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B 95-001 15 UNITED STATES 
NUCLEAR REGULATORY COMMISS I O  

OFFICE OF NUCLEAR REACTOR REGULATION 
WASHINGTON, D.C. 20555-0001 ~ l m  

January 5, 1995 

TOLU)OED~@P~ - 
- NRC INFORMATION NOTICE 86-108, SUPPLEMENT 3:  DEGRADATION OF REACTOR COOLAN 

SYSTEM PRESSURE BOUNDARY 
RESULTING FROM BORIC-ACID 
CORROSION 

Addressees 

A l l  holders o f  operat ing 7 icenses o r  const ruct ion permits f o r  pressurized- 
water reactors  (PWRs) . 
PurDose 

The U.S. Nuclear Regulatory Commission (NRC) i s  issu ing t h i s  informat ion 
n o t i c e  supplement t o  a l e r t  addressees t o  two recent s i g n i f i c a n t  inc idents  of 
b o r i c  acid-induced corros ion o f  f e r r i t i c  s tee l  components on the pressure 
boundary o f  pressurized water reactors.  
may s t i l l  be a general l a c k  o f  awareness o f  the ambient condi t ions t h a t  can 
lead t o  b o r i c  ac id  at tack.  It i s  expected t h a t  r e c i p i e n t s  w i l l  review t h e  
in format ion f o r  a p p l i c a b i l i t y  t o  t h e i r  f a c i l i t i e s  and consider act ions, as 
appropriate, t o  avoid s i m i l a r  problems. However, suggestions contained i n  
t h i s  in format ion n o t i c e  are not  NRC requirements; therefore, no s p e c i f i c  
a c t i o n  o r  w r i t t e n  response i s  required. 

These inc idents  i n d i c a t e  t h a t  there 

Pescr io t ion  o f  Circumstances 

I n  February 1994, the  l icensee personnel a t  Calver t  C l i f f s  U n i t  1 found three 
nuts  on an incore inst rumentat ion f lange t h a t  were corroded by b o r i c  acid, 
leak ing  past the f lange gasket. The Calver t  C l i f f s  reactors  each has e i g h t  
such f lange assemblies. Each assembly i s  he ld  together by e i g h t  carbon s tee l  
studs t h a t  are 33 cm [13 in.]  long  and have a diameter o f  4.45 cm [l-3/4. in. ] .  
Dur ing a subsequent inspection, t h e  l icensee found three more nuts  on another 
incore  instrumentat ion f lange t h a t  were a lso corroded by the  same mechanism. 
One o f  these nuts had f a i l e d  completely, and the  mating stud had dropped ou t  
o f  the  f lange. 

On March 7, 1994, the l icensee personnel a t  Three M i l e  I s l a n d  U n i t  1 were 
at tempt ing t o  stop a small leak  across the body-to-bonnet gasket o f  the 
pressur izer  spray valve by t i g h t e n i n g  a bonnet stud, when the leak  suddenly 
increased t o  11 L/m.in [3  gpm]. The reac tor  was a t  100 percent power a t  the 
t ime o f  the event. A f t e r  reducing the  power t o  75 percent t o  reduce p o t e n t i a l  
pressure surges t h a t  could occur wi thout  the  a i d  of pressur izer  spray, the 
l icensee was able t o  i s o l a t e  t h e  leak ing  valve by c los ing  o ther  valves i n  the  
pressur izer  spray l i n e .  When t h e  workers continued t o  t ry  t o  t i g h t e n  the 
studs, one o f  the  studs, w i t h  i t s  nu t  s t i l l  attached, came out  i n  a worker’s 
hand. The workers then found two more studs on the same s ide o f  the  bonnet 

The two adjacent nuts had been s i g n i f i c a n t l y  damaged. 
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t%&?%ai)%hpletely f a i l e d  and a four th  one t h a t  was severely degraded. 
cause.of  t h i s  damage was corros ion by b o r i c  acid.  The damaged studs were 
dmohg.eighYa:5/8 in.  nominal studs t h a t  j o i n  the  bonnet t o  the body o f  the 
i n s u l  ated 2.5 i n . nominal motor-operated globe valve manufactured by Vel an. 
T@%%%@*arrldrbonnet are both made of 316 s ta in less  s tee l .  
which are threaded i n t o  the  valve body, are made o f  ASTM A193 Grade 87 l o w  
a l l o y  s tee l  and the nuts  are made o f  ASTM 194 Grade 2H l o w  a l l o y  s tee l .  The 
l icensee kept the p l a n t  a t  reduced power u n t i l  March 17, 1994, then shut the 
p l a n t  down t o  r e p a i r  the damaged valve. 

