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SUMMARY

[.  Project Title

Measurement and Analysis of Heat Load in CN Hole of HANARO

II.  Objective and Importance of the Project

Cold neutron source facility is going to be built up in its 30 MW reactor HANARO in
order to provide its scientific community a full range of neutron experimental devices. The
liquid hydrogen cold neutron moderator currently under development will be positioned
inside a vertical hole with 16 cm in diameter at the heavy water reflector of the reactor. In the
design of cold neutron source(CNS), it is very important to measure the heat load

experimentally for sizing of heat removal system and selection of the refrigerator, etc,.
IIl. Scope and Contents of Project

Heat release in CNS is basically stipulated by transfer of energy at collisions of fast
neutrons with nucleus and absorption of the y-quantum directly by cold moderator and the
construction elements. Heating rate can vary in a very wide range and depends on a CNS
arrangement in a reactor. For heat load determination, the following techniques were
executed : 1) Measurement of thermal, epithermal and fast neutron fluxes by activation
method 2) Measurement of heating rate by y~quantum absorption by Bragg-Gray ionization
chamber 3) Calculation of a neutron spectrum by Monte-Carlo method and normalization on
experimental neutron fluxes 4) Account of heating rate stipulated by collision of fast
neutrons with nucleuses of CNS moderator on a received spectrum 5) Consideration of the

difference between the real and measurement condition.
IV. Result of Project

For y- heating rate measurement the Bragg-Gray ionization chamber(IC-Gray) was used,
which was developed in PNPI, Russia. It permits to measure heating rate in a 10°~10 W/g
range with an error of 4 %. The results of thermal and fast neutron fluxes for both schemes
(experimental and CNS model) are in a good agreement with those calculated by MCNP-4A,

therefore the heat release data in hydrogen from neutron have a high reliability.
V. Proposal for Applications

Analysis of heat release data from y-rays has shown that the experimental results are
4



underestimated. The cause of underestimation can be explained by two cases. One is the
different circumstance that the measurement was executed in CNS channel filled with light
water, but the calculation was carried out in the vacuum channel. And the other is the fact
that the calibration of 1C-Gray was executed in the different range from that of real
measurement. Therefore the measurement by IC-Gray was used only for calibration of the

calculation code, and the calculation data by MCNP will be used as a ground data of design.
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223, =Rt YA DAHE dFS ALter] ke Y3 Ad AT
IC-Gray chamber & FAIS ¥ Iof 2 AF X E FAHSI1, dFL
ionization Z§tol Ble|st2=2 PNPI oA THE y-ouiA|o] @2 K-factor & #3tH9
%< 73t Monte-Carlo 71H& AHET MCU code 94 MCNP-4A code o 2] &
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(thermal neutron), & 9| %4 AH(epi-thermal neutron), &% A] A(fast neutron) 2
< A%

2) ¥5AAY A A FolA Bragg-Gray ionization chamber & A}&3l] 7+ A
o} AEAL7NA y-FAEe Fol g BAHE A[FE FHE d
Fo2 gAY,

(3) Monte-Carlo 7|l 2&} F A} spectrum = AAF8I3 2712 normalize $
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@) AT Aol o8 Aoz FAA spectrum ol 2F EFAAT EFA
2t ZFEA FEd o TS dF S AT
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2 534
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%X S ¢ dry experimental channelS A X|$th ojuf, dry experimental
channelo] ¥FAAY AHAAFo] AFgstA AAHUS/E FUsta,
o) s} mez2= A& WA 7] Astd AR platformol] 1A o}
(B AF2) IC-Gray chamberE ©] &3 &3
: IC-Gray chamber& dry experimental channel Wjol 4tl3la] FFAJA o]
AAEE AP HAA7)3, IC-Gray chamber A T2 HAE  pico-
ammeterol] H@3o
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(AAh3) dAZE IMWE A
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(A A}5) IC-Gray chamberZ dry experimental channelol 4] # Wl & FZo BRI
: o8 A BIAP IC-Gray chambers= WAL levelo] Sold wf 742 =z
Yol B3 & AMRFHds AFzE $AA BnastA Ao

(A 2}6) Activation foil#} Au wireE o] &3 A
. Activation foilZ} Au wireZ dry experimental channel® 4] gttt

(A7) dAz9 £33 10kW= &9t}
c BFAAY HAAFTAA IR, BY4FHA, FFAEAAY Ffu)s
4871 95 Au(Gold), In(Indium) and Ni(Nickel) foils& 10 kW<
oA 158 F¢ = AKiradiation) 3}t o

(AA8) 4229 28 & 1TMW=E F713th
 HEAAY AAFAA AR, d9548A, £TAAAY Sus
=A35t7] Y98l Au(Gold), In(Indium) and Ni(Nickel) foilsS 17 MW
Z3d oA 608 T ZAHirradiation)d}t 3 T

(B219) A2 28 100kW= 3o},
. Foilol 93 HAHo] B3 T gold wireE YFAAYL A AFA
Addsteg 100 kwelA 1083 2ARATS A F lem HH SR
AFEE FAHsL 3FUAA  wire2 F EFAHAS Adigs
Ast7l et AFEE SAJY. Gold wired 2 FEol Wi

FA2EL 1 cmtACRE EHAF gold wired FA AHE A F

AA9 wibsoR @Ag Fo] olg AuigtE Al HA WA
vt AAF st

J

19]

