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UNITED STATES

ATOMIC ENERGY COMMISSION F;’ECP’
RICHLAND OPERATIONS OFFICE = VED

P.O. BOX 550 007- 70 )

A RICHLAND, WASHINGTON p 4 /:;53
IN REPLY REFER TO: * [. D/C/(EMA
ECO:JMD U
0oCcT 91363

General Electric Compeny
Hanford Atomic Products Operation
Richland, Washington

Attention: R. L. Dickeman, General Manager
N-Reactor Department

Subject: REPAIR OF HEAT EXCHANGER UNIT 4A - NEW PRODUCTION
REACTOR

Gentlemen:

Burns and Roe, Inc. has been relieved of the responsibility for inspeqtion and
other engineer- SIOCKMWP XS RIEK ST XB LK LT XSRS E XK F SN X HREISUE B X¥aP% ing activity for
the repair oféHea.t Exchanger Unit Number 4A, effective as of October 1k,
1963.

It is requested that the following engineering services be
performed by General Electric Company to the extent necessary
to complete the Heat Exchanger Unit repair:

1. Supervise the execution of repairs so as to
assure adherence to approved drawings and
specifications and repair procedures.

2. Check and approve all shop and working
drawings and repair procedures submitted
in connection with repair work to assure
that they conform to repair criteria.

3+ Make or procure such field or laboratory
tests of workmanship and materials, and
equipment, as the Commission mey require
Or approve,

L. Inspect workmanship and materials, and equip-
ment, and report to the Commission as to
their conformity or nonconformity to the
approved drawings end specifications and
repalr procedures.

Approved for Public Release;
Further Dissemination Unlimited

50612173
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5. Prepere reports and make recommendations on
status of deliveries of materials and equip-
ment as the Commission may require or approve.

6. Prepare monthly and other reports of the
progress of repairs, as may be required and
partial, interim, and final estimates and
reports of quantities and values of repair
vork performed, for payment or other purposes.

T+ Purnish record drawings, in such form and
quantity as the Commission may require,
showing repairs as actually accomplished.

8. Prepare the preliminary repair schedules for
the Unit LA Heat Exchanger covered by request
and Integrate these schedules with your
operating schedules for the reactor plant:
collaborate with and assist the general (CPFF)
construction contractor in the preparation and
modification of the construction schedules.

Burns and Roe, Inc. will be available for consultation as may
be required.

Mr, George W. Wyss of our NPR Engineering Branch has been
designated as the AEC Liaison Engineer.

Very truly yours,

o A forsimas

John H. Krema, Director
Construction Engineering
Divigion

50612174



N-REACTOR DEPARTMENT ~—

I
seuenn, @ issine BA
v WALUE

October 8, 1963 o
7 e

A, B, Carson “o. 2,
M. H. Russ

E. M. Kratz

W. J. Mundt

W. D, Bainard

G. R. Hosack

W. D. Gilbert

W. R. Conley

Je M. Fox, Jr.

W. J. Love

HEAT EXCHANGER TUBING

Prior to operation, stress corrosion cracking has been detected inside the
tube mouth of one of the primery loop heat exchangers and a novel type of
intergranular attack has been encountered along the length inside a number
of tubes of several primary loop heat exchangers.

Questions have been asked regarding the selection of 304 stainless tubing
and the fabrication procedures which result in the 304 stainless steel being
in a sensitized state. The two letters attached show the types of questions
that are being asked.

Can you help us reconstruct the record leading to:
(a) The selection of 304 stainless steel tubing;
(b) Acceptance of 304 stainless steel tubing in & sensitized state?

In particular, we are interested in any contacts with Combustion Engineering,
Burns and Roe, Kaiser Engineers, or the Atomic Energy Commission which could
be interpreted that Combustion Engineering should or could use sensitized
304 stainless steel.

Should you have questions concerning this letter please call me on 942-1111

Extension 6-4033 - Area Code 509.
y - /7

Manager
Process Deslign
N-Reactor Project
N-Reactor Department
WM Herty:rd
Attachments eI p- ;
CET-ARL Dickeman “Elhves
JS McMahon .
CE Love ocr 1: 1563
NO Strand R L Dickes
WM Harty-File Ay
WM Harty-1B
50612175



UNITED STATES
ATOMIC ENERGY COMMISSION
Richland Operations Office

P,0, Box 550
Richland, Washington

In Reply Refer to

GC:CGB

September 12, 1963

General Electric Company
Hanford Atcmic Products Operation
Richland, Washington

Attentlon: R, L. Dickeman, General Mansger
N Reactor Department

Subject: NPR HEAT EXCHANGERS - USE OF 304 STATNLESS STEEL TUBING
Gentlemen:

It is apparent that, in analyzing the heat exchangers problem, and
in further discussions of it with Combustion Engineering, we should
bhave full knowledge of the position taken by all parties with re-
spect to the advisability of using 304 stainless steel tubing.
Although we have been given coples of minutes of scme negotiating
meetings in which this subject was discussed, it is quite possible
that these minutes may be incomplete on this point. Furthermore,
we believe other meetings were held or conversations occurred in
which the use of 304 stainless steel was discussed where no minutes
were kept,

It is requested that you discuss this problem with your personnel
end give me a written report of any discussions they may have had
or may have heard engaged in by others with Combustion Engineering
elther prior to or after the award of the purchase order with re-
spect to the advisability of using 304 stainless steel tubing., It
will be helpful if such report indicates whether such discussions
related to manufacturing problems, operationsl Problems, or both.

Very truly yours,
/8/ B. H. SCHIPPER
H. He. Schipper

Assistant Manager for
Technical Operations

C-0-P-Y
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N~REACTOR DEPARTMENT
GENERAL ELECTRIC
Richland, Washington

September 16, 1963

J. S. McMahon, Manager
N-Reactor Project

NFR HEAT EXCHANGERS
USE OF 30 STAINIESS STREL TUBING

I will need the record reconstructed during the period just preceding
and following the award of the heat exchanger contract. This should
include three elements: 1) a chronology setting forth all contracts,
both formal and informel, written and verbal, between our responsible
people and Combustion Engineering and/or Burns and Roe during

this period, 2) a copy of all documentation or correspondence which
sets forth an official compeny position, and 3) a statement from each
of the General Electric personnel who could be consldered to hold a
responsible position, which records in detail the nature of any
contacts which may have been held during this period; meeting
minutes, if available, are also appropriate. We should attempt

to have this material svailable by September 27, and from this

a response to the Commission request will be generated.

/8/ R. L. DICKEMAN
General Manager

RL Dickeman:bs

Atta ch .

cc: CH Crandall
J Milne
RILD-2

cC-0-P-%
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IN REPLY REFER TO:

GC:CGB

UNITED STATES

ATOMIC ENERGY COMMISSION R S
RICHLAND OPERATIONS OFFICE CE[V
P. 0. BOX 550 S 3 &, D
RICHLAND, WASHINGTON P G
R { Zﬂﬁg
SEP 12 1963 " kg,

g

General Electric Company
Hanford Atomic Products Operation
Richland, Washington

Attention: R. L. Dickeman, General Manager
N Reactor Department

Subject: NPR HEAT EXCHANGERS - USE OF 304 STAINLESS STEEL TUBING
Gentlemen:

It is apparent that, in analyzing the heat exchangers problem, and
in further discussions of it with Combustion Engineering, we should
have full knowledge of the position taken by all parties with re-
spect to the advisability of using 304 stainless steel tubing.
Although we have been given copies of minutes of some negotiating
meetings in which this subject was discussed, it is quite possible
that these minutes may be incomplete on this point. Furthermore,
we believe other meetings were held or conversations occurred in
vhich the use of 304 stainless steel was discussed where no minutes
were kept.

It is requested that you discuss this problem with your personnel
and give me a written report of any discussions they may have had
or may have heard engaged in by others with Combustion Engineering
either prior to or after the award of the purchase order with re-
spect to the advisability of using 304 stainless steel tubing. It
will be helpful if such report indicates whether such discussions
related to manufacturing problems, operational problems, or both.

Very truly yours,

/\

Assistant Manager for
Technical Operations
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September 12, 1963
J. 8. Nelahon i‘-\{,:r -
Nanager b gf =0
N-Reactor Project 5zp 1y
N-Reactor Department = ”‘63

My 15, 1959

August 10, 1959

September 8, 1959

October 14, 1959

December 3, 1959

December 22, 1959
Jamusry 25, 1960

WM Barty:rd
cot™ KL Dickeman
»

CE love
W Harty-File
WM Barty-1B

Specification W#S-6650, paregreph 7.1.b, "Tubing used
for heat transfer shall be in accesdance with Specifica-
tion No. BMB-6053, for composition 30% corrosion-
resisting steel. . . &

Specificaticon Wi8-6853 "covars the manufacture of
sotmless and welded tubes and pipes, as spociﬁuuy
.mliﬁtamﬁwucm, . e
Amendment No. 1 to HNS-60853 dated June 138, 1959,
"Delete 'as specifioally applied to 304! and add
the following, ‘as applied to Types and 316.*"

Conbustion Bngineering offered 304, 30k-L, 347, 316
stainless stesl tubing.

Bumtndauchmndtubinamuhu follows:

Wblc - ?orm: or 347
Not tabulated ~ 3rd altermate

Combustion Engineering guoted on use of 304 stainless
steel material.

C. R, Qualhein requested A. B, Carson for specific werding
for altermate materials such as Inconel and ocardon stesl
for use in negotistions with the succesaful heat exchangsr
vendar. A. B, Carson replied on Decemder 9, 1959.

Heat Exchanger Contract awvarded.

In a letter from J. S. Mclahon to A. J. Loiacono of Burns
and Roe, no further consideration was Judged to be nec-

essary for Cambustion *s proposals for Inconel
tubing (increased cost ,652) and carbon stesl tubing
($504,700 reduction and eight weeks delay).

Manager - Process Design
N-Reactor Project
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ORIGINAL SIGNED avy
W. M. HARTY

Proceas Besign
M-Reacter Project




July 3, 1963

ovserve to ascme degree, for informstien only. Concurrent vith the ¢. E. Inspection,
‘W@Mnﬂ“m%ﬂnm&wrmmﬁﬁmmmwm
plant, MWWWWWMQ“WM,G.LWM
ﬁumhtmlmmsumwmimimnrmbiunmwm
Nant. The basis for 0. X. Inspection was Cosbustion's P.0. on Wallingford;

3 & R specs.; Combustion procedures; and Wallingford mocedures.

Matarial mao&s/smnvmmmmmmmmco.umnmm
apecs. cau-mmt(wwym)mmnrm. 8trips in lengths suffi-
amthmmwwmtm-mwwwmmwm
1tm¢lnnodnadp1cklo¢mdm¢unum, as required, It was then delivered
mth.mnmmummhrwrmmmm. Forming vas sccosplished
wdmmmnwrmmmmmmmm,mmxmmamm,
Do wetal added. Tube at this podnt wes 1~1/4" D x . 3" wall., Welding was a
continucus process and ends of strips vere tack walded together. As the tube
progressed past the welding cperstion, it enbared & booth containing twe belt
mm:mmmmmemotmmb m«mmsmwm
rolls, Mthtub-mmml&'lmgtht. During most of the produstion,
Wallingferd elected to perform an OD dye cheok on the cut tubes. Other physical
tmmmmrmwwmxwfmw,-mun,m
flattening test.
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‘a.

