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Evaluation of Effect of Solution-density

Formula on Criticality Parameters

Yoshinori MIYOSHI, Hideyuki HIROSE, Norio AMI
and Satoshi SAKURAIL

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 28, 1993)

Calculations of the criticality parameters have been performed for
solution fuels such as uranyl niterate, plutonium nitrate and their
mixure by use of a newly proposed formula (SST formula) of the solution
density. By comparion of the calculated infinitive multiplication
factor and critical buckling using SST formula with those by the present
formula based on Maimoni's and Burger's, the effect of the density

formula for nitrate solution on the criticality calculation were studied.

Keywords: Nuclear Criticality, Formula for Solution Density,
Criticality Parameters, Infinite Multiplication Factor,
Critical Buckling, Uranium, Plutonium, Nitrate Solution,

Acid Molarity
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D7V RGT =T A%‘é‘ﬁﬁﬁ@ﬁﬁ@iﬂ@ﬁﬁﬁﬁ%ﬁ G, BRPOY T v e Tt
= ABEE . EEEE. ROEELLHRBEOTEARY. BREEoRHEREE LIRS
BAENE L, L CTHVABROBENRE LT, T T BBy 7 = vKEK. RUNE
F o b= LKERIC DT, Burger @ & U Maimoni OFRLABRELREN LN TS,
372, U/PuiBB7KIERIC o0 TREEERAHM LicX (LMTR) BiREShY BR A~ v F
Ty ZICEBINTO B Tz, MEEKERZMENCRT 5 BAN SRR/ Y 7 A — 5 ORERR
oW TIENL DhOHERLEATNEY, L L., 20®%EREEICEd 587 SRIEHE %
L@ LmER (SSTR) PEFTREShZ oGS T 3% - T, 48T
. BREHAS Ol B2 AR MO BN 7 -4 & LT, BREEKS O TIsRBVv o1
TV ELMT R e icigEan SSTRARV T, T HRRERRUER Sy 7 ) v 7
QIR T A — 5 DIHETO., BRESFMICHT 2EEAOREER L

2. EF B K &%

21 mER

1) HFJEEL (LMT )
P=Ry*Ly_pu+Reu* Pruy = Ro* Coa(1.50x10%/Cy =3.05x107%) (2.1.1)

T,
Ry =Cy/ (CutCru)
RPU - CPu/ (CU+CFu)

Co : WHHWhov 7 EE (g/1)

Coq | MREROT b= LEBE(g/1)

Cx . BETHOLEEA A4 BE (mol/l)

Do BWHHBODI VETNL =T LEL2TY 7Y EL, RO Burger DAPS

HEENARE
Py = 1.0171+1.2944 X107 X Cy + 0.0289 XCpyx (2.1.2)
p::1.0125><pzﬁ+1.45><10‘4_><'1“—-5.()><10‘4><1025><’1“—3.6><10‘3 (2.1.3)
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95 VRUTIL =9 LR ACRMARIE ORRI AT SBE. BRBOUT V- Tt
= LB EEEE. ROEEDLEBEOTE AR, BREEoRTFEREEZITES
BSESH L, L CTRVAEROEERE LTI, I T, BBy 7 = vkKER. RUNE
T b = bR IO T, Burger @K%Y Maimoni oRLABZFLFNLNTL S,
I 7. U/PuiBEKERIC o0 TREBERAHM Lk (LMTR) SREShYBR A~V F
T ZICEBSNTV B Tz, MK ZMENCRIT 5 BAN SRR/ Y 7 A — 5 DRETRR
DN TIENL DhORERLERTNEY, L L., 2 0®RBREEICET 2§ SRIEHE S
%%Lt%ﬁﬁ(SSTK)ﬁﬁﬁf%%éﬂ%@ﬁ%ﬁﬁ%ﬁéﬂfv%% PE-T, AT
. BHEEAR OIE R AR MO BN 7 -4 & LT, BRAEIKBOTIERHVon
TV B LMT R EFicBEAN7SSTREBVT, hFREEERRUER Yy 7 ) ¥ 7
EQERIC S A — 5 OFEMETTO., BRE LTI 2HEXOEBER L

