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ABSTRACT

The vessel wall neutron dosimeter capsule from Browns Ferry Unit 1
haé been analyzed. The results indicate that the peak value of fast neu-

tron flux incident on the reactor vessel wall is 1.24 x 10? cmfz'sec"l

E > 1 MeV. Although this results in a lifetime neutron fluence of 1.56 x

1018 cnrz, nearly four times that predicted in the FSAR, it is less than
the design limit of 1.0 x 1019 cm’z for 40 years of operation.
Based on a conservative estimate of the neutron embrittlement re-

sponse of-the core beltline materials, the increase in the reference nil

 ductility temperature may éxceed 100 F by ché end of the design life of

the Browns Ferry Unit 1 vessel. The bases for selecting.a capsule removal

schedule in accordance with Appendix H of 10CFRS50 are discussed.
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I. SUMMARY OF RESULTS AND COMCLUSIONS

The results of the analysis of the Browns Ferry Unit 1 vessel wall
dosimeter indicate that the peak fast neutron flux (E > 1 MeV) at full
power during core cycle 1 was 1.24 x 109 cm~2-sec”l. As a result, a 40-
yéar design life fast neutron fluence of 1.56 x 1018 c;’z is predicted,
nearly four times the calculated design life fluence given in the Final
Safety Analysis R?port (FSAR), but considerably less than the FSAR design
iimit of 1.0 x 21.0].-9 cmfz. Utilizing the radiation damage trend curve in
the FSAR; the increase in the minimum reactor pressurization temperature
over the design life is projected to be approximately 50 F.

However, it is possible that ;ariations in the chemistries, particu-
larly the copper content, of the Browns Ferry Unit 1 pressure vessel belt-
line materia{s may result in sensitivities to-neutron radiation embrittle-
ment different from the response curve given in the FSAR. Using the 0.3%
Cu RIypr adjustment curve in Regulatory Guide 1.99(1)*, the total shift
might.reach 105 F at the vessel wall I.D. and 88 F at the vessel wall 1/4t
by the end of the 40-§ear design life of Brow§s Ferry Unit 1 pressure vessel.

The capsule removal schedule necessary to meet the requirements ‘of
lOCFR50(2>, Appendix H, depends on the value of the adjusted RIypp at the
end of the design life of the reactér'vessel. If the initial RTypr of'tﬁe'.
Browns Ferry Unit 1 pressure vessel beltline material was higher than 12 F,
the first specimen material surveillance capsule should be removed after

six full power years of operation.

* Superscript numbers refer to the list of references at the end of the text.
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we v WTTITL0E INTRODUCTION <Dl Lo

TﬁéaBrownBlFeriy-Nuclear;?lanciopbraned-by the Tennessee Valley Aﬁthoricy
(TVA),:consists of. three 1065 Mwe (3293 Mwt) Boiling Water Reactor (BWR) units
built by General"Electric Company...(GE). GE provided each unit with a pressure.
vessel steel surveillance program which consists of baseline Charpy V-notch
specimens (basé 'metal, weld metal and:heat-affécted zone), baseline tensile
speciﬁens (base metal, weld metal and heat-affected zone), a vessel wall do-
simeter éapsﬁle,lﬁﬁa thide surveillance capsule baskets containing Charpy V-
notch and- tensile sp;cimens. The latter two items were installed in the chrée
Browns Ferry vessels prior to startup.

The ‘surveillance program is described in detail in NEDO-10115.(03)* Be-
ceusé of the low level of fast nedcron flux density ac.che ve;sél wall péedic:ed

by.desigﬂicélculaﬁions; the first saitvéillance capsules.containing mechanical

.

test.spetimens are’ not.scheduled“for ‘removal-until:four years of operation have

»

%écru@d:f Hovever,;the"vessei wall'dosimeﬁet‘capshléétare scheduled for removal
at the first refuelling to provide a-check on the design flux.calculations.

