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Study on the Evaluation Method of Radiation Dose Rate
Around Spent Fuel Shipping Casks

by
Hisao Yamakoshi
Abstract

Present study aims at deriving a simple calculation method by which one can
evaluate radiation dose rate around casks in high accuracy with very short calculation
time. The method is based on a concept named Radiation Shielding Characteristics of
cask wall. Here, the concept is introduced to replace ordinary radiation shielding
calculations, which requires a large calculation time and a large core memory of -large
computers,by a matrix calculation. For the purpose of verifying‘the accuracy and
reliability of the new mothod, the method is applied to analysis of measured dose rate
distributions around actual casks. Results of analysis revealed that the newly
proposed method is excellent in predicting radiation dose rate distributions around
casks in high accuracy with short calculation time.

The proposed method takes the place of both extreme evaluation methods ordinarily
adopted; one is very simple but rough method based on experiences: the other is very
fine method based on lengthy radiation shielding caiculation codes. The achievement
of short calculation time and high accuracy in the proposed method is attained by
deviding the whole procedure of ordinary fine radiation shielding calculation into two
steps; one is calculation of radiation dose rate on the cask surface by using matrix
expression of the characteristic functions: the other is calculation of dose rate
distributions by using simple analytical expression of dose rate distributions around

casks. Owing to simpleness in calculation procedure of each step, one can easily



evaluate dose rate distribution around casks, once source conditions for spent fuels
are given. Result of the evaluation is expected to be highly reliable.

As an application of the proposed method, a new method is derived for evaluating
influence of heterogeneous array effect of spent fuels in different burnup states
upon dose rate distribution around casks. This method is shown to be effective for
determination of fuel positions as a function of fuel burnup state, if one planns

shipping of spent fuels in different burnup states at one time by a cask.
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Fig.1l-1 Schematlc Illustratlon of Radlatlon Interactions between Cask Wall and Bottle
Region. Radlatlons from the source s(k) has a.pulse-like energy dlstrlbutlon,
non-zero component is only in the energy group k.

Dotted -lines stand for contrlbutlons to be taken into account in the case of
raddations with general energy distzibutions from the source.

R. (k,k) and R, (k,k+1) as well as T(k,k) and T(k,k+l) are matrix elements of the
Characterlstlc Functions for reflection and transmission matrlces, resPectlvely.
Quantities C(k) and B(k) are respectively the Flux to Dose Conversion Factor

and the Characteristic Function of Shielding Ability of the Cask in the k-th

energy group.
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Fig.1-2 Schematic Illustration of Matrix Elements of Characteristic

Function for the Bottle Region.

—11 =



@D Discrete Ordinates Snx— F ANISNOFEHIC L V. BREERMERHEKOAR S F*ES
R SRR S AR R TS 52 & B ERT 3.

MAEHC T 3 R ORERT — ¥ 555 h e BAl. MECE~EATBEAREE O
CEET S RHROLMBEEFEL T RIAMEE [0 SHETNE,  RUAMER
S OUAHI IS —BEBEUTAY P AEER>T VS, UeioT. BERERERLL
RODNY b LE BUO & JUO) EORHI-MTERSHA])

E—BWORRTR R ERREEBEFHHHELHEI—F SRT & UTa - FlEdh
Re HEI-F ST WXAEBREEEEFMEHEE FACOH-NIZ OBA T HHERH 1
BEECBRTEVANUEOORMTH BN, COI— FORBE R BHEEE &3 EEHA
HEROHES A VR TS EROH SR EEOFARE TR 30, HEOTOY
SHKRFYTHOHRS . EHEOFIIHERERBAR I=F27IV 2~ Y -~ TORERE
EREHRNTES, ZORNEORNE LERLTH RHRBREHT BHAOV E>TH
5.0 327373 Ea- s - B AU RRETE. BEREEEREER S URERRY
BRGHEN. ANBRHSRSEERR S 0. HECPERRERR IOy E -5 4 X7 OR
PREHUTEASN S,

E—EWOBETE. COED. FEABORMBEEREMATEL. () BROBAHRE
BETENSA5. () BRCHARGREMEROBE. () FEXEHBE. wHT 5EFE
B UTEDTRE BB LR Z0ORU. RROBEEEMAGOHEANBERATU DS
BTERboRORHU. BRABMCZOMERHAURENERTC L&, KBNS
BB UTEREhTY 3.