2. i B K #®

21 BmE RN

1) HEEX (LMT )
0=Ru'pw4u+Rpfﬂ%m{1—RU'Cpu(LSOXIOﬂ/CN—305XIU4) (2.1.1)

LT,
Ry =Cu / (Cy+Cru)
Rpu - CPu/ (CU+CFU )

Co : WHEThow 7 VRE (g/1)

Coq . HBEPROT V= LEBE(g/1)

Cy | WBRDOLERA 4 BE (mol/1)

Opwn: BHHOTI VETLL =T LELTY7VEL KD Burger 16

HEINIEE
Py = 1.0171+1.2944 %1073 X Cy + 0.0289 XChx (2.1.2)
;o::1.0125><pz,5+1.45><10‘*‘_><T—5.0><10‘4><1025,><T—3.6><10‘3 (2.1.3)
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Poyoy + BHPD TS vET Wb bELTA v =7 6L, OMaimoni DI
moHESNAEE
£ = 0.99708+1.65625% 107X Cpy +3.2059 % 1072 X Cppy
-5.9915%107% X (T—25) — 48706 X107® X Cpy X Cuy
~1.4217X 108 X Cpy X (T —25) —3.418X 1078 X Cpy 2 (2.1.4)

2) #eEX (SS5TA)

O = 0.99833+1.6903x107% XCpy +1.4276 x107% X Cy
+3.9956 X 102X Cyy —8.696 1078 X Co,2 —1,087 x 107 x C?
—8513X104X Cyn? —5.442X 1078 X T2—4.4889 X 107° X Cpy X Cun
—1.310x107% X CouXx T 1.564 X 107® X Cy X Cyy
~9.48TX 10"XCy XT —8.684 % 10° X Cpy xT (2.1.5)

LT,
T #EE e

22 BERRSHE

WEE Y 5 — kiR, BT L b =0 LKA, RUREEY 5 = - BTV =0 LRAK
I LT, BRSBTS AEOERN /Y7 2 — 5 Th 5P HTEHREEEK. . RUE
oSy 7)) v Bel TG Lz, BB YT = F fo i3I T b= U LD LD TR —D
DERBENTE LTt BERE ITHd 2BA/ Y5 X — 5 OFELERE L, BAKEERRPHCE
LT, Fe7 b =9 b B LEAEL S THESRT -1, /. EREZLWITTIE, BEIK
RO TIRICH O TIARRE O MR BE 210 EREE & LEVES . BRBEOHERRE Cal
Omol/l THATLEAREMOEGEE L THV B, - THBHIL Y — 220 T, KKHEOD
HABRBROBAEREER <y 71 » 70 53 L. BIEERO THEHRA S~ OB 2R
L1z,

(1) E=—-F

it RS R K, ROMER Yy 7Y v B® OBEHICIE., #EEHE - F JACS ¥R
?bmKi%ﬁﬁﬁ%ﬁhflﬁﬁ&®¢@%ﬁﬁﬁ&ﬁ%ﬁ(&MCRl%ﬁmbﬁﬂ
HEo-F : SIMCRI
PEETRER 0 MGCL-137#
747740 ¢ ENDF/B-IV
*fo. KEEHENHEROBERERRc R, BR Yy 7V ¥ 7B 5 (23 1)RAEHNT

e L, 2T, MEERICL DkE BBER Sy 7 U v b, BHEREESFCEYTHIR

EZHOIEETHIC COREREET A0 4AXLENENTH 2D T, (2.3.1) XOAFHEE 4

L LTIERENISETH S 6.6cm 2RV,

_zk
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Rc=7n/(Bc?2)lV?2 -} (2.3.1)
F i, FEERARURAEELN AR ABORERFFEOEARcE., KATHEA LGNS,

n/(Be2)t/? ABc?

o{m/(Bc?)V? -1 } Bo? RC (2.3.2)

