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Study on Shielding Design Methods for Fusion Reactors

Using Benchmark Experiments
Hiroshi NAKASHIMA

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received January 31, 1992)

In this study, a series of engineering benchmark experiments have
been performed on the critical issues of shielding designs for DT fusion
reactors. DBased on the experiments, calculational accuracy of shielding
design methods used in the ITER conceptual design, discrete ordinates
code DOT3.5 and Monte Carlo code MCNP-3, have been estimated, and dif-
ficulties on calculational methods have been revealed. Furthermore, the
feasibility for shielding designs have been examined with respect to a
discrete ordinates code system BERMUDA which is developed te attain high
accuracy of calculation.

As for neutron streaming in an off-set narrow gap experimental
assembly made of stainless steel, DOT3.5 and MCNP-3 codes reproduced the
experiments within the accuracy presumed in the ITER conceptual design.
DOT3.5 and MCNP-3 codes are available for secondary y ray nuclear heat-
ing in a type 3l6L stainless steel assembly and neutron streaming in
a multi-layered slit experimental assembly, respectively. Moreover,
BERMUDA-2DN code is an effective tool &s te neutron deep penetration in
a type 316L stainless steel assembly and the neutron behavior in a large

cavity experimental assembly.

Keywords: Fusion, Shielding Design, ITER, Benchmark Experiments, D-T
Neutrons, Deep Penetration, Streaming, Nuclear Heating,

DOT3.5, MCKP-3, BERMUDA
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Table 1.1 ITER design parameters>.

BASIC DESIGN PARAMETERS
pajor Radius, R, (m) 6.0
Minor Radius, a, (m) 2.15
Aspect Ratio 2.8
Plasma Current, {(MA) - 22 {(nominal)
Elongation, k,(95%) -2
Triangularity, &, (95%) 0.4
Safety Factor, q,,, (95%} -3.0
Toroidal Field oépris. (n 4,85
Plasma Volume, (m°) 1100
Pulsé duration, (s) >200

steady-state{ultimate goal)

Wall Loading, (MH/mC) 1.0
Fusion Power, (MW} ~1000
Total Fluence, (HHa/mz)‘ 1.0

Table 1.2 Dose rate criteria for personnel and population®.

Normal effluents (public exposure)

Dose to maximum exposed individual (MEI)

Atmospheric 50 uSv/year
Liquid 50 uSv/year
Total 100 uSv/year

Worker exposure
10 mSv/year
25 pSv/hour radiation workers
5 uSv/hour non-radiation workers

Maximum accidents ({public exposure)

Dose to MEI: 100 mSv

Table 1.3 Shielding Performance parameters®

Response Design Calculated
Limit Value™

Total nuclear heating 1in troidal field coils, kW 55 75

Peak nuclear heating in winding pack, oW /cm® 5 6

Peak dose to electrical insulator, rads 5x10° 14x10°

Peak fast (E>0.1MeV) neutron fluence

to superconductor, n/cm® 10t° 1.6x10*°

Peak displacement in copper stabilizer, dpa 6x10°7° 7.5%510°°

Biological dose outside cryostat one day

after shutdown, mrem/h 0.5

*Inboard shield thickness:84cn, Divertor shield thickness:60ca
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Table 1.4 Radiation transport codes used in this study and thier

characteristics. :
Codes DOT3.5 BERMUDA MCNP-3
Method Discrete Ordinates Discrete Ordinates Monte Carlo

Diamond-Difference

Multi-Group
Constants

Legendre Expansion

Direct Integlation

Multi-Group
Constants

Double-differenatial
Cross Section

Pointwise
Cross Section

Table 1.5 List of evaluated nuclear data files, processing codes
and group constant sets used in this study.

Evaluated Nuclear

Processing Codes

Group Constant

Data Files Sets
For DOT3.5
ENDF/B-111 RADHEAT-I11 GICX40(nd42-~-v21)
POPOP4 GAMLEG-JR
ENDF/B-1IV PROF-GROUCH-G/B ENFKAS(n125)
JENDL-2,-3PR1 PROF-GROUCH-G/B JACKEX(n125)
JENDL-3 PROF-GROUCH-G/B FUSION-J3(n125-740)
DLC-99 NJOY
JENDL-3 PROF-GROUCH-G/B JSSTDL({n125-7v40)
GAMLEG-JR
For BERMUDA
JENDL-2,-3PR1 PROF-GROUCH-G/B BERM125X(n125-v41)
. GAMLEG-JR
For MCNP-3,3A
ENDF/B-1V NJOY FSXLIB(pointwise)
JENDL-2
JENDL-3PR1
JENDL-3

— 15 -—
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THE ITER DEVICE
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3- ACTIVE COIL 7- CRYOSTAT 11- DIVERTOR PLATES
4- PLASHA 8- POLOIDAL FIELD COILS

Fig. 1.1 Perspective view of ITER.®
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Fig. 1.2 Elevation view of ITER.®
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~ Activation of cryostat

Access .area for maintenance

Activation of heating device

=z
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Nucleor heahng of cryo pump

Fig. 1.3 Problems to be studied in fusion reactor design.
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Second Target Room Ordinary Concrete Wall

Pseudo Parallel Beam
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Fig. 1.4 Pseudo parallel beam of D-T neutrons used in
experiments.
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Table 2.1 Cross section ratio of reaction
(n,n")3¢ via various
levels of %2C,

channels for

Q-Value(MeV)
En{MeV) 7.65 9.63 10.80 11.80 12.70
7.06 - 10.43 1.00

10.43 - 11.70 0.2 0.8
11.70 - 12.78 | 0.15 0.65 0.2
12.78 - 13.76 0.1 0.55 0.25 0.1
13.76 - 15.5 0.04 0.35 0.28 0.29 0.04
15.5 - 16.9 0.035 0.31 0.265 0.21 0.18
16.9 - 19.90 0.02 0.22 0.18 (.25 0.33
19.0 - 20.0 0.02 0.16 0.12 .24 0.46

Tabel 2.2 Mid-energy of responce matrix for 14 mm NE213 detector.
0.20322E+00%0.26118E+00 0.30865E+00 0.38222E+00 0.43531E+00 0.54308E+00
0.62845E+00 0.758101E+00 0.88035E+00 1.04900E+00 1.20810E+00 1.40070E+00
1.58680E+00 1.80380E+00 2.01660E+00 2.25820E+00 2.49750E+00 2.76330E+00
3.02950E+00 3.32090E+00 3.61260E+00 3.92910E+00 4.24690E+00 4.58860E+00
4.93240FE+00 5.29930E+00 5.66900E+00 6.06120E+00 6.45680E+00 6.87430E+00
7 99580E+00 7.73860E+0D 8.18600E+00 B8.65420E+00 9.12740E+00 9.62370E+00
1.01200E+01 1.06390E+01 1.11640E+01 1.17080E+01 1.22580E+01 1.28280E+01
1.34030E+01 1.40000E+01 1.46000E+01 1.52230E+01 1.58480E+01 1.64970E+01
1.71490E+01 1.78220E+01

* Read as 0.20322 x 10° MeV.

Tabel 2.3 Light unit boundaies of responce matrix for 14 mm NE213

detector.

0.74660E~02"0.16278E-01 0.19070E-01 0.21760E-01 0.24264E-01 0.27575E-01
0.31879E-01 0.35922E-01 0.39619E-01 0.45624E-01 0.53987E-01 0.61805E-01
0.69120E-01 0.79329E-01 0.92770E-01 0.10642E+00 0.12001E+00 0.13716E+00
0.15803E+00 0.17916E+00 0.20058E+00 0.22541E+00 0.25387E+00 0.28309E+00
0.31287E+00 0.34620E+00 0,38304E+00 0.42044E+00 0.45869E+00 0.50093E+00
0.54680E+00 0.59314F+00 0.63980E+00 0.88960E+00 0.74268E+00 0.79638E+00
0.85085E+00 0.90946E+00 0.97311E+00 1.03940E+00 1.10730E+Q0 1.17910E+00
1.25460E+00 1.33130E+00 1.40870E+00 1.48920E+00 1.57270E+00 1.85660E+00
1.74080E+00 1.8B2790E+00 1.91800F+00 2.00830E+00 2.09970E+00 2.19410E+C0
2.29170E+00 2.39140E+00 2.49410E+00 2.60200E+00 2.71470E+CQ 2.82910E+00
2 Q4480E+00 3.06380E+00 3.18620E+00 3.31010E+00 3.43550E+00 3.56500E+00
3.69850E+00 3.83330E+00 3.96970FE+00 4.18280E+00 4.47T450E+00 4.69890E+00
4.85400E+00 5.01040FE+00 5.16820FE+00 5.32930E+00 5.49350E+00 5.65910E+00
5.82600E+00 5.99600E+00 6.16890E+00 6.34290E+00 6.51790E+00 6.69670E+0Q0
6.87910E+00 7.06240E+00 7.24660E+00 7.43485E+00 7.62690E+00 T.81990E+00
8.01390E+00 8.21190E+00 8.41380E+00 B.61700E+00 8.82140E+Q0 9.03080E+Q0
9.24590E+00 9.46430E+00 9.68540E+00 9.96250E+00 1.02960E+01 1.068320E+01
1.09700E+01 1.11390E+01

* Read as 0.74660 x 10°7

22Na light unit.
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Table 2.4 Cumulative efficiency of 14 mm NE213
detector.

Energy Efficiency
(MeV) > 2.0 MeV > 5.0 MeV > 10.0 MeV

1.58680E+00" 6.09E-07 0.0 0.0
1.80380E+00 4.72E-04 0.0 0.0
2.01660E+00 7.43E-03 0.0 0.0
2.25820E+00 2.36E-02 0.0 6.0
2.49750E+00 3.75E-02 0.0 6.0
2.76390E+00 4.77E-02 0.0 0.0
3.02950E+00 5.62E-02 0.0 0.0
3.32090E+00 6.09E-02 0.0 0.0
3.61260E+00 6.45E-02 0.0 0.0
3.92910E+00 6.69E-02 0.0 0.0
4.24690E+00 6.8TE-02 0.0 0.0
4.58860E+00 6.92E-02 0.0 0.0
4.93240E+00 6.97E-02 0.0 0.0
5.29930E+00 6.81E-02 9.20E-05 0.0
5.66900E+00 6.75E-02 2.12E-03 0.0
6.06120E+00 6.63E-02 T.44E-03 0.0
6.45680E+00 6.52E-02 1.23E-02 0.0
6.87430E+00 6.45E-02 1.61E-02 0.0
7.29580E+00 6.19E-02 1.93E-02 0.0
7.73860E+00 6.05E-02 2.15E-02 0.0
8.18600E+00 5.89E-02 2.38E-02 0.0
8.65420E+00 5.73E-02 2.52E-02 6.0
9,.12740E+00 5.52E-02 2.62E-02 0.0
9.62370E+00  5.38E-02 2.68E-02 2.01E-06
1.01200E+01 5.25E-02 2.75E-02 2.54E-04
1.06390E+01 5.08E-02 2.80E-02 1.89E-03
1.11640E+01 4.94E-02 2.80E-02 4.03E-03
1.17080E+01 4.84E-02 2.79E-02 5.93E-03
1.225390E+01 4,82E-02 2.79E-02 7.55E-03
1.2828B0E+01 4.69E-02 2.77E-02 8.93E-03
1.34030E+01 4.51E-02 2.73E-02 9.80E-03
1.40000E+01 4.48E-02 2.74E-02 1.13E-02
1.46000E+01 4.51E-02 2.69E-02 1.18E-02
1.52230E+01 4.42E-02 2.6BE-02 1.26E-02
1.58490E+01 4.44E-02 2.62E-02 1.29E-02
1.64970E+01 4,25E-02 2.54E-02 1.32E-02
1.71490E+01 4,.29E-02 2.51E-02 1.35E-02
1.78220E+01 4,18E-02 2.44E-02 1.34E-02

* Read as 1.58680 x 10°.
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Fig. 2.1 Cross sectional view of 14 nm spherical NE213
detector.?
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Fig. 2.3 Experimental arrangement for neutron response
measurement.
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Fig. 2.4 Measured neutron responses for 14 nm NE213 detector
at 13.4, 14.0 and 15.0 MeV.