This report describes the results obtained from the testing and analysis of the

-

contents of the Vessel wall neutron dosimeter capsule from Unit 1.
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III. EVALUATION OF.VESSEL WALL NEUTRON DOSIMETER CAPSULE

.

.

The vessel wall neutron dosimeter capsule was removed from the Browmns
Ferry Nuclear Plant Unit 1 vessel during a refuelling outage which began on
September 13, 1977, at the end of core cycle 1. This capsule, shown in Fig-

ure 1, contained three each pure copper and pure iron dosimeter wires. The

nuclear reactions of interest for these wires are:

63Cu(n,u)6°Co

54Fe(n,p)54Mn

The capsule was shipped to the Southwest Research Institute (SwRI)
laboratories the week of October 24, 19775 in a cask supplied by SwRI. ' The

capsule was opened in one of the hot cells at the SwRI Radiation Laboratory

~with a hand hacksaw. This could be done because of ﬁhé low level of activity

exhibited by the capsule. The contents were examined and visually idencified *

as either iron or copper. N
The dosimeter wires were prepared for analysis by weigﬁing on a precision
laboratory balance. The number of target atoms per mg, N,, was computed for

each wire as follows:

X

x 103 )

N* ¢
« Noc A

where: N = 6.02 x 1023 puclei per gm atom;
¢ = weight fraction of detector isotope in detector specimen;

-

A = atomic weight of detector element, gm.

The absolute activities of the dosimefter wires were measured with a

NaI(Th) scintillation detector and an NDC 2200 multichannel analyzer. The

experimental efficiency, Ef£(E), of the system was determined on the day of







-
.

FIGURE 1.

L4 » z . 2 . B
oo P : o ! :
b » ’
- 1 3
. . ) ' &
- T 3 RS i -~ 100 18
c - [0 I S 4] =2 ) B
ca e R I T - s @ueee [T
Jrraret NII‘.‘.‘%;&:‘..“N;IN- B '_'.‘o -‘rﬂs/" l‘“‘hlJﬁ -
. PRSI -me Skl Pl Jas NEUTRON DOSIMETER '
. — phibil bl /588 76&5'
v . . | 20944220 v |t & 3 oo 1011 wend 100 SEAVEILLANCE _ PROGRAM.
.. . 3 .. .. . % j =¥ PL_ISSUED
b . & z " . 1 ! .
P " . oo o ) L S . "
N T Ly 0 mmGreseosgs o [
P POE L, wores: -
. 3 : R oo o 1. BEFORE ASSEMBLING P2 -
‘. : . PBG~YPIOR EXNAUST AIR TO REDUCE -
. : P8G-YPIO2 SEE NOTE 143 CAPSULE INTERNAL FRESSURE {"
f o “SEENOTEIE3 2 PLACES TOQVE (1) TORR. BATKFILL |~
P . .06 .02 WITH WELOING GRADE NELIUM |°
i . % pLaces, AT ATMOSP/ERIC FRESSURE  |°
) o _{f e = —] - AND SEAL WELO HOLE, -
H ':é ) < : *
S N \__s 2. MASS SPECTROMETER tEax |,
! o 3 g ! A8G1P1  TEST COMPLETED ASSEMBLY |-
o "od Py fe 1 t PACES  ALLOWABDLE LEANAGE 107 -
— < I " [ Y 1 CG’NIN. . o
i ’ . . Toon 2 ) N
. - : - s o . 3 WELDING PER 209442.90 -
re i [ w . N
1 T ¥
- ;) F . 10 Wo. . . .
. 3 . s 37 : . .
P (%4 L (3 - : ” i
L we q ) 2 . . [£] 5'. . . _
. r- X} :5 ‘? E . ‘e .
AN e S
., b A K S(o10ny heAt) 00
. : < A‘.‘ . , — R o
S METAL STAMP WITH PR . : —fM2
" " - 42 2,07 MIGH CHARACTERS? - . : . v iR
" P 15887635GISeRNO__ D = g IR 74
Y . » ]
. 328, wo, f(MM oY MANUF, PR D 5
. N wwmilIPED, pmiee| 1588763
i IJ%Q.J Loy, 18 "ll {”5' 5&” -7055 ettt wt--l—? -
friedber il *s l .3 . o are 44,357 l A
. - o . - | [} P VN
g . = -3 - 5
. ‘ - i 2 & -
. .. ' ] [ .m )
[y n »” . [ 4 o’ . .
»n . EY Y -( -
- ° 1 . . » 5 -y