ARe =

(2) BREISd
HEOWRE L EREE 2.3.1 IRT,

3. # B & R

3 VB SZILKEH

MBS = AKAROBKETE. RFHEKL (H/Fissile ). P FREBRBEER. BF v 7
DY ARSI KUK L 125K 3 1L6IERT,

HRREER . BRESHHTECHVLILS Cun 250 mol /1 DA TR, U7 /REAH 300
g/ 1E D EVEETRRFEERS., £ LoBETRHEEAOABHFHE LTS
([03.1.1), BESTOVERKREOK (H O) OFEBELAMEMT 50T, R EHLH/Fissile)
Y AEE A TRT (X 3.1.2),

AmEE LA EEGEL. EEEY 7 Vi Y 5 = VKB ROBEHSEE LD bECERE
THHDOT, BRFEELIS VSO TEEHBERITES T -Twb, ki, WY 7=
W GRSERE 6 %) Tid. REREL FO®E T -rMRIBAR I v 7 VBE S HICBEICHEN
L. 250g/l X D SWEEHETEREALD, 2AMTCREAERTHS (K3.1.3), £3. 1.1
55 HE S ICEROT A S FBEEEIC B T, FEER & BHEEA I L 5 HER
BAEROAEIL 0. 1 $EETHDFRBELAD o750,

TR A 75 B & P EEHAREED L. 1mol/1 7201 % HDd 5, HERRE
P56 mol/1DBA. ¥ 35 vBELSE CERTHEENIC L B PHTRIBREFREIHN 0.3 BRELS
75 TN B D, MBS L THEREABA-EIRTH L, T/, BREITHREEE Omoll
LTI AROBE &I oW EEL Shvb, M. BRICHE 5 300g/ 1B EOREI B
. WEERIC LBER/ Ny 7 ) Y7 OMEEE (ABYB2)Y 1% LUT THD, WARFREK
HEamgoiziEsonido (¥3.1.4, K3.1.5),

32 WEBTILb=oLKEE

R 7L b = v LKA O AR . BT, TR R, ROBER Ny 7 ) v
A%£3.2 1IKiRT,
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Rc=7n/(Bc2)1?2 -1 (2.3.1)
F i, FEERRURAEELARABORERFEREOEARCE., KATEHA LGNS,

z/ (Be?)l/? _ OBe?
2{m/(Bc®H)Y2 -1 } Bc?

ARc = Re (2.3.2)

(2) HREIS
HEOMRELEEREE 2.3 1 IORT,

3. # ®H & R

3 IEE Y SIIKER

MRS = MIKAEROREEE. R (H/Fissile ). PiEFRBBER. BR Y7
)y r%F 11 RUNS L1 5R 3. 1.6 1KRT,

HIREEN . BRELEHTECHVL LA Cm A0 mol /1DEHB TR, © 7 VREED 300
g/ 1 X DEVERTRRFERN, £ LoBETRHEEAOHFSHFHE LTS
(@3.1.1), BESSOEAETOK (H O) OERILAMEMT 50T, R EHLH/Fissile)
Wi A A (3003.1.2),

AmEE L EEGER. KEEY S VMY 7 = VKB ROBEHEEE LD bEBREE
ThBHDT. FRBESEVESIC O TERBERIES LT b, £/, WY 7=V
WGBSR 6 %) Tid. B Fo®F Tl -rERBEHEE v 7 ViBE & BRI
L. 250g/l X D SWEEHBTERELD. 2AMUTCREAERTHS (®3.1.3), £3. 1.1
H 55 HE D ICEROT RS FBEHEIC BT, FEER & BEEIC L 5P HER
PR ORI 0. 1 $EETH DFREBEIAD 611750,

PRI AT {75 B S EBRARRIED L. 1mol/1 701 % DT 5, HERRER
56 mol/1DIBA. w9 VEESEVEETHEERNIC L I TREREFISN0.3 BRI
7o T B DS, BB - L THBREABAERTH 5. i, MARITHRERES Imoll
LTI ARORBERE oW EEL Db, M. BHRICE 5 300g/ 1 EOBRREIKEL
. RN L ARy ) v T OMMEE (ABYB2) B 1% LT THY, BRFEIL
HERZENZED LNV (H3.1.4, B3.1.5),

