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SUBJECT: INITIAL CONCERNS RAIZED BY ACRS ABOUT RWCU AN
CONTAINMENT

As we discussed on the phone today, 1 am sending you a copy of early thoughts
generated by the ACRS about some yroblems with how you took credit for the
RWCU and FW systems in high pressuve sequences in the AEWR PRA T.ere is als
¢ concarn about your evaluatior of LOCAs outside of containment. We are just
beginning te focus on these new issues and will be in discussion with you
about them shortly.
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Date 4/3/°%

To FaxNo.
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3
This page plus _>_ page(s)
From Sack FoX . Mav! Cods

178 Curtner Avenue
San Jose. CA 95125

Phone (408) 926~ 489 FAX  (408) 925-1193
or (408) 926-1887
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GE NUCLEAR ENERGY cec: AJ Janes
San Josa, California JE wWood

PVD162013
March 12, 1992

To: J.N. Fox
G.G. Jones

SUBJECT: S3AR Control Rod Design Criteria (ABWR)

Referance: C. Poslusny to P. Marriett, Control Rod Design
lriteria, Docket No. 50-60%, January 28, 1931

The Reference letter provides recommended changes to the control
rod design criteria contained in Section 4C.2 of 23A6100AB Rev. C.
The recommended wording changes in 4C.1 (Introduction) and the
first sentence in 4C.2 are acceptatbie, While we accept the
substance of the NRC recommended changes in the 4 acceptance
criteria; we believe the recommended changes are conditions which
mai be more appropriaste to include in 4C.3 (Basis For Acceptance
Criteria).

Regardless of where the additional wording is located, any
veference to sheath material should te avoided since this is a
feature not common to all GE control rod designs. 1Instead, the
wording should ideutify the phencmena of concern, i.e., crudding,
crevices and stress corresion, and not the piece parts which were
affected in older designu.

A fifth criteria (Surveillance) has been added per the Reforenca
letter along with the corresponding Acceptance Criteria, 4C.3.5.

The COF recommended werding changes for Section 4C is attached.

Please provide an appropriate respo.se to the reference letter.

Paul van Diemen
Fueli Design and Develcopment
H/C 148, ext. 56160
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4C.2 GENERAL CRITERIA

(8) A surveillance program shall be implemented if a change in
design features such as nev absorber material or structural
material not previously used in reactar cores could impact the
functien of the <ontrel rod.

4C.3.% SURVEILLANCE PROGRAM

visual inspection of the lead depletion control rod design
possessing the new design feature and three additional control
vods of such design that are within 15% of the estimated fast
tluence of the lead control rod shall be perforrad. If fewer
than three control pods are within 15% of the estimated fast
fluence of the lead control rod, only these within 15% shall
be inspected. fhovld evidence of a preoblem arise,
arrangements will be made to inspect additional control rods
to the extent necessary to identify the root cause of the
problem,

w5 d 1218 37T 3 9 Wi 1T 28, EQ A
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4C.) INTRODUCTION THE BASS MO

A set of acceptance criteria bas t\:ey/esubhabnd
for evalusting pew control rod designs . Control rod
compliance with these criceria consmufe)l'SN'RC
acceptance and approval of the design,wheut
op padia dobMRGapinom: The covtrol rod Lieensiag
acceptance criteria ; ad their bases are provided
below. Control roc desiges whick bave been
approved b the USNRC or which meet the hicensing
acceptagee etiteria are documented in Reference
44

4C2 GENERAL CRITERIA

Myt

Contral rod des'gusymeciengihe following

acceplance STILE T Sl S B P DA
e aasanaae o o

(1) The control rod stresses, strains, and cumulative
fatigue shill be evaluated (0 pot exceed the
wiispate stress or strain of the watenal

2) The control rod shall be evaluated tu be capabiz
of insertion into the core during all modes of
piant operation withie the limus assumed 18 the

plant analyses.

(3) The waterinl of the control rod shall be showe 10
be compatible wath the reactor eavironment

(4) The reactivity worth of the control rod shali be
included 1o the plant core spalyses.

4C 3 BASIS FOR ACCEPTANCL
CRITERIA

The following are the basis for the licensing
atceptance criteria gives in Section éC2.

&C 3.1 Strews, Strale and Fatigue

The control rod is evaluated o assure that it does
pot fail because of loads Jue to shipping, bandliag
sod sormal, abno*mal, emergency, and favited
opciating modes. To assure that tbe costrol rod
does oot fail, these loads must not exceed the

Fatigue must oot exeeed a faugue usage factor of 1
INCLUDIN G IARBO AT 0 8 EFFERTS P2
The loads evaluated isciude those due to normal
operational Uansients (sram and jogging), pressure
differeatinls, thermal gradicats, flow and

altimate stress and straip limit of the nuemp\
0.

-

EWC 55 S TTP
Amsadaenly & WC 3.5 SEE AT ¢

Cam ™M1

Creners! Dectne Company
PROPRIETARY [NFORMATION

LIAGIMAL
e S

sysica induced vidbration, and irradiation growth in
addition 10 the lateral and vertica’ loads expeated for
cach condition. Fatigue usage 13 based upon the
cumulative efect of the cyclic loadings The asalvses
welude corrosion and crud deposition as a fuscuos
of Lme as apQropriaie

Conservatism iy included 1o the aualvies by
weludisg margin to the limit or by assumisg loads
greater than expected for each condition. Migher
loads can be incorporated into the apalyses by
ipcreasing the load itself or by statistically
cons'denag the unceriawties in the value of the load

A2 Coatrol Rod lnsertion
P AND THREL S T T8 PRES O

The coatrol ipd s evaluated to be sure that it cas
be ‘aserted during mormal, abnormal, emergency and
fa. ..d modes of opexauon withiz the linits assumed
. the plant analysey These evaluations wclude 8
cowbisation of aralyses of the geomeir.ial clearance
and actual testing Tue analyses consider the effects
of mauulacturing tol - ances, swelling and uradiating
growth. Tests may be performed o demonsirate
wootrol rod insericn capability for coodilions such as
coatrol rod or fuel chanoel deformation snd
vibrations due 10 safe shutdown earthquakes.

4033 Conrol Rod Materta!
-~ NES
The exterpal conlyol rod materials must be
capabie of withstan@isg (he reactor coolant
cavironment for thealife of the coatrol rod
Ty fectsupon the material must be
included io the contro! rod and core evaluations
Irradiation effects 30 be considered nclude matenal
bardening and abptrber depletion and swellng
GoF CRUDDING cREweds | STRESS
ACIARecUMILY  conics o PWD RAALS AT 0

The teactivity worth of the control rod is
determined by the initia] amount and type of
absorber material and radiation depletion. Scram
time insertion performance and control rod drop
tmes also ¢ifocts must be cluded 1o the plast cote
aualyses ipcluding ouciesr, aboormal operationa!
ocourTeaces, witequent events, and acadents.
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W How Dose and N /Q is Evaluated



Monday March 16, 1992 00:57 d:\abwr\ssar\chplS\loca\dose sum.prn Page: )

summary of Dose Results
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Monday March 16, 1992

gffsttc - Reactor Buid
hr Dist
300
800
30 day Dist
3219
4828

B R R LR R R R R

Offsite - MSIgiteakugu

thr st
300

30 day Dist
4828

Dist

4828

09:%7

ging
ime /0
2 1.18E-03
2 2.196-04
Time X/
oT8 §.616.08
:24 22605
1-4 7.87¢-06
4-30 1,706
83,7305
8-24 1.216-08
4 l.l?E-Oﬁ
4-30 90907

Thy

128 2.28
23,8 0.423
h Wk
1.&‘ 0.114
9.3] 0.12
16.3 0.1y
21.8  0.14
4.97  0.076)
5.98 0.0794
9.4 .0847
12.7 L0867

Time X/g Species Ihs Hg
2 1.iBE-0 EL 0.001562 6.0CE-0

NG 0 0.0]1221

OR 0.1888 0.000728

RESP 0.000424 | .64 -06

Total 0.190786 0.013

Time 1/9 Species Th{ Wh
0-8 3.73t-0 EL 0.0324] 6,34E-05

NG 0 0.01068

0‘3327 0.300768

RESP 0.000706 1.38E-06

8-24 1.21t-0% L 0.0950" 0.02%0182
0 0.02334

1,162 0.002226

RESP 0.00088 7.51E-07

1-4 4.276-06 EL 0.3896 0.000362

NG 0 0.0616%

OR 5,816 0.004964

RESP 0.C5239] 3,04£-05

4-30 9.098-07 El 0.5135 0.0004]
NG 0.104])

OR 13.71 0.907961

RESP 3.168819 0.084%78

Time X/Q Totals Thi wH

0-8 3,.73£-0% 0.425816 0.011513

8-24 1.21L-05 1.25795 0.025749

1-4 4.278-06 6.257991 0.067006

§-30 9.00f-07 17.39202 0.198149

d:\aowr\ssar\chpl5\loca\dose sum.prn
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Monday March 16, 1992 09:57 < \aber\ssar\chplS\loca‘\dose sum. prn Page:
Control Room - Reactor Building

Time X/Q Sgcctcs Th5 Wil Beta
0-8 0.0! odino 40.42 0. 031!3 0.04096
3.7 8.337

8-24 0.005%9 lod*ne 70. 40 0.03746 0 0518
NG 0 9.47 24.87

1-4 0.0037% lodine 165 0.04505 0.06633
NG 0 £3.23 68.29

lodine 268.4 n.05031 0.07479

4-30 0.00165% NG 0 3.9 102.9
ltnn X/g Totals ™ wh Beta
0-8 ).00£-02 40.42 3.90483 8.37796
8-24 5.90t-03 TO.48 9.45746 24.9218
1-4 3.758-0) 165 23.27505 68, 35 33
4-30 1.65(-03 268.4 34 .0203] 102.9748

R R R e e B R I A R
Control Room MSJV
Time X/Q Species ‘
0-8 ) 67£-03 EL 0.03462 1. 23( 05 2. 21[ 05
NG O 05892 0.1277
OR 0. 4194 0.000149 0. 000245
RESP 0.000778 ¢.75¢-07 4.55¢-0

8-24 9.83E-04 EL 0.34) 6.8E-05 0.000)20
NG 0 0.3174 0.9079

OR 164 0.000831 0.001567
RESP 0.013142 2.626-06 4.95E-06

1-4 6.256-04 EL 1.572 n. 000167 O 000317
NG 0 1.412 4. 344

on 235 0.00233 0.004413
RESP 0.773908 7.67E-05 0.000145
4-30 2.75€-04 EL 2.29% 0.000204 0.000378
NG 0 3.142 10.1

DR 69.24 0.0046;9 0.008114
RESP 18.76018 €.001257 0.002198

Time X/9 Totals Thi Wb Beta
0-8 0.0016 0,.454798 0.05908] 0.127968
§-24 0.00098 4.518142 0.318301 0.9096
1-4 0.000625 75.8459]1 1.414574 4 348876
4-30 0.000275 90.29518 3.1481 i0.11069

