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UNITED STATES OF AMERICA
'

'
NUCLEAR REGULATORY COMMISSION

,

CEFORE THE ATOMIC SAFETY AND LICENSING BOARD

in the Matter of

UNION ELECTRIC COMPANY Docket No. 50-483 OL

(Callaway Plant, Unit 1) ).
,

PROPOSED FINDINGS OF FACT AND CONCLUSIONS OF LAW

I. INTRODUCTION
-

.

1. This Partial Initial Decision involv,es the application by Union

Electric Company (" Applicant" dr " Union Electric") for a license to

operate the Callaway Plant, Unit 1, a pressurized water nuclear reactor

locatedinCallawayCounty, Missouri,1/ The application was duly noticed

j ) #'for hearing (45 Fed. ft yl 56956 (August 26,1980) and 45 Fed. ft gl. 77208

(November 21,1980)) and petitions to intervene filed by John G. Reed and

jointly by Coalition for the Environment, St. Louis Region; Missourians

for Safe Energy; and Crawdad Alliance (" Joint Intervenors") were granted

by the Board (Memorandum and Order, February 5,1981).

2. In a Special Prehea, ring Conference Order dated April 21, 1981,

the Board ruled on contentions and established a trifurcated hearing

schedule to address the issues raised by the Intervenors. The two areas

1/ The Commission in 1976 issued Union Electric permits to construct
two reactors at the Callaway site. Applicant no longer plans to
construct the second site.

_ _ . _ _ _ .
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.of concern raised by Joint Intervenors (divided by Joint Intervenors into'

" Failure of the Quality Assurance Program" and " Inadequate Environmental

Protection From Radioactive Releases") were to be heard first in two
.

separate hearings; the third hearing was to deal with Mr. Ree'd's

contentions on. emergency planning.

3. Prior to the comencement of the evidentiary hearing on

Applicant's quality assurance program, the Staff and Applicant filed

motions for summary disposition of various of the subcontentions involved

in Joint Intervenors' quality assurance contention.2I By conference call-

on November 6,1981 (Tr.175-188), the Board granted the motions for

sumary disposition of Subcontentions I.B.1 (concrete cracking in the
.

reactor cavity moat area), I.B.2 (concrete cracking in a wall of the

control building), and I.0 (concrete cover of reinforcing steel). As

detailed in a Memorandum and Order issued on November 13, 1981, the Board

found that, as to those subcontentions, no genuine issue of material fact

existed, the alleged defects did not threaten the safe operation of the

plant, and they did not reveal deficiencies in Applicant's q0ality as-

surance program. November 13, 1981 Memorandum and Order, 6-13.

-2/ Joint Intervenors structured their quality assurance issues into one
overall contention (J.I. Contention 1) with subcontentions identifying
specific construction defects allegedly threatening the safe operation
of the plant. In the Special Prehearing Conference Order of April 21,
1981, the Board ruled that the litigation of Contention I would be
limited to the specific areas identified in the subcontentions,
subject to later supplementation (with the Board's approval) by
Joint Intervenors. April 21 Order at 7. Joint Intervenors did not
subsequently identify any additional construction defects they wished
to litigate.

__ _ _ . _
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! 4. Evidentiary hearings on the remaining subconentions of Joint

Intervenors' Contention I were held in St. Louis, Missouri in November

; and December of 1981. In addition to the Applicant, Joint Intervenors,

and the NRC Staff, the Public Service Commission of Missouri appeared at

the hearing (under 10 C.F.R. 9 2.715(c) as the representative of an

interested state). During the hearing, Joint Intervenors announced their

intent to withdraw their contention dealing with radioactive releases.3_/

No hearing date has yet been set for Mr. Reed's contentions.

5. This Partial Initial Decision deals solely with Joint

Intervenors' Contention No. I alleging a failure of the Applicant's

quality assurance program during construction of the Callaway facility.

This contention charges that the quality assurance program failed .

generally and then lists specific instances of alleged faulty con-

struction. 'The hearing was conducted by examining in detail the

individual construction defects identified in the contention. Our

findings address both the safety implications of the specific defects

charged by Joint Intervenors and their overall allegation that these

defects establish a general failure of Union Electric's quality as-
'

surance program.

6. Before addressing Joint Intervenors' contention, we think it

might be helpful to identify the different organizations involved in the

construction of the facility. As mentioned earlier, the Applicant for

-3/ A letter fonnally withdrawing the contention was inserted into the
transcript immediately following Tr. 2081. The withdrawal was
granted by the Board in a Memorandum and Order dated December 7,
1981. '

l
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the license is Union Electric Company. Union Electric is a member of the

SNUPPS (Standardized Nuclear Unit Power Plant System) organization.

SNUPPS is composed of a number of utilities pursuing a standard design
,

for their nuclear plants. Bechtel Power Corporation ("Bechtel") is the
.

'

lead architect / engineer N. all the SNUPPS projects, including Callaway.

As architect / engineer, Bechtel is responsible for designing all structures
' and systems, except the nuclear steam supply system, within the standardized

i power block.4l Bechtel is also responsible for procuring equipment for use-

in the standardized power block. Finally, Daniel Internatical Corporation

(" Daniel") has been engaged by Union Electric to construct the facility..

Schnell Direct, fol. Tr. 216, 4-8.

*
II. MATTERS IN CONTROVERSY.

7. The opening paragraph of Joint Intervenors' Contention No.1

reads:

FAILURE OF THE QUALITY ASSURANCE PROGRAM

Surveillance and inspection functions of Applicant
Union Electric Company, and others, including Bechtel
Power Corp. (lead architect / engineer), Daniel
International Corp. (construction contractor) and
Code Authorized Nuclear Inspectors, failed to ensure
the quality of safety-related material, structures,
systems and components through all phases of their
fabrication, construction, testing and inspection
contrary to the quality assurance criteria of
10 C.F.R. Part 50 Appendix B. Many vendor-supplied
components were on the construction site and were

: -4/ The SNUPPS standardized power block consists of the reactor building,
turbine building, auxiliary building, fuel building, radwaste building,
diesel generator building, control building, and all systems and
equipment within these buildings. Direct Testimony of Donald F.
Schnell, fol. Tr. 216, 5.

.

- . - ~ , . m. - _. . . . . . _. . _ . . . _
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approved for installation before code-defined de-
'

I ficiencies and nonconformances were identified.
I During construction deficiencies and nonconformances
;- were accepted against code requirements. Without

effective surveillance and inspection by thei

. Applicant, and.others, of material suppliers,
! component vendors, and construction contractors,

all safety-related material, structures, systems,
and components must be considered of questionable
integrity. Because effective surveillance and
inspection were not performed, the safe operation
of the Callaway Plant is in jeopardy and should not
be licensed.

; 8. The Board will deal with each of the individual subcontentions

in 'the order in which they are presented in Contention 1. For each of'.

the specific construction defects alleged in the contention, we shall

examine the discovery of the defect, the steps taken by Applicant to

correct the matter, the safety implications of the defect, and the in-

ferences its occurrence permits us to draw about Applicant's quality

assurance program.

.

9. Subcontention I.A. Embedded Plates:

Embedded plates, or embeds, so called because they
are embedded in concrete, are fixtures installed in

concrete walls to support the ends of load-bearing
steel beams, piping and other structures. The *

plates are made of steel with short steel studs
welded to one face, like the bristles of a brush.

They are mounted flush with the wall surface, with
the studs extending into the concrete. The exposed
surfaces of the plates serve as point of attachment
for girders and other structural members. If an
embedded plate tears loose from a wall, the result
could be the collapse of an entire floor, breakage
of critical pipes in the primary and emergency core*

cooling systems, and even core melt-down (Class 9
accident).

When the Callaway Plant was approximately five and
one-half to seven percent complete, a stop-work
order was issued on June 9,1977, when it was dis-
covered that some of the studs were not properly

t -
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welded to the embedded plates. (See NRC Report
i No. 50-483/77-10, p. 8). Prior to June 9,1977,

480 plates had been installed in the plant. (See
NRC Report No. 50-483/80-14, p. 4). The NRC and

: the Applicant do not know how many of those
i 480 plates contain faulty welds, they do not know
. where those plates are located in the plant, they
' do not know what loads each plate must bear, and -

they do not know what the consequences of plate,

. failure would be to the safe operation of the plant
' and to the health and safety of the public. (See,

_e.S., NRC Report No. 50-483/80-14, Attachment A -
item 17, pp. 4 '; and Attachment B - item 17,
pp. 5-6).

The Applicant and NRC staff do know that after the
June 1977 stop-work order, many unused plates had
to be repaired (See NRC Report No. 50-483/77-10, '

p. 8) or were returned to the manufacturer. There
'

is evidence of multiple defects on some plates.
(See NRC Report No. 50-483/80-14, Attachment B,
p 7 ). Although it is not known whether the
manufacturer inspected the plates before shipping
them to Callaway (See NRC Report No. 50-483/80-14,
Attachment B, p. 2), none of the 480 installed
plates were removed and reinspected, and, none were
repaired or replaced.

During the process of evaluating the question .

whether the embedded plates presented a safety-
significant problem, the Applicant improperly
determined, with the NRC's apparent approval, that
certain exceptions to structural welding code
standards would be tolerated. (See,e.g.,NRC
Report No. 50-483/80-14, pp. 7-1DT

We contend that inadequate and incomplete in-
spection and testing were performed. Omissions
include the failure to conduct live-load tests and "

the failure to consider whether defective plates
could withstand the effects of an earthquake as per
10 C.F.R. Part 100, Appendix A, Section VI.

10. The subcontention on embedded plates consumed a large portion of

the evidentiary hearing. Nine different witnesses testified on this

issue during seven days of hearings. Applicant's panel of witnesses

included Donald F. Schnell, Vice-President Nuclear of Union Electric;

-
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f Dr. Bernard L. Meyers, Bechtel's project manager for the SNUPPS project;

Eugene W. Thomas, Bechtel's supervisor of its civil engineering group for

the SNUPPS project, Kirit G. Parikh, an enginec *ing supervisor with

Bechtel; and Drs. John W. Fisher and Roger G. Slutter, both professors of
'

civil engineering at Lehigh University. Mr. Schnell and the three

witnesses from Bechtel were all directly involved in Applicant's handling

of the embedded plates question. Drs. Fisher and Slutter performed tests,

on the plates at Lehigh University. Both men are specialists in steel /.

concrete connections. Applicant Embed Testimony, fol. Tr. 501,1-8 and

Attachments 1-5,

11. The NRC Staff presented Eugene J. Gallagher, a civil engineer

in the NRC's Office of Inspection and Enforcement, Reactor Engineering
-

.

Branch. Mr. Gallagher participated in the Staff's review of the embedded '

plates issue; he holds a degree in structural engineering. Gallagher

Direct, fol. Tr.1261,1 and Attachment; Tr. 1262-63. In addition, the

Board called two witnesses from Daniel: Harold J. Starr and John P.

Holland. Mr. Starr is Daniel's project manager for Ca'laway. Mr. Holland

is Daniel's piping manager for the Callaway project; from 1977 to 1980 he

was Daniel's quality assurance manager for the project. Both men were

familiar with the treatment of the embedded plates issue as it developed.

Tr. 1342-46; Attachments fol . 'Tr.1343 and fol . Tr.1344.5/

-5/ Joint Intervenors did not presen~ witnesses on this or any otherc

issue, but instead relied solely upon cross-examination of the wit-,

nesses proffered by the Applicant and the Staff (and in the case of
embedded plates, by the Board).
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; 12. Embedded plates are steel plates set in concrete to serve as

supports for piping; electrical conduits and cable trays; heating,

venting and air conditioning components; and structural steel framing.

Applicant Embed Testimony at 28, 34; Gallagher Direct at 2. The plates;

are constructed by welding studs or anchor rods to one face of the plate.

1 The plates are then positioned before concrete for a' wall is poured. The
'

concrete hardens around the studs or anchor rods, thereby affixing the

plates to the wall. Gallagher Direct at 2; Applicant Embed Testimony

at 10-11.
'

'

13. There are two distinct types of plates used at the Callaway

facility. Some of the plates contain headed studs that are welded to the

plates by an automatic welding orocess which produces a complete butt

weld between the end of the headed stud and the steel member and deposits

a nonstructural flash of weld metal around the shank of the stud. Other

plates contain threaded a ichor rods instead of headed studs. These rods

are too large to be welded to plates by machines; anchor rods are attached

to plates by use'of manual structural welding procedures. All the embedded

plates used at Callaway were manufactured by the Cives Steel Company at

their plant in Gouverneur, New York. Applicant Embed Testimony at 11-14;

Gallagher Direct at 3.5/

14. The potential problem with embedded plates at Callaway was

first uncovered on June 9,1977, during a routine NRC inspection at the

s/ Throughout this decision, plates with headed studs will be referred
to as " machine-welded" plates and plates with anchor rods will be
referred to as " manually-welded" plates. The Board notes that
failure to distinguish between machine-welded and manually-welded
plates led to some degree of confusion during the hearing.

