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Abstract

This pilot study refers to the recommendations of IAEA NW-T-1.18 to consider the generation,
physical and chemical properties, and transmission pathways of radionuclides. Establish an analysis
model to evaluate the types and inventory of difficult-to-measurements radionuclide for low- and micro-
pollution equipment. This study explores the airborne contamination of the turbine building and remote
activation of steam/ coolant water pollution. The cumulative concentration of airborne contamination
can be evaluated by RESRAD-BUILD code theoratical model. Remote activation may affect by the
radioactive isotopes carried by the coolant water/vapor of the reactor, which decay and release delay
neutrons and photons in the flow path of the turbine building, resulting in activation of equipment or
systems that are not in direct contact radiation. The main purpose of this preliminary research is to study
the possibility of equipment pollution assessment by establishing a theoretical model. The simulation
calculation results provide a reference for regulatory agencies to administrate radiation safety and should

not be seem as the pollution situation of the assessed objects.

Keywords : Chin-Shan Nuclear Power Plant, Turbine Building, Contamination, Airborne, Neutron,

Photon
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# 3.2 Humboldt Bay 7 B 1 ~ 2 58K H #5515 4 4 % -

TABLE 2:
MARSAME SURVEY PACKAGES

HUMBOLDT BAY POWER PLANT
EUREKA, CALTFORNIA

Package # Class Description Additional Description
. Units 1 and 2 Generators
HBPP-GN-001 3 Units 1 and 2 Generators
Units 1 and 2 Exciters
HBPP-TB-001 3 Units 1 and 2 Turbines Turbines
HBPP-CS-001 3 Condensate System Condensate System
Distilled Water Tanks
HBPP-DWT-001 3 Distilled Water Tanks Fire Water Tank
Light O1l Tank
HBPP-EL-001 3 Electrical Components Various Electrical Components
) Storage Tank (1)
HBPP-FOT-001 3 Fuel O1l System -
: Service Tanks (2)
Feedwater Heaters (10)
HBPP-FW-001 3 Feedwater System
’ Feedwater Pumps (4)
Circulating Water Pumps (4)
HBPP-1S-001 3 Intake Structures Screen Wash Pumps (4)
Smaller Pumps (6)
HBPP-L.O-001 3 Lube Oil Systems TLube Oil Tanks
HBPP-NG-001 3 Natural Gas Systems Multiple Gas Lines
HBPP-SA-001 3 Station Air Receiver Tanks (4)
HBPP-55-001 3 Structural Steel Various-Sized Steel
HBPP-PT-001 3 Propane Tank NA
HBPP-BL-001 3 Boilers NA
) . Main Steam System
HBPP-MS-001 3 Main/Auxiliary Steam —
Auxiliary Steam System
HBPP-TF-001 3 Units 1 and 2 Transformers Transformers (2)
HBPP-VN-001 3 Ventilation System Stacks (2)
. . MEPP Buildings
HBPP-MEPP-001 NI Mobile Electric Power Plants
Control Buildings
HBPP-MM-001 1,2,3 Miscellaneous Materials Various Classifications
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# 3.3 Humboldt Bay % it 1 ~ 2 5Lip s R 82 BB g st fe g % -1

TABLE 3:
MAXIMUM SCAN VALUE RANGES PER SURVEY UNIT

HUMBOLDT BAY POWER PLANT
EUREKA, CALIFORNIA

. Max Scan Range (cpm) within 1 m? Scan Action Level
Survey Unit -
Low High (cpm)
[IBPP-1B-001 160 380 415
HBPP-GN-001 220 320 415
HBPP-FW-001 210 360 415
HBPP-TT-001 140 430 422
HBPP-NG-001 190 420 486
HBPP-MS-001 210 450 4806
HBPP-SA-001 100 300 3602
HBPP-BI.-001 260 540 4106
HBPP-IS-001 250 500 349

#. 3.4 Humboldt Bay 7 i 1 ~ 2 5488 T 1% % @U@#ﬁﬁ B S E-2 0

TABLE 4:
NET BETA ACTIVITY VALUE RANGES PER SURVEY UNIT

HUMBOLDT BAY POWER PLANT
EUREKA, CALIFORNIA

Suipvey Dait Net Beta Activity Range (dpm/100 cm?) Mmé‘::::n]t)t::s:‘ble
Low | High (dpm/100 cm?)
Confirmatory Survey Unit MARSAME Data Packages
HBPP-TB-001 97 390 260
HBPP-GN-001 110 390 260
HBPP-FW-001 24 860 260
HBPP-TF-001 17 650 260
HBPP-NG-001 3 580 280
HBPP-MS-001 52 820 280
HBPP-SA-001 -130 130 230
HBPP-BL-001 -66 270 260
HBPP-IS-001 0 720 230
Reactor Shield Plug Beta Measurements
HBPP-BP-09-081 | 240 [ 15,000 | 160
HBPP-BP-09-079 | 160 | 17,000 [ 160
Reactor Shicld Plug Alpha Mcasurements
HBPP-BP-09-081 0 60 64
HBPP-BP-09-079 -9 9 04

