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i \)[' ., ! NUCLEAR REGULATORY COMMISSION*
*

- 1 '/ WASHINoToN. D.C, 2M~ ' "

.%,.v. . . f-

April 10, 1992

NOTE T0: Jack Deacan, GE 3

/ ,-,

FROM: Glenn Kelly, PRAB, DREP, NRR < d4% i
,

SUBJECT: INITIAL CONCERNS RAISED BY ACRS ABOUT RWCU AND OCAS OUTSIDE OF
CONTAINMENT

,

As we discussed on the phone today, I am sending you a copy of early thoughts4

generated by the ACRS about some problems with how you took cr(dit for the
RWCU and FW systems in high pressure sequences in the ABWR PRA. There is also
a concern about your evaluation of 1.0CAs outside of containment. We are just
bsginning to focus on these new issues and will be in discussion with you i

about them shortly. .

En'losure: as stated
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GE NUCLEAR ENERGY cc: AJ James
San Joce, California JE Wood

*

PVD t 92013
March 12, 1992

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

SUILTECT: SSAR Control Rod Design Criteria (ABNR)

Referance: C. Poslusny to P. Marriott, Control Rod Design
Criteria, Docket No. 50-605, January 28, 1991

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 sentanco in 4C.2 are acceptable. While we accept the
substance of the NRC recommended changes in the 4 acceptanco
criteria, we believe the recommanded changes aro conditions which
may be more appropriato to include in 4C.3 (Basis For Acceptance
Criteria).
Rogardless of where the additional wording is located, any
reference to-sheath material should to avoided since this is a-
feature not common to all GE control rod designs. Instead, the-

wording should identify the phenomena of concern, i.e., crudding,
crevices and stress corrosion, and not the picco parts which were
affected in older designu.

I

A fifth criteria (Surveillance) has been added per the Reference
letter along with the corresponding Acceptance Criteria, 4C.3.5.
The CE reconmended wording changes for Section 4C is attachud.

Please provide an appropriate response to the reference letter.

t .

|f ud-| -
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l

. Paul van Diemen !

Puel Design and Development
,

M/C 148, ext. 56160
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4C.2 GENERAL CRITERIA

(5) A surveillance program shall be implemented if a change in
design features such as now absorber material or structural
material not previously used in reactor cores could impact the
function of the control rod.

4C.3.5 SURVEILLANCE PROGRAM

Visual inspection of the lead deplution control rod design
possessing the new design feature and throo additional control
rods of such design that are within 15% of the estimated fast
fluence of the lead control rod shall be perforred. If fewer
than three contro3' rods are within 15% of the estimated fast
fluence of the lead control rod, only those within 15% shall
be inspected. Should evidence of a problem arico,
arrangements will be made to inspect additional control rods
to the extont necessary to identify the root cause of the
problem.

,
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* Geami omne ccepny

ABWR raorRittrar tsvonnitios nutmat,

Standard Plant csm ra
_ _ _ _ _

we

I 4C.1 INTRODUCTION T4 W F4 system induced vibration, ud irradiation grossh in
addition to the lateral ud nrtict loads expeced for

A set of acceptance criteria bu bee establishr:d each egedition. Fatigue usage is based upon tbc
for evaluattng new control rod designs Control rod cumulatin effect of the cyclic loadings. The ualyses

compliace sith these etiteria constitut%USNRC indude corrosion and crud deposition as a function

acceptance and approval of the design,what- of time as appropriate.

.+pwJi.e 'lF W:m The controf rod licensing
seceptance criteria r ad their bases are provided Conservatism is inclur ed in the atalpes byi

below. Control roc designs wbich have been including margin to the limit or by assumbg loads

approved by the USNRC or which meet the licensing greater than expected for each condition. Higher
acceptace criteria are documented in Reference loads can be incorporated into the analyses by

4C 4 increasing the load itself or by statistically
considerbg the uncertainties in the value of the load

4C.2 GENERAL CRITERIA
M n T- cCJ. Control Rod faser%n

Control rod des'gnsyneeSeg the following p % b i W buC,w w.:T iTS M S.G c a f,1
acceptance criteria:are e=d: e -Me*treva4 The controqxlis evaluated to k sure that it cand

M & ::t q9 g&: US *M .h be Nerted dugormah abnormal, emergency ed
fu...d modes of opeytion within the Ihnits assumed

(1) The control rcvi stresses, strains, and cumulative in the plant analysey These evaluations include a q

f
fatigue shsll be evaluated to oot exceed the combination of atalyses of the geomet.r!:a! dearance
ultimate stress or strain of the material, and actual testin6. %e analpes consider the effects

of mauufacturing toic ances. swelling and irradiating

p (2) The control rod shall be evaluated to be capabh grosth. Tests may be perfermed to demonstrate
of insertion into the core during all modes of control rod lasertion capabilhv for conditions such a34

5 piani operation within the ilmas assumed in the co troi rod or fuei csanoei derormaiion aad
<

f plant analyses. vibratiocs due to safe dutdown earthquakes.

_

# 4CJ.3 Control Rod Material

$
(3) The snaterisl of the control red shall be show to

p bCS1G4be compatible with the rescror emirontnent.
The external conyol rod materials must bev)

(4) The reactivity worth of the control rod shallbe capable of withstan4ing the reactor coolant^
O included is the plant core malyses. environmeopfor thc[ life of the control rod.
4 ferrttittreo,srffe ct pon the material m9st be

4CJ BASIS FOR ACCEPTANCE incJudedin the coat of rod sad core evaluations.
CREERIA Irradiation effects be considered indude material

hudening ud a depletion ud sullina.
Tbc following are the basis for the licensing cpcc ccm G,cAcvecs,17 6

acceptance criteria giwa in Section 4C.2. 4CJA Reactivtry cfmou c.,a tw o t e,%.vn w

4C.3.1 Strus, Stnia and Fasague The reactivity worth of the control rod is
determined by the initial amount and type of

The control rod is evaluated to anure that it does absorber material end irradiation depletion. Scram

not fail because of loads due to shipping, hadlieg, time insertion performance n.nd control red drop
and normal, abnormal, emergency, and faulted times aho e& cts must be induded in the plant core

opuating modes. To assure that the control rod analyses including nudes,r, abnormal operational
* does not fail, these loads must not eacced the cccurrences,isfrequent evenr2, and accidents.

nitimate stress and strain limit of the materia ( 4
-

5
Fatigue must not exceed a fatigue usage factor of 1A 4CA REFERENCES

wcwomG- AOiWoc GFgen; pe ,ts 'd e% 69 u FC. \
The loads evalcated indude those due to normal L GE CoeolRod Deripts, (to be inued). >

operational transients (scram and jogging), pressure
g differentials, thermal gradic ats, flow and _~

k3.6 SEC AM M 4c-1ameg- p

MM r ma mmnu 3 9 wem E ee e
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Ilow Dose and X/Q is Evaluated

Three separat6 fde print outs are ptovided:

1. Dose sum.ptn
2. lodinsum prn
3. Nb'.jssum.prn

1. 'Dosts tum.ptn* provides a picture of the individual results for offsite calculations
on page one. Page two shows the control room calculation for the control room
calcutations and page three shows the summary for offsite doses Abbreviations
are:

- - Thy Thyroid doso (rem)
WB Whole body doso (rern)
NG Noble gases
EL Elemental and Particulate lodines

j OR Organic lodines
RECP Organic lodines resuspended from MSIV leakage.y

The results of the control room dose evaluation are passed onto the two other
spreadsheets.

2. "lodinsum.prn" performs the iodine control room calculation. On page one, the
control room activity and integrated activities are shown for both pathways (all
species are summed). Then the control room activity is cohleted at the top of
page 2 by using the following rules:.

0.3 * Activity due to Reactor Building + 0.3 * Au sty d.,o to MSIV

|. pathway
2

+

0.7 * Larger of either (Reactor Building or MSIV) based upon the time
_

integrated Activity.

The same thing is done under Dose evaluation to get the Total column.
I
g Then the doses are reduced by a factor of four (Reduction factor).

Then i note that up to th'.s time the control room doses are based upon a 0 8hr,

chiqu of 0.01 (Reactor Building) and the total dose is 73.9. So the next table
E changes the chiqu to 0.004 which brings the dose oown to 29.5.

Finalty the last table on thr. page is the acit/ity tale redone with the reduction
-

factor and the new chiqu.

[! 3. "Nb!gssum. 3rn" performs the same evaluation noola gases as "lodir. sum.prn"
does for locinet.-

B

6

,

t i



_ . - __ .._ . _._ __....____._ _ _ _ _ _ _ _ . _ _ . . . _ _ _ _ _ . _ _ _ _ _ _

'

,

e

Monday March 16, 1992 09:57 d:\abwr\ssar\chp15\1oca\ dose _ sum.prn Page: 1.

Summary of Dose Results

Offsite - Reactor Building
4 2hr Dist lime X/0 Thy WB

300 2 1.180 03 128 2.28 !

800 2 2.19E 04 23.8 0.423

30 day Dist ilme X/0 1hy WB
3219 0 8 5.61E 05 7.48 0.114

8 24 2.22E 05 9.31 0.12
l 4 7.87E 06 16.3 0.129'

4-30 1.7E 06 21.8 0.134

4828 0 8 3.73E-05 4.97 0.0761
8 24 1.21E 05 5.98 0.0794

1 4 4.27E 06 9.14 0.0842
4 30 9.09E 07 12.7 0.0867 ;

+++++++&++t+++4++++++++++++++++++++++++4++++++++++++4+++++++++++++++++++

Off site MSIV leakage
2hr Dist Time X/0 Species Thy WB

300 2 1.18E 03 EL 0.001562 6.0EE 05
NG 0 0.01221
OR 0.1888 0.000728

RESP 0.000424 1.64E-06'-

Total 0.190786 0.013

30 day Dist Time X/0 Species Thy WB
- 4828 0-8 3.73E-05 EL 0.03241 6.34E 05

NG 0 0.01068
OR 0.3927 0.000768

RESP 0.000706 1.38E 06
8-24 1.21E-05 EL 0.09507 0.000182

NG 0 0.02334 ,

OR 1.162 0.002226
'

RESP 0.00088 7.51E-07
1-4 4.27E-06 EL 0.3896 0.000362

NG 0 0.06165,

'
OR 5.816 0.004964

L RESP 0.052391 3.04E-05
| 4-30 9.09E-07 EL 0.5132 0.00041

NG 0 0.1041
l OR 13.71 0.007961
l RESP 3.168819 0.085678

Dist Time X/0 Totals Thy WB
4828 0 8 3.73E 05 0.425816 0.0!!513

8 24 1.21E-05 1.25795 0.0P5749
*l-4 4.27E-06- 6.257991 0.067006

4 30 9.09E 07 17.39202 0.198149 .

.

|

Monday March 16, 1992 09:57 d:\abwr\ssar\chp15\loca\ dose _ sum.prn Page: 1

i
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Monday March 16. 1992 09:57 d:\aber\ssar\chp15\1oca\ dose _ sum.prn Page: 2.

Control Room Reactor Building

Time X/Q Species Thy WB Beta
08 0.01 lodine 40.42 0.03183 0.04096

NG 0 3.873 8.337
*

8 24 0.0059 lodine 70.48 0.03746 0.0518
NG 0 9.42 24.87

1-4 0.00375 lodine 165 0.04505 0.06633
NG 0 23.23 68.29

lodine 268.4 0.05031 0.07479 -

'

4 30 0.00165 NG 0 33.97 102.9

lime X/0 Totals Thy WB Beta .

0 8 1.00E 02 40.42 3.90483 8.37796
8-24 5.90E 03 70.48 9.45746 24.9218

1 4 3.7bE 03 165 23.27505 68.35633
4 30 1.65E 03 268.4 34.02031 102.9748

++++++++++++44+++++++++v++++++++++++++++++4+4++4++++++++++44+4++++++++++
Control Room MSIV -

Time X/Q Species Thy WB Beta
0 8 1.67E 03 EL 0.03462 1.23E-05 2.21E-05

NG 0 0.05892 0.1277
OR 0.4194 0.000149 0.000245

RESP 0.000778 2.75E 07 4.55E 07
8 24 9.83E 04 El 0.341 6.8E 05 0.000128

NG 0 0.3174 0.9079
OR 4.164 0.000831 0.001567

'

RESP 0.013142 2.62E-06 4.95E 06
l 4 6.25E-04 EL 1.572 n.000167 0,000317

NG 0 1.412 4.344.

