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UNITED STATES OF AMERICA -

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

CAROLINA POWER & LIGHT COMPANY ;
AND NORTH CAROLINA EASTERN : Docket Neos. 50-400 OL
MUNICIPAL POWER AGENCY t 50-401 OL

(Shearon Harris Nuclear Power
Plant, Units 1 and 2)

APPLICANTS' MOTION FOR PARTIAL SUMMARY DISPOSITION OF
JOINT CONTENTION VII (STEAM GENERATORS)

Carolina Power & Light Company and North Carolina Eastern
Municipal Power Agency ("Applicants") hereby move the Atomic
Safety and Licensing Board ("Board"), pursuant to 10 C.F.R.

§ 2.749, for partial summary disposition in Applicants' favor of
Joint Contention VII. For the reasons set forth herein, Appli=-

cants respectfully submit that there is no genuine issue as to

any fact material to parts 1, 2 and 3 of Joint Contention VII,
and that Applicants are entitled to a decision in threir favor on

those parts of Joint Contention VII as a matter of law.

This motion is supported by:
1. "Applicants' Statement of Material Facts as to Which

There is no Genuine Issue to be Heard on Joint Contention vVII";
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2. "Affidavit of Thomas F. Timmons" and Attachments 1-5 af-

fixed thereto;

3. "Affidavit of Glen E. Lang" and Figure 1 and Attachment
1l affixed thereto;

4. "Affidavit of Michael J. Hitchler" and Tables 1-8 atta-
ched thereto;

5. "Affidavit of Alain B. Cutter" and Exhibits A and B atta-
ched thereto;

6. "Affidavit of Dr. William H. Wilkie" and Exhibits A and
B attached thereto; and

7. "Applicants' Memorandum of Law in Support of Motions for
Summary Disposition on Intervenor Eddleman's Contentions 64(f),

75, 80 and 83/84," dated September 1, 1983.

I. PROCEDURAL BACKGROUND

Joint Contention VII was admitted as a corntention in this
proceeding, pursuant to stipulation of the parcies, in the
Board's "Memorandium and O-~der (Reflecting Decisions Made Follow-

ing Prehearing Conference)," Carolina Power & Light Company

(Shearon Harris Nuclear Power Plant, Units 1 and 2), LEP-8z-119A,
16 N.R.C. 2069, 2077-78 (1982). Joint Contention VII consoli=-
dates and supercecdes a number of contentions originally submitted
by Mr. Wells Eddleman and CHANGE/ELP. See 16 N.R.C. at 2077, ad-
mitting Joint Contention VIi in lieu of Eddleman 19 and 112-114,
and CHANGE/ELP 29-33 and 74. As accepted by the Board, Joint

Contention VII is worded as follows:
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Applicants have failed to demonstrate that the

steam generators to be used in the Harris Plant

are adequately designed and can be operated in a

manner consistent with the public health and

safety and ALARA exposure to maintenance person=-

nel in light of (1) vibration problems which

have developed in Westinghouse Model D-4 steam

generators; (2) tube corrosion and cracking in

other Westinghcuse steam generators with

Inconel-600 tubes and/or carbon steel support

plates and AVT water chemistry; (3) present de-

tection capability for loose metal or other for-

eign objects; and (4) existing tube failure

analyses.

Joint Contention VII is classified as a safety contention to
be addressed during the second phase of the safety hearing with
written direct testimony scheduled to be filed on August 9, 1984
and testimony scheduled to begin on October 10, 1984. Discovery
on this contention commenced in January, 1984. See "Memorandum
and Order (Ruling on Motions for Summary Disposition of Health
Effects Contentions: Joint Contention II and Eddleman Conten-
tions 37B, 8F(1) and 8F(2))," dated January 27, 1984. Since that
time Applicants have served two sets of interrogatories on the
Joint Intervenors. "Applicants' Interrogatories and Request for
Production of Documents to Joint Intervenors (Sixth Set)," dated
January 30, 1984; "Applicants' Interrogatories and Request for
Production of Documents to Joint Intervenors (Seventh Set),”
dated March 19, 1984. Joint Intervenors responded to these re-
quests for discovery on February 22 (supplemented March 7) and
April 12, respectively. "Joint Intervenors' Response to Appli-

cants' Sixth Set of Interrogatories (on Joint I and VII)," dated
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February 22, 1984 ("Joint Intervenors' February 22 Response");
"Joint Intervenors' Supplemental Answer to Applicants' Interroga-
tories and Requests for Production of Documents on Joint Conten-
tions I and VII," dated March 7, 1984; "Joint Intervenors Re=-
sponse to Applicants Seventh Set of Interrogatories,"”" dated April
11, 1984 (served April 12, 1984) ("Joint Intervenors' April 12
Response").

Joint Intervenors addressed one set of interrogatories to
Applicants on March 19, 1984. "Joint Intervenors' General Inter-
rogatories and Interrogatories on Contention 7(VII) to Applicants
Carolina Power & Light et al. (First Set)." Applicants responded
on April 9, 1984. "Applicants' Responses to Joint Intervenors'
General Interrogatories and Interrogatories on Ccntention VII
(First Set)." In conjunction with that response Applicants
offered to produce numerous locuments for inspection and copying
by Joint Intervenors.