_ _ _ . . _ . _ _ _ _ _ . . _ _ - _ _ _
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site.-! Inspector K. R. Naidu discovered that certain machine-welded

plates had studs that did not contain full 360 degree flash material and

had not been bond tested in accordance with Section 4.30.1 of the AWS
\

; (American Weiding Society) code. NRC Report 50-483/77-05, J.I. Ex. 28,

j pp. 6-7; Gallagher Direct at 3; Applicant Embed Testimony at 14. AWS

D.1.1-75, Section 4.30.1 requires that every stud showing less than 360*

flash material be bent fifteen degrees in the direction opposite to the4

; gap in the flash. If a crack in the weld appears (or if the stud actually

: breaks off from the plate), the weld must be rejected. Otherwise, the
-

weld and stud may be used as is. Gallagher Direct at 3; Applicant Embed

Testimony at 14-15.8_/
,

; -

! 7/ A year earlier, a question did arise at the site corcerning
-

potentially nonconformina embeds. At Union Electric's request,
Daniel inspected 10% of the embeds received on site from Cives
before November 15, 1976. Of the 374 pieces inspected, three plates
were eventually found to be nonconformihg.' DLUC-990, J.I. Ex. 18,
pp. 1, 3; Tr. 672-673 (Schnell). All of the discovered deficiencies
were minor in nature; none affected the capability of the plates to
perfonn their design functions. Tr.1234-36 (Thomas).

.

Of The relevant portions.of the AWS Ccde were introduced into the record
as J.I. Ex. 17. The Applicant concedes that the studs were not
being bend tested in accordance with AWS Section 4.30.1 at that
time, but contends that the studs were properly classified as
" concrete anchors" instead of " shear connectors" and were subject to
the less restrictive bend testing requirements of AWS Section 4.30.2.
Applicant Embed Testimony at 15-17; Applicant's Proposed Findings,
pp. 33-34.

The Board makes no finding with regard to which section of the AWS
Code applied to the bend testing of the studs in question. -It notes,
however, that Bech.tel's specifications were revised to incorporatei

1 the more rigorous test of Section 4.30.1 and that the inspections at
;' machine-welds on the site subsequent to June 9, 1977 applied the

100% testing requirement of Section 4.30.1. Applicant-Embed
Testimony at 17,19; Tr. 834-38 (Meyers).,

.

4

w. m w - . - .m , 4.w.e- -o, s w-..G. wm...+.w. ws *
.
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15. As a result of the NRC investigator's findings, Daniel issued

two stop-work orders preventing further placement of both machine-welded

andmanually-weldedembedspendinganinvestigation.1/ At the time of the'

stop work orders, 255 machine-welded embeds and 225 manually-welded

embeds were installed in concrete and identified as being eventual

supports for safety-related loads. Gallagher Direct at 3; Applicant

Embed Testimony at 28, 44. Due primarily to system modifications and

support revisions, only 204 of the machine-welded embeds installed prior
,

to June 9,1977 will serve as supports for safety-related loads.
'

Applicant Embed Testimony at 28-29.

16. After the stop-work orders were issued, two separate investiga-
~

tions of the uninstalled embeds on site were undertaken. The manufacturer

of the plates, Cives Corporation, was requested to conduct a 100% in-

spection of all machine and manual welds. In addition, Daniel was also

requested to perform a 100% inspection of the welds. Gallagher Direct

at 4; Applicant Embed Testimony at 18-19, 32-33, 40-41.

17. The results of the Cives inspection of machine-welded studs

showed that of 81,673 studs on 7,543 plates, only 457 studs showed less

than 360 flash material. Those 457 studs were all bend tested to an

angle of 15 degrees according to AWS D1.1-75, Section 4.30.1. See p. 9,

supra. Only 66 studs failed the test. Thus of the 81,673 machine-welded

studs examined, only 66 (0.08%) were rejectable under the AWS code.

--9/ Although the inspector's findings did not bear upon manually-welded
embeds, Union Electric determined that the condition of both machine-
welded and manually welded embeds be investigated. Applicant Embed
Testimony at 32-33, 40; Tr. 663 (Schnell),1227 (Meyers).

_
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t Gallagher Direct at 4; Applicant Embed Testimony at 19; NRC Report

50-483/80-14, Staff Ex. 6, p. 6; Bechtel Final Report, App. Ex. 4, p.1.

All of the defective studs were replaced. Applicant Embed Testimony

at 20; Gallagher Direct at 4

18. The results of the Daniel inspection of machine-welded plates
4

are similar. Daniel examined 96,472 machine-welded studs and found 106

rejectable, resulting in a reject rate of 0.11%. DLUC 2142, J.I. Ex. 31;

StaffEx.6,AttachmentB(ULNRC354),p.4.E,

19. tpplicant witness Thomas indicated that, in comparison to the*

,

0.08% or 0.11% rate of defects found in the Cives machine-welded studs,

the application of normal industry manufacturing standards would result

in a failure rate of approximately 1% to 11%. ApplicantEmbed)estimony
'

at 20. Drs. Fisher and Slutter agreed. Ibid. ' Far from indicating a

quality assurance breakdown',' Staff witness Gallagher testified that the

" exceedingly low" defect rate at Cives demonstrates that adequate quality*

controls were in effect at the place of manufacture. Gallagher Direct,

at 4; Tr.1308; see also Applicant Embed Testimony at 20 (Fisher and

SlutteratA.35). -

20. Despite the low rate of defects, further steps were taken to

provide assurance that the machine-welded embeds placed in concrete

before June 1977 would perform as designed. Using the data results of
.

the Cives inspection, Bechtel performed an engineering analysis to

.

10/ As a glance at the numbers shows, Daniel inspected more machine- -.
-~

welded studs than did Cives. The Daniel inspection continued after-

Cives completed its 100% inspection and included plates arriving on
site after the completion of the Cives inspection. Tr. 1411-12
(Gallagher); Staff Ex. 6, Attachment B, p. 4.

-- ._
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[ determine the probability of failure of the plates installed prior to
' June 9. The probability of plate failure was determined as the product
; of the probabilities of: (1) the plate having an ineffective stud;

(2) the plate supporting a safety-related load; (3) the design load

i exceeding the plate capacity due to an assumed adjacent ineffective stud;
~

'

and .(4) the probability of the plates encountering their design loads.

The resultant failure probability was found to be on the order of mag-

nitude of 10-9 Applicant Embed Testimony at 21-26; App. Ex. 4, pp. 2-5;.

,,q Tr. 910-918 (Parikh). Drs. Fisher and Slutter reviewed the Bechtel
,

j analysis and found its conclusions to be very conservative. Applicant
'

EmbedTes'timonyat26-27.1I/-

. .

21. The Staff also requested that Applicant have tests performed on

various o.f the machine-welded plates already installed at the site. Live

load tests of six such plates were performed in L980 et Lehigh University

under the supervision of Drs. Fisher and Slutter. A hydraulic jack was

used to subject the plates to tension loads in excess of their design '

'

capacity. The plates exhibited no signs of failure and a maximum de-

flection of 0.023 inches, well within the acceptance limit ot' O.25 inches.

Applicant Embed testimony at 26-27; Bechtel Testing Report, App. Ex. 5;

Gallagher Direct at 4, 5, 8; Staff Ex. 6, p. 6.

1_1/ The NRC Staff did not subject the Bechtel probabilistic analysis to
expert review. Staff witness Gallagher testified that he accepted
the probability analysis to the extent that he was confident that
the data indicated an extremely small probability of failure, but
that, not being an expert in probability analysis, he did not get,

into the merits of the numbers selected for the individual
parameters. It is the Staff's view that a finding of safety
regarding the installed plates did not require a probability
analysis. Tr. 1327-28.,

. . . . _ . - . .

T
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' 22. The NRC Staff, on the basis of both the Cives inspection results

: and the live load tests, accepted the conclusion that the machine-welded

a plates installed prior to June 1977 will not threaten the safe operation

of the Callaway facility. Gallagher Direct at 4-5; Staff Ex. 6, pp. 5-7.*
!

As mentioned earlier (see n.11, supra), the Staff did not rely on the

Bechtel Probabilistic Analysis for its conclusion.
,

23. Joint Intervenors challenge, at least in part, the inspection

results, the probabilistic analysis, and the live load tests performed on

site. J.I. P'roposed Findings, pp. 38-40. We examine each challenge in
'

turn.

24. As to the inspection results, Joint Intervenors do not appear

to challenge the Daniel data (resulting in a defect rate of 0.11%). See

J.I. Proposed Findings, p. 12. Joint Intervenors do not acceot the Cives

data;-they claim that the inspections may have been unreliable because

they were made by only one inspector in a short period of time. J.I.

Proposed Findings, p. 14. The record does not indicate how many

Cives inspectors participated in the investigation; E we refuse to*

speculate as to any number. Moreover, in light of the similarity between

the results of the Cives and Daniel inspection of machine-we'is, and

Joint Intervenors' acceptance of the Daniel results, we view this issue

as unnecessary to our decision.

f

-12/ In response to questions about the number of inspectors, the wit-
nesses on Applicant's panel indicated they had no knowledge on the,

subject. See, e.g., Tr. 739 (whole panel), 794, 796 (Meyers). No
witness testified that the Cives data were collected by a single
inspector.

.
.

. - - . . . -n .w., .-.-~~.-.wn.m.~-
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25. Joint Intervenors claim that the Bechtel probabilistic analysis

is unreliable because it does not take into account the fact that more

j than half of the defective welds found by Cives were manufactured between
.

| April and August of 1976 (see App. Ex. 4, Appendix A (SL 128)) and because

it does not take into account the possibility of adjacent studs being

defective. J.I. Proposed Findings, pp. 38-39. These criticisms are not
,

supported by the record. The record indicates a lack of correlation
,

between the date of receipt of a plate at Callaway and its date of in-,

'

stallation; on receipt, plates wcre transferred to a laydown area where ,

they were intermingled with unused plates already on site. Tr. 1218-19

(Thomas,Meyers). In response to a question by Judge Kline, Mr. Thomas

indicated that the probability used for plate failure in the analysis

could be pr'operly applied to the plates installed before June 9.

Tr. 1219. Mr. Thomas was not questioned on this issue by Joint

Intervenors. While Applicant did not examine the case of multiple stud

failures on a plate,'the record does indicate: on the basis of the

inspection results, only two studs on the 255 safety-related installed

plates would be expected to fail (Applicant Embed Testimony at 25; App.

Ex. 4, p. 3); multiple failures would only be significant if they occurred

onadjacentstuds(StaffEx.6,AttachmentC, BLUE-700,p.5);and

even if adjacent stud failure were taken into account, the results of

the overall probability analysis would remain unchanged (Ibid.). b
.

*

--13/ Bechtel indicated in a letter to Union Electric (BLUE-700, admitted
into the record as part of Attachment C to Staff Exhibit 6) that the'

probability of a design load exceeding a plate's capacity due to an
assumed adjacent ineffective stud increases by a factor of 2 to 4 if,

two adjacent studs (rather than one stud) are assumed to fail. This
increase in. probability is offset by the lower probability of two
adjacent studs failing when compared to a single stud failure.
BLUE-700, p. 5. ~

- - - . . - - - - ... . _ ,
_

- - m
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We are forced to note that Joint Intervenors are for the most part

alleging these inadequacies in the probabilistic analysis for the first

time in their proposed findings. Although Applicant's witnesses were

available for seven days, many of the questions raised by Joint '

Intervenors in their findings were ignored by them during cross-

examination.E

26. The tests conducted on machine-welded plates at Callaway by

Drs. Fisher and Slutter are considered inadequate by Joint Intervenors

for the following reasons: the samples used were not represeatative of

all the types of machine-weided plates installed prior to June 9,1977;

there is no indication whether the plates tested were manufactured during-

the five-month period when the frequency of defects was comparatively

higher; the professors from Lehigh may have been biased due to their

relationship with Nelson Stud Welding Company; and a " dry run"-for'the

tests was performed in 1978, convincing Applicant that the tests would

yield successful results. J.I. Proposed Findings, pp. 38-39. We find

14/ As a result, the Board is unable to analyze many items cited in
---

Joint Intervenors' Proposed Findings. As an example, Joint
Intervenors argue that the " fallacy of the probability analysis is
demonstrated by the fact that if all of the studs on the machine-
welded plates are rejectable, the probability analysis would tell us
that the chgnces of' a major safety hazard in the power. block is ,

roughly 10 ." J.I. Proposed Findings, p. 39. It appears to the '

Board that more than the parameter P might be affected if this
1assumption were made (see App. Ex. 4, pp. 3-4). Had the area been

developed during cross-examination, the Board could be more definite;
in the absence of such development, we cannot accept assertions in
the Proposed Findings as fact.
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these arguments without merit. The six plates were chosen based upon

their accessibility at the time of testing and the feasibility of

mounting a test rig for the plates. The test procedures and plates

chosen were considered acceptable by the NRC. Applicant Embed Testimony

at 27; Staff Ex. 6, p. 6, and Attachment E (Bechtel Interim Test Report),

p. 1. All six plates were tested beyond their design loads (see p. 12,

supra). There is nothing in the record to indicate that the plates

tested are in any way unrepresentative of the other plates installed

before June 1977. While it is true that no determination was made as to

whether the six tested plates were manufactured between April and August

of 1976, the significance of this fact is not readily apparent. El As to
.. ,

the possible' biases of the Lehigh professors who supervised the tests,

this bare allegation is unsupported by any facts. Finally, the fact that

earlier tests were performed at Callaway in an unrelated matteN does

not rob the later tests of reliability. Other than the selection of the

tested plates, none of the deficiencies in testing alleged by Joint

-15/ As i.ndicated earlier (see p.14, supra), there does not appear to
be a significant correlation between the date of manufacture of a
plate and its date of installation at the site. In addition, while
the record does not reflect the percentage of welds made before
August 1976 that was rejectable, Mr. Thomas testified that the
difference in reject rates for welds made before August 1976 and
after that date was not substantial. Tr. 1219.