OR 23.5 0.00233 0.004413
RESP 0.773908 7.67E 05 0.000145

4-30 2.75E 04 El 2.295 0.000204 0.000378
NG 0 3.142 10.1
OR 69.24 0.004639 0.008114-

RESP 18.76018 0.001257 0.002198

Time X/Q Totals Thy WB Beta
08 0.00167 0.454798 0.059081 0.127968

8 24 0.000983 4.518142 0.318301 0.9096
'

1-4 0.000625 25.84591 1.414574 4.348876
4 30 0.000275 90.29518 3.1481 10.11069

'

Monday March 16, 1992 09:57 d:\abwr\ssar\chp15\loca\ dose _ sum.prn Page: 2
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Monday March 16, 1992 09:57 d:\abwr\ss.$r\chriS\loca\ dose _ sum.prn Page: 3,

Offsito Dose Summary

2hr Site Boundary-

Dist X/Q Thy WB
rnax 2.76E-03 300 5.37E+00
300 1.18E 03 1.28E+02 2.29E400
800 2.19E-04 2.38E401 4.26E-01

30 day LPZ
Di,t Time X/Q Thy WB
4S?.'08 3.73E-05 5.39581B 0.087613

8 24 1.21E 05 7.23795 0.105149
l-4 4.27E 06 15.99799 0.151206
4-30 9.09E-07 30.09202 0.284849

6

i

|

1.

|
f

I

L -Monday March 16, 1992 0' 57 d:\abwr\ssar\chp15\loca\ dose,, sum.prn Page: 3
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Monday March 16, 1992 09:54 d:\abwr\ssor\chp15\1oca\cntrirm\iodinsum.prn Page: 1
'

.

I
,

Worksheet to evaluate Control Room Oose and Inventory
.oJines

Workspace
D:\ABWR\SSAR\CHP15\LOCA\CNTRLRMjl0DINSUM.WQ1027724 ,

0:\ABWR\SSAR\CHP15\LOCA\ DOSE SUt..WQ1 0 2 77 24 2
0:\ABWR\SSAR\CHP15\LOCA\tNTRERM\lCNDSRCR.WQ1 0 2 77 24
D : \AEWR\S S AR\C H P 15 \ LOC A\C N19 t RM\ l _RB_C B . Wo l 0 2 77 24

Reactor Building Control Room Activity
Time 1 2 8 24 96 720
Isotope
1 131 0.059939 0.020809 0.007151 0.011066 0.01198 0.000477
l-132 0.06491 0.016698 0.00095 1.21E-05 5.57E 15 0
1-133 0.121674 0.041004 0.011789 0.011336 0.001443 5.03E-13
1-134 0.062806 0.009926 3.04E 05 1.6E-10 0 0
1-135 0.10691 0.033528 0.00626 0.001904 1.36E-06 0

'

Reactor Building Integrated Control Room Activity
Time 1 2 8 24 96 720
Isotope
1-131 266.1666 132.188 154.5776 465.283 2799.45 4884.36
1-132 330.7053 126.925 67.2149 10.1622 0.112376 3.73E-11 '

1-133 547.608 265.069 282.798 592.684 1098.67 74.3926
I-134 404.097 102.476 22.99742 0.118184 5.92E 07 0
1 135 497.14 226.172 195.7671 182.276 54.331 0.023257

20a5.717 852.83 723.355 1250.523 3952.563 4958.776
204'.717 2898.547 3621.902 4872.425 8824.989 13783.76

MSIV Leakage Control Room Activity
Time 1 2 8 24 96 720
Isotope
I-131- 1.92E-06 2.6E 05 0.000672 0.001741 0.00344 0.000518
I-132 2.08E-06 2.09E-05 8.94E-05 1.930-06 1.51E-15 0
1 133 3.89E-06 5.13E-05 0,001108 0.001784 0.000415 1.52E-12
1-134 2.01E 06 1.24E 05 2.87E 06 3.46E Il 0 0

1-135 3.42E 06 4.19E-05 0.000588 0.0003 4.13E-07 3.78E-40

MSIV Leakage Integrated Control Room Activity
Time 1 2 8 24 96 720

'

Isotope
l-131 0.001087 0.040689 6.465974 63.10765 635.5321 3048.114
1 132 0.001223 0.036049 1.666858 1.157434 0.018572 1.03E-Ili-

l-133 0.002215 0.080948 11.28539 79.01762 226.115 25.87513'

1-134 0.00126 0.025488 0.247639 0.012076 9.52E-08 0

1-135 0.001964 0.067754 6.9.32217 23.23532 9.681106 0.007505
0.007749 0.250929 26.59807 166.5301 871.3468 3073.997

|- 0.007749 0.258078 26.85675 193.3869 1064,734 4138.73

.

!
I

j Monday March 16, 1992 09:54 d:\abwr\ssar\chp15\1oca\cntrirm\iodinsum.prn Page.: 1
_
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Total Control Room Activity
Time 1 2 8 24 96 720
Isotope

'

I-131 5.99E-02 2.08E 02 7.35E 03 1.16E 02 1.30E-02 6.33E 04
l-132 6.49E-02 1.67E 02 9.77E-04 1.27E 05 6.03E-15 0
1-133 1.22E 01 4.10E 02 1.21E-02 1.19E-02 1.57E 03 9.59E-13
1 134 6.28E-02 9.93E 03 3.12E 05 1.70E-10 0 0
1-135 1.07E 01 3.35E-02 6.44E 03 1.99E 03 1.49E 06 1.13E-40
Total 4.16E-01 1.22E-01 2.69E-02 2.55E-02 1.46E-02 6.33E-04 ,

Dose Evaluation |

Time RB MSIV Total
08 40.42 0.454798 4.06E+01

8 24 70.48 4.518142 7.18E+01
1-4 165 25.84591 1.73E+02 +

4-30 268.4 90.29518 2.95E+02

Reduction F6ctor 4
Time
0 8 1.01E+01 :

'

8-24 1.80E+01
1 4 4.32E+01

4-30 7.39E401
,

Chiqu Factor 0.004
Time
0-8 4.06E+00

8-24 7.18E+00
1-4 1.73E401 :

4-30 2.95E+01

; todine Control Room Activity
Total . Control Room Activity
Time 1 2 8 24 96 720

e isotope
I-131 5.99E+03 2.08E 03 7.35E 04 1.15E-03 1.30E 03 6.33E 05
I-132 6.49E-03 1.67E-03 9.77E-05 1.27E 06 6.03E-16 0.00E+00

, I-133 1.22E 02 4.'0E-03 1.2]E-03 1.19E 03 1.57E 04 9.59E 14
I-134 6.28E-03 9.93E-04 3.12E 06 1.70E-Il 0.00E400 0.00E+00'

| I-135 1.07E-02 3.35E 03 6.44E-04 1.99E-04 1.49E-07 1,13E-41 ,

i Total 4.16E 02 1.22E-02 2.69E-03 2.55E-03 1.46E 03 6.33E 05

P

,

1.
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This is a combine worksheet to evaluate noble 9.s inventory and |
dose in the control room,

t

Spreadsheets
I Workspace

ABWR\SSAR\CHPIS\LOCA\CN1RLRM\NDLG55VM.W0:
ABWRSSAR\CHP15LOCADOECSVM.WQ1027gl02772420: , 24 Z |

; D: ABWR SSAR\CHP15 LOCA CNTRCRM\NGChDRCR.WQ1 0 2 77 24 I |

D: ADWR 55AR\CHP15\t0CA CNTRLkH\NG,RB_CR.WQ1 0 2 77 24 Z'
l

i

from Retetor Building 1

Control Room integrated Activity
'

rime 1 2 8 24 96 720
Isotopo ,

KR83M 4747.121 3391.89 12222.68 3002.08 11.57) 2.91f-ll I
KR85 564.0642 566.21 8001.45 44501.4 321496 1519420 l
KRE5M 11b04.95 9994.66 75552.8 87586.7 10293.8 0.112052-

,

KR87 17756.22 10842.8 23512.7 2045.45 0.510595 0 |

KR88 29707.56 23776.2 129748.5 73997.7 2023.63 3.69E-05
'

KR89 513.3517 0.006977 1.4E 08 0 0 0
XE131M 295.5586 296.03 4141.727 22414.9 144898 338368 .

XE133 103094.2 102968 1422356 7435120 41037400 49397800
XE133M 4280.531 4246.7 56908.3 274030 1124200 465391
XE135 1280F.27 11991 124523.2 308595 177419 618.355
XE135M 5059.13 491.452 40.99145 1.73E 05 0 0 i

XF137 1754.086 0.160728 2.93E-06 0 0 0
XCl38 1980>).05 1515.3 92.59022 7.38E-06 0 0

Total 211880.1 170080.4 1857101 6251293 43617743 51921797

From Reactor Building |
Control Room Inventory

Time 1 2 8 24 96 720 .

Isotope
KR83M 1.20278 0.786897 0.331054 0.001468 4.55E-15 0

'

KR85 0.167853 0.159453 0.628698 1.08843 1.5502 0.579431
KR85M 3.20109 2.59648 3.96727 0.548249 8.96E 06 0
KR81 4.16311 2.E8894 0.339255 9.31E 05 1.06E-21 0
KR88 7.9504 -5.89372 5.2478 0.171822 4.31E-09 0
KR89 ?.59E-05 5.03E+11 0 0 0 0
XF131M 0.087863 0.083266~0.323604 0.559112 0.645864 0.053911
XE133 30.6079 28.9175 110.335 175.004 168.087 2.06669 -

XE113M 1.26694 1,18824 4.33884- 6.1211 3.47016 0.000442
XE135 3.68986 3.24966 8.13559 4.19495 0.025657 0
XE135M 0.409873 -0.02751 1.35F-08 9.01E 27 0 0
XE137 0.000498 8./3E 09 1.350-36 0 0 0
XE138 1.3699 0.069461 6.336-09 0 0 0

| ,

>

| |
t

|
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From MSly Leakace
Control Room Integrated Activity

Time 1 2 8 24 96 720
Isotope
KP83M 0.181357 5.37911 227.4536 116.3359 0.675431 2.8*E-12
KR85 0.024154 0.963905 188.5193 2142.967 25961.06 301406.8
KR85M 0.469763 16.5179 1628.542 3903.502 628.6702 0.011498 .

KR87 0.641859 16.6191 383.4696 75.43388 0.029540 0
KR88 1.17997 38.6261 2638.087 3039'946 120.036 3.76E 06- .

KR89 6.3E 05 2.65E-06 6.22E-11 0 0 0
XE131M 0.012647 0.503731 97.46362 1077.877 11619.59 61120.06
XE133 4.40746 175.113 33418.75 356892 3324755 7981393 <

XE133M 0.162601 7.21233 1332.084 13096.38 87379.09 62658.63
XE135 0.53597 20.127 2817.812 14166.31 11732.17 65.3903 .

XE135M 0.084993 0.489633 0.271828 5.86E-07 0 0
'

XE137 0.000619 6.59E 05 1.33E-08 0 0 0
XE138 0.296727 1.42842 0.587421 2.49E-07 0 0

Total 8.018183 282.9803 42733.04 394410.7 3462196 8406644

From MSIV Leakage
Control Room Inventory
Time 1 2 8 24 96 720
Isotope -

KR83M 0.000309 0.003121 0.010854 8.29E-05 -4.6C-16 0
KR85 4.31E-05 0.000632 0.020579 0.061121 0.15333 0.144784 '
KR85M 0.000621 0.010298 0.129949 0.030864 8.94E 07 0n

'

KR87 0.001068 0.009078 0.011131 5.28E-06 9.43E-23 0
KR88 0.00204 0.023375 0.171961 0.009687 4.32E-10 0
KR89 6.65E-09 . 2E-13 0 0 0 0
XE131M 2.25E-05 0.00033 0.010593 0.030275 0.063891 0.013471
XE133 0.007855 0.114688 3.61167 9.8282 16.6308 0.51642
XE133M 0.000325 0.004713 0.142031 0.3438 0.343493 0.000111
XE135 0.000947 0.012888 0.26639 0.23585 0.002549 7.33E 244

XE135H 0.0001'.5 0.000109 4.47E-10 0 0 0
XE137 1.28E-07 3.46E-11 0 0 0 0
XE138 0.000352 0.000275 2 lE-10 0 0 0

Summary
Control Room Inventory

: Time 1 2 8 2a 96 720
Isotope
KR33M 1.20E+00 7.88E 01 3.34E-01 1 A9E-03 4.69E-15 0
KR85 1.68E 01 1.60E-01 6.35E-01 1.llE+00 1.60E+00 6.23E 01
KR85M 3.20E+00 2.60E+00 4.01E+00 5.58E-01 9.22E 06 0
KR87 4.16E+00 2.29E+00 3.43E-01 9.47E-05 1.08E-21 0
KR88 7.95E+00 5.90E400 5.30E+00 1.75E 01 4.43E-09 0-

KR89- 2.59E 05 5.04E-Il 0 0 0 0
XE151H 8.79E-02 8.34E-02 3.27E-01 5.48E-01 6.65E-01 5.80E-02
XE133 3.06E+01.2.90E+01 1 llE+02 1.78E+02 1.73E+02 2.22E+00
XE133M 1.27E+00 1.19E+00 4.38E+00 6.22E+00 3.57E+00 4.75E-04
XE135 3.69E+00 3.25E+00 8.22E+00 4.27E+00 2.64E-02 2.20E-24
AE135M 4.10E-01 2.75E-02 1.36E 08 9.01E-27 0 0
XE137 4.98E-04 8.74E 09 1.35E-36 0 0 0
Xr.138 1.37E+00 6.95E-02 6.40E-09 0 0 0
Total 5.41E+01 4,53E+01 1.35E+02 1.91E+02 1.79E+02 2.90E+00

;
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Dose Evaluation
|

Reactor Building MSIV l.3akage Total 4

Time WB Beta WB Beta WB Beta
0 8' 3.90483 8.37796 0.069081 0.127968 3.927554 8.41635

8 24 9.45746 24.9218 0.318301 0.9096 9.55295 25.19468
1-4 23.27505 68.35633 1.414514 4.348876 23.69942 69.66099

4 30 34.02031 102.9748 3.1481 10.11069 34.96474 106.008
'

Credit for intake Vents 4 WB Beta
0-8 0.980639 2.104088 !

