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Thermal Keutron Spectrum, Prompt Negative Temperature Coefficients,
and Kinetics Parameters of the NSRR
(Physics and Nuclear Analysis of the Huclesr Safety

Research Reactor-I)

Takeharu ISE, Yasuazki NAKAHARA and Masayuki AKIMOTO

Division of Reactor Enginsering, Tokai, JAERI

( Received May 21, 1974 )

The NSRR is & kind of sclid homogeneous reactors. Accordingly the

reactor has the large prompt negative temperature coefficient, In addition

the coefficient is much larger than that of other reactors, since the fuel

itself contains a large amount of hydrogen in the feorm of zirconium hydride,

which has a strong moderating ability. As a result of an extensive numeri-

cal analysis of the characteristics of this reactor, we have established

the calculaticnal procedure for the nuclear design znd clarified the

physical properties.

(1)

(4)

The important characteristics of the NSER may be summarized as follows;

The total temperature coefficient is on an average -0.82x10‘4/°c

(23°C ~ 700°C) and has the pesk value around 300°C.
The contrivution of thermal neutrons %o the total fempersature

coefficient is over T70%.

The mul tigroup treatment of thermal neutrons is necessary to obtain
s ressonable value of the temperature coefficient. The calculation
with the one thermal group constants results in an error of 20% in

the coefficient in compariscon with the four thermal group constants.

The multigroup treatment of thermal neutrons is required also for
calculating the prompt neutron lifetime and the effective delayed
neutron fractior. The calculations with the one thermal group

constants give an error of &% in the values.
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The heterogeneous cell caleculetiors should be employed, although the
fuel itself is homogenecus. The homogenecous cell calculaticns give

an error of 0% in the temperature coefficient.

The temperaturs coefficient depends on the amount of water contained
in the experimental cavity. The coefficient in the case where the

cavity is filled with water is 20% larger than that when filled with

‘air, Wnen the water capsule with 4 JP2 pins is installed in the

cavity, the coefficient is comparable to the value in the czse of air

cavity.
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Forsc TR LN AKE Y — AL, 22 FWET%:@#_B@{CL THERMUS -MUG
o P a4 TS —ELTAT LA RE RS e THERMOS -MUG & — ¥ O
HAh-Arid, PHREFORECRLZ TERIN, KATEL fpﬂé : .
de {Bj—Bi. #)
d i

Pnj=4n{a02531vimdv;lfdpm<pj

=2(00253)vivijdvijer (Ej—Bi}as,

I=0 1, 2 3 (3.8}
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THbh, vy E£2200m seckBizEL ., "’EEv”KEa@ dviDEEFED, ﬁ%)‘ v ¥ T
BB, 0f HREMBETFOHOUAGER TS5,
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ZeHx I G OB E I I DebyeWaller RFIC L TERIN B2, LeHg
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MARmATLE S CFCREANBLEEEbN S, LAKRST, 1000 TCOHAL —F »id,
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FAEEBT A
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27 4 24°
zs7, di Doppler HFT
. 2 gt . .
4P =— Ep (313)
3 2M . .

ChHE ENb, NT, Bpit, Bp/2 1RFLDOFIH 40 ¥ — R TRHT, KXNTH
-2'_"9_?7-50 '

ED=&fEcau1(ﬁw)P(wid¢ : o (314)

EEMEBRKCS R BE, Bp=3T 25, LT (312)K, TabLL, WAKERIL,
HBRAREFAOK EXR Lo
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3.3 H,OMEH—RILCBIEETL
01&Nui@$&%@@wmﬁur .m%?iﬂﬁi WZM#?%&%ﬁ%?&@
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1 : 1 1. 1
g (w =_-_-Pt{a))+_—-—p,(u)-cur}+——91(w—wl)-i-"*P,(tu—wa) {315}
138 2 4] 3

OHEEOR I FHOEB V<A Thh, T LT, Fig. 3.1 10w+ X5, Haywood-
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BERONH TG, BEOMNS B ST L LETEdh, BRPOFHEALRT, T2 1F -0
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g O AFI25HF ( disadvantage factor ) 73, BBEERERT L, s r@ERiCHT
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structure of the optical modes in the lattice

Table 3.1 Frequency
vibratton of Zer (measurements)
levelitw Second ievel: fw Fourth level:  +w
Incident )
v doug Lrergy alf widtn BErergy |Helf widtih: Anergy (=&ll width: | Srergy |H2lf width:
stats Aw state AW statu A state aw
159 138: 2.0
s 1%782.9 B2, %
29 137-8.7 28,052,7 203559 L. 2RE0]
57z 137£15.0| #.87:.0 ZTTELLL B B4.45B.5 dprraE.a TEELS
55 140418, 2 STTRIA, 2 1210215 553t9.3
Average 137.653,5( 27.421.9 279+7.1 b, 305 417=7 TEELE 5hEG.5
Pelak 13015
Woods 145 - 24 -
Wittemore| 140 18 280 25
Hariing 141.4-3 | 26,420.6 580,945 | 52.2:3.7 41119 TEE