14



3.5 Humboldt Bay % fg 1 ~ 2 5Lips R 482 PR st dig s %3 -

TABLE B-1:
ORISE CONFIRMATORY SURVEYS OF IIBPP MARS

E SURVEY UNITS
JALIFORNIA

HUMBOLDT BAY POWER PLAN'T, EUREK/

Action Levels
MARSAME Survey Package HBPP-GN-001
Recycling Action Level (dpm/100 cm’) Burial Action Level
DESCRIPTION Generators and Ixciters Cs-137 Total 5,000 (pCi/g) (dpm/100 cm®)
SURVEY UNIT Unuts 1 and 2 Generators Removable 1,000 15 16,600
Scan Location Max Scan | Unshielded Shielded Net Beta Activity
am’) (cpm) (cpm) (cpm) (dpm/100 em?2)
Unit 2 Generator and Exciter
1 220 198 134 180
2 260 253 183 200
3 230 278 162 360
4 270 238 192 110
5| 210 218 171 120
Unit 1 Generator and Exciter
6 320 230 184 110
7 320 260 185 210
8 250 269 143 390
9 250 238 165 210
10 230 217 155 170
Ambient BKG M I Efficiency Other Data
Location: Shielded Static Efficiency Mat.-Spec.Beta BKG
Count cpm € 0.46 13
= 22 5 = Sca 3
rwm | e ——
R 3 233 Scan Efficiency Scan Action Level
P 1 — — — —
measuement location 5 279 e, = 05 Scan MDC
Average 234 &= 0.15 1708 dpm/100 cm’
33 ¢ 3 ER S
E > ~ S
331 ¢+ B Ey i @E]'?r%v§%31%’
SRR AL R R R iRE o AL S A RS R R
F % % EFLove & % #r ¥ i * MCNPﬁi‘\*ff'“Fﬁ&‘*’@fﬁ” P MERFITEHIRE
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d g A B P L EroR Y R ehE B AL R R4 T A 4 5 T (b]4e Co, Mn, Ni,
Cu. B 48) ~ &0 02 E R 2 5 A o e & BPBA TR D RS H AR S
&~ % (5]4e LCs,U,Pu,Am...) T /& fr-k ¥ ~ 5 d 300 frok k B4 iE 1 (640 C, O, N... %)>
A arcbfip o RETAEAART S BRI A BRI PETIREREY o %
SR R LB 4oB 33 -

Schematic Arrangement of BWR Reactor Pressure Vessel

STEAM LINE (TO TURBINE)

- ERMRIBMIEE

(Co,Mn,Nij,Cu...) \ “
¢ I/n\-l- /\nyéq:% FEEOWATER gl s L FEEDWATER

(FROM CONDENSER) (FROM CONDENSER)

(1,Cs,U,Pu,Am)
« RANIKEIE
(C,O,N)

RECIRCULATION PUMP

——— CONTROL ROD DRIVE

5| FA Bl https://alithingsnuclear.org/dlochbaum/reactor-core-cooling/
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PELF R EREEEY EAE }*Jc Robert William Mills #7% % 4 2] 2 ¥ & 5

& [ref15] - 4R 2 4p M & ¥ 'émUBS#QQﬁ#’%ﬂ—mDQ A4 Gk, &

W U235 sfeg® 3 25180 €2 2 BHFREEANNT5~160 2 F s H A4 > A
PR REEFSSNAS AT 0 R EApH VR 0 Ao R 34 97T o Tl AR

B T5~160 2 FFedrcstt e % > ALEZ T s HAy o

Yield per 100 fissions |

1 T Experimental data I
with one standard
deviation error bar |

\I ‘ ‘ / model '. ‘

100 10 ] 0 14( 150 70 180
Chain mass /fa.m.u.

WM34U3587 I A RA5TEEKE A4V OIMGR -

FHRd WA HAFKF RBAL CBEBIABRIZEFER  FP A7 R TE
TREEFED I P BN LI R I TR AR LR PA L R E
o A2 Ed FRBACEBIABRECFEICTBIRD  FRE S ANE

Benl28 mz 1 L3 HPAERAARGEL L ELZ RO 289 ) RERS

AR L o S BB T AR ST LB 5 p P R'g B3t H Ao @ 3.5 [refl1]
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2366 HA A EE? I RATHMER F o

#|From path To o half-life time
1{Cu-75 beta n decay Zn-74 3.5]1.224 S
2|Ga-79 beta n decay Ge-78 0.089]2.847 s
3|Ga-80 beta n decay Ge-79 0.89]1.676 s
4{Ga-81 beta n decay Ge-80 11.9]1.217 s
5|As-84 beta n decay Se-83 0.28]3.24 s
6|As-85 beta n decay Se-84 59.4]2.021 s
7{Se-87 beta n decay Br-86 0.2]5.5 S
8[Se-88 beta n decay Br-87 0.99]1.53 S
9(Br-87 beta n decay Kr-86 2.6]55.65 S
10{Br-88 beta n decay Kr-87 6.58]16.29 S
11|Br-89 beta n decay Kr-88 13.8]4.4 s
12|Br-90 beta n decay Kr-89 25.2]1.91 S
13|Kr-92 beta n decay Rb-91 0.0332]1.84 S
14|Kr-93 beta n decay Rb-92 1.95]1.286 S
15/Rb-92 beta n decay Sr-91 0.0107]4.492 S
16/Rb-93 beta n decay Sr-92 1.39]5.84 S
17|Rb-94 beta n decay Sr-93 10.01]2.702 S
18]Y-97 beta n decay Zr-96 0.058]3.75 S
19]1Y-99 beta n decay Zr-98 1.9]11.47 S
20|Nb-104 beta n decay Mo-103 0.06]4.9 S
21|Nb-105 beta n decay Mo-104 1.7]12.95 S
22|Ag-120 beta n decay Cd-119 0.003f1.23 s
23{In-127 beta n decay Sn-126 0.03]1.09 S
24{Sn-133 beta n decay Sb-132 0.0294]1.45 s
25(Sn-134 beta n decay Sb-133 17]1.05 S
26{Sb-135 beta n decay Te-134 2211.68 S
27|Te-136 beta n decay [-135 1.31]17.63 S
28| Te-137 beta n decay [-136 2.99]2.49 S
29|Te-138 beta n decay [-137 6.3]11.4 S
30]1-137 beta n decay Xe-136 7.14124.5 s
31{1-138 beta n decay Xe-137 5.46]6.23 S
32{1-139 beta n decay Xe-138 10]2.28 S
33(Xe-141 beta n decay Cs-140 0.044]1.73 S
34{Xe-142 beta n decay Cs-141 0.36]1.25 S
35(Cs-141 beta n decay Ba-140 0.035]24.84 s
36|Cs-142 beta n decay Ba-141 0.09]1.684 S
37|Cs-143 beta n decay Ba-142 1.64]1.791 S
38|La-147 beta n decay Ce-146 0.04]4.015 S
39|La-148 beta n decay Ce-147 0.15]1.26 S
40|La-149 beta n decay Ce-148 1.4]1.05 S
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TP iTe s WAL EE? I ABUPTAERZ 30 p-RY 78 » AL B

