, the NRC Staff, and

intervenor Birbera Stamiris each submitted proposed findings to this

effect.ll/

111, Facts Giving Rise to Interim Requirements

ke have not yet completed our review of the second hearing issue-tlzg..
whether and, if so, to what extent, the Modification Order should be
sustained. C(Consumers has described this 1s§ue as “whether the safety issues
[giving rise to the facts set forth in Part II of the Modification Order)
have been resolved so that the quality assurance program with respeét to
$211s is now being properly implemented and. there is reasonable assérance
suth inpl?mentation will continue through the con;truction |
process.“lél Ms. Stamiris has described it somewhat similarly, as
"whether as a recult of revisions, improved. implementation, and other
factors, this Board has reascnable assurance that the QA and QC programs
will be 2ppropriately implemented with respect to future soils construction
and remedial activities® 13/ However, they reach different answers to

this question.

11/ “Consumers Proposed Findings § 35; Staff Proposed Findings,
% 236-237; Stamiris Proposed Findings, {,10.

12/ Consumers Proposed Findings, § 37 [sic; should be 36].
'13/ Stamiris Proposed Findings, ¥ 10..



Consumers asserts that, as a result of organizational and procedural
_changes which® it has put into effect since the {:suance of the Hodification
Order, its QA program is now being properly inplemcnted. It urges us to
fing rezsonable assurance that the future soils construction activities
including 225 remedial actions taken as a result of inadequate soils
placement will be accomplished in accordance with QA principles of public
health and sefety.2= 14/ On the other hand, although Ms. Stamiris
concedes that Consumers' organizationa) changes represent a positive
response”,15/ she nonetheless concludes that the implementation of QA at
"Midland s inadeouatel6/ and that the sane kind of problems and
weaknesses currently exist as had lead to problems in the past.ll/

She would have us put the Modification Order: into effect and shut down
soils-related construction 1mmed1ately 18/ The NRC Staff also gave

its reasonable assurance that tne QA program would he properly

Al

-
o
~

Consumers Proposed Findings, Yy 81-83.

—
w
N

tamiris Proposed Findings, § 222.

—
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-

Stamiris Proposed Findings, § 22).

—
~3
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Stamiris Proposed Findings, § 225.

|
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~

Stamiris Proposed Findings, Y 254; Part 111.C.
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1mpiementcd,12/ 2lthough 2t least one of fts witnesses expressed some

- reservations {Tr. 2441-42 (Gallagher)).20/

<"We do not at this point in our review express any opinion with respect
to those positions--except to note that none of them is baseless ané all
have evidentiery support. The rc:olutibn of this broad issue will.'as we
have seen;dz;fcct the degree to which and the manner in which soils-related
construction activities (and particularly remedial actions) will Be

pormitted'to continueugl/

As background for our approach to this question, we deem it 1méortant

“to note that the QA/QC deficiencies which are addressed by the Modification
Order are not the first instances where Consumers has experienced difficulty
in properly implementing 1ts QA/QC program.' The Appeal Boarg pinpointed one
sbch.instancc in ALAB-106 (fﬁ. 4, supra), and it imposed cond1t$onsAdes1gned
to a)lev{ate the deficiencies which it found to exist. Later, questions
were raised concerning the QA/QC organization. being utilized for this
facility.  ALAB-132, 6 AEC 43) (1973); ALAB-147, 6 AEC 636 (1973); ALAB-152,
6 AEC B16.(1973). Subsequently, the Staff issued a show-cause order which

18/ NRC ﬁteff Proposed Findings, § 375.

20/ Mr. Gallagher stated that he supportec Mr. Keppler's conclusions
concerning implementation of the QA program "entirely" but added that
he "would Yike to see some other things to be included” (Tr, 2455).
See also fn. 4, upr., ¥ 2. ‘

21/ As we have pointed out (pp. 4-5, supra), the most stringent
condition we could impose on those activities under the Modification
Order would be to prohibit such activities pending submission of an
amendment to the applications and issuance of construction-permit
amendments authorizing remedial action. A1l or any portion of that
condition could be put into effect. Cf. Public Service Co. of indiana
(Mardle Hil) Nuclear Generating Station, Units 1 an . -80-10,
NRC 438 (1980); Wisconsin Electric Power Co. (Point Beach, Unit 1),
CL1-B0~38, 12 NRT 547 (T1980).
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was founded on other QA/QC deficiencies, and adoitional corrective actions
were mardated: ALAB-283, 2 NRC 11 (1975), clarified, ALAB-315, 3 NRC lbl
(19763. During that show-cause proceeding, the Appeal Board remarkld that
“non-compliance with the Commission's quality assurance regulations 1: * e
a problem which has p! agued the cdhstruction of this facility.” ALQB-Z?O.

1 NRC 473, 476 (1975).22/

With thds history before us, early in this proceeding we expressed
concern about the adequacy of and the potential safety impact of ongoing
construction activities (Tr. 754-55).. On the opening day of the hcaring,
the Staff responded to our inquiry by presenting testimony regarding
sofls-related construction of the type that would be going on during the
period of time Lefore we could.issue a decision governing construction
edcompassed‘by the Mod1f1cation Orger.23/ From that testimony, it
appeared to us that Consumers was at that time consulting with ang seeking
approval of the Staff before engaging in any of the construction activities
there under consideration--i.e., installation of 20 permanent back-u;
interceptor wells in the area near the Service Water Structure and the

Circulating Water Intake Structure, and surcharging of the two valve pits

22/ See also Board Exhs. 1A and 1B (Tr..1875), which contain a summary
of problems experienced at Midland since the start of
construction.

