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ADVANCED BOILING WATER REACTOR PROGRAM
San Jose, California

December §. 1991

To: Roger Pedersen
Subject: Chapter 12 Update Note # 6
From: H.A. Careway via Jack Fox

This is a short unoffic! 1 update note on my progress on ABWR Chapter 12.
VWork sn Chapter 12 is complete except updating of the figures in Section 1273
The .ompleted Table 12.2-5 is attached along with section 12 4. This then is
my last update note until 1 get into redoing the figures.



12 2<% Ragiation Sources

s Radiation Sources

Source

Lale far - aater Lmate Gegmels
it 26 Rk Meat fxchanger . (R} .RF) Rt Cyingr (#e0 Sm 1e?m)
(RE RA)
{RE RF)
2.2+ RCIC Turbine . (RE RC) Rt Cylngr (vl §w 1e0. Tm)
iz.2-9 Cuv Filter Demingraliger 12 .3+ (R RB) ? Tanks, Rt Cylngr (re0 6m Yol 3m)
12.2-10 RWCU Regen Meat [xchanger . {R].RC) Rt Cylngr (re0 ém Jeb 8m)
12 .2-1 RWCU Non-Regen Weat [xchanger . (R],&C) Rt Cylngr (rul dm, 15§ 5m)
i2.2-13.1 LCw Callector Tenk ey 1TEm 7 ¢ Tenks, RL Cylngr [red m 1o8 dm)
1.2-131 Llw Filter 12,338 17im 12 Nt Cyingr (rol Sm 1ol Sm)
12.2-13.3 LV Demingrelizer 12.3-38 1TEM 1) Rt Cylngr (rel Gm, 1s2 Bm)
it 2-13 4 LCW Sample Tank 12 338 17EmM 8 ? Teriks, Rt Cyingr (red.m )ed dn)
12.2-13.% HCw Collector Tank 12.3-3? 176m 13 Rt Cylngr (re? 2m, !e4 3m)
12.2-13 6 HCW Deminers!izer 7.3+ 176m 20 Rt Cylngr (red 6m T2 Bm)
i2.2-14 0ffgas 12 .3-%0 (1F.12) Tenk 1, Rt Cylngr (rel 6m 1a7 fm)
Tanks 2-9, RL Cylngr (re] . im Vo) Gm)
- Steem Jet Air [jector i2.3-%1 (YF,12) Rt Cy'ngr (reD [5m, '=d Bmn)
ok : Bt Cylngr (roD “6m 1% im)
Bt Cylngr (reD.2m, )ed bm)
12.2-14 0ffgas Kecombiner 12.3-81 (TF,72) 8t Cyingr (ra] 4m 1a7m)
12.2-15.1 CUW Backwash Receiving Tank 12 3+1 (RZ.RB) Rt Cyingr (ra 2m Vo8 im)
12 2-15.2 CF Backwash Retpiving Tank 17 2-48 (1D,74) Rt Cylndr (re2 2m, 1s§ 7n)
i2.2-16.3 Phase Separator 12 3-38 [1m 30 ? Tanks, Rt Cyindr {re2 4m Vo6 Om)
12 2+15.4 Spent Resin Storage Tank 12.3-38 1TEM 3} Rt Cylngr (reZ Dm le§ Tm)
12.2-1%.% Concentrated veste Tank 12.3-37 17EM 35 Rt Cylngr (ro] Sm, )ed dm)
12.2-158 So! Dryer Feed Tank 12 3-4) 17Em 39 Rt Cylngr (re]l 6m 13 im)
12.2-18.7 So! Dryer (outiet) i2.3-9 1TEM 5% Rt Cy'ndr (reD 2m, Yo 2m)
12.2-15.8 Sol Peletizer 12.3-38 1TEm 58 Rt Cylngr (rsD dm. Ye2 Sm)
12.2-15.9 501 Migt Separator (steam) 12.3-3% 1TEm 56 Rt Cylngr (rel jm, 1e2 B,
12 1-15.10  Se! Condenser 12 3-40 1TEm 87 Rt Cylngr (e 2m 1] dm)
j12.2-18.11 S0l Drum 12.3-39 (2.0) Rt Cylagr (re0. 3m, 10 8m)
Box (] Smxl Smxim)
12 218 FPC Filter Demineralizer 1¢ 3+3 (R2.RE) Rt Cylngr (raD 7m 1e3 &m)
12 2.7 Supp Poo) Cleanup System® 12.3-3 (RZ.RA) Kt Cylngr (re0 7m )e3 4m)
12.2-18 Contro) Rog Drive System® 12.3+2 (R4 RF) Distributed Source
2.2 Transverse Incore Probe 12 .3-2 (Ra_ RE) Distributed Source
12 .2-2% heactor Interns! Pumps® 12.3-2 (RF,R1) Distributed Source
12.2-2% RIP Heat Exchanger 1.2-3 £) 3000 Rt Cyingr (reD 322m 1#2 9m)
12.2-26 Turbine Mositure Sep/Reheater 12 3-8 {16.7€) Rt Cylndr (re] Bm ie3] m)
12.-27 Turbine Condenser 12.3-83 {10.716) Distributed Source
12.2-78 Condensar Filter/Demineral zer
Filter 12.3-81 (1C-T2) 3 Tanks, Rt Cylngr (re) dm lef im)
Deminers!izer iz.3-81 {1€.13) 6 Tanks, Rt Cylngr(rel 7m )e§ im)
Appl icant Spent Fue! Storage 12 3-6 (R4 RF) fee Dro-‘ngl e
bt | SGTS Filter Train 12.3%7 (k2 RE) sy face, (3 66m x 2 Sdm)
Notes

s Maintenance Facility
¢ Meintenance Facility, see Figure 1.2-38 [levation 3000 for drywe'! location
4 Suppression poo! ¢lean up F/D uses second of Fuel Pool F/D

Surface ares of HEPA and charcoal filter
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B Source Geometry

Lompengnt

MR wpat Exchenger
RCIC Turpine
T Filter Demingral izer

RWCU Regen Heat fxchanger
KWL Non-Regen Meat [xchanger
AL Collector Tank

LCV Filter
LW Demineralizer
LW Sample Tank

WV Collector Tank
HCW Demineralizer
0ffgas

Steam Jot Air ()oitor
0ffgas Recomb:ner

CUW Backwash Receiving Tank
CF Backwash Receiving Tank
Prase Separator

Spent Resin Storage Tank
Concentrated vaste Tank
Sol Uryer feed Tam

S5¢) Dryer (outlet)
501 Peletizer
G501 Mist Separator (steam)

So! Loncenser
501 Drum
FPC Filter Demingraliper

Suppression Poo! Cleanup System
Control Rod Drive System
Transverse Incore Probe

Reactor Internal Pumps
R1P veat [xchanger
Turbine Mositure Sep/Reneater

Turhine Congenser

Condenser Filter/Deminera)izer
Filier
Do neralizer

Spent Fuel Storage
SGTS Filter Train

Ssee 0ffgas Recombiner Description, Subsection 11 3, use inventory for prehester, recombiner, condenser ang coo'er
‘or recamb)ner inventory for shielding applicetions
1ation levels in SJAL and Recombiner highly dependent upon power level

Ausymeg Stie'ging Source Degmetlry

Homogenous source over volume of heat exchenger
Romogenous source over volume of turbine
80X of source 1n First [Som. remsinder dispersed over volume

Homogenous source oves volume of exchanger
Homogenous Source over volume of exchanger
808 non soiubles in slyurry on tank bottom, rest evenly Oispersed 'n vo . ume

Homogenous source over volume of filter
B0X of soyurce in Tirst lhom, rest evenly Sispersed over volume
Homogenous suurce over volume of taenk

Homogenous snurce over volume of tenk

80X of source in first lSom, rest evenly @rspersed over volume

90% of source in first tark in First (upper) 30 om, rest evenerly oispersed
Remairing tanks, homogenous source over tank volume

Homogenous source over vo'ume of ejector "
HomOgenous SOurce over subcomponent, see Figure 12 2-14

80X non solubles in slurry on tank bottom, rest evenly dispersed in volume
80X non solubles in slurry on tank bottom. rest evenly dispersed 1n volume
80X non-sclubles i1n slurry on tank bottom, rest evenly dispersed 'n volume

Homogentus source over volume of tank
S0% non-solubles 'h slurry on tank botiom, rest evenly dispersed 1n volume
Source evenly dispersed over volume

Source evenly dispersed over volume
Source evenly dispersec over volume
Source evenly dispersed over volume

Source evenly dispersed over vo)ume
Source even!y tispersed over volume
90% insolubles \n first 15 om, rest of source evenly dispersed over vo'ume

90X insolubles in firgt 15 om, rest of source evenly dispersed over volume
Exposure dependent, assume evenly dispered over lengih of blade
Point or line geometry. see Table 12 2-74

Cylindrica) source coupled to water bearing components
Homogenous source over volume of exchanger
Homogenous source over volume of component