Monday March 16, 1992 09:57 d:\abwr\ssar\chpl5\loca\dose sum.prn Page:
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; Monday March 16, 1992 00:57  d:\abwrissar\chpib\loca\dose sum.prn Page: 3

Offsite Dose Summary
! ¢hr Site Boundary

Dist 3/9 Th wh
305 3:186-03 1.286402 ;296400
_ s . +02 (.29t+
800 2.196-04 2.381101 4 26E 01
30 day LPZ
\ Di.t Time 1/9 Th ug
@'t 0-8 3.736-05 5.395816 0.08761
824 1.21£-05 7.23795 0.105149
1-4 0.27%-06 15.99799 0.151206
4-30 9.09€-07 30.09202 0.284849
|
|
!
|
|
|
|
} Monday March 16, 1992 0° 87 d:\abwr\ssar\chpl5\loca\dose sum.prn Page: 3
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d:\abwr\ssar\chplS\loca\cntrirm' fodinsum. prn

Warksheet to evaluate Control Room Dose and Inventory

o dines
Workspa
D:\AB

\SSAR\CHP]S\LOCA\CNTRLRH TODINSUM.WQ1 © 2 77 24
0 \ABWR\SSAR\CHP15\LOCA\DOSE §
\ABUR\SSAN\CHPIS\LOCA\tNTR[RH\lC

WOl 0277 241
SRCR.WQ1 0 2 77 24

D:\ABWR\SSAR\CHP1S\LOCA\CHTQLRM\| RB CB.WG1 0 2 77 24

Reactor 8u11dinql

Controlzaoon Act;vity

}ﬁu: 96 720
s0to

1-131 0.059939 0.020809 0.007151 0.011066 0.01198 0.000477
1-132 0.0649]1 (.016698 0.00085 1.21F-05 & 57t-15 0
1-133 0.121674 0.041004 ¢.011789 0.011336 0.001443 5.03t-13
1-134 N.062806 0.009926 3.04E-05 1.6E-10 0 0
1-13% 0.10691 0.033828 0.00626 0.001904 1 36E-C6 0
Reactor Building Integrated Control Room Activity

Time 1 2 8 24 720
Isotope

1-131 266.1666 132.188 154 5776 465,283 2799 .45 4854 .36
1-132 330.7053 126.9.5 67,2149 10.1622 0.112376 3.73E-11
[-133 547.608 265.069 262.798 592.684 1098.67 74 3926
[-134 40&.097 102.476 22.99742 0.118184 5.92¢£-07 0
1-138% 497,14 226.172 195.7671 182.276¢ 54.33]1 0. 02325/

852,83 723.355 1250.523 3952.563 4958.776

2042.717 2898.547 3621.902 4872.425 8824.989 11783.76

MSIV Leakage

Contro) Room Actgvity

Time 1 2 96 720
[sotope
1131 1.926-06 2.6E-05 0.000672 0.001741 C,00344 0.000518
1-132 2.08E-06 2.09€-05 8.94E-05 1.950-06 1.5iE-1% -0
1-133 3,89€-06 5.136-05 0.001108 0.001784 0.000415 §.52E-17
[-134 2.01E-06 1.24E-05 2.8B7E-06 3.46E-1 0 0
1-13% 3.420-06 4. 19E-05 0.000588 0.0003 4.13E-07 3,78f-40
MSIV Leakage Integrated Control Room Activity
Time 1 720
1sotope
[-13] 0.001087 0.04068Y 6.465974 63,10765 635.532]1 3048 114
1-132 0.001223 0.036049 |.666858 ).157434 0.018572 1.03E-11
1-133 0.002215 0.080948 11.28539 79.01762 226.115 25.87513
[-134 0.00126 0.025488 0.247639 0.012076 §.52E-08 0
1-138 0.001964 0.067754 6,.932217 23.23532 §.681106 0.007505
0.007749 0.250929 26.59807 166.5201 87134683 3073.997
0.007749 0.258078 26.85675 193.3869 1064.734 4i38.73
Monday March 16, 1992 v9:5¢  d:\abwr\ssar\chplS\loca\cntrirm\iodinsum.prn
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Controlznoom Act ivity
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Monday March 16, 1992 09:54
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Monday March 16, 1992 09:54

This is & combine worksheet
dose in the control room.
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d:\abwr'ssar\chpl§\loca\entrirm\nblgssum. pra

to evaluate noble gu«s inventory and

Spreadsheets
Workspace
D:\A \SSAR\CHP]S\tOCA\CNYRLRN‘NBLGSSUM.Hgl 0277 247
D: \ABWR\5SAR\CHP | 8 [ OCA\DOS suﬁ.uga 0277 24
D: ASSARNCHP LS\LOCANCNTRERM\NGCNORCR WQ1 0 2 77 24
D \AGHRASSAR\CHP IS\ LOCA\CNTRLKM\NG RB CR.WQ1 O 2 77 24 ¢
From Rescior Building
Control Room Integrated Activity

Time i l 8 24 96 720
I&otoph
KREBJM  4747.121 3391.69 1222¢.68 3002.08 11.573 2.91F-11
K:& 564. 064 566 .21 0{.4: 4450) & 321493 1519420
K 11504 .95 5994 .66 75552.8 B7586.7 102%3.8 0.11208?2
KR 177 g.ii 10842 8 23512.7 ;045.‘5 0.51059% 0
KR 29707, 23776.2 129748.5 73997.7 2025.63 3.69%.08
KR89 Sla.gggz 0.006977 1.4£-08 0 0
XE13IM 295, 296.03 414) 727 22414.9 144898 338068
XE133 !03094.% }0296, 1422356 7435120 41037400 49597800
XE133M  4280,53) 246.7 S6908.3 274030 1124200 46539]
xtlgs l€302.27 1198) 130523.2 308505 177419 618,385
XE135M 50,13 49] 452 40.99145 | .73E-0 0 0
XE137 1754 086 o‘lgorzg ;.93[-06 0 0 0
X138 1980).08 1515.3 92.59022 7,38E-06 0 0

Total 211880.1 170080.4 185710 6251293 43617743 $192179

From Reactor Building

Control Room lnvsntory

Time l 8 a4 96 720
[sntope

KRES 1.20278 0.786897 0.331054 0.001468 4 55£-15 0
KR8S 0.167853 0.159453 0.626698 1.08843 1 5502 0.57943)
Kl 3.20109 2.59648 3.96727 0.54B249 8 96f-06 0
KR 416311 2.%03’4 o.ga’zsg 9.31¢-056 1.06E-21 0
KR83 7.9504 5.89272 L2478 0.171822 4.31E-09 0
KRS 2.8:(-05 5.03E-11 0 0 0 0
KFI3IM  0.087863 0.083266 0.323604 0.5.9112 0.645864 0.05391)
XEISJ 30.6079 28,9175 110,335 175.008 168.087 2.0666%
XEIZ3M | . 26694 1, )8824 4.33884 6.1211 3.47016 0.000442
XEI3S 3! ﬁgé 8.13559 4.19495 0.025657 0
XE13SM  0.409873 0.027%1 1.35F-23 9.01€-27 0
xtlgr 0.000498 8. /3E-09 1.3b6¢-3F 0 0 0
XE138 1.369% 0.06946]1 6.35¢ 09 0 0 0
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From MSIV Leaka

e
Contro?lnooa Integrated Agtivity

d:\abwr\ssar'chplS\loca\entrirm\nblgssum. prn

Time 24
l<otope
KRE3M 0.181357 §.3791) 227.4536 116.3359
KR&S 0.024154 0.963905 188.5193 2142 967
KRBSM 0.469763 16.5179 162&. 542 3%03.502
KR8 0.641859 16.619]1 383.4696 75.43388
KR88 1.17997 38.6261 2638,.087 3039646
KRES 6.36-05 2.65E-06 6.220-1) 0
XF13IM  0.012647 0.50373]1 97.46362 1077 877
xE133 4.40746 175.113 33418.75 356892
KEis3M  0.18260]1 7.21233 1332.084 13096.38
XE138 0.%3597 20.127 2817.812 14166.31
XEi35M  0.084993 0.489633 0.271828 5.86f .07
XE137 0.000619 6 S9t-05 1.33£-08 0
Acl13e 0.296727 1.42842 0.58742] 2 .4%E-07
Total 8.018183 282.9803 42733.04 394410.7

From MSIV Leakage
Control Room Inventory

Time ] 8 24
!totops

KREIM 0.000309 0 003)21 0.010854 8.29E-05
KRBS 4. 31E-05 0.000632 0.0¢0579 0.061121
KRBEM 0.000682] 0.0102%8 0.129945 0.030864
KRe? 0.001068 0.009078 0.01113] 6.28E-08
KRE8 0.00204 0.023375 0.17196]1 0.009687
KRBS &.65€-09 2€-13 0 0
YEI3IM  2.25E-05 0,00033 0.010593 0.0%0275
XE133 0.007855 0.114688 3.61167 9.8282
XE133M  0.000325 0.004713 0.142021 0, 3438
XE13S 0.000047 0.012888 0.26639 0.2358%
XF135M  0.00031.5 0.0001C9 4.47E-10 0
XE.37 1.2BE-07 3.46€-1] 0 0
XE128 0.000352 0.000275 2 1E-10 0
Sunnar{
fontrol Room Inventory
Time 1 2 8 24
lsotope ’
YE33M 1.20E400 7.88E-01 3.34¢-01 1| 49E-03
KR8S 1.68£-01 1.60E-01 6.35E-01 1.11£400
KRBSM 3.206+400 2.80E+00 4 01E+00 5.58£-01
KRE7 4, 16E+00 2.29E+00 3.43E-01 9.47E-05
rRE8 7.95€+00 5.90E+00 5.30£400 1.75E-0]
KRAS 2.59E-05 5.04E-11 B 0
XE13IM  8.79E-02 B.34E-02 3.276-01 & . 48E-01]
XEL133 3.06E40]1 2.90€401 1. 11E+02 1.78E+02
YEI33M ], 276400 1.19€400 4.3BE+00 6,22E400
X135 3.69E400 3.25E400 8.22E+0C 4.27E+00
AE135M 4 JOE-0) 2.758-02 1.36E-08 9.0JE-27
XE137 4 98E-04 # 74E-09 1.35E-36 0
Xr158 1.376+00 6.95E-02 &.40£-09 -0
Total 5 41E+01 4 .53E+01 1.356+02 1.9]18+02

Monday March 16, 1992 09:54
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0.