Loergy andtr meV

Table 3.2

Position and

; 16
in ZrHy

half width of the first optical 1

evel

x of ZrHy
0.5 1.08 | 1.5 1.5 ? 2 2 2
Temperature ( C) 27 210 20 93 23 27 20| 20
Position (meV) 140-145 (138 1% 130+H5 [ 136 1 140-145 [ 137 | 140
Width {meV) 28 36 29.5 1 28 28 2 2e.4
R } 8)
Table 3.3 Fuel cell description
, Radius Volume . P Atomic density
Reglon (cm) fraction Muclide 102 atoms/cc
= zrl) 0.053911
Zr 0,04 26
- - LT79z 0.0602 .
s | T : 250y 0,000 75297
2y 0.0014147
. -5
Void gap 1.8224 0.0324 e 5.4 % 10
SU3 clad 1.8732 C.0%2 SUSZ04 0.0847311
%[HQO) 0.066809
vat Z.1887 0. 2682
water Z . 0'33%0‘5
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Table 3.4 Energy and re\latjve velocity mesh peoints used in the
THERMOS-MUG %’ '

A

LU IS s B o A e R S\

Upper toundary Mi¢ poirt Mesh width
Energy (eV) | Velocity | Energy E: LeV) | Veloeity vi | Velocity avs
0.00057 | 0.1% 0.00023 .1 0.1
0.00158 0.25 0.00101 0.2 0.1
0.0C 310 0.35 0.00228 0.3 0.1
C.0C512 0.45 0.00405 0.4 0.1
0.00765 0.55 0.0063%2 0.5 0.1
0.01069 0.65 " 0.00911 0.6 0.1
0.0142% 0.75 0.01240C 0.7 0.1
0.01828 0,85 0.01619 0.8 o
0.02287% 0.95 0.02049 0.9 0.1
0.02789 1.05 0.C25%0 1.0 .1
0.03%%6 1,15 0.0%061 1.1 .1
0.0395% | 1.25 0.03643 1.2 0.1
0.04611 1.35 0.04 575 1.3 0.1
0.05319 1.453 0.04959 1.4 0.1
0.05078 1.5 0.035692 1.5 0.1
0.07384 | 1.7084 0.056699 1.627% C.17675
0.08970 1.8829 0.081 78 1.7935 0.1745%
0.1089¢ 2.0752 0.09886 1.9767 C.100%¢
0.1%2736 2.28773 0.12009 2.1787 0. 21201
0.15078 2.5209 0.14588 2.4017% 0. 23367
0.19531 2.7785 | 0.17721 RIS 0. 25754
0.2%726 3,0627% 0.21527 ' 2.9169 0. 287BE
0.28821 | 3. 3752 0. 26150 z, 2150 0. 31785
0.3%011 | 27200 0. 3755 3. 54 % 0, 31482
0.425% | 4.1000 |  0.28588 32,9054 0. 3004
G. 516l 4,5189 0.46875 4, 3044 0, 41847
0, 52759 4, 9806 0. 56942 47407 0.45166
0.762% 5. 4894 0.69171 5. D086 0. 50882
0.92611 £.0502 5.84026 5.76%0 0. 56081
1.12500 £.668%3 | 1.02070 6. 3517 0. 61810
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Table 3.5 Effective températures for H atoms in ZrH; and H,0 in
THERMOS-MUG library for the NSRR

1. Effective temperature
Temperature Nuclide for hydrogen atom
(CC) 1D number 1
eV Velocity 7
23 146160 0.CA587 | - 2.6036
|
50 140161 0.0662061 2.619C
|
+ .
100 14oi62 0.087731 2.5625
Zri 200 140,63 0.070767 | 27971
| .
. 400 140164 C.CECE43 5. 1876
H - 1
i !
700 - 140165 £.1001 7.6589
1
10C0 140,56 0.1227%7 4,836
]
27 18150 $,11%14 &, 5905
1
50 1%!51 C,11690 4,62086
1
5,0 100 18152 0,1.844 4, 6214
s R T
200 ! 0.12195% 4.8202
L *Z) ! _ -
| 350 ! 0.1280%3 2.0605

200 mf sec.

My

%1) Dimesnsionless unit based on

#2)} Values for these temperatures nave not beer included in

the 3 group T:.ERMOS-MUG library.

Table 3.6 Broad group energy structure

i Energy | Group AN -1 GAM - 4 (56C)
regime nuber : :
. 10,0 MeV - 368 ieV 15.0 MeV - 3.0 MeV
Pt . C2 5,68 MeV - 1,35 MeV 7,0 MeV - 1.5 MeV
i Fas=
3 3 1,35 MoV - Q..d ¥e¥ 1.5 MeV - 0.0 MeV
grouy
: 4 0,64 HeV - 9,12 KeV 0,6 MeV - 5.12 KeV
5 9.17 KeV - 1.125 eV | 9.12KeV - 1.125 eV
& 1195 ————— 0.4z eV
Thermal 7 0.4 —— 0,14 &V
aroup g C.14 0.05 eV
g G.0% 0.0 &V
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Table 3.7 Ratio of region averaged flux tec the cell averaged
flux for the four thermal group model
Fuel meat Thermal group index
Region tempsrature ]
c o ' g8 g