Homoaenous source over volume of condenser

Source eve.ly &' spersed over volume of filter ‘
0% insolubles in first 15 om, rest of source evenly dispersed over volume

Applizant
0% Particulates on MEPA f11ter, rematning on charcosl filter

contact dose rate are Z0Rads/hr at 100% power and 'ess thar SmRad/hr st 20% power

T R R R R R R R RTINS " prr—

Actual messurements on SJAE congenser
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C Shielding Geomatry 'n neters
Lanpenent

RMR weat [xcharnger
RCIC Turbine
CUv Filtey Deminera) iier

RVCY Regen meat Exchanger
RVCU Non-Reger Meat Exchanger
LiW Collector Tonk

LCW Filter s
LCW Demingralizer
LCW Semple Tenk

Ww Collector w‘
MOV Deminers)izer
0ffgus

Steam Jet Aie [lector
eng Recomd i ner Room

LV Backwash Receiving Tank
CF Backwash Receiving Tank
Phase Separator

Spent Resin Storage Tank
Concentrated vaste Tank
501 Drver Feed Tank

0! Dryer (outlet)®
o) Peletizer "
Co) W st Separator (steam)

S0 Condenser

So! Drum

FPC ¥11ter Demineralizer
Suppression Poc) Clnnu.o,Sn
Control Hpg Drive System
Transvers. [ncore Probe

Resctor Internal Purps’
RIP Meat [xchanger

Turbine Moisture Sep/Ryheater
Turbine Longdenser

Simpng |

Length wigth ignt
126 L 8
14 8 1.8 56
i8 3 7 4
17 I 13

7 4 () L
19 i i3
64 108 8
196 106 8
19 ) i3
¥ 1.2 54
19 6 0.6 ]
81 il i6

§1 142 !

66 14 §.6
$ § 25
16 5.4 46
LN 64 a4
4“6 § 54
84 1.2 612
§.2 52 ]
LI §1 68
LR | 5.2 [
. 12 62
3¢ 3 )
3z 32 14
A2 32 1.4
1.3 334 58
© 1.3 2.1
82 85 58
Primary Containment

e &6 BS
4.2 3 %
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Congenser ©ilter $ 1.1 8
Congenser Deminers)izer 88 17.3 ]
Spent Fuel Storege 9 4 4]
S48 Filter Train 14 4 5 82
Noles
: Moveable wall
L0 ang HOW Demineralizer share same room
: S011¢ dryer and Mist Separator share same room
7.4 meter water oepth above fuel elements
: North refers to plant 0 degree orientation, east » 50 oegrees

Maintenance Facility
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0. Fipe Chase Detat!

Sipe Space (P5) Ll  Galipn  aley
Rl (A) W (B R6) Wk
Ric
1382 (BC RE) CE
RCIC
RC1C
B¢ (RC.BE) R
RCIC
RCiC
B (W0, RA) Rk
RCIC
RCIC
BMR(E) \f (RD.RZ) WMk
WPCF
Bir (RD.R2) Rk
WeCF
8 (RD.RZ)  AwR
Cliad
par (RE.RZ) Rk
WPLE
ANR(C) i\ (RE.RE) AR
WpLH
Bif (RE.RE)  RR
WRLE
T (RE RE)  RR
WOLE
par [RE,RE) AR
HPLF
FOC/0IN 3 (RE &3 s
i (KB 03 FpC
tw
BiF (RS &3)  FRC
v
gar (88.82)  Cw
"iL/FD i (kB Be) :g:
SPCY gor (R, R2)  SBCU
Notes

R R Te——————.
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Ty

oan
166x140
732N
16Bx i 40
3564333
Tan23?
16Bx 140
3561333
raay?
1662140
356x313
2732y
a0
273
1345303
273a2%?
134x303
2730237
3342303
27323
3342303
1y
4303
23227
3342303
27327
3342303
273255
272x28%
215x189
2731288
216x189
1682140
7112640
Ch0ua80
218x203

e
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3
3
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1d Wal) Thickness (» meters
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“Pipe size given as outside diamter in millimeters and inside diameter 'n mi ) limetors.
Source 18 defined by RCe reactor coolant water, see Tables 11 2-2 through 11 .2-5. RS is reactor steam, see
Teb'es 1) 2-1 and 4 SPsfuppression poo! water « 10X RC (norme) operations), Reg Gu'de 1 7 (LOCA conditions)
“No N-16 or noble gases in feedwater
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Values referred 10 as typical for BWR operations are taken from references 1 through 4 which are a
compendium of maintenance and work tasks for BWR6 GESSAR

1241 Drywell Dose

The tallowing provides the basis by which the drywell dose estimates for occupational
exposure were made

(1) The Main Steam Isolation Valves are located in the upper drywell area (4 valves) and in the
reactor buliding outboard of the primary containment isolation wall (4 valves) These valves 'equire
periodic testing and maintenance 10 insure propet action and leak tightness  Typical values for
BWR's for mantenance of these valves is 4 000 hours of drywell and 5 000 howt s of reactor building
work in efective radiation fields of 13 5 mRem /hr and 3 6 mRem /'hr respectively The ABWR design
incorporates three specific features 10 reduce occupational exposure in the MSIV maintenance area
(1) iImproved water chemistry with lower overall contamination rates. (2) improved maintenance
procedures with some procedures automated, and (3) reduced radiation fieids. primarily due (0 the
absence of the recirculation piping Each area is discussed below

in the sarly 1980's the BWR Owner's Group began an extensive study of the
causes for failure of MSIV's 1o mee. the technical lsakage speciication limits and extensive
person-hours required (0 maintain these valves As a result of these studies. the ABWR will use the
latest technology for vatve maintenance including mechunical aids for valve disassembly and
assembly, automated lapping devices, and slightly _  <ed leakage specfications 1o delete
unnecessary maintenance As a result of these ads 1t is estimated that overall maintenance hours
will be reduced by 5060 parcent.

Eady studies on dose rates during MSIV maintenance showed increases in dose rate
directly proportional 10 recirculation line activity The ABWR has deleted the recirculation lines
entirely thereby removing the singly most signfficant source of radiation in the drywell. The second
most significant dose for MSIV operations will be the deposited and sispended activity in the
feecwater lines. The deposited activity in tie feedwator lines is expected 10 be iower than typical
BWRs owing to an enhanced condensate system with full clean up of all condensate wa'er, a 2%
reactor water clean up system, and thanium condenser tubes. Additionally, the ABWR s designed
10 limit the use of cobalt bearing materials on moving comaonents which have historically been
identifiad as major sources of in water contamination Qverall, the feedwater line radiation is
expected 10 be a factor of two lower than current BWRs  Because of these factors. t is expected
that the effective dose rate in the drywell will be 2mRem /hr and 1 SmRem /hr in the steam tunnel
outboard of the primary containment.

(2) Drywell valve and pump maintenance other than the MSIVs consists primarily of maintaining the
Safety Relief Valves (SRVs) which 1or the most part consist of minor maintenance or removal of
valves 10 a maintenance faclity. Overall typical values for a BWR for these tasks ars 1,450
person-hours per year in an effective radiation tieid of 17mRem /hr. in the ABWR, the primary
source of radiation expasure. the recirculation lines and pumps, have been removed. Overall the
reduction in drywell dose level is for these types of maintenance is expected 10 be a factor of two or
gmRem /hr. Overhead tracks and in place removal equipment is provided in the ABWR for ai:
estimated person-power reduction to 1,150 person-hour per year broken down into 200
person-hours for 18 SRV maintenance at 6mRem /hr, 200 person-hours per year to pull and replace
3 RIPs with one heat exchanger at 25mRem /hr, and the remainder on miscellanecus valves at
Sm~em, ‘hr.



(3) Control Rod Drive maintenance is significantly reduced in the ABWR with the introduction of Fine
Motion Control Rod Drives (FMCRD) Based upon European experience. two FMCRDs will be
replaced and repaired per outage along with twerty motors  Estimated work wili consist of b4
person-hours under vessel preparation. 40 person-hours FMCRD removal and reinstaliation. 200
person hours motor removal and installation. and 64 person-hours cleanup Typical under vessel
eflective dose rates are 1 7mRem/hr bt because of the removal of the recirculation pumps and lines
has been reduced 1o BmRem /hr.

(4) The LPRM TIP system assumes the servicing of two sensors per year and is based upon a total
of 200 person-hours per year at an effective dose rate of 60mRem, hr which is typical for BWA
operations

(5) Inservice Inspection consists of primarily NDE examination of vessel and piping systems and
welds Typical BWR values are 2400 person-hours per year at 12mRem/hr effective exposure rate
ABWR inservice inspection is estimated based upon the following

Elimination of recirculation lines and pumps with the following savings:
Elimination of 14 nozzle inspections at 2 per year, saving 360 nerson hours

Eliminatisn of shield penetration and shield plug removal saving 240 person hours
per year

Reduction 0~ weld inspection on recirculation lines estimated at 240 person hour
per year

Reduction in drywell dose by 50% with the provision that the feedwater line dose
is more than half the recirculation line dose and general drywell dose leve! and
therefore removal of recirculation line inspection is estimated 10 be weighted at
twice the general drywell dose rate.