3-24 2.388238 6.29867
144 5.924856 17.41525

4-30 8.741185 26.502
,

Chiqu Ysriation 0.004 WB Beta
0 8 3.92E-01 8.42E 01

0 24 9.55E-01 2.52E+00
1-4 2.37E+00 6.97E+00

4-30 3.50E+00 1.06E+01

:

Summury
'

Control Room Inventory
Time 1 2 8 24 96 720
Isotope,

KR83M 1.20E 01 7.88E 02 3.34E-02 1.49E-04 4.69E-16 0.00E+00
KR85 1.69E-02 1.60E 02 6.35E-02 1 llE-01 1.60E 01 6.23E 02
KR85M 3.20E-01 2.60E-01 4.01E-01 5.53E-02 9.22E-07 0.00E+00
KR87 4.16E-01 2.29E-01 3.43E 02 9.47E 06 1.08E 22 0.00E+00
KR83 7,95E-01 5.90E-Oi 5.30E 01 1.75E 02 4.43E-10 0.00E+00
KR89 2.59E 06 5.04E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00
XE131M 8.79E 03 8.34E-03 3.27E-02 5.48E 02 6.65E 02 5.80E-03
XE133 3.06E400 2.90E+00 1 llE+01 1.78E+01 1.73E+01 2.22E 01
XE133M 1.27E-01 1.19E-01 4.38E-01 6.22E-01 3.57E 01 4.75E-05 )

XE135 3.69E-Ol 3.25E-01 8.22E Oi 4.27E-01 2.64E-03 2.20E-25
XE135M 4.10E-02 2.75E-03 1.36E-09 9.01E 29 0.00E+00 0.00E+00

-AE137 4.98E 05 8.74E-10 1.35E-37 0.00E+00 0.00E+00 0.00E+00'

XE130 1.37E-01 6.95E-03 6.40E-10 0.00E+00 0.00E+00 0 00E+00
Total 5.41E400.4.53E+00 1.35E401 1.91E+01 1.79E+01 2.90E 01-

-

k
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Evaluation of Ramsdell Chl/Q

1. To determine the Ramsdella /0 for a given wind speed and stability, recource was

made to a spreadsheet (see following page) which calculated 4 /O from Ramsde!I

equation (9) from the 21st DOE /NRC Nuclear Air Cleaning Confrence Paow.

x/0 = 1/ (F. + r U E, E )
!

|

From the spread sheet it is shown that F = 0 for these calculations. Therefore only E,
and E needed to be calculated for each combination of speed and stability.m

2. To calculate these sigma vatues, standarde ando, need to be calcdated. Recoursey

was made to the Pavan code subroutine POLYl4 (see sheet 2) from which the cod:ng

was pulled and a table created in the spreadsheet so that for a geen wind speed, the

standardo ando, were calculated for stab % ties 1 through 7. Then the spreadsheety

software picked the propero and o, from th9 taole coresponding to the stabilty given iny

the " Basic input Parameters".

3. Follswing the calcuation of o, anda,,o ande , need to be calculate from Ramsdellg r

equations (7) and (C) which are done under the headings of 'ssgma_yw" and

"ssgma,, zw". Factor 1 is the evaluation of the exponential term in the two equations. We
note that the equations in "he report are in error and the factor 0.0869 in the exponentials -

should be negative (telcon 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 each equation is

also in error and should be the area to the first power (telcon Ramsdell).

4. E, and E, are then evaluated from equations (5) and (6) and shown in the
spreadsheet as terms 'SSigma_wy" and 'SSigma,wy* at the bottom of the page.

5. Finally,x/O is evaluated as Chiqu = at the top of the spreadsheet for the basic input
,

parameters.
,

6 Since spreadsheets have the capability of evaluating to tables, tables of wind speed. ,

versus stability were made for distances of 41 and 108 meters as is Fhow on the third

page.

.
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- This Spread shoot calculates the X/O value for J

a given distance and statulty wng tne
ter;hnique gtven ty Rammdell in cwatiott 3 of
the 21st DOE /NRC Nucteur Ah Cleaxng Conference

Basic input parametem
7

Disterr - 108 meters ;

Stabihty . 1

Wind Spd 0 $ tra:arisecond |
bigd Aros 2000 sq meter i

'
RekaseFkw 0 cubic metet/second

!

Chiqu = 6 05E-05
:
i

.

Calculation u S'endard Sigma Y and %gma Z from PAVAN
,

subroutine 'POLYN' t

Stathty AY Sigma Y
1 0 3658 25.10,

2 0.2751 -18.87

3 0 2089 14.33
4 01471 10 05
5 0.10% 7.16,

i,

6 0 0722 4.95
7 rua 0.53

A2 B2 CZ Sigma 7 . |
1 0.00066 1.941 9.27 15.11

2 0 0382 1,149 33 11.59
3 0 113 0.911 0 8 05
4 0 222 0725 1.7 4.92

^c

-5 0 211 0 C70 +1.3 U5 ,

6 0.086 0.74 -035 2 40
7 rVo - rVa rVa 0.19

i

. Calculat4n for Juper Sigmas (SSigma) based upon Ramsders
1ormulations in wustions 5,6,7 and 6|'

p .

| Compensation factor, k = 0.5 only characteruod by Ramsdell 1

i Stabiltty Factor, S= 1.00 Sqrt of Stabitrty, ed
| tilcon with Romsdol! !

segma yw . . . . . . . .. . . - . . .4

1 2 3
*

'

O 810$% 0.019169 10089 02 -
| $sgmajw .. .- . .. . . .

L 1 2 3

| -0.810698 00t9169 10089 02

SSigma_wy 103 53

SSigma.wy 101.57
|

I
i -

1

I

.
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Comparison Of Ramsdell
,

i
i

Chiqu's evaluated at 4i meters ;

1 2 3 4 5 6- 7

0.5 3.84E-04 3.96E-04 4.04E 04 4.10E 04 4.14E 04 4.17E+04 4.20E 04,

1 6.79E-04 7.34E-04 7.73E 04 8.03E 04 8.18E 04 8.29E-04 8.39E 04
2 9.40E 04 1.15E-03 1.33E 03 1.49E 03 1.57E-03 1.62E-03 1.68E 03 r

4 8.63E 04 1.24E 03 1.73E-03 2.32E-03 2.70E 03 3.01E 03 3.35E 03 -

!6 6.07E404 1.07E 03 1.65E 03 2.58E-03 3.31E 03 4.02E-03 5.03E-03
8 5.53E+04 8.96E 04 1.49E 03 2.53E 03 3.54E 03 4.68E 03 6.69E 03 ,

10 4.58E 04 7.57E 04 1.31E 03 2.40E 03 3.54E 03 5.04E 03 8.35E-03 f

: -

i 'Chiqu s'avaluated at:108 meters

: 1 2 3 4 5 6 7 .

'

0.5 6.05E 05 6.380-05 6.54E 05 6.71E-05 6.84E 05 6.95E-05 7.05E-05
1 1.08E 04 1.18E-04 1.26E 04 1.32E-04 1.35E 04 1.38E 04 1.41E-04
2 1.53E 04 1.88E 04 2.18E 04 2.45E-04 2.61E-04 2.72E-04 2.82E-04'

4 1.44E 04 2.09E-04 2.90E-04 3.88E 04 4.53E 04 5.07E 04 5.64E-04 -i

| 61.16E-04L1.810-04 2.82E-04 4.38E 04 5.62E 04 6.SSE 04 8.44E-04
' 8 9.40E 05 1.53E 04 2.54E 04-4.31E-04 6.06E-04 8.06E-04 1.12E 03

10-7.81E 05 1.30E-04 2.24E-04 4.16E 04 6.llE-04 8.77E 04 1.40E 03

Ratio 41/108 '

1 2 3 4 5 6 7

O.5 6.34E+00 6.24E+00 6.17E+00 6.10E+00 6.05E+00 6.00E+00 5.95E+00 |
1 6.28E+00 6.21E+00 6.15E+00 6.09E+00 6.04E+00 5.99E+00 5.95E+00
2 6.14E+00 6.llE+00 6.09Er00 6.06E+00 6.02E+00 5.98E+00 5.95E+00
4 5.98E-00 5.97E+00 5.97E+00 5.96E+00 5.96E+00 5.93E+00 5.95E+00
6 5.92E400'5.90E400 5.89E+00 5.88E,00 5.89E+00 5.87E+00 5.95E+00
8 5.89E+00 5.86E+00 5.85E+00 5.8?E+00 5.03E+00 5.81E&00 5.95E+00 .

10 5.87E400.5.86Et00 5.83E+00 5.78E+00 5.79E+00 5.74E+00 5.96E+00 |
5.974614 !

i

*

,

!

.

;

i<
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12,4 DOSE ASSESSMENT maintenance area: (1) improved water chemistry |
with lower userall contamination rates, (2) '

Dost assessment is an important part of improsed maintenance procedures with sorne i

cictermiaing and proj:cting that the plant design and procedures automated. and (h reduct d radiation |
proposed methods of operation asures that fields, primarHy due to the absence of the
occupational radiation esposure will be as low as recitculatio'i piping. Each arca is discussed

'

remnnbly achievable. Dose asse.sment depends below. i.

upoa estimates of occupancy, dose rates in sarious
occupicd areas, number of personnd invohed in Beginnirg in the early IWO's the BWR Owner 3 I

reactor operatIDrls and surVCillanCc, routine Group bcpn an nienme study of the causes for |
maintenance, waste processing sefueling, m serTice failure of MSl\"s to meet the technicalleakage ;

hspection, and special maintenance. Specification limi:s and exter. sin pctson. hours
required to maintain these vahes. As a result of

The goalis to reduce the exposure associated these studies, the ABWR will use the latest
with each phase of piant operatian and maintenance technoiagy for vahe maintenance including

i

to the minimu'n level consistent with practical mechanical aids for vahe disassernbly and
'considert,tions for sceomplishing each task. To assembly, automated ! spring devkes, and slightly

achie"e this goal, the aBWR design includes relaxed leakage specifications to delete
i

aumerous significant design irnprovements to reduce unnecessary maintenance. As a result of these ;

accupational esposures frorn past ':xperience. The aids, it is estimated that oserall maintenance
design improv:rnents inchde the climination of hours will be reduced by 5040 percent. |

recirculation piping and valves, improved water
chemistry and low cobalt alloys at the coolmg water Early studics on dose rates during MSIV
boundary, reduced equipment naintenance and maintenance showed increases in dose rete
improved access, R4R discharge to the feedwater directly proportional to recirculation line aethity.
piping, overhaul hir.dling and refueling desises, The ABWR has deleted the recirculation lines
multiple main steam line plugs, automatic MSiV seat entirely thereby removing the singly most
lapping system and reactor sessel stud tensioner, in significant source (,f radiation in the drywell. The
assessing the collective occupational dose, each second most significant dose for MSIV operations
potentially significant dose causing activity was will be the deposited and suspended activity in the
evaluated. Values referred to as typical B% R feedwater lines. The deposited aethity in the
operations are taken from references 1 through 4 leedwater lines is expected to be lawer than
which are a corapendium of maintenance and work typical BWRs owing to an enhanced coudensate
tasks for BWR 6, GESSAR. sptem with full clean up of all condensate water,

a 2% reactor water clean up sptem, and titanium
12.4.1 Drpell Dose condenser tubes, Additior. ally, the ABWR is

designed to limit the use of cobalt bearieg
The following provides the basis by which the materials on moving components which hase

drywell dose estimetes for occupational exposure historically been identified as major sources of in
'

were made, water contamination. Overall, the feedwater line |
radiation is expected to be a factor of three lower '

(1) The main steam isolation vahes are located in than current BWRs. Because of these factors,it is

the upper drywell area (4 valves) and in the expected that the effective dose rate in the drywell
reactor building outboard of the primary will be 1.8 mrem /hr und 1.3 mrem /hr in the
containment isolation wali d valves). These steam tunnel outbaard of the primary con-
valves require periodic testing and maintenance tainment.
to insure proper action and leak tightness.
Typical values for BWR's for maintenance of (2) Drywell vahe and pump maintenance oil er than
these valves is 4,000 hours of drywell and S/U) the M51Vs consists primarily of maintaining the
hours of teactor building work in ef fective safety relief valves (SRVs) which for the most part

radiation fields of 13.5 mrem /hr and 3.6 consist of minor maintenance or remosal of vahes
mrem /hr iespecthcly. The ADWR design to a maintenance facility. Overall typkal values
incorporates three specific features to reduce for a BWR for these tasks are 1,450 person hours

occupational exposure in the MSIV per year in an effective radiation field of

AmeWment 20 12 0 :
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e7tnRem/hr, in the ABWR, the primary L Rdutin t.ua w e l d i n s p e c t i o n o n I
source of radiation exposure, the recircul.uian recirculation lines estimated at 240 person I
lines and pumps, base been remoud. Oscrail but per year j
the reduction in drywell dose levelis for these !