2
6

0.

|

96 720

675431 2.84E-12
5961.06 301406.8
28,6702 0.011498
02954¢ 0
120.038 3.76[-08
1619.59 61120.06

2324755 7981393
87379.09 62658.63
11732.17 65.2903

0 0

0 0

0 0
345219¢ 8406644

9% 720
4.6£-16

0.15333 0.144784
8.94E-07 0
9.438-23 0
4.32€-10 0

0 0
0.063891 0.013471

16,5304 0,5]642
0.343491 0.000111
0.002544 7 33F'23

0
0

O Lo e OO ‘i—‘“'—‘

—

o6 720
69E-15 0
.60E+00 6.23(- 01
22E-06
L08E-21 C
A3E-09 0

0 0
.65E-0] 5.80E-02
J3E+02 2.22E+00
STE+00 4.75E-04
.645-06 2.20E~28

0 0
0 0
7196402 2.90E400
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7 Monday March 16, 1992 07:54

Dose Evaluation

Reactor Buildi MSIV Le2akage
Time Beta

W deta Wil
0-8 3.9048: £.37796 0.05908] 0.127968
8-74 9.45746 24 9218 0.318301 0.9096
1-4 22.27505 68,35633 1 414574 4 348876
4.30 34.0203]1 102.9748 3.148]1 10.11069

Total

wt
3.927554
9.5529%
23.69942
34 96474

Credit fur Intake Yents 4 wh
0-8 0.980539
3-24 2.388238
1-4 5,924856
4-30 8.741185
Chiqu Yariation 0.004 WH
0-8 3.926-01
g 24 9.556-01
1-4 2.37€+00
§ 30 3 50E+00
Sunn.r*
Control Room Inveniory
Time 1 2 8 24 96
Isotope
rRB3 1.206-0) 7 .BBE-02 3.346-02 1.49E-04 4 69E 16
KRB 1.68E-02 1.60£-02 6.38E-G2 1.11E-01 1.60€-01
KRB5M 3.20€-0] 2.€0E-01 4.01€-01 5.53E-02 9.22€-07
Kk87 4.16t-9) 2.29€-01 3.43£-02 9.47E.06 | .08¢-22
KREA 7.95¢-01 5.90E-0: $.30£-C1 1.75€-02 4.43E-10
KR89 2.59E-06 5.04E-12 0.00E+00 0.00E+00 0, 00E+00
XEI3IM  B.79E-03 8.34£-03 2.27C-02 5.4BE-02 6.65E-02
XE133 3.066+400 2.90£400 1.11E+01 1.78E40 1.73E+01
XE133M  1.27€-01 ) 19F-01 4.38E-0)1 6.228-01 3.57€-01
XE135 3 GQE-OJ 3.256-0) 8.22E-0x 4.27E-0]1 2.64E-C3
XE135M 4. 10E-02 2.756-03 1.36F-09 9.01€-28 0.00E+00
AE137 4.98E-05 B.74E-10 1.35(-37 0.0CE+00 0.00E+00
XEI3R 1.376-01 6,95E-03 6 .40£-10 0.00£+00 0.00E+
Totai 5.41E+400 4 536400 ) 35640/ 1.91E+01 1.79E+01

Monday March 16, 1992 09:54
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Beta
8.41635
25.19468
69.66099
106 008

Beta
2.104088
6.29867
17.4152%
26.502

e
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Evaluation of Ramsdell CLi/Q

1. To determine the Ramsdell y /W for a given wind speed and stability, recource was
made 10 a spreadsheet (see lollowing page) which calculated « /Q from Ramsdell
equatio (9) from the 218t DOE /NRC Nuclear Air Cleaning Contrerce Papey

/Q=1/(F, +2 UL, L,

From the spread sheet it is shown that F, = O for these caiculations. Therefore only £
and £, needed to be calculated for each combnation of speea and stability.

2. To calculate these sigina vaiuss, standard ¢, ande, need 1o be calcu'ated. Recourse
was made 10 the Pavan code subroutine POLYN (see sheet 2) from which the coding
was pulled and a table created in te spreadsheet so that for a gnen vind speed, the
standard o, and o, viere calculated for stabities 1 through 7. Then the spreadsheet
software picked the pruper o, ando, from the table coresponding to the stabilty given in
the "Basic Input Parameters”.

3. Folluwing the calcuation of o, and 1, 0., ande,, "eed t0 be calculate from Ramsdell
equations (7) and (€) which are done under the headings of "ssgma_yw" and

"segrrs 2w”. Fuctor 1is the evaluation of the exponential term in the two equations. We
note that the equat'ons in *he report are in error and the factor 0.0869 in the exponentials
should be negative (telcen Ramsdell). Factor 2 is the evaluation for the terms in
brackets in the ecuations. Finally factor 3 is the solution of the equations number (7)
and (8). We also note the the first square root of area term found in gach equation 1§
also in error and should be the area to the first power (telcon Ramsdell).

4. £, andr,, are then evaluated from equations (5) and (6) and shown in the
spreadsheet 4s terms "SS8igma_wy” and "SSigma_wy" at the bottom of the page.

8. Finally, x /0 is evaiuated as Chiqu = at the top of the spreadsheet ior the basic input
parameters.

6 Since spreadsheets have the capability of evaluating 10 tables, tatles of wind spead
versus stabilty were made for distances of 41 and 108 metars as is show on the third
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This Spread sheet calculates the X0 vaiue for

& given clistance wnd stabiity Laing the

technigue gver by Aaradel in caumtion 8 of

the 218t LOENRC Nuclew Al Clesning Corterence

Basic input parametes

Digtan 108 meters

Stability |

Wind Spa 08 metar/sacond

g Ares 2000 sq meter

Rewase Fiow QO cubic meet second

Ohiqu = 6 N5E-0%

Calcuistion o Btanderd Sigme ¥ and Gigma Z from PAVAN
subtouting POLYN

Statimty AY SfigmaY
1 03658 2510
2 02781 1887
3 0 2089 1433
4 01471 106 0%
5 0104 7.18
6 o022 495
7 ne 053
A2 82 2 Sigma?
1 000066 18 P27 1541
2 oooe 1148 K| 11,89
3 0113 0911 0 &%
El 0222 0728 A7 49
§ oen 0ec7e 4.3 378
6 0 (86 074 038 240
7 na na we 019

Cakulaton for Super Sigmaes (SSigma) based upon Remsdel s

formulations in squations 5 6. 7 and 8
Compensation ‘actor, k=

05 only charsctenzed by Ramsdoll

Stabiity Facter, B 100 Sgn of Stabiiity, re
talcon with Rermsdel
1 ¢ 3
OBICEHR 0019169 10089.02
1 2 8
0810698 00369 10088 02
SSigma_wy 10363

S3igma_wy 101 87
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124 DOSE ASSESSMENT

Dose assessment is an important part of
actermining and projecting that the plan design and
proposed methods of operation assures thal
occupstions’ radiation exposure will be as low as
reavonably achievabie. Dose sssessment d=pends
upoa estimates of occupancy, dose rates in vanious
occupi.d arcas, number of personnd ! invalved in
reacior aperations and surveillance, routing
maintenance, waste processing, 1efueling, in-service
taspection, and speial mnntenance

The goal is to reduce the exposure associated
with cach phase of paant operation and maintenance
t's the minimum level consiscent »ith practical
considerations for sccomplishing each task. To
achieve this goal, the ABWR design includes
uumerous significant design improvements (o reduce
accupational exposures from past =xperience. The
design improvements include the chimination of
recitculation piping and valves, improved wales
chemistry and low cobalt alloys ut the cocding water
boundary, reduced equipment maintenance and
taproved access, RHR discharge to the feedwater
piping, overhaul handling and refueling devines,
multiple main sizam line plugs, automatic MSIV seat
lapping system and reactor vessel stud tensioner. In
assessing the collective occupational dose, each
potentially significant dose-causing activity was
evaluated. Values referred to as typical BWR
operations are taken from references 1 through 4
which are a conipendium of maintenance and work
tasks for BWR -6, GESSAR,

1241 Drywell Dose

The following prowvides the basis by which the
drywell dose estimetes ‘o oceupalional exposure
were made.

(1) The main steam isolation valves are located in
the upoer drvwel! area (4 valves) and in the
veactor building outboard of the primary
containment isolation wall (4 valves). These
valves require periodic testing and naintenance
to insure proper action and leak tightness,
Typica) values for BWR's for maintenance of
these valves is 4,000 hours of drywell and Sk
hours of reactor budding work in effective
radiation fields of 13.5 mRem/hr and 3.6
mRem /hr 1espectively. The ABWR devign
incorporates three specific features to reduce
occupational exposure in the MSIV

Amondment 20
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maintenancr ared (1) improved water chemistry
with lower overall contamination rates, (2)
improved maintenance procedures with some
procedures automated, and (3) reduced radiation
bields, pramardy due to the absence of the
reciseulation piping. Each arca is discussed
below

Beginnirg in the varly 1980°s the BWR Owner's
Group began an extensive study of the causes for
failure of MSIV's to meet the technical leakage
specification limis and extecsive person-hours
required 1o maintain these valves. As a result of
these studies, the ABWR will use¢ the latest
technoiogy for valve maintenance inciuding
mechanical aids for valve disassembly and
assembly, automated lupring devices, and slightly
telaxed leakage spectlications to delete
unnecessary maintenance As a result of these
ards, it 1s estimated that overall maintenance
hours will be reduced by $0-60 percent.

Early studies on dose rates during MSIV
maintenance showed increases 1o dose rate
ditectly proportional to reciroulation line activity.
The ABWR has deleted the recirculation lines
entirely thereby removing the ingly mout
significant source of radiation in the drywell The
second most significant dose for MSIV operations
will be the deposited and suspended activity in the
feedwater lines. The deposited activity i the
feedwater lines s expected to be lower than
typical BWRs owing to an enhanced coudensate
system with full clean up of all condensate water,
a 2% reactor waler clean up system, aond titanium
condenser tubes. Additionally, the ABWR s
designed to limit the use of cobalt bearing
materials on moving components which have
historically heen identificd as major sources of in
water contamination. Overall, the feedwater line
radiation is expected to be a factor of three lower
than current BWRs. Because of these factors, i s
expected that the effective dose cate in the drywell
will be 1.8mRem /hr und 1. 3mRem/ hr in the
steam tunnel outhoard of the primary con-
tainment.

2)  Drywell valve and pump maintenance other thea
the MSIVs consists primarily of maintaining (he
safety relief valves (SR Vs) which fot the most part
consist of minor mainteuance or removal of valves
10 & maintenance facility. Overall typical values
for 3 BWR for these tasks are 1450 person-hours
per year in an effective radistion lreld of
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‘“TmRem /br, In the ABWR, the primary
scurce of radiation exposure, the recirculainr
lings and pumps, have been removed. Overall
the reduction in drywell dose level is for these
types ol maintenance is expected to be a factor
of two or YmRem hr. Overbead tracks and in
place removal squipment is provided in the

ABWR for an estimated p»uonfe'owg,

reduction (o 1,150 person-hour por year brokoa
down into 200 person-hours for 18 SRV
maintenance st 6mRem /hr, 200 person-hours
per year 10 pull and replace 3 RIPs with one
heat exchanger at 20mRem/hr, and the
remainder on miscellansous valves ar
4 5mRem /.