WP R U235 et iF n WAL et b il L A HNAPERY T RER - 27 7
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bR EERE AT B 2 g N7 BN S AL FRFN o

%% Saadia Amiel %2 Jacob Gilat ¥t O''(n, p)N'7 2 O"¥(n, N7 2 F LB ¢ F & 4=
T 7P [ref23] N-17 3 &8¢ 58y 2R 5 414§ o B+ A0 R %
BON-17 %84 5 O-17 e 16 2816 = W%+ 0-16 2 - B¢ 5 < N-17% 74 0-17
tpe? 3 0(n, pIN' F PR st B R B 5 7.93MeV)A 4 b > ik BT 1 igd O-18
M B IR AR ST A NI E B R OB, dNT it £ B E S 13.77MeV >
113 O-18 1 Fav® TR AN 3 FF 2 N-170 F B85 O, pn)N' it £
BiEi 160MeVem O-17 ik X 2A2E 5 0.037% @ O-18 X A2 A 5 0.204% °

Saadia Amiel 2 Jacob Gilat ¢ 7&_H. GOLDSTEIN 2 W. J. HENDERSON %= 7 » &
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O"(m,p)N F g 2 4 - @ 154 P.A.ROYS % K.SHURE &-$tF5 s B4 frok v ehd 3 23+
FHREFER - 2FHIEZIRF BEAIORTAEEH LN 5§ - e kL gr
kAl — R E Y c R HREPIEERESE 0 OV(n, pNT F i ok
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3 F B4 Frok ¥ aN-17 2 2 > Saadia Amiel 2 Jacob Gilat B] 3% 2+ F % £ B » 3%
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FEAEF g e G 4 B 5 7.4(20.59) pbarn % 0.086(£0.008) pbarn » F % 3E i i
Rt A RokahE BREAA N-17 %ik? >0 OB, AN F =3 22 9t aa
6% -

AR ¥ %% Andrej Zohar 2 Luka Snoj $+%3% %54 frok i 1 4% @ ¢ 2 H| R o2
i [ref24] 2 grdn JIN-16 % O-16 £ 3]¢ 35 i 12 O'(np)N'* 5 p A 2 » 0-16 % =
BRERE L 9976% N-16 X %W 5 7134 > 2 ¥FEE S y 3 - @ N-17 4 0'(n, p)N
EFE AL ON-17 R RPERI Y 3 00 35%F 3% ? 385 0383 MeV 1%

% 0.884 MeV ~ 53% 5 1.171 MeV ~ 7% 5 1.70 MeV > 4o 3.7 #557 ©

2373 FiFa? FHASFE RHS -

Natural Activation
Isotope Reaction t S Decay products
P€ 1 abundance (%] product /2 18 Vi

2.742 MeV gamma (1 %)
160 99.76 (n,p) 16N 7.13 6.129 MeV gamma (67 %)
7.115 MeV gamma (5 %)
0.383 MeV neutron (35 %)
0.884 MeV neutron (1 %)

170 0.04 : "N 4.14
(n.p) 1.171 MeV neutron (53 %)
1.700 MeV neutron (7 %)
0.110 MeV gamma (3 %)
180 0.04 (n,7) 190 26.9 0.197 MeV gamma (63 %)

1.357 MeV gamma (33 %)
1.444 MeV gamma (3 %)

d Andrej Zohar 2 LukaSnoj %+ 0-16 2 O-17 £ ¢ 3 2 * £ G 2§ » 4§ 3.7 “757
P3EC R Rena BB B 8MeV o Andrej Zohar % 4 e pF12 MCNP #2358 2212 f g rb &
5 2GW e PWR & % » T grffm™ 4 frk? N-17 k& 4 4> 1.4E+8 3 4.2E+8
Bq/m3 2 @ o & 2 3% pAHE B P IR T s RIS R s Gpos b RS AN N-
16 2 N-17 A F A w2 (73%6 « £ 3 BT B 587 >4 20 0-16 2 0-17 4 P46 L §
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Neutron energy [MeV]

W 3.7 0-16,0-17,0-18 » + EF i & 8 wm @] o

REGULATORY GUIDE 1.112 [ref25]% ¥ M My g 412 B 5 7 0 % &%
KRAPE R F e sty TR At o fldps] o HOT R PR L At b
FRPE LT =467 4 0 ¢ 3 NUREG-0016 (BWR-GALE Code)2 NUREG-0017
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S ERPE g T ehs 22— 0 2 BB RIRE S € 3 (7 99 ANSI/ANS-18.1-1999 4
KR B K EEESIRIE RS [ref.26] 0 3% ANSIUANS-18.1-1999 37 4 #cy 1% 4-44 7
PEEE RF AR kS T R B enit N 2 RN o £ AR
BN ST LA - R - AT TRV g e I - EANCR R L B IRt i SR
BEAMY g IN-16 07 kAR > 20 F BRI BN o i =R 2 5.0E+]1 uCi/g -