Reduction ia dr>well dose by 5041 with the ]J
types cf ruintenance is expected to be a factor
of two or 9 mrem /hr Oserhead tracks ad in #j prosision that the fredwater line dose is rn re

ABWR for an estimated person {Qr'63 th.in half the recirculation line do.c and j[[.}phee removal equipment is prmided in the
general drywell dose level and therciore
removal of recirculation line inspection is
estimated to t e weighted at twice the general {j t'

reJuction to 1,150 persen hour per year t rokca
down into 200 person hours for is SRV {
mainteriance at 6 mrem /hr,200 person hours drywell dose rate
per year to pull and replace 3 RIPS with one
heat exchanger at 20 mrem /hr, and the Overallit is c.stimated that by use of automated
remainder on miscellaneous valves at turtles for ingection person.hout expended in ISI
4.5 mrem /hr. will be reduced by a factor of two.

|
''(3) Control rod drive mair.tenance is significantly The ABWR uses a forged ring preuere sesselin

reduced in the ABWR with the introduction of comparison to older pbre welded vessels reducing !

fine motion control rod drives (FMCRD). the total sessel weld length inspecdon by 30ccand
Based upon European experience, two the tetal weld inspection by 10% Og
FMCRDs will be replaced and repaired per %d dp 1
outage along with twenty motoss Estimited The ABWR design incorporates specifii access 9 ,[
work will onsist of 64 person hours under into inspection areas past insulation areas with an ;r
vessel preparation 40 per,on-hours FMCRD estimated saving of 120 person.heurs. ~

removal and reinstallation,200 person hours |
rnotor removal and installation, and 64 Overall person hours teduction is 1,200 l
person hours cleanup. Typical under vessel person hours at approximately half the typical i
effective dose rates are 17 mrem /br but tifective dose rate or 5.5 mrem /hr,
because of the removal of the recirculation
pnmps and linesIa's)been reduced to (6) Other drywell work includes items such as minor }

]ded My bau other drywell work Typ; cal BWR waik in this# [
valve maintenance, instrumentation work, and 211 J,6.5m Rem /hr,

3(4) The LPRM/T!P system assumes the ser', icing area estimates 5,50') person hows per year at 17
of two censors per > car and is based upon a mrem /hr. Oserall reduction in this effort due to
total of 200 person hours per year at an ABWR desi ;n improvements are:i
effective dose rate of 50 mrem /hr which is
typical for BWR operatiorts. Significant savings in total hours are estimated

due to removal of the recirculation lines with
(5) Insernce inspection consists of primarily NDE miscellaneous recirculation line work such as line

enmination of vessel and piping systems and snubbers, fewer drywell cooling units, and less
welds. Typical BWR values ate 2400 assembly / disassembly work on insulat;on due to
person houn per year at 12 mrem /hr cfIcctive the use of autorsated units, Overallit is estimated
exposure rate. ABWR inservice inspection is that 2,000 person hours savings can be made,
estimated based upon the following-

Overall reduction in the drywell radiation due to
Elimination of recirculation lines and pumps removal of the recirculation system results in the
with the following savings- reduction of the oserall upper drywell dose rate ta

1.8 mrem /hr ar,a the lower dryweli dose rate to
Elimination of 14 noule inspections at 2 5.cinRem/hr since the components involved such
per year, sasing 3/O person hours as drywell coolers typically do not carry

radioactise inventory, Assuming that of the
Elimination of shield penetration and remaining 3,500 person hour,2,000 is upper
shield plug removal saving 240 person drywell work and 1,500 is lower drywell work at
hours per year their respective effective dose rates.

Amendment 20 1142
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| 12.4.2 Reactor Beuding Duse impros ed water chemistry mterrs, should rcJuce |
'

3 the ef fecthe dose rate to two thirds the typical ;
I The fol!owing presides the t ads by which the ulue or 10 mrem /5r.

'

| reactor building dme es.timaes for occupational j
exposr/c were mrde @) All other work in the rea tor building t)pically ,

tales 7,400 person hours, per year at an ef fecthe
,(1) Vessel ance and reassemb'y typica!!) icquires dose rate of .MmRemthr Thh work includes all
| 4500 perwn hours of wu k at an eIfccine dow uhe work. RIP rebuilJ worL. ninor rnaintenance, ,

rate of 3 mr/hr. The AbwR worn willinvohe and CRD hydraulic hne work. The major task in
the use of a stud tenuoner for a 06 bolt top this area is the hydraulic control units which .
neal Thc projected time to remose 96 bolts repire 5.00 perwn. hours per 3 ear at an effecthe
with this equipment is between 600 to 1200 dose rate of 3.3 mrem /hr. With the use of the
person hours. Due to the targer ABWR msel FMCRD units, an additional sasinp of 2,000 |
and expected reduced water contatoinaticn person hours is anticipated in addition, the ,
with the improved clean up syste:n, the A13WR reactor building has been designed to i
estimated projected effecthe dose rate is 1.5 proside for ease of rnaintenance with overhead !
mrem /hr. lifts, coordinated hatch ways and arnple space to j

maintain in place equipment. In addinon, with the
(2) ABWR refuelling is accomplished sia an esception of one tank and the pressure vesset, all

automated refuelling tvidge. Ad operations for the equipmerd in the reactor building is )
refuelling are accornplished from an enclosed

crpected to be moud being palatalized.13ecame |
removable with (1 ose pieces which can be

automation center off the refuelling floor.
Time for refuelling is reduced frota a typical of these factots, an oserall reduction in work of
4,471 person hours down to 2,000 person and 1,0lO persornhours is estimated. Because of the
from an effective dose rate of 2.5 mrem /hr to impsused water chemistry the oserall effective
less than 0.2 mrem /hr. dose rate it. nticipated at one. half the typical i

11WR dose rate. !

(3) RilR/CUW rnanntenance work consists of |
inspections for two pumps per year m each 12.4.3 Radnaste Building Dose |

| system. In the AllR system this consumes 150
'

person hours per year at an effective dose rate Radwaste bildiag work consis's of pump and
of 40 mrem /hr. In the CUW system this valve maintenance, shipment handline,, radwaste
typically uses 14r0 person-hours per year at an rnanagement, and general clean up acthay, Typicauy, I
effective dow rate of 14 mrem /hr. ABWR wft 6,700 hours are expendcd per year at an effecthe dose
use canned pumps for both system with an rate of 5.5 mrem /hr, The ABWR radwaste building is
estimated reduction in maintenanec to 100 designed along the same lines as newer radwaste
person hours per pump With improved water facilities overseas. The building incorporates enhanced
chetnistry and metall reductions in reactor remote control and shie! ding for handlit g of resin
water concentrations due to the two percent materials which is expected to reduce overall
cicanup system the effcetive dose rate is mvintenance by 1500 to 2000 hour per year at
estimated at twenty pucent of the typical value sipificantty reduced dose levels. In addition, radwaste
for these system, pumps for ABWR are expected to utilire air drhen,

rack mounted pumps. Such pumps which are designed
(4) FMCRD rebuilding estimates are taken from to hac.dle slurries have been prosen to show much

similar work done in Europe since no longer life times between maintenance and beingr

significant U.S. data exists to date. Two diives basically a sery small portable pump, can be readily
will be 'ebuilt at ca effective do c rate of 4.5 replaced. Replaced pumps are then subject to intense
mrem /hr and 30-60 hours per drhe. chemical decontamination prior to maintenance and

repair. Oserseas utilities have reported occupational
(5) instrumentation work typically requi es 1,000 exposures typically less than 1 person rem per year

person hours of work per year at an effective using this design. For ABWR assuming 2,000 hours
dose rate of 5.0 mrem /hr. ABWR should take reduction in maintenance due to remote handling andi

I about the same effort in instrumentahon, an additional 500 hours reduction for pump
( however because of the increased emphasis and replacernent,4,200 hours per year are estimated with
!

! Amendment 20 12 L21
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0 reduced effective dose rates of 2.5 mrem /hr owirg cxposures, For the ABWi! it is citimated that a !

[ h primarily to remotting those jt b imohing high 109 r: duction can be realized with im ro"ingj

\ radiation exposure. technolqv with no significant charge in dose rara. ;

; 12.4.4 Tu.oine llullding thse 12.4.5 Work at Poe f
I i

T pical BWR ulw: maintenance in the turbir - Wmk at power typically requires 5.000 hours per |(1) 3

building uses 1,150 hours per year at an 3:ar at an effcethe dose rate of 6 6r 'lem/hr for the i
effecthe dose rate of 9JmRem/hr. The sahe BWR. This catego., cavers literally all aspects of plant f
maintenance requircments for ABWR do not maintenance perforrned during normal opeutions from
vary significantly oser current plants, therefore health physics coverage to suricillance, to minor
the tool hours for this type of work is assumed equipment adjustment, and minor equipmert repair.
as a;$ proximately the same excepting minor Overall the ABWR nas been designen with more
adjustments for improved valves, maintenance automatei and remuted equipment. It is expe~ed that
jigs, and aatomated devices willlower the items of soutine r.mnitoring will be perio..aed by
estirnated mainter ance tirt.e to 1,000 hours. camera or additionalinurumentation. hiost equipm nt

e The effective doe rate of 9.5 rnRem/hr is in ABWR is palatalized which permits quick and easy
estimated at more than one half this value due replacement and removal for decontamination and

Y to basicaliy imprmements in UWR fuel over repur. Therefore a reduction in actual hours need at
, i the geteration of fuel frc.ra wnich this data wr.: power is estirnate at 1,000 houts Iers than the typical'

taken brirging the effectise dose rate down to value. In the area of effecthe dose rate, the ABWR ish

,.33mnem/hr. Sa addition, beta shielding ii' expected to hue significantly lower general radiation
recommended for work on valving wherc levels oser curr:nt piants owing to more stringent water

3 possible which it is estimated will reduce the chemistry entroh, a full now condensate now system, a
t overall effectise dose rate by an additional 10% 2% clean ap water program, gi anium condenser tubes,t

addition, the ABWR is the most campartmentalized { Fj[
J to 3.frnRem/hr. Fe teedwater control, and low cobalt usage. I r4-

(2) In a similar fashion the turbine maintenance BWR design which (1) permits better shielding in
work typical'y requires 18,5J) hours of work at specific work areas, and (2) lowers colla cral radiation j) '
an effective dose rate of 03 mrem /hr. With 1.onramination. Overall then it is estiraated that the
additional operational improvements in effecthe dose rate for work at power will be > lightly
automating turbine maintenance, overall work oser two thirds the typical cate or 4.0 mrem /hr.
is estimated to be reduced to 15,500 hours.

|The effecthe dose rate for the turbine is not 12.4.6 Referenus
erpected to be as sensitive to feel performance '

as will the turbines but is estimated to reflect a 1. Knecht, P.D., BlVR/6 Drywell and Containment
decrease in dose to 0.2 mrem /hr for turbine Maintenance and Testing Access Time Estimates,
overhaut work. GE Repost NEDE 23819, hiay 197S.