ZORIFEFET—F MANYCASK X UTa—-FfeU%z., MANYCASKZ — FE2ER—HOBZE&WKE
A¥3&. FACOM-M180 T. 50 ;ﬁwzﬁzlngﬁp'c 0.0 BEEOHEBHETRBRERSH
HEHER S,

R E O SHEBBERRREOH RS S USENBERBORRIH AR SR
B ETEEEOBVERES 52 L Er B h T oEn. RRELERELORL—
BpSHE LT, EARETRNERE BEB L OFFHEEANEEFDOHET. —RkY
SRR EERRIE R U T BT EHES B E R e

R AHETHREL RHEFEOERYE 2 3 BHEHKEZ O 5. /KD > ONEHIET & 5 ERK
HEEEOME. FRLONERFRoUT. HTREATARG, Zhid. SHOFSEK
HEBEHEORDEAG S hh FEEEHILESEEES LU, RYAHERIEO RO
Wi h R EBER MRS RS R —BOSEER TS 5D S TH 3.

FERBOESEH L TEREEEAEE U TORMEO ANBR. KEBTEES OFHO

—_19 —



RERBPSEMT 3HEEMRELEDOELT ARONSON ﬁf"g“l 2) RO ( 2)3$U‘6

h3,
ARONSON D&, &BED HIFfE kWh3. —BOBBITNL2YEORBRO S IKET
3. QVEAMRERAVT. BESXRHETIRAATEROBE UTRET 3 HERFRLELDD
TH%
 HAROBER HITFFIEHMT 3BBTH T LREHTH R £ Monte Carlo i THODD
BERERCHUTRDTEE. BL2AXUTO HIEMNRART 3HERHRLLLODTS 3.
FRAISY FRUARA. BAROKEA. AHBIZLY —. BBEIILE -0LED
NIXICHTEABOITHTSHY. R ITHIRASA. RE/. AHBIILY -, RGBT 2
LE¥E-CHT3ABOTHTS 3. UNoTERHERS OHEMICENSE L SHERE
PNBZTEE. BEORHBIUZBOMVBONERERIHLANS 3. ChoOHSeR
FERDR. HYIHOSELULOBHRSLERT 3 EUBRIA TV 3,
ARRCREETNELABERCBIRV. Ho. hETFEH YIEER. 2RI Y IHLS
BHT. ARZES HEERU T 3. bhﬁot\Emmﬁﬁﬁmﬁﬁmuaﬁutgiof\
ERARGEHTIRFTALLITV 3, o » L -
REAHRETUE. BBRBEHTIEETHN T BIURHTH R L. 2OFBOBRBEHY
ERSRERMEEREE REERBMELZTATAERU TV I OB > 2 KR A RERL
WHBO_ERBRREUTEY . SORFERACANI-ETHIRERERDSZ L ER
BHBZOTITH T & R OREEFHAOBALVDTYC. 70 T oV TIHASRI R
AE-BIHTS IBOXY PLREU. 75 RROVTHAMBI I LS -~ REBI UL
—LRHT 3 2ROITHRELTVS. ZOHBEUT. HRETIHREKENT 3 M
BEESPHBER>TLAREHERBBEV AL TRAEBEI R TV S,
ARATEC R ESALRERFHEEIANEFHERR LT IoF27a 2%
~RHAVTHETEZC L EHERMBED THLARIATVIZ L., BIUHEERORE
LRROBEEBHE - FRAVABRREBEBRVI DS, RROBRURESEDEE
EFMFAEEORDVRAV I IED. FEROSHERRER AT I TRYFHEAD
SHY. EREORESSERBULRNSIUVASHOBESTMABAOKARSVT. £
HORBB A CRESh I LBEBEL S, ,
%zﬁwmmﬁoﬁﬁ&b1~ﬁﬁﬁ%ﬁ@%%ﬁﬁ§$mﬁwiﬁ%%@Eﬁﬁ®&§1%
AOTEEHRERRT I LU, RERROLEREL UTEI1ENOME» 2B LERRAER
BEOHEFERSHATIZEE U R,
FPHBREEORECE S ASAIRER BERBEAVANREN R 2R U L ARMAT