Y

4FAAY AAToIAY TAREAL AY AT As ¥ A o

550 gu.
3. Dry Experimental Channel

Dry experimental channel 2 IC-Gray chamber, activation foil & wire & & 9l
AMEE BFAAA4 AAFT7HA AYstr] A% A¥lold. 29 2-1-12  dry
experimental channel ©] AA " FFAAAYL MHAF F&4E Hehi U o
dry experimental channel(2¥ 2-1-2)2 927 °] 44 mm, W73 0] 25 mm, FA|Y Zo]
7} 12375 m o], Al-60 A9 A2 AY Fo|ZTo|n Jo|To UYREPZ ot
ol &9 Fo] 50124 RIEE AlFsHo ok EF FHo|ZLr}t g FIE
FEE T A FolZE FilY £ e fFRHA XIES A
A3l ow, Abd o] Fo] FAlHE saREL HY F 2Pt A E9
7} gobd wi7ztx] Ytz Al g T HAF A A Z(spent fuel pool)oll AZE 5 2
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8 37980 29 2133 2o| AAE fange 2 AU, BFAAL A
AFel Ao s, AW T oolg e ESEE ¥ Askd 29 2

14 ¢4 o] MHAE guide sleeve & F&3ATH. 2Y 2-1-5 = dry experimental
channel ©] B35 Y A2)Fo] WX =HE e, 2% 2-1-6 F 29 2-1-7
2 AAd e RoF3 3, I 2-1-8 & dry experimental channel ©] QA2
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1% 2-1-6 Dry experimental channel ©] 2 X & A El(1)

1% 2-1-7 Dry experimental channel ©] A X ¥ A 8(2)
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Al 3 A IC-Gray ChamberE ©°| &3 y 43 =3

2 Ao A& IC-Gray chamber & 23} o] o] &3l JFFAAY M FolA
o A W, Azk WE 5E VIsdna @ y-dAe] g8 BAsHE 4L
E5A317] 93 W o2 &= quasi-adiabatic calorimeter & A}83lE 7193 Brage-
Gray ©]& 3 2] g (ionization chamber)?] IC-Gray chamber & Al&3l= F 71x]7} 3
2 AMEY 35T 73718 Aok PNPIYA T 10°4 W/g Y9 4%
9] ezt Yol 4%& A" F Ut quasi-adiabatic calorimeter 9 10°~10 W/g
HY YoM 944 53T 4 A= IC-Gray chamber & /W23t t}. Quasi-adiabatic
calorimeter © WWR-C(Obninsk, & Ao}, WWR-M(Gatchina, 2]A]©}), EWA-10(Sverk,
Zdc) 5o dAF2ojA & calorimeter 53 T4 ¥l HIlsla 1 AR A] o]
Y5 =AUt IC-Gray chamber o et 1 ASAHE 45387 98t WWR-M
H+2o|A quasi-adiabatic calorimeter & 7] ¥ XPILE £33 TH IC-Gray
chamber & calorimeter Ht} A &AL Hojx) Aok al MY 15%), SAHY7 4
o Age Heldol dFHUT. B Aol E y-FAol g3 AAHE dE F
A3zl A% WY o2 IC-Gray chamber & Al-§3F3 T

1. IC-Gray Chamber

IC-Gray chamber ¥+ y-%#lol 2&) W Fol J& g

ZF 2} o115, ©] IC-Gray chamber o pico-ammeter & FAstd HAF WIE FA
& 509§ 3t} IC-Gray chamber = 1H 2-3-2 9 #o] 9453 F+XE& 717
ool FA7]E= Eol|7F 70 mm Y730] 18 mm o, 0.5 mm FAL dFoFo
A HWFolE 470l 15Smmolx, W7ol 6.6mm<el =, 42 mm 778 2
Cld  external electrode & Z73°] 5 mm <3 ¥F Y central electrode 7} A0,
external 7} central electrode Alo]ol& 0.8 mm T2 AUy F 750 £A%.
E pico-ammeter 29 HAE AT FAHY GAUE HFow MHA|FHoglow,
rubber lining, S2t2¥ 2] AF2l floroplast-4 M AZ A2 isolator EZ F4A 5 o]
=3

2. Pico-ammeter

IC-Gray chamber o] @A o] AFE FAH3}7] Y& AR oltl o] pico-ammeter
o AFZFA WY 10™ ~10° Aotk 1Y 2-3-1 & pico-ammeter o A X AEjS
YER 2 gl
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1% 2-3-1 Pico-ammeter & A | A}E]
9
—F
-
3 N ]
| |7
| 6
I 3
% | 5
; /
LV 6
% z
| 2
L] | gc
1,2 : Central and External Electrodes

3 : Security Electrode;
4,5,11 : Isolators

6 : Protective casing

7 : Cover;

8 : Rubber Lining

9, 10 : Removals

1Y 2-3-2 IC-Gray chamber
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3. IC-Gray chamber o 23 =3

IC-Gray chamber | ¢t SAHL A=z 2o 1MWY o 2 gL A
ztoll o & 8ot

(2 A} 1) IC-Gray chamber € dry experimental channel & E3lo] WHAIA Y A3
59 whg7tA A e

(B2t2) AR 2HS 1MW E F5AZin

(22} 3) Dry experimental channel & %3l IC-Gray & R%2E S cemY o]F
SHAA y-AMol o B AFY wEE SH

NI}

Aol Axtol] ot ZAF AFUL & X 2-3-13 2o o9 Eo|7t 0
%l AL dry experimental channel & HIE& ojwmjsl= Aojn, o]RAL YFAHA4
Az1ge mtgoRYE % 25 emAE Y FEF EATHG. AL 115 cm 7HA
gt 8. 2 olfE BEAHAY HAAFY ¥ol7t 120 em o] W, °] HA]F 9]
W REE 5 cm o= flange 7F AAFT A1 WEo] 115 em AA T FSAEA %
ARE AEE7 FEE7 gEolt