(3) Work ou the turbine hall ec,ndensate system 2. Knecht, P.D., Maintenance Access Time Erreruter,

typically requites 2,000 hours per year at an B WR/6 Radwaste Building. G E R e port
effective dose rate of 7.5 mrem /hr. The NEDE 239%2, htay 1979.;

condensate system in ABWR uses hollow-fiber'

filled filters which require half the maintenance 3. Knecht, P D., Maintenance Accras Time Estimates,
,

of a typical system. In addition, with the plant BWR/6 Auxiliary on ! Fuel Buildmgs, GE Report!

incorporating Fe control in the feedwater NEDE 239%1, hiay 1979.
system and a significant reduction in cobalt
bearing materials, the overall cffcctive dose t. Study of Advanced BWR Features, Plant
rate is estimated at half the above value. Definition / Feasibility Results, Volume Ill,

(4) Other work in the turbine building typically
takes 13,140 hours per year at an effective dose
rate of 0.imRem/hr. Only minor changes can

j be assumed with ABWR with some remote
: operations and slight reductions in operating

Amendrnent 20 12022
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Table 12.41

l'ROJECTED ANNUAL, RADIATION EXPOSURE

C

Operation SNAR llours Person-
Inh En.thm crutar mEtelht 11mht

Dr)weli
hi$lV 12.4.l(1) 4,2(O 1.5 63
SRY, RIP,etc 12.4.l(2) 1,150 'f.5 8.o
FMCRD 12.410) 5 70 6.5 2.4

l.PRM/TIP 12.4.l(4) 30 50.0 1u.0,

151 12.41($1 1,200 5.J 6.6
Other 12.4 1(6) 3 500 35 123
Total 10,620 46.2

Reactor Building
Vessel 114.2(1) 1.2(0 1.5 13
Refueling 12.4.2(2) 2,000 0.2 04
RilR/CUW 12.4.2(3) 400 v. 0 3.2
FMCPD 12.4.2(4) 120 4.5 05
instrurnent 12.4 2(!) 1, COO 3.0 30

'

Other 12.4.2(6) 4,4fC 1.5 6.6
Total 9,120 15.5 4

|
'

Radwaste lloilding 12.4 3 4,200 2.5 10.5

Turbine Building
Valve Maint 12.4.4(1) 1,000 3.5 3.5
Turbine Ovrhl 12.4.4(2) 15,500 0.2 3.1

Condernate 12.4.4(3) 1500 3.5 3.5 ,

Other 12.4.4(4) 11,800 0.1 1.2 ,

| Total 29,300 113 ,

|

| Work at Power 12.4 5 4,00) 4.0 16.0

l

!

| Totals 48,120 99.5

1
| "

|

Amendment 20 1241
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Table 3.2a: PLANT SHIELDING DESIGN.

!
r
L

j Certified Deisign Committsent; Inspections, Tests Analyses Acceptance Criteria ;
'

!

$.' 1. The ptent desiys s 611 prowide redietien 1. An enetyse.m of the espected radioteen towels - 1. % ieue espected redestion towels are eelt. -'

shielding for roaes, corridors and in each plaat erec eitt be cerfr.rmed te verify eithin (251 er less) of the radiati.e rene i
eperating eeee= ctamens.srate eith the.r

. the adequecy of tk shielding assire. This desipwetian, for each plant eres, es

[ " %d*JL*""O ;? -'"|*s"_et es -tri *" '~ *'"-+ +-d* * 4 " ' * --.

io. .s re biy .cs o ei.. .t,,,,,,,,,,,,,,,,,,,,,,n,,,,,.
i: ett siysificant radiatier: sources (p-eeter !
t the 51 contribut'en) fer en eroe. 1
i ftediation source strength in plant systems [
j. eM camponents entt be dete-= iced besad :
4- ieon en assuend saursa term of i
j -- Ico.coc tCuri./seevna oftoes rete.se rete !

!: (ett.c so minutes d.c.y). . >

200 (Curie /y or steme P-1* source term et i,.

i the vesset emit nozzie, and e core f
enventary consnarseurate eith e 4005 Mii i
egsilibrium care et $1.6 kwett/t iter. Att -

;

.saur:e teems skti b edjusted fer '

3 ,

j radietogicet decay and in.ite, of i

{. s.ctive+ed corresim erus eoer products. {
.

.

k b. Cesumenty accepted shistding codes, using
i nucisse properties derived from eti known I

! refer W es (such es Vitemen C and [
I! A*GI/ANS-6.4) shtt be used to modet and

avotuste plant rdietites enwirennents.
.

,

, . 1) For non comptom geometries, point
|I kornet shielding cemos (such es CAD e
j- GGG) shotI b used.
.

! 2) For eeneten geametries, more
sephisticetoe t e er three deme sianet

,

j- transport codes (such es DCRT or TORT) >

shott b used. f
,,

t
1
1 c. In any calculaties, e oefety factor shett

be opptled 6 sed imen benchmark
i tapparisons of the code and data cet tected

f res= kneen and seesures envircrwents.

:
i

.

.

.

!.

;. i
! !

! .
l
1

,- r
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Certified Design Commitment Inspections. Tests, Analyses Acceptance Criteria |

I2. The plant desi r shett provide shielded 2. Using th methods identified in (1) above, 2. shielding desir is such that endietion i

cubietes, tabyrinth access, and space for radiation tevels present in eroes whee froe adjacent eroes shett centribute no [teaporary shielding to attow for enintenance is perfereed shalt be evoluet+d more then e smelt fraction (101 er tese) ,

esintenance of plant componente eithout - for the contribution from adjacent high ef.t h red stien field intensity or less
significant rsJietion ==posure fram radiet ler. erees and ewipment. than 0.04=ree/ % ehic h ver se targer, in k

edjacent plant systees or o w ipment. plant erees where emintenance is
performed.

.

. .
. I

3. The pterit radiation shielding deste shalt 3. An smetysis of ik ==pected high radiation 3 Under accident canditions, s edietsen L

permit cperate s to perform required levels in sech eroe ehich will er any require hieldir$ desip ettows access, occupancy I
safety functions in vi*et erees of tM ocespency to pere t en operator to aid in tM erd egress of witet erees such tht
plant (including access and egress of estigation of or recovery from en accident personnet radiatim emposures do not
these arees) under accident condition 6. (vitet are.) shett be perforeest te verify the encoe:f 5 ree to tM ehole body, or its ;

adewecy of the plant shieldirg desse. This- e v i.etent, for the duretien of the i
'Ienetyses s hti use seteutetienst owthods occicient (besed on the required fre pency

consistent with (1.t-) above ed e endietion of access te each vitet eree). For aeses .!
source teen (adjusteel for radia ctive decoy) requiring conti.~mus ocespeney (such es !

*based en the followirigp the cantest res=), tecol radiation het
spets shett cet easeed 15 aren/br !

Liquid contelning; systern: 100% of the (evere:ed over 30 days). te.

core equilibrius noble gas inventory, $G1 |
of the core epit 6brium helegen inw+atory !
and 11 of ett c2hers are assuaed to be i
eined in the reactor coolent and

[irecircht et6cn t (wid= reciretateted by the
residual het remo.mi systee (RPet), e4 }
high pressure ccr= fism4.c (WCF), and th |

reactor core isoletion cooling (RCIC) ,j
systems, t

b. Gas centaming systems: 1001 ef t h cee. ;

ewitibrism nobte ges inventory and 211 of i

ths, core ecpilibriue helegen activity are i

essumed io be sized in t h cantainment i
atme W o. Fer ==per centoining syst e-. t

(such es the soie steen Liness these enre f

inventory fractions are asummed to be [cantained in the reactor cost ent waper [
space. '

,

,

t

I

i

i
:

!
,

I

t
c
*
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Certified Design Ceramitment Inspections. Tests, Analyses Acceptance Criteria ,

4 The plant domic she!t provide rarisstsen 4 Using the enthods 6deritified in (1) above, the 4. The radiatim dyse to the seminelly
snieldi.g to esiatain radiation swure radiation dose te the semiset ty er.pesed meadw- eyesed seeer of the PA4ic when caneirW

. to the general pAlic as low es is of the generet petic feme direct and eith dose carsmitments few att othec
! resseneMy achievet4e. ecettered shalt h daterosned. radiatim path-eys fresa the wteer fust

cycle (6,.et Aing liquid and gesecus r

pathewys) shell be within 25 e m ehele ;
body dose +c 7'euree te,any n* ergen

,

t

1

I

5

i

!

t

,

.

E

i
i

I

,

!

I
i

[

!
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Certified Design Conssitzent Inspections. Tests, Analyses Acceptance Criteria

2. Airbome radicectivity amenitoring shalt im 2. An erotysis shall be periormed to identi'y t'. 2. Airtmene radicactivity memitorirg system
pec<ided fer those nc-nelly eceupi.d areas plant erees that reg. sire e!-borm ehett:
of the plant in which thsee esists es radioactivity winn tae seg,e

si pificant potentist for airborne e. Hm the capabit ity of dete-tirg

contenirwtion (greater then 0.1 per ye e) eencontretiens wivetent to the
escwetienet concentretj a 16mits of
10CFE20 Aspendia 8, for the most
restrictive partiewlete erid/se ledine
refienuct ide in the eree, eitkin to

hours.

b. Previde a cet ibrated reswee,
revesentetsie of the concentreties ,

'

"

eithin the eroe (6.E. eie samt irs
eanitors in ventitetlen eehaust
stremos shot t colteet and indi-etic [
seapl e).

I
c. P evide tocol audible slee*s (visuet

eterms in haft m ise erses) eith r

=erishte n set points, one
,

reednut/ars _44stian twebit sty in
the contret vsm.

_
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?

!

I
a

!
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1

>
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.
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Table 3.2a: PLANT SHIELDING DESIGN-
t

.

Certified Design Com:nittnent Inspections, Tests, Analyses Accepcmce Criteria' I
i

1. The plant design shsti pvide radiation 1. An a stysis of the eyected radiation levels 1. f4eaian.s= expected redieties te*st s are set t -

shielding for rooms, corridors,and
. in h pMt m will b MM to wig Ah6 W *teWofW Mieh m

'

operating ersey comumensurete with their- ,g ,( gg, ; p ,,
occupeney requerements to esintem ,yf gg g ggg,g gg g y; , ,

reo ation exposures to plant personnvl es
s. % fie y cetMet% h*i emidec !too es -easonably e d ievabis,

.it 4./pificant radiation sources (greater
j ther. '.1 contribu tton) . f or en area.

' 8tediation sourc6 strength in plant systems
and compor.ents will be determie.d based
von en essumed source term of 6

100,000 tCurie/second effens reteess rete I
(af ter 30 minutes decey), e {
200 1 Curie /g e=-stees. N-16 sonrce term et. J

*

the vesset emit nozzle, and a core !
inventory canonensure* with a 4005 iWT
equilitu ium care ~ et St.6 kvett/ liter. Att

, [
'

5

-eaurce terms r!ett be adjusted for
radiologicet decey and build, of
activated ec^ros tic, and weer products.

b. Conunonly accepted shleidir$ codes, using
nucieer properties decived fran wet t known j

references (such es Vit mie C and - ;
AMSI/#tS-6.4) skali be used to sedel and

'

?evetuate plant radiatiers envirunnents.
.. [

.

1) Fer non-c w les geanetries, coint

. )
i

kernet sh.elding codes (suci, es GAD or
GGG) shetI be used. . i,

2) For etmptes geometriesf an.re . . ;

sephisticated two or thres' die.ensionel' ;

transpo-t codes (such as !Gtt - RRT) !

shall be used. : ?
i

In any calcute* ion, e safety Ator .;411 [c.

be eglied based uper benchmeefm . !
comparisons of the code and date cettected
from knom ed anessured enviremen's. !

' !
;

' I
i
.?

;

,

4

+

g w y- = Y- 4 =' s. u w + ew--w rr as s rw
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! Certified Design Commitment' Inspections. ' Analyses Acceptance Criteria. '

a

|

Us ing the * "~-a * ti'i-d 2. shieiding design (with tenporecy shieldire -
radiation 1 ets r" suet ",es'i) abow.,| 2. The plant design shett provide shielded 2.

a > wbre . instetted, vM r. epproprieta) sa such that
! cthicles, tabyrieth access, and spece for

temporary shielding to attow for ' . maintenano, h psci m mat- be ovelt.eted radiation from er;jecent erees shett'
. .

*- *
; ' maintenance of plant components without' for the contr *" ecent high' contribute no more than a suelt frettian.
' eispificent radiation esposure frtse radiation erees eno equipment. (101 or less) of tk radiation field j

edjecent plant systems or equipment. ints.nssty or test Coen 0.06erem/hr- -t

meintenance io performed.
-[whichevec is larger;'in plant erset where .

,

3. .The plant rediation shielding design sheit 3. An enetysis of t h exped ed high radiation 3. thder eccident conditions, rediation ;

parait operators to perf orm required levels in each eroe which will or may require shielding desip alto.s eccess, occupancy . !

