® . | | o . 7590-01

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
OFF ICE OF NUCLEAR REACTOR REGULATION
HAROLD-R. DENTON, DIRECTOR -
In the Matter of

Company, et al -

)
. . )
Iowa Electric Light & Power % Docket No. 50-331 (10 CFR 2.206)
(Juzne Arnold Energy Center) ) '

DIRECTOR'SVDECISION UNDER 10 CFR 2.206

Ina réquest dated July 17, 1979, Citizens United for Responsible
Energy (CURE) requested that the Director.of Nuclear Reactor Regulation
~initiate a proceeding to modify Facility License No. DPR-4%, for'the Duéne
£-~ns1d Energy Center (DAEC), such that compliance with General Electric
Camnany recommendation "BUWR Coolant Oxygen Control," NEDO-23631,_June 1977, would be
z limiting condition for operation. Notice of receipt of this request was
puE]ishedlin the FEDERAL REGISTER,on September 11, 1979 (44 FR 52912). For the |
raesons set forth in this decision, the request is deniec.

-In’suppo%t of the request, the'petitﬁonér cites the cracks discovered in |
June 1978 in. the DAEC retircu]ation systém {n1et nozzle safe-endé. The cause
¢ the cracks was determined to be intergranular stress corrosion cracking
(EGSCC)." The petitioner states that such cracks‘indicatevthe Idwa E1ectric
Licht & Power Company (IELP) has faéTed to;adequaté1y address the serious
prodiems created by IGSCC ahd that implementation of,NEDO-23631 is necessary

ts ensure-the,contjnued-safe.operation of DAEC.
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FACTUAL BACKGROUND

Oh June- 17, 1978, a b]ant shutdown permittedvthe invéstigation of the
source of a 3 gallon per minute (gpm) leak thét had existed since June 14th
(Plant Technical Specifications allow 5 gpm unidéntified leakage). The
1eék was due tb a through waTT crack in one of the eight, Alloy 600 recir-
culation-inlet nozzle transition bipe ends (safe-ends). Non-through-wall
cracks were subsequently found. in the other seven safe ends.

| An‘anaTysTs by the NRC Pipe Crack Study Group (NUREGf0531, "Investigation
and Evaluation of Stress Corrosion and Cracking in Piping of Light Water
Reactor.P1ants,V February 1979) concluded that the cracking was due to design
and fabrication factors that 1edvto high residual plus applied stresses and
the presence of a crevice which promoted a cooTanthfmpufity'concentration
phenomena. |

A1l eight inlet nozzle safe-ends were replaced. The replacement safe-
ends and thermal sleeves were redesigned to reduce peak stfesses and eliminate

the previous crevice configuration. The safe-end/therma1,51eeve adapter

~ combination was fabricated from Alloy 600 the séme type material as the

original combination. The new design was evaluated and found acceptable.

‘The staff concluded that there was reasohébTe_assurancé that 16SCC should

not occur in the pkessuré boundary of -the new design.

DISCUSSION

~ For BUWRs in this country the long standing principle of reactor coolant

. chemistry control hasabeen to maintain the water as_compTeté]y free of

impurities as possible. The recirculating coolant water is tontinuous]y




® @
- 3-

purified in'a clean-up System so that even trace impurity levels are excep-
tionally lTow. During operation the watef‘decomposes by radiolysis in the
nuclear flux, to prﬁdute both oxygen and hydrogen. Although the bulk of
these gases are stbipped into the steam and removed from the sysfem at the
condenser, a small amount stays in the recircu1at1ﬁg water. The oxygen
c@ntent of the circulating coolant water thefefore depends upon the equilibrium
condifions between the radio]ysié of the primary coolant water, the stripping
of the gas into the steam and tﬁe small quantities in the make up water.
Because the BNR cycle is an open cycle, heretofore it has not been economical
-to'inject additives 1ht§ the circulating water, as is .done in PWRs, to lower
the oxygen level of the coolant. The oxygen level of thé coolant is thus a
‘funétion of thé reactor power Tevel. Because of the above, the Technical
Specifications of the Duane Arnold plant, as well as those of other operating
.BWRs, HO'nOt réquire the mohitoring o} control of the‘oxygen 1eve1:in the |
_éoo]ant; Tests of fhe primary coolant oxygen content of the Duane Arnon
plant were pefformed during fhe early start-up tests and were consistent with
the G.E. datavdeveloped during tests onla number of otHer BWR‘p1ants. The -
tests 4t DAEC indicate a 1eve1'of 200 to 250 ppb of oxygen. Other BWR p]ants
have similar oxygen levels. | | |