Control rod drive maictenance is significantly
reduced in the ABWR with the introduction of
fine motion control rod drives (FMCRD).
Based upon European experience, two
FMCRDs will be replaced and repaired per
outage along with twenty motors Estimuted
work will consist of 64 person-hours under
vessel preparation, 40 person-hours FMCRD
removal and reinstallation, 200 person hours
motor removal and installation, and 64
person-hours cleanup. Typical nnder vessel
effective dose rates are 17mRem /hr but
hecause of the removal of the recircalation
pumps nd Iiacs'f‘?bun reduced to

6.3aRem /b, 1 o et

The LPRM/TIF system assumes the seracing
of two sensors pet year and is based upon a
totai of 200 person-hours per year at an
effective dose rate of S0mR2m/hr which is
typical for BWR operations,

laservice inspection consists of primarily NOE
exumination of vesse! and piping systems and
welds, Typical BWR values are 2400
person-hours per vear at 12mRem /hr ¢ffective
exposure rats. ABWR inservice inspection is
estimated bzsed upon the followag:

Eliminativn of recirculation lines and pumps
with the following savings:

Elimination of 14 pozzie inspeci ions at 2
pet year, saviag 360 person hours

Elimination of shield pesetration and
shield plug removal saving 240 person
hours per year

Amendment 20
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'L-Mwlmu weld inspection os
recirculation lings estimated at 240 person
Kour per vear

JIALY AL

LN

Reduciion i deywell dose by SU% with the
provision that the feedwater line dose o more
than half the recirculation line dose and
general drywell dose level and therefore
removal of recirculation line inspection is
estimat~d 1o be weighted at twice the general
drywell dose rate

|
¥

Overall it is estimated that by use of automated

turties for inapection person-hour expended ia IS]
will be reduced by « factor ¢f twa,

The ABWR uses a forged ring pressure vessel in

comparison to older plate welded vessels reducing |
the total vessel weld length inspeciion by 30% and .

the total weld inspection by 10‘1-.

The ABWR design mcorpmuws sucsﬁg access
into inspection areas past insulation areas with ag
estimated savings of 120 person-hours.

}1,‘

|

Overall person-hours *eduction is 1,200 |

person-hours at apororimately half the typical
effective dose rate or S 3mRem /hr,

Other drywell work includes items such as minor

valve mainienance, instrumentation work, and all |
other drywell work. Typ.cal BWR work o this~® 2

arca estimates §
mRem /hr. Overall reduction in this effort due to
ABWR design improvements are:

Significant savings in total hours sre estimated
due to removal of the recirculation lines with
miscellancous recieculation line work such as line
snubbers, fewer drywell cooling units, and luss
assembly/ disassembly work on insulat.on due to
the use of automated units. Overall it is estunated
thai 2,000 person hours savings can e made.

Overall reduction in the drywell radiation Jdue to
removal of the recirculation system results in the
reduction of the overall upper drywell dose rate 13
18mRem/hr ana the lower drywell dose rate (o
SumRem/hr since the components involved surh
as deywell coolers typically do not carry
radioactive inventory. Assuming that of the
remaining 3,500 person-bour, 2,000 is upper
drywell work and 1500 is lower drywell work at
their respective effective dose rates,

500 person-hours per year at 17 |

H
f
s

oW
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. The lollowiag provides (he bas/s by which the
reactor butiding dose estimaies for occupational
exposire were mede

!

() Vessel access and reassemt'y typically requires
4500 person-hours of work at an effective dose
rate of 3 mr/hr. The ABWR work will involve
the use of a stud tensioner for a 96 bolt 1op

‘ acad. The projectad time to remove 96 bolty

| with this equipment is between 600 to 1200

person-hours. Due to the larger ABWR vessel

and expecied reduced waler contatination
with the improved clean up 4¥stein, 'he

estimaled projected effective dose rate 1s | S

mRem /hr.

(2) ABWR refuelling is accomplished via an
automaied refueliing beidge. All aperations lor
refuelling are accomplished from an enclosed
automation center off the refuelling Tloor
Time for refuelling is reduced frors a typical
4,400 person-hours down (o 2,000 person and
from an elfective dose rate of 2.5 mRem/hr 10
less than 0.2mRem /hr.

(3 RHR/CUW mamtenance work consists of
| inspections for (wo pumps per year in each
| system. In the RHR system tais consumes 150

person-hours per yoar at an effective dose rate
of 40mRem ‘hr. In the CUW system this
typically vses 140 person-hours per vear at an
effective dose rate of 14mRem /hs. ABWR wi!
use canned pumps for both system with an
estimated reduction in maintenance to 100
person-hours per pump  With improved water
chewistry and overall reductions in reactor
waler concentrations due to the two percent
cleanup systewn the effoctive dose rate is
estimated al twenty pescent of the typical value
for these system.

(4) PMCRD rebuilding estimates are taken from
similar wurk done in Europe since no
significant US. data exists to date. Two drives
will be «ebuiit at ao effective dose rate of 4.5
mRem ‘hr and 3060 hours per drive.

(5) Instrumentation work typically requices 1,000
person-hours of work per year at an effective
dose rate of 5.0 mRem /hr. ABWR snhould take
ahout the same effort in instrumentation,

however because of the increased emphasis and

Amendment 20
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tmproved waier chemmstry sysiems, should reduce
the effective dose rate 1o twodabuds the typical
valug or JomBem e

(6)  All other work 1 the reactor building typically
takes 7400 porson-hours per vear at an effective
dose rate of 2 BmRem/ he. This work includes all
valve work, RIP rebuild work, ninor mamienance,
and CRD hydraulic line work. The major tusk in
this area is the hydraulic control units which
reguire S.000 person<hours per vear at an effective
dose rate of 33mRem /hr. With the use of the
FMCRD units, #n additional saviags of 2,000
perscahouts is antwipated 1o addition. the

e R e e e e T A e e A e R

ABWR reactor building has been designed to |

provide for ease of maintenance with overhead
iifts, coardinsted hatch ways and ample space 1o
maintain a place equipment. In additon, with the

exception of one tank and the pressure vessel, all

the equipment in the reactor building is
removable with (hose pieces which can be
expettied 1o be moved being palatalized. Becanse
of these factors, an overall reduction in work of
1O person-hours is estimated. Because of the

improved waier chemistry the overall effective
dose raie iv wnticipated at one -half the typical |

BWR dose rate.
12,43 Radwaste Bullding Dose

Radwaste building work consists of pump and |

valve maintenance, shipment handling, radwaste

management, and general clean up activay. Typically,

6,700 hours are expended per vear at an effective dose
rate of S.SmRem/hr. The ABWR radwaste building
designed along the same lines as newer radwasie
facilities overseas. The building incorporates enhanced
remote control and shie!ding for handling of resin

matetials which is expected to reduce overall |
maintenance by 1500 to 2000 hour per year at |
signrificant'y reduced dose lovels. In addition, radwaste

pumps for ABWR are expected to utilize air driven,
rack mounted pumps. Such pumns which are designed
10 haudle slurries have been proven to show much
loager life times between maintenance and being
basically a very small portabie pump, can be reahily
replaced. Replaced pumps are then subject to intense
chemical decontamination priot o mamnienance and
repair. Overseas utilities bave repurted occupational
exposures typically less than 1 person-rem per year
using this design. For ABWR assuming 2,000 hours
reduction in maintenance due 1o remote handiing and
an additional 00 hours reduction for pump
replacement, 4,200 hours per year are estimated with

12421
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reduced effective dose rates of 2.5mMem ‘ht owing

> primarily to remotting those jobs jovalving high

| tadiation exposure.
|
12.4.4 Tu, oine Ruilding [ ase

(1) Typical BWR valve maintenance in the turbir »

! building uses 1,150 houre per year at an
effective dose rate of “SmRem/ht. Tle valve
mainienance requitcments for ABWR do not

vary sighificantly over current plants, therelore

*he towal howrs for this type of work is assumed

. as approximately the same excepting minor
{ adjustments for improved valves, maintenance
! jigs. and satomated devicos will lower the
' estimnated ruinter ance time 1o 1,000 hours

¢ The effective dos raie of 9.5 mRem he is

| estimated ot more than one half this value due

" to basically improvements in BWR fuel over

b the generation of fuel from which this data was
l taken hringing the elfective dose rate down to
_3.9mRem/hr. Aa addition, beta shielding |
recommended for work on valving where
possible which it s estimated will reduce the
+ overall effective dose rate by an additional 10%

~ 10 3fmRem /hr.

(2) In & ssmyar fashion the turbine maintenance
work typically requires 18,50 hours of work at
an effective dose rate of 0. 3ImRem /hir. With
additional operational improvements in
automating turbioe maintenance, overall work

l is estimated 1o be reduced to 15,500 hours.

j The effective dose rate for the turbine is not

' expected (o be as sensitive 10 fuel performance

as will the turbioes but is estimated to reflect a
decrease in dose (0 0 2mRem/br for turbine
overhaul work.

(3} Work ou he turbine hall condensate system
typically requires 2,000 hours per year at an
effective dose rate of 7. 5mrem/hr. The
condensate system o ABWR uses hollow-fiber
filled filters which require half the maintenance
of a typical system. In addition, with the plant
incorporating Fe control in the feedwater
system and a significant reduction in cobalt
bearing materials, the overall effective dose
rate s estimated at half the above value,

(4) Other work iv the turbine building typically
takes 13,140 hours por veas at an effective dose
rate of 0.1mRem/hr. Only minor changes can
be assumed with ABWR with some remote
operations and slight reductions in operating

Amendment 20
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exposures. For the ABWI it s estimated that 5

L0 reduction can be realized with imyroang
technolugy with no significant change i dose rare

12.4.85 Work at Pawer

Wark at power typically requires $,000 hours per
year at an effective dose rate of 6,66 "em/hr for the |

BWR. This catego~ covers hterully all aspects of plant
maintenance performed during normal ape wtions from

health physics covirage to surveillanes, to minor |

equipment adiystment, and minor equipisert repair,

Overall the ABWR nas been designea with more |

automated and remotted equipment. It is expe ~ed that
items of toutine manitoring will be perio. aed by
camera of additonal instrumentation, Most equipm. ot
in ABWR is palatalized which permits quick and easy
replacement and removal for decontamination and
tepur. Therefore a reduction in actual hours need at

power i« estimate gt 1,000 houry less than the tynical |

value. In the area of effective dose rate, the ABWR &
expectes o have sigaificantly lower general radiation
levels over currant plants owing to more stringent water
chemistry controls, a full low condensate flow system, a
2% clean yp water program, t'tanium condenser tubes,
Fe feedwater control, and low cobalt usage. In
add'tion, the ABWR is the most compartmentalized
BWR design which (1) permits better shielding 1o
speeific work areas, and (2) lowers colla cral radiation
vontamination. Overall then it is sstituated that the
elfective dose rate for work at power will be slightly
over two thirds the typical vate or 4 OmRem/ hr
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ABWR
Standard Plant.