Overall it is estimated that by use of automated turtles for inspection person-hour
expended in IS will be reduced by a factor of two.

The ABWR uses a forged ring pressure vessel in comparison 10 older plate weided \essels
reducing the total vessel weld length inspection by 30% and the total weld inspection by
10%.

The ABWR design incorporates specific access into inspection areas past insulation areas
with an estimated savings of 120 person-hours

Overall person-hours reduction is 1,200 person-hours at approximately half the typical effective dose
rate¢ of 6 mRem/hr.

(6) Other drywell work includes tems such as minor  ive maintenance, instrumentation work, and
ali other drywell work. Typical BWR work in thi; area esticiates 5500 person-hours per year at 17
mRem/hr. Overall reduction in this effort due 10 ABWR design improvements are



Significant savings in total hours aro estimated due to removal of the recirculation lines
with miscellaneous recirculation ling work such as line snubbers, fewer drywell cooling
units. and less assembly/disassembly work on insulation due 1o the use of automated
units. Overall it is estimated that 2 000 percon hours savings can be made

Overall reduction in the dryw. "~ removal results in the reduction of the overall upper
drywell dose rate 10 3 mRen: /™ o <ot drywell dose rate 10 6 mRem/ hr since the
components involved such as dry el coolers typically do not carry radicactive inventory
Assuming that of the remaining L 500 person-hour. 2. 000 is upper drywell work and 1,500
18 lower arywell work at their respective eMective dose rates

12 4 2 Reactor Bulicing Dose

The following provides the basis by which the reactor bullding dose estimaltes for
occupational exposure were made.

(1) Vessel access and reassembly typically requires 4500 person-hours of work at an efective dose
rate of 3 mr/hr. The ABWR work will involve the use of an stud tensioner for & 96 belt top head. The
projected time to remove 96 Lolts with this equipment is between 600 1o 1200 person-hours. Due 1o
the larger ABWR vessel and oxpected reduced water contamination with the improved clean up
system, the estimated prolecied effective dose rate is 2 mRem /hr

(2) ABWR refuelling is accomplished via an automated refuelling bridge All operations for refuelling
are accomplished from an enclosed automation center off the refuelling floor  Time for retuelling is
reduced from a typical 4, 400 person-hours down 1o 2,000 person and from an effective dose rate of
2.5 mRem/hr 10 less than 0 6mRem /hr.

(3) RMR/RWCLU maintenance work consists of inspections for two pumps per year in each system
in the RHR gystem this consumes 150 person-hours per year al an effective dose rate of
40mRem/he. In the RWCU system this typically uses 1400 person-hours per year at an effective
dose rate of 1amRem/hr. ABWR will used canned pumps for both system with an estimated
reduct on in maintenance 10 100 person-hours per pump. With improved water chemistry and
overall reductions ‘~ reactor water concentrations due 10 the two parcent cleanup system the
effective dose rate is estimated at two-thirds the typical value for these system.

(4) FMCRD rebuilding estimates are taken from similar work done in Europe since no significant U §
data exists 1o date. Two drives will be repullt at an effective dose rate of 5§ mRem /hr and 30-60
hours per drive.

(5) Instrumentation work typically requires 1.000 person-hours of work per year at an effective dose
rate of 5.0 mRem/hr. ABWR should take about the same effort in instrumentation, however because
of the increased emphasis and Improved water chemistry systems, should reduce the effective dose
rate 10 two-thirds the typical value or 3. 4mRem /hr.

(6) All other work in the reactor bullding typically takes 7 400 person-hours pet year at an effective
dose rate of 2 BmRem/hr This work includes all vaive vork, RIP rebulld work, minor maintenance,
and CRD hydraulic line work. The major task in this area is the hydraulic control units which ‘equire
§.000 person-hours per year at an effective dose rate of 3 3mRem/hr. With the use of the FMCRD
units, an additional savings of 2.000 person-hours is anticipated In addition, the ABWR reactor
buliding has been design 10 provide for ease of maintenance with overhead lifts, coordinated hatch

3



ways and ample space 1o maintain in place equipment. In addition, with the exception of one tank
and the pre.sure vessel. all the equipment in the reactor bullding is removabie with those pleces
which can be axpected 10 be moved being palatalized Because of these tactors. an overall
reduction i work of 1,000 person-hours is estimated Because of the improved water chemistry the
overall effective dose rate . anticipated at two-thirds the typical BWR dose rate

12 4 3 Radwaste Bullding Dose

Radwaste bullding work consisis of pump and valve maintenance. shipment handling, radwaste
management, and general clean up activity. Typically, 6,700 hours are expended per year at an
effective dose rate of 5 SmRem /hr. The ABWR radwaste building is designed along the same lines
#s newer radwaste faciiit'es overseas. The bullding incorporates enhanced remote control and
shielding for handling of resin materials which is expected 10 reduce overall maintenance by 1500 to
2000 hour per year at significantly reduced dose levels. In addition radwaste pumps for ABWR are
expected to utilize air driven, rack mounted pumps  Such pumps whicn are designed 1o handle
slurries have been proven 1o show much longer Iife times between maintenance and being basically
a very small portable pump, can be readily replaced Replaced pumps are then subject 10 intense
chemical decontamination priof to maintenance and repair  Overseas utilities have reponed
occupational exposures typically less than 1 person-rem per year using this design. For ABWR
assuming 2,00% hours reduction in maintenance due to remote handling and an addit'onal 500 hours
reduction for pump replacement, 4 200 hours par year are estimated with reduced effective dose
rates of 2 5mRem /hr owing primarily 10 remotting those jobs involving high radiation exposure

12 4 4 Turbine Building Dose

(1) Typical BWR valve maintenance in the turbine bullding uses 1,150 hours ner year at an
effective dose rate of 9 5SmRem /hr. The valve maintenance requirements for ABWR do not
vary signfficantly over current plants, therefore the total hours for this type of work is
assumed as approximately the sa ne excepting minor adjustrnants for improved valves,
maintenance jigs, and automated devices will lower the estimated maintenance time to
1,000 hours. The effective dose rate of 9.5 mRem /tr is estimated at one half this value
due to basically improvements in BWH fuel over the guneration of fuel from which this data
was taken bringing the effective dose rate down to 4 7mRem/hr. In addition, beta
shielding is recommended for work on valving where possible which 1t is estimated will
reduce the overall effective dose rate by an additional 10% to 4 3mRem /hr

(2) In a similar fashion the turbine maintenance woi k typically requires 18 500 Fours of work at
an effective dose rate of 0 3mRem /hr. With additional operational Improvements in
automating turbine mainterance overall work is estimated to be reduced 10 15 500 hours
The effe tive dose rate for the turbine is not expected to be as sensitive to fuel
performance as will the turbines but is estimated to reflect a decrease in dose 10
0 2mRem /hr for turbine overhaul work.

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



(4) Other work In the turbine bullding typically takes 13 140 hours per year at an efective dose
rate of 0.1mRem /hr. Only minor changes can be assumed with ABWR with some remote
operations and slight reductions in operating exposures  For the ABWR 1t is estimated that
8 10% reduction can be realized with improving technology with no significant change in
dose rate.

12 4.5 Work at Power

Work at power typically requires 5 000 hours per year at an efective dose rate of 6 EmRem 'hr for
the BWR. This category covers (fterally all aspects of plant maintenance performed during normal
operations from health physics coverage to survelllance, to minor equipment adjustment, and minor
equipment repair. Overall the ABWR has been designed with more automated and remotied
equipment. It is expected that tems of routine monitoring will be performed by camaera or additional
Instrumantation. Most equipment in ABWR is palatalized which permits quick and easy replacement
and removal for decontamination and repair  Therefore a reduction in actual hours need at power is
estimate at 1,000 hours less than the typical value Inthe area of eMective dose rate the ABWR is
expected to have significantly lower general radiation levels over current plants owing to more
stringent water chemistry controls, a full flow condensate low system. a 2% clean up water
program, titanium condenser tubes, Fe feedwater control, and low cobalt usage In addition, the
ABWR is the most compartmentalized BWR design which (1) permits  efter shielding in specific
work areas, and (2) lowers collateral radiation contamination. Overall then it is estimated that the
efective dose rate for work at power will be two thirds the typical rate or 4 SmRem /hr.

