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. The poss1bility of strayACUrrents 1nfluenc1ng the corrosion rate was
aIso considered “In order to prov\de an assessment of this

, external potential measurements were conducted to check for the
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, copper cop er sulfat ref
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aased on the results of the analyses presented in Section 6.0, it is
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”Hettlng of the sand bed may have occurre,”as early as initial

'constructlon The only other documented evidence of 1eakage was during

the 1980 1983 and_1986 out gé AlthoughAthe exact source of leakage

during construction 1s unknown‘ 1t was reportedltll that during the

-applrcat1on of the Frrebar D matertal t at\copt ‘ quantrties of water
were observed coming from the F1rebar and running doun the drywell

presumabTy 1nto the sand bed Dur1ng outages water was most: 11kely

coming from a 1eak1ng”gasketJin the seai p]ate region This gasket was

T {lz o :f, P ‘ ;
_replaced during the 1986 refue11ng outage and the leakage appears to be

s'" -

On he above basis and 1n vrew of thek?act that there would not

stopped

during operat!on 1t has been conc]uded that theiint oduction of water

was an 1nterm1ttent occurrence (1 e during outages) which may have

occurred during construction but deftnttely occurred “in 1980, 1983 and

1986 Also. 1t can be conclude that the "d as a result of this water

intro':cttén 15 c!ntam\nated wﬁth chIErﬁde magnesium. and sulfate along
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This is'partialiy substa tiated by the fact that high
humidity and sweatlng is‘generaily observed 1n the torus room where the

sand bed drains exist

"bove_the sand bed however fiberglass boards

and above that Firebar are appiied to the’ exterior drywel} steel which

would heip prevent moisture from coming directiy in LAntact with it. 1In

addition during operation the average dryueii air temperature is

approximateiy 140’F wnich agein wouid prevent condensation from forming

on any exposed steei surfaces The overali environmental within the

*

.,

annular region can therefore best be descrihed,in the following manner:

Hater was introduced into the sand bed possi "fasieariy as in the late

‘l.:~' -

sixties containing magnesium chioride and magnesium sulfate from the
Firebar.' The bulk of this water would have d“ained off leaving moist

sand behind Tt is documented that the exterior of the drywell was

coated with red iead primeftover whichyfirebar'and fibergiass boards were

appiied which wouid afford generai protectionytowthese steei surfaces

from corrosion

den at real'iead pﬁimer}existed is shown in
Figure 3 and Tables 7 and izg‘ Coating damaged areas and with time all

areas uithin the sand‘bed youid be expected to experience general

corrosion as long as theusand remained moist or unti1 a protective oxide

film built up on the_steel;surface as a :

'upt o the corrosion process.

It appears howeve‘ that a completeiy protective film did not resuit

R

most probabiy because of the resence of esium chloride. The actual

ing he time frame from initlal

metai ioss wh'lh may have occurred d':

4

]

startup untii'the next time water was reintroduced as a result of leakage

into the cavity 1s unknown“ Th first do‘umented incident of water

intrusion foiiowing startup which would definiceiy initiate corrosion was
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in 1980. Hater samples collected and analyzed at this time for
adioactivity measurement 1nd1cated that 1t was refue11ng water and
hence adds credence to the assessment that the source of the water was

the leaking be1lows gasket Corr05101 rates wouid therefore be properly

based on the assumption that the corrodent was ref ]1ng qua1ity water

contaminated with ch1or1de from the F1rebar and thatmthe corrosion
process was aqueous generai corrosion The avai\ab111ty of chlorides

from the Firebar 1s conftrmed by the Ieachate ana1ysis data presented in

Tab!e 9 Some shallou pitting 1s a1so occurring but it is considered

oniy 1n view‘ f 1ts contrlbutj to overall th'nntng

B LR RT AR

The poss1b111ty of stress corros1on cracking and hydrogen embrittlement
were also considered However these forms of corrosion are generally
‘asSOciated wlth high strength steels or h%gh temperatures and not

considered a damage mechanisms for the environment or matertal associated

with the drywel] U1trason1c examination‘of the welds and heat-affected

'zoné 1n the wastage regions a\so showed no 1nd1cataon of cracking.