Amendment 2

Cperation
Task

Drvwell
M1V
SRV RIP e1¢
FMCRD
LPRM/TIP
81
Other
Total

Reactor Building
Vessel
Refueling
AR/ CUW
FMCRD
Instrument
Other
Total

kadwastz Building

Turbine Building
Valve Maint
Turbine Ornrkl
Condensate
Other
Total

Work at Power

Totals

Table 12.4-1
PROJECTED ANNUAL RADIATION EXPOSURE

SSAR
Section

124.4(1)
124.1(2)
124103
1214.1(4)

2415
124.1(6)

12421
124.2(2)
12.42(3)
1242(4)
124.2(5)
1242(6)

1243

1244(1)
1244(2)
1244(%)
12.4.4(4)

1245

Hours
perycar

4.24x}
1,150
£%.1]
20

1. 200
15K
10,620

1,200
2,000
X

120

1,000
4,40
9120

4,200
L0
15,500
1000
11,800
29,300

4,000

48,120

IMBITEAL
Ao L AL N e
Person- |
mRem/hr Pem/sr '
1
1.5 63
15 Su
6.5 o4
§0.0 1)
£ 66
35 v 5.
%2
13 18
0.2 U4
S0 12 |
45 0s i
10 0 |
1.5 0.6
158
25 10.8
15 18 |
0.2 31 ‘_
is 35 i
0.1 2
na3 ,
|
40 16.0 ’{
9.5
1243
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Certified Design Commitment

The glent design shell provide rediaton
shisld.ng for roews corridors and
aperst ing eress commens reie with the.r
SCCUPENCY TegRTement s 1o mRintain
red st on sxposwes 10 plent persormel es
iow s ressorebly echissenie.

Table 3.2a: PLANT SHIELDING DESIGN

inspections, Tests, Analyses

A araiysin of the smpected redist ion levels
in emch plent srec wi'l be cerformed to verify
the sdeguecy of The shield ng design.  This
ermlysis shall considar the Tollowing

Cof irmatory coleulations shei! cons .der
oll sigmificant rediston sarces (greate
then 5T contribut an] for en eres.

Rad ~tion source strength in plent systess
e components wiil be determined besad
wpon an ssuamed sourcs terw of

102 000 Curia/seconc of fges relesse rete
(after 30 miwites decav) o

200 'Curieigrem steam ¥-1F smwrce term ot
the vessal exit norzie and & core
Inventory comsensurets with o D05 AT
egquil ibrium core et ST 6 keezt/litar . ALD
sourze tecms shell be edijusted for
rediologicel dacay end bu:lcep of
actlivared corres ian end wear products

Commonly mccepted sh-slding codes using
mucieer properties darivad from weli kmown
referinces (s s Vitemin T end
ANSI/ANS 6 4) shal!l be used tc model and
svaluste plant rediet :on encivrormments .

1) For nev comples geametsiss, pont
kerne! shielding codes (wuch ex QA0 or
) sheli be used.

2] For comples gaometriss more
sophisticates T or three drme s onei
transport codes {such es TNRT o TORT)
sheil be used.

in ey calculat .on o sefety fector shall
e appl ted besed wWwon benchmerk

compar csona of the code end dets collected
from knows end oS e T .

Acceptance Criteria

M i axpecied rediatl ion levels are well
within (5% aor less} of the rediet v zone
desigrat ion, for esch plent eres, ==
indicated ‘~ Figures



Certified Design Commitment

The plent design shell provide shielded
cubiclen, labyrinth eccess, and space for
temporery shielding to alios for
maintenance of plant components w:thout
significent relistion exposurs fram

o mceot plact srstems or eguipment

The plent rediation shielding design shali
permit opareters to perfors reguired
sefety funciions in vi-el eress of the
plent {including scces. end egrazs of
these erees ) wwler ecc ident condit ons .

5.

inspectiens, Tests, Analyses

s ing the methods identified in (1] ebove,
rad et ion levels present 10 srees vhere
maintenance s performed shall be sveluet«d
for the contribution from adjscent high
rad mi i Srees snd eguipment

A aralysis of ‘he expectes high rediat on
levels in sech ares vhich will or mey reguire
ocoupency 1o permt ean opereior 1o e:d o the
mitigetion of or recovery from en sccident
{vitel sres) shall Se performec to varify the
sdeguacy of the plent shislding design  This
snely=x chall use caiculedionel methods
consistent with {1 8] shove avd @ radiat ion
source term (sdiusted for redicect ve decey)
besed on the failosing:

a. Ligeid comteining systems: 1000 of the
core smu:libeium neble ges inventory 503
of the core sguil ibrum haliogen mve Mory
ard 11 of il Cohers wre assumed 19 be
mixed in the resctor coolent and
racirculation liguids recirculated by the
residusl hest ramover systes (RMR] t0e
high pressure cors flonder (W) e the
reactior core isolstion cool ing (ROICH
systems

b Ges conteining sestems: '00% of tie core
equilibrium noble ges mventery wd 223 of
thi core equil brium heliogen sclivity eare
essumec o be mixed 1 the contsirment
stmcphere. For vapor contening sys ems
(such as the me: stemm | 1oes ) thess cors
inventory fract oms mce sssumed to be
contamed in the resctor cool e sapoer
pece

Acceptance Criteria

Shielding design 13 such thet cadiet on
from adjscent srees shal! contribute ne
more thes o saei! frection (100 or les=s)
of the red-et o freld imtensity or less
than 0 Glwrem/™c whichaver 15 larger in
plant sress vhe » saintenence 18
porformed

Under sccident condilians, i ediet ion
“hieldire dasign sliows eccess, acoupency
o agress af vitel srees such thet
persormel redist 'on eapossres do not
sxcond 5 ram to the whote body, or s
spsivaieont for the duretion of the
scoicent (besed on the reguirs” freguency
of sccess o asch vitel arenl  For eress
reQuir ing cont 1 a0us scoupancy (such es
the zantral rowe} locel rediation hot
spots thal i ot sxceed 17 mreshe
{svereged over 20 day .’



Certified Design Commitment

The pisct design shell provide rediston
snraldisg o merntein redist 1on exposure
to the generel pubiic 2 lov es i
ressonely echisveble.

Inspections, Tests, Analyses

Using the methode ident:f .ad s (1} sbove the
rediet ion dose 1o the saximeily exposed member
ot the general public fram Sirect and
seattornd shell be determined

4.

Acceptance ZTriteria

The redist 1on Jose 1o "he max melly
asposed member of “he pub! 1o Wl comb caed
with dose commitoents fraw 3i! other
radiat ion pathways from the sucleer fum:
cyeia (el ading {iguid and gesecus
cathunys) shall be within 25 ¢ = shoie
body dose v Tewes to ey o g

e —S—
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Certifiasd Design Comsitment Inspections, Tests, Analyses Acceptance Criteria

Airborne rediosctivity monitoring shet! e 2. A srelysis shall be pariormed to sdent iy the 7. Airborne rediosc ivity Menitor ing system

provided for those normally ocoupied arses plant erees that regu're 2 ~borne shel !

of the plemt in vhich thire exisis s r@tioect ivity mon i ter g

sizificant potentiel for airborne & Heve the capebiiity of Astestirg
contan-net ion (grester then 0 1 per yeer) concentrat ions eguivelent to The

sctupet ionel concentret o | wmits of
WEFPZU Appendix B for the most
restrictive pavticuiets end/or ‘odine
redioruci ide 0 the eres, witrin I8
Sy

b Previde s cel ibreted re~x anse
renresertats s of the corcent et ons
within the eree { £ eir sempiing
moritors 0 ventlet ian exheust
stremes shal! col lect ene sk cwt o
-

e Provides locel swdibie sierss {v oxum'
elarms 1 high roise srees) with
e R set puinls ene
rentot /e @t o capabil rty
the contral roam

N ——
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Lertified Design Commitment

The plent design shell pravide radistion
shislding for roahs, corridors and
apersiing srass commensurste with their
0. cuUpency reguirements 1o meinTein

recd stion exposures o plent pesrsonnel ex
ler »s ~essorebly echisvabls .

Tabie 3.2a: PLANT SHIELDING DESIGN

Inspections, Tests, Analyses

A sralyzis of the sxpected redietion fevals
in sech plent erae will be performed 16 verify
the sceauscy of the shielding design.  This
emlysis shall consider the following:

Conf irmatory caleulstions zhe'l consider
«il o omificent radietion sources {grester
ther. "L contribulion) for en aree.

Badist ion scurce strength in pisnt systams
and comporants will be determined based
pOn &7 sssumes saurcs tarm o

100 000 Curie/second offgas relesss rais
(miter 30 minutes decey) »

200 1Turis/grem-stems N6 source tars ot
the vessel exit nwizle, wd 8 core
inventory commensure’s «ith a 005 W7
oquiiths tum core et 51 6 kuett/lites &1L
source Llerms : all be »djustsd for
rediociogice’ decey end buildup of
activetcd oo rosiin and weer products.

Commonly sccepted shiasiding codes  wusing
muciesr properties derived from weli kncen
referencas (such ss Yitesin { end

AMEI /ARS8 4) shall be used 1o mode!l end
svelusie plent readiat ior &w T ments

11 For non-cmplex geamstries, ~oint
kernel sh.elding codes (such es GRD or
G65) shall be used

Z2) For compiex geometsies murs
scphisticeted tec of thras dimensionsl
transport codes [such es [RT o TORT)
thail be used.

in eny celovler ion, e sefely 1w ior - ail
be mpiied besed uwpor benchmer &

compar isons of the code and dete collected
from knovn end messursd sovi-oomens

Acc - mee Criteria

Max i expactied radint ion levals are well
withia (258 re less) of the radiation zone
designet ton, or sech plent sres, s=
indicated n Figures i



Certiiied Design Commitment

The plent design shell provids shielded 2
cubicles, labyrirth sccess, end specs for
remporary shisliding to sliow for

msintensnce of plent components withou:
significent rediation asposure from

sdiecent plant systems or eoguipment .

The plent redistion shisiding design shail 3.

parmit opsrators to perform required
ssfety functions in vitsl ereas of the
plant [including mccess and agress of
these ersas) under sccident conditions.

Inspectione, ©  Analyses
“.i" the w. hivmy v j2 - 1} sbove,
rediat1on & 5 fwowrest a3 vhers
meintenant. « px  oae o2l be svelusted
for the comt. ~ " . Scent ","

radiat 1on arees &0 souipment

2r snalysis of the expscied high redietion
levels in esch eree vhich will or may reguire
ceoupancy e permit en operstor te eid in the
mitigation ef ur recovery fr.m an sccident
{vite!l sres, shall be performed tc verify the
odequacy of the plent shislding design. This
armiysis shall use celculetions! methods
consistant with {1 &) sbove end & redistion
source Lerm (edjuated for redinactive decey)
besed on the following:

s Liguid centaining systams: 1001 of the
cors eguiiibrium noble ges inventory, 571
of the core sguil ibriue helogen ir-entory
and 1% of all others ere sssumed tc be
mixed in the resctor coolent snd
recircuistion liguids recirculeted by the
residual hest remove! system (i) 1he
high prestrure core flocder (WPCF) and the
reacior core issiatien cooling (RCICH
systems

b. Ges conteining systems: 100% of the core
sl ibrium noble ges inventory and 251 of
the core eguilihriwe helogen eclivity are
sssumed to be mixed in the contsirment
stmosphere. For vapor conteining systems
{such &5 the mein staes | ines) thess cute
invenstory frections are sssumed to he
conteined in the rssctor coolant vepor
spmce

Acceptance Criteria

Shistding desigr (with temporer; shieiding
instal led, vhere spproprista) 13 such that
redimtion from mc scent aress shell
contribute no more than o swell frection
(102 or less) of rhe redistion fisld
intene ity or las: 7 en © Oberem/hr
whichever 15 larger, in pient erces vhers
ma nienence i3 performed.