16/ In 1978, Drs. Fisher and Slutter performed tests at the Callaway-

site to determine whether machine-welded studs could be bent up to
45% to accomodate placement and still perform their design function.
Tr. 1080-1093. These tests were unrelated to the issue involved in
Subcontention I.A: the installation of potentially defectively-
manufactured embeds.

.

h
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Intervenors relates to the actual methodology of the tests or the results

obtained. The Board finds Joint Intervenors' criticisms of the testing

unwarranted.

27. The Board. concludes, with respect to machine-welded embeds,

that the plates installed in concrete at Callaway before June 1977 do not

pose a threat to the safe operation of the plant. The Board bases this

finding on the extremely low rate of failure of machine-welded studs

found by both the Daniel and the Cives inspections, the probabilistic

analysis performed by Bechtel based on the results of the Cives

inspection, and the tests performed by Drs. Fisher and Slutter which

subjected six installed plates to greater than design loads without any

indication of plate failures.

28. We turn now to the manually-welded embeds. Manually-embedded

plates at Callaway are used for the attachment of structural steel

framing members to concrete. Applicant Embed Testimony at 34. Manual

welds must be used for the anchor rods on these plates because the rods

are too large to be welded by machine. Fillet welds are used to join the

plates and the anchor rods. These welds are made by depositing weld

metal around the perimeter of the anchor rod shank at the intersection

with the surface of the plate. The weld metal fuses to the anchor rod

and the plate and provides a positive mechanism for load transfer. Some

of the parameters associated with fillet welds are weld size or leg size,

throat or throat size, and weld profile (concavity or convexity of the

exposedweldsurface). Applicant Embed Testimony at 33 and Fig. 4.

29. After the stop work orders were issued on June 9, 1977, both

Daniel and Cives initiated investigations of manually-welded plates as



. . ..

. .

- 18 - l
I

well as machine-welded plates. Both investigatons uncovered a large

number of rejectable anchor rods. Daniel rejected 2729 of 6103 rods

inspected (44.7%). BLUE 2142, J.I. Ex. 31. The Board has no similar

figure for the Cives inspection ~, but an examination of the Cives in-

spection reports (J.I. Ex. 22) reveals a far greater reject rate than was

found with machine-welded studs. When Bechtel performed its engineering

analysis of the manually-welded studs, it operated on the assumption that

the Cives inspection results showed a " majority" of the manually-welded'

studs were found unacceptable. App. Ex. 4, p. 1.

30. Prior to June 9,1977, Applicant had~ comitted to comply with

AWS D1.1-75 requirements for the welding of anchor rods. During their

investigations after June 9, both Cives and Daniel rejected the welds.

they found to be in noncompliance.with these requirements. Staff Ex. 6,

p. 7; Applicant Embed Testimony at 35; Tr. 736-37 (Schnell).
,

31. In determining whether the manually-welded embeds installed

prior to June 9,1977 were acceptable, Bechtel. performed an engineering

analysis (App. Ex. 4). For the manual welds, the critical issue was not

the number of defective rods, but rather the extent of the defects.

Tr.1241-42 (Meyers, Thomas).$

32. A great part of the embedded plates hearing centered around the

relative merits of the Cives and Daniel inspections of manual welds. We

address that issue infra. We note here that Bechtel relied only on the

17/ As we shall see (p. 20, infra), Bechtel assumed in its analysis that
---

all the manual welds were deficient.
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Cives inspections in its analysis. Applicant Embed Testimony at 35-37,

40. The Daniel inspection was designed to identify those plates that

were acceptable and those that required repair. Tr. 723 (Meyers), 736-37

(Schnell); 1357-58 (Starr). Rechtel did not become aware of the Daniel

inspection results until after it had completed its engineering analysis.

Tr. 797 (Meyers).

33. The welding deficiencies identified by Cives were:

(1) Insufficient weld (leg) size. The required weld sizes on the

various manually-welded embeds vary from 3/8 inches to 5/8 inches. The

maximum undersize identified by the Cives reinspection was 1/8 inch and .

usually only occurred on the vertical leg of the weld (i.e., the weld leg

measured parallel to the axis of the anchor rod).

(2) Unequal leg size. The two legs of the weld were not of equal
.

length. The vertical leg of the weld was usually shorter than the

horizontal leg of the weld.
,

(3) Unacceptable' profile. The weld exhibited excessive convexity
,

when compared with the requirements of AWS D1.1-75.

(4) Excessive undercut. The welding process undercut or reduced

the thickness on the base metal (i.e., the p. late or anchor rod). The

maximum undercut was 1/16 inch. . Applicant Embed Testimony at 35.

Although the maximum undersize found was 1/8 inch, most of the undersizes

found were only 1/16 inch. Board Ex. 1, Enclosure 2 to ULNRC-238.

34. The Bechtel analysis made the following assumptions regarding

the four types of deficiencies found by the Cives inspectors:

*
_.
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(1) Weld Undersize.

a. All anchor rods on the plate were considered to have 1/8

inch undersized welds.

b. All welds were considered to be undersized for the total

360 perimeter of the anchor rod,

c. Both legs of the weld were considered to be undersized.

d. Minimum material properties were used.

e. In addition to Item d, a conservative value for the

ultimate shear capacity of the weld metal was used,

f. The evaluated weld stress area was less than the actual

weld stress area.

(2) Unequal Weld Legs. Unequal weld legs are not generally

permitted for linear structural welding since this condition can result

in thermal stress in one of the pieces being welded'. These stresses
.

occur in steel weldments with restrained member. The anchor rods,

however, are not restrained. The rod is free to move under differential

thermal strains during the welding process, thereby eleminating these

stresses and the requirement for the anchor rod welds to meet this

criteria. The movement that does occur is very small and does not affect

anchor rod performance.

(3) Unacceptable Weld Profile. Weld profile and convexity are also

indicative of the amount of heat transmitted to the elements being welded

and are therefore not critical in anchor rod welding for the same reasons

stated in item (2) above. Furthermore, no evidence of cracking was

detected in any of the welds.

(4) Undercut. Undercuting the base metal of the threaded anchor

rod reduces the cross-sectional area of the rod. However, the net area

,
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of the rod with a full 1/16 inch undercut around the full perimeter of

the rod is still. greater than the net area of the rod at the root of the

threads. Since it is the net area at the root of the threads which

governs the capacity of the anchor rod, the 1/16 inch undercut does not

affect the lead carrying capacity of the rod. Applicant in. bed Testimony

at 37-39.

35. The critical factor in the analysis was undersize. Tr. 724,

(Meyers). Applying the conservative assumption that every weld was

undersized 1/8 of an inch for the total perimeter of the rod, Bechtel

calculated a reduced design capacity for all manually-welded plates.

Applicant Embed Testimony at 37-38. See also, App. Ex. 4, Appendix B,

Sheet 3. No plate will be subject to a load greater then its reduced

design capacity.18,/ It is important to keep in mind that the original

design capacities of all the manually-welded the plites included a

minimum safety factor of at least 2.0 against the yield limit state

-18/ Applicant's witnesses originally testified that the reduced design
capacity for every plate exceeded the' actual load to be imposed on
the plate. Applicant Embed Testimony at 37-38. Well after the
close of the hearing, Joint Intervenors submitted a motion for
admission of a document which shows that four plates installed prior
to June 1977 will be subject to actual loads equal to their reduced
design loads. Joint Intervenors' Motion for Admission of Additional
Evidence, February 19, 1982. Applicant now concedes that its original
testimony was incorrect and that the four plates identified by Joint
Intervenors will be subject to actual loads equal to their recalcu-
lated load carrying capacities. Applicant's Answer to Joint
Intervenors' Motion for Admission of Additional Evidence, March 8,
1982, pp. 8-9. Joint Intervenors do not allege in their motion that
any plates will be subject to loads in excess of their reduced design
capacities and their Proposed Exhibit 78 indicates that in fact no
plate will be subject to a load greater than its reduced design
capacity. j

|
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state of the plate and tensile capacity of the anchor rods. Applicant

EmbedTestimonyat34.E The reduced design capacities never yielded

a safety factor less than 1.92. Applicant Embed Testimony at 38. Thus,

there still exists an adequate margin of safety between the imposed load

and the yield limit of the plates.

36. The Bechtel analysis was reviewed, and found accoptable, by the

NRC Staff. Staff Ex. 6, pp. 7-8. Drs. Fisher and Slutter also reviewed

the Bechtel analysis and agreed with its conclusion that the manually-

welded embeds installed before June 9, 1977 are acceptable. Applicant

Embed Testimony at 39,

37. We turn now to the Daniel report. The Daniel inspection data
,

sheets (NCR-2-0831-C-B, J.I. Ex. 12) cite instances of greater than~1/8
'

inch undersize in manual welds. Upon learning of these findings, Bechtel

initiated an investigation to determine whether the Daniel results negated
'

Bechtel's analysis based upon all welds showing 360 degrees 1/8 inch

undersize. Applicant Embed Testimony at 41, Staff Exhibit 6, p. 8. '

Bechtel determined that the Daniel undersize figures were overstated and

did not affect Bethtel's earlier analysis'. Applicant Embed Testimony

at 42; App. Ex. 6. This determination was hotly contested at the hearing.

-38. Two reinspections of plates rejected and set aside by Daniel

but still in their as-rejected condition were initiated on site. The

first reinspection, covering 45 embeds, was conducted separately by Daniel

---19/ The design load capacities of the machine-welded plates also include
a minimum safety factor of 2. Applicant Embed TesO mony at 29.
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and by Bechtel. Bd. Ex. 1, Enclosure 4,12/12/77 Minutes, p. 1. A later

investigation, conducted by a team from Daniel, Bechtel and Union Electric, .

examined 48 embeds. Staff Ex. 6, p. 8; App. Ex. 6, Attachment p. 5.

Both reinspections showed that the Daniel data package at times

overstated the amount of undersize. None of the reinspected plates

exhibited average weld undersize greater than 1/8 inch. Bd. Ex. 1,

Enclosure 4; Staff Ex. 6, pp. 8-9; App. Ex. 6, Attachment, pp. 4-5;

Applicant Embed Testimony at 42, 44.
,

39. Bechtel also extensively reviewed the 610 pages of Daniel data
* sheets (J.I. Ex. 12). Bechtel found that the Daniel package was flawed

in that Daniel i'nspectors were inconsistent in their manner of recording

data, did not. record sufficient information regarding the extent of weld

deficiencies to permit engineering analysis, and recorded weld undersizes
u

that were in Bechtel's judgement excessively high and in some cases

technically unfeasible considerin~g the size of the electrodes and the

procedure used in manufacture. Applicant Embed Testimony at 42-43.

40. For their part, Joint Intervenors maintain that the Daniel
.

package is as infomative as the Cives inspection data. See, ed ., J.I.

Proposed Findings, p. 31. Joint Intervenors repeatedly asked witnesses

at the hearing to compare the two documents in an effort to show that the

Cives package contained no more information than did the Daniel package.

See, eg., Tr. 870 (Parikh),1029 (Fisher).

41. The Board finds this issue is not germane to its decision. It

is clear from the record that Bechtel relied not just on the Cives in-

vestigation data sheets (J.I. Ex. 22) but on numerous post- investigation

contacts with people from Cives. Tr. 724, 796 (Meyers). The crucial
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issue before the Board with resoect to the Daniel package is whether the
f
'

i information contained therein contradicts the assumptions used by Bechtel

in its engineering analysis.

42. It is clear, as mentioned earlier, that the Daniel inspectors
,

| noted weld undersizes greater than 1/8 inch. The Daniel findings were

also shown to be overstated, by investigation conducted in part by Daniel

i personnel. See pp. 22-23, supra. Moreover, the critical element in the

Bechtel analysis was the maximum average undersize. Bechtel assumed 1/8

inch undersize for 360 degraes of every weld. See p. 20, supra. The
,

| Da'niel package, while documenting (sometimes overstated) unde.rsizes, does

not generally report the percentage of undersize around the weld. See-

i

J.I. Ex. 12. Even Daniel agreed that its data package could not be used

to support an engineering analysis. As reported by Daniel Project Manager,

Mr. Starr:
1

[ Daniel] inspectors' entries reflected the. greatest
amount of undersize measured on each stud, and that
undersize varied from 5% to 100% of the total weld

i circumference. This fact has been verified by,

i interviews conducted with the personnel who per-
formed the inspections. Because of the manner in
which weld deficiencies were reported, an engineering,

evaluation which assumes the maximum undersized
condition around the complete weld circumference
will not represent a true image of the actual
conditions.

DLUC-2399, J.I. Ex. 14, p. 2. Based on the evidence of record, the Board
,

finds that the assumptions used in the Bechtel engineering analysis are'

acceptable.20/

, -~~20/ Although the Board. finds the Bechtel analysis is acceptable, it
: notes that Dr. Fisher testified that even if the worst weld devia-

tions indicated in the Daniel package were assumed to extend 360,

i degrees around the anchor rods, there would still be no effect upon
the laad-carrying capacity of the embeds. Tr. 1135-36.