12.4.6 Refcrences

1. Knecht, P D *BWR /8 Drywell and Contain—ent Maintenance and testing Access Time
Estimates’, GE Report NEDE 23818, May 1978

2 Knecht, P D, "Maintenance Acceus Time Estimates, BWR /6 Radwaste Building', GE
Report NEDE-23996-2, May 1979

3 Knecht, P D . *Maintenance Access Time Estimates. BWR /6 Auxiliary and Fuel Buildings®,
GE Report NEDE-23996-1, May 1979,

4 *Study of Advanced BWR Faatures, Plant Definition /Feasibility Results® Volume Ii1,
Appendix Pant G, GE NEDE -24679, Oct 1979



PROJECTED ANNUAL RADIATION EXPOSURE

Operation
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Work at Power
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Total
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ADVANCED BOILING VATER REACTOR PROGRAM
fan Jose, California

Noveaber 18, 1991

To: Roger Pedersen
Sub ect: Chapter 12 Update Note # 5
From: H.A, Carevay via Jack Fox

This is & short unofficlal update note on my progress on ABWR Chapter 12,

1. Vork on Table 12.2-5 continues with the table complete except piping
dimensions for four systems. The piping engineer {s now off vacation and
should complete his task this wveek.

2. Sectlon 12.4 is well on it wiay to being done. The current draft of 12.4
is attached.

3, New dravings for the turbine building were received, They may be updated

before my Jan 92 estimate, Lut the plan is still to update all the drawings in
Chapter 12, section 3 In January 1992 When the dravings are updated, larger

scale copies (at least wy working draft) will be sent to you.



Values referred to as typical for BWR operations are taken from references 1 through 4 which are a
compendium of maintenance and work tasks for BWR & GESSAR

12 4 1 Drywell Dose

The following provides the basis by which the drywell dose estimates for occupational
exXposure were made

() The Main Steam Isalation Valves are located in the upper drywell area (4 valves) and in the
reactor bullding outboard of the primary containment isolation wali (4 valves) These valves require
periodic testing and maintenance Lo insure proper action and leak tightness. Typical values for
BWH's for maintenance of these valves is 4 000 hours of drywell and 5,000 hours of reactor buliding
work in eflective radiation fields of 13 5 mRem /hr and 3 6 mRem /hr respectively  The ABWR design
incorporates three specific features 1o reduce occupational exposure in the MSIV maintenance area
(1) Imprc ved waler chemistry with lower overall contamination rates, (2) iImproved maintenance
procedures with some procedures automate and (3) reduced radiation fields, primarily due 1o the
absence of the recirculation piping  Each a 1 is discussed below

Beginning in the early 1980's the BWR Ownar's Group began an extensive study of the
causes for fallure of MSIV's 10 meet the technical lsakage spectfication limits and extensive
parson-hours required 1o maintain these valves. As a result of these studies. the ABWR will use the
latest technalogy for valve mainterance including mechanical aids for valve disassembly and
assembly, automated lapping devices, and slightly relaxed leakage specifications 10 delete
unnecessary maintenance As a result of these ai s, It is estimated that overall maintenance hours
will be reduced by 5060 percant

Early studies or. dose rates during MSIV maintenance showed Increases  dose rate
directly proportional 10 recirculation line activiiy  The ABWR has deleted the recirculation lines
entirely thereby removing the singly most significant source of radiation in the drywell. The second
most significant dose for MSIV operations will be the deposited and suspended activity in the
feadwater lines  The deposited activity in the feedwater lines is expected 1o be lower than typical
BWRs owing 10 an enhanced condensate system with full clean up of ail condensate water a 2%
raactor water clean up system, and thanium condenser tubes  Additionally, the ABWR is designed
10 limit the use of cobalt bearing materials on moving components which have historically been
identitivd as major sources of in water contamination  Overall, the feedwater line radiation is
expected 10 be a factor of two lower than current BWRs  Because of these factors, It is exnected
that the effeciive dose rate in the drywell will be 2mRem hr and 1 SmRem/hr in the steam tunnel
outboard of the primary containment.

(2) Drywell valve and pump maintenance other than the MSIVs consists primarily of maintaining the
Salety Relief Valves (SRVs) which for the most part consist of minor maintenance or removal of
valves 10 @ maintenance tacility Overall typical values for a BWR for these tasks are 1 450
person-hours per year in an effective radiation field of 17mRem /hr In the ABWR, the primary
source of radiation exposure, the recirculation lines and pumps, have been removed Overall the
reduction in drywell dose level is for these types of maintenance is expected 1o be a factor of two or
9mRem /hr. Overhead tracks and in place removal equipment is provided in the ABWR for an
estimated person-power reduction 10 1,150 person-hour per year broken down into 200
person-hours for 18 SRV maintenance at 6mRem /hr, 200 person-hours per year 10 pull and replace
3 RIPs with one heat exchanger at 25mRem /hr, and the remainder on miscellaneous valves at
SmRem/hr.
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Table 12.4-1

PROJECTED ANNUAL RADIATION EXPOSURE

Operation SSAR Hours Person-
Task Section peryear mRem/br  Rem/yr
Drywell
MSIV 12.4.121 4,200 18 7.4
SRV RIPetc 124.1(2 1,150 8.7 10.0
FMCRD 124.1(3 370 8.1 3.0
oo g m, & B
Other - 12.4.1(6 3,500 43 15.0
Total 10,620 54.7
Reactor Building
Vessel 124.2(1) 1,200 1.5 1.8
Refueli 124.2(2) 2,00 0.6 1.2
RHR/RWCU 12.4.2(3; 400 9.0 36
FMCRD 1242(4 120 $.0 0.6
Instrument 124.2(5) 1,000 34 14
Other 124.2(6) 4,400 18 8.0
Total 9.120 733
Radwaste Building 1243 4,200 2.5 10.5
Turbine Building
Valve Maint 124.4(1) 1,000 43 43
Turbine Ovrhl  12.4.4(2) 15,500 0.2 3l
Condensate 124.4(3) 1,000 38 i8
Other 1244(4) 11,800 0.1 1.2
Total 29,300 124
Work at Power 1245 4,000 45 18.0

Totals 48,120 114.2




ADVANCED BOILING WATER REACTOR PROCRAM
San Jose, California

November B, 1991

To:
Subject:

From:

Roger Pedersen
Chapter 12 Update Note # 4

H A. Careway via Jack Fox

This is & short unofficial update note on my progress on ABWR Chapter

vomple. ed SCTS inventory, see Table 12.2-30 attached,

The following is a general update on the current outstanding items,

Original
Due
Date
1, Oct 31
2. Oct 17
3. Oct 24

Item to be completed.

Section 12.4 on Occupational
exposure will be expanded to
include rational and basis for
choesing radiation levels and
occupational exposure times.
Detailed discussions will be
given for each major item in
Table 12.4-1.

Table 12.2-5 will be expanced to
further define the radiation
sources in the plant. For each
source in the plant, the best
estimate of the source geometry
will be given along with a
detajiled description of the
radiation shielding surrounding
each source.

All pipe chases will be reviewed
and as complete description of
the pipes and fluid contents will
be provided. In the case where
chases carrying small pipes has

r -t yet been detailed, a
reasonable estimated will be
provided.

Current Status

Only 108 complete

95¢ completed,
Awaiting peometry
definition on SGTS and
piping sizing on RCIC,
CUW, FPCU, and SPCU
pipes. SCTS,
Recombiner and SJAE
tables were added as &
result of this
activity.

This item has been
combired with {tem 2
above, Only the
radicative pipe chases
will appear in the
table. There are a
large number of pipe
chases, espacially

12,

New
Date

Nov 19

Nov 18

see 2.



4, Oet 25

5. Oct 15

6. Oct 15

A detalled evaluation of the TIP
system and ‘ts shielding
especially vwith respect to
personal work areas in the lower
drywell will be supplied.
Additional detalled drawings will
be supplied to fully describe the
3:D shields.

Further details on personal
access and shielding will be
supplied on the areas between the
control building and the turbine
bulding. Details on shielding
for the main steam lines will be
icovided,

Detailed sketch with source
description will be provided of
the upper drywell in cespect to
fuel handling and the ,otential
for radiation exposure to workers
in the upper drywell from a fuel
drop accident.

along the Reactor
Building outer wall
which carry
non-radioative fluids
The new dravings (see
items 9 and 10) will
indicate these as
non-radiocactive pipe
chases .

The shielding in the
drywell area was found
to be inadequate in
the event of
inadvertent movement
of the TIP during
outages. A design
change has been
requested to interlock
close the TIP ball
valves when che
reactor is not in
"RUR" mode,

A new section 12 3.2.3
was added describing
the steam line and
building interface.
It cannot be
determined whether
there is access
between the buildings
at this time.
Preliminary
calculations also
indicate a maximum
dose rate of 7mRem/hr
in between the
buildings which may
mean an increase in
the minimum shielding
thickness of 1.6
meters.

Complete. Based upon
the NRC analysis, a
proposed change has
been submitted to
provide more shielding
in the upper drywell.
Date for submittal of
modificaticn to NRC is
unknown

Jan 92

Nov 19

Jan 92



7. Oet 25

8. Oct 2%

9. Oct 31

10, Oct 31

e o o

P R T — R £

Complete detailed drawings will
be supplied of the drywell ares
outling major radiacion areas and
sources.