The 

However, the studs, 

p i  scuss i on 

A t  both p lan ts  where the  recent b o r i c  ac id  corros ion problems occurred, there 
were e a r l i e r  ind ica t ions  o f  b o r i c  ac id  leakage from the components t h a t  were 
eventual ly damaged. I n  March 1993, the Cal v e r t  C1 i f f s  1 i censee had d i  scovered 
leakage from the U n i t  2 IC1 flanges. The l icensee determined t h a t  the leakage 
was caused by inadequate gasket mater ia l  and corrected t h i s  leakage by 
rep lac ing  the f lange gaskets w i t h  t h i c k e r  ones and by adding washers under the 
stud nuts  t o  increase the tension on the studs. 

I n  June 1993, the Calver t  C l i f f s  l icensee had a lso discovered evidence o f  
.leakage from the same cause on seven of the IC1 flanges i n  Un i t  1. A f t e r  
reviewing the  problem, the  l icensee concluded t h a t  any corros ion from t h i s  
leakage would be acceptably low and e lected t o  de fer  the  co r rec t i ve  act ions 
f o r  the  U n i t  1 flanges u n t i l  the 1994 re fue l ing  outage. This conclusion was 
based on t h e  assumption t h a t  the f lange temperatures would be approximately 
260 'C [500 O F ] .  A t  t h i s  temperature, any bo r i c  ac id  present would b o i l  d ry  
and r e s u l t  i n  corros ion ra tes  of about 0.04 mm/month 11.6 mil/month]. Actual 
f lange temperatures, measured dur ing  a s ta r tup  a f t e r  the  damage was 
discovered, are i n  the range of 71 t o  146 "C [160 t o  295 OF]. 

temperatures encompass the  range where b o r i c  ac id  can remain i n  so lu t i on  and 
become concentrated by evaporation. 
where the  h igh  corros ion ra tes  i d e n t i f i e d  by the  Westinghouse t e s t s  (discussed 
below) can occur. 

Workers had reported a body-to-bonnet l eak  from the pressur izer  spray valve a t  
Three M i l e  Is land Uni t  1 i n  November 1993. A work request was prepared t o  
r e p a i r  t he  leak.  
a l l  o f  the i nsu la t i on  and concluded t h a t  the b o r i c  ac id  c r y s t a l s  around the 
valve came from the valve packing ra the r  than the body-to-bonnet j o i n t .  
consequence the work request was cancel led.  

These 

The temperatures a l so  cover the  range 

However, t he  l icensee inspected the  va lve w i thout  removing 

As a 

Related Generic Communications 

Bor ic  ac id  coolant leak ing  onto ho t  carbon s tee l  surfaces has s i g n i f i c a n t l y  
damaged reac tor  pressure boundary components a t  a number o f  p lan ts  i n  the 

' past. As a resu l t ,  t he  NRC has issued a number o f  gener ic communications 
deal ing w i t h  t h i s  issue. 
exampl es : 

The fo l lowing are some o f  the  more s i g n i f i c a n t  
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In 1980, Fort Calhoun personnel found i n  each of two separate pumps three 
reactor coolant pump studs whose diameter had been reduced frod 3 1/2 i n .  
nominal t o  between 2.5 and 3.8 cm [l and 1.5 i n . ]  by corrosion caused by boric 
acid leaking past the flange gaskets (Information Notice 80-27). 

In 1982, the Maine Yankee licensee reported that 6 of the 20 primary manway 
closure studs on one steam generator had failed.  
cracked. The studs had surface corrosion wastage caused by boric acid leaking 
pas t  the studs. The final fa i lure  mechanism was stress corrosion cracking 
that  may have been aggravated by the injection of Furmanite sealant and the 
additional torquing that was applied i n  an e f for t  t o  stop the in i t ia l  boric 
acid leakage (Information Notice 82-06). 

In June 1982, the NRC Office of Inspection and Enforcement issued 
Bulletin 82-02, which summarized the problems w i t h  threaded fasteners in the 
reactor coolant pressure boundary. T h i s  bulletin gave 11 examples of boric 
acid corrosion of closure studs. The bulletin required licensees to  establish 
maintenance procedures t o  ensure the integrity of such threaded fasteners. I t  
also requested licensees t o  identify a l l  bolted closures i n  the reactor 
coolant pressure boundary that had ,leaked and t o  describe corrective measures 
taken to  eliminate the problems. 