JAERI-M 92—025

10 C T T T T 1TT] T T T TTTT] T T I{i!il: 1
[ laL ]
— 1k Ep-Lp 110
= - Efficiency Curve OR| -
= N ]
= - - E
- i i O
g L
oJ _ _n O
107 B H10% 2
s 1 =
= - 3
= B i
) n 4
4= B i
=
el 143
10°E Proton Range 510
: AE |
10_3 - S R L1 1 1!;1.11 B W) 120"4
10 1 10 10

Proton Energy (MeV)

Fig. 2.5 Recoil proton light efficiency and proton range curves
for proton energy.
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Fig. 2.6 Wall effect in 14 mm NE213 detector at 14.0 MeV.
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Fig. 2.7 Effect of glass container of 14 mm NE213 detector at
14.0 MeV.
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Fig. 2.8 Response component of various neutron reactions at 14.0

MeV.
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Fig. 2.11 Comparison between measured and calculated neutron
responses for 14 mm NE213 detector at 14.0 MeV.



JAERI—-M 92—025

DATA PROCESSING SYSTEM FOR NE2{3 LIGUID SCINTIILATOR

Low Gain Dgta

l

Hlgh Gain Data

]

SPCHANG

COHNECT
Response FORIST
Matrix

Normalization

[

Convert from CH.HO, to
Light Unit & Connect Two
Data

UNFOLBING Code

[

List of Results
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Fig. 2.13 Relation between measured pulse height distribution
and reaction rate.
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Fig. 2.14 Cumulative efficiency of 14 mm NE213 detector.
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BEDNEYTHDLIEBRD oo

FORIST o k& 22t B&HE i3, Unfolding EZRH VWAL, Fx 2 AV F—FHEBL
THORARHEONBEMBILIVELASh I3 VWF-HRESHOHEEEHY
T RN E—-Z RS A ERRE, B AANF~HILBY2BENHFOERE LT
Window Width SN2 BEMEOBERNZ2EAS, TO0LYERELLAR
T 2. BANE I vELERCH LT Window Width 2HEELAF Y X4
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SR EEM i kK » Smearing ET - oo
3. 3 FHEFE

ITER BE S s it it B FHEE L T2 ®G Discrete Ordinates 3 — F
DOTS. S RUBEH® » F GICX40, FUSION-J3 2HWTWw B I &6, F N
SORSFHELHLUTELEHOZT YU ERT LI, $, BT -5 73473 Y
~— T MR D o B, ENDF/B-1V S JENDL-2. -3PR1 WE TV TIERS
NE-BEREy PEOREZTL, Z2GHEROTREELRA L, £/, B
SH/ADA Y- yIXHBICHVWLATWAERIRANVF-F Y FHLE I -
FMCNP-3 O ERAERMEBE LR T 2HARORIERT > e ¥ 5, DTS5 O
ERAEFT>7. BHEMARMTOEEE 2¥ic L 5 Discrete Ordinates 3 — F
BERMUDA-2DN ORI 6 H ¥ CiT- o M Fic I o0~ FRUBEH L » O
MeErxR~5,

3. 3.1 DOTS. 5 RUBEHKL» b

2 Rt Discrete Ordinates = — F DOT3.5%% . RTFHRF OERMETIK
BRBHAIANTWVWEI—FTHd, cO2—FR, zaxarvF—icxf LEFEILH?E
ERAL, BEHEcHERVHSREKERE VY Y+ v FAZHEAERTEMUL.
HECETIEREARECOAESHACHYLT., FAryv v vyRATEXNEZRY
TWwd, COB., ZH2HBREO/NMFREAFTL., HAOTHATELEH KA
ELTHFAvEY FESEZHL., SREHILEBCBRIE A » v HBUERER
MEZEELTHAVWC VWS, Cho Rl DEHIMc Lo —F. flA
¥ BERMUDA-2DN R HA~RTZ0HERERIFFELROYE, F1 v e FERETH
WEfb, BREOEMAHSHEBCEATIHBEBLTKSTEMA » v 2 BT
HELABEPDPEOAMY + Y FARBMKRTHELLB S, HOREZEN T
5l EMEH B,

DOTS.5 kX BB, Vv v FARMKREIC>L TR ITER O BEFZI TIT
bATOVBEERFEY P fHEL. AESAKR2VWTIIR ITER @ Sz LD &5
SICHIM L Sis B TIT-to £, STHEO A v vaBid, FBHA 54, #WH
M 74 & Lto HBic, RBESEHNO A v v 2B, 14.0 MeV FHEFZXL T
0.6 mfp A FEL., A v valEEAREC LB LR LBFERECKRTEZY VT
WD, HBEFHVABS., BREEKZCIZ I - FOHEERICENS Ray
Effect Z B ¢ f=% . GRTUNCL = — F1%i k& First Collision Source % T &t
B L., DOT3.5 oAF&E Lo

BIHRcERLL4BEOBRERty F OBER Table 3.3 OBD TH Do
GICX40 BEEM & » Fid. ENDF/B-11]1 RESOTHEREI A A THET 42 B &
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21 BOBEH vy rTHH., FER RU ITER o aR®FclvwshTwa!l’,
Table 3.4 i GICX40 OFEET. v BMOBEBELZ R T FUSION-JI i, JENDL-3
KESOTEREINAEHT 125 Br 8 40 BOBEH L P TH D, ITER D
Bagat. FHERFc@EHENT WS, Table 8.5 i FUSION-JS BERE» b D
BHMALT R, ENFKAS 2. ENDF/B-1V o el a Nc ERMBITA 125 HEEH
£y P THBo ITER OBARFET TR, ENDF/B-IV ©E T TW B VITAMIN-C'®
EFEHLTWEN, CCTHREBERGELXARBIALDEEET 5514735 U —
DEHEBEMRLEBEOLDRIOBEER 2 » P 2#H Lo JACKEX X, JENDL-2. -
3PR1 o fERR &7 125 BFHEXR L +THo., £05 B, 316LS.5. DEXEH
HTHdek, 708 RU =y VvOF— %k JENDL-3PR1 BT WTW3E, UE.
B, 2HTARRABNEARGOXTRUVBH DR OFTMIZ. JACKEX ZRAWT
T » #20 .

3. 3. 2 MCNP-3

MCNP-3'° 3. d#HF r BHLMEL Ty FTHNVNOE TR I—FTHED., 20
BREISEE- A VFEF-BF— 25475V —%fifTc&sccs, BEAESH
FHEMICWOEFESI LD, FhiedlT 32 0FHRAF L YEFALTCVWE L
BHEFOLNE, oD Ehs, B TRFLIIV - vy 7VHEREH L
ZBENEL . BL3XRTOoEHBERTE SOoFHRH A IL T B,

TryFALv—FREDEBBBMEEMR X, BERZE (FSD) EHEO L
BDIBARAEEME*ET 2, 2ok, EACBLTRREAUIBERZES®
Estimator PR s N, HAATWS, AFEHF T, MCNP-3 & Option &L T
HMAAZTNTLEINHEBEMED S5 B Weight Window FER T Source Biasing #E %
F 7 Estimator & L T2 Point Estimator ZH WWio

Weight Window &z, RAECHEINAFEARAHT IR FIX LT, &8
HrlFEihidd Weight IEok Ficxd LT Splitting Technique %W,
» 3 Weight I TR Fic¥f L T2 Russian Roulette Technique 2 H W T 4o
ORERBERSZAFETHD . PEHRD Splitting Technique KT, = x4 F -4
EHEFET 3L, Veight KREREZFE T2 LFOFNAEHT %, Weight OF
FRBLTR, RERNCREMERD 2 HE2" MEPRTRETHHEL.
NEMERODIBFFEIISHREIATV S, KEITTIR. DTS5 OFFEERE» S
MEBHO 3 A—%—%®, +r2FHEL. Cell Inportance XA WALFEHER L
OB L. BE XA —F -y hELT Table 3.6 DL HRFEEMEKRD 2,

Source Biasing Wi, BERTORITAHE. = A A F— G U T Weight 2%
fbag, 2HOBHAR 2 HFETHI. ABFTE., BEFEFOHFEEH LT,
Weight ok it 2 4I[RME 1000 ExEinvwEglHc. ERELZARCABHO o ~
g —rEAUHEREH LN TREHT/Z, COELE, BRECEAFHER, =



JAERI—M 92025

— FPATHAK L2 RABERLHYNLEA BRI ELN B,

MCNP-2 2 i3 6 X Estimator ARSI TVWE R, EHFEHHT S
Surface Crossing Estimator % Track Length Estimator ¥R D X > A EEE
BEHBORNERCHEIATUETHEHE T RBERCHERMZEL .. &
VTR, ZCTHTOEEBCFOEESA» S Estinator ~D BB ERE G
BLT. it % % Point Estimator 2R L 7o

KR THER LT — 2 % bid. JENDL-2. ~3PR1 L E SV THER LR 3
— F NJOY i X D fERR L # FSXLIB 54 73 Y—ThHod, CO547 %Y —iF,
RIGWHE% Pointwise o ZIRRM THHEAESTE 32 FHRYE » T, HCNP
BEF—9 71— b T&% ACE (A Compact ENDF} 74 — = » P THHMLT
Wi,

3. 3. 3 BERMUDA—-2DN

2 RO T2 7 — F BERMUDA-2DN?? B . —BROFETFRH{CH T 2 ERE
ERAEE2FTOLDPEREHNRETOI -~ FTH D, SO — Fid, HEFHEOZE
M. AERXGOHECEBLT., $ryvvr vyBEFEREZEERSELEHE T
OESEMEE TR IERED, ¥ D Discrete Ordinates 7 — FORHE L&
LTEBINTVWAHOEFOERERHCLEVIBHERTLTVS, ¥, &
AALNF-BRBLVTESEHELX1055% L7 Fine Energy Grid ZH V. di#
FREGROZHAEREZEBICH TRy, TOHERELZ ETTHED .
A v BHUSBEREIDETF I vRAEESsTVE, 6, HEDHSFT
oMLYy vy FPYVERETRRELS, _ERSNERZHVY TS D &
HEESTORSEFUFRD - THREFBELBII2REHECHL TV E. A
SR LT, ARSERELIVRERA vy vakk BT 2EHZERERSG. 1H
HMEK I 2HIEBroWL THETEAITH, HIb, First Collision Source &%
F T Ray Effect 28 L TW3,

ABEFCB VTR, BHRAES AT LT S BHERH VL, GFHICERL
TR A v v 2L DOTS. 5 OBITEMREREAE 54 MBE T4 THEH. oo A
BEMHETH DL &S, Pirst Collision Source Option 2R L %o

BT ER L BER € i3, JENDL-2, -3PR1 KBS WVWITHF— 2 LE o —~
K PROF-GROUCH-G/B = £ D fERR L 7 125 B¥BYEH = » b BERMIZIX TH B, C
omT, ERERE 316LS.S. 2FEBETHLIHK. /v AR =y ¥ VDT —
oW Tit, JENDL-8PR1 E S W T W2, COREH L, POFHEER.

