UNITED STATES
NUCLEAR “EGULATORY COMMISSICN 51
ADVISORY COMMITTEE ON RFACTOR SAFECUARDS
WASHINGTON, D. €. 20555

April 20, 1982

MEMORANDUM FOR: D. W. Moeller, Chairman

%— 1 %ﬂ’ ttee
FROM: Ricé?’ Ma s Senior Staff Engineer
~ ’

SUBJECT: TMI-1 STEAM GENERATOR TUBE PROBLEWM AND PROPOSED REPAIRS

Attached to a copy of the April 7, 1982 Daily Staff Notes (enclosed) is a News
Release from GPU Nuclear. The news release discusses the suspected cause of
the Unit 1 Steam Generator tube degradation problem, which has caused defects
in approximately one-third of the tubes in the steam generators. The news
release also discusses a proposed plan to repair the tubes. GPU estimates
the repairs will take until October of 1982; however, the NRC Staff has not
reviewed the proposed fix,

The most Tikely cause of the tube defects is chemically assisted inter-
granular attack. The corrosive agent is suspected to be sodium thiosulfate
which was used as an additive to the containment spray water to scrub iodine
from the containment air in the event of an accident. (This additive is no
longer used; its use was determined to be unnecessary.) The sodium thiosulfate
entered the primary system through the leakage of two valves down stream of the
sodium thiosulfate tank during testing of the containment spray pumps. The
sulfate entered the borated water storage tank used as the source of makeup
water to the primary system and from there into the primary loop.

So far, most of the corrosion has been detected in the top few inches of the
tube sheet region (top two feet) of the steam generator tubes. Water level in
the steam generators was allowed to drop to this level and the dissolved sulfur
and air atmosphere contributed to cause the corrosion in the top of the tube
sheet region of the tubes. Inspection of the reactor internals and fuel is
scheduled for the near future. GPU's preferred method of repairing the tubes
is to expand and reseal the tube walls at a location within the tube sheet
below the area of the defects.

I will keep the Committee informed as additional information becomes availabie.

Enclosure:
As stated

cc: ACRS Members
ACRS Fellows and Staff
Metal Components Consultants
TMI Consultants

A4

8210080051 7
PDR FD!As S

UDELLB2-261 PDR



Rt . _ ) N&WS'HBISBSB ATTACWENT

LN

-

L Thrae Mile lsland : m :

+.__ Nuclear Station . ; N l

¢ mem—e LE) Nuclear

- } ' s 1 ' »

5 ;‘;;"J'm,, ‘) , ' Public Information Services - @
‘ fo Forther information

.5 Contact oLy Bedell, David Osterhout s ot 5 JFEA WA PR RN T
: : For Release. Immediately Tt Dete ,agbh aes2 oY e g
ﬁ_'_; " PAANS FOR REPAIRING STEAM GENERAT AT BB M1 Logng oh
t_‘!j"! shobe b Middlietown, PA << GPU Nuclear Corporation today announced plans for . "
.7+ 825 millfon program to repair B,000't0 10,000 stear generator tubes at Three

,.o b um IsTand Unit 1 that have been damaged by corrosfon. The repairs Are expected | |
11470 to be completed by Tate summer or early fall of this year, which would permit (f . ..

« ') «the return of lUnit 1 to service before the end of the year.h . .h.y.., - IR
Widd e The repairs involve a technique of expanding and resealing the tube walls i
$14 . gt points below where corrosion attacked the tubes. The work wil] be done using . -,
L1007 resote-controlled equipment that will expand the tube walls efther hydravifeally .
1 - or mechanically to create a new seal, Other repair 5ptions that. were eonsigcn'd. YT
41000 dnd are under continuing evaluation, are plugging or slepving the damaged tubes. = |
'TI ' <4' The tube expansion m;hod appears to be the optimum repair technique in terms of |
‘o';’ 'schodu'ling. cost and plant performance. . . . - g% Fab e v e e e
Frdsher Lol The cost of the repatrs, Including related studfes and allowsnce for . ,
oo contingencies, is'estimated at $25 mf111on. The funds have been made avaflable
e from Unft 1's 1982 funding of $94 million by realigning the work planned for . |

the year, .
' - Offtctals of GPU Nuclear briefed officials of the Nuclear Regulatory , '.
‘ Comission staff on their plans for rv .airing the TMI-1 steam generators at a . |
! '» meeting today at the NRC's offices in Bethesda, Md. . ,., 4% .
e The tube expansion repafr method {s feasible because of the specific = ..,