Joint Intervenors also have propounded interrogatories %o
the NRC Staff on Joint Contention VII and responses to those in=-
terrogatories have been provided by the Staff. "Wells Eddleman &
Joint Tntervencrs' Interrcgatories to NRC Staff (3d Set)," dated
March 26, 1984; "NRC Staff Response to Interrogatories Dated
March 28, 1984 [sic] Propounded by Wells Eddleman and Joint In-
tervenors," dated April 17, 1984.

In summary, all phases of discovery have been completed and

every effort has been made to ascertain the bases for Joint
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Intervenors' claims. Based on the information gained during the

course of discovery, it is apparent that no material issue of
fact has been raised with respect to parts 1-3 of Joint
Contention VII.1l/ Thus Joint Contention VII is ripe for partial

summary dispositiorn at this time.

II. ARGUMENT

A. Introduction

Applicants intend to use three steam generators designed by
the Westinghouse Electric Corporation ("Westinghouse") to produce
steam to drive the steam turbine to generate electricity at the
Harris Plant. Affidavit of Thomas F. Timmons ("Timmons Affida-
vit") at ¥ 8. A steam generator is simply a heat exchanger which
transfers heat from the primary (reactor heated) water to second-
ary boiling water to convert the secondary water into steam. A
typical Westinghouse steam generator consists of several thousand
heat transfer tubes bent inte ar inveited U-shape. The hot,
high-pressure primary water flows through the inside of the tubes
and heats and vaporizes the cooler feedwater flowing arcund the

outside cf the tubes tc prcduce a high quality steam. The tubes

1/ Summary disposition of the fourth part of Joint Contention
VII, concerning tube failure analysis, is not sought at this
time because a Westinghouse Steam Generator's Owners' Group is
developing a generic response regarding the proper assumption
for isolation time of a steam generator after a postulated tube
rupture. '



of a steam generator provide a barrier between the radiocactive

primary coolant and the secondary water. See Commonwealth Edison

Company (Byron Nuclear Power Station, Units 1 and 2), LBP-84-2,
("Byron"), slip op. at 16-17 (January 13, 1984). Joint Conten-
tion VII concerns the integrity of the Inconel-600 steam genera-
tor tubes in the model D-4 steam generators tc be used at the
Harris Plant.

The Affidavit of Michael J. Hitchler ("Hitchler Affidavit")
set; forth in detail the historical experience of all nuclear
power plants of Westinghouse design using Inconel steam generator
tubes. As the Hitchler Affidavit explains, data are availa.le
for over four million tube years of steam generator operation.
During that time only five tube rupture events have occurred in
operating Westinghouse steam generators. Hitchler Affidavit at
9 11-12. Based on these figures, the tube failure rate to date
has been only 1.6x10'6/tube-yeat (with a factor of apprcxi=-
mately two uncertainty). Id. at ¥ 14. Each of the three steam
generators to be used at the Harris Plant centains 4578 tubes;
thus, based on the historical average alone, this is equ.valent

to a failure rate of one tube per 45 years of cperation.2/

2/ This figure is derived from:

1.6x10°°% failure x 4578 tubes X 3 steam generators =
tube-year steam generators

2 ;
2.2x10 failure = 1 failure
year years
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Although the historical record concerning the integrity of
Westinghouse designed steam generators in itself is quite impres-
sive, the model D-4 steam generators to be used at the Harris
Plant contain a number of design features and will be operated
under circumstances which should enhance their performance record
and diminish even further the probability of steam generator tube
failure events. The predicted tube failure rate for the Harris
Plant is O.leo's/tubo-yoar or one tube for approximately
each 120 years of operation.3/ Hitchler Affidavit at ¥ 27; Affi-
davit of Dr. William H. Wilkie ("Wilkie Affidavit") at 1 8.

These features and techniques are discussed in detail in the sup-
porting atfidavits attached hereto and are summarized in the fol=-
lowing sections of this motion. As demonstrated by this moticn
and the materials filed in support hereof, Applicants' intended
use of the Westinghouse D-4 steam generators with the described
features is consistent witn the state of the art, has been ap-
proved by recognized authorities in the field and by the NRC
Staff, and is clearly consistent with public health and safety.

Joint Intervenors allege that Applicants have not demon-
strated that the use of the Harris Plant D-4 steam generatovs

will be consistent with protection of public health and safety or

3/ 0.6x 0°® failu X X 3 steam generators =
tube-year steam generator

-3
8.2x10 failure = } ig;;g;g
years

year
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with the As Low As is Reasonably Achievable ("ALARA") standard
for exposure of maintenance personnel at the Harris Plant. The
reasons for this claim are fourfold: (1) operating D-4 model
steam generators allegedly have experienced problems with tube
vibrations resulting in excessive wear of the steam generator
tubes; (2) Westinghouse steam generators using Inconel=-600 tubes
and carbon steel support plates and All Volatile Treatment
("AVT") water chemistry allegedly have been subject to cracking
and corrosion; (3) Applicants allegedly do not have the capabili=-
ty to detect loose metal or other foreign objects in the steam
generators; and (4) Applicants' tube failure analysis is alleged-
ly inadequate. This motion for summary disposition and the sup-
porting documents demonstrate that with regard to the first three
of these four claims there is no material issue of fact. The
following sections of this motion discuss the stated reasons,
where such reasons have been expressed, for Joint Incervenors'
claims and show that those claims are not founded in fact and do
net amount to issues of materia! tfact chat shouid be resolved in