23/ Testimony and Supplementa) Testimony of Dar) S. Hood, both following
Tr. 10987, '
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which aré' adjacent to each of the Borated Water Storage T_anks.l‘./ 3
Although all of the‘outstand1ng questions raised by the Staff concerning
thosé proposed remedial activities had not then been resolyed, the Staff
expressed fts “reasonable assurance* that the activities would be performed
in an acceptable manner.25/ wé fhterpret that reasonable assurance

. -
conclusion as premised upon Consumers' affording the Staff the opportunity

to review the proposed resolution of the unresolved questions“ZQI

In addition, Consumers advised us that, 1n'Febfuary. 1980, 1t had
voluntarily committed not to procesd with further remedial actions Qithout

"Staff review and concurrence.2?/ (Insofar as the-record reflects, this

commitment appears to have been an ora) one, not reduced to writing prior to
fts incorporation into testimony in this prbcending.) That Consumers will
péovjdt the Staff with sufficient information to permit a thorough safety
revie; 1; inherent in this commitment.

We find no indication in the record that Consumers has failed to honor
this commitment. For its part, the Staff agreed that it would accept

informatian through meetings and presentations. rather than an amendment to

24/ Merd, prepared testimony, p. 2. Those were the only two soilse

relatec activities then under way or planned to be undertaken by
Consumers in the near term (Tr. 1112).

25/ Mood, -supplemental testimony, p. 3. Subsequently, on December 10,
1982, the Staff approved the installation of 5 additiona) temporary
dewatering wells. Staff Exh. 13 (Tr..6901).

26/ ?$$d, prepared testimony, p. 3; Supp. test., pp. 2,3; Tr. 1113-14,

27/ Testimony of Gilbert S. Keeley, fol. Tr. 1163, p. 13.
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the zpplication. Beyond the two matters about which the Staff 1n1t1a11y
testified, the Staff has utilized this arrangement to approve such :
activities as construction of access shafts and a freczewa11.1n preSAration
for underpinning the auxiliary building and feedwater isolation valve
pits 28/ aqg.any'drilling activit{es near seismic Category |
underground utilities and structures (Tr; 5485-86). During the hearing,
Consumers agmeed that the commitment would be extended to the matter of
crack eQaluation. & question which Consumers. judged to be less important
than does the Staff (Tr. 5735-38). As far as we are aware, certain‘
‘additionai remedial actions to which the commitment is being apéliod are
currently under review or in progress.

From the present stage of our review, it 2ppears that Consumers'
vélunyary agreement has resufted in adequate Staff surveillance of the
proposed }emediaI actions covered thereby, prior to Consumers' commencement
of the remedial actions. Consumers itself has acknowledged the usefulness
to it of its consultation with the Staff prior to the initiation of flmedial
activities (Tr. 5660-61). At this time, we are making no changes to the
'procedures utilized under this arrangement.

It is 1mportant to note, however, that Consumers' commitment do;s not
extend to all the activities which Part IV of the Modification Order would
have prohitited (Tr, 1202-1212, 1390). The scope of the oral commitment is

not clearly defined. While it appears essentially to cover those major

28/ Letter dated November 24, 1981, from Darl Hood (NRC) to James W
Cook (CPC) (Staff Exh. 5, Tr. 5467).
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remediz) actions within the scope of Section 1(b), but not activifies
falline withim Sections 1(a) and 1(c), of Part IV of the December i979
Order ! r, 14é0-1022). there is some ambiguity whether certain actiQities
may fall within Section 1(b) or one of the other categories. :

Althcugh we have no objectidn to the Staff/Consumers working
rehuonsh; for those portions of the remedial ‘work to which the commitment
epplies, seweral matters of record cause us to be dissatisfied with the
limited scope of activities covered. More specifically. as @ r25u1; of the
matters described in this section of this Memorandum and Order, augmented by
the related information appearing in Part IV, we are of the view <hat
cert2in activities outside the scope of Consumers' commitment but within the
coverage of the prohibition in the Hodificaiion Order should be subject to
p}10f Steff review and appro&al. .

fhe'first of these matters which gives us concern is that of
underground piping. Consumers proceeded with work associated with
underground piping which carries cooling water essential to safety without
seeking o(\receiving formal Staff concurrence (Tr, 7784, 778Ba). This work
would clearly have been prohibited under Part 1V, Section 1(c) of the
Moaif1catzon Order, and it could a\;o.be interpreted as falling within
Section 1b (Tr. 7788c). The record is confusing as to whether the Staff
regarded Consumers' commitment as in fart cerrtng that type of remedia)

action (Tr. 7781-7783, 7788a-7790, 7898-7901):22/ Tne Staff expressed

29/ We gisagree with Consumers’ response to Ms. Stamiris' Proposed
Findings and Conclusions, § 8, pp. 6-7.
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the opinion that ungerground piping should be covered'by the commitﬁeng (Tr.
7788¢c, 7789, 7893). Underground piping was of concern to the Staff pr{or to
its issuance of the Modification Orger .30/ ° One reason we believe 1£
essential that safety-related activities: such as the rebedding of piping
should have prior full Staff reviéw and concurrence is thit once such work
is perform;:-and the piping then recovered with earth, it is no longer
accessible far inspection for such concerns as have been icentified during
~the course of this hearing--e.g., corrosion (Tr. 7683-86, 7827-35),
deformation (Tr. 7912-14), quality of foundation soils (Tr. 7311), pipe
‘welds (Tr. 7652-56), and condition of pipe wrapping materials (Tr. 7860,
7914-15). Therefore, adequate QA/QC surveillance is fundamental toiassuring
safety. The Staff has expressed its desire, in fact, to review suchlmatters
as cQTpgction criteria and p;ocedures prior to the work taking place, and to
be able {6 inspect the wurk while being performed (Tr. 7899). Moreover, the
Staff has stated that it had insufficient soil-profile information tﬁ
evalyate distortion in pipes buried in sofls: which have settled.3)/
The second reason for our requiring further Staff review and approval

prior to the start of soils-related construction differs from the first in
that it dées not stem from a single type of construction activity, Rather,

it pervades the entire spectrum of soils-related construction activities.

As a result.of Board questioning, we have some doubt whether, in the absence

30/ 1.E. Rept. 79-06, datec April 4, 1979 (Stamiris Exh. 3, Att, 8, at
p. 8).