Current design will be reviewved
a&s to possibility of missing
radiati:n sources. In
particular, the dryvell will be
revieved in detail and ftems such
as the RIP heat exchangers will
be investigated for potential
worker exposure.

Additional detall will be
supplied on the radwaste buliding
as available. Detail not
available will be supplied as
interface requirement.

Additional draving will he
supplied on the Turbine * iilding
to more completely detail
radiation source expeciall in and
around the offgas system.

Detalled drawings are
given In Chapter 1. A
set of these drawings
wili be added :
Chpater 12 for
refueling operations
on'y.

Jan §2

Completed. §0C°
Filter train, SJAE,
Reconbiner, R1P Heat
Exchanger added o
Table 12.2-5.

Completed, See Table Jan 92
12.2-5. Radwaste

builing dreawings will

be updated to conform

to lotest changes

Additional detail has
been added as Table
12.2-5. Turbine
building drawings will
be updated with
general update in Jan
92.

Jan 92
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Table 12.2-29

Steam Jet Air Ejector Inventory in Curies

1st Stage 2nd Stage

Isotope Ejector Condenser Ejector
Kr-83m 6.8E-04 2.0E-02 2.0E-03
Kr-85m 1.2E-03 3.7E-02 3.7E-03
Kr-8S 4.0E-06 1.2E-04 1.2E-08
Kr-87 4.0E-03 1.2E-01 1.2E-02
Kr-88 4.0E-03 1.2E-01 1.2E-02
Kr-89 2.5E-02 7.5E-01 7.5E-02
Kr-90 4 SE-02 1.4E + 00 14E-01
Kr-91 3.0E-02 R9E-01 8.9E-02
Kr-92 - 1.5E-03 4 6E-02 4.6E-03
Kr-93 7.9E-08 2A4E-03 24E-04
Kr-94 z1E-17 64E-16 64E-17
Kr-95 4.0E-10 1.2E-08 1.2E-09
Kr-97 1.5E-2§ 4 5E-24 4 5E-25
Totat KR 1.1E-01 33E+00 33E-01
Xe-13im 3.0E-06 9.0E-0S 9.0E-06
Xe-133m S.8E-0S 1.7E-03 1.7E-04
Xe-133 1.6E-03 4 9E-02 49E-03
Xe-135m §.2E-03 1.5E-01 1.5E-02
Xe-135 44E-03 1.3E-01 1.3E-02
Xe-137 29E-02 8.7E-01 8.7E-02
Xe-138 1.RE-02 $.3E-01 S3E-02
Xe-139 47E-02 14E+00 14E-01
Xe-140 3.6E-02 LIE+00 1.1E-01
Xe-141 RB.SE-04 2.6E-02 2.6E-03
Xe-142 5.0E-05 1.5E-03 1.5E-04
Xe-143 2.2E-13 6.7E-12 6.7E-13
Xe-144 1.1E-07 3.3E-06 3.3E-07
Towal XE 1.4E 01 43E+00 4.3E-01
Noble Gas

Totals 1.1E-01 76E+00 7.6E-01

N-16" 3.5E-01 1.3E+01 1.3E+00

Notes:

* Value given is estir=ated N-16 inventory at 1009% power. Value varies in 21 unknown
fashion with power. Based upon operating measurements, the value for N-16 at 20%
power is close .o zero.



ADVANCED BOILING W’ - x REACTOR PROCRAM
San Jose, California

October 28, 1891

To: Roger Pedersen
Subject: Chapter 12 Update Note # 2
From: H.A. Careway via Jack ox

This is a short unofficial update note on my progress on ABWR Chapter 12.
General Radiation Sources

The last sentence of subsection 12.2.1.2 will be replaced with the following to better
describe Table 12.2-5.

Table 12.2-5 presents an overview of the radioactive sources found in the ABWR
excluding the reactor pressure vessel. This table is divided into four sections.
The first section lists all major radicactive sources, the table which provides the
source term information tor the component, and the figure in section 12.3 (or
chapter 1) in which the component location is shown along with coordinates 1or
the component. In addition, the approximate geometry of the component is
supplied. This geometry in most cases is only approximate and represents an
generic application as cc ..pared to specific details for a vendor supplied
component. The second section of Table 12.2-5 gives for each component the
estimated source distribution in each component. Again this is estimated and will
depend on final design parameters with vendor specific application. The third
section ¢: Table 12.2-5 lists room dimensions and wall thickness for each
component. This data is taken from the arrarigement drawings and represents
minimal vaiues. Actual wal! dirensions may vary according to ITAC
requirements or final cL struction requirements. The fourth section of Table
12.2-5 lists pipe chases, the major pipe routing through these chases, and piping
data. Oniy ¢cnases carrying significant radioactive sources are listed.

Some areas of the plant show shielded areas without any designation to any
radioactive component. These are primarily areas found around the prima
containment boundary. For example, in Figure 12.3-5 at coordinate (RF,R4) a
shieided area is shown with break down walls without any designated
component, This area represents shielded penetration areas for r.on-radioactive
components and can be cross referenced to Figure 1.2-13. Reference to Figure
1.2-13a show's electrical penetrations from the primary containment into the
shielded area at (RF,R4) on Figure 12.3-5,

The latest update to Table 12.2-5 is attached. Work on this table has halted temporarily
due to the two people | need tc answer specific questions on the SGTS and the piping
systems are on vacation. They will Ye back second week in November ai which time the
table will be completed.
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Main Steam Tunne!
New Seclion: 12.3.2.3
(6) Main Steam Tunnel

The main steam tunnel extends from the primary containment boundary in the
reactor building through the control building into the turbine building up to the
turbine stop valves. The primary purpose of the steam tunnel is to shield the
plant complex from N-16 gamma shine in the main steam lines. # minimum of
1.6 meters of corcrete or its equivalent (cther material or distance) is requirec on
any ray pathway from the main steam lines to any point which may be inhabited
during normal operations. The design of the steam tunnel is shown on figures
1.2-14, 1.2-15, 1.2-20, 1.2-21, and 1.2-28. The tunnel is classified as Seismic
Category | in the reactor building and in the control building and is designed to
UBC Seismic Standards in the turbine building. The interface between the
buildings provides for a bayonet connection to permit differential building motion
during seismic events and shielding in the areas between the buildings. The
exact details on the bayonet design are not shown on the reference
arrangement drawings but requires complete shielding in the building interface
area. The tunnel also serves a secondary purpose as a relief and release
pathway for high energy events in the reactor building. Any hign energy event
(line break) in tne reactor building will tnrough a series of blow out pannels, vent
into the steam tunnel and from the steam tunnel through the tunrel vant shaft t1o
the turbine building (see Figure 1.2-28) for processing to the plant stack. See
Subsection 6.2.3.3.1 for a more complete description of this function.



Teble 12.2-5 Ratiation Sources

4. Radiation Sources

Source

Tsble
12.2-8

12.2-8
2.8

12.2-10
12.2-11
12.2<13.1

122-13.2
12.2-13.0
i2.2-13.4
-
8

j2.2-12
12.2-13
12.2-1

2.2-

12.2-14

12.2-18.
12.2-18.
12.2-18.

12.2-18.
12.2-15
12.2-18,

12.2-18.
12.2-15.8
12.2-15.9

17 2-15.10
12.2-15.11

12.2-18

12.2-17
12.2-18
17.2-24

12.2-25
12.2-28
12.2-28

12.2-27
12.2-28

- onan s e Pa v

Appl icant
12.2-3¢

Notes

for
RHR Meat Exchanger

RCIC Turbine
CUW Filter Demineralizer

RWCU Regen Heat fxchanger
RWCU Non-Regen Meat Exchanger
LCW Collector Tank

LCwW Filter
LCW Demineralizer
LCW Sample Tank

HWCW Lollector Tank
W Demineralizer
Offges

Steam Jet Air Ejector

0ffgas Recombiner

CUW Backwash Recelving Tank
CF Backwash Receiving Tank
Phase Separetor

Spent Resin Storage Tank
Concentrated Waste lank
Sol Oryer Feed Tank

So! Dryer (outlet)
Sol Peletizer
Sol Mist Separator (steam)

So! Condenser
Sol Drum

FPC Filter Demineralizer

Supp Poo! Cleanup Sntu:
Control Rod Orive System
Transverse [ncore Probe

Reactor Internal m:unh
RIP Heat fxchanger
Turbine Mositure Sep/Reheater

Turbine Condenser

Condenser Filter/Demineralizer
Filter
Demine~a!izer

Spent Fue! Storage
SGTS Filter Train

Maintenance Facility
Maintenance Facility, see Figure 1.2-38 Elevation 3000 for drywell location

Qrawing
12.3-1
12.
12.
12
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12.3-3
12.3-2
12.3-2