Table 3.5 ¢@ULTHL, WEMER 1/E MG THS,

1
wl
3]
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3. 4 EHEFHRORIE
3. 4, 1 DOT3. bRUETF—7 ORI

ITER OaHZIFcbvwTR, NEZEFEOEBAB L TEL2RHE L LT,
¥ o10% 252 T, WEmREXALT 1.4 25 1.3 oFBEREL TV S,
FECTHRTEERT CHVTVWAERFFIFEFETSH S, D0TL 5 KT GICX40.
FUSION-J3 K2 W T HLHEROFEMmMET ., MBEAEHEHS ¥ 5728, ENFLAS
2 U JACKEX & HB L7, Table 3.8 i 10 MeV EAE., 10 MeV & 5 5 MeV., 0.8
MeV lltoxxa¥—gHicdd s2faficovne, HEMECHBEL TER
i & BETEMOLE (C/E) 2R7

GICX40 DEERIZ. 88 cm DEIMTIE 10 MeV LU Lo EicxI LT C/E B
2.2 A, ITER OBRHTHAOCNTVEIHE 10 ¥ OXLEHTERtTRTES
CEERLTVE, 240 C/E HofmE LT, ARATHAL S 8 cn DFATHE
NFEE L. 88 on ORIEBEVEBRFML THE, =34 F-FHEIGI L LD
NTEFOBEREMBEFILL>TWDBE, THid, ENDF/B-111 @ 318LS.5. DEEM K
Bo2WMERSB/IEGREIATVWE L &, HEKMBERO AES MBI H I EB
FZ23l¢, RUZTARAVF—BEBEEPRHOVICOFAEHRERRLTVWSE,, &5 iT,
Fig. 3.11 BARTEIRLARIZ PAVOBREBVWTILERBELHAEFERIE - TY
2, H1b ., EE{EI 13 MeV 25 10 MeV B2 H ook LT, SFEMER 10
MeV 5 T MeV iEBZ2FEL TV, CHid. D-ThEFofElc L5z 2 4 F
~ZLicxd L, 14 MeV FHAO 2 L F—BREINEZVALD, HEBEAOFSH X
§<mbﬁ§%c&m;50WB\4zﬁTMD—T¢ﬁ?%@}mvﬁﬁbx&
7 M VEHEETIRDICRBEIRBELTVWS I LERBL T %,

FUSION-J3 ok 2 & Tid. 10 MeV 225 5 MeV OB HHETED C/F HiZ
2.76 iR L., BURIPETFHIXENTS S 10 MeV LLLORIETS 2.0 =
MA.,. COFELELBERZHEIL3, —FH. 0.8 MeV RLEORAETE C/E fE .
1.0 5 1,28 EBVW—HERLTWBLIRBASLH. 10 MeV 25 5 MeV @
F—HA2EZiIL6bE2E. BR—FLAhboELSND, Fig. 3.12 ., EE
EEDARNYZ PLORBEERLTWVWEN, 5 MeV ITTERELIREE O
bR-THBY, COHBONAERCRHENSSLIEEZRL TV S,

ENFKAS ik AR IE, Table 3.7 KWiRT LH i, 10 MeV 25 5 MeV ORESHE
X LT C/E A 3.2 THD. 10 MeV LLEOHEAMETS 2.44 TH B, BL
ENDF/B-1V 7 & PERR & 4172 VITAMIN-C @ 10 MeV LA L OB REE& 13 ENFKAS X 0 B
BEdsH . BE ITER oRFTe@EHE LTV S VITAMIN-C 3 ITER OE2EHHE
AELLTOWRWS ERTFHEEIN B, Fig 8,13 KAT LI, ERELOEL
3. 8 cn DEADOLEEFTHO, ENDF/B-1V X OHEMEH DI L E2RL TV S,
— K. JACKEX id. Fig. 3. 14 RESoh B &>, CCTHEBLAAEBEEHOHTEHR

— 53 j—
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2y POPTELBECEREAARLTVS, BB, Table 3.7 iin LA & S,
88 cm T® C/E fild 10 MeV DIEOBSMET 1.64. 10 MeV H» S 5 MeV O IRS
BT 1.99 THD. B 10% OLABERIOVBAEVE, AREORVWEI L TH
BieBECERBMEMRL T WS, JACKEX & ENFKAS R, BRLABBF—5 547
5y —BRRERRLOET, WBa—F, HFEEHER -0 b0 TH . FHEH
BOBOVHEEBF— 25475 ) —DBEVICOSHRT 2, Fig. 3.15 &5 Fig.
3.17 i, JENDL-3. -3PR1 & UF ENDF/B-1V @ 14.2 MeV f¥EF i F 58, 7 ©
ARU= vy VD ( BEFA_ERSBERTH 2. ChoOoROHI, 10
MeV DIFTO R <% P ric KEREERE>, BFAEEEHE TR (011 RIG
LD 2RBBEFREzFAVF—R <7 A E 74 VHTELHEIOERES
3 tAERLTWS, #2T, Fig., 3.15 » 5 Fig. 3.17 &&/x L7 3161S5.5. @
ITERBETHA8. /0 LRV F A0 0 EAR ERNSWERGEEEE R
PR REDEIEETIPEHE OIS B LDIT, $L s v LD ENFEAS
OBEME JACKEX KHARAARBER . 2R LEROFEET - %
OFEIZ Fig. 8.18 KaART L 3T, ENDE/B-1V O OWER T — s 2EE LA
Lt BB, BUHEYEARUCEBERAPETC LD 2 2 v F —HEEFCE
NTED., 7oAl EBHEIR. 12 MeV 25 5 MeV OFEBERHEAIHETF KL
MY ICEBRETH L, BB ENDF/B-IV OB o B AL, FREHEAWRERE . 7
o ADEBUHEAWMEREOSGY . FEEAPHTFRZBRFAET IHEETH 3
CEERLTWS,

Dl FoatiE®En» s, D0T3.5 2R VWABS, ITER THEHLTVWSIRER € »
Fidfgh b 5 MeV MlEoz 20 ¥F—HATELEEREHALLTH 59 JENDL-
3PR1 ok B JACKEX 78 1.99 UTOLR2EHTHERTEB L ERLAL, LT
LT oiFcid. JENDL-3PR1 2 PO BT ZT 50

3. 4. 2 MCNP-3ORIE

MCNP-3 & T FSXLIB R A2 HHEER L ERMOLE S Fig 3.19 kU Table
3.7 Iofdo SHHEERIL 68 cn OET, 10 MeV LIT D C/F EHRKKE 2.2 &
EKE(CRT-TVWA OO, FhHUAOHEE TR, x<7 PABRKR, B2dH
FHECABRIFTE GECERMEEBERELTCEBD . fEHX» S L LT HeV HEEH
TH 60 % AEBMAREV, (oot RIFBETHWASRERZEZ. AL
Weight Window #. Source Biasing k& ¥ Point Estimator OERABBYTH
BT EERLTVE, UL, ChoofBEMEEHVWALEL T MCNP-3 ¥
SEETAEBEG. D0T3.5 Ot EEMoK 100 fHUETHE LW HA
FOREET B, /. 68 en D 10 MeV 5 5 MeV OB TR, FFEO
History X1z 20 FEEMA ., ST EE M2 FACOMIBO FTEMBEMAL T, 10 BH
AHATCOVLROE BF. 10 MeV 25 5 MeV fA® FSD & 0.3 BLET, T~
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FHALVuHEHECOEEERET I —ICOHKEE bhz FsD 0.2 K& k-
TWad, CHid, Point Estimator AEHLABACEsRBENS 1/R* OF
BHRLLIDLOTHD., SHEEARNCHEATIHE. CoBREWUEHE. BH
MorsOlTFEIMELZMERTILEDN S 5o

3. 4, 3 BERMUDA-2DNORE

ﬁg3J0ﬁ\¥ﬁﬁ&JHMWkwN&BMM%XK&%?ﬁﬁQKﬁ%ﬁL
w3, COEEI DOTI.5 & JACKEX K& AHEELD FEREERCBIAHL
B0, ERES O Table 8.7 wmT L 3ic, 10 MeV BLET 1.28. 10
MoV 225 0.8 MeV T 1.73 T & %, BERMUDA-2DN Ti ., 3. SH TR~ LI
oL i FOME. REOHMBVREL., Xo» 0 EEEEEAL TV B L,
%m10mvuimﬁﬁﬁu5mf&%f®ﬁﬁﬁﬁ@@ﬁﬁ$&m&NT§m

c &it. Fine Energy Grid ZH VWb FRERRE & EHMHAEB T [ i R IE
M EEC kDR FEBPBROATHEIEERLTV S, T2 A4 F—HOMTL
ﬁﬁ%%ﬁ%%C&m\ﬁﬁiiwﬁv%y?ﬁwu:*FMN%Sﬁ8cm&
28 cp PEVATBLECERAEBERELTVA L, DTS OHREEVT
4 BESERE, PEAVAHBEERCE SN AR R PAOEN, 125 HETK
2o FEHVWEBALEABR W ELS WL TH S I BERMUIDA-2DN THE.
HEBETIAAVF -—HOMALEF-TE0, FOASLINABHER L » |
ENBEELEVWCEDOHEREROATLENT VS, TR, BBILBIIE
BEoBFHEOR & E, EryFAANTECBVWTAHEREERAVAEL TS,
RERUTFEOFTBBENEVWIEERLTVL S, . COFHEEHRMEBEL
@ﬁM@DM&Sh%«T}QUtb\Lmﬁﬁkgbt.WUﬁﬁMmeﬂP
9500 STEBAFALTH 4 BRIT. DOT3.5 08 20 FTRHEH. J1E
MCNP-3 LB LABREEL iR Bo DB ERACMABIFERETS 5,

3, 5 &

BMAEONAEREOBERE TH A 316LS.S. OERPT, 8 cn 2o 88
em TCOESD 0.8 MeV Dl Lok FERBBEB 4 v F— 27 bk, PE
NE213 RHIEZH VAT 2 A F— 27 P AWE YR F L LDHEEL. -
ﬁr—ﬁﬁvﬁﬁﬂ—bkﬁomf\mmtﬁ%bfbéﬁé%ﬁwiﬁﬁwﬁ
. BEZIT-> o

FOER. DTS5 2HVKEA, ITER OBSRHCEALTVIHER £
FOGICK40 & U FUSION-J3 st ofla&by Tk C/E fF 2.24 55V 2.76
ruh. BAEKE 10% THRRTATHEEIEERLIL, TORWELT
FUSION-J3 Tit. JENDL-3 O @I HEME. R (n,2n) RGO 2 RPEFK
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$I$W$—Z“7bw@&ﬁk$%gééﬁﬁbﬁoébkxxmﬁfmfb
f-BEREy POB TR, JENDL-3PR1 2 S FERX L 7= JACKEX B s R(ERBREZ
Eﬁt\cm%é@ﬁ%%&&bfﬁ1&9%mnmam_&&TLtoit\
Mwwaﬁﬁﬂﬁﬁﬁﬁﬁ&@ﬁmm;D%ﬁﬁ%éwmm@ﬂbﬂ<ﬁﬁ?éﬁ\
%kmﬁ%%iféua&\ﬁﬁ@Mﬁ&ﬁh&ﬁ¢ﬁ?ﬁﬁﬁ%i@ﬁ%b%\
WE@#%kZl?hé?%u&@%%gt%ﬁbtoébh\ﬁﬁﬁﬁ%ﬁﬁ
fb4 5 FEE LT BERMUDA-2DN 2L THRALLER, it FREBEEAEBE TR
BELEOWS SN ERECAESCEBESTSI LS, HATT AV F - =R
em10ﬁ®1mﬁ%f35ﬁ%%ﬁ€£,mwwwwwu\%m%ﬁﬁﬁ%ﬁm
TDM&5$D%¥$E%£DE<EEL\WEEM10mvuif1&&0&
mvujv1J3vﬁb\%E%%ﬁ%@%:*w#—%ﬁﬁﬁiﬁﬁﬁﬁﬁﬁ
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1 Measured scalar filux integrated over energy
in various positions of 316L S.S. assembly.