31/ Kane, prepared testimony, 161. Tr. 7752, B 3.
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of Staff review and approval, Consumers would carry out certain remedial
ioils activities using appropriate QA procedures and prinéiplcs. Its
witnesses presenting the remedial plans for the auxiliarv building were
unsure of the manner in which QA principles would be applied to that
opcratioq (Tr. 5530-32). Hith'respecx to the engineering of the remedial

actions, CS:;umers was able to describe the QA procedures it had already

Tfoliowcd (Tr. 5718-20), but it also indicated that it did not consider the

" engineering 2 problem arez and was therefore not applying any specialized

.

procedures to those activities (Tr. $622)--despite the fact that it had to
formulate and rework its plans four different times before it obtained a
system acceptable to the Staff (Tr. 5647-58). Consumers does not appear to
have obtained Staff approval with respect to the engineering QA procedures
which it had followed (Tr. 5750). Furthermore, Consumers seems to have 2
tend;hcy'to.treat as many structures as possible as non-N-listed (and,
hence, as not subject to QA controls) (Tr.. 5626, 5671-72). _

For these reasons, we are not completely satisfied as to the extent to
which QA plnns and controls are to be applied by Consumers to underpinning
ast1v1t1es. In particular, we are concerned about areas adjacent to, but
not necessarily directly under, safety-class structures. These activities
include boring of large diameter, closely spaced holes for soldier piles
which would penetrate low shear-strength soii layers at elevations below the
foundations of adjacent safety-class structures (Tr. 5674-79; 5765-71), and
essentially a1l underpinning activities beneath the .urbine building the

fatlure or tiiting ¢f which might influence the safety or future sefsmic
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resistance of the adjacent safety-class structures (Tr. 6083-85; 7123-27).
These potential QA/QC gaps lead us to bel!eve!that, at least in the nea}
future, the commencement of safety-related activities of this type should be
subject to the Staff's approval--particularly as to wheiher specific
activities are to be covered or nét covered by 2a appropriate QA

plan.lz./ =

.- IV. Related Matters Substantiating
The Need for Interim Conditions

Certain matters which have been the subject of notifications by various
Jparties to the Board tend to accentuete what we regard as the need for the
interim conditions we are {mposing. These matters have not yet been the
subject of evidentiary hearings, 2nd we express no final view as to their
accuracy or import. Nonetheless, we regard thece matters as closely
re]eiang‘to the f;:ts-on which'we have taken evidence and pertinent to our
determ1n;t16n that interim conditions should be imposed.
As one example of this type, representing .an activity we believe should
be covered by the commitment, the Board has been informed by way of a

\

Consumers' Non-Conformance KReport that a 4Z-inch diameter hole was drilled

to & depth of 40 feet within the "Q" f111 area, apparently without proper

duthority; without the development of, or adherence to, written procedures;

32/ We uncerstand that Consumers later indicated that monitoring
instruments would be placed before commencing underpianing activities
to measure horizontal movements between the turbine building and
adjacent structures "in response to questions raised by the Atomic
Safety and Licensing Board“. Memorandum dated March 11, 1982 from Darl
Hood, Summary of March B, 1982 Telephone Conversation Regarding Soi}

Spring Stiffnesses for Auxiliary Building Underpinning and Phase Il
Construction.
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without the participation of the On-Site Geotechnical Engineer; and without
adequate QA/QC surveillance, if anymﬁé/’ We hasten to point out that
we have not yet heard evidence on this report and express no view as to {ts
accuracy. It appears, however, to describe <he type of activity which is
cncor;csseg.Py the prohibition'in“Part 1V, Section 1(a) of the Modification
Order. Moreover, if the NCR 1is accurate, the activity would constitute a
prime example of the kind of work which we believe should be subject to
prior Staff review and concurrence. | .

Additionally, we have also recently been notified of loose sands

'locatcd in the plant fi11 north of the Service Water Structure and
Circulating Water Intake Structure., This loose sand reportedly underlies
ebout 500 feet of seismic Category I pipe. :Ne understand that Consumers
has decided to remove and rcalace this material to avoid potential
11Quefac{10n problcms.éﬂ/ Once again, we express no view as to the
valigity of this information. But considering the vagueness as to the
Vimits of Consumers' commitment and the apparent potential effect on public
safety of these construction activities should the plant later be allowed to

operate, we deem it necessary at this time to eliminate any uncertainty and

33/ NCR # MO1-4-2-008 Rev.1, dated February 25, 1982, transmitted to the
Board and partfes by letter dated March 12, 1982, from James E.

Brunner, CPC. The Board requested that it be provided with audit
reports of this type (Tr., 5975-76).

34/ Memorandum from Darl Hood, Notification of Loose Sands Beneath
Service Water Fiping, March 16, 1982. See also letter from James W.
Cook to iarold R. Denton, Additiunal Information Concerning Safety
Grade Buried Piping, March 16, 1982.



- 18 -

te require that any remedial actions intended: to rectify this matter rec£1ve
full Staff review and concurrence before being undertaken.

Finally, the Board notes that the Staff has disagreed with
Consumers3/ over the extent of QA coverage and control of the
underpinning activities beneath the safety-class and adjacent non-safety
class buitdings. The disagreement apparently has been resolved by
Consumers ' :Preefng that essentfally all "“derpipﬁifg activities would he

subject to Q-controls, except for certain already completed activities and
certain agreed-upon non-critical act1v1t1¢£_§§/

Although the Board recognizes that these disagreements may reflect genuine
differences of interpretation of requirements in Appendix 8 to 10 C.F.R, 50,
we deem it important to public safety that, pending the completion of our QA

revicu.cff?'S?Iff's more conservative interpretation shEUTE‘?EEIz:Ep

‘remedial-work ectivites, some of ‘which are, or shortly will be, in progress,

-Accordin91y we have made the elements of that agreement part of this Interim
Order. Again, while we express no views as to the validity of those matters
brought to our attention outside the actual headrings, they represent the

kinds of 1ssues that were alleged in the December 6, 1979 Modification

35/ Memorandum dated March 12, 1982, from Dar) Hood, subject: Summary
of March 10, 1982 Meeting Concerning Quality Assurance To Be Applied To
Remedial Foundation Work. ‘
.
36/ Letter, James W. Cook (CPC) to J. G. Keppler (NRC), dated April 5,
1982, subject: Quality Assurance for Remedial Foundation Work.
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Order, and that were the subject of ongoing. efforts by the Staff and
Consumers to rcsav them. -»