“mature ‘and Tocatfon of the corresfon in the TMI-1 steam generator tubes. The |,
corrosfon 15 located aTmost entirely fn the upper ends of the tubes of the two |
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pmnurs,;n the portion of the tubes whers the upper one to m-ud-i-hllf"'\ 4oe
inch of the BE-foot long tubes was expanded »».0F Prolled” »- 2o hold them' d ‘dhi i o o
tightly in place within the tube sheets. The tube sheets are two-foot thick « i .t
blocks of stsel containing holes for the 15,800 tubes fn dach of the ‘stown | 114 . |-
generators,

ndn pressurized water reactor systems, the stean generators are where

: the plant's radioactive “primary:system” snd 1ts mon-radicactive “secondary (. I I/

System™ pess sach other to exchange heat. Hot radicacttve water from the nuclear o

- Teactor passes through the steam generator tubes and Causes water on the I+ -+
- secondary side of the tubes to flash to steam. That stezt turns ithe plant's "1y /|,

turbine-generator to generate slectricity. 13 PR { D IR LT 0 R | LRI B
| JIT The planned tube repairs at TMI-1 are not expacted to require aichange | .

- fn existing technical specifications for Unit 1. Leakage,'{f any, from the tubes - ° :
‘ following the repatrs 1s expested to be minor and within prescribed operational . ¢ i

Timits for Unit 1. Performance of the repaired-steanm generators 1s expected to! 1 1. .
be as relfable as the original desion. | Ben'> oy ool oly gl WP P gy,

- w1 Studies that have been made of the steam generators since the discovery 1+ « ..
of small Teaks 1n .Unit 1.tubes Tast November hava developed a probable explamation ¢ ', |
for how the corrosion occurred.. : IR S FY FrOSGeRY ot Far g
v vt GPU Nuclear officials are procesding on the buh of that explanatfon, ¢+ = . |
which s st411 being refined and veriffed by further testing, that » species of :n '\ + .
SUlfur == most 1ikely sodium thiosulfate -- was the active corrosive agent. The i «
corrosfon spparently occurred through s complex intersction of equipment test .- BE
sequences, materfals properties, stresses and chemical conditfons that occurred .
during the Tatter part of the three-year perfod 1n which Unit 1 has not been i
opereting.
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. The steam generator corrosion at ™i-1 15 differest from that ypically
.encountered In other muclear plants ifn+that 'the corrosion proceeded from the' ' .ot
Anside »-.or:primary 3ide -+ of the 'stoan generstor tubes wnd.worked ovtward, 1.« 1 |
* dndicating that a corrosive.sgent or sgents were dn the primary reactor coolant « .
wter,

* .. . The most Vikely manner.in which amall @ounts of the prime suspected '

rporrosive agent == sodium thiosulfate = ln{cnd ‘the primeary system water 85/ 7 ', -
by Jeakage through valves downstrean of. the sodfum thiosulfate tank during testing .

3 bt 1 wef.Che Unft 1 containment building spray oumps, and.fram there dnto the borated.n - |
bil 1y weter storage tank at-Unit 1; (Sodium thiosulfate was required to be avaflable - L

bu 1 v ) for injection into Unit 1i/spray water .to capture dodine from afr and mater fni
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the containment building in the avent of an accident inithe containment ‘building.)

wl g

Lt Makeup water from the borated water storage tink was injected 1nto tho L3 P

‘Feactor coolant system during September; 1981 when Unit-1 was brought «- usinu (N TRE T
non=nuclesr heat -+ to operating tesperature and pressure during hot functional