23 0.98%6 0.99:22 0.9873 0. 8406

Fuel meat 200 1.002 1.0%6 0.9715 0.8C24
U-ZrHg 400 1.010 1.075 0.9468 | 0.7405
700 1.044 1.089 0.9025 0.6441

100C 1,088 1;092 0.8249 C.eCe4

-23 0.9925 0.9788 0.9691 1,103

200 C.9744 0.9376 0.9884 1.178

Void gap 400 0.963%6 0.903%2 1.017 1.190
700 0.93%0 0.9033 1.0¢64 1,269

100C 0.8856 0.898¢ 1.146 1.287

23 C.9969 0.9800C 0.9708 1,118

Cladding 200 0.9753 | 0.93% C.9914 1.155
SUS304 400 C.9651 0.8944 1.022 1,215
700 €.9298 0.8908 1,074 1,304

1000 C0.8773 C.8865 1.163 1. 328

23 71.042 1.025 1.038 1.36%

Ceoolant 200 1.0C1 0.,9286 1.073 1.447
H20 400 0.98473 0.8421 1.126 1,584
70C 0.9089 0. 8085 1.221 1.799 .

100G 0.8157 0.8028 1., 735C 1.88¢
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Table 3.8 Neutron balance versus fuel meat temperature for
the four thermal groups in the NSRR cell calculation

tzz;iriii;e grgigr?iéex Fuel meat Void gap Cizd, 3US | Coclant HoO
6 0.02451 | 0.3185x1071° | 0.002010 | 0.001264
7 0.08749 |0.8323x10~+Y | 0.0052% | 0.003293
23°C 8 0.%799 |0.%630x10-7 | 0.02285 0.01475
9 0.4051 {C.4724x10-9 | 0.0%058 - | 0.02299
Sum 0.897C {0.9575x107 | 0.0607 0.04273
6 c.02797 |0.2%90x10-10 | 0.002194 | 0.001355
0.1249 | 0.1093x10-9 | 0.00€835 | 0.004073
20G°C 8 0.%775 | 0.3756x10-9 | 0.027%68 0.01549
9 0.3%29 | 0.4675x10-9 | 0.02989 0.027315
Sum 0.8933 | 0.9873x10°? | 0.06260 | 0.04410
6 0.02913 | 0.3590x10~10 | 0.00225%8 | 0.C013B4
7 0.1874 | 0.1524x10-% | 0.009480 | 0.005355
400°C 8 0.3688 | 0.3902x1077 | 0.02465 0.01644
9 0.7031 | 0.4464x10-9 | 0,02871 0.02320
Sum 0.8884 1.0249x10-7 0.0651 0.0465
6 0.07737 | 0.4354x10-10 | 0.002724 | 0.001598
7 0.27%8 | 0.2200x10-9 | 0.01%3 0.007458
700°C 8 0.3%406 | 0.2%089x10-7 | 0.02532 0.01746
9 0. 2296 0.4190%x10-9 0.02713 0.02325
Sum 0.8814 | 1.0814x10-Y | 0.0€88 ©.0498
6 0.05472 | 0.5884x10-1C | 0.003659 0.0020%6
7 0.%43 | 0.2743x10-9 | 0.01701 C.0C9 318
1000° C 8 0.2746 | ©.3799x10-9 | 0.02424 0.01757
9 0.2025 | 0.4081x10-9 | 0.02657 0.02%7
Sum 0.8761 1.1211x10-9 | 0.0715 0.0524

Total absorption in the cell is normalized to unity.
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Table 3.9 Ratio of régiqn averaged flux to the cell averaged
flux for the one thermal group model

Fuel meat Reglon
temperature Fuel meat Cladding Coolant
°C U-Zrig Void gap SUS %04 H,0
0% 0.9479 1.010 1.016 1.125
200 C.9481 - 1.012 1.017 1.1%4
200 0.9487 1.014 1.018 1,127
700 C.9485 1.020 1,074 1.121
1000 0. 9506 1.018 1.022 1.116
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Fig. 3.1 Frequency spectrum for hydrogen bound in zirconium
hydride from the broadened Einstein mode and the
Debyve mode ¥
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Fig. 3.2 Appropriateness of SUMMIT (equivalent to UNCLE) code
for zirconium hydride?®
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Fig. 3.3 X dependency of the scattering cross section for
zirconium hydride ZrH, (by UNCLE code)
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Fig. 3.4 Unappropriateness of UNCLE code for zirconium hydride

at high temperature
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Fig. 3.5 Abnormal Debye Waller factor for ZrH,;at high
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Fig. 3.6 Scattering cross section
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ﬁﬁ4ﬂléﬁ%@&1mﬁﬂ®%f»{km1%%20%@ﬂ&ﬁ@&ﬁ%t&ﬁb#&o
KﬂfﬁlUﬁ%ﬁﬁ®M%mﬁ&momfu Fig. 4 1 &R LThWVE: Kers 2%, B
BRE LA L ST, BT, 1 A ORPFERTOECR L., m%@ﬁ@%ﬁi%&&%
2000Wﬂmhﬂiﬁﬁ9meuzAﬁ@ﬁﬁf@é L din T, BiStstBEOR, B
Eﬁﬁ©m%ﬁ@@&lmﬁwigémi\F@TAWLTMéﬂﬁéé# miEBRTH L
Bhbh b, '