4249 AAFNA Folo] Be

IC-Gray chamberol 2% A gk

it 2-3-1

@ 53 =09 SAH

5 °)(cm) 1(nA) = °](cm) I (nA) % °](cm) 1 (nA)
0 11.5 +40 235 +80 16.5

+5 134 +45 237 +85 13.0
+10 16.5 +50 233 +90 11.1
+15 18.0 +55 22.8 +95 9.5
+20 195 +60 22.3 +100 8.1
+25 20.8 +65 212 +105 6.8
+30 22.4 +70 20.0 +110 5.4
+35 22.7 +75 18.7 +115 42

25




(b) 5& xolol I A W

Azt (nA)

=

25

0

OOV PRPRP PR LRPRELOPLP P PSP O

=0[ (cm)
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Al 4 A  Activation FoilZ 0] &3 FA &9 &4

1. Activation foil ¥ wire

Activation foil @ wire & YFTAAY AXFoA2] &5 A A (thermal neutron),
A 9] 54 A} (epithermal neutron), %34 ZH(fast neutron)?] £ ZA 7] 45t A}
45U

Aol A At8" 29 24-1 F #L activation foil 5& Fe, Co, Ni,In % Au ©| T},
o] FolA Fe, Co 128X Au foil 2 1 mm F7¢ Cd(Cadmium)E YT A3}
43172 &S A F FHE AHLEAT B2 8719 Foil o] AHEHUS. ©] 874
9] foil 52 Y 2429 Zo] NiAdo=R THE activation wire & FtdFEo=y
Bl 70 cm Ho] Qto] #5 % 7HAOR RAEUT, 2YolA YERd AT} ol
foil 5ol Fa8 53 HA core s FAFE HASFEF AT EG o
activation wire = dry experimental channel o 4t§lo] &oldtx g FREN FE A

2] 8tSit}. o] activation foil 9 nuclear data &= ¥ 2-4-1 3} ¥ 2-4-2 9} 2}

F 24-1 EFAHAY d9FAA F(fux)d FAHS AT H§

Reaction G, b T, 5 I
(keV)
%Fe(n,y) “Fe 128(5) 44.496(7)d 1099.3 0.565
1291.6 0.432
*Co(n,y)*Co 37.18(6) 5.2714(5)y 1173.2 0.9990
1332.5 0.99982
197 Au(n,y)'*Au 98.85(9) 2.6952(2)d 411.8 0.9551

H24-2 1EFAR H(flux) FHEL Yo g

E
Reaction o o¢b T, & L
(MeV) (keV)
"*In(n,n’)""*"In 1.2 0.288 4.486(4)h 336.2 0.54
**Ni(n,p)**Co 23 0.337 70.82(3)d 810.8 0.993

Y542 ARFANAY RALE 9% activation foil £ dry experimental
channel & 53t 4 43t3L, NAAL hole 48] EAHE #3 Foil & NAA tube 9|
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Foilo]l 2§ ZAo] B¢ & pgold wire® BFAAYL AAFolA AYsted 100
kwollA] 1083t L RALE Iem AR AFES AR 3T A
wireE Ze AFAAE Adge Adstr] st AFE&EE SATT God
wired] 2z} Fio] digk dF5AAEL 1 amdALE SAHT gold wired =3
ARg AT AAHY Wilsoz A Fo ol Adigd AT ¢ 9
WARS 3 v ete] ANELRA T Gold wiress 18 2-4-29 22 FHE foilo] 2
AA| ket

2. Spectrometer

ZALE foil & wire &) 2HEHEL A7) Yotd 1Y 24-3 3 & ORTEX
spectrometer & AH&38F3Th. ORTEX spectrometer ] 292 Gem-25-185-P o], ©]
R FATE “Co(E,~1.33MeV)= 1.67 keV (amplifier time constant = 6 ms)©] T}

1% 2-4-3 ORTEX Spectrometer

4, Activation foilo] &3 =3

BEAAYD AAFH AR AFFQA NAALAIA 2 activation foil©l
Adg 542 33 2A FAAATG. 2 5 A= E 243, F 2449 ¥ 2-
4-59 o ol Eol7} 0 AL BFAHAY HAFY B dy experimental
channel®] WIEE oJuldin], NAALIS A$ 2AFEY wigE gujdnk oA
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A vl9} o] dry experimental channel® HI®HE WHFAAY AxF9 ulg
Boh oF 25 em %2 Xl AAA "o E 2439 12 L dFAHALS
EA387) A3 Ao|on, F 2449 23 ZAL £FHAEL ZAHE) Yo
Aot

F 2-4-3 Activation Foil®] 12} 3% A3

@ FTHPUA 1997, 11.17.19:29 ~ 19:44

@ WA= 29 10kW
@& AojE-9 YA 381 mm

F4ALdAE NAAL
O EAANZE 1S E O EAMNZE 10 #
x| P £ °] P
Nucl Dec/sxmg Nucl Dec/sxmg
(cm) (mg) (cm) (mg)
+70 Au 49.75 3068 +6 Au 49.92 7201
+63 In 732.8 3.95 0 CdAu | 5839 25.83
+63 Cd Au 52.55 48.50 0 Ni 967.8 1.073x107°
+49 Au 50.30 8557
+35 In 4497 11.9
+35 Cd Au 51.15 144.0
+35 Ni 973.1 | 2.492x107
+21 Au 49.80 15793
+6 In 741.4 15.9
+6 Cd Au 51.0 197.9
0 Au 49.70 13048
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E 2-4-4 Activation foil®} 2z} =& A3}