- VESSEL’ WALL NEUTRON DOSIMETER

AT aiale T el o o)

N

- an - -
TRASs TRNITAL 22

STANET TTEA

SOV VA ew g wmamany

» o -y e o= o
: -z -T'.

0o

ST e

Tar mye aepn o e
x| . 4 .

3
o

~ e
s

.

gl

e

Y P

sy y
. IR

W Prrmasgam g b - — o o
\ LZSHNA IO SOTIROTIA

- seswes

T SaUNTT AT,
- wp e EL IS L

R L WYL LT WL PN

meur






counting for each photopeak of interest, 842 KeV for S4Mn and 1173 ReV for
6OCo, with %Mn and 60co isotopic standards traceable to the U.S. Bureau of
Scandards: ‘The counting system and techniques have been previously cheéked
against two other laboratories, see Table I.

The specific activity (dps/mg) of ‘each dosimeter wire at time of reac-

v
’

tor shutdown, A(TOR), was computed as follows:

- D £ " - " !
A(TOR) = Total counts under photopeak of enerzy E less "backeround < T(Z) e (2)
ELE(E) » T« w e« P« exp = ATy T(E)

counting time, sec;

where: . T =

w = weight of wire, mg;

P = peak-to-total ratio;

A = disintegration rate, day-l; .

t o elapsed time between TOR and counting
date, days.

T(E)g = intrinsic efficiency factor for the
standard source counting geometry;

'T(E)y = intrinsic efficiency factor for the

unknown source counting geometry.
Ig this program, T(E)g/T(E), was equal to unity because the standard and
unknown sources were counted using the same geometry. .
The welghts, counting rates, and specific act;vities determined for
each dosimeter Qire are summarized in Table II. The last column in Table
II lists the saturated activities, Ag, of the dosimeter wires computed for

»

the full power level of 3293 Mwt as follows:

m=n .
A(TOR) _ L (1-exp- ATy) (edp - Atp) E
As m=1

.

where: , m = operation period;
Ta = equivalent operating time at selected power
level for the mth period, days;
tg = elapsed time from the end of the mth period

to TOR, days.
The values of Tp and tp were determined by dividing the Unit 1 plant opera-

tion into 19 operating periods, as summarized in Table III.
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TABLE Il

RESULTS OF ACTIVATION ANALYSES OF DOSIMETER WIRES EXPOSED IN
BROWNS FERRY UNIT 1 VESSEL FROM 10/1/73 THROUGH 9/13/77

Weight Count Rate a(ror) (), Ag(®)
Isotope Foil (ng) (dom) (dps/mg) (dps/mg)
60co Cu-1 470.9 1.044 x 103 3.697 24.33
60co Cu-2 496.0 1.115 x 107 3.745 24.65
60co Cu-3 475.5 1.031 x 107 3.614 23.78 )
Average 24.25
S54Mn Fe-1 158.3 5.790 x 10° 60.96 132.9
Shyn Fe-2  158.7 5.669 x 105  59.53 129.8
54Ma Fe-3 158.5 5.231 x 105 155.00 ° 119.9
Average 127.5

(a) Specific activity at time of reactor shutdowm, 9/13/77. Disintegration
rates are subject to a 3% (1 S¥) measurement uncertainty. 4,5 e

(b) Saturated activity at the 3293 Mwt power level.
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TABLE 111

;. OPERATIONS SUMMARY - BROWNS FERRY NUCLEAR PLANT, UNIT 1.