Under eccident conditions, redistion
shielding design elioes sccess, occupmncy
and egress of - itel arees such thet
personcel redistion raposores do ot
excond 5 rem 1o the Aole bedy, or its
squivalent for the dureticn of the
accident [(besed on the reguired frecuency
of sccess 1o esch vitel sree). For sress
regUIT Ing CONt iINuous ocoudency (Such es
the control room} local rediation hot
spets shall noi exceed 75 mrem/be
{averaged over 30 days)



Certified Design Commitment

The plent des.pn shaill provide cadistion
shistding te meintain radistion expusurs

to the gencral public s low a5 s
ressonebiy schieveble.

Inspections, Tests, Analyses

Using the metihods identified in (1) ebove, the
radigt ion dese to 'ha mexioelly exposed mswber
of the geners! public from direct and
scatiered shall be deterwimed.

Acceptance Criteria

The redistion dose to the mexime!ly
exposed member of the pubiic 13 ¢ somll
fraction {108 or less) of the dose ! imin
to & menber of the public {isted in
LOCFRI9C.



Table 3.2b: VENTILATION AND AIRBORNE MONITORING

Certified Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. Calculetion of racicect ive sirborne
: Flant design chali provide sdeguats concentrat ion se!l demurmstrete tret-
containment of sirborne radioect ive
naterisls and the ventilstion system will
ensure that concentretions of sirborne
radionuct 1des sre maintsinad et levels

Expected concentret ions of sirborne
redioect ive mater el theil be celculeted by
! ide for normel plent operetions, s For nereally ccoupred rooms and aress
anticipated operstionsl occurrences for esch of the plart [ o those sreas
squipment cubicle, corridor, and opereting FOMEIT 1T TOuT Ine Sccess e operate

consistert with psrsonnel sccess
requirements .

aree requiring persornel sccess. Calculetions
shall consider:

ari mairtain the plect) equilibr ium
concentrat ions of errborne rucl ‘des
will be o seell frestion (108 or

s Design ventilation fiow retes for secl less) of The sccupet ioneti
T concentretion { ‘mits listad in 10 OFR
20 Mgpandix 8
. Typical leshage characteristics for
sguipment (ocates n sach sres  an 5. For roome \hat reguire infreguent
scoess {such as for con-routine
5. A redistion source term 1n esch fluid e et me intenmncs | the

sx2tem shail be determined bes-d upon e
sssumed of fges rets of 190 900

Cur in/second (5€ minute decey)
sporopeiately odjusted for radicl ogicel
dacay end bu'ldep of sctivated corrosion
wrd wear products.

ventiiat ion system shal' be cepabis
of resucing redioect ive sirborne
ciecaniretions to (end meinteiring
them st} the sccupetionel
concentret tor {imits {isted in
1OCFRED Appendix B during the per ods
thet ccoupency s reguired

< For rovms thet seldom reqgu:re sccess
isich as tenk rooms} olant design
shall provide sufficient contarnment
od ventilation te ensures eirborne
contem .rnet ton does not spreed to
other srees.

T

aabasid Lo



Certified Design Commitment Inspections, Yests. Aralyses

' Alrborne radiosct ivity monitoring sheltl be 2. An ansiysis shell be performed to identify the
provided tor thote tormaliy octcipred srems plent srees that regquira airborne
of the plent in which there sxists es radicact ivity monitoring.
sigrificart potentiiel for sirborne
contaminet lon {greeter than 0.1 per vear )

Acceptance Criteria

Rirborne recioectlivily monitor g system
shall:

o

S

Have the cagabil ity of detecting the
time integrated chengs in
concantrat ions of the mosl Limiting
particulute and r1odira rad.orucl ides
in sech sree aquivelent to the
ocoupat ional concentretion {imits In
15CFRZ0, Appendix B for 10hours.

Provide & cal ibreted response
representatvie of the concet et iens
within the sree (: £ air saspling
Manlors 0 vent fietion exheust
“troams sholi collect and isckinet e
seepin)

Provide local sudible sierme (visuel
sierms 1n high noise aress ] with
variabie slere st points and
resdogt /ewwnc it ion ceoab.i sty e
tha control room.
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(%)

17TmRem/hr. lo the ABWR, the p1.mary
source ~f radiation exposure. the recirculation
lines and pumps, have been remosed  Overall
th® reduction 1n drywell dnse level is tor these
types of maintenance is expecied to be a factor
of two or 9mRem 'hr. Overhead tracks aad in
place removal equipment is provided in the

ABWR for an estimated p:rson~¥«>w??3"

reduction to 1,150 person-hour per year broken
down intc 200 person-hours for I8 SRV
maintenance at 6mRem /hr, 200 person-hours
per vear to pull and replace 3 RIPs with one
heat exchanger at 20mRem/ hr. and the
remainder on miscellancous valves at
45mRem/ hr.

Control rod drive maintenance is significantly
reauced in the ABWR with the introducuon of
fine motion control rod drives (FMCRD .
Based upon European experienc:, (wo
FMCRDs will be replaced and repaired per
outage along with iweaty motors. Estimated
work will consisi of 64 presoa-hours under
vessel preparation, 40 person-hours FMCRD
removal and reinstallation, 200 persou hours
motor removal and installation, and 64
person-bours cleanup. Typical under vessel
effective dose rates art 17TmRem /hr but
because of the removal of the recirculation
pumps and lines Jbeen reduced to
6. SmRem /hr. v e nase
Aped

The LPRM/ TP system assumes the servicing
of two sensors per yeur and is based upon a
total of 200 person-hours per year at an
effective dose rate of S0mRem/br wiich 18
typical for BWK operations.

{nservice inspection consists of primarily NDE
examination of vesscl and piping systems and
welds. Typical BWR values are 2400
person-hours per year at 12mRem /hr effective
exposure rate. ABWR inservice inspection s
sstimated based upon the following

Elimination of recirculation lines and pumps
with the following savings:

Elimination of 14 nozzle inspections at 2
per year, saving ¥d persoc hours

Flimination of shield penetration and
shield plug removal savieg 240 persoa
hours per year

Amendment 20
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A Reduction oa weld inspeciion on
recirculation lines estimated at 240 person
hour pe* vear

Reduction in dre-well dose by SO0 with toe
3 provision that the feedwater line dos: s more
than half the recirculation line dose and
gencral drywell dose level and (herefore
removal of recirculation ling imspection s
estimated to be weighted at twice the geueral

e

drywen dose rate d

Overall it is estimated that by use of automaled
turtles for inspection person-nos © expended in 18]
will b reduced by a factor ol rwe

The ABWR uses a forned ring pressure vessel in
compaiison ‘v olde” plate welded vessels reducing
the total vessel weld length inspection by 0% acd

the tua' weld mspecxioqay 10%,
_—

The ABWR design incorposates specific aocess 7
(510 ispection arcas past nsulation areas with an
estunated savings of 120 person-hour,

Gverall person-bours reduction is 1,200
nerson-hours at approximately haif the typical
effective dose rate or S SmRem /s

(6) Other drywell work includes items such as minor
valv. maintenance, instrumentation work, and all
other dryweil work, Mncnl BWR work in this

mRam, hr Overau rcducuon in this effort due 1o

ABWR design unprovemenis are.

Significani savings in total hours are estimated
Jdus to removal of the recirculation lines with
miscellaneous recirculation line work such as hne
snubbers. fewer drvweil cooling units, and less
assembly /disassembiy work on insulation due to
the use of automat:d urits, Overall it 1§ estimated |
that 2,000 person hours savings can be made.

Overall reduction in the drywell radiation due to
removal of the recirculation system results in the
rednction of the overall upper drywell dose rate o
18mRarm /hr and the lower drywell dose rate 10

5 6mRem /hr sincz the “omiponents involved such
as diywell cuolers typically do not carry
radioactive iaventory. Assuming that of the |
remaining 3,500 person-hicur, 2 00U is upper
drywell work and 1 500 s lower drywell work at
their respective effective Jose rales.

J." (, A .J."-'i
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12.42 Reactor Building Dose

' The following provides the basis by which the
'reactor building dose estimates for accupational
csposare were made

(1) Wessel access and reassembly typically requires
4500 person-hours of work at an effective dose
rate of 3 me hr. The ABWR work wall involve
the use of a stud tencioner for a 96 bolt top
heod The projected time to remave 96 bots
with this equipment is berween 600 to 1200
person-bous. Due to the larger ABWR vessel
and expected reducad water contamination

, with the improved clean up system, the

: estimated projected effective dose rate s 1.5

mRam ke,

ABWR refuelling is accomplished via an
automated refuelling bridge. All operations for
refuelling are accomplished from an enclosed
| automation cente: cff the refueiling floor.
: Time for refuelling is reduced from a typical
w 4,400 persou hours down to 2,000 person and
; from an effective dose rate of 2.5 mRem/hr to
less than 0.2mRem/ ar,

[ ($)

L(3) RHR/CUW maintenance work conasists of
| inspections for two pumps per year in cach
cystern. In the RHR swvstem this consumes 130
. persoa-hours per vea at an effective dose rate
{ of 40mRem, hr. In the CUW system this
typically uses 1400 person-hours per year at an
eifective dose ratz of l4mRem/hr. ABWR wall
use canned pumns for both system with ae
estimated reduction in mawntesance to 100
person-bours per pump. With improved water
chemistry and overall reductioas in reactor
water conceatrations due (o the two percent
clranup system the effective dose rate 18
! estimated at twenty perceat of the typical value
| for these system.