@ F3YLA] 1997, 11.18. 09:25 ~ 10:25
® 422 &8  17TMW
@ Aol E9 AA 409 mm
BFAAALEAF NAA1
& ZAMAZE (60 B O ZARAZY 60 B
H p H p
Nucl Dec/sxmg Nucl Dec/sxmg
(cm) (mg) (cm) (mg)
+40 Fe 15.83 3223 +6 Fe 19.00 369.3
+40 Ni 23.60 98.90 0 Fe 19.35 3803
+20 Fe 6.73 440.7 0 Ni 34.88 7.206
+20 Ni 20.83 146.7
0 Fe 18.20 401.1
0 Ni 26.72 137.5
£ 24-5 Activation foil®] 32 3 43}
@ FFAUA 1997 11. 18, 19:40 ~ 20:10
® A2 29 1MW
@ AlolB2 AA 571 mm
SAALEAF NAAL

O FAMAZE 130 #

O ZAMAIZE 30 F

H P H P
Nucl Dec/sxmg Nucl Dec/sxmg
(cm) (mg) (cm) (mg)

+6 Fe 51.44 12.64
+6 Co 6.80 286.1
+6 Ni 94.72 0.1916
0 Cd Fe 826.3 4.288x107
0 Cd Co 1103 4.29
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O3 X 24-60lM e BF3AY BAF3 NAALClA ZAA A S Y8t A&
Au, Fe, Co Foiloll W3t cadmium® 31| & AefE Jelz 3}

¥ 2-4-6 Foil9 cadmium Y] &

AgF Ra, Rix Reo
CNS 86.5 - -
NAALI 287.1 303.6 681.2
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A3 B A
Al 1A MCUCodedl] 23+ Heat Load AlAt

£ Hol A= Monte-Carlo?| & AFE 3 MCU codeS AM&3te A9} y-A 9
spectrumE & 324N Y A AHRE 7)EdtA Tk Monte-Carlo?] ¥ &
ANE fste] A 49 A28 JHFoz 27t MCU codes Ao}
Kurchatov Institute of Atomic EnergyolA] 7W&&tF o, o]RAL verification and

validationd] AAE TEFA|7] codeo] o}
1. 532 AAFAAY £ L MCU Codeoll 2|3 At}

YEAAAY BAFoAMe X3 MCU codeol 93 dzo AAZdze= [
3-1-18 29 3-1-1, 29 3-1-2, 1Y 3-1-3, 1Y 3-149) JeR} Aot Ak
ZAL YFAAY AAF F4AF5H =AY FAFoldA FFHAC

BEAAAY AAFANM y-Fae] FFoAIA g2 0982 MeVolH.

E 3-1-1 FFHAALAFAM Y SA LI MCU codedl] &7 AlNgk A3

=2 gk MCU Code ol 9] A4tgk

Me

_—TL

CDLhcm\al neutron

(E<0.625 eV) (1.64i0.08)><1012 (l.SiO.l)xlO]2
N/cm?.s- MW

CDe‘puhcrmal neutran-1

(5 keV>E20.625 eV) (5.6£0.1)x10° (4.840 4)x 10°
N/em?-s-MW

O] epithermal neutron-2

(1 MeV>E>5 keV) - (1.540.1)x10'°
N/em?s-MW

q)ﬁul neutron

(E=1 MeV) (2.1+0.3)x10" (2.3+0.2)x10%°
N/em?-s-MW

Al
% (1.940.2)x10° (2.540.2)x10°
W/g-MW

¥ 3-1-1914 BXo] A% g7 MCU code  AHE3to] A4S kol v)&3s)
A Yetdzn . 39 3-1-1, 2Y3-12, 2¥3-13L 22 YFAAY AT
o] FWaka ¥olo wE dFAA, £F44, a1 y-FAd g EEEE Y
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Bt Qo olE BEXIFXMoie HFgE d5AAY AT SR
& o2 vigoR 9F 10~15 cm 9HE o]Fste Huigto] WHEAAY M AF9

FolA YEhEE a9,

T
1.0 .
: | /\
=
2 0.8
c
o
E
[:i)
c 086
©
E
[:1}
K =
o / *\
0.2 r r . . r .
-60 -40 -20 0 20 40 60
Z,cm
a9 311 99 golol 4E AFYAS BE
v ! .
| ‘
1.0 : —~
_ | | _
=] ; j
- 08 1
> / \
3 J
=
c
O 06
=
: )/ \
o J
c
7 04
©
w
|
0.2 |
|
-60 -40 -20 0 20 40 60

b
M
ki

a4 3-12 F8Y xold e 2HFAHA
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1.0

0.9 4

0.8

07

06

05
0.4 /

-60

Gamma - heating, r.u.

a9 313 4G Eolel Folo ME Mol A% A9 BE

2. Z&EAL7) YA MCU Coded 93+ A4+ 4z}

a9 3-149 go] AAl MA] Hgd FFYAYL FEAE7] Pl
FAE T y-del 7t BEFY At dFd= ® 3-1-29 20

E 3-12 454 AY 25487 2849 MCUcodeol 2% At A3

T MCU codeoll 9 g Al4tzk
D pecral nevsrons (V/CM-5-MW) (3.9+0.2)x10"
q," (W/g-MW) (6.540.1)x10°
g (W/g-MW) (6.640.1)x10
g, (W/g:MW) (7.140.2)x10?
g, (W/g-MW) (9.840.2)x10°
Go' (W/g-MW) (1.740.2)x10?