] LI

17 eesting of the plant. It 45 believed that Sulfur An the emount of Tess £han L' 1 iy |

o § 1Y
od Ll
L IR T
e llol 15

c.l ' .

part per mi111on entered the reactor coolant system at that point. At opentmg T Y
temperature, the chemical form of the sulfate compound was changed to one which . Ll

'Upon subsequent cooldown would be'corresive 1n combination with the ®pight® , , « 1,

condftions of stress, meta) $tructure and chemistry. of the reactor system water, . i

« No evidence of corrosion was detected during the hot functions) testing. 1
However, the type of corrosion that occurred In the TMI-1 steam generators «- 1. .
which 1s known as chemically assisted Intergranular attack (IGA).»- can proceed. ... .

Quickly if an aggressive contaminant s present and other specific conditions, as. 1
noted above, all exist. ; : !

' Suth conditfons apparently dfd exist when the water level in the Unit 1.
steam generators was decreased somewhat following cooldown after the hot functional
testing was completed. Concentrations of corrosive sulfur developed inthe . .
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“dry-out n:uon'. &t thr top of the generators and Hkely fnduced cracks fn ."!"'.I =:‘ ot
TN B,000 to 10;0C0 tubes. iThe affected tubes are Tocated: predominately pear ithe ,-'r. (¥
. A outer sdge bfithe tube "bundles”. About 340 tubes sctually Teaked during -3t .0 1
% 7 early Tow-pressure testing of .the generators, and they are being plugged, aleng | I+
brar.  with lv'ot-hor tubes fram which sactions wire removed for Taboratory analysfs. « .

ST ‘i 1Cracking apparently stopped either becsuse, chenisiry chenges wxpectedito 1. .Ir. .

i e take place at the lower temperature produced a loss aggressive formof sylfyr / t.1i +

Yoo or ugwu the environment 'in:the "dry-outiregion” was 4" sroved when the water "1 1
Tevel was increased in the steam PENerators, .« i L i bl sy g i

b oot . Two other possibilities. for the injection of sulfur into the reactor. 14, - .. )

. .l v coolant system were investigated and found to be Jess 1ikely thar the introductfon 1 -
i i 1 of sodfum thiosulfate. They were the accidental Anjection of 3000 w1t {11ters. 11 1 .

-
-

rof sulfurfc acid into the -resctor makeup system 1n October, 1975, and the | 4* i i

2o 4.1 1 possible contamination of the reactor coolant system by o) in March, 1979, 4’1 du 1y -
vt The sulfuric mcid ¥s not believed to have reached the reactor coolent ftself;riiy 1) -
Vooar AF ft 6id, however, the sulfur in sulfuric ac1d 45 in the fore of solfate,: 4isii.. |

Voa 1t which 1s not an aggressive species with the Incone) meta) of the tubes: If ‘v 1.,.

“te b o171 was the source, the quantity of sulfur available through that means 15 felt z:Liv.d
to be 0o Yow to have caused the corrosfve attack. 3 5 Gu .o -, B 7 A R P W TR T

b o Using the tube expansipn repafr technigue, the |f(ected tubes will be 1.0 1

e expanded -< or “rolled" sgafn ~- ibelow the area of corrosion so that a tight sea)
i will be restored between the tube walls and the holes .in the tube sheet. There Fiv,
will, however, be additional ‘plugging of tubes where tests show Teakage atiw oy
higher test pressures or {ndications of corrosion below the upper tube sheet, : o I
' The repair operation will begin after the tube expansfon technfque 15.() .
K fully tested and qualified for the Unft 1 eppifcation. s * iaocie o owy
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W : lﬂ_:u_u 'of the fairly wnigque “primary to secondary® nature of the corrosion,
:%’ 'y SPU Nucleariofficialsaiso plan to 1ift the head frot the Unit 1 reactorito Tnspect 1
-?_’.' {nternal components of the reactor ftself for wny evidence of corrosion.:The .
(’1 "+ . TYnspection program willi fnvolve remova) of at Teast two of the 177 fwe). . A
;.' #41 assemblfes in the reactor. That operation will begin shortly. 1 : tl e,
i
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