Tubes were cleansd, annenled, ds-scalsd by immersicn i & exlt beth, wvashed,
soaped in a bath, set in & dry box and thoroughly drtied.

fibe end vas swaged and drewing coamenced. From three to four drevs were pesrformed
vith clesning, aunealing and sosping between ssch drew. Soap used vas 8 commercial
aosp with Wallingford proprietary sdditives added vhich caused sdhesion of the

S0Rp to the ID and OO walls of the tube. Purpose of the scep was solely for drew
lubricetion.

The final anneal was & bright annesl in the muffle furnace. Finished &rewm tubes
vere approximately 60° long. Tubes wers strmightensd in Sutton-rell-type
Sraightener. The (D was polished by one pass threough & belt polisher which was
& coarse and fine balt.

Tube vas then plokled and washed. These operwtions inciunded egitstien of pieokling
and weshing fluids through the tube ID. Plckling resulted in & eatin finish on
tube ID and OP. The piekling solution wes proprietary infermstioa.

m-mmawmau-mummtutpzmwmmmtum
Plug osme out dry.

mwmmmamamnmmmwmm-mot
our inspection responsidility.

mt‘mm%ﬂmmm“““mtw@. B. Inapection:
1. 45° flare 0o emch end of tube,

2. 180°Mwa2”ndtuaﬂthvﬂdmmu¢sofm. One fram emeh tube.
3. Reverse bend of welid from each tude.

b, Two ssmples from esoh heat were mecro-etched.
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humcmabmumnulubm, s wvall a5 Item 3. No feflures wers
observed on Itens 2 end &, adove. No failures resulted in rejection of total lot.

mbmmmmuzma,mmmmmmmmmm.
Tubing wes then subjected to the following non-destrustive testa:

1. Rye check of ¢b.

2. Rrirostatic test, tap water used.

3. Bdy curreut test per specifications and standerds swpylied by Combustion.

b, X-ray, 0° and 90°, 0° being the weld.

5. Dimensional inepsction, 0D, wall, length and surface finigh, electro-

stch, heat, lot, tube mmbdar, eta.

The inspector observed indiostions resulting from above items ss follows:
. wmmmmm,mmmmmmmmm,
both linear sod pits, mzmmmwwmwmwnnm
megmmmwmmmmmmim Va5 evidant. A re-dye
Mortb‘mmlthmmmtfmiwmtmmnmmmm
ves cleaned and observed Wys 10X mgnifying glass for evidence of & surfece defect.
Irnowuumutmmtmdnimmbonnmw,mtmmm
mwmtommmwioa. WWMM&QWW
MWWMMWMMMwommMuWWMM
rexoved within miniwue wall linitations. Certain lots of tubes dispisyed sn
thtltyaf&iswmhfwtmmwmmlauhldmumm
Do tubes with this type defect. During the period when x-ray indicatiocns vere
boinsimnttlam,25&035tubumsyntundhcchwkadonﬁum. -]
indications vere observed.

See Inspoction Bepart 4-27-60.  (Not appended)

2. Mmm«m,m.cmmmmmuetm.
‘!hu-mmt.ouchnntmm.
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wlie
3. mm-ammunumumwmun.mum.
b, mumdmm,ummummummx-mm-,
mmmmmaummtomumuo.n.co.. Cne-hundred per cent
or-ux-mm-mmwa.x.mma-uu.rumxmormbym
resding approximated 29. Several of the x-ray rejects wers cut up te determine
we:mmwmmmmmwmmbhmmnmmmxm
shown by the x-ray. wcmmm«mmwam«mncmwwm
inspectors prior to their sutmission to G. E.
5e mwmmmmwmmmumzm.

mwmmmummum.mmumummm,
mmmomm,wummummwm. The
*nds of the tubes vere sealed with & male plug at cowpletion of the &imenaionml
inspection.

wutxutumuuum.umermmumnntmmmmmu
tubes by siab and heat. (Mot sppended)

mbit!nmiammumuttmumawmma
tuhommblndumsungmyiddutmnmunnmhntmm
"as valded" conditicn, or 1 /A" x 083" wall x 18¢ long. (Mot appended)

mxcnmummmmnm‘frumehmmunm
mngmmmﬂmwmmumrmmwb-nm. (ot appended)

tm
AtSaatments
¢c: JR Dempeey

W Runt
Wallingford Pile
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+4-4000- 102 (11.02)
ALC.GE RICHLAND, WARH

GENEHAL@E[ECT[”C HANFORD ATOMIC
COMPANY PRODUCTS OPERATION

N - REACTOR ’

RICHLAND, WASHINGTON . . . TELEPHONE - AREA CODE 509, 942.-1111 DEPARTMENT /

September 5, 1963
U.S. Atomic Energy Commission
Richland Operations Office
Richland, Washington

Attention: Mr., H,H. Schipper, Assistant Manager
for Technical Operations

Gentlemen:

TECHNICAL SUMMARY - N-REACTOR HEAT EXCHANGERS

Transmitted herewith are four (4) copies of a technical appraisal of the
corrosion effects observed in the primary heat exchangers for N-Reactor.
This appraisal has been prepared by Dr. S.H. Bush and derives from a
thorough evaluation of the data we have obtained during on-site investi-
gations and the technical facets of the fabrication history as we know
them through inspection reports, certain documentation and verbal
communication.

The present condition of each heat exchanger has now been well
characterized. Although a conclusive 'theory of the case'’, from a
vigorous technical viewpoint, is not yet available the considerable
body of evidence now available strongly suggests fabrication process
related causes. Further, we find no plausible technical grounds for
concluding that operational or environmental conditions introduced
on-site have contributed measurably to the corrosion we observe.

Very iruly yours,

K 2D ihmnans

General Manager

T

RL Dickeman:bs
Attach.

cc: 1-3. AEC-RLOO: Attn: Mr. HH Schipper

A PRIME CONTRACTOR FOR THE U.S. ATOMIC ENERGY COMMISSION
50612185



54-3000-004 (3-851)

GENERAL @D ELECTRIC

{;Atomic Energy Commission -2-

bee: WELJdlm/son
H Fulton
GW Willis
JS McMahon - NO Strand
HM Parker - SH Bush
RLD-2
Record Center

9-5-63
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PROJECT CAI-816

NEW PRODUCTION REACTOR

STEAM GENERATORS

MECHANISMS AND CAUSES OF TUBING FAILURES

September 5, 1963

g. H. Bush
Consulting Metallurgist
Reactor and Fuels Laboratory

Hanford Laboratories
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September 5, 1963

MECHANISMS AND CAUSES OF TUBING FAILURES

INTRODUCTION

The following represents an analysis of the mechanisms and most probable
causes of failure in the 304 stainless steel tubing contained in the "N"
reactor steam generators. Two forms of attack have been observed: (1)
Stress corrosion at the mouth of the tubes; (2) A form of localized inter-
granular attack occurring throughout the length of the tube.

This analysis is based on the latest available data. Obviously future
results may invalidate or revise the hypotheses advanced at this time.

STRESS CORROSION

’

Classical stress corrosion can occur in meny metals and alloys both ferrous
and non-ferrous. 1In all instences two factors must be satisfied. There
must be a tensile stress either uniaxial or multiaxial and there must be

a sulteble environment. In the case of austenitic stainless steels several
environments are known to cause stress corrosion with the most common being
halogens such as chlorides or fluorides in the presence of oxygen, or
strong hydroxides with or without oxygen present.

The stress corrosion observed in this case was immediately adjacent to

the weld which ettached the 304 stainless steel tube to the tube sheet.

A cross section of the tube-to-tube sheet geometry is given in Figure 1.
Because of the fabrication history of these steam generators, a pronounced
stress gradient exists in the vicinity of the tube mouth as axial and hoop
stresses. An idealized sketch of the stress distribution is given in Fig-
ure 1. The stresses resulted from the tube being rolled into the carbon
steel sheet, welded in place, then the entire vessel vas subjected to a
heat treatment to stress relieve the welds in the carbon steel. This heat
treatment at 1125-1150 F for 6-10 hours relieved the weld stresses, but

it alsoc thoroughly sensitized the 30k stainless steel by precipitating

the carbides and generasted severe residual stresses because of the dis-
similar coefficients of thermal expansion of carbon and stainless steels.
The calculated stresses are well above the elastic limit of the 304 stain-
less steels so that it is highly probable that there is a high level of
resldual stress near the tube mouth, decaying repidly to values near zero
within the first 0.5-1.0 inch. Therefore, the first requirement for stress
corrosion is known to exist in all the steam generators.
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Corrosive Environment

An examination of potential corrosive environment reveals several possi-
bilities: (1) Fluorides were present in the coating of the weld electrodes
used in joining the tubes to the tube sheet. In several instances flux
deposits have been observed in metallography specimens; (2) Chattanooga
city water is high in chlorides and there was definite evidence of reten-
tion of water in the tube-to-tube sheet annulus; (3) The tube rolling
lubricant is known to contain a variable but substantial amount of chlor-
ides; (4) The vapor phase inhibitor (VPI) introduced at Hanford contains
both chlorides and fluorides; (5) Several steps at the tube mill were
potential sources of contaminetion if the tube surfaces were not cleaned
adequately; in this category one would include drawing lubricents (ehlor-
ides or hydroxides), descaling baths (hydroxides), and pickling baths
(fluorides); (6) The soap solution used in bubble testing 3B; (7) The
chemicals and other materials used in cleaning the steam generators; and
(8) Various sources not directly listed such as inhibitors or materials
introduced by accident.

Failure History

-While it appears that all of the steam generators have been exposed to
the necessary conditions of stress amd corrosive environment, only unit
3B has been found to contein stress corrosion cracking to an observable
degree based on fluorescent penetrant examination, partial eddy current
testing, and extensive metallographic investigation of selected sections
from all steam generators.

The attack in 3B occurred in more than one-half of the tube ends and was
limited to the first 0.5 to 1.0 inch of tube measuring from the weld.
Extensive cracking exists on the inner surface of the tubes in this region;
equally extensive cracking has been observed on the outer surfaces of
several tubes removed from the tube sheet of 3B« In most but not all
‘instances where cracking occurred on both surfaces, there had been com-
plete penetration of the tube wall by one or more stress corrosion cracks.

Examination of the stress corrosion cracks revealed both transgranular and
intergranular attack. Both of these are possible in tubing with such a
history. The transgranular cracking can occur in highly stressed areag

in sensitized or in gtressed unsensitized tubing. Not too surprisingly
the transgranulaer cracks occur near the surface and as they approach the
neutral axis often change to intergranular cracks which are most common
in a sensitized stainless steel. The cracks are oriented axially in most
instances, indicating that the hoop stresses are controlling rather than
the axial bending stresses. In some instances 45 degree cracks bear out
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the combined effects of hoop and axial stresses. Normally these are near
the tube mouth. Typical examples of stress corrosion cracking are given
in Figure 1.