a heariny before the Board.4/ In addition, Applicants will make

&/ Joint Intervenors have for the nost part pleaded ignorance
in response to Applicants' interrogatories. In their first set
of intorroqatoricl Applicants asked thirty-three questions.
Joint Intervenors' reply to fifteen of those gquestions was that
analy.il is not complete"” or that they "don't know at
present." Joint Intervenors' February 22 Response at Response
Nos. 3, 6, 10, 13, 17-20, 24-29, 31 and 32. Six weeks later
Applicants propounded their sacond set of forty-eight interrog-

(Continued Next Page)



an affirmative showing that the Westinghouse steam generators ad-
equately ensure personnel and public health and safety. Appli-
cants respectfully submit that under these circumstances partial
summary disposition should be granted in Applicants' favor.

B. Flow Induced Vibration in Westinghouse
D-4 Steam Generators

The first of Joint Intervenors' claims concerns flow-induced
tube vibration in steam generators. Steam generator tubes in
certain of the earlier, preheater model steam generators manufac-
tured by Westinghouse were found to be subject to wear due to vi-
brations resulting from the flow of highly pressurized water
through the narrow gaps between the tubes in the preheater re-
gion. The only operating D-4 steam generators also were found to
be subject to tube vibrations in the preheater region, albeit to

a lesser degree than the earlier models.5/ Joint Intervenors

(Continued)

atories to Joint Intervenors. "Applicants Interrogatories and
Request for Production of Documents to Joint Intervenors
(Seventh Set)," dated March 19, 1984. The first gquestion mere=-
ly sought answers to those guestions from the first se' of in-
terrogatories that had not been answered. Id. at Interrogatory
No. 34. To this interrogatory and forty-five interrogatories
or subparts thereof Joint Intervenors replied that they were
"consulting experts" or "had not completed their responses".
Joint Intervenors' April 12 Response at Response Nos. 34,
35-36, 37(b), 38, 39(a)(e)(£f)(g), 40-42, 44-50, 51(c)(e),
53-55. Those non-substantive answers were served approximately
one month prior to the deadline for motions for summary dispo-
sition. No supplementation has been provided since that time.
This failure to provide responsive answers demonstrates the
utter lack of any basis for the allegations made in Joint Con-
tention VII.

5/ We note at the outset that the tube vibration problem af-
fects less than 3% of the steam generator tubes == approxi-

(Continued Next Page)



contend that this prior history of steam generator tube degrada-
tion due to vibration fretting demonstrates tha: the Westinghouse
Model D-4 steam generators to be used at the Harris Plant also
are inadequate to ensure personnel and public health and safety.
Applicants will demonstrate, however, that the performance of
earlier model Westinghouse steam generators and the first D-4
steam generators are not germane because the D-4 steam generators
to be used at the Harris Plant have been modified to correct vi-
bration probiems. These modifications have been thorou~hly ana-
lyzed and tested by Westinghouse and reviewed exhaustively by a
third-party Technical Review Committee and by the NRC Staff.

As discussed in the Timmons Affidavit, the Westinghouse pre-
heater steam generator line includes two general types of steam
generators -- the earlier split-flow type and the counter-flow
type, such as the model D-4. In the split-flow model, water en-
ters at the midsection of the preheater and is directed both up-
ward and downward. See Timmons Affidavit at ¥ 10. In the
counter-£flow type, inceming weter flows in one direction =--
counter to the flow of the primary water inside the cubes. The
counter-flow type of steam generator, exemplified by the D-4
model to be used at the Harris Plant, exhibits less vibration

than do the earlier split-flow models.

(Continued)

mately 124 tubes in the preheater section out of 4578 tubes.
Timmons Affidavit at 19 8, 28.
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Although the counter-flow type of steam generator 1s inher-
ently less susceptible to the wear resulting from flow-induced
vibration in the preheater section, Westinghouse nonetheless un-
dertook an extensive program to determine the cause of vibration
and tube wear in steam generator tubes and to develop modifica-
tions that would further diminish tube wear in the D-4 model.

Id. at 1 12. Detailed descriptions of the tests performed by
Westinghouse are found in the Timmons Affidavit at Y 12-40 and
the Staff's Response to Interrogatory No. 140 propounded by Joint
Intervenors. "NRC Staff Response to Interrogatories Dated

March 28, 1984 [sic| Propounded by Wells Eddleman and Joint In-
tervenors," dated April 17, 1984. To summarize, Westinghouse
performed full and partial scale model tests of steam generator
tubes, conducted studies of analytical tube vibration models and
also analyzed data obtained from the Krsko Plant in Yugeslavia,
which is the only operating Model D-4 steam generator plant.
Three basic types of data were obtained from the Xrsko Flant: 1)
data from analysis of tubes pulled from the operating steam gen-
erators, 2) data from eddy current testing ("ECI") and 3) data
from accelerometers installed inside selected tubes of the op-

erating steam generators.6/

6/ ECT is a method of testing that creates a magnetic field
inside the steam generator tube which produces eddy currents in
the tube walls. Any discontinuity or flaw in the walls can be
observed because of a disturbance in the eddy currents. ECT