. V. Description of Interim Requirements

As a result of the various safety problems which we have described in
Section Ill above, the potential—and relate¢ problems described in Section
IV, above, and the imminence of the commencement of additicnal
safety-related work activities on remedial measures for the soils settlement

problems which we have been considering, we fing it necessary to act now to

remove ambiguities in Consumers' commitment to obtain prior Staff approval

for remedial measures. Pending the completion: of our review of the record
and issuance of a partial initia) decision, we are requiring that the
construction permits be amended to prohibit (in the absence of Staff
apprcval) the same activities as would have been prohibited by Section IV of
the Modification Order. (we are updating the requirement to take account of
certain developments which have occurred since December 6, 1979.) This
requirement would not apply to any of the activities as to which the NRC has
already given fts approval. Nor does. it dictate the manner in which the
Staff may exercise its review--i.e., whether piecemeal (individual
construction steps) or as an integrated package. In addition, for the

reasons we have outlined, we are requiring that certain of these activities

>
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be governed ‘by a QA pun.ly We have pointed out that ;om of the
material which we hayg considered in this order has not yet been the sdbjoct
of a completed evidentiary hearing; 1ndeed; the scope of our QA requirement
is premised in part upon an dpparent agreement between Consumers and the
Staff contained +n material of this sort. Lette;.of James C. Cook, fa. 36,
supra. Ne'g:pect Consumers and the NRC Staff to present testimony on these
open ftems at a later evidentiary session.

We stress that in our forthcoming Partial Initial Decisien we will
reexamine the terms and conditions which we are here imposing on an interim
‘basis. At that time, we may reeffirm, expand or remove them. Unti) such
time, however, we find that the Modification. Order should be made effective
to the extent which we have described. We stress that we are not at this
time requiring the submission or approval of any amendments to the
applita;ibns.for construction permits (as provided by the Modification
Order). In our opinion, the Staff consultation and approval which we ar;
requiring qill achieve the substantive results we believe necessary without
adding ceri;in procedural requirements of an application for a construction
permit amendment which, in the present context, do not appear to be

necessary to attain the safety goals which we believe should be achieved.

38/ To require 2 QA plan for safety-related remedial soils construction
activities s consistent with the requirements of 10 C.F.R.
§50.34(2)(7). we note that the large-scale underpinning and other
remedial activities which are being undertaken are suff?cientiy
distinct from the activities contemplated during the :
construction-permit review as to warrant a supp ementation of the
applicable QA progranm,
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VI. Order ,
Based om the foregoing, ft 15, this 30th day of April, 1982
" ORDERED :

That the Director of Nuclear Reactor Regulation, in accordance with io
C.F.R: §2.764(b), 1s authorized td amend Construction Permits CPPR-81 and
B -
CPPR-B2 as follows:

(1)~ Construction Permits CPPR-E1 and CPPR-82 shall be amended to
require that the permit ho lder obinn explicit approval
from the NRC Staff (to the extent such approval has not
already been obtained) before proceeding with the following
sofls-related activities, and that these activities, with the
exception of those aliready lpbrovcd by the NRC, and those that
the Staff cgrc;s are not critiéaa. shall be controlled by a
Staff.apnroved Quality Assurance Plan:

(2) eny placing, compact ing, excavating, or drilling soi)
materials "292? safety-related structures ang systems;

. (b) physical implementation of remedial action for correction

——

of soil-related problems under and around safety-related

structures end systems, fncluding but not limited to:
(1) dewatering: syctame

(11) underpinning of s;rvicc water building

(111)  remova) and - replacement of fi1) beneath the
feeowater irolation valve pit areas, aux{IiAry
building electrical penetration areas and contro)

tower, and. beneath the turbine building
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(iv) placing of underpinning .upports beneath any of .
the structures: listed in (111) above :
(v) compaction and loading activities: ‘
(c) construction work in soi) materials,dnder or around
safety-related structures and systenﬁ such as field
- installation, ;} rededding, of conduits and piping.
(2) Paragraph (1) above shall not apply to remedial actions
H approved by the NRC Staff prior to the effective date of this
Order, nor to any exploring, sampiing, or testing of soi)
samples associated with determining actu2) toil properties on
site which has the approval of the Director of Region 111,
Office of Inspection and Enforcement. These testing
sctivities, however, shall be controlled by & Staff-approved
N, « Quality Assurance plan which inciudes procedures for
controlling excavation or drilling activities more thaﬁ 6-feet
deep in “Q* areas, .
In accordance with 10 C.F.R, §§ 2.760, 2.762, 2.764(a), 2.785 and
2.786, this Memorandum and Orcer shall be effective immediately upon
issuance and shall constitute the final action of the Commission on the
matters considerec herein forty-five (45) days after {ssuance, subject to
any review pursuant to the above-cited Rules .of Practice. Exceptions to
this Memorandum and Order may be filed by any party within ten (10) days
after {ts service. A brief 4n support of the exceptions shall be filed
within thirty (30) days thereafter (forty (40) days in the case of the NRC
Staff). Within thirty (30) days:of the filing and service of the brief of



- 23

the appellant (forty (40) days in the case of the NRC Staff), any other

party may filg a brief in support of, or in opposition to; the exceptions.

THE ATOMIC SAFETY AND
LICENSING BOARD

-
.

Datedyat.sethesda. Maryland
this 30th ddy of April, 1982.

Judge Jerry Harbour, who has served as
alternate Board member during portions of th
altitude and quality assurance matters, and
for the forthcoming segments of the consolid
exception of the first Partfal Initial Decis
on2, which are integral to that Decision), .s

ADMI

arles sechnoefer,
NISTRATIVE JUDGE

J«w-lw..,é P Cacorsne

r. rreder\c

. Cowan, Fember

ADMINISTRATIVE JUDGE

reasoning included in this Memorandum

8 technical interrogator and an
e hearings concerning management
who has replaced Judge Decker
ated OL-OM proceeding (with the
fon and orders, such as this
upports the rulings and

and Order.