4

,

6

, _s _ .._----,y . ,- .- . , , _ _ . , - . - - - . . , ---,---v -
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43. In addition to the Bechtel analysis, the NRC Staff requested

that Applicant have load and bend tests perfomed on manual rods. From a

pool of 45 plates previously rejected by Daniel and not yet repaired, six

rods from six different plates were bend tested to approximately thirty

degrees and six other rods from s'ix other plates were tension tested to

failure. The rods were selected based on visual observation of apparent

worst cases. None of the welds exhibited cracking when bent to thirty

degrees. The results of the tension tests showed a miminum ultimate weld
,

strength of 46,200 pounds (the design load for the weld is 13,650 pounds).

Applicant Ex. 5; Applicant Embed Testimony at 45-46; Staff Ex. 6, p. 9;

Gallagher Direct at 4.

44. The Board finds that the Bechtel engineering analysis and the

tests performed at Lehigh University provide adequate assurance that the

manually-welded embeds installed before June 9, 1977 will not endanger
.

the safe operation of the plant.

45. Joint Intervenors also allege in their contention that

" Applicant improperly determined, with the NRC's apparent approval, that

certain exceptions to structural welding code standards would be tolerated."

These exceptions are listed in Section 3.8.3.6.4.3. of the Callaway FSAR.

These exceptions were based on the results of the Bechtel engineering

analysis. The exceptions in questions are:

(1) Vertical leg of weld may be up to 1/16 inch
smaller than that specified on drawings.

(2) Unequal legs are permitted. |
|

!
1

|
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.

(3) Weld profile and convexity requirements for
these welds need not be imposed.

(4) An undercut of up to 1/16 inch for 10% of weld
length may be permitted.

Staff Ex. 6, p. 7; Gallagher nirect at 5; Applicant Embed Testimony

at 39-40. Staff witness Gallagher testified that the exceptions "are

minor in nature and do not affect the basic weld design or the capacity

of the connection." Gallagher Direct at 5. The Board notes that the

exceptions are based on an analysis that determined that 1/8 inch

undersize would be acceptable (the exceptions only permit 1/16 inch

undersize). Joint Intervenors have presented the Board with no evidence

indicating that the exceptions are improper. The Board finds that the
,

exceptions were properly granted and that their use will not prevent the

manually-welded plates installed after June 9, 1977 from safely per-

forming their design functions.
,

46. Joint Intervenors contend that the discovery of the weld

defects in the embeds and Applicant's efforts to evaluate and correct the

defects demonstrate the failure of Applicant's quality assurance program.
,

,

J.I. Proposed Findings, p. 40. The Board cannot agree. Upon discovery

of the defects Applicant " stopped work" on the installation of both

machine and manually-welded embeds, initiated thorough investigations to

determine the extent of the problem, and performed analyses to determine

the adequacy of the installed embeds. The NRC was duly notified of the

problem (and requested additional tests, which were performed). The
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Board has found that the steps taken adequately demonstrate that the

installed embeds do not threaten the safe operation of the plant. In

terms of the quality assurance program, the Board finds that Applicant's

program satisfactorily determined the nature and extent of the problem

and that the appropriate measures were taken to assure that the embeds

would properly perform their design functions.

47. Subcontention I.C.1. Honeycombing In The Reactor Base Mat:

Instances of air pockets or voids, known as
honeycombing, have been found in concrete
structures at the Callaway Plant. As described
in NRC Regulatcry Guide 1.55, " Concrete Placement
in Category I Structures":

[T]he prr:sence of numerous concrete voids
which have been detected at or near the~

surfaces of nuclear c'o'ntainment buildings
',

raises concerns about the density of
portions of these and other concrete
structures that cannot readily be
inspected. For such unaccessible areas,
the only method of assuring a quality
concrete structure is through good "

,

planning and control of the placement of
concrete and all items embedded in it.

The instances of honeycombing at Callaway include
b.ut are not limited to:

1. Reactor Building Base Mat

On May 31, 1977, voids described by the NRC as up
to six inches, but described by a worker as big
enough for a man to crawl into, were found in the
tendon access gallery of the reactor base mat.
(See, NRC Report No. 50-483/77-06,pp.21-22).
Repairs were undertaken at this time, but during
the NRC inspection of August 31 - September 2, a
stop-work order was issued because of a discrepancy
in work specifications concerning the testing of
dry-pack group. (See NRC Report No. 50-483/77-07,
p. 13). The stop-work order was lifted on
December 7,1977, after the necessary changes in

.

specifications were made (See, NRC Report !No. 50-483/73-01, pp. 2-3), but no information is |

|

l
i
i

I
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available on whether any testing was performed on
repairs done prior to the stop-work order. A

,

report dated August 1, 1977, by Wiss, Janey, Estner
and Associated, Inc., described a soniscope study
performed by this firm to determine the possibility
of additional honeycombing within the 10 foot thick
base slab. The study states that, ". Based upon a
25 per cent sample . . . internal honeycomb
probably does not occur in the base slab, except at *

those 19 areas where honeycomb was visible." (See,
NRC Report No. 50-483/77-07, pp. 12-13, emphasis
added). This assessment of probability is the only4 .

: assurance given that no additional honeycombing
exists. According to a letter from James Keppler,
Director, Region III,,NRC, to Kay Drey dated
January 3,1979, the tendon access gallery repre-
sents nineteen percent of the base mat area. In
the same letter Mr. Keppler described the twenty-

,

four large holes which were repaired, as follows:

Large voids are defined as those that
require approval prior to repair. The -

'

largest void in this category was approxi-
mately 22 square feet.in surface area,
and it was irregular in shape. Its -

maximum depth was 17 inches, and its
average depth was 8 inches. The smallest
void in this category was approximately
0.25 square feet in surface area, and its
maximum depth was 5 1/2 inches. The size
of the remainder of the voids'in this

*

category varied between those previously.

described.

48. Applicants' witnesses on this issue were Dr. Meyers, Thomas H.'

McFarland, and Donald W. Pfeifer. At the time of the concrete pour for

the reactor building base mat, Mr. McFarland was a construction super-

visor for Union Electric. He was present for approximately a quarter of

the base mat pour. Mr. Pfeifer is a vice-president of Wiss, Janney,

Elstner and Associates, Inc. ("WJE"). He was WJE's project manager for a

soniscope investigation of the base mat. All three of the witnesses are-

professional engineers. Applicant Base Mat Testimony, fol. Tr. 227, i

1-5, 11, Attachments 1, 2, and 3. !
'

!

l

1
__ . , . _ _ . . , _ . - I
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49. The Staff's witness on this subject was Anthony A. Varela.

Mr. Varela has been a civil engineer with the NRC since 1969. Prior to

that time, he was involved in construction engineering for more than

30 years. He was one of the NRC inspectors present during the base mat

pour and personally reviewed the deficiencies that were found in the base

mat concrete. Varela Direct, fol. Tr. 396, 1-2, 4, and Professional

Qualifications.

50. The reactor building base mat is a reinforced concrete slab,

,' 154 feet in diameter and 10 feet thick. The mat has a circular opening
.

in the center of roughly 19 feet in diameter (the reactor cavity). The
,

base mat serves as the foundation and base for the reactor building. It
,

performs this function by transferring any external loads imposed on the

building into the foundation material below. Applicant Base Mat. Testimony

at 9-10; Varela Direct at 2. i
,,

.

51. The tendon access gc11ery is located under the base mat, along

the outside edge, and continuing around the entire circumference of the

mat. It provides access for installation and surveillance of vertical

stressing tendons. Each tendon consists of 170 high strength, 1/4 inch
,

diameter steel wires bundled together. The tendons are inserted in
.

sheaths embedded in the walls and dome, and extend over the top of the

reactor building. They are anchored to steel trumplates loc _;ed in the

base mat directly above the tendon access gallery; each tendon is anchored

to two trumplates located on opposite sides of the base mat. There are a

total of 172 trumplates in the base mat. The tendons'are placed under

tension prior to plant operation, forcing the shell and dome into a

|

!

!
!

.
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permanent state of compression. Applicant Base Mat Testimony at 10-11,
'

14; Varela Direct at 2-3.

52. Concrete for the base mat was placed during a continuous pour

lasting more than 60 hours, from April 6 to 9, 1977. The pour involved

6,720 cubic yards of concrete. The concrete was placed monolithically
,

~
'

using a step method, in five lifts, advancing casterly from the west rim
1:

of the base mat. Varela Direct at 3, 6-7; Applicant Base Mat Testimony

at 11.

53. When the concrete for the mat had attained sufficient strength,

forms were removed from the bottom of the base mat at the roof of the

tendon access gallery. Concrete imperfections in the form of honeycombing

were then observed in the roof concrete surrounding some of the steel

trumplates. A detailed quality control inspection of the exposed con-

crete was performed by Daniel personnel. To' determine the extent of the
.

imperfections, all honeycombed areas were chipped to sound concrete. The

Daniel inspectors documented their findings in Non-Conformance Report

("NCR") 2-085F C-A (App. Ex. 1). This NCR identified localized honey-

combing at 19 areas, resulting in 24 separate excavations around the

470 foot long tendon gallery. It included detailed sketches of all the .

honeycombed areas. Applicant Base Mat Testimony at 15; Varela Direct

at 3. Applicant determined that the honeycombing found called into

question the performance of 14 of the 172 trumplates. Tr. 256

(McFarland); Applicant Base Mat Testimony at 15. Union Electric duly

notified the NRC of its findings pursuant to 10 C.F.R. Q 50.55(e).

Varela Direct at 4; Tr. 253-54 (McFarland),

i

i

l

i
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54. Both the Staff and Applicant witnesses identified the cause of

the honeycombing in the base mat as inadequate consolidation of the

concrete by construction personnel during the pour. .Varela Direct

at 6-7; Applicant Base Mat Testimony at 17. Placement of concrete

requires the concrete to be liquified in order to obtain a greater

density for maximum strength. The liquified state, which is a temporary

one, also allows the concrete to flow around and encircle reinforcing

steel. In order to improve the flow characteristics of the liquid

concrete, vibratory tools are immersed in the concrete. This process of

vibration is called consolidation. Varela Direct at 6; Applicant

Base Mat Testimony at 17; Tr. 401 (Varela).

55. The Staff and Applicant witnesses agreed that the-cause of the

incomplete concrete consolidation was the localized congestion of re-

inforcing steel, embedded plates, and trumplates in the area above the

tendon gallery roof. In addition to tne,trumplates (which are found only

over the tendon gallery), this area contains more than the normal com -

plement of reinforcing steel. This congestion greatly hampered the

consolidation of the concrete. Applicant Base Mat Testmiony at 13-14,

29-30; Varela Direct at 7-8; Tr. 357-363 (Applicant Panel).

56. Staff witness Varela observed the role of Daniel quality

control and construction personnel during the pour. He testified that.
| :

quality control personnel were responsible for assuring the timely co- )

ordination of relocating vibratory equipment craft personnel with place-
,

| ment equipment changes and fulfilled their responsibilities. Mr. Varela
1

did not note any quality control deficiencies during the pour. Varela

Direct at 7-8.
|
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57. Daniel developed and Bechtel approved a repair procedure for

the honeycomb areas using pressurized grout. The procedures included:

1. Requirement that all honeycombed concrete be
removed.

2. A procedure to assure good bond between the
existing and replacement material and to provide
keying action between the existing .ad replacement
material.

3. Requirement for proper form work, including
time limitations regarding their installation and
removal.

4. Identified specific grouts which may be used
for the repair.

5. Requirement for pre-pour and post-pour in-
spection and preparation of documentation for
permanent records., . .

The grout was pumped under pressure into the voids. The use of such high

strength grout to fill concrete voids and uniformly bond all exposed

reinforcing steel is consistent with proven industry practice. 150 cubic

feet of pressurized grout were used. Applicant Base Mat Testimony at 19-21;

Varela Direct at 8; Tr. 406 (Varela).

58. In addition to the areas where grout was used, a dry packE

mixture was used in those areas between trumplates that were shallower

than a projected 45-degree line-from the top edge of any trumplate and

in those areas where one surface dimension was less than the depth of the

void. 3 cubic feet of dry pack were used. Applicant Base Mat Testimony

at 20-21. Areas dry packed were structurally insignificant; the dry pack

-21/ Dry pack is a mixture of concrete and sand and a minimal amount of
water. Applicant Base Mat Testimony at 20.

. . - --
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was used essentially for cosmetic purposes. Tr.375(Meyers); Applicant

Base Mat Testimony at 21.

59. As indicated in Joint Intervenors' contention, a "stop work"

order was issued with respect to the dry pack. This occurred when Daniel

discovered that no specification required that the dry pack be tested and

that in fact the dry pack was not being tested prior to use. Bechtel

determined the dry pack areas could be used "as is" after tests were

performed on dry pack prepared from the same materials using the same

construction techniques. The test results showed the dry pack's com-

pressive strength was above the minimum strength. required. Applicant

Base Mat Testimony at 21.

60. The adequacy of the repair work is demonstrated by the post-

tensioning operations which imposed the highest loads which will occur on

the concrete in the area of the repairs. During the post-tensioning
,

'

operation, a force as high as 1,600,000 pounds is imposed on the area

surrounding each trumplate. At transfer of the load to the tendon

anchorage, the load on each trumplate is at least 1,400,000 pounds.

These are the most severe loads that will ever be imposed on the

trumplates. All of the tendons anchored in the base mat have been

tensioned, without evidence of distress in the concrete. Applicant Base

Mat Testimony at 31.