(Continued Next Page)



On the basis of the results from these tests, Westinghouse
tested modifications to the Krsko ste:m generators that were
intended to reduce further tube vibration in the Model D-4 steam
generators. The first modification consisted of bypassing thirty
percent of the flow from the main feedwater nozzle into the aux-
iliary feedwater nozzle. It was determined after a period of
operation that this ratio of main/bypass feedwater flow would not
result in tube wear such as to preclude extended plant operation
at full capacity. Timmons Affidavit at ¢ 19.

In addition to the feedwater flow modification, Westinghouse
tested another modification at Krsko that was designed to reduce
further the slight tube wear which was observed even after imple-
mentation of the feedwater bypass. A tube expansion was per=-
formed at the baffle plate intersection of a steam generator
tube. 1Id. at ¥ 20. This modification was determined to reduce
tube vibration by an additional factor of five. Id. KResults of
the scale model testing and the analytical tube vibration model
testing corroborated the actual data cbtained from the Krsko
Plant and allowed Westinghouse to nake refined recommendations

for future plants using the Model D-4 steam generators.

(Continued)

will detect discontinuities in conductivity and magnetic perme-
ability resulting from denting, tube wall thinning, tube wear,
pitting, cracking and intergranular attack. ECT has been rec-
ognized as an important and reliable method of testing tube in-
tegrity. See Byron, supra slip op. at 28; Safety Evaluation
Report related to the D4/DS5/E Steam Generator Design Modifica=-
tion, NUREG-1014 (October 1983) ("NUREG-1014") at 3-10.



Based on the results of this extensive analysis at Krsko,
Westinghouse recommended that the Harris Plant Model D-4 steam
generators be modified by: 1) expanding 124 tubes per steam gen=-
erator ac selected baffle locations and 2) bypassing eighteen
percent of the flow from the main feedwater nozzle to the auxil-
iary feedwater nozzle. Id. at 1 28.7/ After Westinghouse made
its recommendations, a third-party design review was initiated
with the approval of the NRC stzff. NUREG-1014 at 1-1. This
third-party group == known as the Counter Flow Steam Generator
Owners Review Group ("CSGORG") -- consisted of representatives of
six utilities, including CP&L. A Technical Review Committee
("TRC") of the group was formed under the Chairmanship of Dr.
M.G. Zaalouk, who is currently a CP&L employee. After a detailed
investigation, the TRC concluded that the modifications to the
D4/D5 steam generators were effective and that modified steam
generators can be operaced safe’.y at recommeaded capacity. Tho
NRC Staff has accepted the report of the TRC. See NUREC-1014.

Applicants have committed to make the modifications recom-
mended by Westinghouse ard approved by CSGORG and the Staff. Af-
fidavit of Alan B. Cutter ("Cutter 2ffidavit") at ¥ 8. Notwith-

standing the fact that Applicants have committeud to make these

%/ Tests performed by Westinghouse have demonstrated that an
8 percent bypass plus expansion of 124 tubes at the Harris
Plant will achieve vibration reduction equal to the acceptable
level observed with a 30 percent bypass at the Krsko Plant.
Id. at 1 40.
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improvements and that these improvements will substantially re-
duce the probability of tube degradation in the Model D-4 steam
generators, Joint Intervenors apparently contend that the Harris
steam generators still will experience unacceptable tube vibra-
tion. Join%t Intervenors have been notably unresponsive about the
specific basis for their claims about tube vibrations. Appli-
cants posed numerous questions on that issue in an attempt to as-
certain the focus of the concern, but, for the most part, Joint
Intervenors simply stated that they were pursuing discovery on
the issue. Joint Intervenors' February 22 Response at Response
Nos. 3, 6, 7, and 10; Joint Intervenors' April 12 Response at Re-
sponse Nos. 35-40, 42. From what Applicants can determine from
Joint Intervenors' responses, however, it appears that Joint In-
tervenors claim that the expansion of steam generator tubes, as
recommended by Westinghouse, actually will lead to decreased tube
integrity in the P-4 generators. This charge is completely with-
out merit,

Joint Intervencrs have indicated, without any supnort, that
they pelieve that: (1) cold-working weakens tubes by increasing
brittleness; (2) thinner tubes are more lile.y to dent or rup-
ture; (3) expanded tubes cannot be sleeved; (4) expan.ion may
open cracks and pits in the outside surface of the tubes; and (5)
the integrity of plugs in expanded tubes cannot be assured.

Joint Intervenors' February 22 Response at Response Nos. 1-3;

Joint Intervenors' April 12 Response at Response Nos. 37, 38,
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The Timmons Affidavit discusses each of these issues in turn and
demonstrates conclusively that these claims have no factual
basis.