miﬁﬂﬁmiﬁ%ﬁh%ﬁ%ﬁn lp, X0 Bers B 3 ET B Table 45
lp?iaﬂﬁf@@@mﬁﬁm:éém%ﬁbfkmkoBﬁf@@@.g%mﬁ%z&&
b5 ADETATAAY —REAORNL I ATEESTLEIOT, M F X - XX b7
CDEERBAE ST AN (1GB) KR L, 1, OEE, (45 ) XRTARIRALOHIL, F
R T HETELONADT, APHF XS SV ADEBRST, 8B EEBTEAE VE
LR STHbR B, LARoT, BERAEES, Aert TH, 1BMENITNE, 1p T3
Btk ks THbR b, j

Bk~ AC Ed b, &, lyb X0 Aers OEERDABECH, B er e TE BRI THE
CE D ANASERE AT, Tk, BMERS, TELRTE( KT, HRTAFHHEL

Wi, ER LI AB TS THH LR DN 5,

43 EERY. DEPHTFEGASLCEDERTHTFHEOHEE

ok TOEBH L, EBEEreFre @A L, BHEEAL. ERBMIC LTHFARLCT — 4
FPEDE L, BERE (a), MEPETHE (u)%;a%@@%¢ﬁ%%”(mfﬂﬂ
Kﬁ%ﬁﬁmﬂﬁﬁhfﬁﬁéﬁﬁo@ﬁﬁﬁd,ﬁ@%&ﬁﬁﬁﬁ@ﬁ%%@bf.239.
200C, 400C, 700CHEr1000CHRBEN: 4, FRERI ( central
hole ) RKFHETAHEELEL T, LHEXKOBE, 4E0]J P CrBAE Y7 vV OBE
(*vfﬂw@ﬁﬁmﬁﬁ5cm@Hﬁ&%ﬂ%%éoKﬁ45)®p$LFm-A-I@%3.
LM EI DOHED3IBIILDNTIHNR, . \
Fig. 421, BEFHROBERESA. FIU%%%&E@#T%ﬂTMGOZOOCﬁ
F300CKE-2EBTEETACLL, EEDICR-TELELD, RERBE S OER,
BRIICL -T2 0 BRELHT 5, BUREANCBERHSFEL T 2H0, BERUDE
Bk ¢, Kk, ERILNDOEKOERICE T, REREOEIEET o 4By HAD
t%ogmau.QKW%@%4%@1f@a@@,geawemzuﬁﬂ%%ﬂmﬁ<.@”
K%%hﬁﬁbﬂthéoCn%@tkﬁ.%%ﬂmfﬁwﬁmwﬁmm@ﬁﬁﬁﬂ%eﬁh
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CREEFRABRICL T, RIGE fx%&%5z5b5%¢@+&ﬁbmf’k%iéomﬁ
B, BABETE —2EERT O, BIIHTHN L APREILLEROTH B, T
Ehb. BHEBEERIC LT, Bfe LT 2 FiE-raml, RIEECECEST 5RE
MF OB, AR TEA T AN, —F, BEMG (EK) cET e RETFaaHEcREIN
T, BERICRL, L L, BRETHEFXORSEFO—BARKEECEFET &4, F T+
E R BT, E A, BRAMTCHKT T CRET & Db, C ORI EARHRO (E
) BEGIOFELEO Ty A, BEGHGRO Y — 2 SOREEEDN 5o |

Table 4.6 WRAERAOLETH 22, SRERMOAT, BT (1125eVIK
P AEERTET, FOLEHAF 80D THET Litbhb, COFEE, EIC € VHEIE
BYDOT, TRERFEFORKRS LORNC X APRENb o T —TF, BEFUTF
(>1L125eVIKLABERRID20%T, ZARECHEMAO®UD Doppler HRICL
LLEDT, TR, SHEAY TORELLOMAT I APENMboTWE, TOIHICLT
KoK BERRL, B ROBRREE EAOHIC L > TBONAEL O T, BHRERM
( fue! temperature coefficient ) EWI T &L & TE L,

He KRB AEEIN AL ENBEGBOBMENSNTHEEWI C i, REHECH
LA ORETRIANREL T ~ A KSRRACEBNL LI 2 Z LB Th, RFFEE -
CESHBOREBLCEZDENITETH L, Ket (T, FRTC, ZRRIARCKIG@BRAZLEOD
HKert OENNS L, E2EICHH (Table 47 BE ), LAads T, KEZAOHEN
BEGHE LS, NSRROBOKEMFIRET 2 EBRHE T2,