to be 1n the range of 10-20 mpy dependtng on the drywell p]ate

temperature. These corrosion rates. however, 1f»app1ied generally to the

gaph
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In'fdctt"hoﬁener;kciose;scrotiny of_the uT thicknessfdeta indicates that
corrosion'wes”ektremeiyinonidniform is defined”enore}in’the section on UT
measnrements, First the region above the 11 9"-eievation shows 1ittle

or no wall ioss‘. Then the region from 10 3“ to ii 9“ shows the greatest

’waii loss foilowed by the region below 10 3" which shows substantially

less wall ioss. Lastiy, oniy two regions of the dryweli encompassing

’four bays show any significant uaii ioss A possibie expianation for

this is that due to channeling oniy.these regions became wetted. This

”

ra &, ‘,‘_."(

xassumption is potentialiy confirmed by the observation that the sand in

the minor wastage regions was dry Aiso. the intimacy of the contact

between the sand and the platelis a factor If the sand had been pushed

Q

'away from the dryweii in certain regions due to the preoperation

o

‘pressure test causing the dryweii to’ exgand this aiso can result in

variations in corrosion rete regardiess of the moisture in the sand. The

iead primer wiii be a fuwction of its integrity

}in the various regions and again‘may'be ieading ‘to vartable corrosion
;rates Lastiy, difterentiai aeratfon may be piaying a role In where

fcorrosion is occurring Cieariy the presence of magnetite an oxygen

deficient oxide in some regions and hematite in othﬁr regions suggests '

i RS :ih. .

P

s 2 e

This corrosion was most i Eviy influenced by the presence of chloride,

ieached from the Firebar;D Tabie 9 as it was found to be incorporated

fﬁecteria are not
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beiieved to have been a major infiuence on the corrosion This latter

conclusion is based on the results presented in Section 3 5. Also, there
is no direct evidence that stray currents contributed to the corrosion
process as discussed in’ Section 3.6. Therefore, the corrosion observed

can be expiained soieiy on the basis of chemicai attack.

A pictoriai representation of the corrosion is shoun in Figure 19

[ S [ERIRP e Y O T SR ma

:Review of the literature suggests corrosion rates can vary widely for
carbon steei in aoueous environments. Rates can be as low as 1-2 mpy in
_'high pH aqueous environments or greater than 50 mpy in acld solutions.
Dr. URTTg fn his Corrosion Handbook' (Ref. 5) 14sts corrosion rates for
ambient'temperature seawater at approximately i—7 mpy which at 140°F
wouio conservativeiy equate to approximateiy 17 mpj ' Uhiig further
fstates that with the formation»ef corrosion products the rate of
fcorrOSion wiii be iess than it wouid be if the steei were in direct
Jcontect with seawater and that the rate wiii stabiiize and not change

=with time. In addition he observed that “specimens of steel have been

'exposed to seauater where suifate reducing bacteria were known to be

present and in fact were found in themcorrosion products which contained

appreciabie percentages of iron suiride."The observed rates of corrosion

“and pittinq of such steei feii within the normal range previously

1defined “}‘;'
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If we then take}the’ll”mpy corrosion rate and projECt:this over the 17

year 1ife of the plant it correlates closely with the average corrosion
Toss of 288 mils. However, in order to 1nsure conservatlsm in the

structural anatysis 2 factor of safety should be applied to this rate.

- To arrlve at a defendable factor it has been assumed that all corrosion
4"“occurred over the past slx years as a result of the water intrusion in |

- 1980. Thls uould equate to E corrosion rate o‘ 48 mpy and give a factor

Yt e, o PR e e s
[ __,}: . ‘,;,c”, Ligns et MAS by

of safety of 2. 8

GE 5 predlctlon was slmllar (2) Battelle, 1n a report provided to EPRI,

_ performed a llterature search and concluded that the rates we predicted
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v:lwo meetlngs held wlth consultants (mlnutes[are attached as Appendlx (9]

resulted ln conclusions that our sampllng approach and analysis

concluslons:yere adequate.
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