392 WETILL=ILKERE

REE 7 v b =7 MOKIA T ORI ETEEL . PHETEREER, REER v 70 ¥7
%32 1IKiRd,
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BEEEL DO THEERAIE T 5 &, MERIEED 0 mol/1 KU 6mol/lDiGE . X
BREFERICENTEREELESHFREL. 723 mol/l DESIBELFHELTVS, LiL.
WEFNOBAEIEELLIZEEOEROTLTH Y (0.3 BLUT) BBBEICET SEH /A
0 ([®3.2.1), HITOMaimoni KLAEEXOREE 2 T HEEEEOREE . Nk
BEM 3mol /1 IEETHEZOTHBONL VI mol /1 20 6 mol/1 @ LT, RS
L HEOEHERFEERCLRTENEELLONS,

BF s L TR . RTEREEORHTIESE A 2 &Ml T 7 = VKEB EERIC, &
HEEFSVREETERIEEEEMFRILHS LK 2.2),

SEEE L7 b =0 0K P Pusisi % . ¥OPu 4520 % TH D, thif TUR AR
BOPu 100 % DS ERL D 120g/ 1 HEEIBESBR ATV B, - T, BFEEILORNE
ot T (R R & DBER IZIHRE v 7 = VKB OB A D L S KBTI AL, Ll Sl
rod® e Lz 500g/1 DFoEEHEEIZE T, dlETEREAROFE T L 5EE, -0.2
Bipo+0.2% OEMTHH (K3.2.3), ATEERAL., HEEESH 3 mol/l OFHTERD
RIS OB EELDNHH. 70 b =0 ABEICHT 5 OHTREMEREECHE L T, GiF
EAORICHBEE L2 L) WHRENUTEEHATOEVWEEL 61L&,

RNy 7 Y 7OHEMNEZED., GEED500g/] OBIKEKR32%TH 5. BR Y7\
YIHEAN EFCEEAR/N) 5 120g/ | fTOBEC B 2 HMBREE. 18UFTHL.
Fio. MEEEED O mol/l OEE&ICEV T, BRERIEKEE (500g/1) THRHEKE LM
meErm Lieps, (2.3.2) RickDrws ) v 7 OaEE (ABY/BE)OK 1/2470 2.2%
TH b, BRARLHICBL TEEHRETL LA ToR/NERER G, BHoEEARY
HEEXNOVTNOESEH214om E—FH LT A (03.2.4,X3.2.5 ).

33 HEEOSZIL-HEETII =T LREKER

U F e Tk = ARSI KIS EOERERE . BTERL. DT mREGEE. RUER
Ny 7Ny IEERI 1P OEIITICRT

BOWEAERICHE LTI, R 5 4 — 5/ OREKEMNR VEERE®RELTm Ui, 7V
P AEALEH 10%, 30%, 50 % K UF80 % IR STHEE ICK LT, MENERE ICHT SIEE
BERUEFEETOZELFR3.3.1 5 5/K3.3.8 R, /2. WHEOEO 0 mol /1 O ER
COWTR, BLEA0E, 0% KU 80 % DG, B X ZBRBRFEEDSPEBERNICH
NTEHOFEA LTV, BLELEMEVIOEDEBE KRG, v 7 Y RREOEESEA., 7
R SRR VR R TS B R B I EHE L. SEE R TRIECEHICHHE LT 5,
(X3.3.1)
C EEEA 6 mol/l 0B R ICE VL THRICEVEEHF THEEUENRATLAN, Thid,
BFmERORRM T~ 445300/ | LT O#EICE SN, WBEEEE LT 1 mol/ 1L TR bmol/
1 LDF— s BRELTVELDTHEEEZON D, fE-> T BBEENCL HERERE,
MBS 1 <Cuy < 4.8 T. BEHEED., 300g/ 1 THEMROL—HAEEH 1 5,
BOEHER A 100g/1, 300g/1 KU 500g/1 DE&I>0T, EEINd 2EREEOE