T@U&&?Kﬁ;Kuf?lU-lwﬁﬂf@@%%To%ﬁﬂﬁﬁﬁmﬁ.Kuth
> TR T B oo T EEAKERDIEAIC ST, Kerf OERBBICHS LTHD, BT
BRI B DA LR E B EADD B, L LEAD, COEKE, BRI
NORERE ¥ o ORBRBCH LTHNEHEERT T EC2nTH, LB 46) THERN
o 1o O, MEEE ERC I 2EBFERILNWECL T, 5% (X)), 6% (4
Fxer), 7% ( Wﬂ)&ﬁ%ﬁﬁéﬁ.*ﬁ%w&&?@ngaz%féﬁoﬁﬂfaﬁu
(x)*@ﬁmxaf%ib AT AL S AOEBELENWCLELLTHEENLI D
W, BB RE L ARESEEED N E VY, RENCIAIEBIRETIFD B, 1p ¥L
B lert DETHBLTVWASL LR, EHEFLC AR BHEEL TS L &5, fi DERD
PHEELTWL EE LI D ATVEERLT VAL ETh b, CALOEL, BFHEFTCEL
TEDEEDEE LT EL LDOMPE, NS RROEZBITEHELT, sHL2X LT TE
TH b,

4.4 FEEERH. SHEEERHESIURS FRY

EFMATH, 4% TR TS 2R RERKOMT, @ﬁ%%ﬁkivPﬁﬂﬁ%#ﬁ
M B, E7, I LADRIGEMEE LT, #4 VEH b DB, CHHIEWISN L BAKOR
mﬁﬁ@&LTﬁ&ﬂfhéotﬂ&@%ﬂﬂ,NSRR@Aﬂzﬁ%ﬁwuﬁﬁﬁﬁifé
Bat, EEHEROESMNL L (AEXZHTHHOT, IANKHEBLTE, STEHER,

TN 10) e AaE —qpE T, BAET (< L125eV) I AHAROUAR O ML b, XHKAD) OF

113ETable 3128, — 38—
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M R EREO 2 b, 2LFIL TS b, EBRILCH, WOINOHEEL, JP 24820
BEKF v T eAMDEE LAk, Tk, BROFECREKRFEIZWLEFE LA,
VAEESES ( bath temperature coefficient H:t.?’}\’_@ﬂt 5K$§L‘C$‘< CERE e
WO TOERRERCEE FA LA IORIDERS. RELLTK, 23C~507C,
50C~100CHRFN A, Fig- 435X Table 48 OEXHOEI, WHEH (K )
PDEENRELRNE LTROAE TS B, LrlLans, EBd, KOWE L » % b BEKS
HADLOT, HEMHF® L CHAMES, Tabhle 4.8 OFFEHTH b KOFEELELLE AN
i, BORGERHE» LTORIGERMCE-TLE I Z ENEFIN D,

EEIAIE RS ( coolant temperature coeffcient )ILE&ER %ﬁ«%lr"@‘?ﬂimwfﬁ:'ﬁ’?&&

OETHHLEEHET I, BEEBERHELIG THER LAAMEEREGRRLALTED, Fi
425 b -082x10" /C(2M}4000}&@f,%ﬁ.@ﬂﬁ@ﬁ%ﬁm,Tuue4s
R LR & R B '
KA FEE ((void coefficient ) IO X HAEETLH I FLOBE, #BEHMS LTS
Hﬁ%ﬁbﬁﬁ(csT@lOOC}féakém,%Hﬁ(m)mﬁ4Fﬁ%$Ltkﬁ%
LT, #4 F1B%ESIORIGEEL, LANT, KOFEFEOHAICH T HRISEREI &
BNNBRE AT ENTE B, 5, Fig. 44 %L Table 49 WRINTWHIC(, &
DEGERR T A, 20T LN, BAMOEERDVCHIBHRET A7 b vORF I
FEFORNOBEMICY s TRIGERKRD T HE LTHMAINLD, & STH, KOHEEL
MAENDT, K€L LBINDESHEA L, PHEFH, HBRIRTRLN ZEERNSZMT
AL b RINEEZ 6L b,

INT, MBBESK, PIUF FMAREE2TATH 20K, SEAKOEERLEFHL
TR 7o i BRI & B HIH & EEMEMOARTC R ABBRIEONWTEL Th b, MEKD B
FOHTANEE, ST TF R LCrAL o0, BT AFEFERILTAHZ LT
BHh, BRERHOHNETKOEE—F& LABEGCE, RBOEAAKEZLEWI T T,
IR EEREOBECT2-ADELF LEB THETE 2, MERCS TKOEERLEHE
AT ALEEXEI VIGRANMEINSL ENVWI 2 LTH LS, BBBEEC LA I 2HK/F
DHEMYTF R~ T LOBILTCEST, —5, it b0RETORT LEEAEMT AL
bR B, BEKDEE AR T S L, —E RS O TS, BHIKC Y BRIR
bR RLOT, B, H{DBBECERFEINHC LD, EHRNCHEBRICENKINT W
Tk RSO IT, BKEE —TOHCHENTL AW, —F, 23C~100CEE
OHWHEROREL(LOBEICE, BRXKOBEZELB NI NDT, FHKORIMETLERE
TEHEWV, LAadsT, BadldnamEdn, GRHKPTRERAERLEIA TR, ftOBKK
WKIREN b, ChRTOBRERBCE LHB TS 4o