61. In addition to the repair work described above, Applicant

engaged WJE to perform soniscopic testing of the concrete in the tendon

gallery roof. Soniscopic testing measures the velocity of a generated

sound pulse. traveling through concrete. A number of material properties

and physical characteristics of concrete structures can be determined by
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measuring the velocity of the pulse, including the uniformity of the

concrete and the location of voids, honeycombing or cracks in the

concrete. The soniscope technique is a well-accepted technique that has

been utilized for more than 15 years. Applicant Base Hat Testimony
i

at 23-24; Varela Direct at 5.

62. WJE took soniscope readings at 4 trumplates where honeycombing
,

had been discovered and chipped away, and at 40 trumplates where no

honeycombing had been found. These plates represent approximately 25% of

the tendon gallery. A total of 657 successful shots were taken.2_2/ The

velocities measured by WJE indicated excellent, high strength concrete
'

in the base mat over the tendon gallery. WJE summarized its conclusion

as follows:

1. The concrete directly above the gallery and the
tested trumplates is very uniform in composition
and strength.

2. The concrete tested has a high compressive
strength.

3. The soniscope testing of these 44 trumplate
areas found no evidence of internal honeycombing in
the concrete.

4. Based upon a 25 percent sample, the results of
this soniscope investigation indicate that internal
honeycombing probably does not occur in the base
slab.

Applicant Base Mat Testimony at 25-28; App. Ex. 2 (WJE Report).

' -22/ 103 unsuccessful shots were taken. Tests demonstrated that the
unsuccessful shots were caused by either poor conduct between a
transducer and rough concrete or by minute separation between the
concrete and a steel plate and not by internal honeycombing.
Applicant Base Mat Testimony at 26.
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63. The NRC Staff reviewed the results of the WJE tests and

documentation of the repair work performed on the chipped-away areas.

The Staff considered the 25% sample used by WJE to be both appropriate

and conservative. The Staff also considered the repair work satisfactory

and views this matter as closed. Varela Direct at 6, 8; Staff Ex. 5 (NRC
,

Report 50-483/80-16).

64. Joint Intervenors challenge both the accuracy of the WJE

testing method and the use of the WJE report as proof that honeycombing

does not exist elsewhere in the base mat. J.I. Proposed Findings,

pp. 93-95. The Board cannot accept the challenges to the accuracy of the

tests. Joint Intervenors argue that the WJE results may have ignored the

effect of steel on the velocity of the pulse, that the oscilloscope used

to record the pulse velocity may result in imprecise readings, and that

the margin of error is not discussed in the WJE rep. ort. The Board notes

that WJE has been doing soniscopic testing for more than 15 years.

Applicant Base Mat Testimony at 24. They used trained engineers to take

the pulse readings. Tr. 290-92 (Pfeifer). Their tests revealed extremely

high and uniform velocities. Tr. 279 (Pfeifer). There is nothing in the

record to support Joint Intervenors' challenges.to the accuracy of the

testing.

65. As to the use of the tests to justify a finding that honeycombing

does not occur elsewhere in the base mat, the Board notes that the 25%

sample is well distributed throughout the circumference of the base mat.

Applicant Base Mat Testimony, Fig. 4. As mentioned above, Mr. Pfeifer

indicated the results of the tests were highly uniform. Tr. 279. Other

areas of the base mat (not above the tendon gallery) are not hampered by

i
.

I

,
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the presence of tendon sheathing, trumplates, and a large mass of hooked

dowels from the wall above, in addition to the normal vertical shear ties

and support members for the upper layer of reinforcing steel. Applicant

Base Mat Testimony at 29-30. The WJE tests were representative of the

tendon gallery roof area, and the evidence indicates that honeycombing

was caused by congestion problems limited to that area.

66. The evidence also reveals that the concrete surrounding the

trumplates is the most highly stressed in the base mat, since it must

support the direct bearing of the post-tensioning system. Even if minor

honeycombing were present elsewhere in the base mat, the impact it would

have in altering the concrete stress over the entire base mat section

would be incidental. Applicant Base Mat Testimony at 30.

67. The Board concludes that the honeycombing in the base mat was.

caused by improper consolidation of concrete due to localized congestion -

above the tendon gallery roof. The honeycombed areas have been' adequately *

repaired, and tests performed by WJE indicate that the honeycombing was

probably localized to those areas found. The post-tensioning of the

tendons has been accomplished without revealing any stress in the concrete.

The Board therefore concludes that the honeycombing discovered in the

reactor base mat will not threaten the safe operation of the plant.

68. Nor does the evidence addressed to this subcontention reveal a

quality assurance breakdown. The personnel involved in the pour were

aware of the localized congestion above the tendon gallery and pre-

cautionary measures were taken to prevent honeycombing. Applicant Base

Mat Testimony at 12-13; Tr. 337-39 -(McFarland). When Daniel personnel

discovered that honeycombing had nonetheless occurred, an investigation
|
!
1

|
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was initiated to identify the extent of the'honeycombing, and satisfactory

repairs were made. In addition, Applicant had a soniscopic test performed

on other areas in the tendon gallery roof to provide assurance that the

honeycombing was limited to the areas already discovered. Concrete

placement personnel were also provided with additional' training in con-

solidation after the base mat honeycombing was discovered. Tr. 333-34

(McFarland); Varela Direct at 8. Applicant's quality assurance program

thus adequately identified the extent of the problem and took proper

measures in response to repair the honeycombed areas, assure that huney-

combing was limited to the areas repaired, and prevent a recurrence of

the problem. ~

69. Subcontention I.C.2. Honeycombing in the Reactor Building Dome:

Four areas of concrete imperfection in the Reactor
Building dome were identified by Union Electric
personnel during an inspection on August 22 and
27, 1980. These imperfections were attributed to
"the complex nature of those portions of the dome
slab where the imperfections occurred." However,
on December 12, 1980, NRC personnel noticed that
blockouts for the tendon grease vents had not been
removed to facilitate inspection, and after the
removal of the blockouts on December 13, three
additional honeycomb areas were found. After con-
ducting interviews with UE personnel concerning the
three new void areas, the NRC concluded that, "There
appeared no plausible explanation for their occurrence,"
and that ". . . there was not adequate assurance
that the imperfections' existence were limited to
only those areas identified." (See, NRC Report.

No. 50-483/80-30, pp. 3-4).

70. The Staff filed testimony on this subcontention from Dr. John

' Ma and Frank C. Hawkins. Dr. Ma is a senior structural engineer in the

Structural Engineering Branch of the NRC's Office of Nuclear Reactor

.
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Regulation. He has a Ph.D. in civil engineering with a specialization in

concrete structures. Ma Direct, fol. Tr. 2067, 1. Mr. Hawkins is a

reactor inspector with the NRC and is also a trained engineer., Hawkins

Direct, fol. Tr. 2067,1 and Professional Qualifications.

71. The Applicant filed testimony from Mr. Thomas, Guy H.

Goddard, Jr., B. Christopher Tye, and Richard Muenow. Mr. Goddard is a

structural engineer with Bechtel; at the time the honeycombing in the

reactor building dome occurred, lir. Tye was Daniel's Project Civil
'

Engineer at Callaway. Messrs. Thomas, Goddard and Tye all were directly

involved in the review of the honeycombing in the dome. Mr. Muenow is a
.

trained engineer and president of a consulting engineering firm (Muenow

and Associates) that performs materials and nondestructive testing

services. He has performed structural evaluations of concrete structures

at more than thirty nuclear plants; he performed nondestructive, m%ro-

seismic testing of the Callaway reactor building dome to determine the
'

extent and significance of the concrete imperfections. Applicant Dome

Testimony, fol. Tr. 2010, 1-5 and Attachments 1-4.

72. After the Staff and the Applicant filed testimony on this sub-

contention, Joint Interve'nors stated that they had no cross-examination

for these witnesses, stating that Joint Intervenors had "never spoken

with anyone who has . . . first hand knowledge of the honeyconbing,"

other than media representatives. Tr. 940 (Drey); Tr. 15-24 (Chackes).

Nevertheless, the Board announced it would call the witnesses. Tr. 1698.

The aforementioned witnesses testified on December 4, 1981, with the

exception of Applicant witness Muenow who was excused but whose affidavit
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was incorporated into the record (ff. Tr. 2010). Joint Intervenors did,
,

not address this specific matter in their proposed findings.
,

73. The final (top) concrete pour for the dome was begun at a

vertical azimuth of approximately 45* from horizontal, with the concrete'

placed in two feet lifts to the top of the dome. This sloping surface,

combined with the lack of an outside face form, resulted in an unusual

and difficult placement. When vibrating the concrete at this surface,

the concret,e tended to subside over the lift immediately below.*

Construction personnel replaced the concrete which had subsided and.

continuedvfbrationuntiltheconcretewasconsolidated. Applicant Dome

Testimony at 9-10; Tr. 2012, 2036 (Tye)..

74. In conjunction with the ionnal post-pour inspection, four areas

of concrete imperfections.in the dome were discovered during the removal
.

of various supports used in the dome construction. Daniel Quality Control

reported the existence of the imperfections on inspection reports dated-

! 8/20, 8/25, and 8/27, 1980. Applicant Dome Testimogy at 10. As routine

repairs were being made by' chipping out the concrete imperfections, it
.

was discovered that the defects being removed were air gaps of approxi-

mately one-quarter to one-half inch in diameter between the horizontal

reinforcing steel.and the concrete in which the bars were embedded. The

imperfections were limited to areas adjacent to or immediately below the
1

; upper layer of reinforcing steel, at a depth of four to six inches from

the outer surface. Applicant Dome Testimony at 11; Tr. 2027 (Tye). On

December 5,1980, Union Electric notified the Region III Office of-

Inspection and Enforcement of the concrete imperfections in accordance

with 10 C.F.R. 9 50.55(e). Mr. Hawkins inspected the four areas ~ between
.
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December 11-12, 1980. As a result of that inspection, Mr. Hawkins con-

curred with the Applicant's opinion that the four imperfections were due

to the complex nature of those portions of the dome slab where the

imperfections had occurred. Hawkins Direct at 2.

75. Union Electric subsequently identified three additional areas

of concrete ~ imperfection on December 13, 1980. Mr. Hawkins inspected the

three additional areas on December 13, 1980, and concluded that while

Union Electric had acted responsit'ly and in accordance with applicable

requirements governing the reporting of such deficiencies, it was

necessary for Union Electric to establish by acceptable means, the extent

of the imperfections. Hawkins Direct at 3; NRC Report 80-30, Staff

Ex. 8, p. 4.

76. Accordingly, Union Electric had both destructive and nonde-

structive tests performed on the dome slab and an engineering analysis of

the dome was performed by Bechtel. A combination of nuclear densometer

testing / and boroscopic exam' nation b was initially used to evaluate

the dome concrete. The density readings obtained no evidence of honeycombing

in the first three inches of concrete, while the boroscopic examination

.

---23/ A nuclear densometer is an instrument specifically designed to
measure the moisture content and density of soils, soil-stone
aggregates, cement, and asphalt treated bases and asphalt surfacing.
Due to the depth limitation of the instrument, the densometer's
effectiveness was limited to confirming the soundness of the top
three inches of concrete. Applicant Dome Testimony at 18.

'