BEREETNTh,. EABBOBAROSHE UERELLBUL R, ZORE. ANEEY
REZHULRHEL. FHRBEORELES<HELVG. V—BRCERELNATE 2
HRESAZZEBWOIDERS L. H1EW. E2HNOHREREEZAENRS 0 E o Te
M EEREEOEENFESNEEH 3.

UT. BEORKEBBELSSBHLTH <.

EoETUESERHECAVSh 3T, 7Y ROBTF - Yo%, BEOHRERE
TREFERENS, RRBBENTORA Y IROEMIE. B RERE QMR M &
FHTPREREOHATECLL LY. BALRY. AT LABREOSS A SRIEERE
BRETIEERS. ZOEHDS. SRH Y IBERT - Y ROV THOERZZ L 2 5.

EZETUASREREROH HEOERNRERR AU k. SEREREEGEEN. &
BERAERSHEN. NEERARERENRORD AoV TORMREEEERS T & &
¥3,

EEETUHEALORVLIHT. BAOETERRERBRHN U CHEBERO RS2 ER R
TELDHE. BAES. EAFBORFHL O, FEXAEBSOERE L TRIEL OLEER
BRIRS., ZORBEEREIXAT. AR CALARAERTREEON k0 ERIED
B L ERARORVI LR H A PIET B,

EEETURNBABORHBEERCNT ZRFRNRLAVCRERAL NS, COSROTYY
RHRWERTEEOR. RRELERELOLBRREH 5. Z OBFHEEH VR ERREE
EOBVHERRER SR 3L RWE DT 5.

EASTURANEE N TERAISESARITTHROFMER BERKOES S XA U TESE
TER. ZOREEEAVRSARNE U TEAREAINESOEAE L HRIEE O LR %
TRV, COFIESRNEEREOTRNRT 225 BES W TERRFRERSC &R
7.

(1) D. K. Trubey and B. F. Maskewitz, ”A Review of the Discrete Ordinates Sn Method
for Radiation Transport Calculations” DRNL/RSIC/19 (1968)

(2) W. V. Engle, Jr., "A User’s Manual for ANISN, A One Dimensiona Discret



3

@

(5

(6)

M

@

€)

(10)

an

(12)

(13)

Ordinates Transport Code”, K-1693, Union Carbide Corporation, Nuclear Division

(1967)

F. R. Mynatt, ”A User’s Manual for DOT- A Two-Dimensional Discrete Ordinates

Transport Code with Anisotropic Scattering”, K-1634 (1968)

J. M. Hammersliey and D. C. Handscomb, Monte Carlo Methods,VWiley, New York (1964)

G. G. Biro, "Application of the Monte Carlo Method to Shielding”,

Engineering

Compendium of Radiation Shielding,Enginnering Compendium of Radiation

Shielding, Vol.-1, P. 101, Springer-Verlag, New York (1968)

M. B. Emmett, ORNL-4972 (1975)

H. Yamakoshi, Nucl. Sci. Eng.,_87, 152 (1984)

H. Yamakoshi, Nucl. Sci. Eng.,_88, 110 (1984)

H. Yamakoshi, J. Nucl. Sci. Tech.,_22, 697 (1985)

WiF R

R. Aronson and D. L. Yarmush, J. Math. Phys.,_7, 221 (1966)

BAEMTHERS RR-28 Hi#HS THEREH No.148R . 192 H  (1985)

R. Aronson and D. L. Yarmush, "Matrix Method”, Engineering Compendium
of Radiation Shielding, Vol-1, P. 152, Springer-Verlag, New York . (1968)