52 ANSL B>t 3 P R A F R B8R Y R 27 WpP - RZ Y EF RE-
FEAHF A AFRER > DR ZFLBREFHOERADE RERBE o5 MY 45
N-16 kRAFEGE FLRPd WEREF BEFIAIRTEEF EEHFEYR

TR T LR R R Y kAN ARISL 1.0 BB T A L F BEL o &

i

FACP TR R he R EEPEF e & RV F v ot o R RDER D BT frok
PR08y gAY 5 50T o
TfELRkAvd 5 g BWR KRR FURHEE i‘_fg’%c/ﬁﬂ’ﬁi?ﬁ%é}%
S L HT A 2P 2008 £ 2 A ATy AT 2010 E 0 %R Stk BEKCEREERE L
FroRfp it fE TR VB € 3R E [ref27, 28] o R ¢ P p 2000 £ K 0 - B TR
doARr K e & kv B (Hydrogen Water Chemistry, HWC) i v o o 8%k 34 & i B(BWR) %
HE R AN PR e NNt AR SRR RS Fes AR
( Intergranular Stress Corrosion Cracking » IGSCC) » 5 BWR ¥ # 15 feeif’ 32 > Y-k ¥ 0
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L Outlet conductivity x 0.01
11.74 + — . —— Uy o
[ & = e T i1ea
16 B 3x10" & 55x10°mm's
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L & > ]
174 8 é' :? 11.82
£ & o »
+ +
€ 11881 8 = 3
- r v 118
£ L ¢ © P
g g1 S e - 1
x Fod £ € 1.7
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® 1184 g 2
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_— a c370 - 0.5TCT of Alloy 182, 325C
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.
110+
PR
11.58 - = Pt potential CT potential
[ At 325C,pH =7.74. At 300C, pH =7.4D
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1000 2100 2000 3100 3ca0 4100 2

Test Time, hours
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RPV

Injection :l
N,H,, H MS
S \_— Off-gas
=: Hz, 02, N2
sparger”|
(_Core )
Mitigation of ~ Formation of
corrosion environment — corrosion environment
N,H, + O, :radiati
— N, + 2H,0 gamma irradiation
N,H, + 2H,0, H,0 N 0, H,0,
— N, + 4H,0
2H, + 0, — 2H,0 H,: hydrogen, O,: oxygen
H, + H,0, — 2H,0 N,: nitrogen, H,O: water

H,0,: hydrogen peroxide
N,H,: hydrazine

3.9 4rcse § S0 ik P RET LW -

*EYT ¥ %3 2 RT 4 % “r(Electric Power Research Institute, EPRI)¥ BWR /& +

\\\?{r

W2 i e F R e & FRAR R HOIR 2 A 0 [ref30] 0 F BB A 2 hE AT IR
iR AR EEEEHON16 LEH L 7354 FRFF 67% 01 6.13MeV
ey B N-16 4 /4 fr-k @ c10-16 fip ot P-? F 12 O%m,p)N'® £ s & 4 » fe Fl&k
Yo E Mo A ATk EF VR I N-16 it B AN B 2 S A R B R 5
LRIH PN bldef § AP fod 0 KA PEEATRIL BT ERY &L TR
Gk d G M HRMHREARTH 4D 5B A RS HmE T X PR RIRER G T
# {7 69 ANSI/ANS-18.1-1999 4 &} » $7 »5 &k 4 & BWR 82 77 ® N-16 kA& > 2 1t

GHES S B R Ko
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NSTUANS-18.1-1999 % BB 3% % BWRRPV i v sf e =% N-16 kB % & % jk
BRAKGHES Bt 7 S12X 24— Fup 2006 & AB 4otk d 150 F /B4 )
rFT P aN-16 kR 5 2.5E+2uCi/ge i %% Andrej Zoha 77§ % % % 4395} i B3k N-

16 % N-17 & %14 & 4 7.0B+3 1 1425 IRPV &1 %55 ¢ N-17:E & 4 5 3.6B-2uCi/ge

o

4 %W R+ w4L R € (United States Atomic Energy Commission) » # % % Bl % it ¢
#1% B € (Nuclear Regulatory Commission, NRC) &7 £ > #7% {7 7 WASH-1338 4% £ (BWR
TR F L L B A 5T B B ) [ref31] o dF 4 P chikd 3T 2 REBAE AL 10
CFR % 50 %4 % 5034 & > & RF P F RRESEF TR FEF7 RN 554 0 &
EZRREFHINEEfeE 2 PR G R-FIRERAF LR § 5T FPF S
FE Rl 0 AMEHRF #5 k S(off-gas system)F § F B BB K S Z ok 1B

RELNE R (Glhop ) S e @A R R F32E £ 4 WASH-1338 34 - g4 44

WAL A M A S i M e 4 WASH-1338 © g Table I 3+ 3 & ¢F F e p ot
% eE i SR 0 B¢ TR N-16 iE R @B L LTEH8 uCifs 0 2 N-17 78 &
@ 5 26E+4 uCifs» R AT E R % 0 RS N-16 B85ER 5 1.28E+8
uCi/s » N-17 ié;ﬁisa]m}i » LIOE+4pCi/s > & F 5% 4p g > Bm 2 L MRA =R E 62
PEAGHAERFET R B

AV ERREM AP ET Y g SRR R E R 0 F A B MR ET
TR T (k)R P E AL W 333 Sk o R R R

RV EIIN-16 2 N-17 >0 » MBI 20 ¢ 2 MBTH? > F7 ¢ 9N-16 2 N-17
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ERERE S XX BRSO E FREBD FT s P E Aok 380 AH