_47
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t%%3.5.9 »5E3.3. 14 iTmRd, €3.3.9, X3.3.11, 331305056824, 7Twb=
W LB A REEOEE . FIEERTIHIEEASR—0 v 7 YEBR U7V b=
o LG DEES FEET R FRELS LT, BIEEELL T b, —HRFEATIE., HRE
EAEC S AR EME S . BRI LB I RBAE AR LTV 5. RABROBENE
ELTH. FEETOEESSEVWEEION., YTV - T2 T ARBRIEDOVTLDER
EOEVITEEEFERT BEAIR. FEERAMV 008N THEEFALLN 5. CH
d. BERO -2 &7 BEES. HEEROBA I IFE/LE 30 # OBEHRE SN T LD
e LT, HIEEATR., SRl CLCEEO - 2ERL TV A2 5TH %o

R EADEBL NG I, FEOHMEARET HBICRAEINTOARERE K 0
mol /1 OIHBENT DT B2 &, PHETREMERICE T 2HiE 0% GREmE ~BEEL)
HERRIC I AEEREET 06 %05 +0.2% DWATH -7, T = U LBMAEICLDED
13 & 505, EOBERFIICE D CREEROFPEBERIC LTS o e RIEHSEERES
AT05 (€3.3.15-83.3.17), LirL. ChidWEERA I D L ph FIsERES 2T
VB & AR L. HETEERIC & D REBRIE AT S HR DL TR RAOKBELMO
AT > TV BE AT 5, Tho. —EOHSERT FHPRTHERICRIES SHIREOZ
SR LT, L0BLVER FERBOESCREVNSVE) 25ATVEHT LI L,
thit TR I B 1 A E 0F (EER - BHEER) FEOr -2 65 EELTH
0.2 #THD . BRESTMICHVWAEYF Lo - FOREAEETLE, AELELYTS
ABERENEFEL N B

SRR 0 mol/ | OEIEREIOBER Ny 2 ) v ERET BE, K33 1BIRT DI, o5
BER O BB R AT EVRETA D OFHE & 5D Z2WTHS, ¢ TOmEOH
SR - 3B MG + 3% DEMIKS B, At T HBEROEMAEEOMMRZZ 2HUT TS
D&~ EE OFMIC B THEd RV E A ONS (K3.3.18- K 3.3.20),

R 5 = ROTEER 7 b =0 A RS TREEIRE I D0 T BRHECAV A ARER
LLTEEES (LMTR) SHEER (SSTR) O 2BHAEY, BRI X 5 OF
ARt Lo
AHREEORERL L TR, HkRESh AP LD SOEEEEE LT 0. HIIERY
= BB T b =Y MBEAKARKEBOTAENSHELEA T B, - T BREED
CBVTHE. FEERARVACESHEE LWEELOND, Ll ERAREROERS

WIRTAR AR OMRE X, & 5\ 36 RERE R ROERHIRE & & O~ mathic B0

ﬁéunvtﬁ¢ﬁ®ﬁﬁiﬁﬂmﬁﬁﬁﬁ&ﬂﬁc |ITOBERIC L HHIRE T LT,
ﬁ%ﬁﬁ®h%mxbﬁem£k@ﬂw&%Abna

Bt - T, BRAELEFHONT ARE L VS BAN O, PHETREMERFOBREH LD

c‘/‘“@rﬂ\ll
m m

#5_
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r%E3.3.9 53 3. 14 iRk, K3.3.9, K3.3.11, K3.3. 1355485891, T/ b=
W NE(LEIRH T AAREBEEOEE., FEER TIHRBEELR—O Y 7 YE#ER TV =
v LEROBEES FRES R FREE LT, BEHCE(L TV S, —AREENTE., HRE
AT A/ ME S . IR IE I ASE VIR A I A AR LTV B o IRA B OEERL
LT, FEEROEEMAEVEEL SN, vV - A= ARSRIC DL TR M
OB E RS BBAICH. FEERAMN 50NN T3 EEL BN, L1
12, BERON -2 &5 AREBH. BEEROESIIELE 0 ZOBBIKRESNTH 2O
i LT, g, BB UL TEvERO 7 -4 2ERL TV R 5T 5.