Westinghouse has developed a proprietary process for ex-
panding steam generator tubes. Timmons Affidavit at ¥ 29. The
process involves the insertion of tools into the tubes from the
primary side of the steam generator tubesheet. It has been de-
termined through extensive testing that the tube expansion pro-
cess does not increase detectably the level of residual stress or
the potential for stress corrosion cracking. After the expansion
procedure has been performed, ECT is used to verify that no dam=-
age has been caused by the expansion process. Tests conducted by
Westinghouse have verified the acceptability of the tube expan-
sion performed at the Harris Plant. Id. at 1 30.

Extensive tests also have been conducted to determine wheth-
ar the cube expansion affects the potential for denting or
rupturing of the tubes. The results of these tests demonstrate
that denting is not more likely in expanded tubes. Id. at 1 34.
An evaluation of burst strength also has been performed to deter-
mine the effect of expansion of tubes on the plugging criteria.
The evaluations indicate that the expanded tubes can satisfy
plugging and sleeving criteria that are even more stringent than
those contained in the Technical Specifications for the Harris
Plant. 1Id. at ¥ 36. An evaluation also has been performed of

the effect cf tube expansion on repair by plugging or sleeving.
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This evaluation indicated that the tube expansion does not ad-
versely affect the ability to repair tubes by plugging or
sleeving. The results of these tests have been studied and ac-
cepted by CSGORG and the NRC Staff. See NUREG-1014.

In summary, prior to recommending the expansion of steam
generator tubes in the preheater section and the feedwater bypass
in the steam generators for the Harris Plant, Westinghouse per-
formed exhaustive studies on the efficacy of the measures and the
pessibility of undesirable side effects therefrom. The expansion
of steam generator tubes and diversion of feedwater flow also
have been reviewed extensively by the NRC Staff and by the CSGORG
panel of experts and have been recognized as acceptable improve=
ments in the D-4 steam generator design.8/ CP&L has taken a
leading role in this review procedure. Mr. Alan B. Cutter, whose
affidavit 1s filed in support of this motion, served as an execu-
tive member of CSGOURS and Dr. M.G. Zaalouk, who is also employea
by CP&L, served as the head of the TRC. Thus, Applicants are
thoroughly familiar with all aspects ¢f the preposed modifica-
ticns and continue to draw on the expertise of these persons who

are uniquely jualifled to supervise the implementation of the

8/ In the Byron licensing proceeding, applicant had committed
to implement the modifications described in NUREG 1014 in the
Byron D-4 steam generators; there the Board found that the use
of the D-4 steam generators, as modified, was adequate to en-
sure public health and safety and to satisfy the applicant's
duty to comply with ALARA. Byron, supra, slip op. at 74-78.

16



modifications at .ne Harris Plant. Under these circumstances it

is clear that the modifications will provide additional assurance
of worker and public health and safety. Joint Intervenors'
vague, unsubstantiated concerns about the modifications imple-

mented at the Harris Plant simply are without merit.

C. AVT Water Chemistry

Joint Intervenors' second claim concerns the use by Appli=-
cants of AVT water chemistry in the secondary side of the Harris
Plant steam generators. Joint Intervenors have been no more
forthcoming with their responses to discovery on the water chem-
istry issue than they were with regard to the tube vibration
claim. See Joint Intervenors' February 22 Response at Response
Nos. 10 and 13; Joint Intervenors' April 12 Response at Response
Nos. 45-49, 75-76, 78, 81. To the extent it is possible to glean
responsive answers from Joint Intervenors, it appears that Joint
Incervenors believe that%t, not cnly does AVT not surfice to miti-
gate problems with tube corrosion, but that the use of AT actu-
ally may pcse additional problems that contribute to the degrada-
tion of steam generator tubes. Id. at Response Nos. 45, 77.

This clearly is not the case.

AVT water chemistry is a state-of-the-art technigue that has

been recommended by Westinghouse since 1974 for use in pressur=-

ized water reactor steam generators. Timmons Affidavit at ¢ 53.

After extensive testiag by Westinghouse, the chemistry control
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technique was introduced as a means for minimizing the stress
corrosion cracking and "thinning" of the tube walls that were ot~
served in earlier steam generators using phosphate chemistry con=-
trol.

The change to AVT by plants previously operating on phlos-
phate chemistry was found to mitigate the problem of thinning -f
tube walls. Id. at 1 56. However, a form of corrosion known as
"denting" was observed in some of those plants that changed fr'm
phosphate chemistry to AVT. Denting, as the name implies, is a
reduction in the diameter of steam generator tubes, resulting
from corrosion of the steam generator tube support plates I1d.
at 1 57. After observing incidents of this form of corrosion ut*
nuclear plants operating on AVT, Westinghouse and groups such &s
the Electric Power Research Institute ("EPRI") (under the ause-
pices of the Steam Generator Owners' Croup) conducted extensive
testing in order to understand better the denting phenomencr.. As
a result cf such studies by Westinghouse, FPRI and others, the
denting phenomenon now is understood more ccmpletely and design
and procedural modifications have been conceived and recommended
to retard the denting process. Id. at 99 59-63; Cutter Affidavit
at ¥ 10.

The denting corrosion process is related to a variety of
factors such as the interrelationship between acid chlorides, re-
ducible metal compounds such as copper oxides and oxygen.