MY+ B AR A HTIE P~ BRK IR

e
o
ol
o
&
R
e
&=
in|
b
w
O

238G HA A EED I RATHMER =F o

BN MR e

T *.}‘—3&*71/”“’5*{%!’* E R - s 'i}i/%ﬁg‘
AR

N-16 & & (Bg/m®) 3.95E+09 2.48E+08
£-K 4e & @

N-17 3k & (Bg/m®) 3.40E+05 2.14E+04

N-16 ;& & (Bg/m®) 1.97E+10 1.24E+09
1R be @ {8

N-17 ik & (Bg/m?®) 1.70E+06 1.07E+05

%‘39&1};5’ /}g‘léu\%q'lﬁ,\r/{u,,.],-o

A F7IE B B2k E 2 T
KA e F 2 B | Copper OFE Biagio Zaffora %

Bi (0.001), Cd (0.0001), Cu (99.99), A F2 7 [ref.6]
Pb (0.001),Hg (0.0001), O (0.0005), S
(0.0018), Zn (0.0001)

Low carbon content steel

C (0.105), Fe (99.35), Mn (0.45), P
(0.02), S (0.025),S1 (0.05)

LRI A/ (n,y) ~ (n,p) ~ (n,a) ~ (n,2n) E.F. Love % 4 =
7 [ref.12]

V. Remeikis % *
7 [ref.13]

Pir A uEY 2R | U235#87 F ¥4 WAy e8| Robert William
¥ i F B 4 75~160 2 & Mills ¥ i [ref.15]

PR NAP SR SR | BRI BEAL DL EEERY | JENDL-4.0 24 A
A PAMAFAS T U235 | ASFEpFTRE
PIABAFEHD A PR RMT | [ref17]

A2 TP Z‘_ °

5D \f:t




PrHAFuEy 334 | BERAHAF KRB R Y | A HAF AL G
] AR O RTHHEE R A 0 | EASEER
WA > TP A K AL R mERgd EE A
HaBs g
R EAH A
a3+ RiER
B
AR APRFARF B | HEF R 100% Pim Rk >
®%E ~ % 2% A 45 4% 4 (FSAR)
Hipo WAL 1% % 11 & [ref.19]
MRTHN T TR R BRRGEA KA BRI R BRI Y | P- R REH
BRI [ref.21]
YokiE L AP N-16 8 N- | Bk F LB A 4 inlh-kiE it 24 N- | Andrej Zohar % 4
17 v & 16 + N-17 9 % 7.0E+3 i 7 7 [ref.24]
N-16 *+ 71 ¢ k& FRERA I vydi-) ANSI/ANS-18.1-
5.0E+1 pCi/g 1999[ref.26]
Gk & B R FT P st | AR d SR ET P s F 7§ | ANSI/ANS-18.1-
% 7 R4 H4e 5 3 1999[ref.26]
EPRI# 7 3f 2
BWRVIP-62NP
[ref.30]

3.3.5 ¢ 3 VRl R

=k

GuEY TR B0 PAH AR TR

TR ETERY 57 -
P RGER B RAP R AR EY 3 Ra S R L

R IO U R A a‘.p.u/‘t’bﬁ}){xmin%&%iﬂ%ﬂ g - TR LY F R

—=

-

A R e L EN T S TN LY R

=

|

d *“,’fﬂ?ﬁtﬁc‘ FOIE* 3N Y I R AN 20 3 —?t_fﬁ?;ﬁ?fff’r%?
FefEA 0 AT P FREMERRS A > A F P SRR AGE

5

7R
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dSTTREA ) KBRTBA SR I EREBER S ¥ ERIER 20m > B
FEREAEAIBKG - ¢ IR P R SRR IREER S 20m B R £
31 R FAMRAA S B EERET A BBRE20ME 3P B R F A
Bt MR AL P FEMBRABACERAL R FEBIFRPERELY T 0

B2 i) ¢ 3 F R A 4e R 310

A
[@qm ™
e o R
\\:\‘ SSQ% Q\\\ 2 B
\\Q\%&{‘%\ i 2 S %&
S
S *&\.\\ﬁ\ \\\\Q\\\\ﬁ\\:\\fi\%\\g
LN
\ R Q\\\n\\xé\
A l\\-.\\&%\
U v

B 3.10 MCNP # & & i ple#e= R A1 Bl » A 5 i8R ~B 2 F=kH T -

TEFLWEPRPL A LR P Tt L RE o R B E AL E

Rl
&=
=
~
3
a
(Sh
.
i
i
b2
<l
By
13
i
&=
M
e
Y
%
S
=¥
3
W
3
=
4
5 N
i
™
(s
|
3
“3

~

ABZF o NHIEEF TP PR P IR E AL TR T R ] Bl A TR

4
i
i

BAEMT R A ERABRSKA T - BVRSERES RS B F B
R APPSR PEAEY DB RE AR RIPLEEAF TR AL

WA 2 st ifd o ik BT 4e@] 3.11 #7r [ref.32] o
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Higher ener
g 9y Internuclear cascade

Excited nucleus
Evaporation

B 301 £+ F it 7 3.8 -

AEAPRRERERF Y AL PPRAHAY C FRESF AL S S ErREL

A4 TP A ST AR WA LT AL APF RE AL F 4

EX]

I s B LT
—BA TR F AL R A AR bl BOAFREL Y EE B
gk F BEAL AP RARE RPN ORI R LT g AR ATRAH
R R FREFFATERE 57 fREPF BAFTREL 0 T RS
B oAUy P REFEHE%HFE AL LEI ARG EHR 2P R ER E
3.1 iRl 5 -
341 k3 hi £ g
FERSHPPRARG PR R B0 - & 2 RTINS P ES4HL R
o L fame s Pk PR ek 3 0 £ W ig o $0 & B g amc itttk 0