Penetration > 10.0 MeV 10.0 - 5.0 MeV > 0.8 MeV
Length (cm)

8
28
48
68
88

.0 2.98E-07" 3.89E-08 1.04E-06
.0 1.68E-08 3.48E-05 1.38E-07
.0 8.55E-10 2.52E-10 1.46E-08
.0 5.29E-11 2.16E-11 1.67E-09
.0 3.88E-12 2.14E-12 2.15E-10

* Read as 2.98 x 1077 (n/cm?®/Source Neutron).

Table 3.2 Composition of structual materials.

Table 3.3

Element Ordinary 316LS8.85. Air
Concrete
H 7,.94E-3"
C 5.41E-4 3.17E-4
N 4,20E-5
4} 4.32E-2 1.13E-5G
Na 7.86E-4
Mg 3.82E-4
Al 2.64E-3
Si 1.48E-2 1.70E-3
P 6.92E-5
s 5.15E-5 4.46E-5
K 5.29E-4
Ca 2.586E~3
Cr 1.56E-2
Mn 1.73E-3
Fe 5.86E-4 5.57E-2
Ni 9,.73E-3
Mo 1.24E-3

* Read as 7.94 x 10°2 (atoms/cm/barn}.

Group constant set used in DOT3.5 calculations
of neutron spectrum.

GICX40 ENFKAS JACKEX FUSION-J3
Nuclear Data File ENDF/B-TI1I ENDF/B-1V JENDL-2,3PR1 JENDL-3
Number of Neutron 42 125 125 125

Group

Processing Code

RADHEAT PROF-GROUCH-G/B PROF-GROUCH-G/B PROF-GROUCH-G/B

Weighting Function

1/E E-Flat E-Flat 1/E




Table 3.4 42-group neutron and 21-group gan
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eniergy structures.

ma-ray

MeV

Neutron Gamma-ray
Grolup Energy Boundaries Group Energy Boundaries
1 15.000 -~ 13.720 MeV 1 14.0 - 12.0
2 13.720 - 12.549 2 12.0 - 10.0
3 12.549 - 11.478 3 10.0 - 8.0
4 11.478 - 10.500 4 8.0 - 7.5
5 10.500 - 9.314 5 7.5 - 7.0
6 9.914 - 8.261 & 7.0 - 6.5
7 8.261 - 7.328 T 6.5 - 6.0
8 7.328 - &.500 8 6.0 - 5.5
9 6.500 - 5.757 g 5.5 - 5.0
10 5.757 - 5.099 10 5.0 - 4.5
11 5.099 - 4.518 11 4.5 - 4.0
12 4.516 - 4.000 12 4.0 - 3.5
13 4.000 - 3.162 13 3.5 - 3.0
14 3.162 - 2.500 14 3.0 - 2.5
i35 2.500 - 1.871 15 2.5 - 2.0
16 1.871 - 1.400 16 2.0 - 1.5
17 1.400 - 1.058 17 1.5 - 1.0
i8 1.508 - 0.800 18 1.0 - 0.4
19 0.800 - 0.5686 19 0.4 - 0.2
20 0.566 - 0.400 20 0.2 - 0.1
21 0.400 - 0.283 21 0.1 - 0.0
22 0.283 - 0.200
23 0.200 - 0,141
24 0.141 - 0.100
25 100.0 - 46.5 KeV
26 46.5 - 21.5
27 21.5 - 10.0
28 10.0 - 4.65
29 4.65 - 2.15
30 2,15 - 1.00
31 1.00 - 0.465
32 0.465 - 0.215
33 0.215 - 0.100
34 100.0 - 486.5 eV
35 46.5 - 21.5
36 21.5 - 10.0
37 i0.0 - 4.65
38 4.65 - 2.15
39 2.15 - 1.00
40 1.00 - 0.465
41 0.465 - 0.215
42 0.215 - 0.001
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Table 3.5 125-group neutron and 40-group gamma-ray
energy structures.

Energy Group Boundaries

Neutron (eV)

Gamma-ray (eV)

Woo -1 U &b

CTOY O3 @1 =1 =1 00 00 €O 0 1= = ot bt b b ot bbb i b o b et b o e b b b b b e e b e et bt et e

.648TOE+0OT"

.62310E+07
.59800E+07
.57320E+0Q7
.54880E+07
.52480E+07
.50120E+07
L4TT90E+07
.45500E+07
.43240E+07
+41020E+07
.38830E+07
.36680E+07
.34560E+07
.32480E+07
.30420E+07
.28400E+07
.26410E+07
.24450E+07
.22520E+07
.20620E+07
.18750E+07
.16910E+07
.15100E+07
.13310E+07
.11560E+07
.09830E+07
.08120E+07
.06450E+07
.04800E+07
.03170E+07
.01570E+07
.99990E+086
.39400E+06
.82490E+06
.29020E+06
.T8790E+0B
.31610E+086
.87280E+06
.45640E+06
.06520E+06
.69T80E+06

43 5.35250E+08
44 5.02820E+086
45 4.72360E+06
46 4.43740E+06
47 4.16860E+06
48 3,91600E+06
49 3.67870E+086
50 3.45590E+06
51 3.24650E+06
52 3.04980E+06
53 2.86500E+06
54 2.69140E+06
55 2.52840E+06
56 2.37520E+086
57 2.23130E+06
58 2.09610E+06
59 1.96910E+06
60 1.84980E+06
61 1.73770E+06
62 1.53350E+06
63 1.35330E+06
64 1.19430E+06
65 1.05400E+06
66 9.30130E+05
67 8.20840E+05
68 T.24380E+05
69 6.392T0E+05
70 5.64150E+05
71 4.97860E+05
72 4.39360E+05
73 3.87740E+05
74 3.42170E+05
75 3.01970E+05
76 2.66490E+05
77 2.35170E+05
78 2.07540E+05
79 1.831G0E+05
80 1.61630E+05
81 1.42640E+05
82 1.25880E+05
83 1.11080E+05
9

.80350E+04

-
o
|43

PWU R NWSR R =l WUTWwH R R e O —3We = b)D Rl Sy ~] 00

.65150E+04
.63490E+04
.T3780E+04
.94610E+04
.24740E+04
.63080E+04
.08670E+04
.60650E+04
.18270E+04
.80870E+04
.4T87T0E+04
.18740E+04
.93040E+04
.50340E+04
.17090E+04
.11860E+03
.101860E+03
.5307T0E+03
.30T30E+03
.35460E+03
.61250E+03
.03460E+03
.58480E+03
.23410E+G3
.61100E+G2
.82930E+02
.5357T0E+02
.14450E+02
.30070E+02
.88910E+01
LT8500E+01
.90230E+01
.T8030E+01
L087T0E+01
.4T7580E+00
.92780E+00
.38230E+00
.44490E+00
.76400E-01
.31560E-01
.22410E-01
.00100E-05

W ~1 O O G2 b

HNWRNHDOR R WB IV 100 FERFERFERFRERRMNMBWWB AN -3 -1 00 0 kt b ja

.40000E+07
.20000E+07
.00000E+07
.0G000E+086
.GOOOOE+06
.50000F+06
.00000E+08
.5G000E+06
.00000E+06
.50000E+06
.00000E+06
.50000E+06
.0000QE+06
.50000E+06
L00000E+086
.50000E+06
.25000E+06
.00000E+08
.75000E+08
.50000E+06
.37500E+08
.25000E+06
.12500E+06
.00000E+06
.00000E+05
.00000E+05
.00000E+05
.0C000E+05
.20000E+05
.00000E+05
.00000E+05
.00000E+05
.00000E+05
.50000E+05
.00000E+05
.00000E+04
.00000E+04
.50000E+04
.00000E+04
.00000E+04
.00000E+04

* Read as 1.6487 x 107.
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Table 3.6 Weight window parameters used in MCNP calculatilons.

JAERI—M 82--025

Boundary Weight Window Parameters
“in 318LS.S. <6.0 MeV 6.0-12.0 MeV 12.0-15.4 HMeV
{cm)

0- 10 1.0E-3*- 1.0E-4 1.0E-5 - 1.0E-6 1.0E-4 - 1.0E-5
10- 20 9.0E-4 - 2.0E-5 3.0E-6 - 3.0E-7 3.0E-5 - 3.0E-6
20~ 30 1.0E-4 - 1.0E-5 1.0E-6 - 1.0E-7 1.0E-5 - 1.0E-€
30- 40 3.0E-5 - 3.0E-6 3.0E-7 ~ 3.0E-8 4.0E~-6 - 3.0E-7
40- 50 1.0E~5 - 1.0E-6 1.0E-7 - 1.0E-8 1.0E-6 - 1.0E-7
50- 62 3.0E-6 - 3.0E~-7 3.0E-8 - 3.0E-9 B3.0E-T7 - 3.0E-8
62- T0 1.0E-6 - 1.0E-7 1.0E-8 - 1.0E-9 1.0E-7 - 1.0E-8
T0- 80 1.0F-7 - 3.0E-8 3.0E-9% - 3,0E-10 3.0E-8 - 3.0E-%
80-120 1.0E-7 - 1.0E-8 1.0E-9 -~ 1.0E~10 1.0E-8 - 1.0E-9

* Read as 1.0 x 1072,

Table 3.7 C/E values in each calculations.