Ave v -y oo, “wir -~ o Boper . . :
RROIARIS TERDY (D3I Y TEQNT! O WUOM e 3S7A wng ofes oyt i 32
[ "

.
. '

Operating (LT ST I XBEC Reaccor Equivh'en: (2) Decay Tize
Period Dates Operaciag Shutdown Pover .. Operating in Days
{a) Scare Seoo . Dave "~ 7" Davs " T (MiDch)  Davs (Ta) T (e=)
b 10-01~73 10-08-73 ~ 8 - 977 0.30 1436

10-09-73 10-11-73 - 3 , - - -
-2 10-22-73 11-09-73 , 29 v = 18,450 5.60 1404
11-10-73 11-1373" " - gt v - - -
3 11-13-73 12~-11-73 28 - ;30,793 9,35 1372
. 12-12-73 12-23-73 __ - . 12 - e ™ t -
4 12-24-73 01-18-74 26 - 29,789 9.05 133
01-1%-74 01-22-74 - 4, - - -
5 01-23-74 02-12-74 -2l - 37,863 , | 11.49 1309
02~13-74 02-17-74 - 5 To- ‘- -
6 ~ 02-18-74 02-28-74 11 - 22,343 6.48 , 1293
03-01-74 03-07-74 - 7 - - -
07 03-08~74 04~03-74 27 e = . 50,891 15.45 1259
04~04=74 04~-11-74 - 8 - - -
8 04-12~74 05-07-74 26 - . 40,578 12,32 1225
05-08~74 05-25=74 " - E.Lr.18 . - e, = e
9 05=26-74 06-21-74 27 - 57,746 17.54 . 1180 °
06-22-74 06-28-74 c - . . 7 - - - Lo -
230 06-29~74 09-15<74 . 83 - ' 220,525 66.97 2090
09~20-74 10-03-74 - 14 - - -
n 10-04=74 11-18-74 46 < - 118,491 35.98 1030
" 1-19=74 11-22-74 - 4 - il L.
12 11-23-74 02-02-75 72 - 205,316 62235 954
< 02-03-75 02-08-75 - 6 ' - - -
13 02-09-75 02-26~75 18 - 40,664 12.35 930
02-27-75 03-05~75 - 7 - - -
- 14 03-06~75 03-22-75 17 - 44,554 13.53 906
03-23~75 09-13~76 - 541 - - -t -
15 09-14-76 10-13-76 30 - 14,215 4.32 335
10-14-76 10-15-76 - 2 - - -
16 10-16-76 11-17-76 a3 - 53,790 16.33 300
11-18-76 11-18-76 - "1 - - : - .
17 11-19=-76 01-04-77 47 - 110,042 33.42 252
01-05-77 01-05-77 - 5 - - -
18 01-10-77 04-21-77 102 - 263,890 80.14 145
oo w0 06522777 06222477 - 1 - - -
19 04=23-77 09=13-77 144 - 373,76% 113.50 0
ARLE ARG WER e T SEs T 019 01,733,666 526.47(D)
b ve - Ve e « : L L -
e
(2) At 3293 Mwt «

(b) 526.47 days = 4.5487 x 107 seconds
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IV. CALCULATION OF NEUTRON FLUX DENSITY AND FLUENCE

The energy;dependent neutron flux density, b (cm‘z'sec‘l), the spec~
trum-averaged activation cross-section, o (cmz), and the saturated activity

A5, of each dosimeter wire are related as follows:

¢ = éf% . %)

In the early days of nuclear pressure vessel surveillance activity, tﬁe
value of o was based on the assumption of a fission spectrum energy distribu-
tion forsthe neutron flux at the surveillance capsule location. It was recog-
nized that this assumption was probably in error, but since c;rrelations be-
tween neutron exposure and vessel steel mechanical properties were empirical,
the fisgion spectrum assumption was useful. However, as methods of analysis
w;rg improved, thé use of calculated neutron spect;a has increased and is now
permitted by NRC Reéulatory Guide 1.99(2) ‘for application to reactor pressure
vessel wall locationms.