Fr %

MBI RT G E3EWLS

161 B (1966)



B_E EBVHOKES

2.1 WUBE
REESBRUATEOIOTHET. HYTHLEHRT AN, TCCELAIHBBELLT
. 8. K. LYYTH B,

Ke LY VUBBAR TS 3KESDEFRELAPHETFRNCENTO 32D, TOHEH
FIAEhTVS. 82 0.98 MeV DO UESHEBHUBAL AL IBFIIALE —htEFOD
BEEABAZIVIEEHEFRESKEAZLELIERHEIATV S, SULEHEE
EVHRTH3RD. HYVREBEYREUTOBRABRLLTV S, BUTHTFEROWRS
FRHFORVYE. AREPRTHI32D. Y IHEROUENEA TV 3,

OIS REBYHEHOBHEF. HYTBRHTIHHEREEROKARIS. BNRISOHEHED
P, REROHYETF. HYREOIILX -4 AEATeRB T 3WERE U T, BEEt
BEBbVwhdhTW3, o

BEBOERERSFT N, VHYIRAEHET - THY. REAHERPLZOLRILF -#
BEHTIRRE. 53VRIRANERORAA. RAIILF-CHT 3 _ERANEROE
RECHITIERETS 3.

HYIBOBE. EBRTELSBIN ISR, FHEEBIUVETHHEOBRA. XREDR.
EFHAE. HBSHTHIN. ChOORBEHT ZHEMIE ISRAEL RV FMELTH
01 3% ISRAEL OFMEECESE WUBBEL & X 3EERTEROEE 2. AENSISY
REZETOEEIORTINUITRDATL 3,

PIT BT ISRAEL & & HUBBEL OFEMMEER DV THSFTUEBERS,

ISRAELZE DIl U R EFHHTENEROBZ 3R TS 3. V2E5. ETHHANER
OHFUHEDPORDLETFHUBRENER L ETSUFTREFERPSEUSIVTRDE B, 20
BN EROHEER 1 0%ORERRITNTVS 2D, ETFHHHANEROFEMEZE10
BrRroTW3E, k. TEUNANEROFEEELINTHS. IORNBHRONE
ROFMEEE UT BRYSKE ZERBYOHHE SHEAEh TV S,  ZOFMEIER keV 13 bk
VOBETHIONOFMEE L. 6keVh > 200keV OWEATWEHY SHEFMHBRZWIE
{Eo TV, ' :

HUBBELD B B R D F MBIt ISRAELO R U BB NFABROFHEECESCHERKE O
B SYMUT SkeV UT TS HBEED. £k 10keVEEI TR 2HBEEOFERERLETVYL
EbhTW3,

COEIRAYIBEAT ZREHEROFMEIRE 0BUMERE>THY . FHiED

— 16 —



BIChEE-TETV S, HF. DHEFORRSHERS. BERERCAERET -5 0
FERESUESATEROWR 1970 ERUBTSH Y. PEEOBEXZOE M. FHELTO
SOORBRLECHZENS 5, |

FHTOBE. ERTERBVTEERRL. 2RCHER. BINER. BHKAS&UE
BUHAOWER. BALKOTHTFOLILE - AHEAEAH TS 5.

FETREEOTR > L BOWER. ZRPEF T2 UE -4, BHERELIETHEH .
SRAVIBIINE ~AHEORF RSV FEOFRRRT ¥, TOHM. FREUTeH
QBN Z, E |

RBECBOTIALS EHEH B EHEh TV 3 HEET ~ ¥ UKE TR E A LT -5 7
740 ENOF/8 WEREE Rl S DBERE STV B0 ENOP/B-1V 02 RIS ML IR
DRVDHODRKERIIRETSH Y. TABLE 2-1 kT?‘J:')l«. SOBZEOBEEL. HEHEE TR
5720WUL109%. 14MeV 2L ETIX 1&‘4‘[159’ EbhbhTW3,

UDLaNs. MEDX > BN FEREORVHOLRISHEMC BV TLEAI XL
¥-MEFEEEOED U RVEBNSY. UNSEBHEL. TORMMBEARERES -
TWw3, . o ,
Fig.2-1 & ENDF/B-1V RET K. & BOLFKSHENEERNEROD 25 TRU k5.
$O UKVHERBD S W AHEROB B LEOUHTH 5. ZOBOHLBIVERINE
—HERY 32O EONERORNENLOFEL L VREShTE RN, RED S WEiEH
KEQWBDNTHEY . FHOLOPUVIRLE —FHRTH - k. |