Lonl, #4 FVEMOELEDL S, GHKOEELFNL 0O+ -F -—TAH{ZHEL, &
HAFOWKE FOREE IS NI (A D, BatXFLariErd, 3 FMICRLL LS,
2, BTN T WTHOBRECBEINTLE 3, BT R ThizWLdETE, BT
WD RN ISP T &3 B0, LadoTHEA VREIA E R4,

BRERBPTCR-TE, PLEEHS100T CICET A &&HKIHE LD ( FEIHIT
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MEEZATWANL), 4 FEREECHELT, &8, ®4 FVREKIBEAD T 4 - Vv 7
BENTC Dy LAERST, FOER LD DLV THEEIT R N,
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Table 4.1 Delaved neutron fraction and fission spectrum for
the kihetics parameter calculations*243)

X5 in each group

1 2 3 4 o

235

[
<

C.05L3 0. 3678 0. 5309

\J1
<
(@]

U 0.00C6

C. 3878 0.5809 C.0

&}
.

[
]
.

<
p
=
[N}

Py | o.0148

Table 4.2 K. calculated with multi and one thermal group
constants prepared by the hetercgencous treatment

of the fuel cell

Fuel tenpesrature ‘g 4 thermal groups 1 thérmal group
2% 1.00932 1.00963
400 . 98545 . 9BYE2
700 96331 97240
1000 94252 L 958%8

Table 4.3 K _ calculated with multi and one thermal group
constants prepared by the homogeneous treatment of
the fuel cell

Fuel temperature o 4 thermal groups 1 fthermal group
éi 1.03%28% 1.07%25%
400 1.01067 ] 1.,01815
700 .g%912 1.0C827
1000 .98812 | LGo836
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Table 4.4 Prompt negative temperature coefficients dependent
on the number of thermal group constants

; -5 0
(1077/°c)

Heterogereous COMOZeneous
Fuel temperature °C
4 1 4 1
2% - 406 6,26 5.18 4.15% 3.41
400 - 700 .54 5.88 5.79 3. 59
700 - 1000 5.82 4,60 4,33 3,27

Notes: Criticality calculations have been performed over the
reactor with assigned fuel temperatures and with
the constant non-fuel temperature of 23°C, using the
one dimensicnal diffusicr theory code GURNET.

Five fast zroup constants have beer used in the problem.

Table 4.5 Influence of thermal group structures on kineticé

parameters -
Mfuel tercnperatu're Nanmber: qf tnermal !p( sec) .Peff(lo- 3) “(10” 5/0(:)
C groups
2% 4 E2.75 £.5% €. 26
450 1 ZL.TE 6. 4¢€ 5.18
400 4 %, 36 ©.55 T,
7((}'3 | _ 1 31.97 6,46 5.85
70 4 .91 6,6t B.E2
LQ\“ L .14 6,46 £,60
Relative difference & 2.~ B, 1.4 ~ 1.5 17, ~ 21,




Table 4.6
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Total negative temperature coefficient and its
energy-group %ngredient for the NSRR with air
cavity (1073/°C)

Fiel temperature T Contribution
(oc) otal i
Thermal group Fast group
23 - 400 T.81 £.26 1.55
400 - 700 ©9.80 7.3 2.46
700 - 1000 6. 5.82 0.51

Table 4.7 Computed eigenvalues, prompt neutron life times,
and effective delaved neutron fractions for the
NSRR with materials in experimental cavity

Fuel Materials in central cavity
tempgrature
Water 4 fuel pins* |  Alr
23 10,9748 1.02829 L1.0497%0
200 0.96C5 1.01%0 Co1noH
Kerr 400 0.9463 C.99575 1.01839
700 0.9170 : 0,96808 0. 988449
1000 0.8985 C.94917 0.969663
23 .55 S 28,79 29.93
200 0,83 30,10 0. %0
%Esec} 400 31.01 0,48 0,65
700 71,69 31.08 31,51
100C "21.99 | %1.46 . 31.99
2% 0.007 31 © 0.00709 0.00715
X0 | C.0073L | 0.00709 - 0.00715
B 400 0.00731 0.00709 0.00715
700 0.00731 0.00709 | 000716
1000 0.007 32 0.00709 0.00716

* 4 fuel pins surrounded with water, wrapper tute, water,

stainless steel and air are contained in the experimental

cavity.
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P oc -k
wuoﬁ X 0TT- _ | o =T
0L x ¥6Tom | ot
(rvron) ) W
JUS TOTFI200 DTOA UOT}0BII PICA

0,00T 1% WHSN 24U} JO SIUSTILFIV0D PLOA 6% 919el

-8, ¥3%y aus JUB TOTFFo00 oanirasdme) yiwq oYl JC UWNTED BUY UT S8EAujuUeded UT SenlRA DL i«

- ‘ 0,008 PR 0 £2 To0r389 0,/ OT egto-
i P JO USTOTIJa00 alnjededwal Teny oyj Iutsn £q pauTeiqe ST 1UARIODTIFB0D sarawiedmey juwTood ouL (2
i : ) i