. safety functions 'in witet erees of the occigency to permit en operator to aid in the and egress of ritet armes noch that. |
plant (including access and egress of . mitigation of er recovery fr e en occident persormwl radiation egosores do not >

these areas) undee occident conditions. (vitet eres) shall be performed to verify the exceed 5 com to the whole bcdy, cr its i

i edequecy of the plant shielding design. This equivalent, for th duretim rf the

enetysis shalt use calculationet methods accider:t (besed en the required frwpency .'

consistent with (1.b) above and a radiation of access to each vitet erse). For areas
source term (adjusted for radioactive oecay) receiring continuous occupancy (such es e

based on the fat towing: th control roomb locet radiation hot *

Liquid emteining systems: 100% of the (o<eraged over 30 days).
' ;spots shalt not ==ceed 15 arem/hr

s. .

core e p ilibrium noote gas inventory, 501 ;,

of the core equilibrim hetogen ir~entary {
| end 1% of ett others are assumed to be

mixed in t b reactor cootent and |

recirculation liquids recircuteted by the
residuet heet comovet system (RHR), t b >

high presrure core flooder ( WCF), and the |
resetor core isolation cooling (RCIC)
systems. ~;

i
b. Gas containing systems: 1001 of the core ;

equitibrium noble ges inventory and 251 of '
the core equilibriwe betogen activity are
mesumed to be nized in th conteirment
etestrsphere. Fer vapor containing systems !

i(such es the sein steers lines) these core
incontory fractions are assuned to be . ,

'
conteined in th rsector cootent vapor

space.

i
.

i
!.

;

?

l

!'
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Certified Design Commitmerit Insipections Tests Analyses Acceptance Criteria

4. The plant < tee,pn shall provide radietion - 4. Usire the methods identified in (1) above, the 4 The redistion dose to the mem6metty
shielding to maintain radiatim e90sure radiation dose to ?be monimetty esposed meneer egosed er of the phtic is e saatt
to the gensret public as low as is of the can. ret public from direct and fraction (1L". or less) of the dose limit
reasonably achievebts, scattered shall be deterwined, to a mentmr of the pAtic listed in

40CFR190.

. .
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Table 3.2b: VENTILATION AND AIRBORNE MONITORING .

b

Certified' Design Commitzeent' ' Inspections Tests, Analyses Acceptance Criteria
,

l '. Calcutetion of rehioactive airborne F

1. Plant design shalt provide adequate -|$' Expected concentretions of airborne . concentration shalt demonstrate stet:
contelnment of airborne radioactive . radioactive meteriet thett be calcuteted by .

*

'setarists and the ventllation system vilt nuclide for nornet plant operations,
.

a2 For nerwetty ecetpied roans and erees j-

ensure that concentretions of airborne enticipated operatiorsel occurrences for each of t% plant (i.e. those areas
[

e Mionuclides are maintained et levets oosipment cshicts, corridor, and operating recpiring ecutine access te operate

'consister.t with personnet access ares requiring persomet access.- Calculations and meintain the pleet) =<pitibrium
requirements. - shott consider: concentrations of airborne rasclides --

'

will be e sentt fraction (10% or: 1

e. Desip wentitetion flew rates for sect. tess) of the occw ationei ,

erse, concentretion timits .tisted .in 19 CFR ,

. .. ..

20 4p=Mie 8.
b. Typical teslage characteristics for,

., ,

equipment. located in each eree, and b. Fee romne that require infressent .i

eccess (such en for con-routine
b.' A radiation source term in each fluid ec!uipment meintenance), the

.

!
system shall be determined ban d upon en ventitetion system sheti be capable *

essumed offees rate of 100,000 of reducing radioective airborne ;
' Curie /second (30 minute decay) - c exentrations to (and meintaining .
apprcpriately adjusted for radictsgicet then et) the occupationet i

decay er.d builde of scti.ated corrosion ccncentration timits listed in ;
and weer produets. 10CTR2O Appendie B during the per!ods

,

that cec w y is required. j,

i

c. For rooms that soldan require access <

(me:h as tera rooms), plant desip .;
shsti provide sufficient containment

~

?and wentitetion to ensure airborne
conteminetion does not sp eed to
other erees.

i

t

i
.

I .

'!
;

s

!

'
.

I

i

h
;
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Certified Design Commitment Inspections Tests. Analyses Acceptance Criteria

2. Airborne radioactivity monitoring shalt be 2. An analysis shall be performed to identify the 2. Airborne radioactivity mon 6 tori;.g system
provided ter those weatly occ6 pied erees plant erees that require airborne shelt:

of the plant in which there suists os- redi m tivity monitoring.
Have the c g sbility of detecting thesignificent potentist for airborne . e.

contamination (greater then 0.1 per year) time integrated charge in
concentrations of the most 1imiting
particulete and sodire radiorvect ides
in ch eroe e<psivetent to the
occupationet concentration limits in
10CFR20, Appendix B f or 10hou s.

b. Provide e cet ibrated response,
representervie of the corw eatt etions
within the ere (i.E. eir sa mling

ernitors in vent tiation enhoust
stremos shett esttect and isoksnetic
a g te).

c. Provide tocet audible eterms (visuet
eieres in high noise areas) with
variebte eterm set points, and
readout /ewmeistson csAit ity in

,

the control room.

t

i

l

|

|

|

;

I

|
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V(..AB%R neu
Standard Plant .[ _ _ .n o i

17m Re m / hr. In the ABWR, the pi; mar) L R4&u:J. inn _m w c i d i n s p e c t i o n o n
scurce of radiation exposure. the recirculation recirculation lines estimated 4t 240 permn
lines and pumps, base been remosed. Oserall hour pc tear
th reduction in drywell dose level is for these

3types of maintenance is expected to be a factor Reduction in drycll dose by 509 with trie
of two or 9 mrem /hr. Oserhead tracks and in j prosision that the feedwater line dosa is more

'place remosal equipment is provided in the r than half the recirculation line dose and
ABWR for an estimated person-fMDr' general drywell dose level and ihr refore .r g"

reduction to 1,150 person hour per year broken remont of iecirculation line inspection is
i 4) -down into 200 person hours for 18 SRV estimated to be weighted at twice the gemral i, r
#maintenance at 6 mrem /hr. 200 person-hours dr>vd dose rate.

per year to pull and replace 3 RIPS with one
heat exchanger at 20 mrem /hr, and the Overallit is estimated that by use of automated
remainder on miscellan:.ous vah es at turtles for inspection persor"hoa expended in IS! '

4.5m Rem /hr, will be reduced by a factor of two.

(3) Control rod drise maintenance is sigmficantly The ABWR uses a forr,ed ring pressure vesselin j
reuuced in the ABWR with the introduction of ccmpa;ison N olde* plate welded vessels reducing ;
fine motion control rod drives (FMCRD). the total sessel weld length inspection by M ar.d j
Based upon European experienc:, two

the tsa'. weid inspectionh 10'1.~ ~ * g4 4 '/#gpFMCRDs will be replaced and repaired per .

outage along with twenty moors. Estimated The ABWR design incorporates specific wcess " we
work will consist of 64 person hours under isto it.spection areas past insulation areas wi'.h an g g~
vessel preparation,40 person hours FMCRD cstimated sasing of 120 person hourt -

;

removal and reinstallation,2n0 persoa bours !

motor removal and installation, and 64 Overall person hours reduction is 1,200
person hours cleanup. Typical under vessel oerson. hours at approximately hatf the typical
effective dose rates are 17 mrem /hr but effecthe dose rate or 5.5 mrem /br.
because of the removal of the recirculation
pumps and lines @been reduced to (6) Other drywell work inct ules items such as minor !

% 'p u vm maintenance, instrumentation work, and all["6.5 mrem /hr. 4 w
other drywell work. Typical BWR work in this

(4) The LPRM/ flP system assumes the servicing ausginninfu500 person. hours per year at]7 * .
,

of two sensors per year and is based upon a mrem /hr. Overall reduction in this effort due to j ' ' ~

f total of 200 person hours per year at an ABWR design unprovements .re:

i effective dose rate of 50 mrem /hr which is
| typical for BWk operations. Significant savings in total hours are estimated I

due to removal of the recirculation lines with |
(5) Inservice inspection consists of primarily NDE miscellneous recirculatica line work such as line j

examination of vessci and piping systems and snubbers. fewer dryweil cooling units, and less i
welds. Typical BWR values are 2400 assembly / disassembly work on insulation due to

,

person hours per year at 12 mrem /hr effective the use of automat.d units. Overallit is estimated

| exposure rate. ABWR inservice inspection is that 2,000 peraon hours sasings caa be made. {

estimated based upon the following- |
Overall reduction in the drywellradimon due to |

Elimination of recirculation lines and pumps removal of the recirculation system results in the i
with the following sadngx reduction of the metall upper drywe.ll dose rate to

! L8 mrem /br and the lower drywell dose rate to

| Elimir.ation of 14 nonle inspections at 2 5.6 mrem /hr sinc: the ronponents invoked such
I per year, savin;; 360 persoc hours as diywell coolers typically do not carry

radioactive iaventory. Assuming that of the -

'

Elimination of shield penetration and remaining 3,500 person heur,2 00u is upper
;- shield plug removal savirg 240 person drywell work and 1,500 is lower drywel! work at ,
| hours per year their respective effecthe dose rues. |
|
.
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12.4.2 Reactor Building Dose imprmed waur chemistry systems, should reduee |
the effective dose rate 'o two thirds the typical

The following presides the basis by whuh the salue or 3.0 mrem /hr.
! reactor building dose estimates for occupational !

j aposure were made (6) All other wari in the eactor building typicahy
| takes 7,400 person hours per year at an effeethe

'

| (1) Vessel access and reatsembly tvpically requires dose rate of 2 EmRem/hr. This work includes al! '
I 4500 person houn of work at an effecthe dose vahe work. RIP rebuild work, minor maintenance,

rate of 3 mr/hr. The ABWR work wil!invohe and CRD hydraulic line work. The mapt task in
the use of a stud tentioner for a 96 bolt top this area is the hydraulic control units w bich
head The projected time to remme 96 boas require 5.0u0 person. hours per year at an effecthe ,

with this equipment is between 600 to 1200 dose rate of 33 mrem /hr. With the use of the '
,
'

person hes. Due to the larger ABWR sessel FMCRD units, an additional savings of 2,000
and expected reduced water contamination person hours is aniicipatei in addition, the
with the improved clean up system, the ABWR reactor building has been designed to i
estimated projected effective dose rate is 1.5 pradce for case of maiatenance with oserhead ;
mrem /hr. lifts, coordinated hatch ways and ample space to |

maintain in place equipment. In addition, with the i
G) ABWR refuelling is secomplished sia an exception of one tank and the pressure vessel, all .!

automated refuelling bndp. All operations for the (quipment in the reactor building is !
refuelling are ascomplished from an enclosed removable with those pieces which can bc ;
automation cente: cff the ref uelling floor. expected to be mosed being palatalized. Because

Time for refuellieg is reduced from a typical of these factors, an metall reduction in work of !

4,400 person hours down to 2,000 person and 1,0@ person. hours is estimated. Because of the I

from an effective dose rate of 2.5 mRern/hr to improved water chemistry the overall effectise

less than 0.2 mrem /hr. dose rate is anticipated at one half the typical
BWR dose rate. 1

(3) RHR/CUW maintenance work consists of
,

inspections for two pumps per year in each 12.4.3 Radwaste Building Dose j
<ystem, in the RHR system this consumes 150

i

person-hours per yeac at an effective dose rate Radwaste building work consists of pump and
of 40 mrem /hr. In the CUW system this valve maintenance, shipment handling, redwane
typically uses 1400 person-hours per year at an management, and general clean up aethity. Typically, .

effective dose rate of 14 mrem /hr. ABWR will 6,700 hours are expended per year at an effecthe dose !

use canned pumps for both system with an rate of 5.5 mrem /hr. The ABWR radwaste building u, i .

estiinated reduction in maintenance to 100 desigaed along the same lines as newer radwaste
person hours per pump. With improsed water facilities overseat The building incorporates enhanced

chemistry and overall reductions in reactor remote control and shielding for handling of resia ,
water concentrations due to the two percent materials which is expected to reduce overall |
cleanup systern the effective dose rate is maintenance by 1500 to 2000 hour per year at ;

;

estiniated at twenty percent of the typical value significantly reduced dose levels. In addition, radwaste i

for these system. pumps for ABWR are expected to utilize air driven, '
rack mounted pumps. Such pumps which are designed

(4) BICRD rebuilding estimates are taken from to handle slurries have been prosen to show cauch
similar work done in Europe since no longer life times between maintenance and being
significant U.S. data exists to date. Two drives basically a very small portable pump, can be readily
will be rebuilt at an effective dose rate of 4.3 replaced. Rephced pumps are then subject to intense
mrem /hr and 304) hours per drive, chemical decontamination prior to maiutenance and

repair. Overseas utilities have reported occupational

(5) Instrumentation work typically requires 1,000 exposures typically less than 1 person rem per year,
person. hours of work per year at an effective using this design. For ABWR assuming 2,000 hours"

dose rate of 5.0 mrem /hr. ABWR should take reduction in maintenance due to remote handling and

about the same effort in instrumentation, an additional 500 hours reduction for pump i

however because of the increased emphasis and repbcement,4,200 hours per year are estimated with , Q
4 .6

12 M I
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i exposer. s. For the ABWR it is estiinated that a
| reduced effectne dose rates of 2.5 mrem /hr owing

'

primarily to remotting those jobs insohing high 10"c reduction can be realired with improving
j radiation expesuse. technolo3y mth no sigmiicant change in dose rate.