DOT3.5+GICX40

Penetration Scalar flux integrated over energy
Length (cm) > 10.0 Mev 10.0 - 5.0 MeV > 0.8 MeV

8.0 0.864 0.717 0.878
28.0 0.903 0.607 0.900
48.0 1.00 0.743 0.973
68.0 1.34 1.06 1.10
88.0 2.24 1.57 1.25

DOT3.5+ENFKAS
Penetration Scalar flux integrated over energy

Length {cm) > 10.0 MeV 10.0 - 5.0 MeV > 0.8 MeV

8.0 1.05 1.96 1.21
28.0 1.12 1.84 1.386
48.0 1.27 1.94 1.50
68.0 1.67 2.49 1.66
88.0 2.44 3.22 1.89

DOT3.5+JACKEX
Penetration Scalar flux integrated over energy

Length {cm) > 10.0 MeV 10.0 - 5.0 MeV > 0.8 MeV

8.0 0.982 1.53 1.13
28.0 0.945 1.22 1.22
48.0 0.975 1.21 1.31
68.0 1.15 1.55 1.45
88.0 1.64 1.99 1.63




DOT3.5+FUSION~J3
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Table 3.7

{Continued)

Penetration

Scalar flux integrated over energy

Length {(cm) > 10.0 MeV 10.0 - 5.0 Mev > 0.8 MeV
8.0 0.961 1.43 1.00
28.0 1.021 1.37 1.03
48.0 1.066 1.49 1.03
68.0 1.32 1.94 1.13
88.0 2.086 2.76 1.28

MCNP-3+FSXLIB

Penetration

Scalar flux integrated over energy

Length (em) > 10.0 MeV 10.0 - 5.0 MeV > 1.0 MeV
8.0 0.990 1.01 G.B55
28.0 0.905 1.00 0.867
48.0 0.904 1.26 0.911
68.0 1.08 2.17 1.20
88.0 1.47 1.63 1.17

BERMUDA-2DN+BERM125X

Penetration

Scalar flux integrated over energy

Length (cm) > 10.0 MevV 10.0 - 5.0 MeV > 0.8 MeV
8.0 0.875 1.38 1.06
28.0 0.869 1.16 1.27
48.0 0.841 1.08 1.41
68.0 0.979 1.31 1.59
88.0 1.23 1.53 1.73

—— 63 -



JAERI-M 92025

Wooy AI0M

7,

LLEN PL3LYS

S

11BA PL3}US

FEFAL]
SBY |¥NpIsIy

AR 209

403 |ucy 3113044 wag 5
% dunjesadws) qabae)

N Krmmssw

.=n EJLLEWET
2
i

su3 12(d4)
aodnapenp

dung
Jy-g0§

o1 SOUTT ®WEOG OM] UjTa W21 548 I03BIST2008 SNJ JO InoLRT 1°¢ 814
. / // \r,// 5 ” ; e M ———
_ [ —
i TN AR B
. [T w00y I0JeTajaaay /
' 0u.=._0m :c— Jooq piajys
i I.J uu._sow wi -
/ ﬁ _J JUALING ﬁ_:J — ¥org-daig
' — 1aubey | \.JEM a
R mzﬁiu,&[ L du 8 I_rli..la ﬁ
E Lzsw—o:‘afﬁ fn“wa.“.”mww_”m_ oy _
I . LA T dny Aepeae i L
i sayanyg ! , i o, ? Nkl B.:_..Ff ajqeqaasuy 1 M
#;Hawmzmw\ ) ; L, T —_— S cung w00y jabie] puz
! sny
e _a..;,m... 3y woyjuia|addy 4 _ sud-b
LTS Al [ BAlep 2109 103331330 4 Aepedey duing-o4.17
: BO§ LSS 1504 N g
N L“ﬁﬁ_mwmlu sy | Aifley o
- B T L_fjt 3ouBRH Vo333 jog ey 27Uy JUTTWERE o0
;R ) \
- ,‘\, L‘! L W 45& Aepeany BALTA 23ED Klquassy
i Lquas
/ L\ ALaraesa qahae)] bupyejoy
// - jiuig IEY el W _. _
_ { | | sua7 191d14)
_I u_on_E__ga n_
S ' | ) T B
| J 4000 pl2jys /
ELEM PL3LYS
DIRY SSHIDY {Rui0Sdad
dung pRCEIN] SUCTREY: PE
AN ON-00L M 4 oy

ooy Jabiel 3151

— 64 —



JAERI—-M 92025

/Zr7Z
LAF
/7 TX

7

Ground i

03N
NN

/4

o 7 7

unit : m

fe

Fig. 3.2 Dimensions of target room and shielding wall.
: Horizontal (upper) and vertical (below) cross sections.
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Fig. 3.4 Geometrical configuration of the alpha monitor in the
beam line. (a ~ 10 mm, b = 0.948910.0035 mm, L =
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Fig. 8.5 Typical pulse height spectrum of the alpha monitor.'®
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Fig. 3.6 Horizontal cross section of experimental room,
experimental port and 316L S.S. assembly.
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Fig. 3.7 Experimental configuration and detector hole

arrangement with neutron spectrometer.
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Fig. 3.9 Source neutron spectrum used in the analysis.®
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Fig. 3.10 Calculational model used for analysis of 316L S.S.
deep penetration problem.
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Fig. 3.11 Comparison between measured and calculated spectra
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Table 4.1 S81it width and length in each case.

Width Off-set Length of Length of
¥idth 1st S1it 2nd S1it

Case 1 3.0™ 4.0 40.0 50.0
Case 2 2.0 3.0 40.0 50.0
Case 3 3.0 4.0 50.0 40,0

* Unit in cm.

Table 4.2 Neutron reaction rate distribution in the assembly
measured by 14 mm NE213 detector.{Z=0.0)

Case 1 (S1it width 3cm, Offset width 4cm, S1it depth 40cm-50cm}

Position Neutron Reaction Rates

X Y >2.0MeV Error >5.0MeV Error >10.0MeV Error

{cm) (n/S.N.)* (%) (n/S.N.) (%} (n/S.N.) (%}
5.0 0.0 2.14E-082% 1.08 1.01E-08 1.10 4.09E-09 1.14
20.0 0.0 1.79E-08 1.08 9.60E-09 1.10 3.94E-09 1.14
35.0 0.0 1.45E-08 1.07 8.14E-09 1.07 3.39E-09 1.10
45.0 0.0 8.78E-09 1.06 4.47E-09 1.07 1.78E-09 1.10
65.0 0.0 2.99E-10 1.05 1.24FE-10 1.07 4.69E-11 1.11
85.0 0.0 1.48E-11 1.10 4.10E-12 1.23 1.35E-12 1.54
5.0 4.0 1.62E-08 1.08 6.62F-09 1.10 2.51E-09 1.16
3.0 4.0 7.15E-10 1.05 1.80E-10 1.09 5.97E-11 1.20
45.0 4.0 1.14E-09 1.05 2.40E-10 1.10 7.23E-11 1.21
65.0 4.0 3.31E-10 1.06 1.27F-10 1.08 4.82E-11 1.15
85.0 4.0 5.68E-11 1.09 2.19E-11 1.17 8.29E-12 1.35
45.0 -4.0 7.97E-10 1.05 1.51E-10 1.11 4.25E-11 1.26
65.0 -4.0 1.00E-10 1.07 2.79E-11 1.13 9.40E-12 1.30
1st slit closed
45.0 4.0 9.66E-11 1.09 3.24E-11 1.18 1.19E-11 1.40
65.0 4.0 1.99E-11 1.12 8.10E-12 1.22 3.12E-12 1.46
85.0 4.0 7.70E-12 1.24 3.70E-12 1.42 1.47E-12 1.85

1 n/Source Neutron.
2 Read as 2.14 x 107 %,
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Table 4.2 {Continued)

Case 2 (Slit width 2cm, Offset width 3cm, S1it depth 40cm-50cm)

Position Neutron Reactiocn Rates

X Y >2.0MeV Error »>5.0MeV Error >10.0MeV Error

{cm) (n/S.¥.)Y {%) (n/8.N.) (%) (n/5.8.) (%)

5.0 0.0 9.32F-08% 1.08 1.10E-08 1.10 4.59E-0% 1.13
20.0 0.0 1.82E~-08 1.07 9.73E-09 1.08 4.1i3E-08 1.11
35.0 0.0 1.42E-08 1.07 8.18E-09 1.07 3.54E-09 1.10
45.0 0.0 5.54%-09 1.06 2.79E-09 1.07 1.09E-09 1.190
65.0 0.0 1.91F-10 1.06 7.57E-11 1.08 2.88E-11 1.14
85.0 0.0 1.02E-11 1.11 2.8&8E-1i2 1.27 9.63E-13 1.64

5.0 3.0 1.69E-08 1.07 6.53E-09 1.09 2.54E-09 1.13
35.0 3.0 6.70E-10 1.05 1.77E-10 1.09 6.06E-11 1.18
45,0 3.0 1.10E-09 1.06 2.76E-10 1.09% 9.37E-11 1.18
65.0 3.0 2.23E-10 1.06 8.58E-11 1.08 3.40E-11 1.14
85.0 3.0 3.80E-11 1.06 1.55FE-11 1.08 #6.07E-12 1.14
45.0 -3.0 6.58F-10 1.06 1.32E-10 1.13 3.87E-11 1.31
65.0 -3.0 9.73E~-11 1.06 2.99E-11 1.10 1.04E-11 1.20
1st slit closed
45.0 3.0 1.04E-10 1.06 3.40E-11 1.11 1.23E-11 1.23
65.0 3.0 1.67E-11 1.13 6.78E-12 1.25 2.55E-12 1.53
85.0 3.0 5.85FE-12 1.26 2.88E-12 1.46 1.10E-12 1.94

1 n/Source Neutron.
Z_Read as 2.32 x 10°%.

Case 3 (S1it width 3cm, Offset width 4cm, 51it depth 50cm-40cm)

Position Neutron Reaction Rates
X Y >5.0MeV Error >5.0MeV Error >10.0MeV Error
{(cm) (n/S.N.}* (%) {(n/S.N.} (%} (n/S.N.) {%)
5.0 0.0 2 16E-082 1.09 9.90E-09 1.11 3.24E-09 1.18
25.0 0.0 1.61E-08 1.10 8.80FE-09 1.11 J3.29E-09 1.17
45.0 0.0 1.34E-08 1.09 T7.54E-09 1.10 2.82E-09 1.16
55.0 0.0 8.929E-09 1.06 4.13E-09 1.07 1.46E-09 1i.11
85.0 0.0 5.60E-11 1.06 1.98E-11 1.10 6.83E-12 1.19
5.0 4.0 1.61E-08 1.11 6.51E-09 1.14 2.35E-09 1.24
45.0 4.0 3.55E-10 1.06 6.96E-11 1.13 1.%$1E-11 1.32
55.0 4.0 9.94F-10 1.06 2.12E-10 1.11 5.69E-11 1.27
70.0 4.0 4.01E-10 1.05 1.50E-10 1.08 5.11E-11 i.14
85.0 4.0 9.59E-11 1.06 3.59E-11 1.09 1.22E-11 1.18
55.0 -4.0 4.73F-10 1.06 7.85E-11 1.15 1.86E-1i1 1.44

1 n/Source Neutron.
2 Read as 2.16 x 10~ %,
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Table 4.3 Composition of structual materials.

Element Ordinary Mortar 3048.85. Alr
Concrete
H 7.94E-3™ 4.80E-3
C 5.41E-4 3.80E-4 3.17TE-4
N 4.20E-5
0 4.32E-2 4,39E-2 1.13E-5
Ya 7.86E-4 1.62E-3
Mg 3.82E-4 3.14E-4
Al 2.64E-3 3.44E-3
51 1.48E-2 1.59E-2 1.70E-3
P 6.92E-5
S 5.15E-5 3.48E-5 4.46E-5
K 5.29E-4 7.35E-4
Ca 2.56E-3 1.74E-3
Cr 1.74EK-2
Mn 1.73E-3
Fe 5.86E-4 5.05E-4 5.79E-2
Ni 8.11E-3

* Read as 7.94 x 1072

(atoms/cm/barn).