EIESR AR & 3 o3 i %% Yu.S. Lutostansky 2 V.I. Lyashuk 17 + & 2 4 L&~ 257§
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[ref.34] # ? Ag¢h ~ 2 TR 8 257 ihle % A FAPRTH £ #8254 ehA 5 > 9 5 1.0E-8
BodeRl 302 AT FEHARS > d ¥ IR AL R R M FIR YR
YA A vt E R ERE Y R T ER2T T A FR 258 b ihdg s A F
Bt A A AR HE S TN EE LG T A RN R RA S MR R Rk

o FREGEFRAR L 112572/

Isotope yield
ot e

.
=t
107

1o~

10=*

4 N e DY T e WS, YR PR T i I T N
245 247 249 251 253 255 257

W3127 + 7t A2 AgB~F R 2 FApHAS " GIM RE -

%% S.YF. Chu & 4 2 % chp fa40&F FTHLE [ref35] > 12 2 F. William Walker & 4 !
P fE R e ink - F [ref36] 0 EFigiE RN T X R AN 1 fancsfii PR
% 1 it £ £ (Qvalue) » B % B3 HiR2 1,831 BAns i mac R 3,13 #1 7 o L
PP EEA REELIRF R Z Xk Q-value ~ ] AF EF I Ry 0 B Y19 B acsdd

P 8% % Q-value + *t 10MeV 4r@l ¢ = Zh4E7 o £°43% 19 B % % Q-value it £ * 10
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MeV sl md it- H AT RS F 1 % RS B £ ARS8 6B

FRINy R EEF ALY AL24 - K48~ C-15 2 N-16 ©

0310000 -15000 15000 -10000 [10-5000
Qvalue (keV)

W 313 i P fE % %R+ A £ & Q value B (2R -

SRS P N AR E B SR GRERET > P M ARG H3 ek 7
TREFERAN TS T 160 2 F st fifi > @ Al-24 K48~ C-15 % F REY & &

B

fest
=
3
&

2

7

Ed

t

A4 KR ¥4 FSAR Bk S b Pt iha v A 4 150 5
SO 1 E0.1% » FI T Pk L PR @ 6 iR 6% 6.5 MeV I 8 MeV 2
s = FIP A S B R T RE Bl SFIR R TR PR R

LR N-16 PRAEFEEFRENy i B S KAHMFE Tt od SYF Chu & 42§

)
f

P AT R B ON-16 R FER Ny A B2 HASA Y5 6.13MeV 5 67.0%:

6.92 MeV & 0.038% ~ 7.12 MeV i 4.9% ~ 8.87 MeV & 0.076% -
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% William P. Wanson % 2 3+ 8 ¢ 3+ . #H}L 42 2 ¢ + 2 F [ref.37]%, LS. Anderson % 4
Hiad BRF ALY 3 Rawm 3 &% [ref38] 4o4 3.10 2 B 3.14 > ¥t ¢ it 4 fa 4
1 R eX A L4 CrAl~Fe"Ni~Cu & 22 - REF3 2B & ok A &5 b
REXHI P FAREIOMeYV A B VAL A R Ra ity P Sk

R oldods > § XTI N ERBOTBMeVETT i J B EAL PSR-

£ 310 % LRk E B EREE -

k(’) Radintio:) Critical Egergy @ Ref::incu

Z Materfal (H::) Length!( (Mev xo_)__(c) xp/xo Cross Sections

pXy (g cm-2) As Defined Used (k <30 Mev)
6 Carbon  18.72 42.70 97.1 79.38 1.287 Fus6 ‘e
13  Aluminum 13.03 24,01 51.0 41.95 1.306 Vel4
26  Iron .21 13.84 27.4 22,31 1.295 Mo53, Pesotf)
28 Nickel  11.38 12.68 25.6 21.00 1.299 Fuld
29 Copper  9.91 12.86 24.8 20.23 1.300 Fubd
47 Silver  9.18 8.97 16.2 13.32 1.293 LeT4
56 Barium  6.90 8.31 15.1 12.11 1.293 Be7l
73 Tantalum 7.64 6.82 10.4 9.11 1.297 Be68
74 Tungsten 6.20 6.76 10.2 9.02 1.297 Ve75s
79  Gold 8.07 6.46 9.66 8.55 1.297 Ve70
8 Lead 6.73 6.37 9.51 8.50 1.298 Ha64, ve70(®
92  Uranium  6.04 6.00 8.36 7.64 1.292 vers®
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1.0p= u _
Fe
N i
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05 'C A Al
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\N20 40 60 80 100
Bo® " Electron Energy E, (MeV)

W34 ¥ Ay r g 8245 o

3.4.3 ¥ FE RBIEREL RN

ipfﬁ@ﬁﬁ%&i%ﬁﬁﬁﬁﬁﬁﬁﬁ’ﬁpf%ﬁﬁﬁﬁﬂﬁﬁﬁ,%qg
RITHRTEHIE - AL Gresthp g RN AR BN S R AR
NI A HEE S kPR A EREEFA L HY > A 0 MONP 25058 7 iR
2SR R KT S EER S TRPF R TEY TR 2 EY A S P
EEAEE 0 FI ARG R PR R AR A AR o R

BRI F AP R T g BeASt A bR T B A L B £F AR R PR eh
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RERE dor MR F BR BN § D RPF b T kPR R S
BIP P F BRI - R R R R BB hiE R FREER o

AR Ak E R BR G - ZEREE Y oS kIR REER
5 Smm o FHEAcB] 315 kFFE M RERFEHEY L 3L 4 fEH > ¢ 7 13041
7 4348 (304L stainless steel) ~ 4514 (A1-6060) ~ & % 4% (copper OFE) %2 4 2 4% (low carbon
steel) o WegR ST RERIRP 2 F > e £3K 5 8.869 MeV > T i N-16 % ¥ i f#
2 BoF AR o WS Bs Ix10% B FRLE S(tallycard) ¥ % 5 A H T K 2 ¢ S
2 kG E o MCNP ¥k 4% F B2 B ERTE K » M > F 303 2558+ (mode card)ﬂi%] *3p