Timmons Affidavit at ¥ 58. Plants using brackish water or sea
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water for condenser cooling have been especially prone to the
denting forwm of corrosion becaus: of the high concentration of
acid-chloride forming constitue'.ts in that type of water. Id. at
¥ 57. Since the Harris Plant .s designed to use fresh water for
condenser cooling, it will, e en absent other modifications, ex-
perience less problems with corrosion than have those plants
which operate with sea or brackish water. 1d. at 1 63; Cutter
Affidavit a. 9 22. As a result of the studies conducted by
Westinghouse and EPRI, detailed guidelines for effective use of
AVT chemistry were developed. The guidelines establish strict
specifications for chemistry parameters and outline actions to be
taken in the event these parameters are exceeded. Id. at ¢ 11.
CP&L will implement the.e guidelines insofar as they are app.ica-
ble to the Harris Plan®. Id. Careful maintenance of proper
chemistry conditions on the secondary side will minimize tube
corrosion and cracking and permit long-term integrity ¢: the
steam generators., Id. at ¥ 1Z; Timmons Affidvait at 9% 68-70.
Applicants, with Westinghouse's guidance, also have under-
taken a2 number ot desiyn and procedural improvements that will
result in a lower potential for corrosion of the steam generator
tubes. These modifications are discussed in detail in t.oe Cutter
Affidevit and Attachment B thereto. To summarize, Applicants
have reduced the concentration of copper corrosion products in
the secondary system by using copper-nickel condenser tubes in
lieu of admiralty tubes and by installing a deep-bed, full-flow
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condensate _olishe. that can trap copper corrosion products be-
fore they enter the feedwater system. Cutter Affidavit ¥ 16.
Corrosion will e reduced further by rolling (expanding) the
tubes through the full length of the tubesheets to eliminate
crevices in the tubesheet and the possibility of crevice corro-
sion. Id. at 1 14.

Applicants also intend t¢ implement several design and pro-
cedural modifications that will minimize the ingress of impur-
ities into the condensate by detecting their presence and
eliminating them from the system. Id. at 1Y 17-20. Finally
Applicants will implement measures to control the leakage of oxy-
gen into the system. Id. at ¥ 2. Oxygen concentration has been
linked to the presence of certain types of corrosion in steam
generator tubes. Timmons Affidavit at § 58. With the imple-
mentation of these modifications, Applicants will ensure that
corrosion in stean generator tubes is controlled in an effective
manner so af to increase the longevity of the steam generator
tubes. Cuttar Affidavit at ¥ 22; Timmons Affidavit at § 70.

Although there may be some corrosion of steam generator
tubes even using the mest rigorous AVT water chemistry control,
tube corrosion is not per se a safety issue because corrosion
generally develops slowly and tube degradation should be detected
during tia: required, periodic in-service inspections, and the af-
fected tube can be plugged or sleeved before tube structural in-

tegrity limitr are exceeded. Timmons Affidavit at ¥ 64. Even if



corrosion progressed to the point of a leak, Applicants' moni=-
toring systems will ensure that a leak is detected, and if it ex-
ceeds Technical Specification limits, the Plant will be shut down
for repair. Id.; Cutter Affidavit at ¢ 33-35. Because of the
non-uniformity of the tube degradation that has been observed in
operating plants and because of the inherent toughness of the
Inconel 600 material, a tube subject to corrosion would be ex-
pected to leak rather than to be susceptible to rupture. Timmons
Affidavit at ¥ 64. Thus, this "leak before break" quality of the
tubes, combined with Applicants' monitoring capability and Tech-
nical Specification limits, permits early detection of steam gen-
erator tube degradation before tube failure is approached. 1Id.;

Cutter Affidavit at Y 33-36. See also Byron, supra, at p. 33.

In summary, significant advances have been made in steam
generator water chemistry control. Applicants have committed to
implementation of AVT water chemistry in accordance with
Westinghouse and EPRI recommendations. There is no basis for the
allegation that Applicants' use of AVT water chemistry is incon-

sistent with the public health and safety.

D. Loose Parts Monitoring

The third part of Jecint Contention VII concerns Applicants'
ability to monitor for the presence of loose parts that can cause
damage to the steam generators. Joint Intervenors apparently be-

lieve that Applicants' system for monitoring for loose parts may
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be ineffective and that this inadequacy is likely to result in

the undetected introduction of foreign objects into the D-4 steam
generators, increasing the risk of tube rupture.

As described in the Cutter Affidavit, Applicants rely on two
separate programs tc ensure that the steam generators will not be
impaired by loose parts. First, and most importantly, Applicants
have implemented Quality Assurance/Quality Control ("QA/QC") pro-
grams to ensure that foreign objects are not left in the steam
generators during the construction phase and do not enter the
steam generators during maintenance outages. Cutter Affidavit at
T 25.

Procedures have been established to control system and com-
ponent cleanliness during construction; all personnel receive
training which emphasizes the importance of preventing miscella=-
neous objects from being left in the steam generators. Id. In
addition to the training program, the entrance into steam genera-
tors is closely monitored and procedural controls are instituted
to document the number and types of parts and tools carried into
and brought out of the steam generator area and the type of re-
pairs that are performed.