Unit 3B History

Since the stress corrosion cracking is limited to unit 3B, the question
arises concerning differences in fabrication history in this unit com-
pered to the others. There appear to be several factors meriting close
examination. These are: (1) Unit 3B was the first steam generator built;
even so this was only slightly ahead of 3A, the second unit; (2) One heat
of steel 26469 was used solely in 3B based on CE records; (3) At least
one tube from 3B, heat number unknown, displayed an unduly high corrosion
rate in the Huey test, possibly indicating the presence of foreign elements
in the steel; (k) The soap bubble test for leaks was limited to 3B and
soap contains hydroxyl ions; (5) The cleaning of this unit was quite un-
satisfactory. After two water cleanings, a grease-like residue remained
80 that steam cleaning had to be used ultimately; (6) Different cleansers
and inhibitors were used in 3B than in the other units. For example, the
citric ecid, pH, and ammonia content varied; (7) The response of the
inhibitor film to the boiling nitric acid in the Huey test was much dif-
ferent from that observed in the other Huey tests; the film was very
tenacious and resistant to attack. Several hours elapsed before it began
to strip off and dissolve. This indicates differences in film and/or
substrate composition. :

These differences are quite real, but it is difficult tc assess their
significance in generating stress corrosion cracks. The most suspicious
condition is the cleaning operation. The lack of success, greasy residue
reported, and response in the Huey test leads one to sugpect this step.

Probable Causes

If one analyzes all of the steam generators, the obvious conclusion is that
they have the built-in stress distribution and have seen agents known to
cause stress corrosion cracking; yet such attack is limited to 3B. This
limitation tends to invalidate conditions after arrival at Hanford unless
something unique can be established in treatment or exposure. All units
were exposed to VPI for comparable periods; all units saw rolling lubri-
cants. The unique difference appears to be in the heat of steel or in the
cleaning. Belief that the Heat 26469 was responsible is stultified by
the cracking noted in the short K-7 and K-8 lengths, since no tubes made
of these lengths were fabricated from this heat. It appears as if an
agent could be sealed in on both the primary and secondary sides of the
tubes. This appears to be most feasible if one analyzes the crack
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distribution in the failed tubes. If the corrodent is limited to one

face, either primary or secondary, one must assume a mobility of the agent
in the absence of other than trace quantities of water. This agent must
progress through the crack until penetration occurs then diffuse along the
wall and around the circumference to generate the observed pattern of cracks.
While this is remotely possible, it appears much more improbable than does
the case where the corrodent was in place on both surfaces as a result of
fabrication followed by inadequate cleaning. The extended periods at temp-
eratures exceeding 100 F during layup could have resulted in penetretion

of cracks.

It appears highly unlikely that an agent introduced dry on the primary
side or accidentally on the secondary could penetrate the annular crack
to the vicinity of the weld; rather one suspects an agent already there.

Conclusions

The limiting of stress corrosion to unit 3B whereas the stress pattern
and potential corrodents exist in all units points to specific differences
in the fabrication history of unit 3B compared to the others. The most
probable cause is believed to be in the cleaning process. A less likely
source is the composition of the major heat of steel used in this unit.
The pattern of attack both ID and 0D, absence in other units, and lack of
gross wetness during layup points to a contaminant introduced during fab-
rication rather than to one during layup.

INTERGRANULAR CORROSION

The intergranular attack originally detected by eddy current tests appears
to be relatively unique. A search of the litersture ss well as extended
conversations with experts in the field of corrosion has not revealed
similar cases. Representative examples of such attack are presented in
Figure 2. 1In essence the regions of attack are roughly hemispherical in
shape. There appears to be no directionality axially. Penetrations as
great as 80-90 per cent of the wall have been observed. In every instance
checked metallographically the attack was limited to the grain boundaries
with pronounced intergranular attack noted in the etched and unetched
conditions.

Pattern of Attack

Two units, 2A and 4A, appear to be most severely affected by the IG attack.
Penetrations through the tube wall exceed 80 per cent in better than 16 per
cent of the tubes in 2A and approach 50 per cent in kA.
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There are several factors observed in these units (2A and 4A) that tend to
establish when the corrodent wes introduced, but not necessarily what
corrodent was responsible. Before considering these factors, the probable
causes of such attack should be analyzed. A critical step in such attack
in all probability was the sensitization of the tubing through the stress
relief heat treatment. While it is known thet unsensitized stainless steels
can be attacked intergranularly by strong caustics, such attack is much
more probable in the sensitized state, and many more chemical agents are
known to attack austenitic stainless steels while in this state. For
example many of the strong acids such as nitrie, hydrofluoric, and hydro-
chloric will selectively attack the grain boundaries in the sensitized
state. 4 :

Returning to a listing of the unique features observed in the intergranular
attack, these are: (1) A great majority of the tubes tested have IG attack
in one half, but not the other; such attack occurring in part of a tube

but not the other leads one to suspect an inadequate rinsing procedure
after pickling, or to inadequate cleaning in a late stage of tube fabri-
cation; (2) The essentlally circular shape observed on the inner surface

of the tube is indicative of a corrodent deposited in or after the final
stages of fabrication. Attack during earlier stages of fabrication or
selective attack of impurities should result in axial extension of the

areas of attack. This was not observed; (3) Many tubes reveal several
areas of IG attack aligned linearly; these regions of linear alignment
varied in o'clock position from tube to tube in the steam generator. For
example, one tube may have IG attack at 12 o'clock, the next 6, another 9,
etc. Such a pattern is strongly indicative of introduction of the corrodent
prior to rather than after installation of the tubes into the steam genera-
tor; (4) In almost every instance the attack originates on the inside rather
than the outside of the tube. Of the many thousands of areas mapped in
unit 24, only three have been determined to have originated on the outer
surface. This isn't too surprising when one considers the aifficulty of
cleaning the inside of a tube compared to the outside. If such attack was
due to an agent introduced after shipment, a logical question is why isn't
there a great deal more attack on the external surface, assuming that both
sides saw the agent, or if only the inner surface saw the agent, why should
there be any attack on the outside. The probability of such attack being
initiated in the tube mill due to inadequate cleaning is felt to be quite
high; (5) The severe stratification of attack in the longer tubes in unit 2A
is indicative of lack of cleaning, agein due to the difficulty in tubes
exceeding 50 feet in length. Such a stratification is not at all compatible
with the premise of an introduction of a corrodent after installation of the
units. Particularly striking is the overall pattern in 2A where a majority
of the longer tubes in the upper bank display areas of IG attack; the
exception noted in the upper central section of the tube bank is balanced by
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a similer attack at the other ends of these tubes. Such a pattern is
strongly indicative of & corrodent introduced prior to installation of the
tubes. In fact it can be accepted as prima-facie evidence that the corrodent
must have been introduced prior to installation in the tube sheet; (6) There
is a possibility that selective carburization of the inner surfaces occurred
during the cracked smmonia heat treatment. This can neither be confirmed nor

denied at this time.

Possible Causes

If one considers the preceding factors, the most probable culprits must be
introduced in the final stages of tube fabrication but prior to installation.
An obviously suspicious step is the final bright pickle consisting of immer-
sion in a nitric - 3 per cent hydrofluoric acid bath followed by washing.
There is no doubt that the tubes, which were supposedly thoroughly dried
after washing, were still wet. A substantial number were rejected during
the ultrasonic test due to water. This was observed in tubes containing

end caps at the tube mill which had not been removed from that time until
after the ultrasonic test.

Another interesting item also detected in the ultrasonic test was the sub-
stantial rejection rate due to a loss of signel caused by excessive roughness
of the ID. Such roughness is strongly indicative of overetching during or
after the bright pickle. Apparently the crux of such an attack was in the
sensitization of the tubes. If a corrodent still existed in a concentrated
state, such as dried droplets, then the sensitizing heat treatment would

put the tubing in & condition for rapid, selective, intergranular attack rather
than a bulk type of attack. Obviously this assumes several things: (1)

The introduction of a corrodent; (2) Its inadequate removal during washing;
(3) Its retention as a deposit in the quiescent state; (4) Retention of the
corrodent during heat treatment; (5) Eventual resctivation of the corrodent
during cleaning or hydro testing.. This chain of events hass not been con-
firmed, but it does appear possible. How possible is yet to be established.

If one assumes the retention of a corrodent in roughened areas of the tube,
then the key steps leading to the attack would be the sensitization heat
treatment, reactivation of corrodent, and sufficient time to permit reaction
of the corrodent. The latter might occur in a relatively short period with
strong acids. '

Conclusions

The attack pattern noted in the overall tube sheet, selective stratification,
linearity of attack in any one tube but random pattern from tube to tube,
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location on the inner surfaces of .the tubing, and preferential locations
at one end of the tube all confirm the hypothesis of a corrodent intro-
duced in the tube mill during the final stages of tube fabrication rather
than at the fabricatlion site or at the installation site. A major factor
in the intergranuler sttack was the sensitization of the tubes. The role
of time cannot be assessed but it is believed to be a minus factor. It
is probable that the original corrodent has reacted and is no longer a
factor; however, there is the possibility of introducing other corrodents
into the attacked areas resulting in enlargement and eventual penetration
of the tubes.
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STRESS CORROSION CRACKING

N REACTOR STEAM GENERATOR 3B
MATERIAL 304 STAINLESS STEEL

MIG WELD TO 120000
S
TUBE SHEET } } 100, MAXIMUM BENDING STRES!

. 80,000

Lper - 1L R
~0.050"X 0.5" I.D. 304 S§ 3! 8 e )

TUBE WALL - & 60,000

s

L_?' A-212B CARBON MAXIMUM HOOP STRESS

STEEL TUBE SHEET | 20,000

Y4" LAVER OF 308 55 ol ’
| WELD METAL 06 o0l ©02 03 04 06 06
DISTANCE FROM WELD, INCHES
CROSS SECTION OF CALCULATED STRESS DISTRIBUTION
TUBE JOINT IN TUBE AFTER HEAT TREATMENT

TRANSGRANULAR CRACK

CHANGING TO INTER-
GRANULAR MAG. 50X

TRANSGRANULAR STRESS
CORROSION CRACK IN-
ITIATED AT PIT MAG. 250X

DISTRIBUTION OF STRESS
CORROSION CRACKS IN A
TYPICAL TUBE FROM 3B

TRANSGRANULAR CRACK INITIATING EXAMPLE OF CRACKING INTERGRANULAR CRACK INITIATING
ON INTERNAL SURFACE AND PROPA- OF TUBE £ 308 WELD ON OUTER SURFACE AND PROPAGATING
GATING ACROSS TUBE WALL MAG. 100X OVERLAY MAG. 250X NEARLY THROUGH TUBE WALL MAG.{00X

TRANSGRANULAR CRACK INITIATED
AT PIT ON INNER SURFACE MAG.500X%

CONTRIBUTING FACTORS IN STRESS CORROSION OF AUSTENITIC STAINLESS STEELS
(1) TENSILE STRESSES, (2) CORROSIVE. ENVIRONMENT SUCH AS CHLORIDE OR FLUORIDE, (3) OXYGEN

G-102-600

NS
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GENERAL ELECTRIC COMPANV
— FHOTGERAPRY OPERATION —
300 AREA, 3705 BLDG. |
HANFORD ATOMIC PRODUCTS OPERATION
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INTERGRANULAR CORROSION

V" REACTOR STEAM GENERATORS 2A & 4A~MATERIAL - 304 STAINLESS STEEL TVBING

THIS ATTACK HAS BEEN LOCALIZED IN NATURE AND HAS NEVER
BEEN OBSERVED ON THE OUTER SURFACE.