12.3-2
1.2-3b
12.3-52
12.3-583

12.3-51
12.3-51

12.3-6
12.3-7

kocation Approximate Geometry
(R1.RF) Rt Cylndr (r=0. 9m. lelm)
IR6.RA)
(RE RF)
(RE.RC) Rt Cylndr (red Sm, 1s0.7m)
(R2.R8) 2 Tanks, Rt Cylngr (re0 6m 1e3 Jm)
{R1,RC) Rt Cylndr (r=0 dm, 1e8 8m)
(R1,RC) Rt Cylngr _red 4m 1«5 5m)
1TEM 7 2 Tanks, Rt Cylngr (red . m, 19 4m)
ITEM 12 Rt Cylndr (rud %, 1a2 Gm)
ITEM 11 Rt Cyindr (re0 Bm 1a2 8m)
ITEM B 2 Tanks, Rt Cyl-Jdr (red m Yol dm)
ITEM 13 Rt Cylndr (re2 2m, l=d4 3m)
1TEm 20 Rt Cyingr {red 6m, 1«2 8n)
{TF,12) Tenk |, Rt Cylngr (r=(0.6m, 1n7 &m)
Tarks 2-9, Rt Cylngr (rel In 17 6m)
(1F.72) Rt Cylngr (reD, 15w, 1=d &m)
Rt Cyindr (reQ 76m, 16, Im)
Rt Cyindr (re0 2m, led &m)
{TF,T2) Rt Cylngr (rel. dm, lem)
(R2 RE) & Cylndr (re2 2m s Im)
(1D, 74) Rt Cylndr (re2 2m, 125 Mm)
ITEM 30 2 Tanks, Rt Cyingr (re2 dm =8 0m)
ITEM 31 Rt Cylngr (re2 Om, !x§ 7m)
1TEM 2% Rt Cylngr (re] Sm 1sd4 dm)
1TEm 38 Rt Cyingr (re] 6m, 1=3 2m)
[T{4 88 Rt Cyindr (re0. 2m }#3.2m)
1TEM 5B Rt Cylndr (re0 4m. 1=2 5m)
ITEM S8 Rt Cylndr 'reQ. im, 12 8m)
ITEN §7 Rt Cylndr (r=0.2m, 1] 4m)
(2.0) Rt Cyindr (re0. 3m, 10 8m)
Box (!.5mxl. Smxim)
(R2,RE) Rt Cylndr (r=0.7m, 'el dm)
(R2.Ra) Rt Cylngr (re0. ?m, )e3 4m)
(R4 RF) Distributed Source
(R4, RB) Distributed Source
(RF R1) Distributed Source
£! 3000 Rt Cylngr (r=d 322m, !1e2 5m)
(T8, 7€) Rt Cyindr (r=] 8m, 1s3].m)
(1T0,76) Distributed Source
1¢-T2) 3 Tanks, Rt Cylndr (rel. 4m, Va6 1m)
1C.13) 6 Tanks, Rt Cylndr(rel.7m, '«5 Im)
Ré RF See Drawings
R2 .RE HEPA

© Suppression pool clean up F/0 uses second of Fuel Pool F/D




8. Source Geometry

(empenent

RHR Heat Exchanger
RCIC Turbine
CW Filter Demineralizer

RWCU Regen Heat Exchanger
RVCU Non-Regen Meat Exchanger
\Cy¥ Callector Tenk

LCW Filter
LCW Demineralizer
LW Sample Tank

HWW Collector Tank
HCW Demineralizer
0ffgas

Steam Jet Air !chtor"
0ffgas Recombiner

CUW Beckwash Receiving Tank
(7 Backwash Receiving Tank
Phase Separator

Spent Resin 3torage Tank
Concentrated waste Tank
Sol Dryer Feed Tank

So1 Oryer (outlet)
Sol Peletizer
Sol Mist Separator (steam)

Sol Condenser
$ol Drum
FPC Filter Demineralizer

Suppression Pool Cleonup System

Control Rod Drive System
Transverse Incore Prove

Reactor [nternal Pumps
RIP Meat fxchanger
Turbine Mositure Sep/Reheater

Turbine Condenser

Condenser Fiiter/Demineralizer
Filter
Demineralizer

Spent Fue' Storage
S6TS Filte. Train

Notes

‘!i lng im:‘gn\a sn ] ﬁ!ﬂ!'!

volume of heat exchanger
volume of turbine
15cm, remainder dispersed over volume

Homogenous tource over
Mot OQenous SOource over
80X of source in first

Homogenous source over volume of exchanger
Homogenous Source over volume of exchanger
B0X non solubles in slurry on tank bottom, rest even!y, _ispersed in volume

volume of filter
18cm, rest evenly dispersed over volume
volume of tark

HOMOQENOUS SOUTCE Over
50% of source in first
Homogenous source over
Homogenous source over volume of tank

82% of source 1n first 15cm, rest evenly dispersed over volume

90% of source in first tank in first (upper) 30 ¢m, rest evenenly dispersed
Renaining tanks, homogenous source over tank volume

Homogenous source over volume of ejector
Homogenous Source over subcomponent, see Figure 12 2-14°

B0% non solubies in siurry on tank bottom,
60X non solubles in slurry on tank bottom,
90X non-solubles in slurry on tank bottom,

rest evenly dispersed in volume
rest evenly dispersed in volume
rest evenly dispersed in volume

Homogenous source over volume of tank
90X non-soiubles in slurry on tank bottom,
Source evenly dispersed over volume

rest evenly dispersed in volume

volume
volume
velume

Sourze evenly dispersed over
Scurce ¢venly gisperses over
Source evenly dispersed over

volume
volume
15 cm, rest of source evenly dispersed over

Source evenly dispersed over
Source evenly dispersed over
90% inscludbies in first vo ! ume
90% i1asciublas in first 15 em, rest of source evenly dispersed over volume
Exposure dependent, assume evenly dispered over length of blade

Point or line geometry, see Table 12.2-24

Cylindrical source coupled to water bearing components
Homogenous source over volume of exchanger
Homogenous source over volume of component
Homogenous source over volume of condenser

Source evenly sispersed over volume of filter
80% insolutles in first 15 cm, rest of source evenly dispersed over volume

Applicant
80X Particulates on HEPA filter, remaining on charcoal filter

“See 0ffgas Recombiner Description, Subsection 11 3, use inventory for preheater, recombiner, condenser and cooler

tor recombiner inventory for shielding applications,
fatige levels in SJAE end Recombiner highly dependent upon yower level.

Actual measurements on SJAE congenser

contact dose rate are 20Rads/hr at 100X power and 'ess than SmRad/hr at 20X power.
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C. Snielding Geometry in meters

{amponent

RHR Heat Exchanger
RCIC Turbine
CUW Filter Demineralizer

RVCU Regun Mest Exchanger
BWCU Non-Regen neat Exchanger
LCW Collector Tank

LV Filter
LCVW Demineralizer
LW Semple Tank

WY Collector ‘lcnt
WCW Deminera!izer
0ffgas

Steam Jet Air [jector
and Recompiner Room

L]

CUW Baciwash Receiving Tank
CF Backwan Receiving Tank
Phaze Separator

Spent Resin Storage Tank
Concentrated Waste Tank
S50] Oryer Feed Tank

o) Dryer (outlet)®
So! Peletizer

Sc! Mist Separator (steam)®

$nl Condenser
Sel [lirum
FPC Filter Demineralizer

Suppression Pool CTNnuD‘SyU
Contrel Rod Orive System
Transverse Incore Frobe

Rmactor [nternal Pml'
RIP Heat Exghanger

Turbine Motsture Sep/Rehester
Turbine Condenser

Condenser Filter

Condenser Demineralizer

Spent Fuel Storage

SGTS Filter Train

fotes
* Moveable wall

RS A A s e s I ——— O Y ¥ S S — —

Length

12.6
148
28

1.2
7.4
19

I8 4
19.8
1§

?
19.6
9.1

o
-

o L ] .S s LR

- e LR S

=3
~

Primary
12.4
14.2

W0 s
- e

4.4

1

1gn

Height

yigth

§.6 5.8
7.8 §6
3 7.4
3 &

4.4 56
i 13
10.6 (]

10.6 8

10 13
11.2 £4
10.6 B

il 18
14.2 7

1.4 56
H 28
g 4 46
6 4 46
$ 54
1.2 6.2
§.¢ 8

.2 68
§.2 8

1.2 6.2
3 8

3.2 7.4
3.2 7.4
3.4 $.8
T3 2.7
8.5 5.8
Containment
47 & 8.5
36 )
21.1 8

17.3 9

14 4.1
5 8.2

 |CV and HOW Demineralizer share same room

4

! aintenance Facility

® S0l16 dryer and Mist Separator share same room
7.4 meter water depth above fuel elements
* Nortr refers to plant 0 degree orientation, east = 80 degrees

East
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D. Pipe (hase Detat)