;

~~~24/A boroscope is a long, slender tube which allows the viewer to |
examine the surface of a small hole drilled into the surface of the '

concrete. By looking into an eyepiece at one end o'f the tube, the
viewer is able to determine the condition of the concrete inside the
drilled hole. Applicant Dome Testimony at 19.

.

|
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irevealed no significant evidence of the existence of unsound concrete. '

Applicant Dome Testimony at 18-19; Applicant Ex.19 at 11-15. In

addition, an extensive microseismic examination of the dome was performed

utilizing the " pulse-echo" technique by Mr. Muenow. This method has been

extensively used for similar applications in the past and has proved to

be reliable and accurate. Hawkins Direct at 4.

77. The results of the NRC required destructive and nondestructive

testing revealed that the concrete imperfections were predominantly

limited to the area directly under and toward the surface of the outer

face of horizontal (hook) reinforcing steel. The cause of the dome
~

imperfections was the result of the cancrete placement on a reinforced

section on an unformed sloping surface. Hawkins Direct at 5.

78. Inasmuch as the result of these imperfections may be a reduction

in the bond, capability between the reinforcement'and the concrete, an
'

independent engineering analysis af the dome was performed by th'e Staff

in order to demonstrate that the structural integrity of the dome had not

been degraded. MaDirectat3,Tr.2077(Ma). Dr. Ma is particularly

well qualified to perform such an independent engineering analysis as he

not only possesses a Ph.d. degree in concrete structures (Ma Direct at 1),
..

but he also has experience in the design and analysis of concrete con-

tainment structures for nuclear power plants. Tr. 2077 (Ma). A similar

analysis was prepared by Bechtel. Applicant Dome Testimony at 25.

79. The Staff engineering analysis first looked at concrete com-

pressive strength. Since the concrete imperfections in the Callaway dome

are localized and limited in size, and since the actual 90-day concrete

strength in compression has attained 7,290 pounds per square inch (" psi"),

. - _ _ _ _ _ _ - .
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far exceeding the required 6,000 psi design strength, the Staff analysis

indicated, and the Board concurs, that the act' sal concrete strength is

more than adequate. Ma Direct at 6. This conclusion is buttressed by

the het that no failure or distress occurred during the stage of applying
~

prestressing force to the concrete. Ma Direct at 7.

80. The Staff engineering analysis also considered the lap slice

length within the dome which is needed to transfer stresses. The Staff
4

calculated this length utilizing the most current " Building Code

Requirements For Reinforced Concrete;" it was determined that thirty-one

inches of lapping strength would be required. The Staff analysis concluded

that there is an ample margin of safety at Callaway as constructed to

permit the transfer of applied loads, as even at the maximum length of

the concrete voids, there remains fifty-eight inches of lap splice length,

far more than the 31 inches required. Ma Direct at 7-8.

81. Finally, the Staff engineering analysis examined the anchorage

(embedment) length of the radial tie bars within the dome, so as to deter-

mine whether there is enough embedment length for the radial steel tie to

be effective to develop the tensile force required for the prestressing

force effect. The Staff analysis, which the Board accepts, concluded

that at Callaway the anchorage length is sufficient to develop the tensile

force required for the prestressing force effect. Ma Direct at 8. Thus,

the Board accepts the conclusion of the Staff that the concrete imper-

fections do not jeopardize the structural integrity of the reactor building

dome and that the as-built dome has an ample and acceptable margin of
^

safety. fla Direct at 3, 8; see Applicant Dome, Testimony at 25-27.
.

-- . . . . .
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82. With respect to the question of whether these minor concrete
,

imperfections in the dome raise any quality assurance questions, the

Board agrees with the Staff that both Union Electric and its general

contractor, Daniel, have evidenced an appropriate commitment to quality.

The quality control programs functioned to identify the imperfections and

to properly control related work activities, thereby aiding in the reso-

lution of the matter. Hawkins Direct at 5.

83. The Board concludes that the concrete imperfections will not

adversely affect the structural integrity of the dome and that sufficient

margin exists to assure that the dome will be capable of performing its
.

design function. Further assurance as to the integrity of the dome will

be provided by the preoperational tests (a structural integrity test

combined with an integrated leak rate test) to be performed by Applicant,

which should detect any significant defect. Tr. 2061-2063 (Thomas), 2079

(Hawkins,Ma).
,

84. Subcontention II.A of Joint Intervenors' Contention 1 alleges:

II. SUBSTANDARD PIPING

A. Material Manufacturing Deficiencies
.

Safety-related pipe installed at Callaway was
manufactured by a company or companies which did
not have adequate control of welding parameters.
This resulted in known cases of defects which did
not comply with the requirements of the American
Society of liechanical Engineers (ASME) Code. The
evaluation and acceptance of those defects and
deficiencies were not done in accordance with the
ASME Code. The safety of pipe installed at Callaway
remains in question and demands further investigation
before an operating license should be issued.

This subcontention is divided into two parts. We deal with each in turn.

!
I

i

.
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85. Subcontention II.A.1. SA-358 Piping:
~

i In May 1979 a pipefitter discovered and reported a
substandard piece of ASME Class II SA-358 piping
which had been installed in the emergency core
cooling system. The pipe was substantially out-
of-round, was machined below the minimum wall, and
had rejectable weld defects on the inside of a
longitudinal seam weld. (See, NRC Report
No. 50-483/80-10). The piping was approved for
shipment at the vendor's, was accepted on site,
and was installed despite these deficiencies.

86. Testifying for Applicant on this subcontention was a panel

consisting of Michael F. Stuchfield and Joseph V. Laux. Mr. Stuchfield

is an Area Office Manager of the Materials and Quality Services Group for

Bechtal. He is a trained metallurgist and certified welding inspector

who has been involved in nuclear plant design and construction since

1964. Mr. Laux is the Supervising Engineer, Quality Assurance

Construction, for Union Electric at Callaway. He holds a degree in

mechanical engineering and has eight years experience in design and

construction involving piping and mechanical systems. Applicant SA-358

Testimony, fol. Tr. 1537, 1-3 and Attachments 1 and 2.

87. The NRC Staff presented a panel of three witnesses on this

issue: Gordon Beeman, James Foster, and William Key. Mr. Beeman has

been a research engineer for Battelle Memorial Institute since 1975 and a

consultant to the NR"'s Mechanical Engineering Branch since 1979. He has

degrees in Physical Metallurgy and Mechanical Engineering. Beeman -Di rect,

fol. Tr. 1681, 1 and Professioul Qualifications. Mr. Foster has been an

investigator with the NRC since 1976. He was directly involved in an

investigation of the piece of SA-358 pipe mentioned in Subcontention II.A.1.

Foster Direct, fol. Tr.1681,1 and Professional Qualifications. Mr. Key

t
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' has been an inspector with the NRC's Region III office since 1975. His

duties include inspections of the installation, welding and nondestructive

examination of piping at operating nuclear plants and plants under con-

struction. Key Direct, fol. Tr. 1681, 1 and Professional Qualifications.

88. SA-358 is an ASME material specification for welded stainless

steel pipe. This type of pipe is widely used for pipe sizes greater than

8 inches in diameter. The pipe is made from plate by forming and rolling

the plate into a continuous tubular shape. The longitudinal seam is then

welded, usually by the submerged-arc process, with the weld made from

both the inside and outside surfaces. Applicant SA-358 Testimony at 4.

The particular piece of pipe at issue in Subcontention II.A.1 is designated

ASME Class 2 and is located in the accumulator discharge line just outside

the Class 1 boundary. Beeman Direct at 2; Tr. 1666-68 (Laux).

89. A Daniel pipefitter in the process of preliminary work on the

pipe spool piece prior to fit-up for welding noticed an internal weld .

surface irregularity in the SA-358 pipe in question. He brought the

matter to the attention of Daniel quality control personnel, who observed

the irregularity and possible ovality / thin wall conditions. The inspector

had an ultrasonic test perfomed on the pipe which indicated that a thin

wall area did exist. A nonconformance report (NCR) was generated and a

" hold tag" was placed on the pipe. Applicant SA-358 Testimony at 5-6.

90. Intervenors allege in their contention that the pipe was out-

of-round, machined below the minimum wall, and contained rejectable weld

defects. The Board will examine each of these issues separately.

91. The ASME Code contains no provisions for out-of-roundness of

Class 2 pipe. The fiaterial Specification for SA-358,- however, allows an
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outside diameter variation of 1%. The pipe in question has a nominal

outside diameter of 10.75 inches. Measurements taken at the request of

the NRC Staff showed a maximum outside diamter variation of 0.092 inches

or 0.86%, within the 1% limit. Beeman Direct at 3; Foster Direct at 2;

Staff Ex. 7 (NRC Report 50-483/81-04), p. 16; Applicant SA-358 Testmony

at 8.2_5/

92. The pipe in question has a specified minimum wall thickness of

0.874 inches. An actual minimum thickness of 0.814 inches was found in

the pipe's inservice inspection weld preparation area, which had been

counterbored. Bechtel performed two calculations as provided in ASME

Section III, Article NC-3640 to determine the acceptable minimum wall

thickness for this piece of pipe. The normal expected design pressure

and temperature for this pipe is approximately 700 psi and 150 F.

Bechtel's calculations utilized postulated pressures and temperatures of

2485 psi /200 F. and 2485 psi /650 F. The calculations yielded acceptable

minimum wall thicknesses of 0.711 and 0.795 inches, respectively. Foster

Direct at 2-3; Staff Ex. 7, pp. 8, 17; Applicant SA-358 Testmony at 9.

Mr. Beeman performed independent calculations which verified Bechtel's

findings. Beeman Direct.at 3. The Board agrees that the counterbored

-25/ An earlier set of measurements taken by NRC personnel yielded a
maximum outside diameter variation of 0.125 inches, exceeding the 1%
limit. However, these measurements included a measurement on the
seam weld itself, which overstates out-of-roundness by including
allowable weld reinforcement (which for this pipe is 0.125 inches).
Staff Ex. 7, p. 15; Tr. 1720-21 (Foster), 1725 (Key), 1751 (Beeman).
If the measurement on the weld is excluded, the earlier set of
measurements would have yielded an outside diameter variation of -

.094 inches, a figure comparable to the one reached by the second -
group of measurements. Staff Ex.-7, p. 15.
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area did result in a wall thickness below the specified minimum thickness,

but finds that the actual minimum thickness of 0.814 inches is adequate.

93. There was a question at the hearing as to the nature of the

weld defect in the pipe. Applicant and Staff witnesses testified that an

excess of weld reinforcement developed on the inside of the weld. Some

of this excess material rolled over onto the surface of the pipe

material, resulting in a condition known as " overlap."20/ Key Direct

at 2; Applicant SA-358 Testimony at 9,11-12; Tr.1712-13 (Beeman),

1732 (Key).

94. Counsel for Joint Intervenors extensively cross-examined the

witnesses on the possibility that the weld defect might have been caused

by " drop-through" or " melt-through." In addition, questions were asked

on whether there might be cracks or fissures in the weld.

95. Melt-through occurs in a submerged arc weld of the type used to

weld SA-358 piping where total passage of both weld metal and the flux
,

would occur onto the other side of the weld. Tr. 1564 (Stuchfield).

Drop-through is a similar condition, although less extensive. Tr. 1642

(Stuchfield). In drop-through, the weld, although overheated, does not

actually melt through the root and leave a molten weld puddle. Instead,

drop-through results in an undesirable sagging of the weld. Tr. 1692-93

(Beeman).

| 96. Both melt-through and drop-through are visible conditions.

Applicant SA-358 Testimony at 13; Tr.1751-52 (Beeman). There are no

26/ Overlap is a non-rejectable weld defect. It does not affect the--~

volumetric quality of the weld and it cannot propagate through the,

| weld. Applicant SA-358 Testinony at 12.

L

|

-
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reports that melt-through was visually noticed, and photographs of the

weld in question (J.I. Physical Ex. C) reveal no evidence of drop-through.

Tr. 1751-52 (Beeman). Not only would melt-through be visible, it would

also be detectable on radiographs (because of the resultant development

of porosity in the weld). Radiographs of the weld reveal no such defect.

Applicant SA-358 Testimony at 13-14; Key Direct at 2. In addition,

Mr. Beeman testified that the presence of overlap indicates drop-through

could not have occurred. Tr. 1752. The Board finds that no drop-through

or melt-through occurred in this weld.

97. In his investigation of allegations made about this piece of

pipe, Mr. Foster addressed an allegation that the weld was cracked.

Mr. Foster indicated that photographs of the weld exhibit two fissures

which could have been mistaken for a crack. Staff Ex. 7, p. 17. The

indications identified by Mr. Foster as fissures were in the excess

material and not in the weld itself. Tr.1710 (Key). Mr. Beeman

testified that the indications described as fissures were actually the

result of overlap where the excess weld metal came out on the surface of

the pipe without wetting the pipe. Tr. 1712. If fissures existed in the

weld, they would have been visible in radiographs. Radiographs reveal

the weld to be free from defect. Applicant SA-358 Testimony at 15-16;

Key Direct at 2. The Board finds that there were no cracks or fissures

in the weld of the pipe.

98. The excess weld material has been grinded and removed from the

pipe. ApplicantSA-358Testimonyat16.27/ The Staff reviewed the pipe
.

~~27/ The testimony indicated that the pipe would have been able to adequately
perform its function even if the excess weld reinforcement had not
been removed. Tr. 1708 (Key, Beeman); Applicant SA-358 Testimony, 11.

.

e
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itself subsequent to grinding and radiographs of the pipe taken subsequent

to grinding. The Staff found that the pipe in its present condition is

free from defects. Tr. 1735-37 (Foster, Key); Key Direct at 1-2. The

Board agrees.
4

99. The Board also finds that the record developed with respect to

SA-358 piping does not reveal a breakdown in Applicant's quality assurance

program. The weld defect in question, a relatively minor one, was dis-

covered by. Daniel personnel and dispositioned by Daniel. The weld defect

was removed, and the pipe shown to be adequate.

100. Subcontention II.A.2. SA-312 Piping: <

Substandard fusion welded SA-312 pipe manufactured
by Youngstown Welding and Engineering Company and
fabricated into safety-related pipe spools by Dravo