James W Cook
Vice President - Propects, Engincenng
and Comstruction

Genersl Offices: 1945 West Parnall Road, Jeckson, M, 49201 o (517) 7880453
April 30, 1982
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Harold R Denton, Director

Office of Nuclear Reactor Regulation
Division of Licensing

US Nuclear Regulatory Commission
Washington, DC 20555

MIDLAND PROJECT
MIDLAND DOCKET NO 50-329 50-330
EFFECTS OF CRACKS ON SERVICEABILITY OF CONCRETE
STRUCTURES AND REPAIR OF CRACKS
FILE: 0485.16 SERIAL: 16884
REFERENCES: (1) J W COOK LETTER TO H R DENTON, EVALUATION
OF FEEDWATER ISOLATION VALVE PITS AT
MIDLAND PLANT, SERIAL 15493, DATED JANUARY 25, 1982
(2) J W COOK LETTER TO H R DENTON, EVALUATION OF
AUXILIARY BUILDING CONTROL TOWER AND
ELECTRICAL PENETRATION AREAS AT MIDLAND
PLANT, SERIAL 15527, DATED JANUARY 29, 1982
(3) J W COOK LETTER TO H R DENTON, EVALUATION OF
THE EFFECT ON STRUCTURAL STRENGTH OF CRACKS
IN THE WALLS CF THE DIESEL GENERATOR BUILDING,
SERIAL 15978, DATED FEBRUARY 16, 1982
(4) J W COOK LETTER TO H R DENTON, EVALUATION OF
CRACKING IN SERVICE WATER PUMP STRUCTURE AT
MIDLAND PLANT, SERIAL 16009, DATED MARCH 2, 1982
ENCLOSURE : EFFECTS OF CRACKS ON SERVICEABILITY OF
STRUCTURES AT MIDLAND PLANT

References 1 through 4 above transmitted a series of reports which presented
an evaluation of the effect on structural strength of cracks observed in the
feedwater isolation valve pits, the auxiliary building control tower and
electrical penetration areas, the diesel generator building, and the service
water pump structure. These four rep)rts were provided as the result of
discussions with the NRC Staff and its consultants at meetings held on
Uecember 10, 1981 and January 11, 1982. During these meetings, Consumers
Power agreed to provide the NRC with an evaluation of the effects of cracks on
the longterm serviceability of concrete structures and with rzcommendations on
the sealing of cracks.

In response to this Commitment, we are providing the enclosed report entitled,
"Effects of Cracks on Serviceability of Structures at Midland Plant," by
Messrs W G Corley, A E Fiorato and D C Stark of Construction Technology

0c0482-0085a100 ‘
- MAY 5 1982




Laboratories, a division of the Portland Cement Association This report
ontains a discussion of the effects of observed cracks on the serviceabil
0f the feedwater isolation valve pits, the auxiliary building, the diesel
generator building and the service water pump structure and provides our
recommendations for the sealing of cracks in these structures Please not
that the enclosed report does not apply to the borated water storage tank
foundations The repair of cracks by pressure grouting of the borated wate:
Storage tank foundations has been addressed in a seperate ).55(e) report
forwarded to the NRC by our recent correspondence, Serial 72, dated Apri
<3, 1982

Based on the conclusions reached in the enclosed report we to recommend
the following: (1) Sealing of cracks in walls by €poxy injection for cracks
above the permanent water table 15 considered unnecessary: (2 sealing of
cracks by means cf €POXy 1njection or other means for walls below the
pPermanent water table, which show visible leakage of water, will be performe
and (3) the south wall of the service water pump structure will be coated on
the exterior surface within the splash zone area adjacent to .

0 cooling pond,

L.€., between Elevation 626' and Elevation 637.5'. The €poxy injections can
oe applied from the interior surface We are al
eal cracks will be periormed after completion o

SO advising that the work t«
f the underpinning operations
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EFFECTS OF CRACKS ON SERVICEABILITY
\

OF STRUCTURES AT MIDLAND PLANT
== _STRUCTURES AT MIDLAND PLANT
by

. G. Corley, A. E. Fiorato, and D. C. Stark+

INTRODUCTION

A series of previous reports have presented an evalua*ion
of the structural significance of cracks observed in the
Feedwater Isolation Valve Pits, Auxiliary Building Control
Tower und Electrical Penetration Areas, Diesel Generator
Building, and Service wWater Pump Structure at Midlard Nuclear
Power Plant Units 1 and 2. 1"9)* peerved cracks in these
structures were described and the significance of the cracks
with regard to future load carrying capacity was discussed. A
site plan for the Midland Plant, which indicates buildings
evaluated, is shown in rig. 1.

This report contains a discussion of effects of observed
cracks on serviceability of the Structures evaluated. Primary
emphasis is given to durability of the concrete structures over
their service life. Recommendations for repair of selected

areas are also made.

*Respectively, Divisional Director, Engineering Development
Division; Director, Construction Methods Department: and
Principal Research Petrocrapher, Concrete Materials Research
Department, Construction Technolog Laboratories, a Division
of the Portland Cement Ass-ciation, 5420 0OlA4 Orchard Road,
Skokie, Illinois 60077.

**Numbers in parentheses refer to references listed at the
end of this report.
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OBSERVED CRACKS IN MIDLAND PLANT STRUCTURES

Cracks observed in the Feedwater Isolation Valve Pits and
the Auxiliary Building Control Tower and Electrical Penetration
Areas of Midland Plant Units 1 and 2 were Primarily attributed
to restrained volume changes that occurred during curing and
drying of concrete. Cracks observed in the Diesel Generator
Building weras attributed to restrained volume changes, and
reported differential settlement between duct banks under the
building and the north and south portions cf the building.
Cracks observed in the Service Water Pump Structure were attri-
buted primarily to restrained volume changes although the
occurrence of settlement related cracking could not be entirely
dismissed,