!
| 12AJ T.rbine Building Dose 12A.5 Work at Power
i
i

; (I) Typical BWR sahe mainterance in the turbine Work at power typica!!y requires 5M imurs per
,

building uses 1,150 hours per year at an year at an effectise dose rate of 6 6 mrem /hr for the
effecthe d7sc rate of 9.5 mrem /hr. The vahe SWR. This category covers htcra!!y all aspects t f plant,

maintenance requirements for ABWR do not mainienance performed during nornaal cperaucas from
vary signiGcantly over current plants,increfore health physics coverage to surseillance, to minor

j tb total hours for this type of work is assumed equipment adjustment, and minor equipment repair.
4 as approsimately the same excepting minor Overall the ABWR has been designed with more '

adjus:ments for improsed vah rs, maintenan:e automated and remotted equipment. It is espected that <

jigs, and autornated devices willlower the items of routine monitoring will bc performed by
estimated maintenance time to 1,000 hours. camera. or additional;nstrumentation. Most equipment I
The effective dose rate of 9.5 mnem/hr h in ABWR is palatalized which permits quick and easyj

| . estimated at more than one half this value due replacement and removal for decort.mination and
I to basically improvements in BWR fuel oser repair. Therefore a reduction in actual hours need at

(r;", the generation of fuel from which this data was power is estimate at 1,000 hours less than the typical
,

!

Od[4
taken bringing the effecthe dose rate down .o salue. In the area of effective dose aate, the ABWR is |

Y
q 3.9 mrem /hr. 'In additica, beta shieloing is expected to have significantly lower general radiation |

y (r'
V recommended for work on 5alving where lesels oser current plants owing to more stringent water

possible which it is estimated will reduce the chetristry controls, a fell!10w condensate now system, a
,

( oserall effecthe dose rate by an additiona' 10% 2% clean up water program, t ramum condenser tubes,i
,

\.ao 3.5mP em/hr. Fe feedwater control, and ow cobalt usage. In /6#*
addition, the ABWR is the most compartmentalired #g;(2) In a similar fashion the turbine maintenance BWR design which (1) permits better shielding in

work typically requires 18,500 hours of work at specific work areas, and (2) towers enuateral radiation '-I'.f
an effective dose rate of 0.3 mrem /hr. With contaminatint.. Overall then it is estimated that the i
additional operational imiirovements in effective dose rate for work at power vill Se slightly f
automating turbine maintenance, overall work over two thirds the typical : ate or 4 OmRe en/hr. "

is estimated to be reduced to 15,500 hoars. !

The effective dose rate for the turbine is not 12A.6 References -

expected to be as sensitive to fuel performance. j
as will the turbines but is estimated to reflect a L Knecht, P.D., BifR/6 Devwell and Coctair. ment .

decrease in dose to 0.2 mrem /br for turbit >c Maintenance and Testing Acce.is Time Esnmates,
oserhaul work. GE Report NEDE-23d19, May 1973. j

(3) Work on the turbine hall condensate system 2. 'emecht, P.D., Maintenance Access Time Esnmates, i

typically requires 2,000 hours per year at an B WR/o Radwaste Building, G E Report j
effective dose rate of 7.5 mrem /br. The NEDE-23996 2, Mas 1979 i

condensate system in ABWR uses hollow. fiber i

filled filter; which require half the maintenance 3. Knecht, P.D., Mcimenance Access Time Estimates. !

of a typical system. In addition, with the plant BnR/6 Au.uliuy and fuel Build.nn. GE Report
incorporating Fe control in the feedwater NEDE-23996-1, May 1979.
system and a significant reduction in cobalt |
bearing materials, the everall ef(cctive dose 4. Study of Advanced BWR Features, Plant ;
rate is estimated at half the above value. Definition / Feasibility Results. Vo ume III, jt

Appenda Past G. GE NEDE 24679, Oct 1979. |
'(4) Other work in the turbine building typically

takes 13,140 hours per year at an effective dose
rate of 0.1 mrem /hr. Only minor changes can
be ass >med with ABWk with some remote

| operations and sl;ght reductioni in opermting
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Table 12.41

PROJECTED ANNL'AL RADI ATION EXPOSL'RE

Operatian SSAR liours Person.

Iash S.cctbin ;f,t2nt g@t n,[hr Eg,(,g

Drywell
MS!V 12.4.1(1) 4200 1.5 6.3 !
SRV, RIP,etc 114.1(2) 1.110 7.5 56 j
FMCRD 1141(3) 370 6.5 2.4

,

LPRM/TIP 12.4.1(4) W 50.0 10 3

ISI 12.4.l($) 1,200 5.5 6.6 { *

Other 114.1(6) 3,5.X) 3.5 12,5 |
Tot 31 10,620 46.2 {

Reactor Building
Vessel 12 4_2(1) 1.203 1.5 1.3

Refueling 12.4.2(2) 2,000 0.2 0.4

RHR/CUW 12.4.2 0 ) 400 80 3.2 {
FMCRD 12A M4) 120 45 0.5 g

instrument 12.4.2($) 1,000 30 3.0,

Other 12.4.2(6) 4,4A0 13 6.6
Total 9,120 15.5

Radwaste Building 12.4 3 4.200 2.5 10.5

Turbine Building 5,9 3.9
Valve Maint 12,2.4(1) If00 .J & .3 ?
Turbine Ovrhl 12.4.4(2) (5,500 0.2 3.1 -

Condensate 12.4.4(3) 1,t)00 15 3.5

Cther 1144(4) 11,800 0.1 1.2

Total 3,3 ^X) 41.9 /I.7 i
i

|Work r Power 12 4.5 4,000 4.0 16.0

I
|
i

99/'gTotals 48,120

|

|

I

!

I
|

|

!
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. Revision _1

Replace paragraph begir.ning with " Reduction in drywell dose by 50%.. ." with:

Reduction in drvwell dose by 500c tiased upon the assumption that the contact
dose rate on the' fecdwater lIne is less than half the contact dose rate on the typical :
BWR recirculation line. Hence at equal distances from the line, the tc.n general
divwell dose rate which is doruinated by the recheulation and feedwater hnes will
be'less than halt what is typically seen dith recin.ulation lines.

i

RexiiioA2

Peplacc paragraph beginning vith "Ihe ABWR design incorporates... " %ith:

The ABWR desiga incorporates specific access panels and shield doors into
required inspect;x areas pe:mitting easy bypass of insulation areas :esulting in an
estimated person bour savmgs of 120 person hours.

Rubjan2'
,

Replacn sentence beginning with " Typical BWR work in this.. . " woh:

These miscellaneous tasks in the drywe!! consume on the average 5,500
person hours per year in a radiation ficid of 17 mrem /hr. However, this avaage is
a combination of some specific higher radiation tasks such as work on recirculatic n
lines (involving saubbers, weld inspectica, etc) and many lower radiation tasks v -

,

as work on drywell coolers.
'

.f50511013

Replace sentences beginning with " For ABWR assuming 2,009. ." to end of
paragrapa with:

For ABWR,it is then assumed that the maiiaenance effart expended per year is
reduced by 2,000 person hours from 6,7tr to 4,700 person hours due to the
introduction of automated equipment. An additional reduct:an of 500 person
hours down to 4,200 person hours is assumed based upon the use of air pumps as
specified above. The overall radiation field to which the worker is exposeo va the
average is then expected to be reduced from 5.5 mrem /hr to 2.5 mrem /hr since ;

most of the high radiation tasks are eliminated by au:omation er remoting the :

* asks or in the case of the air pumps reduced by decentaminat:en at separate.

facilities prior to pump maintcaance.

RevisioAf

Replace sentences beginning vith "The effective dose rate of 9.5.. .." to end of
paragraph with:

In the ABWR, the estimated effective radution field uf 3.9 mrem /hr for turbine
building work is expected to be less than half the typical dose rate of 9.5 mrem /hr
due to the use of newer fuels which are less resistant to pin size leaks. The
rad:ation fields in the tuttine hall duri ig maintenance are a combination of
contamination from fission products from the fuel and corrosion products from the
vessel and piping. Offgas measurements of tne performance of the newer fuels

'

:
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when operated under proper water ci mistry standards (required for ABWR) have
shown fissian product releases and .;rou of magnitude less than oldet fuels.
Likewise the aBWR has placed stringent controls over material usage especially in
the vessel and other high temperature compenents to minimize corrosion product
releases.

.

1 FaisioAb

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

,

i

in addition, the ABWR has in the basic design, compartmentalized all major pieces
of equipment so that any piece ot equipment can be ma:ntained or removed for
maintenance without affecting the normal plant operations. This design concept
therebv reduces radiation exposure to personnet raaintaining or testing one piece
of equipment from both shine and airborne contarnination from other equipment.
Finally, the ABWR has incorporated in the basic design tlie use of Hydrogen
Water Chemistry (HWC) and the additional shieldiag necessary to protect from'

the factor of four merease in N 16 shine produced through the steam lines into the
turbine building. For normally occupied areas, sufficient shiciding is provided to

: protect from N 16 shine, in areas which may be occupied temporarily for specirie
maimenance or surveillance tasks and where additional shielding is not
ap,propriate (for the surveillance function) or deemed reasonable, the llWC i

injectina can be stopped causirig the N 16 shine to decrease to within normal
operating BWR limits within 90 seconds and thus permitting those actions needed.
Overall, it is estimated that the effective dose ra:e far work at power will be slightly :

over two thirds the typical rate or 4.0 mrem /hr.
.

.

|

1

:

I
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17 mrem /hr. In the ABWR, the primary Elimination of weld inspection on |
source of radiation exposure, the recirculation recirculation iines estimated at 240 Ferson
Fnes and pumps, have been removed. Over.dl hour per year

the reduction in dr)well Jose :evel is for these
types of mainanance is expected to k a f.u.cor F. eduction in drywell dose by 50% based
of two or 9 mrem /br. Overhead tracks and in upon the assumption that the contact dose
place removal equipment is provided in the rare ao the fredu er line is Icss than half the

| ABWR for an estimated pctson-hout reduction contait Jose rate on the typical BWR recir.
to 1,150 person. hour per year broken down lation line. llence at equal distances frem
into 200 pctson hours for 18 SRY maintenance the line, the total general drywell dose rate
at 6 mrem /hr,200 person-hears per year to which is donunated by the recirculation and
pull and replace 3 RIPS with one heat ftedwater lines will be less than half what is i
exchanger at 20 mrem /hr, and the remainder typically scen uith recirculation lines. |
on miscellaneous vahes at 4.5 mrem /hr

metallit is estimated that by use of automated
(3) Control tod drive taaintenance h significantly turtles for inspection persoa.hout eq,cnded in ISI ,

reduced ia the ABWR with the introduction of wil' he reduced by a factor of two.
fine mo;!on control rod drives (FMCRD).
Based upon European expc*ience, two The ABWR uses a forged ring pressure vesselin
FMCRDs wi'l be replaced and rcpaire;d net corapatison to older plate welded sessels reducing
outage along with twenty motors Estimated the total veuel weid length inspection by M and
work will consist of 64 person-hours under the total weld inspection in the drywell by 10% 1

vessel preparation,40 person-hours FMCRD
removal and reinstallation,200 pman hours The ABWR design incorporates specifie access
moter removal aed installation, and 64 panels and rSiel-1 doors into required inspection
person-hours cleanu;n Typical under vessel areas permitting easy bypass of insulation arca,
effective dose rates ar 17 mrem /hr het resulting in ac estimated person hour savings of
be.ause of the removai of the recirculatio i 120 person hours.

| perups and lines dose rate have been reduced
to 6.fmRem/hr. Overall person hours reduction is 1,200

person hours at approximately half the typical
(4) The LPRM/TIP system assumes the serv:cing effective dose rate or 5.3misem/hr.

of two sensors per year and is based upon a
total of 200 person hour s per year at an (6) Other dr>well work includes items such as minor
cifective dose rate of 50 mrem /br which is valve maintenance, instrumentation work, and a:1
typicalfor BWR operations. other drywell wtrk. Thex miscellaneous tasks in

the drywel; consurne en the average 5,500
,

l (5) Inservice incpection consists of primarily NDE person hours per year in a radiation field of
examication of vessel and piping systems and 17 mrem /br. Iloweser, this average is a com-
welds. Typical f4WR salues are 2400 bination oisome specific higher radiation tasks
netson hours pr year at r! mrem /hr effective such as work on recirculation lines (involvinq

|- exposure rate. ABWR inservice inspection is snubbers, weld inspection, etc} and many lower

| estimated based upon :he following: radiation ta;ks such as work on drywell coolers
! Overall reduction in this effort due to ABWR

Elin.inatio, of recirculation lines and pumps design improwments are:
with the fo!!owing savings:'

i Significant savings in total hours aie es:imated

| Elimination of 14 nonle inspections at 2 due to removal of the recirculation lines with
L per year, saving 360 person hours miscellaneous recirctuatioe line work sipi as line

snobbers, fewer dryoll cooling units, and less
Elimination of shield penetration and assembly / disassembly work on insulation due to
shield plug removal saving 240 person the use of automated units. Overallit is estirnated
hours per year that 2,000 person hours savings can be nade.