A5 AAF2ANY FAL FHAY FEF PRl G BB
2L UFHAY BABY A% sbleld AXdm Jr ¥y
ORSEl: WAR/H SoUA @& Auol4 FPHAT. wA o ORSF
18% FASPFAZE Sol 92 Aol FHA o FABol oF 2 A%
Z7te Rolg.
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Al 2 A MCNP Codedl] 93 W=z AAL

2 Hol|A = Monte-Carlo?]| & ©o}&3 MCNP coded #HA1EQ MCNP-4A
codeol 2jair AAtE BAFol| Bt s]wstnA @t o] MCNP4A codes
Ar&38l AlAbg o] ENDF/B-6[8]2] nuclear cross section data library s ©] &3} o}

1. I5AAY AR 30X 2] MCNP-4A9] 2% A4 A3}

Agel AHgdE Edol distd ZA g% MCNP-4A codeol jair At
HAE FAAMY FAAEH v-9F AXZFAE & 3-2-153 Eo

F 3-2-1 AL AATNM Y SHUF MCNP4A codel 2 & Albgt d3

. aaa MCNI"—4A Code ol
ol gt Atk
Dpemal noron (E<0.625 eV )
) 'N“/” 2( ) (1.6440.08)x10™ | (1.64+0.08)x10"
cm*®-s-MW
(I)ei ermal neutron- 5 kev>E20625 Cv
therml N;( . ) (5.640.1)x10° -
cm'-s-MW
et rewron (E21 MeV
f““N/ S ) (2.140.3)x 10" (2.02+0.34)x 10"
cm”-s-MW
q Al
W ! (1.940.2)x10° (8.7+0.4)x 107

2. IS5AAY BE5ANE7] ZgolA 2] MCNP-4A Codeoll &) AAF A

a9 3-14¢9 2 BFAAYE AE5AE7] 2ol el MCNP-4A codeE
AHEEte TS} y-dol g WA AN Ads HE O3-229 @ 9
AL PFAAY AxFgo] nloide Aejold, #EA &7l AA|Fav)
SolE AHdAY A s

E 32222 YEAARY AEa87] 280)A 2] MCNP-4A codedl 2§ A2 da}

T & MCNP-4A codeoll 9] %+ AlAHgk
D permal neuron (/M 5-MW) (4.0£0.2)x10"
Dot neutron  (/cm’>s-MW) (3.640.2)x10'°
q" (W/gMW) (7.940.2)x 10
G (WigMW) (1.4+0.2)x107
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A3d EN 43

2 AoAe oA rled &S Asln, EMEHRE 7ledna o
MEAA Aol AAFHAT BAFn ool AFolA ZAHHIT MCU coded}
MCNP-4A codeol 93] #4898 A5+ oS H 3-3-17 o F 3-3-19 AHA
dole SAgol, FHA dolv MEEA Al AAHUD gol, AMAL
A dels Aol oldd WFAHAY 2dS dide= At A9A dE
Aele] WFEAHAY AAFANA MCNP-4ASH MCU codeoll ols] Alitd  ghol,
OARHA L ANHA dols AA HAo] o|§d FFHAY 2FE Yo
BWEA4AY AAFo ¥o Q. o R AAFAR AYAH Ut A
e A RUA dolE MCU codeol 93] Al4td ghol, oA o=
MCNP-4A codeol <3 A" gro] FE5Act Ado] ALEg Aol disto
FAA%0] e A= MCNP-4A code 9% MCU code F7HA] ZA-$o 25
273 & X512 Aok 99 ¥ 3-3-19 WEL B3 Y g3 @o
B354 AXFA A7t AYGA e AT d5EAd ASAE7]
ZgoA MCNP-4A codedl 93] AEE & 59) O, & 0,0 @2 A= 2
A 55 ek =G 4HA Fo| JEFE MCNP-4A code9t MCU codeoll 9 & g™
o) A4 #el AR A9 dAstm itk ey 3MA o] veld MCNP-4A
codedl o}3] AME M ol FA FEG 4] AE 2 ASR YEwo
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& B 3328 EFvEAAY BEFE A BAE Rojd

3 3-3-2

(A) 2gol A8 FA
(B) EAlo] A8d YA 29

(©) F4AY BAFo] AFFHA A

dFolE AAFo) 7)o FF Fot

(A) , (B) ; © ,
- q.x107, q,x 107, q,x107,
Yo - SOUICES [ gy ol x MW Wxg' x MW Wx g’ x MW"
(%) (%) (%)
¥ -~ rays ¥ - rays ¥ - rays
from from from
n,fission n,fission n,fission
turned off turned off turned off
0.02 0.04 0.03
Fuel (1) (0.2%) 0 (0.5%) 0 (0.5%) 0
0.99 1.76 1.60
Fuel (2) (11.0%) 0 (22.3%) 0 (25.4%) 0
Fuel (3) 0.46 0.01 0.87 0.03 0.71 0.02
ue (3% | 02%) | 1.0%) | ©23%) | 113%) | (33%)
Fuel Models | 011 0.03 0.13 0.05 0.16 0.04
© (13%) | (06%) | (1.6%) (3.9%) | (2.5%) (6.7%)
_ 0.79 0.12 1.46 0.36 1.25 021
SORM. =131 o0 | 2a%) | a85%) | @77%) | 198%) | (35%)
Total 2.37 0.16 4.26 0.4 3.76 0.27
Reactor Core | (272%) | (33%) | (53.9%) | (33.9%) | (59.5%) | (45%)
D,0 - 1.09 0.13 242 0.23 2.03 021
reflector | (12.5%) | 27%) | (30.6%) | (17.7%) | (322%) | (35%)
CNS 3.90 3.30 0.50 0.44
(hydrogen) | (44.8%) | (67.9%) | (6.5%) | (33.9%) 0.00 0.00
0.48 0.45
Al-detector | o | 950 0.00 0.00 0.00 0.00
Al vac. ch. 0.60 0.76 0.13 0.08 0.11 0.12
wall (69%) | (15.6%) | (1.6%) | 6.1%) | (1.7%) | \20%)
0.26 0.04 0.58 0.09 0.39 0.02
ZrCNSwall 1 3hon | (08%) | (73%) | 69%) | 62%) | (33%)
Total CNS 5.24 4.56 1.22 061 0.50 0.14
envir. (60.0%) | (93.8%) | (15.4%) | 40.7%) | (7.9%) | (23.0%)
TOTAL 87404 | 49403 | 79t02 | 13+01 | 65+03 | 0.6+0.01
(100%) | (100%) | (100%) | (100%) | (100%) | (100%)