Corporation has been installed at the Callaway,

Plant. (See, NRC/IE Bulletin 79-03 and 79-03A, and
Union Electric letter VLNRC-314 dated May 11, 1979,
to NRC - Region III). The evaluation and acceptance
of this substandard SA-312 piping were not performed
according to the requirements of Section III of the ,

ASME Code.

101. Applicant presented a panel of witnesses on this issue in-

cluding Dr. Meyers, Mr. Stuchfield, John D. Hurd, and Geoffrey R. Egan.

Mr. Hurd is presently the SNUPPS Mechanical Group Supervisor for Bechtel.

His responsibilities include engineering for piping systems. He is a

registered engineer and has been involved in the design and operation of

nuclear reactors since 1968. Dr. Egan is the Technical Director of Aptech

Engineering Services ("Aptech"). He holds a Ph.D. in applied mechanics

and has done extensive work in the areas of fatigue, fracture and stress
,

analysis of welded structures. Applicant SA-312 Testimony, fol. Tr.1773,

3-5 and Attachments 3 and 4.
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102. The NRC Staff presented William R. Rutherford. Mr. Rutherford

holds a degree in mechanical engineering and has been involved in nuclear

engineering for twenty years. He was a senior mechanical engineer with

the NRC's Division of Reactor Construction Inspection until October 1,

1981; he is now a private consultant in the nuclear field. Rutherford

Direct, fol. Tr.1898,1 and Professional Qualifications.

103. SA-312 is an ASME material specification for both seamless and

welded stainless steel pipe. Welded SA-312 pipe is made from plate by

forming and rolling the plate into a tubular shape. The longitudinal

seam is then autogenously welded (without filler metal) by the gas

tungsten arc method. The weld is made from both the inside and outside

surfaces for double-welded pipe, and from the outside for single welded

pipe. Applicant SA-312 Testimony at 16.

104. Those safety-related systems which contain double-welded SA-312

pipe are designated as ASME Class 2 and 3 (seamless pipe only was used

for systems designated as ASME Class 1). Un_ der the rules of the ASME

Code, welded piping is required to meet all the tests and examinations

prescribed by Section III of the ASME Code. The material specification

for SA-312 requires chemical analysis, tension tests and flattening tests -

to be perfonned on each lot of pipe. The material specification also

requires each length of pipe to be hydrostatically tested. ASME,
..
~

|

Section III requires that welded pipe for use in Class 2 systems be non-

destructively examined by one of the following methods: ultrasonic, eddy

current, magnetic particle, liquid penetrant, or radiographic. It is

usual for pipe manufacturers to select the ultrasonic method for SA-312

;



,..--e..-.-..-. -- - - - - .-. - .- -- .-- --

.

- 51 -

pipe as other methods are not suitable for large diameter pipe. Applicant

SA-312 Testimony at 16-17.

105. The problem addressed in Subcontention II.A.2 with SA-312 pipe

is centerline lack-of-penetration (CLP). CLP occurs in autogenously

double-welded SA-312 pipe when complete through-wall fusion does not

- - - - occur between the inside and outside welds during welding of the longi-

tudinal seam. A plane then exists in the center of the pipe wall between

the two weld passes where the original plate edges are tightly abutted

but not fused. Applicant SA-312 Testimony at 17.
,

106. This problem with SA-312 piping is not limited to the Callaway

facility, but is generic in nature. On September 27, 1978, the Arizona

Public Service Company informed the NRC that Pullman Power Products, a

fabricator of safety-related piping spools for use in the Palo Verde

Nuclear Generating Station, discovered longitudinal weld defects in ASME ,

SA-312 type 304 austenitic stainless steel pipe supplied to Pullman by

the Youngstown Welding and Engineering Company. The defects were

identified during the radiographic examination of circumferential shop

assembly welds. 44% of the completed and partly fabricated subassemblies

' ere rejected, the majority because of CLP. Less than two months later,w

Southern California Edison reported similar defects in pipe supplied for ,

one of its nuclear facilities. Rutherfor'd Direct at 1-2; . Applicant

SA-312 Testimony at 17-18. Documentation provided with'the pipe indicated

that Youngstown Welding had performed the required ultrasonic examination,

<
3
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but the rejectable indications had not been identified. Bulletin 79-03,

pp.1-2;ApplicantSA-312Testimonyat18.E-

107. NRC inspectors thereupon performed a special investigation at

Youngstown Welding. They determined that the apparent cause of the

identified defects was inadequate control of welding paramtters, in-

cluding welding current, voltage and travel speed. Bulletin 79-03, p. 2.

The NRC Staff then issued Bulletin 79-03. This Bulletin required that

licensees: (i) determine whether double-welded SA-312 pipe manufactured

by Youngstown Welding had been incorporated or would be incorporated into

safety-related piping systems, (ii) identify the system, location, pipe

size and pressure / temperature parameters where the double-welded SA-312

pipe was or would be, and (iii) develop a program for the volumetric

examination of the longitudinal welds and provide suitable corrective

action for non-conforming material. Bulletin 79-03, p. 3; Applicant

SA-312 Testimony at 19; Rutherford Direct at 2. Union Electric complied

with the terms of the Bulletin. Applicant SA-312 Testimony at 19; App.

Ex. 10.

108. With the discovery of a potential problem with SA-312 pipe in

a number of nuclear plants where it was involved, Bachtel detennined that

a detailed test program be initiated into this generic problem. The test

program was designed both to assess the ability of ultrasonic examination

to detect CLP and to assess the effects of CLP on various mechanical

properties of double-welded SA-312 pipe. The results and conclusions of

-28/ Bulletin 79-03 is in the record as Exhibit XI to Staff Ex. 7.
Bulletin 79-03A is Exhibit XII to Staff Ex. 7.

-
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Bechtel's investigation are contained in Bechtel's " Report on Investigation

of Weld Imperfections in ASME SA-312 Double-Welded Austenitic Stainless

Steel Pipe for Compliance with NRC I&E Bulletin 79-03" (App. Ex.11).

Applicant SA-312 Testimony at 20.

109. Bechtel concluded that the wide range of welding parameters

allowed by Youngstown Welding could result in CLP. Applicant SA-312

Testimony at 20-21; App. Ex. 11, p. 5. See also, Tr. 1800-06 (Stuchfield).

Bechtel also discovered that ultrasonic and radiographic testing were not

always able to detect the presence of CLP. After performing ultrasonic

examination on pipe fabricated by Youngstown Welding and failing to pick

) up indications of CLP where destructive exams showed that CLP existed,

Bechtel fabricated four weldments with intentionally produced CLP varying

from35%to60%.E/ Conventional ultrasonic examination performed on

these welds in accordance with ASME requirements was unable to detect

CLP. Applicant SA-312 Testimony at 21-24; App. Ex. 11, p. iii; Tr. 1797
.

(Stuchfield).

110. Bechtel also examined by destructive technique 71

cross-sections of longitudinal welds in over 500 feet of SA-312 pipe

supplied by Youngstown Welding. More than a third of the samples showed

some degree of CLP. The greatest quantity of CLP found was 26%. Applicant

SA-312 Testimony at 24.

111. Bechtel performed tests to determine the effect of CLP on the

mechanical properties of the pipe, but in order to obtain data on welds

which contained more than 26% CLP, the testing was done on a series of

-29/ Bechtel had to use wel:'ing parameters beyond those shown on the
Youngstown procedures (J. I. Ex. 61) in order to produce CLP of this
magnitude. Applicant SA-312 Testimony at 22; Tr.1811-12,1839-40
(Stuchfield).

|
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welded plates which were prepared to simulate welds in production pipe

containing CLP. The same material type was used as the base material

from which the SA-312 welded pipe was made. The intentionally produced

CLP in the test plates ranged from 14% to 47%. Cross-joint tensile test

specimens were taken from the test plates, and the yield strength, ultimate<

tensile strength and elongation were measured. Yield strength is the
,

stress at which a metallic material ceases to return to its original size

when the stress is removed. Stresses in excess of yield strength will

cause a permanent deformation or stretching of the material. Tensile

strength (or ultimate tensile strength) is the maximum stress the material
~

is capable of sustaining. Stresses in excess of tens'le strength will

cause failure or fracture of the material. Elongation is the amount of

permanent deformation or stretching the material will sustain from the

time it begin to yield to the point of failure or fracture. The minimum

yield strength requirements of SA-312, Type 304 were met with CLP of 47%,

the minimum elongation requirements were met with CLP of 32%; the minimum

ultimate tensile strength requirements with CLP of 26%. Applicant SA-312

Testimony at 25-26.30/

112. Bechtel also had three hydrostatic burst tests performed. The

first test was performed on a piece of Youngstown Welding pipe containing

15% centerline lack of penetration. The other two tests were performed

on specially-welded pipes with intentionally fabricated CLP of 40% and

55%. The pipes were plugged at each end and hydrostatically pressurized

--30/ These requirements are set forth in the Material Specification for
SA-312 (App. Ex. 17 and J.I. Ex. 67).
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until fracture occurred. Nomal hydrostatic test pressure for this size

pipe and schedule is calculated to be 882 psi. The pipe with 15% CLP

burst at an internal pressure of over 5300 psi; the pipe with 40% CLP

burst at a pressure between 3700-3800 psi; the pipe with 55% CLP burst at

a pressure between 3000-3100 psi. All of the pipe sections failed through

the weld. Applicant SA-312 Testimony at 27-28.

113. In addition to the Bechtel tests, Aptech as retained by Bechtel

to perform a fracture analysis and a fatigue analysis of SA-312 pipe. E

The Aptech fracture analysis indicated that for small amounts of CLP, a

failure criterion based on ultimate tensile strength fits the data better,

while for larger amounts of CLP, a failure criterion based on yield

strength was a better fit. The ultimate conclusion reached by Aptech was
' that even given the highest hoop stress values in piping systems at

Callaway containing double-welded SA-312 pipe, the CLP condition will not

result in the initiation of a pipe leak. Applicant SA-312 Testimony .

p

at 29-32.

114. Aptech considered CLP more important from a fatigue point of

view than from a fracture point of view because of the SA-312, Type 304

material's ductile behavior. Aptech's fatigue analysis was based on .

| linear elastic fracture principles.which link .together flaw size, fatigue
|

crack growth rate and applied stresses. The thrust of the analysis was'

to establish acceptance criteria based on worst-case assumptions. The
!

result of the analysis was a series of flaw size versus life curves for a

-31/ The two Aptech reports were submitted as App. Ex. 12 (fracture
analysis) and App. Ex.13 (fatigue analysis),

w .*
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range of cyclic stresses so that the effect of any amount of CLP in any

piping system could be assessed. When the results of Aptech's analysis

; were ccmpared with actual conditions at Callaway, Aptech determined that

the actual corrbined worst case parameters at Callaway are well below the

assumed worst case conditions used dur'ing the fatigue analysis. Applicant

SA-312 Testimony at 32-34.

115. In Bulletin 79-03A, the NRC indicated that 85% of ASME allowable

code stresses was an appropriate screening mechanism for the use of SA-312

pipe. For systems subject to design stresses less than that level, the

NRC found that a satisfactory design margin exists. Mr. Rutherford testi-

fied that this conclusion was supported by the Aptech fracture analysis,E

the Bechtel burst tests, the worst case of CLP actually found, and the level

of CLP tha.t can be expected to be detected by non-destructive examination. .

The non-destructive examination finding was based on tests performed for

the NRC at the Franklin Research Center. Rutherford Direct at 3-6.

116. Double-welded SA-312 pipe is used in Callaway in the following

systems: residual heat removal system, accumulator injection system,

fuel pool cooling system, and the refueling water storage tank.

Tr. 1782-83, 1785-88 (Hurd). Bechtel performed a series of calculations

in responding to Bulletin 79-03A to determine the maximum hoop stresses

in any piping systems containing double-welded SA-312 pipe. None of the

~~-32/ The Aptech fatigue analysis was published after the issuance of
Bulletin 79-03A. Although not considered by the NRC in that Bulletin,
the Board notes that the Aptech fatigue analysis does not contradict
the findings reached by the NRC to support 79-03A.
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affected piping systems had hoop stresses greater than 63% of the ASME
,

allowable. Applicant SA-312 Testimony at 38; App. Ex.14 (SLNRC 80-38).

117. Based on all the evidence, the Board finds that the designed

use of SA-312 pipe at Callaway does not affect the safe operation of the

plant.

118. Joint Intervenors also raised questions about the safety of

SA-403 fittings. SA-403 is a specification for wrought austenitic

stainless steel pipe fittings, such as elbows, tees and reducers. SA-312

is frequently used as the raw material for such fittings; SA-403 fittings

made from double-welded SA-312 pipe would contain CLP to the same extent

as the straight-run pipe. Applicant SA-312 Testimony at 38-39.

119. The record reveals that no SA-403 fittings at Callaway made

from double-welded SA-312 pipe are included in piping systems which have

hoop stresses in excess of 85% of the stresses allowed by the ASME code.

Applicant SA-312 Testimony at 39. While fittings theoretically may be
,

subject to different stresses then straight legs of piping (Tr.1854

(Egan); Rutherford Direct at 4, 7), the nature of the systems using SA-403

fittings at Callaway is such that no separate analysis need be made
.

(Tr. 1860 (Egan); 1914 (Rutherford)). The Board finds that the evidence

of record reveals that SA-403 fittings made form double-welded SA-312

pipe used at Callaway will not threaten the safe operation of the plant.

120. The Board finds that the record developed on this issue does

not reflect adversely on Applicant's quality assurance program in the

slightest. The problem with SA-312 pipe was generic in nature; the

industry-accepted method used to identify CLP proved to-be inadequate.

Union Electric satisfactorily responded to the appropriate NRC Bulletins

.
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and was able to demonstrate that SA-312 pipe would not be exposed to

unacceptable stresses.

121. Subcontention II.B. Piping Subassembly Deficiencies:

Additional evidence of deficiencies in surveillance
and inspection functions include the following: In
1979 it was discovered that pre-assembly piping
formations with defective welds from Gulf & Western
were accepted and were installed at Callaway.
After installation it was also discovered that the
vendor had used improper radiographic techniques.
(See, SNUPPS letter SLNRC-79-20 of November 29,
1977, to NRC - Region I, and Bechtel Final Report
of November 28,1979).

.

122. Applicant's witnesses on this issue appeared as a panel con-

sisting of Dr. Meyers, Messrs. Laux and Stuchfield, Robert L. Powers, and

Harry J. Porter. Mr. Powers is Union Electric's Superintendent of Site