The neutron flux energy and spatial distribution were calculated for the

Browns Ferry Unit 1 pressure vessel with the DOT 3.5 two-dimensional discrete

. ordinates transport code, a'22-group neutron cross.section library, a 7y ex-
pansion of the scattering matrix and an Sg order of angulér quadraturé. An
' R-8 calculation was made for a horizontal plane perpendicular to the v;rtical
Ty axis of the core, and'a§ R-Z calculation was made fo;.a vertical plane through
" the axis of the core and the location of the vessel wall dosimeter. A”one-
eighth segment, shown-in Figure 2, was taken to be representative of the R-8

geometry because of the symmetry involved. The boundaries of the core, core

shroud, jet pumps, and vessel wall were described in R-8 coordinates. The
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core was subdivided into two regions, an inner region with one-sixth of

the control rods inserted and hgving a 0.4368 void fraction, and an outer
region with all control rods withdrawn and having a 0.4543 void fraction.
The core materials within each region were homogenized over their respec-
tive éreas. Stainless steel was assumed to be 18% Cr, 8% Ni, and 742 Fe,
and the pressure vessel was assumed‘to'be 98% Fe. The coolant outside of

the core was assumed to have no voids. An average power distribution in
the core was dérived from data sheets suppl;ed by TVA. The same assumptioAs
were useg in modeling the R~Z geometry.

Both of these calculations provide information on the neutron energy

spectrum at the vessel wall neutron dosimeter capsule location. In addi-

tion, the R-~8 calculation provides information on the radial and azimuthal

variation in neutron flux, and the R-2Z dalculation predicts the radial and

vertical distribution.of the neutron flux. By coﬁbining these factors, the
relationship between neutron flux at the surveillance capsule locations and
thﬁt af the point of éaximuﬂ neutron flux incident on the vessel (I.D. lead
factors) can be derived.

The neutron spectrum atzthe vessel wall dosimeter locatiom, a; deter-
nined with the R-8 model, and the group-averaged cross-sections for the

dosimeter reactions of interest are given in Table IV. The specérum—aygraged

cross sections, 0, were determined from the relationship:

10.0
I o(E) ¢(E) dE
(5> 1MeW) = 2% — . (5)
£ $(E) dE
1.0
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Substituting the value of EFe into Equation (4) along with the average value

of Ag; for the iron dosimeters (see'Table‘II), the fast neutron flux (E > 1

-

MeV) at. the vessel wall dosimeter location is calculated to be71.03 X 109
-2

“em~“. Similarly, the fast neutron flux determined from the copper dosimeters

is '1.31 x 109 cm™2. The discrepancy between these two values is 1arge1y a re-
sult of uncertainties in current evaluated energy-dependent cross sections.(a’s)
According to ASTM Recommended Practice E 482(6), errors as large as *7% (1 SZ%)
in.the determination of disintegration rates and %157 (1 S%Z) in spectrum-

weighted group-averaged cross sections can be encountered, which results in a
-~ -

combined error of #16.5% (1 S%Z) for the calculation of neutron flux from the

. input data. It therefore appears reasonable to average the results obtalued

from the two dosimeters. .

The azimuthal variation in fast neutron flux, as calculated with the R-86
model and. shown in Figure 3(a), indicates that the vessel wall neutron dosim—
eter capsule was placed at the azimuthal position of maximum fast neutron flux.
Therefore, it is concluded that the calculated £flux derived from the analysis
of the dosimeter wlres is'a direct measure of the'maximum fast flum incident
on the pressure vessel opposite the vertical core centerline.

However, the axial flux distribution, as calculated with the R~Z model
and shown in Figure 3(b), indicates that the peak fast neutron flux is 6%~ - °
higher at a position 20 cm below the capéule locatiom._ Therefore, thenlead“
factor, the ratio of the fast flux at tte capsule location to the peak‘faSt

flux incident on the pressure vessel I.D., for the Browns“Ferry!Unit 1 sur- .,

_veillance capsules is calculated to be 0.94.