*Fuel (1), Fuel (2), Fuel (3) — various fuel elements assemblies in reactor core. Fuel(l)

actually is light water assemblies in the reactor core, Fuel (2) and Fuel(3) are the assemblies

with different fuel concentration.

40




Ao ® 332004 (A AFolAe y-Ade BEEE 1Y 3-3-13 gow,
(B)9) ¢t ¥ 3-3-29 3337 Zon (O)Y A$E 1Y 3-3-49 o)

102 10" 10° 10'
101- T T T lllll, T T L T'rlil' T T T T ryia : 101
[ ——— MCNP-4A j
s 1
10° 4 10°
i T
K - _ -1
% 10E ] 10
= ;
wo| ]
2
.e, - -
©
10% H 10?
_ 12 -1 2 1
10-5:_ A=2.81x10" v.s .cm™ MW, J 10°
X <E > =0.982 MeV ]
1o~4 1 1+ 1 1 aaal 1 L4 aazal 3 3 L1l 104
102 10" 10° 10'

Gamma Energy E, MeV'’

9 3-3-1 (A9 7% IC-Gray chamber®] Al detectorol A1 9] y-spectrum
(B4 ATl A5 AYA A= B9
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1 1

10 10 10° 10
T T T LB llll T v T L] lllll 1§ L L] T 1 lll[ T
10°F - 10°
| §
g
. 10 4 10
wof ]
S ]
5 ] ]
| l
& -2
oF For liquid H2 volume, {10
[ (A=2.16x 10" gamma.s™.cm”MW") )
1 (1 11 lLl_lI L L 1 L LLJII L i L L l_LllI L A
107 10" 10° 10'

Gamma Energy E,, MeV"

a9 3-3-2 (B)Y A% IC-Gray chamber?] Al detector®] 41 2] y-spectrum
BFAHAY BAFL voffl
A& L7)odE AAFR AAAH dE D)
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do/dE, MeV

0.01 0.1 1 10
101 L] Ll LA |||I T L T 7 llll L T ¥ llll‘ :
- MCNP-4A 4
10°E E
101‘:— 5
C ]
- 4
10F 3
ot ARLT5x 107 n.s”.cm> MW’ |
10' L L 1 | | llll L 1 1 lJllll 1 L | Illll
0.01 0.1 1 10
Ey, MeV
39 3-3-3 y-spectrum (B FAHAY HAF o] vlole AP
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110‘2 10" 1 10'

10 : ) T 1 LIS Il T L4 1 T T 17T ll 1 T T LI I :

[ —— MCNP-4A ]

43 E

'TE 10'1:- -
%3-
S~
o
©

102:_ E

I ]

I ]

"oF E

10 L 1 1 111 lll L 1 1 L1 1 lll 1 1 L L 11 lll
10° 10" 10 10'
Gamma Energy E, MeV'

10°

10*

a9 3-34 (C)9 % IC-Gray chamber?] Al detector®| A1 2] y-spectrum



T4 A&l gt VENTURE code AlGHAl x4 AlAF EdoA CNSFY Al
AR E Y 3-3-59 2o

Iy 3-3-5 PFAARAY AXF9 VENTURE AN A2 £

Az ARAAFO)E OF 1156 cmol IyPoA 7ted &AL o] Ui 25 cm,
F7 05 eme EFrERE 28 9e Aoy AAEdd s dFvEde fx
WA AxFod AR Fol dxe HRoe=z AFEAT. §749 AR
xA+= VENTUREOA] A PJ3AAd AAFoi Hd EFHAE5S
1022 39S W §24y AZolA #Hg dFHASKY @geold. 2¥Y 3-3-62
Gold, Ni foild] XA A]H oMY wAbs k3 Gold, Ni wireg® AH&3iA Ao
A3 A%, VENTUREY EF425 A4t 243E Ed2 %y 23X & 1d
RAolth o] aYA BH  Gold wire?t VENTUREER AIMe FAAE Ex7}
M2 AR %3S & F At} ol =AHA Gold wires YT w X9
A7t g T Y3, A YRR Fxe AN 29 Zolrh g T Sl
g Folch Foildl 9% ZAE FAA 2 AA7F 3FA 4SS & F ded o
A=A g A= FA4ASE Adigt vl ZA] FA7F €k
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0.8