Number . Shield Wall Thigkness in meters
Rk (&) ¥ (RC RE) RHR 1 273237 RO 0.8 PC 0.6 (]
RCIC RS 0.8 PC 0.% 0.8
BLF (P” RE) Rk i 273x2%7 RC 0.6 PC 0.6 0.6
RCIC RS 0.6 PC 0.6 0.8
BiF (RC.RE) RHR 1 TTax2y) RC 0.8 PC 0.8 0.6 ‘
RCIC RS 0.6 PC 0.6 0.& “
BaF (RC,RA) MR i e13x21? RC 0.& PC 0.6 0.8
RC! RS 0.6 P 0.8 0.6
RHR(B) 1F (RD,RZ) RHR | 273x237 RC Lo ¢.6 0 s 0.6 '
Were 1 334x303 RC PC 0.6 0.8 0.8
BIF (RD.R2) RuE 1 273x237 RC P 0.8 0E 0.6
HPCF 1 334x303 RC PC 0.8 0.8 0.8
B2r (RD,RZ) RHR H 273237 RC PC 0.6 0 & 0.6
HWPCF i 1345303 RC PC 0.6 0.8 0.6
BIF (RE RZ) LR 1 2732237 RO PC 0.8 0.6 06
- WPCF i 334x303 RC P (8 0.8 0.§
RHR(C) 1F (RE.RE) Rue | $13x237 RC 0.6 PC 0.6 08
HPCF i 334x203 RC 0.6 pC 0.8 0.6
giF (RE.RE) RuR 1 173x237 ®C 0.8 PC 0.6 0.6
WPCF i 3342303 RC 0.6 PC 0.6 0.6
p2r (RE.RE) RHR 1 ey RC 0.6 P 0.6 0.8
NPCF 1 334x303 RC 0.6 PC 0.6 0.6
B3F {RE RE) RHK i 273x237 RC 0.8 PC 2.5 0.6 ‘
HPCF l 334x303 RC 0.6 PC 0.8 0.6
CRD-A B2F (BB ,R3) CRO Contro! rod drive lines
CRD-8 BzF (RB RS CRA Contrsl rod drive )ines
CRD-C BeF (RF . R3) CRD Contrel rod drive lines
CRD-D BOF (RF ,RE) CRD Control rod drive lines
FPC/CN 2F {RB . R3) FPC 1% RC 1.2 1:2 1.2 §.2
1F (KB R3) E’C 1% RC % 1.2 .2 1.2
Uw
BiF (RB . R3) L 1% RC
C'w
MSL/FDV IF (RB.R4)  mSL
Fiw
SPCU
Notes
:Huo size given as outside diamter in millimeters and inside diameter in millimeters. .

Source 1s defined by RCs reactor coolant water, see Tables 1]1.2-2 through 11.2-5, RS is reactor steam, see
Tables 11.2-1 and 4.



ADVANCED BCILING WATER REACTOR PROGRAM
San Jose, California

October 18, 1991

To: Roger Pedersen

Subject: Chapter 12 Updais Note
Foron: H.A. Careway via Jack Fox

This is a short unofficial update note on my progress on ABWR Chapter 12.
G | Radiation S

By now you should have received Amendment 18 to the SSAR which contains the first

issuance of Table 12.2-5. This table is being expanded 1o include shieiding data and

pipe chases. Attached to this note is my current working draft of this table. If you find

Lhat | am leaving out something | said | would provide or feel the format is wrong, let me
now.

Upper Drywell and Fuel Handling Acgident

After our phone conversation, | took this Froblem to my management. Currently the
glan is t0 add a lip onto the upper d Il structure to shieid against a dropped fuel

undie. The lip will involve a one inch steel plate and 6-8 inches of concrete. We still
have much work to do on this and this is only in the conceptual stage but we are
working on it. A sketch is attached 1o better show the idea.

r Pr

There is no way | can see to shield workers from an inadvertent motion of the TIP. But |
did find out that there is a ball valve on each TIP line coming out of the TIP room. | have
requested and there is formal design activity now to interlock these ba!l valves such that
when the master run switch is r ot in run, the valves are locked closed to stop TIP motion
beyond the valves. Final approval and an amendment to the SSAR maybe
mid-November. (Side note: SBV'R has no TIP system!!!l)

General Arrangement

I've been told there is another updated set of arrangement drawings coming out. When
they do, I'll update all the Chapter 12 drawings No major changes, just some door
movement, etc.



Table 12 2-5 Radiation Sources

& Radiatron Sources

Source

laplg
12.2-6
12.2-8
12.2-9
12.2-10
12 2411
12.2-13.1
12.2-13.2

12.2-13.3
12.2-1

j 12,2-15.10
12.2-15.11

12.2-1%
12.2-17
12.2-18
12.2-24
12.2-2%
12.2-28
12.2-26

i2.2-27
12.2-28

Applicant
12.2-30

Notes

1174
RHR Heat Exchanger

RCIC Turbine
CUVW Filter Demineralizer

RWCU Regen Heat Fuchanger
RWCU Non-Regen HMest Exchanger
LCW Collector Tank

LCW Filrer
LCW Demineralizer
LW Sample Tank

HCW Collector Tank
#iW Demineralizer
0ffgas

Steam Jet Air fjector

Offgas Recombiner

CU¥ Backwash Receiving Tank
CF Backwash Receiving Tank
Phase Separator

Sperit Resin Storage Tank
Concentrated Waste Tank
Sol Dryer Feed Tank

So) Dryer (outlet)
Snl Peletizer
Sol Mist Separator (steam)

Sol Congenser
Sol Drum

FPC Filter Demineralizer

Supp Pool Cleanup System”
Cont=o! Rod Drive System®
Transverse Incore Probe

Reactor Internal Mu'
RIP Heat Exchanger
Turbine Mositure Sep/Reheater

Turbine Condenser

Condenser Filter/Demineralizer
Filter
Demineralizer

Spent Fuel Storage
SGTS Filter Train

* Maintenance Faci)ity
Maintenance Faci)ity, see Figure 1.2-38 Elevation 3000 for drywe!l location

Qrawing
12.3-1

12.3-1
12.3-3

12.3-¢
12.3-1
12.3-32

12.3-3%
12.3-39
12.3-38

12 3-37
12.3-3%
12.3-50

12.3+81

12.3-5]

12.3-1
12 3-49
12.3-38

12 .3-38
12.3-37
12.3-4]

12.3-39
12.3-38
12.3-39

12.3-40
12.3-38

12.3-3
12.3-3
12.3-2
12.3+2
12.3-2
1.2-3b
12.3-82
12.3-53

12.3-51
12.3-51

12.3-6
12.3-7

Aocation

(R}, RF)
{R6 RA)
(R6,RF)
R6,RC)
R2 . RE)

(R1,RC)
(R1.RC)
1TEm 7

ITEm 12
1TEN 11
ITEm &

1TEM 13
ITEM 20
(TF,12)

(1F,12)

{TF, 12)

(R2.RB)
(TD,74)
ITEM 30

1TEm 31
1TEM 36
ITEM 39

ITEm 55
ITEM 58
ITEM 586

ITEM &7
(2.0)

(R2.R8)
(RZ,RA)
(R4 ,RF)
(R4.R8)
(RF,R1)
£1 3000
{16, 7E)
(10.16)

(TC-12)
(1C.13)

(R4 RF)
{R2,RB)

i ¢ Suppression pool clean up F/D uses second of Fuel Pool F/D

Adproximate Qeonetry
Rt Cylndr (re0 9m 1e7m)

Rt Cylngr {re0.5m, 1s0 Im)
2 Tenks, Rt Cyindr (reD. 6m 123 3m)

Rt Cyindr (r=0 4m, 1=€ Bm)
Rt Cylngr (r=0 4m 125 Sm)
2 Torks, Rt Cylngr (red m V=8 4m)

Rt Cylndr (r=Q S5m 1«2 5m)
Rt Cy'ndr (r=0 6m 1sZ 8m)
2 Tenks, Rt Cylndr (red m, 1258 4m)

Rt Cyindr (r=2 2m,)=d 3m)

Rt Cylndr (re0 &m, 1=2 8m)

Tank 1, Rt Cylndr {(reD 6m |s7 &m)
Tanks 2-9, Rt Cylndr {re} Im 1s? &m)

Rt Cyindr (r=0. 15m, 1=4 6m)
Rt Cylngr (r=0.76m, 16 Im)
Rt Cylndr (re0.2m, 1sd 6&m)
Rt Cylndr (re] dm, 1s7m)

Rt Cyindr (rs2.2m, 1«8 7m)
Rt Cylngr {ra2 2m, 1s§ Im!
2 Tanks, Rt Cylndr (re2 4m, )=& Om)

Rt Cylndr (r=2.0m, 1e2 7m)
Rt Cylngdr (r=l 5m 1=4 4m)
Rt Cylndr (rel Bm, 133 2m)

Wt Cylndr (re0.2m, 1=3 fm)
Rt Cylngr (re0 dm, 122 5m)
Rt Cyindr (r=0 Im, Y22 8m)

