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SAFETY EVALUATICN BY THE OFFICE CF NUCLEiR REACTCR RE3CLATION

SUpeCPTING ST1JO TENSICNING A" 70 F

ARKANSAS PCWER AND LIGHT CfMPANY
ARXANSAS NUCLEAR ONE, UNIT N0. i

CCCKET NO. 50-313

1. Int rcducticn

In a letter to the NRC dated :ecemcer 7,1975, suctorted by lecter
dated A:ril 16, 1979, the Arkansas power and Light Ccmcany re;.ested
that the minimum temperature for stud tensioning (detensioning) at
Arkansas Nuclear Cne Unit 1 (ANO-1) be reduced frcm 120 F to 70 F.
We have reviewed the technical basis for the re:uest and find that the
change can be allowed.

The technical basis for the above finding is discussed in the following'

sections.

2. Back:rcund

Babcock and Wilcox (B&W) discovered that some of a weldment prepared for
the purpose of supplying reactor pressure vessel weld metal surveillance
specimens exhibited a significant deviation from the typical chemical
analysis. Specifically, several segments of the weldment oere found to
have about 1% Si and abcut 0.1% Ni whereas typical concentrations for
McMcNi/Linde 80 submerged arc weld metals are:

Si: 0.20 to 0.65 w/o

Ni: ~ ;5 to 0.50 w/c

Other elements fel' aithin the ranges generally cbserved.

S&W notified the NRC on August 4,197S, that the descrepancy had been
.

found. The cause was ascribed to a mixup in Mn-Mc-Ni weld filler wire.
It was determined that the twelve nuclear reactor pressure vessels may
have been assemoled using scme of the irregular wire and the s:ecific
sus:sc: welds in each vessel were identified. For the ANC-1 RFY, tre
weld iccations were :ne inle: and outle: nc::el-t:-ac::le :elt and :hecl:sure neac-::-flange.

Mechani:al :re:erty tes 3 were c:nducted by 53W and recor ed :: us by
le- er Sata: August 13, 1973. Crc: weigh: tes:s resul:ed in an NOT of
- 0 :. Char:y :ests a: tem:eratures frcm -10 F :: 3CC F resulted in a

~

50 't-lb. trans t:f cn tem: era:ure of 130 : feca wni:n :ne RT,,,_ Of 120 :
was establisned. The "har;y data exnibi ed c:nsi:erabie sca'"ter in
the transi n regi:n, e.;. E._7 ranged #rce 28 :: 7a #:-15,
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at 150 F. The u;;per snelf energy (reached at accut 300 F) was
relatively hien, roughly 31 ft-lb. Tensile results at recm
tercerature were: 72.5 ksi yield strength; 90 ksi UTS.

The values of Nil Cuctility Temperature (?IDT) (-20 F) and Reference

Temperature (RT,ddr) in the Charpy data, alone, would not resolve
(120 F) would apaear to be at odds with each,.

other. The sca
the discrepancy since the ucper tound Char:y curve would
icwer the 50 f t-lb. transition only to abcut 110 F or an RT Uf 50ET '

a full 70 F above the dropweight NDT. '

A: plying the RT,-. of 120 F to the ANO-1 closure head-to-flange weld
resultedinthad"temperaturebeingthelowestatwhichstudtensioning
(detensioning) could take place. Previously, stud tensicning at A|.0-1
had been done at recm temcerature, ncminally 70 F. The August 13, 1973,
letter requested : emission to allow stud tensioning to c:ntinue at 70 F
and presented an analysis sup;orting the c0nclusion that such a procedure
wculd be safe fecm a fracture viewpoint.

3. Fracture Mechanics Analysis

The basis for the analysis was the B&W topical report BAW-10046A,
Rev. 1, " Methods of Ccmpliance with Fracture Toughness and Operational
Requirements of 10 CFR 50, Appendix G", March 1976. The factors of
safety applied to the stresses were those required by 10 CFR 50,
Appendix G. The assumed surface flaw size was (1/6) T X T. The resul-
ting stress intensity factor was 51.6 ksi (in)' .1

The August 18, 1973, letter provided a range of calculated stress
intensity fr.ctors for a variety of conditions including bolt preload,
normal 100 F/hr heat up, inservice hydrostatic leak testing and pre-
service hydro testing. However, the most recent submittal from
Arkansas P3L Co., a letter dated April 15, 1979, which presented the
latest atypical weld metal test results, narrowed the issue to stud
tensioning, cnly. Therefore, our analysis likewise was limitec to that
p r0Cedure.

Safety in a fracture mechanics analysis is dercnstrated by cercaring
a conservatively large calculated value of X, with the measurec material
fracture toughness, K The ANO-1 August sobmittal derived K values9

7by using the S&W Charp impact energy results and published coh3ersion
procedure. In a subsequent letter, dated Cecember 6,1978, Arkansas
PIL Co. noted that direct fracture toughness measurements ustrg ccreac:
fracture s:ecimens were to b'e c:nducted by B&W within the next few months.
Realizing -hat X,, detemined by direct measurement is to be preferred
over that teriverfrom intact test results and actinc cn the telief :Nat
:ne preferred da a wcul: :e avaflatie :ri:r :: the siar u: of pnC-1
fecm tre Scring 1979, refueling cutage, the NpC delaye reviewir; :he
original submit:31.
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4 Fracture cuenness pesults j _' j
,

Two IT CT 3 ecimens were achined frcm biccks of weldrents including
atypical weld metal. The scecimens had fue grcoves cut to 10", of
the thickness and were tested at 68 F using J test instrumentation.
Fracture cccurred at the instant of instability; since there was no
stable crack grcwth, the only value of the J. integral wnica could be
calculated was that at maximum load. ~he resul tine' J-f ree rals were. aconverted to K Ic
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5. Safety Analysis

Accceding to 10 CF.; 50, Appendix G, Section IV, para. A.2.a, alternative
calculation precedures are permitted if appreved by the Cc :nission.
Aisc, the A.SME Code, Section III, Appendix 3, Para. G-2110 allcws the
use of hicher X. values than the icwe= limit curve included in the Code
when the fligherialues truly renresen* the ma erial and ccnditions under
review. This situcticn is acplicacle to the A.NC-1 stud tensicning ;rcciem.

Comcarisen cf the stress intensity facter to the fracture cuenness:

X. (=51.5 ksi(in)1/*'u < . , . (.145.7 ksi (in' h).
. i.

leacs :c *e cccc bsien :na: there is nc ;ctantial f-ac*ure creciem
relate: te A.10-1 stud tensicning 3: 70 :. Therefore, we #ird :nat s uc
tensicning (de ensiening) at 70 F :revices nc :ecrease in :ne ar;in ofsafety and can be ai hwed.
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