TYPICAL FAILURES IN
SECTIONS CONTAINING
1.G. DEFECTS AFTER
HYDRAULIC LOADING

OUTER SURFACE " INMER SURFACE
MAG. 22 X MAG, 22X

CROG®S SECTION - MAG.50X CROSS SECTION - MAG. 50X

LONGITUDINAL SECTION - MAG. 50X

FAILURE OCCURRED AT HOOP STRESSES OF 34,000 AND 42000 PS/ AT 300 €
YS ANTIC/PATED VALUES OF 80,000 - 90,000 PS/

HYDRAULIC PRESSURES WERE 6800-8400 PSI, MUCH GREATER THAN OPERATING PRESSURES.

G-102-60§
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PHOTOGRAFMY pPERATION
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FIELD OFFICE: NEW PRODUCTION REACTOR FROGRAM
P. 0. BOX 788 BURNS AND ROE, INC. U.S. ATOMIC ENERGY COMMISSION

RICHLAND, WASHINGTON RICHLAND, WASHINGTON

ENGINEERS AND CONSTRUCTORS
160 WEST BROADWAY

I [

NEW YORK I3, N. Y. T LY TV RV
— N AR R
TEL. RECTOR 2-7000 . . Tt
- ey O VG?&LV Tt va
September L, 1633 T
B ) ! ! Ll
A@rmwmevaliter fanle *m,( fernte
coved A [’g, { %
SUBJECT: W. 0. 1849 - WPR - HAN R Qirris,z

Contract No. AT(L45-1) 1239
New Production Reactor Program
AETERHEAT REMOVAL AND DEMINERAIZZED WATER STORAGE TANK

REF: 1. AEC Ltr, 7-12-63, HH Schipper to G¥ Willis, RL Dickeman
and H Fulton
2. B&R Ltr, 8-23-63, GV Willis to ¥ Schipper
3. AEC Ltr, 8-28-63, JH Krema to GV Willis

Construction Engineering Division
Atomic Energy Commission

P. 0. Box 550

Richland, Washington

Attn: John H. Krema, Director
Construction Engineering Division

Gentlenen:

We have reviewed our letier of August 23, 1963, reference 2,
and we feel that the question asked in your letter of July 12, 1963,
reference 1, was answered.

In order to comply with the reguirenents of your letter of
August 28, 1663, reference 3, we will re-vhrase certain opinions
expressed in our letter of August 23, 1853, reference 2, in the fol-
lowing manner:

1. From July 25, 1953 through August 6, 1963, the membrane
or diaphragm was operated in the Demineralized Water Tenk
to the extent necessary to demonstrate design compliance
with the technical specifications.

2. Prior to July 25, 1963 a sample of the membrane material
was tested for strength at General Electric laboraztory and
found to meet specification reqQuirements.

3. Prior to July 25, 1953 Burns and Roe Title III inspectors
had accepted Graver Tank Compeny's installation as comply-

ing witn plans and specifications. :

It is the opinion of Burns and Roe, Inec., that Graver Tank Com-

pany has satisfied the technical contract specifications for the design,
furnishing and installation of the membrane or diaphragm.

50612199



BURNS aND ROE, Inc. =~ et

J. H. Krema -2- 9-4-63

In regards to the application of the Protective coating on
the interior of the subject tanks, it is Burns and Roe, Inec.’'s
opinion that the Graver Tank Company has not satisfied the tech~
nical requirements of the conract specification, refer to Burns
and Roe, Inc.'s letter of August 23, 1653, reference 2.

The A. E. C. letter of July i2, 1953 reouest revly as to
vhether Graver Tank Conpany has satisiacterily completed its con-
tractural obligations. Burns and Ree, Inc.'s opini s that Graver
Tank Company has not satisfactorily completed their contractural ob-

ligations.

Very truly yours,

Giies W, Willis

Resident Project Manager
GWW:db
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AEC-GE RICKLARD, WASH

GENERAL@ELECTR'C HANFORD ATOMIC

PRODUCTS OPERATION
COMPANY

N . REACTOR
RICHLAND, WASHINGTON . . . TELEPHONE - AREA CODE 309, 942-1111 DEPARTMENT

September 3, 1883

Mr. John T, Conway

Exscutive Director

Joist Committee on Atomic Energy
Capitol Building

Washington 28, D.C.

Dear Mr. Conway:

STATUS OF HEAT EXCHANGERS - N-REACTOR

1 am submitting & brief summary of the results of our studies of the heat
exchangers provided for N-Reactor (New Production Reactor) in accordance
with your recent discussions with Mr. W, E. Johnson.

Physical Description

The hest ia the primary coolant is removed through steam generated in ten
horizontally oriented U tube type heat exchangers, During the production-
only phase of operations the steam is quenched in condensers cooled by
Columbia River water; in an electrical power generating phase of operations
(dual-purpose or power-only) the steam is passed through the turbines
being provided by the Washington Public Power Supply System and
eondensed upon discharge.

Each heat exchanger contains 2000 horisomtal U-tubes of type 304 stainless
stes] which are about 0.3 inches in diameter , possess a 0,080 inch wall
and average about fifty feet in over-all length., Both the inlet and outlet
ends of the U-tubes carrying the primary coolaat are attached to a
centrally located cylindrical manifold, or tube sheet, of carbon steel
which is some six inches thick. The 304 stainless steel tubes are
rolled into penetrations in this manifold and fixed with a {illet weld

to a quarter inch 304 stainless steel manifold lining provided for this
purpose. In this design the residual stresses in the stainless steel
tubing are concentrated in the region of the tube end to manifold weld,

It is also pertinent that the entire heat exchanger was heat trested

after assembly under time-temperaturs conditions which placed the

304 steel tubes in the sensitized condition.

A PRIME CONTRACTOR FOR THE U.S. ATOMIC ENERGY COMMISSION
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6ENERAL @D ELECTRIC

Mr, 30 PI‘. Con“y ‘3' 9—3-63

The hest exchangers function as pairs in a parallel relationship with
each of the five pairs physically isolated to permit maintesance while
the reactor is opersting. A reduction in reactor output is necessary
when heat exchanger units sre removed from service but the full
impact of & reactor outage does not result, Conversely, during the
initial startup period the full complement of heat exchangers is not
required under this arrangement.

Pnysjcal Condition

Hydrostatic tests st 2740 pounds pressure (versus 1820 pounds maximum
opersting pressure) revealed leakage from the primary to the secondary
side in two of the ten exchangers, Very intensive maetallurgical studies
have since been carried forward using dye penetrant methods, refined
eddy-current testing techniques and metallographic examinations in an
effort to characterise the problem.

A) Stress Corrosion

One of the ten exchaagers (Unit 3B) was found to coniain severe
stress corrosion in the 304 steel tubes at the fillet weld location;
that is, the location of maximum residual stress. The stress
corrosion is of both the transgrenular and intergraaular type,
is localised in the initial 0.5 inch of tube length and radiates
from both the internal and external tube surfaces at this
location. In addition to stress, oxygen and & reagent, such

as a chloride, are required to promote this type of corrosion,
Nine of the ten units are free of this type of attack and the
source of the problem in Unit 3B most probably resides

st some point in the fabrication history.

B) Intergraaular Corrosion

During the investigations for stress corrosion our eddy curremt
techniques revealed a rather widespread intergranular corrosion
atteek of a unique sature. This consists of localized spots of
intergraaular corrosion which are about 0. 180 inches at the

base and which penetrate into the tube wall. The incidence of
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Mr, J.T. Conway -3- 9-3-83

C)

tubes containing one or more 'spois’ of severe localized
sttack varies widely among heat exchangers. This general
type of corrosion is rather common in & sensitized high
carbon stainless steel which has been subjected to a
corrosive media, such as an etching acid, with incomplete
rinsing and passivation steps. The localized 'spotting’,
however, is unusual and as yet a complete theory of the
case is not available.

Satus Summary

The detailed examinations have now been largely compieted
and the condition of these units is summarized as follows:

1) Cell #8 - (Unite 5A and §B)

Heat exchangers 5A and 8B successfully withstood the
hydrostatic test and are judged 10 be free of stress
corrosion. Fewer than one per ceunt of the tubes
have been determined to contain severe intergranular
attack and both heat exchangers have been placed in
service.

2) Cell #1 - (Unfts 1A aad 1B)

Heat exchangers 1A and 1B also successfully withstood
the hydroststic test and were found to be free of stress
corrosion. As was true of the units above, less than
one per cent of the tubes in these units were determined
to contain severs intergranular attack and both of these
heat exchangers have now been placed in service.

3) Cell #2 - (Units 2A and 2B)

Heat exchangers 3A and 2B successfully completed the
hydrostatic test and were free of stress corrosion.
Less than one per ceat of the tubes in Unit 2B
contained severs imtergranular corrosion attack;
however, sixteen per cent of the tubes in Unit 2A

do contain locslized attack.

50612203
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4)

5)

\re have elected to place the cell #2 heat exchangers in
service on the basis that the performance of Unit 2A
should provide a valuable correlation between non-
destructive test results and actual tube failure
experience. The risks are low in that the tubes
indicated as defective can be plugged at any time

the tube failure experience should develop adversely.
This plugging operation is inexpensive and the
reduction in heat transfer surface is in the order of
the excess above design level available in that Unit.

Cell #3 -(Units 3A and 35)

Unit 3A has Successfully passed all tests and is considered
to be available for service. However, the companion unit
(Unit 3B) contains the extensive and severe stress corrosion
at the tube mouth location; this unit must be repaired before
Cell #3 can be placed in service.

Several alternate repair methods are available; we expect
to adopt a simple method of rolling a short inconel sleeve
into the tube mouth - thus lining the corroded portion of
the stainless steel tube with the inconcel insert. Thus,
repair can be accomplished without dismantling the
exchanger and should be completed by December 31,

1963 at a cost estimated to be less than $100, 000.

Cell 24 - (Units 4A and 4B)

Heat exchanger 4B has successfully passed all tests and
is now avaflable for service, However, the companion
unit in this eell (Unit 4A) ig severely attacked by inter-
graaular corrosion; Approximately fifty per cent of the
tubes contain at least one point at which intergranular
corrosion has progressed through fifty per cent or
more of the tube wall, The decision relative to
corrective measures on the 44 unit should be made

by September 15,

50612204
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D) Statuys Summary

We have now determined that eight of the ten hest exchangers
are serviceable without repair. One (Unit 3B8) is severely
attacked by stress corrosion but at & location which lends
fteelf to prompt and relatively inexpensive repairs; the
repair should be completed this year. The second (Unit 4A)
is sevarely attacked by intergranular corrosion; it may be
necessary to retube this unit and, if this is necessary,

a period of about one year will be required to retura the

unit to service.

FProgrars Impact

We now judge that the hest exchanger problem will have no significant
adverse impact on the attainment of operstional schedules and objectives.
This favorable judgment obtains because the requirements during the

next year can be satisfied with less than the installed capacity. The
program schedule, aumber of units required and number expected to

be available are shown on the attached chart for your detailed information.

Three cells have now been released for service; these will satisfy the
pre-operstional testing aseds and will carry the reactor to sbout 68 per-
cent of rated power. The fourth cell (Cell #3) will be in service by
December 31, 1983 and the cspacity to achieve 85 per cent of rated
reactor power is then available. The scheduled availability of the
#ifth coll (Cell #4) depends upon the action we deem appropriate in
the case of unit 4A; however, even & One yOar retubing program will
make this cell available well hefore it is demanded by the power
ascension program. Of course, the sixth cell being installed by the
W“ashington Public Power Supply System provides further capacity
and flexibility.