HERORORI L FHTFEEL RS ERHETRBREETS 3. Tabb. EREHT
BEPOPHEF N ONEROA 2E> TERFEOREVEA—BOX Y - I YT EEZU
THEL. T THRRBREFETHE RS LD BEBROLINE - AN PVRERBEEE
REFCERD) | | |

Uk#>T. AOREOHEROFHEZLHsPRTZ L. 2OFHHORBLHET
BRUPYTERLE. EF/-IV CETCEBHHOBREEINIHARZOAMY Lo
ERCETH 5. |

S T EROBFEO—RE LT 0AONEONEROEEHE» s kD25 ) %
E\x;&vﬁw@fﬁmbnkﬁgommaﬁu;%ﬁmmmzé”’@%aﬂm—ﬂwma
Th. ENDB/B-IV HO Z OWEBEN T 3 FHEENRETTE k.

PRFRERSECEO TRNEROS 25 T RATETOREARB LUI I AL ~ A dH
F-SEUTEETS 3, |

BMURAOHEATRIPEFIIAF - LA OKRECHELT 3. COREAHIEE. KA



Table 2 - 1

R.W.Roussin(zs))

Uncertainty in the Evaluated Nuclear Data in the Most Advanced

Data File ENDFB/V. (Tabulated on the Basis of Comments by

14y

27A1

160

19!.

3% for En<0.l MeV

1% .for En>0.1 MeV

4 ~5% below 0.1 MeV

2% for higher

4% below 0.1 MeV

1% above 0.1 MeV

4 ~6% to 0.3 MeV

5A7% to 4.4 MeV

tot energies
~5% at higher energies
3% to 0.1 MeV 3~5% below 3 MeV 4% below 0.1 MeV- ] »
901 1% to 2 MeV 8~20% above 3 MeV 1 ~10% above 0.1 MeV seems to be fine
'10~15% for F >2 MeV
Strong levels; 15% 30% near threshold 10 ~25% for discrete levels
° Weak levels below 10~15% up to 14 Mev 30 % 30 ~50% for continuum levels
inel 8.5 Mev ; 30%
50% for Bn>8.5 MeV
10% at thermal 4% at thermal
o Factor of 2 4 at 20% up to 5 MeV L4t at thermal 20 A50 %
capt higher energies
50~-200% at higher
energies .
308 at 1 MeV
o 20~30 % 15~-20% up to 14 MeV 30 %
n,Y -
40% above 14 MeV
S% at thermal 30% above @ (n,2n) 20%: (n,p), (n,a) (n,2n) :50% near threshold.,
(n,d) reactionms, 20~30% elswhere,
9 30~40% at higher 50% : * (n.t), 30~-50% : (n,d) (n,p) :50% near threshold,
n,part| energies 10~ 15% : (n,a) 10 ~30% elswhere,
15 ~30% : (n,p) (n,a):60% near threshols,
15~-30% “elswhere,
s, Th i 2352
4~5% below 0.1 MeV From 20% or more near | 6 ~8% below 2.5 keV,
200 keV to a few per-
Oeot 48 % 2% for higher ~cent .from 0.5 to 14 §~10? to 33 keV,
energies MeV 4~7% to 1 MeV,
5~7% above 1 MeV
3~5% below 3 MeV Less than 8% from 200
o — keV to 14 MeV,
el 8 ~20% above 3 MeV Larger at higher -
: energies
1.8 MeV level: 7% 30% near threshold Discrete: 5% or more
9inel 4.8 MeV level: 7~25% |[10~15% up to 14 MeV | Nonelastic: 10~-15%
7% at 7 MeV 30% above 14 MeV -
30~40% elswhwere .
4% at thermal 10~ 20% b?].ow I.5 Mev. 2% below 50 eV
—_— 20t up to 5 MeV Larger at higher 5% to 600 ev
s : 10 % to 500 kev
. energies .
capt 5 . 420 % to 5 MeV
5~-20% at higher 25 t sbove 5 MeV
energies ove-S Me
30% at I Mev
s —_— 15 20% up to 14 MeV —
n,y ’ -
40% above 14 MeV
(n,p): 50% at thre- -|{(n,2n),(n,a),(n,t): (n,2n): 10~15% (n,p): 18 ~30%
shold, 20~30 | 50% (n,p): 5~10% from {n,a): 20~50%
an,pazcl % elswhere (n,a): 10 ~158% 4.5 to 12 MeV (n,2n): 40% at threshold,