Table 4.4 Weight window parameters used in MCNP calculations.

Boundary Weight Window Parameters
in 3048.S. <5.0 MeV 5.0-12.0 MeV 12.0-15.4 MeV
{cm)

0- 10 1.0E-4®- 1.0E-5 1.0E-5 1.0E-6 1.0E-4 - 1.0E-5
10- 20 5.0E-5 - 5.0E-6 5.0E-6 5.0E-7 5.0E-5 - 5.0E-6
20- 30 2.5E-5 - 2.5E-6 2.5E-6 2.5E-7 2.5E-5 - 2.5E-6
30- 40 1.0E-5 - 1.0E-6 1.0E-6 1.0E-7 1.0E-5 - 1.0E-6
40~ 50 5.0E-6 - 53.0E-7T bL5.0E-7 5.0E-8 5.0E-6 - 5.0E-7
50- 60 2.5E-6 -~ 2.5E-T7 2.5E-7 2.5E-8 2.5E-6 - 2.5E-T
60- 70 1.0E-6 - 1.0E-7 1.0E-7 1.0E-8 1.0E-6 - 1.0E-7
70- 80 5.0E-7 - 5.0E-8 5.0E-8 5.0E-9 5.0E-7 - 5.0E-8
80- 90 2.5E-7T - 2.5E-8 2.5E-8 2.5E-9 2.5E-7 - 2.bE-8

* Read as 1.0 x 10 °.
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Table 4.5 Measured neutron reaction rates
compared with MCXP-3 calculations
in off-set gap experimental assembiy.

Position C/E {MCKP-3)
X Y >2.0MeV >5.0MeV  >10.0MeV

Case 1 {A-line)

5.0 0.0 1.141 1.168 1.222
20.0 0.0 1.179 1.125 1.180
35.0 0.0 1.172 1.133 1.174
45.0 0.0 0.821 0.852 0.910
65.0 0.0 0.830 0.717 0.800
85.0 0.0 1.257 0.456 0.392
Case 1 {(B-1line)

5.0 4.0 1.38% 1.053 1.088
35.0 4.0 1.580 1.106 1.129
45.0 4.0 1.351 0.783 0.770
65.0 4.0 1.290 1.110 1.137
85.0 4.0 1.491 1.233 1.279
Case 2 (A-line)

5.0 0.0 1.319 1.118 1.122
20.0 0.0 1.082 1.048 1.065
35.0 0.0 1.197 1.134 1.136
45.0 0.0 1.134 1.226 1.349
65.0 0.0 1.168 0.844 0.927
85.0 0.0 1.669 0.601 0.6802
Case 2 (B-line)

5.0 3.0 1.043 0.750 0.705
35.0 3.0 1.294 0.757 0.718
45.0 3.0 1.064 0.601 0.526
65.0 3.0 1.076 0.827 0.829
85.0 3.0 0.839 0.781 0.832
Case 3 {A-line)

5.0 0.0 1.259 1.172 1.531
25.0 0.0 1.174 1.135 1.313
45.0 0.0 1.157 1.126 1.301
55.0 0.0 1.005 0.901 1.055
85.0 0.0 1.154 1.101 0.732
Case 3 (B-line}

5.0 4.0 1.429 1.235% 1.3838
45.0 4.0 1.787 1.214 1.372
55.0 4.0 1.097 0.708 0.752
70.0 4.0 1.252 0.980 1.123
85.0 4.0 1.178 0.961 1.131

&*

Unit in cm.

— gsi
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Table 4.6 Measured neutron reaction rates
compared with DOT3.5 calculations
in off-set gap experimental assembly.

Position C/E (DOT3.5)
X Y >2.0MeV >5.0MeV  >10.0MeV

Case 1 {A-line)

5.0 0.0 1.156 1.06 1.07
20.0 0.0 1.08 1.04 1.067
35.0 0.0 1.08 1.03 1.05
45.0 0.0 1.09 0.96 0.99
65.0 0.0 0.87 0.74 0.77
85.0 0.0 0.97 0.66 0.66
Case 1 {(B-line)

5.0 4.0 1.06 0.92 0.94
35.0 4.0 0.98 0.78 1.76
45.0 4.0 1.04 1.03 1.08
65.0 4.0 1.20 1.17 1.22
8§5.0 4.0 0.86 0.76 0.78
Case 2 (A-1line)

5.0 0.0 1.09 0.99 0.97
20.0 0.0 1.03 1.00 0.99
35.0° 0.0 1.07 1.02 1.00
45.0 0.0 1.56 1.46 1.55
65.0 0.0 1.06 1.02 1.07
85.0 0.0 1.04 0.89 0.94
Case 2 (B-line)

5.0 3.0 1.05 0.93 0.93
35.0 3.0 0.97 0.90 0.93
45.0 3.0 0.88 0.72 0.67
65.0 3.0 1.37 1.43 1.45
85.0 3.0 0.64 0.54 0.53
Case 3 {A-line)

5.0 0.0 1.12 1.08 1.35
25.0 0.0 1.08 1.05 1.19
45.0 0.0 1.08 1.05 1.18
55.0 0.0 1.10 1.00 1.15
85.0 0.0 0.78 0.61 0.66
Case 3 {B-line)

5.0 4.0 1.06 0.94 1.02
45.0 4.0 1.20 1.14 1.32
55.0 4.0 1.01 1.22 0.94
70.0 4.0 1.24 1.12 1.26
85.0 4.0 1.23 1.21 1.41

ok

Unit in cm.
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Table 4.7 Measured neutron reaction rates
compared with BERMUDA calculations
in off-set gap experimental assembly.

Position C/E (BERMUDA)
X Y >2.0MeV >5.0MeV >10.0MeV

Case 1 (A-line)

5.0 0.0 1.42 1.19 1.17
20.0 0.0 1.27 1.10 1.11
35.0 0.0 1.28 1.14 1.14
45.0 0.0 1.34 1.13 1.15
65.0 0.0 1.48 1.22 1.26
85.0 0.0 1.78 1.50 1.59
Case 1 (B-limne)

5.0 4.0 1.27 1.9086 1.06
35.0 4.0 2.24 1.74 1.65
45.0 4.0 1.83 1.92 2.10
65.0 4.0 1.84 1.66 1.67
85.0 4.0 1.28 1.10 1.10
Case 2 (A-line)

5.0 0.0 1.29 1.09 1.04
20.0 0.0 1.30 1.15 1.12
35.0 0.0 1.41 1.22 1.18
45.0 0.0 2.01 1.80 1.88
65.0 0.0 2.25 2.03 2.88
85.0 0.0 2.75 2.62 2.85
Case 2 (B-line)

5.0 3.0 1.23 1.05 1.04
35.0 3.0 3.29 2.68 2.60
45.0 3.0 2.03 2.08 2.12
65.0 3.0 2.32 2.12 2.08
85.0 3.0 1.44 1.19 1.16
Case 3 {A-line)

5.0 0.0 1.32 1.15 1.40
25.0 0.0 1.26 1.09 1.21
45.0 0.0 1.31 1.14 1.28
55.0 0.0 1.33 1.16 1.32
85.0 0.0 1.60 1.29 1.40
Case 3 {B-line)

5.0 4.0 1.26 1.07 1.14
45.0 4.0 4.31 3.85 4.26
55.0 4.0 1.91 1.97 2.38
70.0 4.0 2.20 2.02 2.238
85.0 4.0 2.07 1.82 2.01

* Unit in cm.

- 100 —
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Table 4.8 Neutron reaction rate distributions in multi-layered
slit experimental assembly measured by 14 mm NEZ213

detector.
Position? ' Neutron Reaction Rates
X >2.0MeV Error >2.0MeV FError >2.0MeV Error
{cm) {(n/S.N.)% (%) (n/S.N.} (%) {n/S.N.) (%)
In slits
(Y,Z) ={(0.0,0.0) ' =(0.0,-10.25)
0.0 2.59E-08% 1.8 2.53E-08 1.8
20.0 1.90E-08 1.8 1.85E-08 1.8
40.0 1.50E-08 2.0 1.50E-08 2.0
60.0 1.34E-08 2.0 1.31E-08 2.0
80.0 1.24E-08 2.0 1.09E-08 2.0
100.0 1.18E-08 1.9 2.45E-09 34.7
120.0 1.07E-08 1.9 8.57E-10 47.8
145.0 9.76E-09 1.9 5.95E-10 33.6
In mortar
{Y.Z) ={(0.0,30.15) ={0.0,20.15) ={20.0,0.0)
20.0 6.30E-10 1.8 4.23E-09 2.0 4.46E-09 2.0
40.0 1.92E-10 1.8 5.10E-10 1.8 6.83E-10 1.9
60.0 4,.95E-11 1.8 1.17E-10 1.8 " 2.55E-10 1.8
80.0 2,17E-11 2.2 6.21E-11 1.9 1.68E~-10 1.8
100.0 1.51E-11 2.3 5.02E-11 2.0 1.36E-10 1.8
120.0 1.30E-11 2.4 4.34E-11 2.0 1.16E-10 1.8

1 Unit in cn.

2 n/Source Neutron.
3 Read as 2.59 x 107%°.

Table 4.9 Weight window parameters used in MCNP

calculations.

Boundary in Weight Window Parameters

Assembly (cm) 3045.58. Mortar
0- 10 2.0E-4*- 1.0E-4 6.0E-5 - 3.0E-5
10- 30 6.0E-5 - 3.0E-5 2.0E-5 - 1.0E-5
30- 50 2.0E-5 - 1.0E-5 6.0E-6 - 3.0E-6
50- 70 6.0E-6 - 3.0E-6 2.0E-6 - 1.0E-6
70- 90 2.0E-6 - 1.0E-6 6.0E-7 - 3.0E-7
90-110 6.0E-7 - 3.0E-7 2.0E-7 - 1.0E-7
110-145 2,.0E-7 - 1.0E-7 6.0E-8 - 3.0E-8

* Read as 2.0 x 107 %.

— 101 —
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Table 4.10 Measured neutron reaction rates
compared with MCNP-3, DOT3.5 and
BERMUDA calculations in multi-
layered slit experimental assembly.

Position C/E (En 2 2.0MeV)
X Z MCNP-3 DOT3.5 BERMUDA
line E
0.0% 0.0 0.93 0.88 1.13
20.0 0.0 1.01 1.04 1.24
40.0 0.0 1.00 0.99 1.34
60.0 0.0 0.99 0.98 1.35
80.0 0.0 0.97 0.97 1.34
100.0 0.0 0.95 0.96 1.32
120.0 0.0 1.01 0.96 1.31
145.0 0.0 0.96 0.96 1.20
Line F
0.0 -10.25 0.92 0.88 1.13
20.0 -10.25 1.01 1.04 1.19
40.0 -10.25 0.99 0.98 1.22
60.0 -10.25 0.98 1.00 1.21
80.0 -10.256 1.086 1.10 1.30
100.0 -10.25 0.42 1.63 4,07
120.0 -10.25 0.78 3.58 11.24
145.0 -10.25 0.70 4.72 15.10
Line C
20.0 20.15 0.33 0.38 0.68
40.0 20.15 0.42 0.45 1.96
60.0 20.15 0.90 0.44 6.45
80.0 20.15 0.96 0.25 10.61
100.0 20.15 1.06 0.15 11.89
120.0 20.15 1.54 0.12 12.15
Line B
20.0 30.15 0.64 0.95 1.55
40.0 30.15 0.62 0.88 1.58
B0.0 30.15 0.90 0.96 3.80
80.0 30.15 1.14 1.06 7.26
100.0 30.15 1.44 1.02 9.34
120.0 30.15 1.60 0.89 9.15

1 Calculations by point estimator at iI=
0.0 and -10.25, and by once more collided
flux estimator at Z= 20.15 and 30.15.

2 Unit in cm.

— 102 —
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Fig. 4.3 Measured positions of neutron flux.
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Table 5.1 Reaction rate distribution in cavity
experimental assembly measured by
2327Th fission chamber.