Based on the results of the DOT 3.5 calculations and the dosimetry re-

sults, the peak fast flux incident on the Browns Ferry Unit 1 vessel during
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the first core cycle is calculated to be 1.24 x 109 cm‘2°sec'1, E > 1 MeV.
Therefore, the neutron fluence per effective full.power year (EFPY) 4is 3.51
x 1016 e 2 E»> l MeV., Assuming 1007 availability over the 40-year design
life of the plant, the design life neutron fluence received by the wvessel
is predicted to be 1.56 x 1018 cm 2, E > 1 MeV.

The neutron £lux is moderated as it moves from the core and penetrates
the pressure vessel wall. The radial dependence of ahe fast neutron flux
obtained from the DOT 3.5 analfses is shown as the solid cu}ve in F£§ure 4.
The dashas curve through the pressure vessel wall represents a conservative -
estimate of the fast flux attenuation Py steel which is acceptable to the
xre. (7)

Since the pressure—temperature limits for reactor operation and test-
ing are based on requirements of the ASME Boiler and Pressure Vessel: Code(s)
the fluence at the 1/4t and 3/4: positions within the pressure vessel wall .
are of specific interest.: Utilizing the conservative eatimate of the attenu-
aaion'of fast neutron.flux by a pressure vessel wall shown by the dashed
curve in Figure 4, the predicted flux and fluence values obtained at 1/4t
and 3/4t for the 6-5/16-in. Browns Ferry Unit 1.pressure vessel are summa-

rized in Table V.
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TABLE V

CALCULATED PEAK NEUTRON FLUX(a) AND FLUENCE(a)
FOR BROWNS FERRY UNIT 1 PRESSURE VESSEL WALL

-
.

Vessel Hall Relative Fast Fast Neutron Flux Fast‘Neutron Fluence (anZ;
Location Neutron Flux Dengity (em~2.sec-l) 1.442 EFPY\D) 4 EFPY 40 EFPY
I.D. Surface 1.00 1.24 x 109 5.64 x 1016 1.5 x 1017 1.56 x 1018
1/4t 0.67 8.3 x 108 3.8 x 1016 . 1.0 x1017 1.0 x 108
3/4t 0.24 3.0 x 108 1.4 x 1016 3.7 x 1016 3.7 x 1017

ey

(a) E > 1 MeV. Calculated flux and fluence values subject to a *16.5% uncertainty.(G)
(b) End of core cycle 1, ) .
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The predic ted value of the peak neutron fluence (E > 1 MeV) for the
"\

- -+ P bh® moy, DISCUSSION ' -
el e Mo
I

"\ c

[}
Browns Ferry Unit 1 pressure vessel after 40 EFPY of operation is given in

the Final Safety Analysis Report (FSAR) as 3.8 x 1017 cep=2 (E > 1 MeV).

p

The analysis of the vessel wall dosimeter capsule progects that the peak
v-el"* 2
neutron fluence will ‘be 1.56 x 1018 e 2, nearly four times the predicted -

v, e

value, but considerably less than the FSAR design limit of 1.0 x 1019 cm~2

A similar.trend has been noted in several other BWR plants with which SwR1

-.~: -

has been associated For example, the neutron dos;metry analyses performed

e

on the-first capsules removed from the Elk River, LaCrosse, Millstone Point’

-~ N “' | “ - ,‘-

E
1, and'?ilgrim reactors indicated that the fast neutron flux densities were

u% L

‘ higher tnan the design values by factors ranging from 2 to 6.

f‘\

- —-

-
Ihe estimation of a 40-year neutron fluence from less than two years

.'.“

of operatiou iS"a large extrapolation and will be subject to revision at the

‘.‘ F I'
time of the next capsule removal, currently scheduled after four years of °

A u '?_- :._: -y o~ \l

'operation. In the meantinm, fhowever, the projected peak fast fluence factor

of 3. 9l-x 1016 ‘2 per EFPY can be employed to predict the chdnge in the

(-....