Amendment t2 4-2
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Overall reduction in the drywell radiation due (4) FMCRD rebuiking estimaies tre taken from
to removal of the recirculation system results in similar work ame in Europe since no significant
the reduction of the oserall upper drywell dose U.S data esists to date. Two drives will be rebuilt
rate to 1.SmRem/hr anJ the town drywell dose at an effective dose rate of 4.5 mrem /hr and
eate to 5.6 mrem /hr since the components 30.u) hours pe drive.
involved such as dr>well coolers typically do not
carry radiaactive intentory. Assuming that of (5) ine.rumentation work typically requires 1,000
the remaining 3,M) person hour,2,000 is upper pceson hours af work per year at an effective dose
drvwcll work and 1.500 is lower drywtll work at rate ol 5J1 mrem /hr. ADWR should take about
their respecthe cifecthe dov: rates. the same effort in instramentation, however

because of the increased emphasis and improved
12.4.2 Reactor Building Dme water chemistry systems, should reduce the

effeuive dose rate to two thirds the typicalvalue
The following prmides the basis b which the or 3.0 mrem /hr.3

reactor building dose stimates for accupational
exposure were made. (6) All other work in thr reactor building typically

takes 7.400 person hours per year at an effective
(1) Vessel access and reanembly typ.cally requires dase rate of 2EmRem/hr. Thh work includes all

4500 person. hours of work at an effective dase sahe work, RIP rebuild work, minor maintenance,

rate 1 -f 3 mr/hr. The ABWR work will involve and CRD hydraulic line work. The major task in
the use of a stud tensioner for a 96 bolt top this area is the hydraulic cantrol units which
head. The projected time to remove 96 bolts require 5,tu) person hours per year at an effective
with this equipment is between 600 to 1200 dose sate el 3 3 mrem /hr. With the use of the
person hours. Due to the larger ABWR vessel FMCRD units, an additional savings of 2,000
and expected reduced water contamination person-hours is anticipated in addition, the
with the improved clean up system, the ABWR reactor building has been designed to
estimated projected effective dose rate is 1.5 provide for case of maintena,cc with overhead
mrem /hr. lifts, coordinated hatch ways and ample space to

maintain in place equipment. In addition, with the
(2) ABWR refuelling is accomplished sia an exception of one tank and the pressure tc.ssel, all

automated refuelling bridge. All operation for the equipment in the reactor building is
refuelling uve accomplished from on enclosed removable with those pieces which can be
automa(iou center off the refuelling floor, expected to be moved being palatalized. Because
Time for refuelling is reduced froin a typical of these factors, an metall reduction in work of
4,400 person-hours down to 2Jul person and 1,000 person-hour *, is estimated tlecause of the
frem an cifective dose rate af 2.5 mrem /hr to impraved water chemistry the overall effectise
less than o.2mRe.n/hr. dose rTic is anticipated at one half the typical

BWR dose rate.

(3) RHR/CUW maintenaner. work consists of .

bspe:tions for two puinps pa year in each 12A3 Radwnte Hullding Do3e
system. In the RHR system this consumes 150
persor. hours per year at aa effective dose rate Radwoste building work consists of pump and
of 40 mrem /hr. In the CUW system this vahe maintenance, shipment handling, radwaste
typically uses 1400 person-bcms per year at an management, and geraral clean up activity. Typ.cally,
effective dose tr.te of 14mRetn/hr. ABWR vill 6,700 hours are erpended per year at an effective dose
use cacned pumps for both systern with an rate of 5.5 mrem /hr. The ABWR radwaste building is
estimated reduction in maintcaance to 100 designed along the same lines as newer radwaste
person-hours per pump. With impre ed water facilities c<erseau The buildmg incorporates enhanced

chsmistry and overall reductions in reactor remote control and shielding for handling of resin
water mncentrations due to the twc. percent materials which is expected to reduce overall
cleanup system the effective dose rate is maintenance by 1500 to 2000 hour per year at
estimated at twenty percent of the typical value significantly reduced dose leveh. In addithn. radwaste
for these system.

,
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pumps for ABWR are expected to utilire air drhen, especially in the vesse'. and other high
rack mounted pumps. Such pumps which are temperature coruponents to minimize corrosion
designed to handle slurries have been prosen to show product a.: eases.

much longer life times between maintenance and
being basically a very small postable purap, can be (2) In a similar fashion the 'urbine maintenance work
readily replaced. Replaced puraps are then subje:t typically requires D,500 hours of work at so
to intense chemica! decontamination prior to effective dose rate of 0.3 mrem /hr. With
raaintenance and repair. Overseas utilities have additional operational improvements in
reported occupational exi osures typieauy less than 1 actomating turbine maintenance, ovenll work is
person-rem per year using this desigm For ABWR, estimated to be reduced to 15.500 hours. The
it i; then assumed that the maint nance effort effecthe dose rate loi the turbine is not expected
expended per year i+ reduced bv 1,000 person hours to be as sensitive to fuel performance as will de
from 6,700 to 4,700 person hours due ta the turbires but is estimated to reflect a decrease in'

introductico of automated equipment. An additional dm.c to 6.2 mrem /hr for turbine overhaul work,

reduction of 500 person hours down to 4.200 person
hours 's assumed based upon the me of air pu.ups as (3) Work on the turbine hall condensate systera
specified above. The overall radiation held to whica typically requires 2,000 hours per 3 ear at an
the worker is exposed on the average is ther ef fective dose rate of 7.5 mrem /hr. The
extected to be educed from 5.5 mrem /hr to condensate system in ABWR uses bc| law-fiber
2 frnRem/lr since most of the high radia. ion tasks filled filters which require half the maintenanc: of
are eliminated by automation or remoting the tasks a typical system. In addition, with the plant
or in the case of the air pumps reduced by incorporating Fe con:rol in the feedwater system
dewntamination at separate facilities prior to pump and a significant reductica in cobalt bearing
maintenance. materials, the overall effective dose rate is

estimated at half the above value.
12.4.4 Turbine Bui! ding Dose

(4) Other work in the turbine buil3ing typically takes
O) Typical BWl; valve maintenance in the iurbine 13,140 hours per year at an effective dose rate of

building u3es 1,150 hours per yea. n ao 0.1rn R e m / h r. Only minor changes can be
ef'ective dese rate of 9.5 mrem /hr. The salve assumed with ABWR with ome ren ote
raaintenance acquirements fo~ ABWR do not operations and slight ieductions in operating
vary significamly over current plant.s therefore exposures. For the ABWR it is estitrated that a
the total hours for thi.s typ of work is assuerd 10% reduction can be realized with imptuving
as cpproximately the sarce excepting minct technology with no significant change in dose rate.

aujustments for improved valves, maintenance
jigs, and automated devices will lowes the 12 A5 Wmt at Power
estimated maintenance time to 1,000 hours. In
the ABWR, the estimated effective radiation Work at power typically re :uires 5,000 hours per
field of 3.9 mrem /hr for turbine bui|umg work par at an effective dose rate of 6.6mRe n/hr foi the
is expected to be less than half the typeal dose BWR. This category covers literally all aspects of plant
rate of 9.5 mrem /h- due to the use of newer maintenance performed during normal opeiations from
fuels which are Idrisistant to pin size leaks. health physics covetage to surveillance, to minor
The radiation fields in the turbine hall during equipment adjustment, and minor equipment repair,
maintenance are a combir.ation of Overall the ABWR has been designed with more
contarnination from fission products from the automated and remotted equipment. I is e.xp:cted that
fuel and corrosion prodacts from the vessel and items of routine monitoring will be performed by
piping. Offgas measurements of the camera ct additiornlinstrumentation. Most equipment
perfcrmance of the newer fuels when operated in ABWR is palatali7ed which permits quick and e asy
under proper water chemistry standards replacement and removal for decontamination and
(required for ABWR) have sb own fission repair. Thurefore a reduction in actual hours need at
product releases no# order of magnitude less power is estimate at 1,000 hours less than the typical
than older fuch. Likewise the ABWR has vaiuc. In the area of effective dose rate, se ABWR is

place.d stringent controls oser material usage expected to have significamly lower general radiation
levels over current plants owing to mere stringent water
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chemistry controis, a full flove condensate flow
system, a 2% clean up water progt am, titanium
condenser tubes, Fe feedwater control, and low
cob:dt usage. In addition, the AH% R bas in the
basic design, compartmentalized all major pbces of
equipment so that any piece of equipment can be
maintained or removed for inaiutenance without
affecting the normal plant opentions. This design
concept thereby reduces radiation expoture to
peisonnel maintaining or testing one piece of
equipment from both shine and airborne
contamination from othet equipment. Fir.aHy, the
ABWR has incorporated in the basic design the use
of Hydrogen Water Chemistry (HWC) ai4d the
additional shielding necessary to protect from the
factor of four increase in N 16 shine produced
through the steam lines into the turbine building.
For normally occupied areas, sufficient shielding is
presided to protect from N-16 shine. In areas which
may be occupied temporarily for snecific
maintenance or surve.llance tasks and wheret

additional shi:Idint,is not appropriate (far the
surveillance function) or deemed reasonab'e, the
HWC injection can be stopped causing the N 16
shine to decrease t, within normal operating BWR
limits within 90 secondt and thus permitting those
actions needed. Overall,it is estimated that the
:ffective dose rate for work at power will be slightly
our two thirds the typical iate or 1.0 mrem /hr.

12A 6 Refmnces

L Nnecht, P.D., B1f R/6 Drywe," and Containment
Maintenance and Testing Access Time
E.rtimate:r. CE Report NEDE 23819, May 1971

2. Knecht, P.D., Vuintenance Access Time
Estimater, Bil'R/6 Radwa:.te Building, GE
Report NEDE-239942, May 1979.

3. Kuccht, P.D., Muintenance Access Tsme
Estimates, BHR/6 Aurinwy and Fuel Building,
GE Report NEDE 239%1, May 1979. a

4 Study of Advan:ed BWR Features Plant
Definition / Feasibility Resus'ts, Volume 1lI,
Appendix Part G, GE NEDE-23679, Oct 1979.

|

|
!

l

|
| Anwndment IM
l

|



. .-. .-

.

ABWR :waam.

S.tandanl Plant _ asa_. __.. _ . _

Table 12 A 1

PitOJECI'ED ANNUAL 1(ADIATION EXPOSURE

Opmition SSAR llours P< rson.

Ink Su th10 lirJ.tiir mR.t!!1Lbt B.uli arl

Dnwell
MSIV 12A.1(1) 4 ,21 0 1.5 6.3
S RV, RIP,ete 12.4.1(2) 1,150 7.5 8.6
FMCRD 12.4.1(3) 370 6.5 2A

LPRM/TlP 12.4.1(4) 200 50 0 10.0

151 12.41(J) 1,200 5.5 6.6
Other 12.4.l(6) 3.500 3.5 12.3

Total 10.620 46.2

Rtactor Building
Vessel 12A.2(1) 1,200 1.5 1.8

Refueling 12A.2(2) 2,000 6.2 OA

RHR/CUW 12A.2(3) 400 8.0 3.2

FMCRD 12.4.2(4) 120 4.5 0.5

| Instrum:nt 12.4 2(5) 1/W 3.0 3.0
Other 12A.2(6) 4,40) 1.5 6.6
Total 9,120 15.5

Radwaste Buiiding 12A 3 4,2u) 2.5 10.5

,

Turbinn Building j
Vahr Maint 12AA(1) 1,000 3.9 3.9

Turbine Onhl 12A.4(2) 15,500 0.2 3.1

Condensate 12.4A(3) 1,000 3.5 3.5

Other 12AA(4) 11,800 0,1 1.2

| Total 29,300 11.7

|
' Work at Power 12A.5 4,000 4.0 16.0

Totals 48,120 99,9 |
*
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