Prior to operation, additional start-up testing, procedural
controls and personnel training will be performed to prevent
loose parts from entering the coolant system or breaking loose
from the structure of the coolant system. Id. at ¥ 26. Tests

will be performed during and after hot functional testing to
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ascertain that any flow-induced vibration does not result in
loose parts in the reactor coolant system. Id. A fiberoptics
system will be used to inspect for loose parts both before and
after hot functional testing. Id. at ¥ 27.

To ensure that loose parts do not remain in or enter the
system after hot functional testing, Applicants intend to imple-
ment strict control over close-out procedures and train personnel
in the importance of material and tool inventory control and the
necessity of reporting loose objects suspected to have been
dropped into the reactor coclant system. Id. at 1 28.

Applicants will comply with the regquirements of Regulatory
Guides 1.116, 1.37 and 1.38, with the clarifications explained in
the FSAR at § 1.8. These Regulatory Guides set Quality Assurance
standards for installation, inspection, testing and cleaning of
equipment in nuclear power plants. This program will adequately
ensure that loose parts do not enter the reactor coolant system
and cannot jeopardize the integrity of the steam generator sys-
tem.

Ample information about the preventive measures described
above was available to Joint Intervenors prior to the introduc-
tion of Joint Contention VII. Thus, the thrust of the third part
of Joint Contention VII apparently is that Applicants should have
additional safeguards to ensure that loose parts are detected
promptly so that removal can be effected before damage occurs to

the steam generators. In fact, Applicants do have such a
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system--the Westinghouse Digital Metal Impact Monitoring System
("DMIMS"). Cutter Affidavit at ¥ 30. After being made aware
that Applicants had procured this system, however, Joint Interve-
nors did not withdraw the loose parts monitoring portion of their
contention. See "Applicants' Interrogatories and Request for
Production of Documents to Joint Intervenors (Sixth Set)," dated
January 30, 1984 at Interrogatory No. 21. Instead, they have
raised several vague and unsupported claims about the adequacy of
the DMIMS. Joint Intervenors' Februry 22 Response at Response
Nos. 17, 18; Joint Intervenors' April 12 Response at Response
Nos. 50, 52.

The DMIMS to be used at the Harris Plant is described in de-
tail in the Affidavit of Glenn E. Lang ("Lang Affidavit") and At-
tachment 1 thereto and in the FSAR at § 4.4.6.4. The system con=-
tinuously monitors the reactor coolant system for the presence of
loose metallic parts. Lang Affidavit at 1 4. A microprocessor
automatically actuates audible and visual alarms if a signal ex-
ceeds the preset alarm limit. Id. Tests have been performed to
measure the sensitivity of the system to various weights. The
system produces acceptable responses for .25, .5, 1.0, 2.0 and 30
pounds. Id. at ¢ 7.

Joint Intervenors apparently believe that the DMIMS is inade
equate because it is not composed of "safety grade materials,"
but this claim is completely without merit. As discussed in the

Lang Affidavit, Class lE ("safety grade") equipment is defined as



equipment and systems that are essential to emergency reactor
shutdown, containment isolation, reactor core cooling, and con-
tainment and reactor heat removal, or are otherwise essential to
prevent significant release of radiocactive material to the envi=-
ronment. Lang Affidavit at ¥ 9. The DMIMS serves none of these
functions. It is instead a diagnostic aid to detect the presence
of loose parts in the reactor coolant system. Id. Class lE ma-
terials are not reguired because the use of such materials in the
DMIMS could not possibly contribute to the safety of personnel or
the public during an emergency situation.9/

The DMIMS has been reviewed and approved by the NRC Staff.
Safety Evaluation Report related to Shearon Harris Nuclear Power
Plant, Units 1 and 2, NUREG-1038 (November 1983) ("SER") at
§ 4.4.4. A Westinghouse DMIMS similar to the one used at the
Harris Plant also has been installed at the Byron facility.10/
The Byron licensing board found that the installation of a loose
parts monitoring system to guard against damage caused by loose
parts and foreign objects contributed to the reasonable assurance

that the [D-4) steam generators at Byron will maintain their

9/ The DMIMS is nonetheless designed to remain functional
even during an operating basis earthquake and estimated radia-
tion exposures from such an occurrence. Periodic on line chan-
nel checks and channel functional tests are incorporated into
the DMIMS design to ensure reliability. Id. at ¥ 10.

10/ A DMIMS similar to the one at the Harris Plant has been

installed in fifteen domestic and thirteen non-domestic nuclear
plants. Lang Affidavit at § 12.
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integrity. Byron, supra, at 47-48. It is clear that Joint In-

tervenors' claims that the system is inadequate are without
merit. Joint Intervenors have produced no evidence to the con-
trary.

E. Operation of Harris Plant D-4 Steam Generators
Consistent with ALARA

Joint Contention VII alleges that the Harris Plant steam
generators are inadequate, due to the alleged “efects discussed
above, both to ensure public health and safety and to comply with
the ALARA criterion. As we have demonstrated, supra, none of
Joint Intervenors' specific allegations relating to public health
and safety are grounded in any factual basis whatsoever. In this
section, we respond to the allegation that operation of the
Harris Plant steam generators will be inconsistent with ALARA.