Position Reaction Rate Error
X Y Z (n/source neutron) (%)
{cm)
8 0 0 5.85E-08" 3.05
8 O 40 2.36E~-10 7.31
8 0 60 1.55E-10 11.10
28 0 Q0 5.37E-08 3.19
48 ©¢ 0 5.02E-08 0.87
48 0 40 4.3%E-10 6.97
48 0 80 2.81E-10 10.50
68 0 0O 4.40E-08 1.565
88 0 0O 4.45E-08 1.78
88 0 40 8.7T7E-10 5.30
88 0 869 2.39E-10 12.70
28 20 0 5.13E-10 6.52
8 40 0 2.60E-10 6.59
8 40 40 1.54E-10 11.40
8 40 690 1.27E-10 16. 20
28 40 0 4,28E-19 T7.74
48 40 O 4.88E-10 6.54
48 40 40 2.68E-10 8.77
48 40 60 1.97E-10 11.90
68 40 0 7.35E-10 6.97
88 40 O 9.89E-10 4.41
88 40 40 3.20E-10 6.73
88 40 60 1.80E-10 15.1i0

* Read as 5.85 x 107°.

Tablé 5.2 Composition of structual materials.

- Element Ordinary Mortar 3045.85. Air
Concrete
H 7.94E-3" 1.82E-3
C 5.41E-4 3.80E-4 3.17TE-4
N 4.20E-5
o 4.32E-2 4.39E-2 1.13E-5
Na 7.86E-4 i.02E-3
Mg 3.82E-4 3.14E-4
Al 2.64E-3 3.44E-3
Si 1.48E-2 1.59E-2 1.70E-3
P 8.92E-5
S 5.15E-5 6.52E-5 4.46E-5
K 5.29E-4 T7.35E-4
Ca 2.56E-3 1.7T4E-3
Cr 1.T4E-2
Mn 1.73E-3
Fe 5.86E-4 5.05E-4 5.79E-2
Ni 8.11E-3

* Read as 7.94 x 10°7 {atoms/cm/barn}.
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Fig. 5.1 Arrangement of duct-cavity experiment.

. PR 145 . 154 |
o] .
e} ° o s [ i
o3 o i,
248 200
‘ 77 ) ) T |
{ ::_____1 ) o Amm thick Cd Plate Cavity | |
14 MeV [ A i N
Neutrons - — e % § % Iu,?’;
P~ ;
Mrvorget |07 — S| — =3 2
ﬁﬁﬁﬁﬁﬁﬁ I [Neufron Transporf 7 i
o ° b |
o Concrete Shield o X —
o o Q
o
&
0 ° o fem)

Fig. 5.2 Vertical cross section of experimental configuration.
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L

__

5.3 Cartesian coordinates representing measured positions.

Fig.

The upper is vertical cross section and the lower is

horizontal cross section.
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Fig. 5.7 Spatial distributions of measured reaction rates with
small NE213 spectrometer at Y= 0 and 40 cm in cavity
experimental assembly. Reaction rates in this figure
indicates scalar flux integrated above 10.0 MeV.
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Fig. 5.8 Spatial distributions of reaction rates of thermal and
epithermal neutrons measured with Cd covered and
uncovered 22°! fission counter at X= 8 and 88 cm and
Y= 0 cm in cavity experimental assembly.
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Fig. 5.9 Spatial distributions of reaction rates of thermal and
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neutrons measured with Cd covered and

uncovered 23°U fission counter at X= 8 and 88 cm and
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experimental assembly.

- 139 —



JAERI—M 82025

0° E
T Position E
- | F Q;: (88,40, 0) ]
S o & Qs (88,40,60)
310 | E
= - g
*g P _
. U-) B Q ]
o 10 o
210 °
= i i
o N i
= o
§ |d” = ‘ i ° T
R R o Exp. Z
£ 521 % | — MCNP(JENDL) B
= F [ | -4-- MCNP(ENDF/B-N)
e i Q; © i
16’3 | | | I | ] ] | ] ! i | [ I
0 5 10 15
Neutron Energy (MeV)

Fig. 5.12 Fast neutron spectra measured and calculated using
MCNP-3 code with ENDF/B-IV and JENDL at Qs and Qe.
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Fig. 5.13 Fast neutron spectra measured and calculated using
MCNP-3 code with ENDF/B-IV and JENDL at Q= and Qs.
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Fig. 5.14 Fast neutron spectra measured and calcutated using
MCNP-3 code with ENDF/B-IV and JENDL at Q: and Q.
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Fig. 5.15 Comnparison of angular distributions of 14 MeV neutron
elastically scattered from Fe, Si and 0 between
ENDF/B-1IV and JENDL.
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. 5.16 Fast neutron spectra measured and calculated using

DOT3.5 code with P"r"'Sls, P5'S1s and Ps-Ss _Sets at
(8, 0, 60) position,

- 144 —




JAERT—M 92025

1C;8 =T ] — R B A T =

gg B o EXFl B
4‘::3 B L DOT3.5 (P7“S16) i
2407k ~1. DOT3.5 (Ps5-Se) -
. F W e DOT35 (Pe-Sg) g
= B ]
AR i |
§-1O_10:— E
> - =
= 7
= B 7
= -
0%5 | : N
§ 10—” — = of i -
5 [ L .
g o ¥ | Position: (88,0,60) |
z Bzl E
-] i -

_10"13 | Lo R N B R
0 5 10 19
Neutron Energy - (MeV)
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Fig. 5.18 Fast neutron spectira measured and calculated using
BERMUDA-2DN code with Sis set and MCNP code with two-
dimensional geometry approximation at (8, 0, 60)
position.
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Fig. 5.19 Fast neutron spectra measured and calculated using
BERMUDA-2DN code with S.:e set and MCNP code with two-
dimensional geometry approximation at (88, 0, 60)
position.
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Fig. 5.20 Contours of scalar flux integrated above 10.0 MeV in
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Fig. 5.21 Spatial distributions of reaction rate ratios between
measured using 2%2Th fission counter and calculated

with DOT3.5 and MCNP codes.
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Fig. 5.22 Comparison of reaction rate ratios of thermal and

epithermal neutrons between measured and calculated
with DOT3.5 or MCNP-3 code at X= 8 and 88 cm and Y= 0
cm in cavity experimental assembly.
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Fig. 5.23 Comparison of calculated neutron spectra between
DOT3.5 and MCNP-3 codes at (8, 0, 60) position of
cavity experimental assembly.
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LTRT. MEFEHEORSE Y 'LIF KX2RFEMEROT. & TLD AIEEIIK
FEELH ML TS, MPoEGRrBIERECLVBRLbOT, COF
Mz k3 316LS.5. OMNESBROWTEZRK 7% T, EIRFHETRENE
OB BEERTH (8 en RO 28 en) KExTHEFCRESH PEOE, JOH
Hiz. fibEBFTOr AR PLVOFEWIKEIEODOT, HHETHBEBT 3
SohT. BB BOEESHML. y A7 PABELRELDTH Bo

316LS.S. ODEMEFEES (26.0) CABWLTH A, 316LS.5. TR 2K 7 #
BRBEE Fig. 6.4 KU Table 6.3 &R Fo

6. 2. 8 F—F by BROELEOFIM

My —7 9 72y 7Y —CTit, D-THHETFELORIGICELY 2Ry BPLE
L. ThdBERERICART 3, 3161S.S. Ry BRHEGERVPLEARS VD,
S—iy FTHEL B yBAGRER IR T LI ERBVN, BRI TREOD
EmEE LS, 2T =7 v b7y T Y —kDEL D BOFBEE. #HE
RUGTEOmED? 517 » o

yBEONTER. EREELBRFOy —F » 25 b0 OHMRKIEBVT, &R
Wy —F ., F TRy T —DOBRERBLICE—LEDY A — P LTIT» o
BREERER 5.12 cn £ 5.12 cn @ NE218 ®RHIE T, -7 » P oDy iR
FUEAET LD, RABWECL2HFINERER VR, -7 » Py RN
sk, AIELEESS%H S FORIST 2 — FEB Ui Unfolding FEiZ XD
2.0 MeV DL E OB E RO, BIFRELTCR., v FHRE=s —2MHL. 5
Xy thooBRETH T YLD ORI MIcERL L,

4. yBREOHEE, TV F AT I~ F MCNP-3A° EBF—5 514735
— JENDL-3 AFHWTHL., EBE LB LA, FHECHLEMFEARRKG, ¥
—H L, PP RYTY—, E—a3 4 vRUS—F o bEE, BEETELLTR
FTHETILOERLTRE LA, FERERHLARIET A7 PRI,
310 keV BT & % °T(d, n)’He RIGZEHHZC XV ELAAEREFO T
FAF—DHIRFH L, COHETR, MEARICET 2 v HR%E Point
Estimator TEEM L #ZLA . SBHEBEEZERAL TV L,

Pig. 6.5 ¥ =7 v b7 B2/ P VONERBRRVHHEBEREZ R T T HE
R AGHNRKEERMEATRLTVIN, 4 NeV 225 6 MeV O TREBREZA
NHEHLTWBE, COHBETH., THEFRU /7 BROBERRIBEALHEEER
WS LAERYT L, COZOERNRBEELTI—F v bTRY T —FE
HREo 2R QERMERF— 7 cMENS b EELLOND, LL. C
DARS PATIRE & MeV ITO y EHBXENTEHY . TOx 20 F—HHTH
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HRREBREABECBEEH LWL I EM S, BRBOBITICIE . MCNP-3A © & D
HEBLAzRAE 27 Ak, BrBXR7 PLELTHERLA,

6. 2. 4 RRirotdboxFiil

BhdFr<s FAid, Fig. 3.9 L dbDE2HV, B3, 2HEich~ it &
Y. RKRFEFBEKRE L, e v BEAN2 P il Fig. 6.5 i Lk
MCNP-3A OFHEZH W, EIHRICFAKFJFREL L, BEALHAFKIZ. Fig.
3.10 KR T 2RTAFEGBRE LA, E29—F v 'V ERREEAESLEREBERS O
B THIE % Table 3.1 i/R$,

6. 3 HETFEORI

AEBRORIECIR. DOTI.5 2H VT, DOT3.5 72— FEHGOHERESS OB
F— 7 icxtd 28a & BERMUDA-2DN, -2DG*"' ORI %2T -7, BIEE THAL
T &7 NCNP-3 BREBc B 2RRBB LT, REMNUHEBBATHEER
HABEEZE2 LB LOADHRE» SR T L 2o