(4) FMCRD rebuilding estimates are taken from
similar wotk done in Europe since no
significant U S. data exists to date. Two dnives
will be rebuilt at aa effective dose rate of 4.5
mRem, br and 50-60 hours per drive.

lastrumentation work typically requires 1,000
persvn-hours of work per year at an effective
dose rate of S0 mRem/hr. ABWR should take
about the same effort in instramentation,
however because of the increased emphasis and

i e e e ey~ S Y
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improved water chemistry svsterms, should reduge

the effective dose rate to two-thirds the (vpical

value or 3.0mRem 'hr
(6)  All other work in the ~eactor building typicaliy
takes 7400 persan<hours per year at an elfective
dase rate of 2 2mReam/he. This work includes all
valve work, RIP rebuild wark, minor mamtenance,
and CRD hydraulic line work. The major 1ask in
this area is the hydraulic eantzal vaits which
require 5,000 person-hours per vear at an effective
dose rate of 3 \mRem/hr. With the use of the
FMCRD units, an additional savings of 2,000
person-hours is anucipated. o addition, the
ABWR reacior building has been designed 1o
provide for ease of maiatenance with overhead
lifts, coordinated hatch ways and ampie space 1o
maintain in place equipment. In addition, with the
exception of one tank and the pressure vessel, all
the cquipment in the reactor building 1
removable with these pieces which can be
expected 10 be moved being palatalized. Because
of these factors, an overall reduction in wark of
1,000 person-houts is estimated. Because of the
inproved water chemistry the overall elfective

dose rate is anticipated at one-half the typucal |

BWR dose rate
12,40 Radwaste Building Dose

Radwaste building work consists of pump and

valve maintenance, shipment handling, radwasie |

management, and generai clean up actmity. Typecally,
5,700 hours are expended per vear at an effective dose

rate of S 5SmRew /N, The ABWR radwaste building .

desigsed along the same lines as newer radwaste
facilities overszas. The building incorporates enhanced
remote control and shielding for handling of resin
materials which is expected to reduce overall

maintenance by 1500 to 2000 bour per year at

significantly reduced dose levels. le addirion, radwaste
pumps for ABWR are expected to utilize air drives,

rack mounted pumps. Such pumps which are designed

to handle slurries have been proven to show mech

longer lilz times between maintenance and being

basically a very small portable pump. can be readily

replaced. Repliced pumps are then subject to intense |

chemical decontamination prior to maiutenance and

repair. Overseas utilities have reported occupational |

expasures typically less than 1 persog-rem per vear

gsing this design. For ABWR assuming 2,000 hours™

reduction in mantenance due to remote handling and
an additional S09 hours reduction {or pump
replacement, 4,200 hours pr year are estimated with

| Bt PR
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reduced effective dose rates of 2 SmRem hr owang exposures, For the ABWR it is estunated that a
| primanly (o remotting those Jobs involving high 10% reduction can be realized with unproving
radiation ¢xposure. technoloyy ‘Mth no significant change in dose rate
- 12.4.4 Turbine Building Dose 12.4.5 Work st Power
(1) Typical BWR valve mainterance in the turbne Waork at power typically requites 5,000 haurs pet

building uses 1,150 hours per year at an  your at an effective dose rate of 6 bmRem/hr for the
effective dose rate of 9.5mRem /by, The valve  SWR. This catepory covers literally all aspects o f plant |
maintenance requirements for ABWR do not  maimnienance performed during normal cperaticas from
vary significantly over current plants, inerefore  aealth phvsics coverage to surverllance, to minor
the total hours for this type of work s assumed  cquipment adiustment, and minor equipment tepair,
as approximately the same zxcepting minor  Overall the ABWR has been designed with more
adjus:ments for improved valves, maintenauie automated and remotted equipment. It is expected that
‘ jigs, and aviomated devices will lower the  items of routine monioring will be performed by
estimated maintenance time (0 1,000 hours.  camers or additional nstrumentation. Most equipment
/"Tha tffecuive dnse rate of 95 mRem/hr is  in ABWR is palatalized which parmits quick and easy
estimated at more than one half this value due  replacement and removai for decont mination aad
to basically improvements in BWR fuel over  repaw. Therefore a reduction in acival howrs need at
o the generation of fuel from which this data was  power is estimate at 1,000 hours less than the typical
A | taken bringing the effective dose rate down .0 value. in the area of effective dose ate, the ABWR s
39mRem/hr. Mn additica, beta shieloing 15 expected 1o have signilicantly lower general radiation
recommended for work on valving where  levels over curvent plants owing to more stringent ‘water
(‘ ) ¥ possible which it is estimated will reduce the  chewstey coutrols, & full low condensate flow system, a
| overall effective dose rate by an additiona’ 17% 2% clean up water program, titanium condenser tubes, | >
} o 35mRem /hr. Fe feedwater control, and ow coball usage. In"Pjau/s
| addition, the ABWR 1is the most comparfrentalized A
| (2) a2 similar fash:on the trbine maintenance BWR design which (1) permits better shielding ia {
work typically requires 18,500 kours of work at  speaific work areas, and (2) lowers enllateral radiotion 'f_j_“‘
an effective dose rate of 0.3mRem/br. 'With  comtamination.. Overall then it 18 eshimated that the
additional operationsl improvements iz effective dose rate for work at power will he sliglily
auiomating turbine maiatenance, overall work  over two thirds the typical tate or 4 DmRem br
is esumated to be reduced to 15,500 hours.
The effective dose rate for the turbine is uot  12.4.6 References
expected to be as seasitive (o fuel performance
as will the turbioes but is estimated to reflecta 1 Knecht. PD ., BWR /6 Drywell Gad Cootainment

decrease in dose 10 0.2mRem/br for (urbine Maintenance and Testing Access Time Esumares,
overhaul work. GE Report NEDT. 23819, Muy 1978,
| (3) Work on the turbine hall condensate system 2. hnecht, P.D., Maintenance Access Time Estonates,
typically requires 2,000 hours per vear at an BWE/6 Radwaste Buiiding, GE Reparnt |
eifective dose rate of 7.5mrems/hr. The NEDE-23996-2, May 1279, ‘

condensate system in ABWR uses hollow-fiber
filled filter which require half the maintenance 1. Mnecht, P Mainignance Access Time Estimates,
of a typical system. ln addition, with the plawt BWR,/6 Awvilicry and Fuel Buibiings, GE Report
incorporating Fe contro! in the feedwater NEDE-23%96-1, May 1979, ‘
system and a sigaificant reduction in cobalt '
bearing materials, the ~verail effective dose & Study of Advanced BWR Features, Plani |
rate s estimated at half the above valve. Definition/Feasibility Results, Vo'ume 111,
Appendix Part G, GE NEDE-246™, Oct 1979

(4)  Other work in the turbine building tvpically ‘
vakes 13,140 hours per year at an effective Lose
rate of 0.1mRem /hr. Only minor changes can
be assumed with ABWR with some remute

l operations and shight reductions in oper. ting

Amendment 20 p R
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Operation
Tash

Drywell
MAIV
SRV RIP ete
FMCRD
LPRM,/TIP
151
Other
Total

Reactor Building
Vessel
Nefueling
RHR/CUW
FMCRD
Instrument
Oiber
Total

Fadwaste Buiiding
Turbine Building
Valve Maint
Tusbine Ovrhl
(ondensate
Cther
Total

Work 1 Power

Totals
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Table 12.4-1
PRGJECTLD ANNUAL RAIDIATION EXPOSURE

SSAR

124.1(1)
12442
124.1(3)
12.4.3(3;
124.1(5)
124.1(6)

124201
1242
124.2(3)
124.2(4)

24.2(9)
12.4.2(6)

1243

12.4.51)
124402)

24.4(3)
12.4 4(4)

1245

Hours
#ELYear

4200
1150
370
00
o4
353
105620

1,200
2006
&

120

1,000
4,40
5,120

4,200

1,000
15,500
1,000
11,300
230

4,000

TR m— ancanl . oo

DASIMOAL
Eev B
Person. !
mRem/hr Rem On |
1.5 6.3 ‘
13 84
6.5 |
S04 100
§5 66 ;
15 123 !
4.1
1.5 18
- 0.4
80 2 1
48 0.5
30 30
1.3 6.6
15.5
23 105 |
5.9 39 f
35 k= :
02 al :
35 15 |
8 | 2 "
na T 1_
40 16.0 1
|
i
G4
L
12443
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Replace paragraph beginning with "Reduction ‘n drywell dose by SO9. " with:

Reduction in drywell dose by 5107 pased upon the assumption that the contact

dose rai¢ on the fecdwater line is iess than half the contact dose rite on the typical ;
B'WR recirculation line. Henoce ar equal distances from the line, the t¢ 1 general

diywell dose rate which is donuanated by the reciiculation and feedwaic 'ines will

be less than halt what is typically seen with recirculation lines,

Revision ¢

Peplace paragraph beginning witk "The ABWR design ‘ncorporates...” ‘ith:

The ABWR desiga incorporates specific access panels and shield doors inte
required inspect. i areas pe: mitting easy bypass of insulation aress resulting in an
estimated pe~son hour savings of 120 person hours.

Revision 3

Replace sentence beginning with "Typical BWR work in this....." with:

These miscellangous tasks in the drywe!! consume on the averape 5,500
person-hours per year in a radiation fizid of 17mRem/hr. However, this averuge 1
a combination of some specific higher radiation tasks such as work on recirculati 0
lines (invoiving saubbers, weld ‘nspectica, etc) and inany lower radiation tasks v

as work on drywell coolers.

Revision ¢

Replace sentences beginaing with * For ABWR assuming 2,000 ." to end of
paragrapi with:

For ABWR, it is then assumed that the maiutenance effor. expended per year o

reduced by 2,000 person hours from 6,1 to 4,700 person hours due 10 the

introduction of automated equipment. An additional reduct:on of 308 person

haurs down to 4,200 person hours is assumed based upon the use o1 air pumps as

specified abuve. The overall radiation field o which the worker is exposed v the

average is then expected to be reduced from £ SmRom/nr to 25mRem/nr since ',
most of the high radiation tasks are eliminated by aviomation cr remoting the |
~asks or in the case of the air pumps reduced by deccataminat.on at separate

facilities prior !0 pump maintcaance,

-

Replace sentences beginning with "The etfective duse rate of 9.5..." to end of
paragraph with’

in the ABWR, the estimaiead effective radation field vf 3.9 mrRem/hr for turbine
building work 15 expected to be less than holf the typical dose rate of 9.5mRem/hr
due to the use of newer fuels which are less resistant to pin size leaks. The
rad.ation fields in the turk .ne hall during mantenance are a cotabination of
contamination from fission products from the fuel and corresion products from the
vessel and piping. Offgas measurements of the performance of the newer fuels
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when operated under proper water ¢ mustry standards (required for ABWR) have

shown fission proguci releases and orav  of magnitude less than older flels. |
Lixewise the ABWR has placed stringent controls over matenal usage especially in |
mf vessel and other high temperature components to minimize corrosion product

eleases.

Ravision d

Replace sentences beginning with "In addition, the ABWR is..." to end of
paragraph with:

In addition, the ABWR has in the basic design, compartmentalized all inajor meces

of equipment so that any piece ot equipment can be ma'ntained or remuved for

maintenanes without affecting the normal jdant operations. This design concept

thereby reduces radiation exposure (0 personne: raainiaining or testing one prece |
of equipment irom both shine and airborne contaminaiion trom ocher equipment.