o
<

o
@

FA32F H(AAY), activity(dg

05 L N
0-4 [/;9/: ——hu wire ®ARKARI) \é\%\\\
11— T e e N
0.2 {;/?ff o:?‘:\:f 1e§u(xmnl> "'.,:\\kk
o1 —X—PWPl BN foil) en__n <
ooo%
" @ w® = m w o 1 m w0 =
H3{cm)
a9 336 FAAS FX vl
Foil%} wireg o}&3ld A% IdFYAS HoigtEs VENTURE % MCNP
AAzks} B8] 27 datazt E 3-3-300 YERY G
# 333 AFAAS o SAH %Y AAragY v
A 53 = Ry VENTURE AlAH MCNP A4l
(cm) L ZH(%) L ZH(%)
=375 Au wire 1.21E+12
average® 1.37E+12 8.05E+11 337 7.886E+11 42 4
26 Aufoil | 1.65E+12
average 1.86E+12 | 1.21E+12 26.4 1.150E+12 38.2
-19 Au wire 1.82E+12
average 2.05E+12 | 1.38E+12 24.3 1.415E+12 31.0
-5 Au foil | 1.88E+12
average 2.12E+12 | 1.44E+12 23.7 1.445E+12 31.8
36 Auwire | 1.21E+12
average 1.37E+12 | 8.64E+11 28.4 4.442E+11 67.6
44 Aufoil | 3.75E+12
average 4.23E+11 | 2.86E+11 237 3.323E+11 21.4
* flux(2,200 m/s)x2/ v/
a¥ 3372 SHY JXE HASAUE o ISAASY Adigd o

Z2 %9} VENTURESY]
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ZARA SAHTE g vnstd AlAbgto] 30% AEX @A dFdn Y. o=
VENTURE A4te Y349 dxFo] AR B2 3 Qe Aoz A
AxtstRon, dFuE WA 25em FholA HFF dFAHAAES 7 RAolg
AA AL GFvuFE HFo]Z7t CNS Fol HElm Ho]lT YRE FrE izt
AT

MEAER LT A

. . .
% ALY R R
a a

o
n NCa1n . wmmoe AL
-

oA oo A i mbaka

171

s A2l 1) b il

a2 - o >
g va

£ ATt o o
dog

—cn —en —an -An -nn —n n " nn nn an cn cn

Oy 3-3-7 AFAASE Adigh v

E 3345 2 LU EZHEH 9 om YolMY TAAAE SA 33 MCNP 242
B W3 Aot}

F 334 xA7bEHA 9cm Yol M SRS

2 n Measurement . MCNP
Au Folil Au Wire
74 AH2,200 m/s) | (1.6410.08)x10'? 1.73x10"
average 1.85x10'2 1.95x10' 1.24x10'%(0.0289)°
% Z 4 AHE>1MeV) (2.1+0.3)x10"° - 1.54x10'°(0.2333)

4 Fractional standard deviation

Hg o] gshel
= 2,200m/sec

A FolA dFHASE FAHUAL 2,200m/secol Mo WS &
T FAAZ  AAULE E>0625VY  FAASL 9]
Az 2/Jr & F3d FF AFHALS ANLT BRI FolA
B uigl o] MCNP7F SRS 30~40 % AE WA HATE B F Qod,
MCNP¢ VENTUREE Y¥=% 478 Bo £ 09 3-3-8% 3-3-9% Huha

TS EXE MCNPE 9 vug o= b2 Adigidt Adige nag
Rolty. Adighe ozt Bo] YxAw AdEIFE F AdAsn Y. sy
AN T 4 2 25343AE 23, NAAAA Y dFAAE =23 59 A9

[0 g

MIO H
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MCNP Atz wjug A@gez & of d34x59 39 Atz 239 5‘}017}
10~15 % oW dutAH o7 Au foiloly wire2 FAT AFAAAELS vl
Agaitt= AL nsE WYFEAY AAToAY TS 57‘453}9}
A ztole g & Aoz waEHct I Yloezvs AFPA 9 daiz
Z9gel did ezst g 2 9dE Aoz FAEHD MCNPAA HAE
Agigtez g@arst o Al8§ Q A(normalization factor) % HFLE mHL
Roz AYzdc

2.5E+12 T2 ) T T
s o= L T
S I — R — -
Q 2.0E+12 == A MCNP —
cé‘ d - - - _—
S o~ el Meas. (KAER) ||
;=_<, 1.5E+12 < == =
g - ‘\
= - a e § M
S 1.0E+12 d ! -
3 P =
= A * ==
5.0E+11 - =
: | s
£ : N
0.0E+00 4 = » {
-60 -40 -20 0 20 40 60
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4 A Z 3 MW AlojE ANA (mm)
97-11-17 3:00 0.000000299 0
97-11-17 6:00 0.000000299 0
97-11-17 9:00 0.000000299 0
97-11-17 12:00 0.000000299 0
97-11-17 15:00 0.000000299 0
97-11-17 18:05 0.0000693 358
97-11-17 19:00 0.00998 381.4
97-11-17 19:45 0.00995 381
97-11-17 20:03 0.299 380.8
97-11-17 20:35 0.102 380.6
97-11-17 21:00 0.0987 380.6
97-11-17 22:00 0.0982 380.4
97-11-17 23:00 0.1 380.2
97-11-18 0;00 0.0982 380.2
97-11-18 0:18 0.81 380.2
97-11-18 1:.00 0.797 380.4
97-11-18 2:00 0.805 380.8
97-11-18 3.00 0.81 381.8
97-11-18 3.31 0.0104 381.2
97-11-18 3:58 0.997 383.2
97-11-18 4:06 7.083 383.8
97-11-18 4:14 11.02 384
97-11-18 4:25 17 383.2
97-11-18 4:31 10.58 383.2
97-11-18 4:34 12.94 383.2
97-11-18 4:37 10.96 383.2
97-11-18 4:41 9.023 383.2
97-11-18 5:30 0.997 390.2
97-11-18 5:55 3.008 393.2
97-11-18 6:18 5.065 395.2
97-11-18 6:45 7.083 396.6
97-11-18 7:18 10.08 397
97-11-18 8:10 15 398.8
97-11-18 8:36 17.03 401
97-11-18 10:00 17.16 409
97-11-18 11:00 17.32 417.8
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d A £ 3 MW) A% A A (mm)
97-11-18 11:01 17 418.6
97-11-18 11:06 15 418.8
97-11-18 11:10 13 4212
97-11-18 11:16 11 4212
97-11-18 11:26 9 426.2
97-11-18 11:42 7 437
97-11-18 11:52 5 430.6
97-11-18 12:12 3 444 .8
97-11-18 12:18 1.5 446.2
97-11-18 13:00 0.8 468
97-11-18 14:00 0.8 508
97-11-18 15:00 0.8 536.6
97-11-18 16:00 0.00146 518.8
97-11-18 17:19 0.005 563.4
97-11-18 17:30 0.1 569
97-11-18 17:41 1 571
97-11-18 19:00 1 572.4
97-11-18 20:00 1 5718
97-11-18 20:27 10 565.6
97-11-18 20:40 17 544
97-11-18 21:00 17.11 512.8
97-11-18 22:00 17.14 466.2
97-11-18 23:00 17.21 445 4
97-11-19 0.00 17.14 443
97-11-19 1:00 17.16 444.6
97-11-19 2:00 16.9 4498
97-11-19 3:00 17.08 456.4
97-11-19 4:.00 16.98 462 .4
97-11-19 5:00 17.03 469.2
97-11-19 6:00 17 475
97-11-19 7.00 17.01 479.2
97-11-19 8:00 17.06 486.2
97-11-19 9.00 17.03 491
97-11-19 10:00 17.14 495 4
97-11-19 11:00 17.06 499 2
97-11-19 12:00 17.03 503.2
97-11-19 13:00 17.03 505.4