In terms of future serviceability of these structures, and
potential problems with durability, cracks located in exterior
axposed surfaces would be expected to have the most significant
influence. This is because exposure conditions for exterior
surfaces are more severe than those for interior surfaces.
Maximum reported c:acg'width in exterior surfaces of Structures
investigated at Midland was approximately 0.025 in. However,
most observed cracks were significantly smaller than this
maximum value. The fact that observed crack widths were spread
over a wide range is consistent with most observations of crack=-
ing in concrete members. Crack widths are inherently subject
to wide scattet.(s's)

American Concrete Institute Committee 224 lists "tolerable

crack widths" for reinforced concrete mehbers as a function of

-3e
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different exposure conditions.(s) For interior members, a
"tolerable crack width® of 0.016 in. is listed. For exterior
members subject to humidity, moist air, or in contact with
8o0il, the “tolerable crack width® is listed as 0.012 in. ACI
Committee 224 emphasizes that "it should be expected that a
portion of the cracks in the Structure will exceed these values
by a significant amount."s) Committee 224 also notes that
their tgbulation of width limits "is a general guide for toler-
able crack widths at the tensile face of reinforc i concrete
Structures for typical conaitions and is presented as an aid t»
be used during the design ptocels.'(s) The crack widths are
related to service conditions.

The presence of crack widths in excess of selected tolerable
values occurs because crack limits can only be iclated to equa-
tions that predict "probable”™ maximum widths.(s) Although
this probable value usually means that approximately 90 percent
Of crack widths in the member are below the calculated value,
isclated cracks in excess of twice the width of the computed

(6)

maximum can occur. Research data also indicate that the

range 1n randomness of crach widths increases with size of
member.‘s)

It should also be noted that eguations for evaluating crack
widths of flexural members are related to instantaneous or short
term loading. Volume changes related to shrinkage, creep, or
temperature and humidity v=.iations, are not taken into account.

For beams under nominally constant loading, research data have

shown that crack widths can increase significantly with :ime.(7)

- ‘ -
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Thus, the maximum width would not be expected to remain constant
after a crack initially forms. Thetetcfc. in evaluating cracks
in an oxist;nq Structure, tolerances developed for design can
not be arbitrarily applied.

For structures evaluated at the Midland Plant, most of the
cracking, and crack growth, related to restrained volume changes
should have taken Place since construction was completed. Future
movement of cracks related tc normal volume and temperature
changes should not affect conclusions developed in this report.
However, cracks that may develop as a result of unanticipated
settlement or from underpinning operations should be evaluated
to determine their effects. The need for repair of such cracks
can only be determined after their significance has been eval-
uated. Evaluation of such cracks has been included as part of
the "Recommended Program for Monitoring Structural Integrity"
of Midland Plant structures.‘l-4)

Based on the above discussibn, crack widths observed in
Structures investigated at the Midland Plant are judged to be

within the range implied by published tolerable crack width

limits.

DURABILITY OF CONCRETE STRUCTURES AT MIDLAND

This discussion covers durability of concrete as related
to structures investigated at the Midland Plant. Emphasis is
given to durability questions relevant to observed cracks in the
Feedwater Isolation Valve Pits, Auxiliary Building Control Tower
and Electrical Penetration Areas, Diesel Generator Building,
and Service Water Pump Structure. Prior to diz-ussing specific

-5~
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measures for each structure, a basic discussion of durability of
concrete structures is presented.

Durability of concrete is defined as "its ability to resist
weathering action, chemical attack, abrasion, or any other pro-
cess of detorioration.'(a'g) With regard to questions of
potential durability problems in Midland Plant structures, three
types of concrete deterioration were considered: freezing and

thawing, chemical attack, and corrosion of reinforcement.

Freezing and Thawing

Although the actual mechanism is quite complicated, freeze-
thaw damage is basically caused by expansion and diffusion of
freezing water in the pore system of cement paste andg aggre-
gates.(e'g'lo) Freeze-thaw cycles cause progressive deterioration
as a result of continued expansive pressures from excess water
that freezes in concrete. Since freeze-thaw deterioration
teguires the presence of absorbed water that can be frozen, the
occurrence of freeze-thaw deterioration on vertical suréaces is
rare.

Resistance to freeze-thaw damage is obtained by designing
Structural members to minimize exposure to moisture, by using
concrete having low in-place permeability, by using a low water-
cement ratio, by using air-entrainment, and by using sound

aggregates.(a'g'IO)

Concrete with low permeability does not
absordb as much w.3ter which can later freeze.

According to information provided by Bechtel, concrete mixes
used in walls of the buildings investigated at the Midland Plant

had water-to-cementitious material ratios ranging from 0.41 to

-
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0.47. These ratios are within the limit of 0.50 recommended by
American Concrete Institute Committee 201 for concrete resis-
tance to freeze-thaw danage.(e) In addition, since exterior
exposed surfaces in walls of the structures are unlikely to
collect or transmit water, occurrence of freeze-thaw damage is
judged to be unlikely. It is not expected that cracks of the
type observed in the inspected structures would have potential

to collect and retain water,

Chemical Attack

a
Dry concrete does not react with dry chemicals.(e") For
deterioration to take place, chemicals must be in solution and
in sufficient concentration to provide an aggressive environ-

ment.(s'g)

Although buildings are exposed to a number of
potentially corrosive chemicals under normal environmental and
atmospheric conditions, concretes generally resist chemical
attack from normal conditions of exposure.

American Concrete Institute Committee 515 has prepared
detailed tables on effects of chemicals on concrete, (11}
General types of chemical attack include acid or alkali attack,
or sulfate attack. Concrete's resistance to chemical attack is
dependent upon the type and concentration of the chemical
solution in contact with the concL.ote, the temperature and
pressure of the solution, and the quality of the conczete.(g)

Deterioration of concrete by acids is Primarily the result
of the reaction of acids with calcium hydroxide in the hydrated

portland cement paste.(a‘ll) This results in the formation

construction technology laboratories



6! water~soluble reaction products and subseguent disintegra~
tion of the concrete. Strong alkaline solutions (over 20%)
attack other constituents in the hardened paste to cause
disintegtation.(a'll) Sulfate attack results from complex
chemical reactions between sulfate solutions and constituents
of hydrated portland Cement paste that result in expansive
compounds which cause Frogressive disintegration of concrete.re'll)
In all cases the rate of chemical attack is more rapid in warmer
climates, (8-11)
Conditions at the Midland Plant suggest the following hypo-
thetical situa* 3ns as being conducive to chemical attack:
1. Highly concentrated acid solutions in the cooling pond
that could attack concrete in walls of the Service
Water Pump Structure.