The impact on project cost should not be major. Specifically, the
correction of this problem is not expected to genersate an overrun
relative to the Project Estimate provided earlier this year by the
Atomic Energy Commission.
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Oune further observation is pertinent. The heat exchangers for
N-Reactor have now been researched more thoroughly than any
previously fabricated to our knowledge. It is quite probable that
many of the units in service are operating satisfactorily with
defects comparable in severity to those we observe, V.e are
proceeding cautiously but are encouraged by the ability to
accommodate the problem without major adverse i{mpact on
schedules or objectives.

Very truly yours,

General Manager
N-Reactor Department

RL Dickeman:bhs
Attach.
ce: WE Johason (2)

HH Schipper
ALD-2
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AEC-GE RICHLARD, WASH

GENERAL@ELECTH'C HANFORD ATOMIC

COMPANY PRODUCTS OPERATION

N - REACTOR

RICHLAND, WASHINGTON . . . TELEPHONE - AREA CODE 509, 942-1111 DEPARTMENT

September 3, 1963

Mr. Johan i, Conway

Eixecutive Lirector

Joint Committee on Atomic kEnergy
Capitol Building

Viashington 25, J,C,

Jear BMr. Coaway:

SiA:US OF 4EAY EXCHANGERS - N:&EACHOR

I am suormitting a .rief suramary of the resulis of our studies of ine aeat
exchangers provided for N- leactor (New Production Heactor) in accordance
with your receai discussions with #r. V.. %, johasou.

Physical JUescriptiou

'» he heat in the prinary coolant is removed through siea:n generated in tea
norizontally orieated U tuve type neat exchangers. Ouring the production-
only phase of operatioas the stea:n is juenched in condensers cooled by
Colu noia giver water; in an electrical power geaeratiing phase of operatio:us
(dual-purpose or power-ouly) the stean is passed through the tur.:ines

-eing provided ..y the W ashinglon rublic Fower Supply Syste a2 and
condeased upoan digscharge,

flacn heat excnaaser coatains z000 horizomtal U iu.es of type 304 stainless
steel whici are axut 0.5 inches in diameter , possess a 9,050 incn wail
aad average asoui fifiy feet in over-all lengtih. «oth the ialet and outlet
ends of the U tu.es carryiag the primary coolaut are attacned 10 a
centrally locaied cylindrical naanifold, or iuwe sheet, of carbou sieel
which is some six iaches thick, ihe 304 stainless steel iuwes are
rolled into penetraiioas i.ithis naaifold and fixed witn a fillet weld

to a quarter inch 04 stainless steel manifold lining ,rovided for ihis
purpose. Lathis desig) the residual siresses ia the stainless steel
tubiag are concentrated in the regioa of the iuse ead io nanifold weld.

L is also pertinex inat the entire neat exchanger was heat ireated

after assemily wader iine-te nperature conditioas which slaced the

304« steei tures 1 iae seasiiized coadition,

A PRIME CONTRACTOR FOR THE U.S. ATOMIC ENERGY COMMISSION
50612209
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Mr, J. i. Conway -4~ y-3-63

T'he heat exchangers function as pairs in a parallel relationship with
each of the five pairs physically isolated to per mit maintenance while
the reactor is operating. A reduction in reactor output is necessary
when heat exchanger units are removed from service but the full
impact of a reactor outage does not result. Conversely, during the
initial startup period the full complemeat of heat exchangers is not
required under this arrangement.

FPhysical Condition

(i drostatic tests at 2740 pounds pressure (versus 1840 pounds maximum
operating pressure) revealed leakage from the primary to the secondary
side in two of the ten exchangers. Very intensive metallurgical studies
have since been carried forward using dye penetrant methods, refined
eddy-current iesting techniques and metallographic exa minaiions in an
effort to characterize the proolem.

A) Stress Corrosion

One of the ten exchangers (Unit 38) was found to contain severe
stress corrosion in the 304 steel tubes at the fillet weld location;
that is, the location of maximum residual stress. :he stress
corrosion is of both the transgranular and intergranular type,
is localized in the initial 0.5 inch of tune length and radiates
from hoth the internal and external tube surfaces at this
location. In addition to stress, oxygen and a reageat, such

ag a chloride, are required to promote this type of corrosion,
Nine of the ten units are free of this type of attack and the
source of the proolem in Unit 30 most proiparly resides

at sone poiat in the fabrication history.

13) Intergraaular Corrosion

Ouring the investigatioas for siress corrosion our eddy current
techniques revealed a rather widespread intergranular corrosioa
attack of a unique nature. 'Lhis consists of localized spots of
iniergranular corrosion which are apout 0,150 inches at the

sase and which penetrate into the tube wall. ‘. he incidence of

50612210
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C)

tuves containing one or more 'spots’ of severe localized
attack varies widely among heat exchangers. 'Lhis general
type of corrosion is rather comimnon in a sensitized high
carbon stainless steel which has been subjected to a
corrosive media, such as an etching acid, with incomplete
rinsing and paseivation steps. 'ihe localized Ugpotting ',
however, is unusual and as yet a complete theory of the
case is not available.

Status Sumnmary

1he detailed examinations have now 2een largely compleied
and the condition of these units is summarized as follows:

1)  Cell #5 - {(Units 5A and 5B5)

Heat exchangers 5A and 5B successfully withstood the
hydrostatic test and are judged to be free of stress
corrosion. Fewer than one per cent of the tubes
have peen determined to contain severe intergranular
attack and both heai exchangers nave Leen placed in
service.

2) Cell #1 - (Units 1A and 113)

Heat exchangers 1A and 11 also successfully withstood
the hydrostatic test and were found to Le free of stress
corrosion. As was true of the units above, less than
one per cent of the tubes in these units were deter.nined
o contain severe intergranular attack and both of these
heat exchangers have now ceen placed in service.

3)  Cell #2 - (Units 24 and 252)

Heat exchangers 2A and 2B successfully completed the
hydrostatic test and were free of stress corrosion.
i.ess than one per cent of the tubes in Unit 28
contained severe intergranular corrosion attack;
however, sixteen per cent of tae tuves ia Unit 2A

do contain localized attack.

50612211
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4)

5)

e have elected to place the cell #2 heat exchangers in
service on the basis that the performance of Unit 2A
should provide a valuable correlation betweea rioa-
destructive test results and actual tuve failure
experience. The risks are low in that the tubes
indicated as defective can be plugged at any time

the tube failure experience should develop adversely.
This plugging operation is inexpensive and the
reduction in heat transfer surface is in the order of
the excess above design level available in that Unit.

Cell #3 -(Units_3A and 3%)

Unit 3A has successfully passed all tests and is considered
to e available for service. However, the companion unit
(Unit 3B) contains the extensive and severe stress corrosion
at the tube mouth location; this unit must be repaired before
Cell #3 can be placed in service.

Several alternate repair methods are available; we expect
to adopt a sirnple method of rolling a short inconel sleeve
into the tube mouth thus lining the corroded portion of
the stainless steel tube with the inconcel insert. ‘1'hus,
repair can be accomplished without dismantling the
exchanger and should be completed by December 31,

1963 at a cost esti-nated to be less than $100, 000.

Cell #4 - {Uaits 4A and 41)

Heat exchanger 4F has successfully passed all tests and
is now available for service., However, the companion
unit in this cell (Unit 4A) is severely attacked by iater-
granular corrosion; approximately fifty per cent of the
tubes contain at least one point at which intergranular
corrosion has progressed through fifty per cent or
more of the tube wall. ‘i'he decision relative to
corrective measures on the 4A unit should be made

by September 15.
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) Status Summary

We have now determined that eight of the ten heat exchangers
are serviceable without repair. One (Unit 3i3) is severely
attacked by stress corrosion but at a location which lends
itgelf to prompt and relatively inexpengive repairs; the
repair should be completed this year. 1 he second (Unit 4A)
is severely attacked by intergranular corrosion; it may oe
necessary to retube this unit and, if this is necessary,

a perlod of about one jear will pbe required to return the

unit to service.

Program Impact

We now judge that the heat exchanger problem will have no significant
adverse impact on the attainment of operational schedules and objectives.
1his favorable judgment obtains because the requirements during the

next year can be satisfied with less than the installed capacity. 7The
program schedule, number of units required and number expected to

be available are shown on the attached chart for your detailed infor mation.

‘[ hree cells have now been released for service; these will satisfy the
pre-operational testing needs and will carry the reactor to about 65 per-
cent of rated power. 'Ihe fourth cell (Cell #3) will pbe in service by
December 31, 1963 and the capacity to achieve 85 per cent of rated
reactor power is then available. The scheduled availability of the
fifth cell (Cell #4) depends upon the action we deem appropriate in
the case of unit 4A; however, even a one year retubing program will
make this cell available well ~efore it is demanded by the power
ascension program. Of course, the gixth cell being installed by the
Washington Public Power Supply System provides further capacity
and flexibility.

he impact on project cost should not be major. Specifically, the
correction of this problem is not expected to generate an overrun
relative to the Project Estimate provided earlier this year by the
Atomic £nergy Commission.
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One further observation is pertinent. 't he heat exchangers for
N-Reactor have now heen researched more thoroughly than any
previously fabricated to our knowledge. I is quite probable that
many of the unita in service are operating satisfactorily with
defects comparable in severity to those we observe, Wwe are
proceeding cautiously but are encouraged by the ability to
accommodate the problem without major adverse impact on
schedules or objectives.