- 

Five more of the studs were 

In October 1986, personnel a t  Arkansas Nuclear One U n i t  1 discovered 
[1/2 in.]-deep wastage on the "A" high-pressure injection (HPI) nozz 
by boric acid leaking from an HPI manual isolation valve and running 
s ta inless  steel HPI l ine onto the carbon steel nozzle. The boric ac 
corroded two-thirds o f  the way through the nozzle, which was attache 
o f  the four reactor cold legs (Information Notice 86-108). 

1.3 cm 
e caused 
down the 
d had 
to  one 

In March 1987, personnel a t  Turkey Point U n i t  4 discovered over 227 kg 
E500 l b ]  o f  boric acid crystals on the reactor vessel head and in the exhaust 
cooling ducts of the control rod drive mechanisms. The boric acid crystals 
had precipitated from reactor coolant t h a t  had leaked from an instrument tube 
seal.  The boric acSd had severely corroded three of the reactor vessel head 
bolts,  the control rod drive shroud support, and the leaking instrument tube .  
seal clamps. A l l  of these items, including the ent i re  control rod drive 
shroud, had t o  be replaced (Information Notice 86-108, Supplement 1). 

In August 1987, personnel a t  Salem Unit 2 discovered a pi le  of rust-colored 
boric acid crystals 0.9 m by 1.5 m by 0.3 m [3 f t  by 5 ft  by 1 ft] high  on the 
reactor vessel head as well as a boric acid coating on other areas of the head 
and control rod drive mechanism. The boric acid had precipitated from reactor 
coolant leaking through pinholes in a seal weld a t  the base of a thermocouple 
connection. 
0.9 t o  1 cm r0.36 t o  0.4 i n . ] ,  i n  the surface of the reactor vessel head 
(Information Notice 86-108, Supplement 2). 

Also in August 1987, personnel a t  San Onofre Unit 2 broke off the packing 
plate hold-down bolts of a 10-in. nominal isolation valve in the shutdown 
cooling system while attempting t o  open the stuck valve manually. The 
resulting leak of approximately 230 t o  380 L/min (60 to  100 gpm] spilled 
68 kl [18 k gal] of reactor coolant into the containment. Boric acid leaking 
from the valve had corroded the valve packing plate hold-down bolts, which 
were made of carbon steel  (Information Notice 86-108, Supplement 2). 

The boric acid had corroded nine pits, ranging i n  depth from 
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Information Notice 86-108, Supplement 2 also discussed a series of tests 
performed by Westinghouse that showed that high concentrations (15 to 
25 percent) of aerated or dripping boric acid could corrode carbon steel 
surfaces at rates as high as 10 mm/month [400 mil/month] in 93 to 99 'C 
[ZOO to 210 'F] environments. 

In March 1988, the NRC staff issued Generic Letter 88-05 in which it requested 
licensees to institute a systematic program to monitor locations where boric 
acid leakage could occur and to provide measures to prevent degradation of the 
reactor coolant pressure boundary by boric acid corrosion. 

The latest two incidents of boric acid-induced corrosion indicate that, 
a1 though PWR 1 icensees have generally become sensitive to the possibil ity 
damage from boric acid leakage, there may still be a lack of awareness o f  the 
conditions that can lead to boric acid attack. The wide range of ambient 
conditions around reactor primary coolant leak sites with the resulting wide 
variation in boric acid corrosion rates make it difficult to predict the 
likelihood of corrosion damage when a leak is present. This is particularly 
true of components such as insulated flanges and valve bonnets that are 
somewhat isolated from the areas o f  heat input from the reactor coolant ana 
may experience 1 arge temperature variations . 
The primary defense against boric acid corrosion, previously discussed in 
Information Notice 86-108, remains the same; i .e., minimize leakage, detect 
and stop leaks soon after they start, and promptly clean up any boric acid 
res i due, 

- 
- 

This information notice requires no specific action or written response. 
you have any questions about the information in this notice, please contact 
one of the technical contacts listed below or the appropriate Office o f  

If 

Nuclear Reactor Regulation (NRR) project manager. A 

Division of Project Support 
Off 5 ce o f  Nucl ear Reactor Regul at i on 

Technical contacts: Michael Modes, RI 
(215) 337-5198 

Donald Kirkpatrick, NRR 
(301) 504-1849 

Attachment: 
List of Recently Issued NRC Information Notices 