6. 3. 1 HWEHCKT LRI

a. DOTS3. it kastEFE

BERRT oS DOT3. 5 KELXBETHEE, Ps-Se HUTITV, FHEERRE
3ETARRIPGHFOEBREBALLIERT, A v vy a2 R-I BB THE
EH@E 54, Whohlol T4 TH B, First Collision Source 2. GRTUNCL = — F X%
AWTEHEL 2.

b. BEHE » b

DOT3.5 DB EBH LABER 2 Mix, GICX40 K 1F FUSION-J3 BEH & »
FTHB. GICKA0 Dy 54 75 U —1id, POPOPL 54 75— *EEITLT,
GAMLEG-JR B o — F'3 i X v Elk S N7 DTH D, Table 3.3 KiR$ 21 B
TANFE—HEETEH S, £/, FUSION-I3 Oy 854735 Y —1id, DLC-99 5 1
T U=t E ST, NOY - FiIREDMEBISNA DT, Tabel 3.4 D 40
BxarF-HEEZF S,

X oiiT, BITER SO JSSIDL BERS A 75V - "OoRFTKRUHER IS
JARBHOCERER FONREORIT ZIT I b, ISSTDL HERS A 739~ (f
MF 295 FE. v &8 104 BE) % FUSION-JS SRBIUEBBCHOLARERE» b
L BHBELMHETIT-> o JSSTDL 5475V —1i3, JENDL-3 i HESWTHERKS
NTTEBEERERS 175 V-7, BERY. iRE&FoLBHEREF = N
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FBEVWIBEEE LTWE, MED — Fizit, PROF-GROUCH-G6/B 2 M\, WHE
B B PR LT 300 K @ Maxwell £%. THALUAOBEIYLTAH
UEﬁﬁTﬁ%oit\7%%%%@%KHLT@GMMWMIL&%@%%%@
%{ﬁﬁﬁb‘m\éo

oWy B RBRBOBEHIC, DLC-15"° OHB A A¥F —BNEREH VWL,

c. KR &L DER

Fig. 6.4 RO Table 6.4 . DOT3.5 K KB BELEREOILBEER T
GICKA0 K X BRERESKIL @ EREERELENFHEL TV 2. —H
FUSION-J3 A& TF ISSTDL KX 285BI, BAT 40 % BEAKRFML TV 3 4,
HMHcERMEEZRCBHLTY %,

d. rBEBeddshiEFrs b VOER
S BRRCHTIHETRAN P VOREERF BB, KT FUSION-I3 K

o ISSTDL OHBEBIcHT BHLE%E Table 6.5 KR To THENOREL - T
DLC-99 & GAMLEG-JR k2 785475V —REFFAL O THIP S, WE
o, EBzx A ¥ -FEEoTREFIHERCH T IABEHOERE T (-
table) KX 2 WFkEFE T 5, LBEHCEHRRNFORER LD EB 2 & L F—GR
et FHERBAK 2 SEEHSNL, BPET T A4 ¥ —FHRT 1/3 BREICHE
d B, TDB., yEEEOL. Plg 6.4 KARTEIR, TONRPEELT
BB DBES 28 cn KU 48 en DA T, JSSTDL OFEH R, 10 % BEE
BMiciE30wTWa,

XM FOBELRT T 240, FUSION-J3 o TR %, BLC-
39517 [ HE S\ T RADHEAT-V3'® K XD R FHAMREFEEL CHFM L - W K
B ERACHEERT o PORPRTHFHOKER . GRBEAT L BEE
R L 5. Table 6.5 AT LI CHBRBIIHTIHRR 6 % BT TS 5o

PDlokstid, BRAZr Bz v F-FBodhErHEo 2 FHEE. BPE
FTHo 3 EEEOL{bedL., 10% BEELIEAEY. 2Ry RORBITEIK
WEHN PO 2 V¥ — 2B o TFoRE., IbHFHHIARIBC LS 2Ky
BORSEHBAREVWI EERLTWV S,

e. - ¥ by BOER

By — % v FTRET B BOHBER. FUSION-I3 EHVLERSP 5 Table
B CmT LI S oen DATRRAKRIHLT, 18% THE. LL, TH
E %A TR SELS.S. BB LIAR y ROERDEOL D, BRABOHLRE
BRICAPELBIVWIEERLTWY B,
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. rMBEHEOKESE :

yBEA T IHERR, EBRNC tERNC L » SHEFE R IFMS
HTWwd, Bic, FEBEFTCTCOrHER <7 F ik, 100 keV HAHP 5 10 MeV
FCoHBicED. COEBTOMBEROBER 1 ¥ BETH L, £, HIER
CEEERIEBT 83, AIFAZTOEBE—BHESHL., BECEBLTHEFH
HeDRWIEds, HBEITECBTIBREL., BEBAHEORECREER:
BIETRERELL LV,

g. BEHE s rOKEH

FUSION-J3 MU JSSTDL ORI, B A TRAFH OB S 54, BREHE
TERBEEHBALTWSE, Ol tid, ChoD34 735 Y —02Ky BERE
AROREOEERLEVWIEERLTVWS, ¥/, HEHAE, BAPETHRET
ARy BRcBIIREELRORFAL S, BRI TOBRFMOERTRE W, &
7o, BIETLIRANL LI, FUSION-J3 R EBEER. FRHEHD MeV fHIKI
BOTHHEFHABAKFMBET 5, Dl EoHFEZ, FUSION-J3 KR JSSTDL 2 H W
72 DOT3. S OHBEBROBAFIMREL LT, EHRTFHEOTRFTHEOBAF
fhichHEdT B EERLTWVS,

—F, GICX40 EHVWABARLR. SR bh- TREIFHLIH S TERE L
DEVWERLTBD, TOERIHTHFHORZOREEZHA LI LN 5,
GICX40 D 2 Ry BAERKMERCHAL S LELN S,

6. 3. 2 BERMUDA®DEHN%

BERMUDA o — F & X ¥ ARIE D 2. BERMUDA-2DN R T -2DG i L B33 E 17T
- 720 BERMUDA-2DG!' R, a2 v 7+ Yy HEOHAEEB NI AD 2 54 ¥ -
CHoARIC L 2EH B L T, BERMUDA-2DN AHCHEHERERZZIT > TV b,
b, VoY FAVEBBEHZEVY. =320 F— - HELAEMHEBEEZER L 2.
BEMBOIAANF —KHPVWTERES EIT>»TWa, X7, Fine Energy Grid
EHOWAFERCGE A » v BHAEEEFH VT WS I & & BERMUDA-IDN & [A 5k
Thdo

HECHEALABRAESAR S TR T, BUZABRRT A v v 2 b
DOT3.5 LB TH B, A LPHFHERE » M2 BERMIZSX T. 41 B 7 &
HEME v P2 GAMLEG-JR R XD ¥ERK LA SO THH ., £/ First Collision

Source Option Z{HHA L /2o

Fig. 6.4 XU Table 6.4 i BERMUDA i X 2t HERLERMOLE EIR T,
hEBHicRrdzicoh, XBRMEEOBEWVR DOTI. 5 ik~ TKRELNEYH, C/E E
HEKR 3.LERB-TVE, AERFTRERMEE —HLTVWEIDT, IHiF2K
T BARWEBOBUEZEOHETER W, FAEIETHR L DT BERMUDA-
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DN PAFHEF RN PV REBMEBLC KL TOBO T, HeV FABITOHH
THAMOBBE bEAIC W, - C. T OELIZ BERMUDA-2DF D MeV fHIK
UFTodEFoMERL., 42 EHBRGTH 5 BERMUDA-2D6 DML I — 7 1
vy LB LS EEDbN S,

6. 4 E®m

-1

BESFERANTO 2R BERRFTF LB T 3RIEEIT S LT, 316L
S.S. MicBUWT TLD 2AVARBEICED. 2Ry BHERARSHZUEL o
ey FicoWT i, FUSION-J3 RO JSSTDL %M W7 DOT3.5 Dt H#
Bt 40 Y MR TERMBE—H LA, CoOfEid ITER TEELTVSE 10
¥ L LWHELAGEK i BEFEVWE, B [TER OREFT TR, COXLHRMTR
b4 T ATI4NOBEHORBREEREREETERVELIBENSD ., B
HEASHLLCEHNBFBIATVE, 2Ry KROBRAR, & LTHABHEL
toxanrd¥—0dETFIL bl tBWELIEB DT, 2K BERAR DR
BREIPRET I ADCRATHETORBURIMER S Thic X3 2Ry RE
R HROFBREEZA L33 I EBHETH B, £, GICX40 EAVLEE
. EREEOZERTEREZANEETI LS R RECAEAT
KB W EBERLMe X HIc. BERMUDA 2 — Fo R 74k, SFHEERORBEN
s A EREETHED. 2 BETEAL - A YR T AL LTHBRAEF Q&S
AT B bR BRI EERILNENSBCEEP LGP LI, LD

E . DOTS S MO MBHLTROGBLTLS I EHRENT.
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Table 6.1 Characteristics of TLDs used in the experiment.

TLD Less Dimensions Process Dispersion
(mm) (%)
“L1F 8.2 20x10 Glass Ampoule < 11.0
CaS0.4 15.2 - - < 4,2
Srs0y 29.2 < 9.9
BaS0,4 45.5 < 6.6

Table 6.2 Uncertainties of neutron
response of TLDs.

Neutron Energy
< 7.5 MeV ~ 14.0 MeV

"LiF 7.2% 6.2
CaS0. 11.3% 9.2

59 of

Table 6.3 Measured nuclear heating rates using TLDs
in 316L S.S. assembly.

Position® Nuclear Heating Rates

(cm) (J/kg/Source Neutron)

8 7.086E-18 * 8.37E-19
28 7.49E-19 ¢ 1.32E-21
48 1.12E-19 * 2.15E-21
68 2.19E-20 + 1.97E-22
88 5.18FE-21 * 2 ,84E-22

'pepth in 316L S.S. assembly.
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Table 6.4 Measured nuclear heating rates compared with
calculations in 316L S.S. assembly.

Position® C/E

(cm) DOT3.5 BERMUDA
GICX40 FUSION-J3 JSSTDL BERM125X

8 0.47 0.85 0.79 0.91

28 0.61 1.14 0.98 1.20

48 0.69 1.35 1.25 2.12

68 0.66 1.41 1.42 3.19

88 0.52 1.15 1.28 3.43

1Depth in 316L S.S. assembly.

Table 6.5 Effects of f-table, thermal neutron and target

v-ray.
Position? f-table? Thermal Neutron® Target y-ray®
(cm)

8 1.02 1.00 1.18

28 1.11 1.02 1.01

48 1.11 1.05 1.00

68 i.01 1.06 1.00

88 0.92 1.06° 1.00

ipepth in 316L S.S. assembly.

2patic of DOT3.5 calculations with FUSION-J3 library
and JSSTDL library to study effects of f-table.
3Effect by replacing thermal neutron group in
FUSION-J3 library with that calculated by RADHEAT-V3
processing code considering the bound effect.

“Ratio of DOT3.5 calculations with and without y-ray
generated in the rotating target.
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Fig. 6.1 Calculated neutron responses of “LiF, CaS0,, SrS0. and
BaS04, TLDs.
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Fig. 6.3 Extrapolation and interpolation curves for measurements
of TLDs in 316L S.S. assembly.
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