(n,a): 20~35%

(n,p): 15 ~30%

Somewhat larger at
higher energy

13 ~22% elswhere




Cr

Fe

Ni

Cu

20% at 0.65 MeV

- BY above 400 kev

5% at thermal

15% at thermal

%tot b~10% in reso. region |5 ~10% to in reso. b ~10% to 3 MeV
region
1~5% up to 14 MeV 1 S % up to 14 MeV B~4% ‘at higher energies
5 ~15% below 0.65 MeV 3% at thermal 5% at thermal
o Derived 1§ ~27% in reso. regi~ 5~10% to 1 MeV
el —ion, :
13 ~20% from 0.7 to E~9% at higher energies
4 Mev,
. 8% above 4 MeV
Discrete levels: 41-"e, 57Fe, SBFe: 30% for all levels ltotal 15~~20%
s 10 20% for better L0% for individual and continuum “
inel [known levels, levels Piscrete levels: 15 ~20%
Higher for others !
- Fontinuum: 20 ~30%
10 ~20% . above keV reg~-[4% at' thermal 3% at htermal
¢ f.on, ' 20% elswhere -
capt R~~5% in resonance 10 ~15% to 3 MeV
region back ground .
RO~-25% at higher energies
o 15~-20% below 1 MeV 10% at thermal
ny —_— — 10~25% above 1 MeV,  R0~40% elswhere
(n,2n): 2~5% near (n,2n): 10% (n,2n): 10~20% (n,2n): 5~10%
threshold {(n,n'a):. 30 ~40%
(n,3n),(n,n'e), (n,d): [(n,np), (n,na), (u,p): (n,n'p),(n,n'e): 15% (n,3n): 25%
c 20% 20% A Yoy
nopary (n,n'p): 10~20% (n,d), (n,t), (n,3He), (n,d), {n,2p) ¢ 30~35% (n,n'p): 50~-200%
(n,p),(n,a}: 7~20% (n,a): 40% {n,d): 400%
(n,d), (n,38e) : 40% (n,a): 25~-40%
209
Bi Pb W
10~20% below 2.5 keV
5~10% to 0.05 MeV 3~5% above 1 keV 5158
ay .
Bt | 2458 to 1.5 Mev
1~2% to 5 MeV
2~5% to 20 MeV
3% below 1 keV
%1 5% 10 %
4 discrete levels up 5~7 % belaw 9 MeV
to 5 MeV: 10 % 20/~40 % ‘above 14 Mev (10 %
% nel Other discrete levels
and continuum levels:
1l0~-15 % .
o — - 5
capt
30~50 %
o — —
n,y
{n,p): 50 % (n,2n): highly uncertain
(n,e): 50 & near threshold 3
050 &
o Ano2n): 288 to 2l Mov |10~30 % elswhere
n,part © z e .
(n,3n): 30% to 17 MeV
20% to 18.5 MeV
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Fig.2-1 Neutron Energy Dependence of Macroscopic Neutron Cross Sections.

(Cross section curves are based on the data in the data library ENDF/B-IV)
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Fig.2-2 Experimental Data, ENDF/B-IV Data and Evaluated Data in the Present Data

Evaluation for Irom in the Vicinity of the 24 keV Valley in Total Cross

Section.