£ (PHYS:P)#-H B k> @ ffdfl e (MXcard)™ & B4 5 ki F B * 2 85 THRE-

B 3.15 MCNP sk & 7 i RIRR S 1R - A 5 SR B 5 Fe 7 -
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35 H R RA BN T RER S

REZAPRERA BT > AFTERT S ST RELP - BT B RS
KAEMPELR > TR~ A ) o e+ B MONP A2 p 22 10t ] T e i i
Aled W 3IME2HFEFREFRE U2 2RARFEBEFIRE G o 5jro
Flgb fidn e W4 g 3P o ORI A B MR HET AR bR o @ %
TP R ERE MBRARET FAE R LG EMAER TR N e 2 B
Frth e (TR A RS RS2 PR 3R ] R S s T
TS AE > R FimE e e

KRR TR MRAP(ZARB)BM BEPE: TP LSR5
FRAK O F TSP IVARBIR T R E A A p M I%A & PR 25 &7 K (vapor water)
LR B R 5 A 0 2 H IR TS 5 W AR (regular concrete) © SRtk R ¥ N-17
BRI RFH TR TNUTEIFPEF I FRAT 2 DA RS 3R FAE
MR ASBEP -

F M fE SR Pk R0 MCONP A2 58§10 47 fe 2 S4iR B4 * @ % "4 (enclosing
rejection)s™ ;4 1 AKX T - BF F R E R B DHRL T RS - £ CEL P %J
cell card &% 55> 3 4p T 1B B g2 38 & 1t bfod % MCNP § 5k & (B~ 102 5 204 -
PO FRA R R PR MRS A e A T g 2R Rl e R SR 24 B
N-17 % $pFend 3 REFEC A X 1UN-16 F SRR I Gk I REBEFRPEF ST

Atreomd FRBAEZERIRBAE NI DR ERIREREER T AEE 2 TS

X

RS HEA Y 0 o 3 R BT A 52 B 52 8 EA MR A

<

B eBedashdER TP RXRTLEBEEN B RA T35 P 5 X v M(isotropic)
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FPEH e % g AR T A o

ST URIT N FTA B ) 0 AR R Qing Xu % 4N IT B F L F
BB AT T [rof39] 0 d - BURUR T MRS 8 BT T AT RS AT > de
B 3.16 #7577 > ZAd MBITWTEINE (5> d ¥ F/AA RPIBSHEFTIHAWEER  BE

-~

SR R BT P R G - 4 SRR Y SR AL A 4o 317 3 W 318

FAEMRTBE Y TRA S AT HHFE A RBIE 0 T ET LR MR AR
PERF AT R RETIENF R BT BT E PR BN G BT

ko T MBAPL LR A IA LR BOEAELE 0 BRRF BRAL DR

ek
Ixg
g
(2
&
By
3
e
=
W
|4
P\

-
X
kS
vq,
ps

Outer cylinder

S

|
2 Flow guide‘“.g

<& /| Rotor blade~

7\ Q‘"' Last stagc.\t‘-t::;,_

Gu1dmb cone \

V’ ; 7
J +— Pipeline

B 3.16 Qing Xu % A $ 1</ T #7577 Bl-1 -
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2
(Exhaust hoo

K=
o BN B N H

Outlet plane of
exhaust hood
3
(Condenser nec
= | Outlet plane of
! | condensorneck
T 11

Bl 3.17 Qing Xu ¥ * $H (R4 8754047 § F-2 -

Velocity I s

X
j Z 2,
Z ¥ o O:) /‘)J‘ 3 > J‘a

Bl 3.18 Qing Xu ¥ 4 # /BT #7748 § F-3 -

R R

otd

&

"R
~‘

TR PG B

# 73 e > d 3% RESRAD-BUILD 4 2224 p 4 B £ 35
MBLBRBLEB I FHHE AR RAT AP LR IR PR EERT
e FmE il i e T4 FRERDTERH N > FM AEY

FARDD &R
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RESRAD-BUILD #2;%:%f% » @ £ %% H ;89 @ % chg 50w 5 2 524550 > 325 &

=3 hEm SAERER °

o

4 C.Yu % 4 #7%¥ ¢ RESRAD-BUILD & * £ % 3 4% B-3 | [ref40] > ¥ 1§ it

PRFREGFLEEEC/MY)E 2 kR M GE T 2T A A S 2N

dCg(t
A dl()

i dt dA Cn(t) ArnA Cdl (t) ARA Cdl (t)

@ ()i hsmi ARt PP J Rl I A KT G
Fehdko 5 4k A (pCi/m?)

® (IS Fi> ATt s fPfin 0 32 5EA(EC/D) -

® oyttt ok T 2 5 (m/h) o

® Ay EiEPifin o bR %R ¥ #(1/h) -

® R s T MO RIF L 2 F ¢ aid F A H(1/h) -

® ALEEichHESR -

AN AP HEETRYIRE- 2 X RS BERERFY - T AR

;\’\:"ﬁgﬂr}li

d Cq (t)

Tt ugC™(t) — A Cq (t) — AgCq ()

5 P- REPE 2A4ERLFSARS 12 § > £ 8RS 2T RREFRES o F
FSAR % 1223 &3P > bt 2 i RiR™ K p T 5 F 5 5en 5 080k o bldo 778
BERRE T RS R B2 ok TR Y ok g TE T R R