reference uil ductility temperature (RTNDT) as a function of reactor power

.‘ 1

generation. :'r! -

ST » -

The threshold value-of neutron fluence for the 550 F embrittlement of

n\\

ferritic steels is generally takeu to lie between 1012 and 1018 cm~2 (E >

-~
6

1 MeV). The proposed relationship between fast neutron £luence and the

c L .
change in the RINDI of the Browns Ferry Unit 1 reactor vessel, as given in
Figure 3.6-2 of the FSAR Lds reproduced in Figure 5. Added to this figure

are (1) an arrow indicating the fast neutron fluence on the vegsel I.D. at

the end of core cycle 1, and (2) an additional abscissa relating neutron

18
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fluence and effective full power years as determined from the vessel wall
surveillance capsule. Figure 5 indicates that the RIypp of the Browns
Ferry Unit 1 pressure vessel will begin Lo increase after an exposereuof
1.35 x 10%7 cm’z, E > 1 MeV. The I.D. surface would reach this fluence
i ‘ \ in about four EFPY, but it would require over f£ive EFPY of operation to.

reach this fluence at the 1/4t location in the pressure vessel wall.

Also, ‘the predicted shift in RTypyp at the I.D. surface after 40 EFPY is

less chan\SO F above the baseline (unirradiated) value. -

The neutron embrittlement sensitivity curve from the FSAR (Figure 5)

‘ra

-

corresponds cloeely with the RINDT adjustmen: curve of Regulatory Guide
1.99(2) for 0.15% Cu and 0.012% P, see Figure 6. However, in a recent re-
sponse to the NRC(9) TVA submitted information from GE indicating thae the
‘ copper contents of plates night be as high as 0. 2/ and those of welds m:.ght:
be as high as 0.3%. Utilizing the 0 3% Cu response curve in Figure 6 the
predicted sﬁifc in RINDT of the Browns Ferry Unit 1 vessel at the end of

ac_ldesignmlife.would be 110 F at the I.D. surface and 88 F at the 1/4t wall

"t‘-- w...v-aa-ln—. -

a..;‘-(\...;‘.«* -

’“'position. Since the capsule lead factors are near unity, one-fourth of the
::%0:‘;-‘—:‘1'»' " .

end-of-life fluence should be reached in approximately 10 EFPY.

..,z..«,m:t:«m'w“- Wi 2) .
wpizientSection-I11.3 of Appendix H of 10CFRS0 describes three cases which

.
‘.‘:v::," )‘d.v'- v e -

L X

o govetn.the surveillance specimen capsule removal schedule. The first case, -

v which applies when the adjusted RIypy of the reactor vessel steel will not

ﬁ:?exceed:lOO«F at the end of the design life, requires that a specimen cap-
. sule be removed at one-fourth of the design life. The second and third ]
- cases, which apply when the adjusted RIypt of the reactor ;essel steel ex-
ceeds 100 F at the end of the design life, requires .that the first specimen

capsule be removed when the predicted adjustment of the reference temperature

. is approximately 50 F, or at one-fourth service life, whichever is earlier.
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Based on an end-of-design life increase in RTypy of 88 F determined

from the 0.3% Cu response curve in Figure 6 at the 1/4t fluence obtained

s S— ¥ mwsees = -

from the vessel wall dosimeter, the capsule removal schedule necessary to
\

meet the requirements of 10CFR50 Appendit H, are as follows:

Initial End of Design Life Time of First

_RINDT RINDT * - Capsule Removal
! " S QA2¥F) i < 100 F . 10 EFPY
> (12 F) > 100 F ’ 6 EFPY

Singe the results of the analysis of the vessel wall dosimeters indi-

LI - - P e

cate that the fast neuéron flux is higher than that predicted -in the FSAR,
the current pré;sure-temperature limits for operation and testing should
be reviewed to determine if they are copsisten; w;ch the projected adjusted
‘ values of RIypr between the first refuelling and the t:i‘.me' of removal of the
- i .first.surveillance capsule.” If not, revised pressure-temperature limits

s@éuld be established in accordance with Section III, Appendix G, of the -

ASME Boiler and Pressure Vessel Code.(8)
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