As an initial matter, it is important to reemphasize that
Westinghcuse steam generators using Inconel tubes have a well-
documented record of safe operation. See Hitchler Affidavit. In
over four million tube years of operation only five tube rupture
events have occurred. Id. at § 12. To further enhance the per-
formance of the Harris Plant steam generators, Applicants have
implemented a variety of programs and design modifications that
will improve the integrity of the Model D-4 steam generators and
preclude tube failures such as the few that have occurred at
other plants. It is this improvement in steam generator integri-

ty that will result in less worker exposure due to steam
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generator repairs. This, of course, is entirely consistent with
ALARA.

The Hitchler Affidavit demonstrates that in most cases steam
generator tube faiiure events at other plants have been caused by
the very occurrences which these programs and design modifica-
tions at the Harris Plant are intended to forestall. Hitchler
Affidavit at 1Y 17-22. The tube failure event at Plant E, as
shown on the attachments to the Hitchler Affidavit, was
attributed to thinning of the tube walls caused by phosphate
wastage. Id. at ¥ 16. At Plants I and bb, the steam generator
tubes suffered stress corrosion cracking. Id. at ¥ 17. In the
two other plants that have experienced a tube failure event, the
leakage has been traced to the presence of loose parts in the
secondary system. Id. at 1 21.

Harris Plant steam generators clearly will not be subject to
phosphate wastage since phosphate chemistry will not be employed.
As discussed in detail in the Timmons and Cutter Affidavits, the
conditions conducive to such stress corrosion cracking are sig-
nificantly less likely to occur at the Harris Plant, because:

(1) the Plant will use fresh, rather than sea or brackish, water
for condenser cooling and (2) the use of AVT water chemistry

under the prescribed conditions from the time of first operation
will reduce further the potential for corrosion. In addition to
these elementary differences between the Harris Plant and other

plants, design and program features have been implemented to (1)



ensure the most effective use of AVT water chemistry by reducing
copper corrosion products in the feedwater system, monitoring for
and removing impurities prior to ingress into the system and re-
ducing the amount of oxygen in the system. In addition,
in-service inspection and continuous monitoring will identify
corrosion prior to tube failures. Hitchler Affidavit at ¢ 20;
T.amons Affidavit at 1 64; Cutter Affidavit at 1 34, 35. The
QA/QC programs at the Harris Plant, fiberoptic examination of the
steam generator secondary side and the installation of a loose
parts monitoring device also will reduce the potential for tube
failure due to intrusion of loose parts. Id.1ll1/ It is estimated
that, due to these design and program features, a tube rupture
event is likely to occur at the Harris Plant less than once every
120 years. Wilkie Affidavit at 1 8; See also note 3 above.

All of these improvements in the quality of the D-4 steam
generator system will result in a decreased necessity for mainte=-
nance and repairs that expose workers to radioactive materials.
Thus the uncontrovertible conclusion that must be drawn is that
the modifications and design features are consistent with the
ALARA criterion which requires that dose to workers be as low as

is reasonably achievable. Wilkie Affidavit at ¥ 10, Byron,

11/ The risk reduction factor is actually a factor of 100, but
a factor of two was used by Hitchler as a conservative estimate
to account for other types of chemical wastage which have not
been observed but theoretically might be possible.



supra, slip op. at 78 ("the Board concludes . . . that the

changes and modifications to be made to the steam generators
will, in the long haul, reduce occupational radiation exposure
and will strengthen the Applicant's conformity to the principle
of ALARA.").

Joint Intervenors' assertions to the contrary demonstrate
their lack of understanding of the ALARA principle. ALARA does
not mean that Applicants are required to make every modification
that possibly might decrease the potential for exposure to radia-
tion regardless of cost or effectiveness or without consideration
of the context of plant operation as a whole. 1Id. at % 11.12/

The two crucial facets of an effective ALARA program are set
forth in the Wilkie Affidavit at ¥ 5: (1) the management must
have a genuine commitment to maintaining exposures as low as is
reasonably achievable and (2) the personnel must be continually
vigilant for ways to reduce exposure. Dr. Wilkie states conclu-
sively that CP&L has satisfied these requirements. Id. at ¥ 6;
see also SER at 1 12.1. The implementation of the extensive mod=

ifications described in the sections above also is convincing

12/ As an example of their lack of understanding of ALARA, it
is noteworthy that Joint Intervenors first claimed that Appli~
cants were required to install a system such as the DMIMS, but
upon learning that such a system would be used claimed that
this could increase exposure because, if loose parts can be de-
tected, workers will have to retrieve them, thus increasing ex-
posure. Joint Intervenors' February 22 Response at Response
No. 21. On the one hand the argument is circular; it also sug-
Jests that Joint Intervenors view any radiation exposure to
workers as inconsistent with ALARA.
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evidence that the ALARA criterion has been satisfied and Jeint
Intervenors have presented nc evidence to the contrary. Thus
summary disposition in Applicants' favor of Joint Intervenors'

allegations regarding ALARA is appropriate at this time.
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III. CONCLUSION

For all of the reasons set forth above, Applicants request
that the Board grant summary disposition of parts (1)=(3) of

Joint C.iatention VII in Applicants' favor.
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