(H. kYamakoshi (6)_)

Table 2 - 2 Adopted Resonance Parameter Sets

’ o . .
Isotopes (gn) ~Adopted resonance parameter set Lner&g\;‘)ange Data modification
Sife 5.6 Pandey et al. Up to 510.1 None
80Fe 5.4t Perey et al, Up to 400 Yes
6fFe 6.5 Allen et al. for s-wave resonances
Beer et al. for p-wave and d-wave Up to 189.5 None
resonances
t This value corresponds to allowable lower limit of (6.1%0.7) fm given in BNL-325, 3vd edition, Vol, 1, (1973),

(H. Yamakoshi (6)

)
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the Resonance Valley near 24 keV. (H. Yamakoshi (6))

5
a
) =z
2 e 2
-
z
8 g |
= 9 e
8 v 10—
w
7] e . '
@ S g7 ReEdim X Pattenden 73 |
2 .
5 Present Result —— Present Result ¥ Newson I
C : . © Rahn 72
2 o] Palmer 55 2 L o Rohr 66 - |
| e Perey 77
16" 1 ! N !
1o°L A Iz i . |3 ) 200 210 220 230 240 - 250
10 5 10 2 5 10 2 5 ' NEUTRON ENERGY (keV)
NEUTRON ENERGY (eV) . - . .
Fig.2-3c Total Cross Section of Natural Iron in Higher
Fig.2-3a Total Cross Section of Natural Iron in Lower Energy Region. (H. Yamakoshi(G))
‘Energy Region. (H. Yamakoshi(6)) to? A
10? 7 7 T T T T ) T
)
= z
S
g
3 ]
- 0
2 g
- g
7] X £33 Liou el al
2 X g .
5 4 ——— Present Result [ weee- Natural lron
2 % K9 " X Poltenden 73 T g (AT UL
10" X "x”ga‘m Y  Newson 6} ] TTT 5T (248 %) A
i t, X A Gorg 64 —— 54g, (58 %)’
o ¢ Ramn 72 o
2 ¥ e  Kob hi 77 IO” i Il L 1 1 1 1 Il L
. ) % ‘abayashi - 20 21 22 23 24 25 2 27 28 .29 30
10 1 I I I 1 ) 1 1 1 NEUTRON ENERGY (kev}
20 21 2 23 24 5 26 27 28 29 30 i i i
NEUTRO Ingredients of total cross section for natural
N ENERGY (kev) iron around resonance valley near 24 keV
Total cross section for natural iron (8. Yamakoshi and §. Tijima)l2
around resonance valley near 24keV
E y T Fig.2-3d Ingredients of Total Cross Section of Natural
(H. Yamakoshi and S. Tijima) NI
< 1jima Iron around the Resonance Valley near 24 keV.
Fig.2-3b Total Cross Section of Natural Iro ound . (6
g N iron ar (H. Yamakoshi‘®)



EREEWINBELRRBL—HUTVWBEZIEHDHNBU T, ENDF/B-1V O WY 32 RISH
I, 20keV FEOHBEBROA2OHLREBVT 1 5%BBREOBKRFEMER->THY. KA.
10keV [HIEOBDOHBEOEL230%B RV UL 0BHBNFHMUTVIHOEERTELS,S

2.3 HOBEBAOAEM

RPEMEZE S RRCHER. BERAAEITRHET 52— F ELIRSE-3 B3V LEE
BHRTE U RHPREKF VY ¢+ L ERAVTHEU R, Fe THT 3 BERA LT OREHT
ERREEEHR Fig.2-1 RRU R,

HFBEAZYY ¥ LONTAYRRET BB BLRNF ®A%¢ﬁ?kﬁ?%%ﬁﬂ
AT AEATOWEEEBU. 15X 5 OEE Xotitting B ok & b WEMEHT 5HH
BREDB LS. RVBUHEMTRDATL 3,
We@%é\%=lm5mvwwiﬁwﬁ?%fHﬁm#B%?)V#»N?X&@Eﬁ?&
BNTVEH, Fig.2-1 ERT&SE. HEFRIMOTINE -~ N U TORREOAEKE
HEEBWRFCLERAL TV 300 Ebh 3, o |

BHEFOIRINF —ANT LW 1 MV TERERENS S5, Fig.2-40 1 MeV OF
BHFEHTIBABAELTRIPRVBEHARERUTV . ZORE Legendre BB L 3A
EABOEMESELT Ps EUTHHHREREUNTETS 3T L RERUTL 5.