.ﬂ. -f7snocur) TAWTS 9S880I0UT 6J0D Y3 UT JUe000 puw FUTPPETD I
_ .
i p 17eng Jo seanjrrsdmeyl uoTyM 4w #fumyd L3TATIOESI SY} EB POUTISD ST QUSTOTIIN00 sangsxadwoy yiwa 92Ul (1 _
; =
; -
: - 8530N
: (€£28VT7°1)
! o0 X 8T 609670 0T x 9170~ 0T x 8670~ 0't Q01
w £ (0T x 61L°1 07 b= ? v-
|
W _ {(vriG0°T)
i g* . ' 210~ < 60" ’
| mloH X T M|OH X 2TH'T 6166 o. #noa x 2T1°0 qng ®x w60 0°1 05
: (19810°1) 0T 01 ¢z

(0,/) HueTOTII800 (0,/)rusToTyFo00 .Hmﬁmvw C(0./) JUSTOTIJO00 (2 o\vpcmﬂouﬁ,ﬁmoo Hmamu (9,)

i - aanjzasdmsy UBTC0D sanyraadmey u3eyg aanjesadma) queT0OD aanyeaadway ujywg 1182 Tanl Jo
W : : | sanjexedma]
: padugyo 44 TSUSD J93BM pedusyoun A3 TBUSD I31BM

: MHSN 9U} JO SIUBTIIIIP0D _ :
sanjraodwe) 1UBTO0D pue jUsTOTJJeoo auanjesadwal yzeg g°H STARL




R inaii

L AKeg
Keff AT

x1077°C

JAERLI-M 5730

{.05

—+f—- 4 thermal groups

-~==1 thermal group

10.

i { i i i

Q. o3

|
L

200 400 700
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Fig. 4.1 Temperature dependency and the number dependency of
thermal groups on the prompt negative temperature

Prompt negofive temperature coefficient ( 1T %ec)
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Fig. 4.2 Experimental material dependency on the prompt

negative temperature coefficient
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EﬁmNSRRQ‘%ﬁT#@#BTBﬁ@148 F1ATH B2, FORNKCFHESEE
%éo?‘t@\'ﬁ, 4 4 FEE L, FENER Y ED T2, —H, NSRRO IS i ke Aak=1
DEESECRE T A ACHEIC L T, <L raRETARTFRFERFSETRYNOTTE -
e L7 #o T, HEHEEERFEORILLEEIATHED >20T, BRLETNELS
ZNEOHOMERD o, TRHD, TOBRRLBOAEHCENTH, KR I7va2Y
AKQMT@%ﬁ@Qf—ﬂﬁ%AEAiéhf,%Kzﬂaﬁﬂﬁ—%»KOMTMQ%g
hfm&%Qﬁﬁ%,ﬁﬁ®%ﬁﬁ%ﬁﬁﬂﬂmF(Tﬁmmms&EJT@C@F@%%?

EEFERBRD bh i\, & DI OB THAE L HBREETEDETA N Ty 7 X
HE DD E’é’ﬁlﬁﬁﬂ— E2i, -*Fﬁ(j?:ﬂf‘éij-— b, TIRTCHEAE T - NE LU TWITEE T — N
HCFTRLRANE NIRRT Th oty T THRAEE S, ROEXLLBHDLLEN B!
(1 WIEE S A T 7Y - DR,
(90 BEEIFERVER o - FORE,
fm.rﬁﬁﬂéﬁzDﬁﬁﬁﬁﬂaa—rﬁiam%ﬁnvf—ﬂﬁga—r®iwo
nmomquNOLhn—bﬁlULIBPﬂ~+(THEmum DFA4TTY —ERE

b )%RSI%RmKﬁUiL (UNCLBE-TH, LIBP = MU&}J%K:ﬂnTW‘ ANL - .
THbﬁmubn-—f%NbfﬂMﬁm&&LwTHERMOS\MK;}%%W%%@ukbaﬂﬁo

SRR E RO VR T, I 5 S, uAM~1:—r%mm6ﬂk@ %@&%}
ERWMBATE ST, 5475 ) ~CALESELARE-ZOT, GEESLDVGGOC -4 2~ F
(GAM—-4 L GATHERO @& - F ) T AFL, BH LT, BETH, % 2 e, 2OGGC
—4 =2 — FRATHERMOS -MUG = - P& %m%w%hfm%o

mmomfﬁ,—mxmﬁﬂ—bmummET%ubmwm zm%@ﬁﬁ%T&)%ﬁﬁ
L, ZRTHEm = —Fid, NEAZ - Fr¥yZx - maobKTmmuNAmﬂtz #%%éh
fo —IRITHI®T - VU, %ﬁ@DTFWg%W%C*BL._&EMﬁi NEA=Z~ v+
v 2= bO TWUT RAN - GUJ%W@?W* FOp Tk - PO EXTERMINATOR

-2, gﬂ% U%%@Mﬁf%@iS%Mé@VﬁﬁﬂbéCtﬁb#okgT R
GAMBLE - 5@%W%ahfh&&téf@&o ﬂ@@é%+mbXTNWJNMMR
2 EEVABECHER TN RIC DOV T X 45) TEMS AR En,