The NRC Pipe Crack Study Group did an extensﬁvevstudy of the influence of
‘Qxygen 1n Bvaprimary cbo]ant on IGSCC. (NUREG—OS31;v“Investigation and
EQaIuatibn'of.Stress-Corrosion Cracking in Piping of Light Nater'Reaétor Plants.")
 The GrQuﬁ_recommehdéd that control of oxygeh‘during shufdown and start-up be

exercised ‘wherever possible and said that reduction'of oxygen Tevels during

‘steady state operation of BWRs is desirable. However, the report also stated
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that "the data do not exist at the present time to determine 1? oxygen cont;ol
during shutdown and start—dp will prevent IGSCC in BWR piping." Thus, there
is no assurance thaf the reducfion of oxygen jn these operational modes in
~a plant that had previously operated with the normal oxygen levels would
prevent IGSCC in the future. For example, intergranutlar stress-corrosioh
cracks were found in Vermont Yankee core spray lines (not alloy 600) about two
years after the utility étarted its practice of deaerétion during start-up.
'Muéh of the early technical support for deaeration as a remedy for IGSCC
in BWRs came from two primary sources: 1) the belief that IGSCC was related
to the number of reactor shutdowns greafer than 24 hours long and 2) labora-
tory data showing that IGSCC was less severe in 0.2 ppm dissolved oxygen com-
pared to 8 ppm-dié;olved oxygen (as in afr saturated water). The belief that
1GSCC was related to the number of reactor shutdowns, originated with a
statistical analysis of a 11m1ted.number of incidents, performed in a Genera]
Electric study_pub1ished in 1974‘(NEDO‘21000). A more recént analysis of a
larger number of incﬁdents;'estab1ished ﬁhat the apparent correlation between
_shutdowns-and:cracking may not be a real corre]ation but'on1y part of a more
comp]ex.phenomenon. Unfortunately; the preliminary Taboratory,experiments
'conducted to support'this thesis, were done ‘in an unrealistic BWR environment,
air sétukated.water»at operating temperature. .Actual in-reactor measurements‘
of temperature/oxygen combinations showed that this seve}e Cénditiqn'farely
if ever occurs 1nAoper§ting BWRs . Thérefore,v]abprétory~studies tﬁat compare
. the severe c6nd1tion of air saturated watér‘at operating'tempekature to the
Tow oxygén cohd%tion attainable with deéerat{on cannot produte'a valid

evaluation_of the benefits of deaeration.



Recent‘experiments, in an EPRI program, using corrosion potential measurefl
ments in operating reactors and in Taboratories_indicate that the corrosion
o potent1a1 remains high'in spite of deaeration. This'suggests that deaeration
alone will not stop IGSCC.

Although the G. E. staff study report (NEDO 23631) recommended that
deaerat1on dur1ng start-up and shutdown be 1mp1emented in BWRs, the G.E. Co.
to this date has not recommended 1t to the BWR owners and does not include
it in its present design.

It is recognized that reduction of the oxygen content in the reactor
coolant may be expected to provide a means for limiting the extent of IGSCC,
. however, this principle has not been fully developed. The NRC staff considers
the recommendations made in NEDO 23631 worthy of being pursued further for
development. The staff is not now requiring impTementation of the recommenda-
‘tions of 'this report. There is insufficient data available to eva]uate the
secondary or synerg1st1c effects of 1ower1ng the oxygen level of the coo1ant
by deaeration, e.q., increased corrosion of the installed ferritic piping.