Ukt Ts ﬁﬁ@%o*ﬁ?ﬁﬁ#ﬁtm\Wﬁ?mﬁﬁﬁﬂﬁgﬁﬁ&P5ﬂutﬁﬁb
THEUXARV OO LT 3.

L4%$ﬁﬂm?JV+»@%ﬁﬁmﬁmu”

FERRDEXZERRF YV L LAV THERATHTOAELN T RHEL. TORRD
B B EMEHT SRUERHMTERU L. ZOKFYY v LORREOTROAD DRI
TRERY 3.

2.4.1 GLRN¥ -HHEFOLRIEHEHK
%%ﬁif?yszmnvx9&&i?%%ﬁ\Msnwmﬁﬁﬁﬁ¢ﬁ¥ﬁ§ﬁwmwi
HEEdic. 14.5 MeV, 7.55 MeV, 1.5 MeV &, FEVIIAF -BEHLEBY 3 2RISHEROH
FEOIINX -—FHELRY EF. NSAYOERHEELVE. ZOER. Fig.2-5a. 2-5b
FTEOIR. BVIIAF-FHEHE->T. $OL2RCHEHOWEMBO T XL ¥ —KFER
BHFCERAIHhTV 3,



3. _1in3 3 S Mev 0 3580 . — |03
by 10 145 Mev 0 B> 10 —_ 10 v 68We(En2465Mev)
v S5t X S6EI(Ens140Mev) - 5 = 5 0 598a(Eq=d5Mev) {5
P @ 57Ka (Eq148Mev) s ® 69Ho(Eqs 456Mev )
E 2 & 58Co (Exr145Mev) {2 E 2 A 68Gw(Eq5.00Mev] ] 2
oT O 58 An(En14.6Mev) o 2 58 Hi (En*5.00Mev)
Bic 02 e, TR o2 Eic 0% e —i0?
% © %aq o= 3.5 _
5F on g -5 5 o N ; 5
\ i % % t } o
2 /{5}, 42 2 ¢ £2
3 o ?
103 X/ W%OS IO3'§ ‘/§ } 103
5 15 S © S3Wh(Eqs3.7Mev] |9
+ 55 WalEq: 4.) Mev)
2 8Mev 0 158 12 2r ° o o0 0°°72
103~ ® 69 Ho(En8.05Mev)—|02 103 -102
5t 5 7S
| ® 69 Ho{En* 3.45Mev)
2r 2 issao(E::s.smm 2
log 103 ® 64Ho (Eq=40Mev) —|03
5t 5 45
' ' o 3 Mev 0186 R
2r TMev 0 58 12 2 ® G9Ho(En=2.96Mev) 2 3
13- 4 68Gw(En*T55Mev) |02 103 . =IO
L]
: © 69 Ho{En*705 Mev) 5 15
8 ‘ 15 ® 67 Ro(E4?2.33Mevl] ©.
> = 58La{En2.19Mey) 2
2t :
10%} 103 o3
: 50: - 2.29Mev) 5 :
TN o | RIS i
T ® 64Ho(En+6.04 M , LT IMer v ev) |
21 N . o esWilEms.0aMe) T2 23" 2 osss;ff%.ﬁ
. atvs a_- o o]
02— % v 68GW(Eq-6.12Mev) _||2 IO”L- , ot Td e THI0
L - : M .. 64Pa(E 20.800Mev)
5 A 3 S S QBMeVhE | o Wi (Enr0.789 Mev) 5
2t \é E e 42 2r N 1 2
B E " »
10' i{ —IO' 102 OO S T Ry nupsees Y S 102
: : o : -+ 0907 0503 0l-01-03-05-07-09
Sr 13 Cos(6c.m) ,
‘v = 1 L 1 ! : '

09 Q7 05 03 0i-01 -03-05-07-Q2
Cos(©cM)
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