Very itruly yours,

Ceneral Manager
N-Reactor Department

RL Dickeman:bs
Attach,
ce: WE Johnson (2)

HH Schipper
RLD-2

bec: J Barnard
VS Mullaney
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DON'T SAY IT ---_irite It! —~  pate__August 28, 1963

10_R, L, Dickeman, General Manager FROM__H. H. Schipper
N-Reactor Department Assistant Manager for Technical Operations

The attached draft language was sent by Kaiser to Combustion Zngineering as a
first step only. I would appreciate it if youwould keep this matter fairly close

to yourself for the present time,

g
Attachments: 13//
1. Oy Article 29, Warranty FEy.
2. Oy Article 8, Inspection Sl
3. Cy Article 38, Special Warranty i VR
HE/ AN
Ry,
. /0
+ “SAFETY 1S NO ACCIDENT L 5
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Article 29: VARRANIY: The Seller warrants to the Buyer that the hest
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MMM(&)%M@MI&“&&WW“
mmwwwwwwmmnm
thareaf; (b) to nev areas of corrosicm or of indlcstions of ocrrosion sib-
MMMGCMWNM“M“&
mmm«wm«mmmnm«
m;w(c)umamwmummm
uzummww(ummwuwu
Mh%WMW&WhM&%&
Article 8) dus to any corrosiocn hereinsbove described. The warrenties speci~
mum.wm(ommvxﬁmuum,uubmm
m»mm)m,uﬁmuumw,mm.
mdmmmmmamwmwwn
accordance vith Article 8; Provided, (a) that such defects or failures which
wmmmmmmmmmw.
mmuwmmmmm«n&mmumd
m«-mdmm,(b)mmmmmum-m
mummmmmmmmmwmmw,
and () that sll testing and operstions data, if any, direetly pertinent
maquromﬂmzm-mmmmmmmmmym
muwmmuums.nuroriumpcnmmnﬁw.

uummmmmmwmwmm

“l=

50612218



most the warranties specified sbove, snd the Buyer notifies the Seller
m,mmmwmmmwmm,um
option, umwmmqmmﬂmwmmmmww

vorks Jobsite), mmummﬂmammmﬂm

W";Wmmmmmmmummmnm

wwmmamusmmmua,wmd.
mm,muwmm(ummmm

{n the Atomic Energy Act of 195h,as smended), becomes contsainated. In the

mmwmmw,mwmwm

u«mwmmmwmwunu-mua
practiceble sad the Seller shall, wmmmwmumm,
MM“WMiﬂWﬁ&WWNIMi&.
Extra costs, wwmmumwmmumw
m«mmmwwwmmmmmhm
mmmuwmwmammwm
umu&mw&umammmmww
ﬁWUwWWMNMM%W&M
mwmwwm&mmﬂ.u@tmw

Wummmmm"mm". The dsterxination
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wmm.umwummumnwwm
awﬂ.uw),ummummmmma
failures as are vithin the texws of this warranty. This paregregh shall

hest exchengsr in this Purchase Order.

mmmmammawmﬁ-smw-
mmw'-mmmwummmuth
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garanties, expressed or implied, mummmmm
Mntowﬂnmhip,mn,mmnﬂﬁm:twwm

PUrpose oF uUSe.

mmhwtmmimfwwwtbmw*mtor
MMmumwm,uw,adw
mm,mumumm,mm'
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A._ 8% 16, 1963

(ARTICLE § - INSFECTION - nev Bectiom D)

D, wawpnumwﬁummun ceeur,
with respect to sach hest sxchanger, vithin a ressonable time, which shall
uot be lass than thirty (30) days, in any event, after the Buyer's deter-
mination (8) that such heat exchanger comg:lies with the requirements of
Hhis Jurchnse Order excert for carrosion or imtieatioms of corrosion,

(b) tiwrough in-place functinnal testing, that it epjesrs that such heat
exchangsr is caymble for a sustained jeriod, of operation in accordmes
with the requirements of this Purchase (Qeder ar, if not, in a memmer sstin-
factary to the Buyer, notwithstanding the iresence aof corrosion or indies-
stons of corrosion, apd (e) not to reject such heat exchanger becsuse of
corrosion or indicstions of eccrrosion amd to put It into operation, Such
asceptance shall ve final except for latent defects, frad, or such gross
ﬁmktlumtantmmttorrmm“mt!wwrmudthem
ar the Govermment under sy warranties o guaranties contained in this
Purchase Order. The provisions of paragraphs A, B, and C of this Articls 3
shall remsin in full foree snd effect, with respect to each heat exchanger,

until acceptance by the Buyer of sueh heat exchanger.
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. _joet 15, 1963

Arstele 35 - SPEGIAL VARRANTY: A. It is resognisel by the perties that

e ecryosion o iadientions of oarrosion in the heat suchengers supplisd

% the Seller t0 the Duyer unier this Purehese Order existing st the time
cmmwumumu&ms—vw
MM‘NM;MMMO!‘W&GO!MN&
mwmmwmmm-mmdwm
covrolent or corvodeuts which caused the earrcsimm or indisstions of corrosiom
mnmmam;mm,mawmwtmm‘
mm.mmmammmwmzwmmn
ssecrdance vith the Purehase Order requiremsmts or sush lasser standiard as
thhWMfwmm&W(W
refarred to as "the lesser standard”).

B. With respect t0 each heat exchangsr, the Beller will, for & period of tea
mmmmum,«xnw,mmmn-
pamwmwnuewmmxmwmmtwmm
mhummmmnmmwmwmm
lasser standard vhen such failure is due to axy carrosion described in
Section A of this Articls if and to the extent it is determined or agreed that
the Geller is respomsidle for sush corrosion. The ward "determined’ as used
in this peregreih B and in paregraphs C and D of this Articls mesns a deter-
ninstion by the aprropriste sixinistrative or judicial forum,

C. With respect %0 each hest exchanger the Buyer will, for & pericd of 4=
yeurs after the acceptance of such hest sxchanger,jromptly inform the Seller
of axy progressive growth or nev aress of caprosicn or of indications of

eorrosion described in Secticn A of #his Articls even though such carrosicm
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has not then csused such hest exshanger $0 fail 4o perfarm in sccordance
with the Purchase Order requirements or the lesser stamdard, If and to
the extent 1t is detmrmined or agreed that the Seller is responsible for
such eaprosion or imdiestions of corrosiom, the Seller will, at its ex-
pense, thereuron effect the necessary repairs o asther agpropriate coxrves-
tive setion, or at its option, msy defer such rejairs ar sction ustil sush
time, 1f at all, that the heat exchanger fails to perfarm in sccopdance
with the Purchase Order requirements or the lssser standard, at vhich time,
vhenaver it occurs, the Seller will, at its expense, effect the necesaary

repairs or other apjroyriste corrective action.

D, If at the time any repairs or other s;propriate corrective action
described in raregra;hs P or C sbove are required, the extent of the Seller's
respensibility, if sy, for effecting such repairs ar action has not beem
determined gr agresd upom, the Seller vill at its expense effect such repairs
or aetion. JIf and to the extent it is sudseguently determined or agreed that
the Seller wes not obligated under paragrephs B ar C, ar bokh, to effect sueh
repairs or aetion, theBuyer will promptly reimburse the Seller for the
ressonable costs necessarily incurred by the Saller in effecting such repairs
o astion.

B. Im effecting any repairs ar carrective action in acccxdance with this
Artiele, the Seller will be entitled to reimbursermut under and within the
nonetery limits of the INIMBURSEMENT clause of this iurchase Order. Neither
the Baller's effecting of repairs or corrective actiom yursuant to parsgraph D
of thig Article nor its receipt of momeys in accordancs with the REIMBURSENENT

- 2

50612223



cmummwuncmmumwmulwa
Mﬁfwﬁawutswm.

mmancmtiwuummwmmlmmwem
vﬂhthummhuubomamumnmmwtmcumm
estsdlishes to xinimize disruption of plest opersting and production schedules.

G. Tt is understood that the Seller's cbligation %o sffect repairs o
corvective action @ for rejairs or carrective action under this Article
nn»tm\muu(.)mmpmwu.ms-uuuwam
tmwctﬁcabm&mihdpw&nwmmctcmmimwnm
o perforn become apparent, s (b) al) testing snd oyeray ons data, if sy,
Myertimttowofsddwmmtulnrummmimuw

the Seller for ite inspection and reviev.

K. In no event shall the Seller be responsible for o bear the cost of
decontamtnating any heat exchanger vhich, by reason of special nmucleer, source
ar Wy-product meterials (as those terms are defined in the Atomic Energy Aet
of 195k, as amenied), becomes contaminated. In the event any heat exchangew
becomes contaminsted, such heat exchanger shall yromptly be decontaminsted
¢ the extent deemed by the Commission to be desirable or practicable and
the Beller shall, uycm notificatiom of such decontamination, promptly proosed
40 ssxyy out its duties and obligatioms under this Article, Rxtra costs,
apjroved by the Buyyer and incirred by the Seller in the perfarmance of the
work gsovered by this Article which are sttributable solely to radfatiom
mmwmmnmmmmmmmm in
mmﬂﬁmmxehmwichwmmmbmimeyﬁc

- 3~
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m«ummummmummuwmu
mmmwm&mm'a-:mumm-
1ished by the clsuse entitled "REDSUASEMENT". The camputation of cost
ummuwummmmumum
vith the provisioms of Appendix"A” of this Iurchase Order.

I. mmummﬁhrwmmws‘mwmem
cmmmuwwmmm, if requived, cr of
wm&«mmmmmmw,mm
hwmdnﬂamtommtuw.
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TUBING MATERTAL

Inspection report of 2-15-60 indicates Wallingford withdrew 50-60,000

feet of tubing from heat 26232 because of dye check indications on 50%

of tubing CD.

First shipment of 618 tubes made on 3-5-60. All tubes from heat 26469,
Second shipment of 785 tubes made on 3-16-60. All tubes from heat 26469.
These first two shipments total 1403 tubes. There are 1916 tubes in a unit.
The 1403 tubes are 73% of the tubes in Unit 3B.

Third shipment of 1084 tubes made on 3-28-60. Of this shipment, 491 tubes
were from heat 26469 and the remaining 593 were from a new heat, #ochol,
Inspection report of 4-27-60 advises of difficulties with reverse bend tests
of tubing samples. See attached copy of report. (Reference TA)

Inspection report of 5-13-60 states, "The Vendor is currently experiencing
very low losses in dye check.”

Inspection report of 6-3-60 states, "The Vendor continues to expend considerable
effort to improve the quality of their strip and finished tubes."'

Inspection report of 6-17-60 fram Combustion under heading "Pube to tube sheet
assembly" reads, "This operation was started on 6-13 (Monday) and stopped

on Thursday for lack of tubes . « . The production of the tube line is not
sufficient to supply tubes as fast as they can be assembled,”

Inspection report of 6-25-60 states "Inspection (of tubing) at the present
quality level indicates all material to be in compliance with specifications.”
Inspection report of 6-24-60 from Combustion states "First tube bundle now
canplete and ready for steam cleaning preparatory to welding."

Inspection report of 7-9-60 from Combustion states "Second tube bundle is
scheduled for complete rolling of tubes by 7-11-60 and should go to the
welding operation same week. Sufficient tubing has been bent, heat-treated

and inspected to camplete assembly of the third unit.
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Tubing Material - 2

12.

13.

1k,

Inspection report of 7-19-60 states, "As & result of heavy losses in the
first two lots of heat #319516, careful analysis of three additional lots
from the first 15 was made. Losses approximated 60% of the total of 5 lotse.
The remsinder of in-process material was set aside (10 lots) and welding
stopped on the balance of this heat."

"A new heat #26541, pilot group showing great improvement, has been
started, and production should resume schedule."

"The problem with the heat set aside is dye-check indications related
to the parent metal. Rework costs and small final yield make it unfeasible.
to continue production by present procedure. The Vendor continues to
investigate alternate processes to meke reclaiming the balance of the
heat practical.”

Inspection report of 8-1-60 states, "Welding operation has been stopped as of
Saturday night, 7-30-60. Mis action follows extended efforts to improve the
quality of the as-welded tube. In attempting to eliminate transverse
cracking in the heat affected zone, the job was moved from mill #3, center
forming, to mill #2, an edge forming mill with more stands - no luck."

"Prial welding will be resumed on mill #3 Tuesday morning, 8-2-60,
Materiel will be heat #26542 in as-rolled condition. I¥ is remainder of
stock used in about the third unit which was discontinued in an attempt
to improve the yield in dye-check."

Inspection report of 8-5-60 states, "We will have a shutdown of one week

to ten days beginning about 8-12 or -15, which will be required by the
procurement cycle of a new heat. He further expressed an opinion that

the cracking in the heat affected zone may be the result of jogging during
the $hearing (slitting) operation in the strip mill. Frequent joRging
would be required if the strip is stopped for surface inspection while it is
being sheared. The new material is scheduled for shearing on a continuous

shear which cannot be jogged."
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Tubing materlal -~ 3

"Another mill source stated that a re-anneal of the present stock
was being considered."