61




2 A = 3 MW Ao e HA (mm)
97-11-19 14:00 17.19 510.6
97-11-19 15:00 17.14 510.8
97-11-19 16:00 17.16 515.2
97-11-19 17:00 17.06 517.2
97-11-19 18:00 17.21 519.2
97-11-19 19:00 17.16 520.8
97-11-19 20:00 17.14 5232
97-11-19 21:00 17.16 523.8
97-11-19 22:00 16.98 525.6
97-11-19 23:00 16.89 527
97-11-20 0:00 17.11 526.8
97-11-20 1:00 17.03 528.2
97-11-20 2:00 16.95 529
97-11-20 3:00 17.19 530
97-11-20 4:00 17.11 530.8
97-11-20 5:00 16.93 531
97-11-20 6:00 17.19 531.6
97-11-20 7:00 17.19 532.2
97-11-20 8:00 17.11 5322
97-11-20 9:00 17.16 332.6
97-11-20 10:00 17.16 5324
97-11-20 11:00 17.11 5334
97-11-20 12:00 17.24 532.6
97-11-20 13:00 16.98 5338
97-11-20 14:00 16.93 534.2
97-11-20 15:00 17.11 534.8
97-11-20 16:00 17.08 5342
97-11-20 17:00 17.16 534.8
97-11-20 18:00 17.03 535
97-11-20 19:00 17.16 534 .4
97-11-20 20:00 17.08 534.6
97-11-20 21:00 17.12 534.6
97-11-20 22:00 17.01 534
97-11-20 23:00 17.06 5344
97-11-21 0:00 16.9 535.2
97-11-21 1:00 16.98 536.2
97-11-21 2:00 16.85 5364
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d A 3 MW) Alo] 8 H A (mm)
97-11-21 3:00 17.03 536.4
97-11-21 4.00 17.14 536.2
97-11-21 5:00 17.01 536.6
97-11-21 6:00 17.01 5374
97-11-21 7.00 16.93 536.2
97-11-21 8:00 16.82 5374
97-11-21 9:00 16.85 537
97-11-21 10:00 17.06 535.6
97-11-21 11:00 17.06 536.2
97-11-21 12:00 16.88 536.6
97-11-21 13:00 16.88 536.6
97-11-21 14.00 17.03 5364
97-11-21 15:00 16.98 536.8
97-11-21 16:00 16.98 537.6
97-11-21 17.00 16.95 537.6
97-11-21 18:00 16.8 539
97-11-21 19:00 17.07 5374
97-11-21 20.00 17.03 537.4
97-11-21 21:00 16.98 537.6
97-11-21 22:00 16.93 337.6
97-11-21 23:00 16.8 538
97-11-22 0:00 16.93 538.6
97-11-22 100 16.93 538.6
97-11-22 2:00 16.9 538.8
97-11-22 3:00 17.03 538.2
97-11-22 4:00 16.95 538.8
97-11-22 5.00 16.9 5394
97-11-22 6:00 17.16 539.6
97-11-22 7.00 16.93 5394
97-11-22 8.00 16.9 540
97-11-22 9:.00 16.98 539
97-11-22 10:00 16.9 540
97-11-22 11:00 16.95 5394
97-11-22 12:00 16.93 5394
97-11-22 13:00 16.88 540
97-11-22 14:00 16.93 540.2
97-11-22 15:00 16.94 540.4
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4 A 4 MW) Aloj ¥ AA (mm)
97-11-22 16:00 16.9 540.2
97-11-22 17:00 17.16 541
97-11-22 18:00 16.98 541
97-11-22 15:00 17.11 540.8
97-11-22 20:00 17.11 541.8
97-11-22 21:00 17.06 542
97-11-22 22:00 17.02 542.2
97-11-22 23:00 17.03 542
97-11-23 0:00 16.93 542.2
97-11-23 1:00 16.98 542.2
97-11-23 2:00 16.93 542.4
97-11-23 3:00 17.03 542
97-11-23 4:00 17.06 544
97-11-23 5:00 16.95 5434
97-11-23 6:00 16.93 5432
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