Finally, the ABWR has incorp aratad in the basic design e use of Hydrogen

Water Chenustry (HWC) and the additional shielding necessary to protect from

the factor of tour increase in N-16 shine produced through the steam lines into the

turbine buitding. For normally necupied areas, suflicient shielding is provided to |
protect from N-16 shine. in areas which may be occupied teu:rorarily for specific

maintenance or surveillance tasks and where addiuonal shielding is not
appropriate (for the surveillance tunction) or deemed reasonable, the HWC |
injesting can be stopped causug'bg the N-16 shine to decrease to within normal |
operating BWR limits within 90 seconds and thus permitting those actions needed. |
Owverall, it is estimated that the effective dose rate (or work at power will be slightiy |
over two thirds the typical rate or 4.0 mRem 'hr.

e L e e R R B
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17mRem/hr. In the ABWR, the primary
source of radiation exposure, the recirculation
Uines and pumps, have been removed. Overall
the reduction o deywell Jose .evel is for these
types of mantenauce is expeeted o be a favor
of two or 9mRem lir. Overhead tracks and in
place removal equipment s provided in the
ABWR for an estimated person-hour redaction
to 1,150 person-hour per year broken down
into 200 peeson-hours tor 18 SRY maimenance
at 6iaRem /hr, 200 person-h. ars per year (o
pull and repleace 3 RIPs with one heat
exchanger at 20mRem /hr, and the remaindes
on miscellancous valves 4t 4 SmRem /he

Control vod drive :aaistenance /5 significant!
reduced ia the ABWR with the introduction of
fine moiion conirol rod drives (Y'MORD),
Based upon European experivnee, 1wo
FMCRDs wi'l be replaced aad repaired ner
outage along with twenty metors  Estimaicd
work will consist of 64 person-hours unders
vessel preparation, 40 person-hours FMCRD
removal and reinstallation, 200 person hours
moler remaval aed installation, and 54
person-hours cleanvy, Typical under vessel
cffective dose rates ar. 17mRem ‘hr but
be.:ause oi the removin of the recirsalation
praups and lines dose rate have been reduced
10 6. mRem/hr.

The LPRM/TIP system assumes the serv.cing
of two sensors per year and 15 hased upon a
total of 200 person-hours per year at an
eifective dose rate of S0mRem; hr which is
typical loe BWR operations,

Inservice inspection consists of primarily NDE
examication of vessel and piping systems and
welds. Typical RWR values are 2400
nerson-hours por year & 12mRem /hr effective
exposure rate. ABWR inservice inspection is
estimated based upon the following:

Eliminatios of rearcudation lincs and pumps
with the following savings:

Elimination of 14 nozzle inspections at 2
pet year, saving 360 person hours

Elimination of shield peaetration and
shield plug removal saving 246 pesson
Eours per vear

Amendment
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Elimination of weld inspection on |
recitculation nnes estimated at 240 person
hour per year

keduction in drywell dose by S0% based
upon the assumption that the ¢ontact dose
rate o the foedv wer line is less than half the
contast dose rale on the typical BWR recir-
lation fine. Hence at equal distances fram
the line, the total general drywell dose rate
which is dommated by the reawculation and
feedwater lines will be less than hall what s {
typically seon with recirculation lines.

Owerall it s estimated that by use of sutomated
turtles for inspection person-hour e, wnded i 181
wil! he reduced by a factor of two.

Th: ABWR uses a forged ring pressure vessel in
comparismi 10 dlder plate weldod vessels redicing
the total vessel weid length wnspection by 30% and
the total weld inspection 1o the drywell by (0% !

The ABWR design inoorporates specific access
panels and slield doors into required inspection
ar¢as permitting casy bypass of insulation areas
resulting in arv estimaved person hovr savings of
120 persan hours,

Overall person-hours reduction is 1,200
person-hours at approximately haif the typical
effective dose rate or 5 Smikem /hr.

Other deywell work inclades ilems such as minor
vilve maintenance. instrumentation work, and ail
other drywell work. These miscellancous tasks
the drywel consume ca the avevage 5,500
person-hours per year in a radiation field of
1TmRem /br. However, this average is a com-
bination of some specific higher radiaticn tasks
steich as work on recirculation lives (invalvin
snubbers, weld inspection, etc} and many lower |
radiation 1asks such as work on drywell coolers.
Overall teduction in this effort due to ABWR
design improsements are:

Sigaificant savings in tots! hours are eslimaied
due tn removal of Lae recirculation lines with
miscellancous recircuatior iine work suck as line
snubbers, fewes drywall cooling units, and less
assembly/disassembly work or insulation due 10
the use of automated units. Overall it is estimated
that 2,000 persen hours savings can be made,
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Overall reduction ‘n the drywell radiation due
to removal of the recireulation system resalts in
the reduction of the overall upper drywell dosy
rite 1o 1 8SmRem /hr and the Yower deywell dose
rate 1o S.mRem/he since the componenis
mvolved such as devwoll conlers typically do not
carry radiaactive inveatory. Asswining hat of
the remaining 3,50 person-hour, 2000 is upper
drowell work and 1500 1 lower drywell work at
their respective etlective doss rates,

12.4.2 Reactor Building Dose

The following provides the basis by which the

veactor puilding dose astimates for sccupational
exposure were made.

(1

Vessel access and reassembly tyg cally requires
4500 person-hours of work at an effective dose
rate |3 mr/hr. The ABWR work will involve
the use of a stud teastoncr for a 96 bolt top
head. The projected time to remove 96 balts
with this equipment is hetween 660 (6 1200
person-hours, Due to the larger ABWR vessel
and cxpected reduced waler contamination
with the improved ¢lean up system, the
estimated projected effective dose rate is 1.5
wmRem

ABWR reiuelliog is accomplished via an
sutomated refuelling bradiue. All operations for
refuclling ave accomplished from an enclosed
automadon ceoter off the refuelling Hoor,
Time {or refuelling is reduced from a typical
4,400 persom-hours down to 2,000 person and
frem an sffective dose rate of 2.3 mRem 'hr to
less than 0.2mRein/he

RHR/CUW maintenance work consists of
imspections for two puwps per year in each
system. In the RHR system this consumes 150
person hours per year at aa effective dose rate
of 40mRem /hr. In the CUW system this
typically uses 1400 persor-bhodrs per year 2t an
effective dose rate of 1smRem/hr. ABWR =1l
use caened pumps tor both system with an
astimated reduction in maintenance to 109
person-hours per pump. Witk improved water
chemistry and overall reductions in reactor
witer concentrations due to the twe rercent
cleanup system the effective dose rate is
estimated at twenty percent of the typical value
for these system.
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(4) FMCURD rebuilding estimaies vre taken from
similar work done in Europe since no significant
LS. data ensts to date. Two drives will be rebuilt
at an effective dose rute of 4.5 mRem /hr sad

30-60) hours per drve,

Instrumentation work typically requires 1,000
person-hours of work per vear at un effective dose
tate of 30 mRem/hr. ADWR should take about
the same offort in instramentation, however
breause of the incroased emphasis und improved
water chemistry systems, should reduce the
eMerive dose rate to two-thirds the typical value
or 3 0mRem/ ke

(6) Al other work in the reactor buildiag typically
takes 7460 person-houts per year at an offective
dose rate of 28mRem /hr. This work includes al)
valve work, RIP rebuild work, minor maimntenance,
and CRD hydraulic line work. The major task in
thisz area is the hydraulic control units which
require §,000 person-hours per year at an eflective
dose rate of 3 3mRem /hr. With the use of the
FMCRID units, an additional saviags of 2,000
person-hours is anticipated. In addition, the
ABWR reactor building has been designed to
provide for ease of maintenasce with overhead
lifts, coordinated hatch ways and ample space 1
maintain in place equipment. In aduition, with the
exception ~f one tank and the prossure vessel all
the equipmert in the reactor building is
removable with those pieces which can be
expected to be moved being palatalized. Because
of these factors, an overall reduction in work of
1,900 person-hours is estimated. Because of the
ipr oved water chemisloy the overall effective
dose rate is anticipated at one-half the typical
BWR dose rate.

12.4.3 Radwaste Buliding Dose

Radwaste building work consists of pump and
valve maintenance, shipment handling, radwaste
management, and ger zral clean up activity. Typ.cally,
6,700 hours are expended per year at an effective dose
rate of 5.5mRem/hr. The ABWR radwaste building is
designed wlong the same lines as newer radwasie
facibities cverseas. The building mcorporates enhanced
remote controi and shielding for handling of resin
materials which 15 expected 1o reduce overali
maiotenance by 1500 to 200U hour per year at
significantly reduced dose levels. In addivon, ragwaste
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chemistry cumicols, a full flov condenscie flow
sysiem, & 29 clean up water progtam, titaniom
condenser tubes, Fo feedwater control, and low
cobalt usage. Tn addition the ABWR has 'n the
basic design, compartmentalized All magor proces of
equipment so that any picce of equipmant can be
maintained or removed for maiutenance without
alfecting the normal plamt operations. This design
coacept thoreby reduces radiation exposure (o
persounel meintaining or testing one picce of
equipment lvom both shine and airhorne
contamination from other equipment. Firaliy, the
ABWR has incorporated ia the basic design the use
of Hydrogen Water Chemistry (HWC) aud the
wdditional sawelding necessary to protect from the
factor of four increase in N-16 shine produced
through the steam lines o the turhine building.
For normally occupied arcas, sufficient shielding is
provided to protect from N-16 shine. In areas whick
may be occupied temporarily for snecilic
maintenance or surve'llance tasks and where
additionul shizlding is pat appropriate (for the
surveillance function) or decmed reasonable, the
HWC injeciion can be stopped causing the N-16
shine to decrease t7 within normal operating BWR
limits within 90 seconds and thus permitting thuse
actions needed. Ovwerall, it is estimated that the
affective dose rate for work at power will be slightly
over two thirds the typical 1ate or 410 mRem  hr.

12.4.6 Refevences

1. Knecht, "D, BUWR/6 Dnwe!" and Containment
Maintenance and Testing Acces: Time
Estimates, CE Repornt NEDE-23819, May 1978

z.  Kuscht, P.D., Yuintenance Access Time
Estimates, BWR/6 Rudwa:te Building, GE
Report NEDE-23996- 2, May {979,

e

Knecht, P.D., Muintenance Accesy Time
Estimares, BWR /6 Anxiliary and Fuel Buiidings,
GE Report NEDE-23996-1, May 19N

4. Study of Advanced BWER Feutures, Flant

Defivition/Feesibility Resuits, Volume L1,
Appendix Part G, GE NEDE-24679, Oct 1979
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ABWR
Standard Plant.

Operation
ETL

Drywell
MSIV
SRV RIP etc
FMCRD
LFRM/TIP
151
Other
Tal

Ruactor Building
Vessel
Retueling
RHR/CUW
FMCRD
Instrument
Other
Total

Radwaste Buiiding
Turtins Buildiag
Valve Maiat
Turbine Ovrhl
Condensate
Other
Total

Work at Poowver

Totals

Amendment 20
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Table 12.4-1
PROJECTED ANNUAL RADIATION EXPOSUKE

SSAR
Sertlon

1224
1241(2)
12.4.1(3)
2.4 1(4)
124100
124.145)

124.21;
124.2(2)
124.2(3)
12.4.2(4)
124 (%)
12.4.2(6)

1243

124.41)
1244

L4.4(3)
12.4.4(4)

1245

Hours
peiear

4,200
1,150
RO
2%
L0
3,500
10620

1,200
20000
<0

120

1L
4,400
9,120

4,200
1,006
15,500
1,000
11,800
2,300

+,000

48,120
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mRem/ hr

15
L
6.5
5.0
5
35

1.5
e
RO
43
a0
15

"
wn

02
A5

A

0.4

40

Person-

Rem/yr

63
X6
24
10.0
it
123
46.2

1.8
U4
32
0.5
10
6.5
15.5

10,5
39
al
35
1.2

11.7

16.0
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1245
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