CO®WMEEL, LEO-RTEHE T - FE TR IBHMTOKEROR LM TH L, %, ER
CNSREROIFESHEZ2METLENENDoADT, E1XF»7& LT, BRECONTH
L125eVILTF, 3 0= 4rd ~AOWBRIA 75 —1C L BBAFA—HE LTI % b

GEESK #5285+ Sandia RRMC T HTRIGA-ACPRED W T ORFIE & Dl
Bid b, NSRROEEERTOADKRE I 27 » 7 THWANER?1 77 ) - TERAT
%éc&ﬁbmgkﬁ Zorlls @0t i P50 5T R SRS B OBCRETF 2 X2 b T A
BHBOBCHALLIL, BT r £ —HOL AV F ~ A 9o GHDE N EBHPEF 2N
ﬂb?AK%?é&ﬁ%é@f,C@z&ib7Aﬁm#w@¢éiﬁﬁ%%@ﬁﬁﬁﬁ,E
AR T4 7 5 ) — B ER B, PR, T k=0 A FARRBRBE ER DS



i

FAERI -M 5730

A ARBROMATCE FECEEAS THEEIRETSS 0, LLTH2XT » /&L T238eVEL
Fh GO0 Rk A F Ay G LA T AT ~H T B B

CE T bR BEREE EORIEE, GBES 55w Sandia OMER TH LA
ﬁtxﬁa<wﬁtfmaoﬁﬁ%ﬁmomfm.ﬁk@%t@(Tﬁﬂe47#2%@%@
%Tame'ai'mﬁw;f&zw TRIGA-ATPRETRIGA~mark Fit, B1ETHE~AL
5, TRIGA-ACPREBEREFT A BED v 2ERF T, FLEFETRICL TN .
Tﬁneazmm,rp9;Uﬁ”f@ﬁmomf%Lkﬁ,mﬁh%ﬁm—ﬁfééogﬁ
SR OE R A RS b5 ARG T kA ¥ —BECER>TRBOT, RIEOAT v
FTOBEEE SR OB Ao ODEKEOREERTE0ERORT » 7 THRHATHFET
b b

it [33 _

TRIGA-ACPRIEE T o8RG MARLEZSHERARER, AL 2 Lo BH
TAhMFE L TH R AR EHEREBRHEFTHREBEROFPETT, £, GGC -4 7 -V,
TWOTRAN -GG = I, % X GFGAMBLE — 5 ¥ — FO PACOM OB i HE R (B
FRBERTHRS ) KA DT, N CHBERDTRAETT .
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A AERORNTICE EROEEASTHE L THH 2, TLTH2 AT » 7 & LT238eVE
FEBOTANE —2 vy GIC LT AT T R EEET D B,

ChE TIB LN ABEREZ EOKEE, GEES #5Wwiz8andia DHEH TR LAL
BERER—BLTVE, BEGKMILCOWVWTE, RaOBA(E ( Table 4. 725 )X DOERK
% Table 51 CRLTSH2. TRIGA-ATPRETRIGA-mack Fig, #1 T TH~N%x X
51, TRIGA-ACPRPERFAMBEEO 4+ xBRF T, PLEFETRITCL TS,
Table 5.2 Ik, 1, XU fAers DERDWTRLASR, WIS bAL—HTH b, BE
PUFOEPEA NS b ARKBAL AT F 4 ¥ —HRCER-THWEOT, REDRATF »
ST EEEE S B ORM Aot DK EDREERT A0 ROAT » 7 TRET 5 FET
B b

TRMM*MERK%?%ﬁﬁMEMﬂ%EE§%@ﬁ%M%$EE%%E%ﬁLkoﬁw
TEMEE L THR LA EIERASHENTREEROPETT, 24, GGO-4 3 -V,
TWOTRAN ~GG= — F, % I (fGAMBLE —5 9 — F® PACOM~ QBB E fHE 2K (&
FRHAMIHRE ) €KL DTT, T CHBEERDTRE TS
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Prompt negative temperature coefficients for
the TRIGA pulse reactors

Temperature coefficient

(107°/°0) | Materials in
o3 gdo0C | exotcotc 8 eAEW
' .2 9.0 | Air
i
Present N3RR 9.7 9.4 ' 4 JPZ pins
10.6 10.9 Water
) g.,4 Air
TRI GA-ACPR - R
2,8 Stamdgrd *1)
experiment
TR cA-ATPRY) 12,5 o*2)
4) 11.0 *2)

TRI CA-markF

*1)  In oA report, the standardrexperiment refers to the case

- when the cavity is filled with polyethylene.

*2)  TRIGA-ATPR ard TRIGA-mark F nave no -central cavity. -

Table 5.2 Estimated values of £, and B

pulse reactors

for the TRIGA

Materizl in
lp (usec) peff a cavi-ty
31 ¢,0077% Water
Present iJSRR %0 0.0071 4 JP? pins
30 C.0C72 Air
TRIGA—ACPBS) 3(5 0.0C49 Air
- TRIGA_MPR'E)_ 39‘ 0.0070
TR SAemarkF’ ‘5 0.0075 :
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