15. JInspection report of 8-13-60 states, "Results of test welding this date
appear to bear out the Vendor's claim that the problem of transverse
cracking in the heat-affected zone has been specifically identified and
corrected. One complete lot (approximately 135 tubes) has been welded
and the second lot is well under way without experiencing cracking."

"Vvendor is treating exact nature of investigation results as Campany

Confidential,."

16. Verbal reports indicate that no dye check was done on tube ID at any stage.
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TUBE SHIPMENT SUMMATION

Shipment
No. Date No. Tubes Heats Represented
1 3-5-60 618 26469
2 3-16-60 785 26469
3 3-28-60 108k 26469, 264gh
L 4-20-60 1888 264ol, 26495
5 5-24-60 2135 2640k, 26495, 26542
6 6-15-60 187k 11686, 26L95, 265k2, 346501
7 6-30-60 1127 11686, 26542, 346501, 319516
8 8-3-60 904 26541, 319516, 26542, 346501
9 8-26-60 1507 26541, 319517, 346501, 319516
10 9-21-60 1842 346501, 26541, 319516, 319517, 72531
11 10-12-60 2069 89603, 72531, 319517, 319516
12 11-3-60 2117 26591, 72531, 89603, 319516, 319517

13 11-29-60 1814 26591, 72531, 89603, 319517
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34-4000-103 (11.02)
AEC.K RICHLAND, WASH

N-REACTOR DEPARTMENT

August 18, 1083

J. 83, McMahon
Manager, N-Reactor Project

ST EAM GENERATORS

The final resolution of the heat exchanger problem requires, of course, not
oaly the definition of courses of corrective action (particularly for waits 3B
and 4A), but also negotiation of warreanties and finaneial responsibility. As

an assist in these negotiations, the Commission will require a technical
appraisal and probable causes of the corrosisa defects which we observe. '
1 bave committed, by September 9, such an appraisal based oa the information
available; I suggest Neal Strand and Spencer Bush as appropriste collaborstors.

This appraisal might concenirate on three points:

1) The techanical possibility, or lack of it, for the corresion defects
to have beea initiated by chemicals or eavironmental conditions
impossd on these units since they have been opensd at Hanford.

2) The technical factors which may have initiated the corrosion
conditions during the fabrication and/or assembly stages.

3) The effect of the two-year storage period on the presence and/er
magaitude of the corresion observed; e¢.g., it may be possible
that evea had the conditions existed, the corrosion we obssrve
would have been less severe had the units been placed in
operation promptly after receipt at Hanford.

I’ may be appropriate for the four of us to broadly discuss what can be done in
this technical appraisal letter sarly next week.

General Masager
N-Reactor Department

/1. Dickeman:bs
ce: I8 McMahon - 3

CH Crandall - J Peariman
RLD-2
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UNCLASSIFIED HW-T78258 A

PROJECT CAI-816 NEW PRODUCTION REACTOR
STEAM . GENERATCR EXAMINATION PROGRAM

PROGRAM OUTLINE

August 9, 1963

lLegal Notice

This report was prepared as an account of Government gsponsored work.
Neither the United States, nor the Commission, nor 8amny person acting on
pehalf of the Commission:

A. Makes any warranty or representation, express oY implied, with
respect to the accuracy, completeness, or usefulness, of the
{nformetion contained in this report, or that the use of any
information, apparatus, method or process disclosed in this
report may not infringe privately-owned rights; or

B. Assumes any 1iabilities with respect to the use of, or for
damsges resulting from the use of any informetion, apparatus,
method or process disclosed in this report.

As used in the above, "person acting on vehalf of the Commission"” in-
cludes any employee or.contractor of the Commission to the extent that
such employee Or contractor prepares, handles or distributes, or Ppro-
vides access to, any information pursuent to his employment or contract
with the Commission.

Notice!l

This report was prepared for use within General Electric Compsny in the
course of work under Atomlc Fnergy Commission Contract AT(45-1)-1350,

and any views or opinions expressed in the report are those of the author
only. This report is subject to revieion upon the collection of addi-

tional data.
Prepared by: ﬂ_éﬁé_‘g Approved by: 77& JZ :;;1
G. T. Hauglgnd '

N. 0. Strand

Special Assignuent Special Assignment

Steam Generators Steam Generators

N-Reactor Project N-Reactor Project
UNCLASSIFIED
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UNCLASSIFIED HW-78258 A

PROJECT CAI-816 NEW PRODUCTION REACTOR
STEAM GENERATOR EXAMINATION PROGRAM
PROGRAM OUTLINE

INTRODUCTION

The heat dissipation plent of the N-Reector conteins ten steam genera-
tor units located in five separate cells of the 109-N Building. During
hydrostatic’testing of the primary side of the steam generators leakage
to the secondary side was observed. Subsequent examination of the steam
generators revealed a condition of intergranuler corrosion in tubes of
all ten steam generators with considerably greater geverity in units 2A
and 4A. In addition, a severe stress corrosion cracking condition was
found to exist at the tube sheet end of most tubes in steam generator 3B.
The results of investigatlons performed as part of the steam generator
test and evaluation program prior to mid-July have previously been re-
ported.l

The purpose of this document 1s to outline the total test and evaluation
program--including work already performed, work in progress, and work
presently planned or considered for future sccomplishment. It is not the
purpose of this program document to relate the results of work already
performed or to state which portions of the progrem have peen completed.
The program presented herein reflects the total program envisioned at

the present time in the light of informetion already obtained. It should
be recognized that the program will continuously be reviewed and revised
as data are obtained and evaluated.

The importance of the steam generators to operation of the N-Reactor and
the limited time available to thoroughly evaluate the condition of the
units has required that the test and evaluation program be very exten-
sive, with meny facets of the investigation conducted simultaneously. In
the followlng program cutline the major objectives are 1isted by Roman
pumerels. The tests, studies, or evaluations related to achieving each
specific objective are discussed immediately after the statement of the
objective.

X. Hw~78258 Steam Generator Exemination Program - Interim Report (UNCLAS- -
SIFIED) by S. H. Bush, L. J. Chockie, A. P. Larrick, N. O. Strend, dated
July 16, 1963.

UNCLASSIFIED
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UNCLASSIFIED 2= HW-78258 A

I. DETERMINE CHARACTER AND EXTENT OF STEAM GENERATOR IEFECTS

In order to determine the extent of defects in steam generator components,
in-place nondestructive physical tests are conducted. The characteristics
and types of defects are correlated to the test method indications by met-
allurgical examination of typicel components removed from the steem
generators.

A. Nondestructive Physical Tests

The nondestructive physical tests programmed include fluorescent penetrant,
eddy current, ultresdnic leak detection, and visual inspections.

1. Fluorescent Penetrant--Fluorescent penetrant examinations are conducted
for all steam generator units on a) the stainless steel overlay of the

tube sheet, b) all tube-to-tube sheet fillet welds, c) the inside surface
of all tubes for a distance of eight inches gtarting at the tube end (this
examination employs & black light borescope ), &nd d) the stainless steel
sleeve in the primary inlet nozzle.

o, Visual--In sddition to & thorough visual examination of directly acces-
sible portions of the steam generator, the inside surface of the tube ends
for a distance of approximately twenty inches are visually examined with &
white 1ight borescope. This examination reveals pits, rust spots, and other
conditions not revealed by fluorescent penetrant examination.

3. Eddy Current--The initial eddy current testing of all heat exchangers

is concentrated in those tubes which are readlly accessible for removel

(for metallurgical tests) from the gecondary side of the steam generator.
Subsequently, & statistical sample of approximately five to ten per cent

of the tubes in each steam generator are eddy current tested with an inter-
nal differential type probe; tne defect indications are initially categorized
as Class 1 (defect penetrates more than halfway through the tube wall) or
Class II (defect penetrates less than nalfway through the tube wall). All
defects initially clasgified as Class I defects are retested for verifica-
tion purposes. Eddy current test results are evaluated to determine whether
or not a greater number of tubes must be tested to obtain statistically
valid conclusions regarding the defect status of each steam generator.

Complete eddy current testing is performed on all tubes in steam genere-
tors which indicate more than one per cent of tubes with Class I defects

UNCLASSIFIED
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UNCLASSIFIED 3= HW-T78258 A

during the statistical sampling test. ALl tubes with Cless I type defects,
in steam generators subjected to 100 per cent eddy current testing, are
retested by special eddy current techniques to determine which tubes have
defects penetrating more than 80 per cent (plus or minus 5 per cent) of
the tube wall. Tubes having defect penetrations greater than 80 per cent
of the tube wall are plugged. The remaining tubes with Class I defects
are used without repair during initial steam generator operational tests.
Upon removal of the temporary siraliners from the primary side of heat ex-
changers all tubes previously having Class I defects are retested to
determine whether or not defect propagation has occurred. Results of
environmental testing of removed tubing semples are used to decide whether
or not additional tubes are to be plugged et that time. Steam generators
that are subjected to eddy current testing of 100 per cent of the tubes
are also eddy current tested with a tube sheet probe before and after
operational tests.

L. Ultrasonic leak Detection--All tubes in units subJected to 100 per cent
eddy current testing, as well es units which leek during hydrostatic and
operational tests, are tegted for the presence of ges leask passages through
the tube walls by ultresonic lesk detection equipment. The test is per-
formed by pressurizing the secondary side of the steanm generator with elr
and detecting the sound of air leakage into defective tubes by means of

an ultrasonic converter. This instrument converis the sound of escaping
air to an audible frequency and provides amplification. Tubes that exhibit
leskage are plugged. Those tubes which leak and are accessible are removed
and subjected to environmental testing to determine the change of leakage
rate with operating time.

B. Metallurgical Tests

The metallurgical test program consists of obtaining samples conteining
representative defect indications and determining the nature of such de-
fects.

1. Sempling Program--Metal samples removed from steam generators for
metallurgical examination are selected on the basis of nondestructive
physical test results. Three different types of semples are removed.

They are: a) tube sections of various lengths, b) cored sections of the
tube, tube sheet,and tube-to-sheet weld (approximetely 7/8 inch diameter
end 3/4 to 7/8 inch long), removed from the primary side of the tube sheet,
and c) tube-sheet portions of tubes. Samples are merked to maintain
jdentity of their original location and clock position in the steanm
generstor.

UNCLASSIFIED
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2. Metallurgy--The nondestructive physical tests which revealed the
original defect indications are repeated in the laboratory to precisely
locate each defect and to verify the previous test result. Defect areas
are subjected to macro and micro examination. The depth of cracklike
defects are determined by sectioning at the defect location or by re-
peated removal of metal and re-examination. Polished specimens are
scanned under a high power microscope and photomicrographs are made to
record grain structure, defects and other phenomena observed. A record
is made of the size, shape, location (inside or outside diameter) and
the orientation (axial, radial, or circumferential) of observed defects.
Information on physical dimensions and location are correlated with eddy
current data to permit nondestructive evaluation of defects noted in
installed tubes.

II. DETERMINE OPERABILITY POTENTIAL

Tests are performed on representative tubing samples to determine the
probable operating life of tubes having varying degrees of defect pene-
tration into the tube wall. The results of these tests are compared with
enalytical calculetions of stresses for various defect configurations.