Rt Cylndr (r=0. 2m 1=] 4m)
Rt Cylndr {r=0 3m, 120.8m)
Box (1.5mx] . Smxim)
Rt Cyindr (reQ 7m, 1e3 dm)
Rt Cylndr (r=0.7m 123 4m)
Distributed Source
Distributed Sourco
Distributed Source
Rt Cy'ndr (ra] Bm, 1=3]1 m)
Distributed Source

3 Tanks, Rt Cylndr (r=l 4m 1=6 [(m;
6 Tanks, Rt Cylndr(rel 7m 15 im}

See Drawings
HEPA

B e s e e e e o
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B. Source Geometry

Somponent

RHR Heat Exchanger
RCIC Turbine
Cuw Filter Demineralizer

RWCl Regen Heat Ixchanger
RWCY Non-Regen heat [xchanges
LCW Collector Tank

LCW Filter
LCW Demingralizer
LCW Sample Tank

HCW Collector Tank
HCW Demingralizer
Offgas

Steam Jet Air Ewgtor'
0ffgas Recombiner

CUW Backwash Receiving Tank
CF Backwash Receiving Tank
Phase Separator

Spent Resin Ttorage Tank
Concentrated waste Tank
561 Dryer Feed Tank

Sol Dryer {outlet)
Sol Peletizer
Sol Mist Separator (steam)

Sol Condenser
So! Drum
FPC Filter Demineralizer

Suppression Pool (leanup System
Contro! Rod Drive System
Transverse [n_.re Prode

Reactor Internal! Pumps
RIP Heat Exchanger
Turbine Mositure Sep/Reheater

Turbine Convenser

Condenser Filter/lemineralizer
Filter
Demineralizer

Spent fue! Storage
SGTS Filter Train

Notes

T —— . T e — ST

igldin r Ly

Homogenous source over volume of heat exchanger
Homogenous source over volume of turbine
80X of source in first 15cm, remainder dispersed over volume

Homogenous source over volume of exchanger
Homogenous Scurce over volume of exchanger
B0X non solubles in slurry on tank bottom, rest evenly dispersed in volume

Homogenous source ~ver volume of filter
80X of source in first 15cm, rest evenly dispersed over volume
Homogenous source over volume of tark

Homogenous source over volume of tank

B0% of source tn first 15cm, rest evenly dispersed over volume

90% of source in first tank in first (upper) 30 cm, rest evenenly dispersed
Remaining tanks, homogenrus source over tank volume

Homogenous source over volume of ejector "
Homogenous source over subcomponent, see Figure 12 2-14

0% non solubles ‘n slyrry on tank bottom, rest evenly dispersed 1n volume
80X non solubies \n slurry on tank bottom, rest ever,y dispersed in volume
80% nor solubles in slurry on *ank bottom, rest evenly dispersed in volume

Homogennus scurce over volume of tank
0% non-solucles in slurry or tank bottom, rest evenly dispersed in voiume
Source evenly oispersed over volume

Source evenly dispersed over volume
Source evenly dispersed over volume
Source evenly dispersed over volume

Source evenly dispersed over volume
Sourte evenly dispersed over volume
90% insolybles i1n first 15 cm, rest of source evenly dispersed over volume

90% insolubles 'n first 15 cm, rest of source evenly dispersed over volume
Exposure dependent, assume evenly dispered over length of blade
Point or line geometry, see Table 12 .2-24

Cylingrical source coupled to water bearing components
Homogenous source over volume of exchanger
Homogenous source over volume of component
Homogenous source over volume of condenser

Source evenly sispersed over volume of filter
90% insolubles in first 15 cm, rest of source evenly dispersed over volume

Applicant
90% Particulates on MEPA filter, remai-ing in charcoal filter

%see Offgas Recombiner Description, Subsection 11 3, use inventory for preheater, recombiner, condenser and coo'er

e o e i e

tcr recombiner inventory for shielding applications
Radiation levels \n SJAE dnd Recombiner highly dependent upon power level Actual measurements on SJAL condenser
contact dose rate are 20Rads/hr at 100X power and less than SmRad/hr at 20X power



C. Shielding Geometry in meters
Component

kAR Heat Exchanger
RC1 Turbine
Cuv Filter Demineralizer

RWCU Regen Heat txchanger
RWCU Non-Regen Heat Exchanger
LIW Collector Tank

LEW Filter
LCW Demineralizer
LCW Sample Tank

L]

HWCy Collector ng
HCW Demineralizer
Offgas

Steam Jet Air Ejector
and Recombiner Koom

CUW Backwa:h Rec tving Tank
CF Backwash Receiving Tank
Phase Separator

Spent Resin Storage Tank
foncentrated Waste Tank
S0l Oryer Feed Tank

So! Oryer (outlet)®
Sol Peletizer
So] Mist Separator (steam)®

So! Congenser

So! Drum

FPC Filter Demineralizer
Supgression Pool ClclnuptSys
Control Rod Orive System
Transverse [ncore Probe

Reaztor Internal anl‘
RIP Heat Exchanger

Turbine Moisture Sep/Reheater
Turbine Condenser

Condenser Filter

Condenser Demineralizer

Spent Fuel Storage

SGTS Filrer Train

Notes

* Moveable wall

Length

12.6
14,6
2.8

~Nro oo

oo L R

Primary
12.4
4.2

0w o
L

14 .4

1 L)
Width  Height

56 5.6
7.8 56
3 7.4
36 &
44 $ 8
i 13
10.6 -}
10.6 ]
19 13
11.2 LW}
10.6 [}
il 16
14.2 ?
7.4 5.6
L) Fi)
B 4 4 6
£ 4 4.6
L) 5.4
1.2 8.2
§.2 8
5.2 6 8
5.2 8
7.2 6.2
3 B
8.2 7.4
3.2 7.4
3i 4 5.8
7.3 2.
8.5
Containment
47 8 A5
6 25
zl.\ 8
17.3 8
14 4.1
5 8.2

LCW and MW Demineralizer share same room
® Splid dryer and Mist Separator share same room

4 7 4 meter water deoth above fuel elements
North refers to plant 0 degree orientation, east = 90 degre :

! Maintenance Facility

fast

0.8
0.8

— 0
o o ~ o o -5

oo OO £ Sus dom —o 0

OO c
L= % o« o oo Ll o oo oo o

—3

= L e P

—

— D

o

— 0 OO O =

Lot = I = J L= = oo L= e =
o o o o o

» o

P -

o« o oo o o

o o o o= o=

will Thvggn’?gg.
North  Souih oor

oo o

-~

-0

L) PO e e o

—O e
rRNEe o

Laglh - B
o o

oo Do oO L= R~ o
o o o o e o o e o re e o o=

&
6
8

oo o
o o oo -~

o re

oo —
~

oo
o o o om e oo

- oy e~ ]
o o

AD e S b
o

Lo}
~a

Ground
Ground
0.%

C.8
Ground
Ground

0.8
0.8
Ground

Ground
0.8
2.5

i

o "o

- .
e D = e T <]
[ <
L =
a a

o O O oo oo o
w0 o o e

—

”a L o 5

(-e"i'ng

- m o

0

0
Hatch
0.

0

0

el R

—— e O
o= e o

Turbine
Hatch
1

7 &4

0.6



L L e e e e e e e N == —

D. Pipe Chase Datail

Number Shield Wall Thickness tn seters
Pipe Spece (P5] Level  Aocation Suatem Pipes Size Source fasi  West  Mprth  Soath
RHR(A) 1F (RC,RE) MR
RCIC
BLF (RC.RE) RHR
RCIC
B2F (PL.RE) RHR
RCIC
83F (RC,RA) BHR
RCIC
RHR(B) 1¥ (RD,R2} RHR
HPCF
BlF {RD,R2) RHR
HWPCF
B2F (RD.R2) Ryk
HPZF
B3F (RE,R2) RHk
. HOCF
RMK(C) iF (RE.RE) RHR
MPCF
BlIF (RE,RE) RHR
HOCF
B2F (RE RE) RuR
HPCF
83F (RE,R6) RHR
WPCF
CRD-A B2F (RE R3) [ Contre! rod drive lines
CRD-8 (743 RE,RS) CRL Contro) rod drive 1ines
CRD-C Bzf RF R3) CKD Control rodg drive lines
CRD-D B2f (RF _RE) CRD Contrpl rod drive lines
FRC/CM oF (RB.R3) 1129
If (RB,R3) FBC
Cuw
81F (g .R3)  Fpc*
Clw
MSL/FDV IF (RB,R4) MSL



All Dimensions wrt
Vessel Zero

ABWR UPPER

Dimensions in centimeters

DRYWELL

Vessel Head Thck
Nominal 10.0
Max 11.5

Vessel Wall Thck
Min 17.78

Vessel Radius
Nominal 353.05
Max 3556

~Refueling Bellows AL
" scope. sketch only
Typically employes
top grid to protect
bellews from falling
ob jects.

1874.0

o
239.000

ABWR UPPER DRYWELL
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DRF: A13-00282.VOL 1