B EADEELEANL B, REOHIMESRET SBCEREIATOAHBRE X 0
mol /1 DEBIEHT DV T HA &, PHETFEBMERICE T 2HEOxE B -BEEN)
EERIC I ZBEEET 0.6 55 +0.2 % OWEATH -7, 7= LELECLDED
135545, EVEBEREICS VD CHFEER O FHSBEBEERIC L TNS O T RS RS
AT05 (03.3.15-83.3.17), LirL. ChidEEERS I DE LV FHEERES LT
Pééé%ﬁ%b\¢ﬁ?%%$m;b*ﬁﬁ%ﬁ%ﬁﬁ%%KOMTﬁ‘ﬁﬁ®ﬁﬁ§%@®
BEIT I » TV ABAEKT 5, $/. —EOHEERRE FRPETHARCHET 2HIREO
Fiew LT, K0BLVER (FEAEOBAICRED/NSVE) Z5ATRLI LIS,
i TERE SR BT amE0E FEER -RBEER) KPEOr-2b5 58 ELLTH
02 $THD. BRESFHICHVEIEYFA e T - FORWEERT EL., GEUELTD
MEIRWEEZ OGNS,

SEEERE O mol/ | O ERBEIOER/ Ny 7Y VA RET L, K3, 3 1BIRT LI, FriE
RO HEEERIC AT, RVEETA & HOFEE B “elTH S, L TOMEDH
SEIE - 3B D + 3BDEFICH B, fE-> Ty HBROEMEZOMMBREZI 2EUTTH
DERFHHEOFMEIC S TER SV EEIONS (K3.3.18-X3.3.20),

4. #& 0>

R 5 A ROIEEE 7L b =0 MRS AKEEIRE I D0 T, BRHECAV A ERER
L LTHEEEL (LMTR) SFHEER (SSTR) © 2BMARY, BRI/ v7 X — 5 O
AREt L,

ARBEOIERLE L TR, HBEsh AP LD EOERELE LT 0. HRISEY
5o I =Y MESKEBRICBO TR SERESL TV 5, - T BIREED

%, WRERGROERE X, & 5\ 28 REMRE R RCEAGRE S SO lic S0
L. ST - 7o KA RO FEFE O BE & R, BITOBERNIC K HHIBMECH LT,
FEmEROEREHICL VARG EEL OGNS,

BT, ERELADCET 2B E VISP O, PHFREMERFOBALHE LD

45_
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WERE A THREER L VEIEFERATRESEZROCREISHERRIS BV EEL 6115,
SEOFF T, & ¥ FaaBick 3 TENSEROEEMTHERITOT . BR O A
HRRTFCh APl FREBIBEERVIER Ny 7)) v T L 0l Lco i, FERICXLSE
FRHEICIEET A CECEEE BV LD TH S,

z 4% X K

\\\
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(3) SEEEF—, FIRHISE, SR, w5y, 7k =y AERROBRITE - | (FREE L
B EREEOEE)”, JAERI-M 83-047(1983). '
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HFER TREGEHZVEIHEEATRESLEACRETHEERIS(RVEEL oD,
SEOWTC. TY FANORICK 2P TEHBEROEEN T HERIITOT. BR1EOTHE
WZERTTH 5P TEEIBEERVER v 7)) YT X 0FM L co . BERICK 5EE
ARIANCIERT A CEREEEBV LTSS,

z % X K
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4) Zirpes, MRS, fEEBE— U Y- v ABKRROERE - I HBRERSR
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£2.31 # B & B

B BHBE | MBEE | ELE | BE
(g/1) (mol/D (%) (*C)
WY 5=V RIBH 50-500 0,3,6 -== 25
(ZSEU 6%)
WEE TV b=y AKIER 10-500 0,3,6 --= 25

238py(80%)+ 24°Pu(20%)

WEy 5= BRIV 10-500 0,3,6 16-30 2
= AREKER (100, 300,
(Pu+r KRR 7V) 500 g/1)

238py(80%)+ 2*°Pu(20%)
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