2. High sulfate contents in the soil, in the cocling pond,
Or in groundwater adjacent to the concrete structures.

3. Atmospheric pollution that could, in combination with

moisture, form "acid rain."

According to Michigan MPDES Permit Application, Amendment 3,
dated September 30, 1981, the pH* level of the cooling pond
water can range from 7.0 to 9.0. This pH level can be compared
to that of potable groundwater which has a pH of approximately
7.0. Seawater has a PH range from 8.0 to 9.0 Thus, pH levels
of the cooling pond water are not unusual.

*The pH value of a solution is a measure of its acidity on

basicity. A neutral solution, or pure water, has a pH of 7.
Stronger acids have lower pH values. (

construction technology /aboratories



With regard to sulfate ittack, no unusual levels of sul-
fates in scils or groundwater at the Midland Plant have been
reported to Construction Technology Laboratories staff. Sulf.te
levels in the cooling pond are listed in the Michigan MPDES
Permit Application, Amendment 3, dated September 3¢, 1981,

According to the permit, sulfate levels can reach maximum values

of 908 mg/l1 (908 ppm of 504). This compares to values of 2500

to 3000 mg/l of sulfate present in seawater. Potable ground
water has a sulfate level of approximately 30 mg/

American Concrete Institute Committee 201 considers sulfate
levels in water of 150 to 1500 mg/1 as a "moderate exposure"
condition, and recommends a maximum water-cement ratio of 0.50
for this éxposure condition. As mentioned Previously, struc-
tures at the Midland Plant have water-to-cementitious material
ratios of 0.41 to 0.47. These ratios are below the limit recom-

-~ ~

mended by ACI Committee 201. Committee 201 also recommends that

ype II cement ‘be used for "moderate exposure” conditions.

According to Bechtel, Type II cements. were used in concretes

for the structures evaluated. Therefore, the Structures should

th u
hNave adequate resistance to sulfate attack.
Generally, air pollution severe enough to cause da.;age to
ncre Lctures would not be tolerated on th asis of
énvironmental concerns. Therefore, it is not an icipated that
external walls which are exposed to the atmosphere at the
Midland Plant would be Susceptible to any more damage than
would occur in any concrete structure located in a similar

environment.
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With regard to concrete's resistance to chemical attack,
the presence of cracks would expose more surface area to chemi-
cal solution, However, considering the exposure conditions and
concrete quality for structures at the Midland Plant, it is con-
cluded that chemical effects would not be any more severe than

for other concrete Structures in the area.

Corrosion of Reinforcement

Concrete normally provides a high degree of corrosion pro-
tection for embedded teinforcement.(a'g) This protection
occurs because high alkalinity of the concrete provides a
Passive environment for the steel. 1In addition, air dry con-
crete provides a relatively high electrical resistivity which
helps to resist corrosion.(a)

Corrosion of reinforcing steel js considered to be an electro-
chemical process.(e'g) Electrochemical corrosion results from
flow of electric current and accompanying chemical reactions
within the concrete. Flow of electric current can be induced
by stray electrical currents, by contact between different
metals in concrete, or by differential concentration cells that
may develop within the concrete. The Principal type of
electrochemical corrosion in concrete structures occurs as a
result of corrosion cells that develop within the concrete and
steel. (8) ‘

Normally corrosion is prevented because a passive iron
oxide film forms on the surface of the steel. This film occurs
in the presence of moisture, oxygen, and water-soluble alkaline
products formed during hydration of cement. However, the

-10-
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passive film can be destroyed if the alkaline environment of

the concrete is lost. Reduction in alkalinity can occur by
carbonation of the hydrated portland cement or by ingress of
chloride ions in the presence of oxygen.(e'g) Penetration of
oxygen and chloride ions through concrete can cesult in corro-
sion cells being formed. The cells form when anodic and
cathodic areas develop along steel reinforcement because of
differences in moisture content, oxygen concentration, and
chloride ion concentration.(e) Corrosion is initiated at anodie
areas on reinforcement.

Since products of corrosion ("rust®™) take up a larger volume
than the original steel, expansive forces are eventually §en-
erated as corrosion becomes severe. These forces can cause
cracking and spalling, Primary elements essential for electro~
chemical corrosion in teinfo:éed concrete are:

1. Presence of an electrolyte

2. Presence of oxygen ’
Y An electrolyte is a solution capable of conducting electric
"current by ionic flow.(e) For example, moisture and chloride
ions will form an electrolyte capable of conducting a
"corrosion current,."”

Generally, steps taken to prevent corrosion are related to
providing a low permeability concrete with adequate cover over
reinforcing steel. While it would appear that presence of
cracks in concrete structures would increase risk of corrosion,
no conclusive evidence has been found to indicate that any rela-

tionship exists between crack widths and corrosxon.(IZ) It

-ll=
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has been found that cracks with widths less than 0.06 in., which
fun approximately transverse to the dit;ction of reinforcing
Steel, have little influence on corrosion.(s'IZ) A greater

risk of corrosion occurs from cracks that run along the line of
the reinfoccing bar.(s’lz)

For structures investigated at the Midland Plant, it is
not anticipated that corrosion would be a problem with regard
to future durability., The presence of cracks in exterior wall
surfaces above grade will have little gffect on corrosion
because these areas are not subject to moisture conditions con-
ducive to corrosion damage. The same is true for walls that
are below grade level but apove the water table.

For walls below the water table and for the south wall of
the Service Water Pump Structure adjacent to the cooling pond,
the potential does exist for build up of chloride ions as a
result of alternate wetting and drying of concrete.