Quality Assurance at the Callaway site. He has a degree in mechanical

engineering and more than nine years experience in power plant construction.

fir. Porter is Bechtel's Project Supplier Quality Manager for the Snupps

Project. He has over twenty years of experience in procurement arid quality

control. Applicant G&W Testimony, fol. Tr. 1920, 1-2, 6-7, Attachments 1

and 5.

123. The Staff called Mr. Key and William A. Hansen. Mr. Hansen

was the NRC's Senior Resident Inspector at Callaway between October of

1979 and July of 1981. He has been involved in engineering projects

since 1957. Hansen Direct, fol. Tr. 1979, 1 and Professional

Qualifications.

124 As indicated in the subcontention, Gulf & Western.("G&W")

supplied preassembled piping formation far use at Callaway. Preassembled

L pipe formations are pre-designed, manufacturer-fabricated formations
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containing piping, fittings, valves, pumps, strainers, tanks and other

similar equipment. The formations are discrete portions of piping

systems that are completely assembled at the manufacturer's plant,

delivered to the construction site and set in place as a unit, rather

than being fabricated piece-by-piece at the construction site. The

preassembled pipe formations serve the same purpose as all other piping

systems in the plant, i .h, to transfer fluids. The preassembled for-

mations are designed and manufactured to minimize the amount of on-site

craft labor, thereby realizing cost and schedule efficiencies. Applicant

G&W Testimony at 8-9.

125. In accordance with ASME Code requirements and Bechtel

Specifications, nondestructive examinations ("NDE") were performed on

welds by G&W in order to detect any conditions not in conformance with

ASME Code criteria. Liquid penetrant examinations were performed on all

welds in all Class 3 formations and radiographic examinations were per-

formed on all welds in all Class 2 formations. Pursuant to Bechtel's

procedures and specifications, in-process and final surveillance in-

spections were conducted by a Bechtel supplier Quality Representative at

the G&W facility. The Bechtel representative was to have inspected

numerous stages of the fabrication and post-fabrication review and

testing of the formatiors. Upon delivery at Callaway, Daniel personnel

performed a receipt inspection of the formations to check for proper

paperwork and shipping damage, but did not normally inspect the quality

of the welds in the formations. Applicant G&W Testimony at 10-11;

Hansen Direct at 4.
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' 126. Potential deficiencies in the G&W formations were first

I detected by Dailiel construction (welding) personnel at the site of Kansas
i

j Gas & Electric Company's Wolf Creek plant, which is another SNUPPS unit,

_

in March, 1979. The discrepancies were identified while the formation
.:

was being installed and were brought to the attention of a Daniel Welding

Inspector who performed a visual examination of the formation and identified

possible concerns with respect to both the quality of--the formation welds

and the quality of the radiographic examination techniques utilized by

G&W. This information was passed along to Union Electric to determine if
,

the potential deficiencies apolied to Callaway. Applicant G&W Testimony

at 11-12; Hansen Direct at 2.

127. Applicant and Daniel personnel proceeded with an audit of G&W

formations at Callaway, including a physical review of the formations and

welds themselves and a review of G&W rMiographs. The results of the

audit indicated that there were noncompliances with Bechtel specifications ,

and ASME requirements in the areas of both radiographic technique and

weld discrepancies. The radiographic technique deficiencies identified

include improper film density, multiple penetrameter images, incorrect

penetrameter placements and surface indications which inhibited radiographic

interpretation. The visible weld discrepancies involved incomplete fusion,

surface porosity and improper weld profiles. Applicant G&W Testimony

at 12-13; Hansen Direct at 2.

128. A SNUPPS audit was then performed at the G&W facility. At the

close of the audit, G&W conducted a 100% review of the weld radiographs.
' This review revealed radiographic technique deficiencies in between 35

and 50 percent of all radiographs, prohibiting a definitive determination
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as to the extent and significance of defects in the welds. Applicant G&W

Testimony at 13.

129. In order to resolve the deficiencies, G&W agreed to review and

reradiograph all welds, and rework the welds as necessary. Three formations

were returned for rework to G&W's manufacturing facility; most formations

were to be reworked by G&W personnel at the Callaway site. G&W's performance

in these endeavors were monitored by Union Electric. Daniel, and Bechtel

inspection personnel. The monitoring indicated continuing unsatisfactory

performance by G&W. Applicant G&W Testimony at 14-16; Hansen Direct

at 3.

130. Following the discovery that G&W's rework effort was unacceptable,

Applicant directed G&W to cease its rework efforts and turned the matter

over to Daniel. Daniel performed visual inspections of the welds; when

necessary, ground the weld surfaces in order to meet NDE requirements and

visual acceptance standards; performed the required radiographic work;
.

and rewelded welds that were found to be rejectable. All repaired welds

were then given the appropriate nondestructive examination (see p. 59,

supra) to ensure that the new welds met applicable acceptance criteria.

Applicant G&W Testimony at 16-17; Hansen Direct at 3. The NRC Staff has

reviewed the condition of the welds after Daniel finished its rework.

The Staff found the quality.of the repair work to be acceptable and the

formations to be now adequate for use at the facility. Key G&W Direct, 1-2.

131. The Board finds that the work performed by Daniel and the

Staff review of the pipe and welds in their present condition provide

adequate assurance that the preassembled piping formations in their present-

condition will not affect the safe operation of the plant.
i
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132. As a result of the problems with G&W, certain actions were

taken by Applicant and Bechtel. When the extent of defective welds was

first known, the NRC was notified of a potential adverse safety problem

pursuantto10C.F.R.950.55(e).EI Bechtel conducted an evaluation of

its representative at the G&W site which uncovered the representative's

failure to perform required witness points and failure to adequately

documenttheperformanceofholdpoints.El The representative, who had

been at Bechtel for only seven months, was relieved of his responsibilities

at G&W. Bechtel also upgraded its inspection presence at G&W and classified

the company as a problem supplier in Bechtel's internal supplier evaluation

system. Applicant G&W Testimony at 18-19; Tr.1954-58 (Porter).

133. To assure that the deficiencies found at G&W were unique to

that company, Bechtel informed its Supplier Quality Representatives

throughout the country of the problems uncovered and had radiographic and

weldment techniques at all spool supplier facilities reviewed to assure

compliance with applicable codes and standards. In addition, Kansas Gas

& Electric conducted a review of 10% of the radiographs supplied by SNUPPS

vendors to Wolf. Creek and reported satisfactory results. Union Electric

-33/ As we have indicated, the defective welds were repaired and the NRC
Staff has reviewed and approved the repair work.

---34/ A witness point is a particular action taken by G&W during the in-
spection process which is required to be witnessed by the Bechtel
representative, while a hold point is a point in the manufacturing
or inspection process which must be reviewed by the Bechtel repre-
sentative prior to the performance of any additional work. Applicant
G&W Testimony at 19.
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has initiated a similar sampling review at Callaway. Appliant G&W Testimony

at 19-20. I

134. The record reveals that G&W proved to be an unsatisfactory

supplier of piping formations and that Bechtel's quality representative

at the G&W plant failed to properly fulfill his responsibilities. The

Board views these facts with concern. The Board also notes, however,

that Bechtel took. steps with its quality representatives nationwide to

ensure that proper radiographic and welding techniques were used at other

spool supplier facilities. Union Electric also initiated an onsite sampling

review of radiographs supplied by SNUPPS vendors. The evidence shows an

isolated quality assurance failure, but the Board does not find an overall

breakdown of Applicant's quality assurance program in the record as developed

on this subcontention. The Board's finding in this regard is supported

by the testimony of Mr. Hansen, the former NRC Senior Resident-Inspector

at Callaway. Mr. Hansen testified that Uninn Electric has "a good solid

quality control program." Hansen Direct at 4.

CONCLUSION

135. Joint Intervenors have alleged in their Contention 1 both

threats to the safe operation of the plant because of identified defects

in construction and an overall breakdown in Applicant's quality assurance

program. The record developed at hearing demonstrates that most of the

defects were minor in nature, the defects were repaired where repair was

|

~ . - - _ _ - - . - -
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appropriate, and none of the defects identified in the contention threatens
,

the safe operation of the plant.

136. Our safety findings for the most part dispose of the charge

directed at Applicant's quality assurance program. Rather than showing a

breakdown in the program, the issues explored in litigation (selected by

Joint Intervenors to support their overall quality assurance contention)

showed that in the case of each defect identified, Applicant took proper

steps to determine the extent of the problem and the appropriate measures

to correct the problem.
.

137. In their proposed findings, Joint Intervenors identify numerous

alleged violations by Applicant of the criteria set forth in Appendix B

to Part 50 of 10 C.F.R. (" Quality Assurance Criteria for Nuclear Power

Plants and Fuel Reprocessing Plants"). We see no need to handle these

allegations separately. Some of them are echoes of violations found

during NRC investigations, others are aired for the first time in Joint -

Intervenors' Proposed Findings. These allegations must be placed in

their proper perspective. The issue before this Board is not whether

there have been isolated violations of Appendix B, but whether there has

been a general failure of Applicant's quality assurance program. The

Board finds that the evidence shows conclusively that Applicant's overall

quality assurance program has been an effective one.

.
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III. C0!!CLUSIONS OF LAW

138. The Board has considered all documentary and oral evidence
,

presented by the parties on all of the matters in controversy raised

by the Joint Intervenors. The Board has not yet heard evidence with

respect to, and this Partial Initial Decision does not address, the

emergency planning contentions raised by Intervenor Reed. Based upon a

review of the entire record in this proceeding and the foregoing findings

of fact, the Board enters the following conclusions of law. ,

139. This is a contested proceeding on an application for an
1

operating license for a utilization facility, and the Board has made '

findings of fact and conclusions of law on the matters put into con-

troversy by Joint Intervenors with respect to construction defects at

Callaway and Applicant's quality assurance program. Contentions'in

regard to radioactive releases have been withdrawn. The matters put

into controversy by Intervenor Reed are still pending before the Board.

The Board has not determined that a serious safety, environmental, or

common defense and security matter exists. See 10 C.F.R. 5 2.760a.

. Other findings required to be made prior to the issuance of an operating

license, except for the remaining matters in controversy, are to be made

by the Director of Nuclear Reactor Regulation. See id._and 10 C.F.R.

5 50.57.

4
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140. Having decided all matters in controversy, raised by Joint

Intervenors, in favor of authorizing operation of the facility, the
,

Board concludes that as to the matters decided herein, the Director of

Nuclear Reactor Regulation would be authorized, upon making the

requisite findings with respect to matters not resolved in this Partial

Initial Decision, and subjec' Board's resolution of outstanding

matters in controversy, to issue to Applicant a license to operate

Callaway Plant, Unit 1. Such authorization is-not now granted by the

Board, however, and will not be granted until the Board resolves the

outstanding matters in controversy or issues a further order to the

contra ry.

IV. ORDER

141. Wi1EREFORE, IT IS ORDERED, in accordance with 10 C.F.R.
'

59 2.760(a) and 2.762, that this Partial Initial Decision shall con-

stitute the final action of the Commission thirty (30) days after the

date of issuance hereof, unless exceptions are taken in accordance with

section 2.762 or the Concission directs that the record be certified to

it for final decision. Any exceptions to this Partial Initial Decision
-

or designated portions'thereof must be filed within ten (10) days after
-

service of the decision. A brief in support of the exceptions must 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 the appellant (forty (40) days in the case of the NRC Staff),

any other. party may file a brief in support of, or in opposition to, the

exceptions.
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IT IS SO ORDERED.

. ,

i

ATOMIC SAFETY AND LICENSING BOARD
'

i, ;

,

'
,

i James P. Gleason, Esq., Chairman
:
4

4

,

Mr. Glenn O. Bright4

,

!
'
,

I
Dr. Jerry A. Kline .

:

i

, , t

Respectfully submitted,*

W
Roy P. Lessy
Deputy Assistant Chief Hearing

Counsel

$W7 /Za:
Robert G. Perlis,

Counsel for NRC Staff

.

Dated at Bethesda, Maryland
this 29th day of March,1982.

.

9

l- ,

.,

,, , _ . . .
_ - _.. .o, . _.



- h ___ ._ _ . __ .._

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMi1ISSION

BEFORE THE AT0ftIC SAFETY AND LICENSIflG BOARD

In the flatter of )
)

UNION ELECTRIC C0ftPANY ) Docket No. STN 50-483 OL
)

(Callaway Plant, Unit 1) )

CERTIFICATE OF SERVICE

I hereby certify that copies of " PROPOSED FINDINGS OF FACT AND
CONCLUSIONS OF LAW" in the above-captioned proceeding have been served
on the following by deposit in the United States mail, first class, or,
as indicated by an asterisk, through deposit in the Nuclear Regulatory
Commission's internal mail system, this 29th day of March, 1982:

James P. Gleason, Esq., Chairman
Administrative Judge Barbara Shull
Atomic Safety and Licensing Board Lenore Loeb
513 Gilmoure Drive League of Women Voters of Missouri
Silver Spring, MD 20901 2138 Woodson Road

St. Louis, MO 63114
Mr. Glenn 0. Bright *
Administrative Judge
Atomic Safety and Licensing Board flarjorie Reilly
U.S. Nuclear Regulatory Commission Energy Chairman of the League of
Washington, DC 20555 Women Voters of Univ. City, MO

7065 Pershing Avenue
Dr. Jerry R. Kline* University City, M0 63130
Administrative Judge
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Comission Gerald Charnoff, Esq.
Washington, DC 20555 Thomas A. Baxter, Esq.

Shaw, Pittman, Potts & Trowbridge
Mr. John G. Reed 1800 li Street, N.W.
Rt. 1 Washington, DC 20036.-

Kingdom City, M0 65262
Dan I. Bolef

A. Scott Cauger, Esq. President, Board of Directors
| Assistant General Counsel for the Cnalition for the Environment,

ftissouri Public Service Commission St. Louis Region
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