'StUdies‘haye:been-initiated on various methods for controlling oXygen in.
BWRs‘inc1uding vacuum deaeration and hydrogen or amine addttions. These studies
wi11’eva1uate the corollary etfects of oxygen reduction in the BWR cooIant.
..The studies are befng cJosely followed by the.NRC staff andiwi]? be considered
in resolving. the IGSCC.prob1em. | |

A review othWR operating experience showed that the safe-end cracking at
DAEC is the f1rst example of IGSCC in Alloy 600 exposed to BWR water environment..
Laboratory tests have shown that very h1ch stresses (above yield) and tight .
crevice cond1t1ons; both of wh1ch~were_present in the ortginal DAEC design,

are-significant factors- in initiating stress-corrosion cracking in Alloy 600.
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EVALUATION

The new séfe-end design for DAEC has removed from the primary pressure

boundary the tight.crevice, and the weld which caused the high residual stresses

in the original design. Therefore, there is reasonable assurance that stress .

corrosion‘cracking will not occur in the pressure boundary of the new design.
The new dESign will allow increased circulation which will prevent the con-
centration of detrimental ghémicé1‘$pecies thét can occur in a tight crevice.
In addition, an inservice inspection pfogram for the safe-ends was
instituted to dgtect any cracks should they occur. Thé program complies with .

the recommendations~of Technical Report on Material Selection and Processing

Guidelines for BWR Coolant Pressure Boundary Piping, NUREG-0313, July 1977,

and NUREG-0313 (Revision 1), October 1979, in which the staff concluded that

existing plant design, inservice inspection programs, and leak detection:

monitoring systems ensure that IGSCC does not conStitute a present safety

prob1em'fbr operating plants, and, therefore, constjtute an.acceptab1e basis
for continued plant operation.
Under 10 CFR 50.109, the Commission may require "backfitting“'of a
facility if fsuch.actioh will pro?ide subsﬁahti;1, additional prqfection which is

required for the public health and safety." Backfitting is defined as the

. addition, elimination or modification of structures, systems or components of

a facility after the construction permit has been issued, Since the reduction

of IGSCC is a long-term goal, this section of the regﬁ1atiohs appears to be the

_proper basis for jmp1ementing the recommehdations of~NEDO-23631; if such imple- - -

mentation is déemed appfopriate based'on_further‘studyﬂ



10 CFR 50.36(c)(2) defined 1imiting conditions for openation as "the
Towest funcfiona1 capability or perfornance levels of equipment required for
safe operation of the_fecj1ity!" ‘While NEDO-23631 may prove a desinabje
means-of reducing tne incidence of-IGSCC,'even then.it may very well not be
»reguired for safe operation because of the Tong term effects and the short ‘
| term crack detection by the inservice 1nspect10n and 1eak detection, and
v therefore, it would not qua11fy as a 11m1t1ng condition for operation.

Notwithstanding the assurance prov1ded by the new safe-end design, the
NRC staff considefs the recqmmendations made_in-NEDO-23631 worthy of being
pursued further. It is recognized that reduction of the oxygen content in
reactor coolant nay be expected to provide a means of 1imiting the extent .
of IGSCC. However, this‘principle has not been fu11yideve10ped;.and is not
now a requirement for present safe plant operation. Studfes have been-

v initiatedvon'various hethods for c0ntnn11ing oxygen to establish whether the
7_presence-of nxygen has any bearing on IGSCC. .Thésefstudfés are being closely

following by the NRC staff.

~ CONCLUSION
For the reasons stated in, ‘this decision, I have determ1ned not to
. mod1fy Fac111ty L1cense No. DPR-49 for_the DAEC such that,comp11ance'w1th"
eNEDO-23631 is a.11m1t1ng condftion‘for operationc: According1y, the reqnest
of the petition‘is'denied ‘
A copy of th1s dec1s1on will be placed in the Commwss1on s Public

Document Room at 1717-H Screet N.W. Wash1ngton, D,C, 20553,vandvthe Tocal
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public document rdqm for thevDuane Arnold Energy Center, located at the
Cedar Rapfds Public Library, 426 Third Avenue, S.E., Cedar.Rapids, Iowa
52401. A copy of this.decision wi11’a1so be filed with the Secretary of
the Commission for fts review in acéordance with,}O CFR. 2.206(c) of the
Commission's-regu]étions.
In accordance with 10 CFR 2.206(c) of the Commission's Rules of

Practice, this decision will constitute the final action of the Commission
twenty (20) days after the date df jssuance, Un1es§ thévCommission on jts

own motion institutes review of this decision within that time.

Aty 5 cgzéif:f<:;,
Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Dated at Bethesda, Maryland
~this 24th  day of September, 1980