It should be noted that the chloride level in the cool}ng
pond adjacent to the Service Water Pump Structure is relatively
low. According to the Michigan MPDES Permit Application,
Amendment 3, dated September 30, 1981, chloride (Cl) concen-
tration in the cooling pond can reach a maximum of 425 mg/l1.
This concentration can be compared to the level of chloride in
Seawater which can be 19,000 mg/l. Potable ground water would
have chloride levels of approximately 20 mg/1. Thus, the cool-
ing pond environment is not severe. However, as a precaution

against possible build up of chloride ions in the splash zone

.

-12-
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of the cooling pond, it is recommended tr it this area of the
wall be coated to prevent possible ingress of chloride.

The Michigan MPDES Permit Application also 1ndiéates that
the pH level of the rooling pond water can range from 7.0 to
9.0. This pH level can he compared tc that of seawater which
ranges from 8.0 to 9.0 and that of potable groundwater, which
is approximately 7.0. The PH level in the cooling pond water
is not considered to be low enough to severely reduce the

alkaline environment that the concrete provides for rein-

forcement.

RECOMMENDATIONS FOR REPAIR

Epoxy injection of existing cracks above the water table in
the Feedwater Isolation Valve Pits, the Auxiliary Building Con-
trol Tower and Electrical Penetration Areas, the Diesel Generator
Building, or the Service Water Pump Structure is not required to
ensure future structural integrity. Epoxy injection would have
no influéﬁce Oon capacity of these structures since the existing
cracks are not detrimental to capacity.

Although epoxy injeciion would increase overall stiffness
of the cracked Structures, it is unlikely that original
stiffness would be recove:ed,(l3) nor is it necessary to
recover the original stiffness.

Epoxy injection of existing cracks in exterior an¢ interior
walls above the water table is not considered essential to
ensure duravility of the structure. Freeze-thaw damage is not
considered likely in the walls because the vertical surfaces

provide adequate drainage to prevent water from being trapped.
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Freeze-thaw deterioration does not occur in unsaturated con-
crete. In addition, atmospheric exposure conditions at the
Plant are not reported to be unusually severe. Therefore,
deterioration from chemical attack is not anticipated. Finally,
in the absence of chloride ions, the alkaline atmosphere at the
level of the reinforcing bars will prevent damage from corrosion
in walls above the water table.

For cracks in walls below the water table, epoxy injection
Oor other means of stopping leakage is recommended. This recom=-
meiidation represents a pPrecautionary measure against possible
durability problems that could result from a gradual build up
of chlorides or sulfates as concrete is subjected to repeated
wetting and drying. Epoxy injection can Le applied from the
interior surface. Only cracks with visible signs of leakage
need to be injected. A water insensitive epoxy system should
be used. General guidelines on epoxy injection have been
reported by American Concrete Institute Committee 546.(1‘n

It is recommended that a surface coating be applied to the
exterior of the south wall of the Service Water Pump Structure.
This coating should cover the splash zone area of the wall
adjacent to the cooling pond.* This recommendation is a pre-

cautionary measure against possible corrosion problems that

*It s reported that the water level in the south cells of the
Service Water Pump Structure is maintained at the same eleva-
tion as the cooling pond. Since conditions in these cells are
not conducive to repeated wetting and drying, as in the exterior

splash zone, coating of interior walls is not considered
necessary.
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could result if a gradual build up of sufficient chloride ion
Occurs as the concrete adjacent to the éoolinq pond is subjected
to repeated wetting and drying. The coating will restrict
ingress of chloride ions carried by the cooling pond water.

The splash zone can be generally defined as the portion of
wall subject to repeated wetting and drying. According to the
-Midland Plant Final Safety Analysis Report, Revision 33, dated
April 1981, the maximum operating water level in the cocling
pond is at elevation 627 ft. The minimum level is at elevation
618 ft. The minimum level is based on a 100-day drought with no
Str2am withdrawals made from the Tittabawassee River. Thus, the
minimum level would not be reached under normal conditions.

The normal operating level of the cooling pond ranges from
elevation 626 ft to elevation 627 £e.

It is recommended that the exterior surface of the entre
width of the south wall be coated between elevation 626 £t and
elevation 637.5 ft. This will provide protection from chloride
build up caused by repeated wetting and drying under normal
operating conditions.

Peformance criteria for the coating material include:

) The coating material should cover cracks

> The coating material should have a low enough modulus

to permit natural movement of cracks

3. The coating should be able to withstand the range

of envircnmental conditions that can be encountered
at the site

4. The coating should be water resistant

-15-
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The coating should bond to damp concrete
The coating material should resist debonding from
moisture movement or vapor pressure within the wall
The coating should exhibit long-term stability
The coating should not react with chemicals in cooling
pond water
According to manufacturers' data, the following coatings are
considered suitable for the intended application:

| A Rubberstone Hi-Fill Fibrated.

United Coatings, Inc.
1130 E. Sprague Avenue
Spokane, Wash. 99202

Aguaflex

————

Dural Intarnational Corp.
95 Brook Avenue
Deer Park, N.Y. 11729

Sika-Top 144

Sika Chemical Corp.
Box 297
Lyndhurst, N.J. 07071

Other suitable coatings may be available. Am rican Concrete

Stitute Committee 515 provides recommendations for use of

(113
barrier systems on concrete. '

ecommended that repairs be made after completion of

SUMMARY AND CONCLUSIONS

This report presents a discussion of observed cracks in the

Feedwater Isolation Valve Pits, Auxiliary Building Control Towe

‘i

and Electrical Penetration Areas, Diesel Generatdr Building, and

o~
o

Service Water Pump Structure located at Midland Nuclear Power
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Plant Cnits 1 and 2. Effects of observed cracks on future
durability of the structures are discussed,

Observed cracks in walls above the water table are not

expected to have a signi'icant influence on future durability of

the structures. Therefore, epoxy injection of these cracks
not considered necessary.

For cracks in walls below the water table, it is recommended
that epoxy injection or other means be used to stop leakace,
This precautionary measure is intended to prevent possible
corrosion problems that could result from gradual build
chloride ions.

also recommended that the south wall of the Service
Water Pump Structure be coated within the splash zone area
adjacent to the cooling pond. The coating represents a
precautionary measure against Possible corrosion problems that
from gradual build up of chloride ions.
recommended that repair
underpinning operations.
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