FRER T UAD B T AT F P EIED R A BRI RTIEBRE? - FSAR

1995 WASH 1258 dp2.4ph > d * A BIKFE LR K S » 2 = %i@ﬁ’!j@i&ﬁ‘iﬁrﬂ% SRR
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IWRAPEEHEE BRA BRI AT ERE > FRERAPBR S REATMEBEF L TT2E+S
il & LTEH3 BRSOl pF o

FIpt R AT E 5% FSAR B 12 § A0t T AR S 4 BT @ F B 6 RS KR AR
M2 s Bl MM VB R A T T b F SR T TR S o R
POEAEAE 2 PifE2 [ et ) 4o FSAR £ 12.2-4(4c % 3.11)c %% FSAR1.2.2.4 & fcit
RS R 4IEH6 P A KNI R SR B F K AT 5 2.06E+5
ft*/min - ~ :T‘h'{i DR KROTFR NI BT HREMHA LIS BRI T R B
LAEE AR EABBAD DR PR AE 225 [ Y BRI RIS T F
¢ 99.9%% FkR -

# 3.1 ¥%- B FSAR E@ W B 5 7 F kR K E -

MPCa*  Containment Building* Turbine Building**
Isotope (u Ci/ee) (u Ci/ce) fmpca (u Ci/cc) fmpca
Kr-83m
Kr-85m 6x10°%  451x10° 750x10%  223x10°% 3.72x 1073
Kr-85
Kr-87 1x10° 451x10? 451x10%  426x10°% 4.26 x 102
Kr-88 1x10%  4.51x10° 4.51 x 107 4.26x10% 4.26 x 102
Kr-89

Xe-131m  2x107°
Xe-133m  1x 107
Xe-133 1x10° 991x10% 991x10° 820x10° 8.20x10°
Xe-135m  1x10°  691x10%  691x107  2.13x107 213 x 10!
Xe-135  4x10° 511x10%  1.28x107  2.07x107 5.18 x 102

Xe-137

Xe-138 1 x10° 1.05 x 10® 1.05x 102 4,72 x 107 472 x 10!
1-131 9x 107 255x10" 283x10% 6.23x10M 6.92 x 107
1-133 3x10% 1.02 x 10 3.40x 107 2.49 % 10710 8.30x 107

Co-60 9x 107  1.50x 10" 1.67x107  6.56x 10" 7.29 x 107
Co-58 5%x10%  9.01x10"  1.80x10° 1.97x 107" 3.94 x 10

Cr-51 2x10°  451x 107 226x107  426x10'2  2.13x10°
Mn-54 4%10%  451x10"  113x10*  1.97x10"%  493x10°
Fe-59 5%10%  6.01x 10" 120x10°  1.64x10  328x10°
Zn-65 6x10° 3.00x 10" 500x10° 6.56x10™  1.09x 10
Zr-95 3x10%  6.01x10"%  200x10°  328x10"  1.09x10°
Sr-89 3x10®  135x10Y  450x10°¢  1.97x10%  6.57x 107
Sr-90 1x107  751x 10"  751x10°  6.56x 107  6.56x 10°

Sb-124 2x10%  3.00x10"3  150x10°  9.83x 10 492 x 108

]
Cs-134 1x10%  6.01x10"? 6.01x10% 9.83x 10 9.83x 10®
Cs-136 2x 107 451x 1019 226x10%  1.64x 107 8.20 x 10°®
Cs-137 Ix10%  751x10"2  751x10%  1.97x 10 1.97 x 107
Ba-140 4x10%  751x10"7  1.50%x10%  3.61x 107 9.03 x 107
Ce-141 2x 107 1.50x101%  7.50x 107 1.97x 1013 9.86 x 107
177 858
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AEDE R RER R BE BT ZF Y 99.9%F FER
SR PR 225 ) B BT B R T T SR ER S W L EE ST
RS ZFERTE S O0Bym’ e # e @@y FEIHFFAREEAR AP f md 2

FHFEE S D FERRALER T ERT A2 p R E R LR P FF

=
HY
SRy

BRyBEeEFLEEF TR T EERATENNTEFER AT CO)ONEHEDIFHE
WA BB R ES 0Bg/m’ o ¥ CUOT MRV EDBER > A G 5 LIER
Bk B A AR ﬁ;’ﬂﬁﬁﬁ;é :

(t) — (1 —e (llrn"'/lR)t) + Cn(O)e (Arn+ARt

Arn+/1R

iR REEBD TR EDZFEY Ed P FL L RGN Er ST - BB
RERP T TR ST FTEERECE - BT PR > 3F BB 3 BT 18 8.4m f} —
FOEUORIE o b NI RBOONTEARS 3F P OARITARITERR A 0 FNME Y R TR
Br R AT AR Y 3F 2FER c L FERBIRATN  TEd BFRF TS
Ros ZF ¢ ol Big 3t g i o TR REBMF AT ERF GRS LW

TR SN T F R 0% BB T kR BgmM) -

R AETEY ERY TP RSZFRPERE S I REF R L 4
AR BT EZFER - ~ BB PR ZFLAPEERES B S 2.79E-10
uCi/cc 2 3.48E-10 pCi/cco o »ti@ g Hp fF Jp A T & P~ 17 8y > Flet 287 1 51 % FSAR

% 12.2-4 @ﬂ};}mﬂﬁﬁf{#;/é’—/%)i)pd'm C e /Tﬁ&ri*q_l?"}’fﬁé’ H/%)il’l' L"J%;Q

ETIAS

sl

T o X R EFANETRSHPFFTARIARREE > F Y FNAFEF BT
PRI AT WA 3R E D2 F R T E R P FFRIE > b4 D Kr-85 % % =

%= Rb-85-Kr-88 # % = 5= Rb-88~Xe-135 % % = 5 Cs-135 2 Xe-138 % ¥ = 5 Cs-138>
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TR R T A AR PR R R AL T PR LR

o
<l
g9l
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