The tests programmed include autoclave tests, burst tests and fatigue tests.
The results of these tests and analyses are used to determine whether or
not additional tubes should be plugged and whether or not special pro-
cedures to arrest progressive attack on tubes can or should be employed
prior to the start of productive reactor operation.

A. Autoclave Tests

Sections of tubing containing defects are autoclaved under typical
N-Reactor conditions for successive periods of time. After each period
the tubing is eddy current tested to see if the eddy current defect sig-
nals have increased. If the magnitude of the defect signal continually
increases after each autoclave period, new tubing samples containing de-
fects are cleaned with a trisodium phosphate solution contalning a wetting
agent (Dowell F-33) and autoclave tested to see if the cleaning arrests
the propasgation of typlcal defects. Tubing subjected to alternate pas-
sivating treatments may be similarly tested.

B. Burst Tests
Sections of tubing containing Class I defects are pressurized to 3000
psl at a temperature of 300 C (570 F) for a period of 48 hours. The
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tubing samples are retested by eddy current techniques to determine
whether or not the defect signal has increased. The tubing 1s burst
tested at a temperature of 300 C. The burst pressure is recorded and
the fracture and its location reletive to the original defect are evalu-
ated.

C. Fatigue Tests

Tubing specimens with defect indications of varying magnitude are sub-
Jected to cyclic internal pressure loading to determine fatigue
characteristics of defective tubing relative to the characteristics of
defect-free tubing.

D. Calculations and Analysis

Stress levels in the tubing at various locations in the steam generators
under various assumed operating conditions are calculated. Stress con-
centration factors are calculated or estimated for the various types of
tube defects observed. The values of stress and the stress concentration
factors are used in an attempt to correlate and evaluate the results of
the destructive tests. These evaluations, together with statistical data
on present Class I and Class II defects in existing steam generators and
laboratory defect propegation rates, are then used to estimate the opera-
tional potential of each steam generator.

III. ASSESS POTENTIAL IMPACT ON CONSTRUCTION, TESTING, AND OPERATION
SCHEDULES

The unavailability of heat exchangers, resulting from the need for addi-
tional examination and possible repair, affects previous construction,
testing, and operation schedules. The available schedules are studled

to determine the extent to which such schedules are afflected and how

they can be modified or rearranged to minimize the overall effect on the
Project completion schedule and scheduled operating commitments. Schedules
for test and repair of steam generators are sequenced to minimize adverse
effects on such schedules. Operational test procedures are modified as
necessary to complete operationsl testing of the system by using available
steam generator cells.

Study is glven to the capacity of one, two, three and four usable steam
generator cells to meet established production and steaming commitments.
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The possibility of providing the required heat transfer surface by in-
stalling additional steam generators, of the existing or alternate
designs, is studied as a means of meeting future commitments.

IV. STUDY REPAIR AND REPLACEMENT METHODS

A. Repair Methods

In order to be able to rapidly and intelligently evaluate repair methods
proposed by others and to contribute to the solution of repair problems,
it is necessary to be thoroughly familiar with the problem details.

From the standpoint of possible future maintenance, it is also desirable
to have repair procedures and tooling available which are optimized for
use under radioactively contaminated working conditions; therefore, part
of the program is primarily applicable to potential future problems rather
than the problems presently existing in units 2A, 4A, and 3B.

1. Tube Mouth Repairs--Methods of repairing tube mouth stress corrosion
cracking conditions are studied. Prototypical semples are prepared and
subjected to environmental testing. Tooling requirements for various
methods of repairing unit 3B are considered. The need for development
of automated repair equipment is evaluated. '

2. Tube Plugging--Preliminery designs are prepared of a machine for
automatically welding tube plugs under radiation work conditions.

B. Retubing & Steam Generator

Retubing of a 109-N steam generator involves cutting of the 3-inch thick
vessel for access to the tubes, replacement of the tubes in place or
removal of the tube sheet for out-of=-cell tube replacement, making pene-
trations in the Zone I confinement wall for material sccess, etc. Studles
of these and other aspects of retubing & unit and assdéciated 109-N Build-
ing structural and confinement integrity considerations are included in
the progrem.

C. Additional Capacity and Alternate Designs

If periodic replacement of steam generstors is required in the future,
it may be necessary to install a spare cell to accommodate production
or steaming commitments during replacement periods. Plugging of
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defective tubes may also bring about the need for additional steam gen-
erator capacity. Consideration is given to alternate steam generator
designs such as multiple vertical exchangers with greater totel heat
transfer capacity and greater maintenance flexibility. Studies are made
of potential spare cell locations and replacement steam generator designs.
Studies are also made of the maximum overload capacity of operable cells
to meet operating commitments while steam generators in the other cell

or cells asre beilng maintained or replaced.

D. Materials

Mention has been made of Allegheny Ludlum Incoloy=-800, various 300 series
stainless stieels, and Inconel as candidate materisls for use as sleeves
in tube mouth repairs or in tubes for retubing existing steam generators.
Literature reviews and laboratory studies of these materials are con-~-
ducted to determine suitebility of various metals for the above uses.
Preliminary material specifications are drafted for promising materials.

E. Defect Propagation Prevention and Unique Repair Techniques

Studies are made of possible methods of preventing propagation of defects
by removing or passivating the corrodant with detergent or other chemical
flushes. Economic end feasibility studies are made, as time permits, of
unique techniques suggested for extending the life of the tubes or for
repairing tubes; included in this category are ideas such as metal plating
the ID or OD surfaces of defective tubes, and the possibility of develop-
ing explosive welding techniques for installing the mouth repair sleeves.

V. DETERMINE CAUSE OF TURE DEFECTS

A determinatlion of the cause of the various types of tube defects may lead
to methods of preventing defect propagation or may suggest methods of pre=
venting similar defects in sixth cell steam generators. For this reason,
extensive laboratory tests and studies are performed to determine the cause
of each type of tubing defect.

A, Revievw of Manufacturing;Procedures

Details of tube manufacture at the Wallingford Tube Company and steam
generator fabrication at Combustion Engineering are reviewed for possible
clues to the cause of defects. Pickling and cleaning solutions and
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procedures used at both plants are determined. Inspection and shipping
reports are studied to determine which heats of tubing sre installed in
each steam generator. Heat numbers on tubes removed from stesm genera-

tors are used to verify correlations arrived at from the study of shipping

reports. Combustion Engineering records of heat numbers of the tubes in
each steam generator are sought as & means of determining whether or not

the predominance of defects 1n certain units can be correlated with speci-

fic heats of tubing.

B. Review of On-Site Handling

Reviews are wade of the history of installation end testing of the steam
generators from the time of their arrival to the time when tube defects
were detected. The atmosphere in the steam generators upon arrival at

Henford and at subsequent times during installation are reviewed to deter-

mine possible effects on tube integrity.

C. Other Installed Exchangers Compared to Steam Generators

The graphite coolant heat exchangers, recuperative heat exchangers, end
spill coolers contain 304 stainless steel tubes and were subjected to in-
stallation conditions similar to steam generator installation conditions.
These heat exchangers are subjected to eddy current testing to determine
whether or not similar defects exist in them. Similarities and differ-
ences in installation procedures, conditions, and tests are used to
evaluate whether or not on-site handling conditions are uniformly dele-
terious to stainless steel.

D. Chemical Sampling and Analysis

Fluids, residues, and atmospheres are removed from various locetions in
each steam generator. Residues are scraped from the interface between
the tube and tube sheet of removed tubes. The chemical contente of these
samples are determined by various laboratory techniques including X~ray
diffraction, infra-red absorption, gas chromatograph, wet chemical, and
emission spectrophotometer. Special care is taken in determining the
content of halogens and other suspect corrodants.

E. Corrosion Studies

Defect-free portions of tubing samples removed from steam generators and

other samples of sensitized 304 stainless steel are subjected to cor;osion
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testing with the various pickling, cleaning and other chemical solutions
that were used in the manufacture, installation, and testing of the steanm
generators. These tests are performed in an attempt to duplicate observed
defect conditions. In addition, accelerated tests are conducted with
Shell VPI-250 to determine if it will in any way lead to the types of
corrosion attack found on the steam generators. These tests are per-
formed on highly stressed, sensitized, chemically cleaned 304 stalnless
steel in atmospheres of as-received and charred Shell VPI-250. ’

F. Metallurgical and Miscellaneous‘Evaluations

Additionel tests are performed to evaluate compositional variation pos~
sibilities such as localized regions with high carbon content or
excessive ferrite content, that may be indicated by metallurgical ex-
amination of tubing specimens. Huey tests are performed on tubing
samples obtained from several steam generators to compare relative
corrosion resistance. FElectron probe chemical analysis of grain and
grain boundary constituents in varilous types of defects are performed
in en attempt to identify the corrodant substance.

Eddy current tests are performed on tubing samples furnished from Com-
bustion Engineering stocks of leftover tubing from steam generator
febrication; tube samples include tubes which were originally classified
as acceptable as well as some tubes classified as rejects.

VI. REVIEW NUCLEAR HAZARD POTENTIAL

Studies sre conducted to evaluate whether or not the operation of steam
generastors containing known defects constitutes a potential nuclear haz-
ard to personnel or the environs.

VII. REVIEW TESTING AND OPERATING PROCEDURES

Studies of existing tests are made and necessary changes are incorporated
in the procedures to permit separate testing of components and systems
which were previously scheduled to be tested with steam generators or
cells that are not presently available. Operating procedures and instru-
mentation requirements are reviewed and analyzed to determine the effect
of operating the primary and secondary loops with fewer than five steam
generator cells.
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VIII. EVALUATE LEAKAGE TO SECONDARY SYSTEM

If existing defects in steam generator tubes propagate during reactor
operation, leakage of radicactively contaminated primery loop water to
the secondary loop can occur. Adequate safegusrds and limits on leek-
age must be defined.

A. Radiation Monitor{ggﬁInstrumentation

Studlies are conducted on the adequécy of existing secondary loop instru-
mentation to detect leakage of radioactive water and fission products.
Additional instrumentation requirements are established.

B. Effect on WPPSS Facilities

Studies are made of the radiation levels that may be encountered in or
near various components of the secondary loop, including the components
installed and operated by the Washington Public Power Supply System.
These studies include an enmlysis of 1) the effects of various leakage
rates of normal primary loop water on secondary loop radiation levels,
and 2) the effects of getting fission product particulate matter and
radioactive gases into the secondary side of the steam generators. Pro-
posed designs for the WPPSS facilities are reviewed with the results of
these studies in mind.

C. InJection Water Considerations

Studies are made of the effects of significant amounts of leakage to
the secondary side on the other requirements of the injection makeup
water system. Operating limitations on the number of reactor process
tubes that may be diverted to the diversion headers are evaluated.

IX. INITIATE LONG TERM SURVEILLANCE PROGRAM

The existence of defects which may adversely affect production or steam-
ing commitments at a future date makes it necessary to establish e long

term surveillance and evaluation program. A schedule of periodic inspec-

tion and testing is prepared to define the tests to be performed and the
particular reference tubes to be tested. Test records are catalogued to
permit comparison of successive test results and to permit plotting of

defect propagation, contamination buildup and tube failure rates. Studies
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are made and procedures prepared for methods of decontaminating the sec-
ondary side of the steam generators and the gsecondary loop.
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