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IJ.lII1till8 critical concentrationa ot aqueous nitrate solutions ot 
III1xtures ot thaile and tertile isotopea were calculated. The calculations 

were aacIe vi th the IlIM-7090 IIlDRIC neutron dittuaion cOde, usill8 34 llroup 

"tini te concentration" cro .. aectiona, and techniques l1eacribed ill 

ORIIL-33)9. (1) Results are plotted in Fig. 1 and are tabulated in Tables 

1 and 2. 

ibis report supercedes ORR!. CF 62-1.0-55( 2) and includes data tram 

tbat report. 

The calculated 11l111till8 critical concentrationa ot tissile material 

are be11eved to be accurate vithin ±~ tor enriched uranium ot enrichment 

3-100 vt '1>. The calculation overestimates the experimenta~ deterlll1ned 

critical concentration ot tully enricbed uranium (12.05 ± 0.03 II J!35/11ter)3 

by 3'1> and underestimates tbe experi .. n~ deterad.ned critical concen

tration ot 3.04'1> enriched urani\lll (20.2 :I: 0.5 II J!35/11ter)4 by~. It 

is to be expected tbat the calculationa vill prosressi vely tend to under

estimate the critical concentration vi th decreaaill8 uraniUDl enrichment. 

Experimental data are not available tor assesa.nt ot the accuracy 

ot the e>-lculated 111111 till8 critical concentrationa in solutiona COf1ta1n1ns 
232 ' , 232 

ib • The "tini te concentration" cross Bectiona for Th are expected 

to be as llood as tbose tor J!38, bowever, si.~e the Th232 cross sections . , 

resulted tram extensive studies in support ot the ORIIL ThOriUDl Fuel Cycle 

Program. 

The calculated 111111 till8 critical concentrations ot pure J!33 and 

Pu239 are ll.3 and 9.2 1I/11ter, re8pectively, as compared to experimenta~ 
deterlll1ned best estimates ot 11.23 and ...a.53 1I/11ter. 

It is recommended that current process operations sbould approa~b no 

closer than vithin approximately ~ ot the' call"ulated concentrations. 

Design studies tor processes that III1sbt operate several years tram the 

present, by vb1cb time more experimental date sbould be available, could 

perhaps allov tor maxilllUlll concentration.a up to ~7O'f, ot the calculated 

cri tical concentrations. 
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Fig. 1. lim iting Critical Conc.ntrations of Aqueous Nitrote Solutions of Fissi1 r- and Fertile Isotopes. 
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aa Ni tra te SOlutions in Il3. tural Water 

}It j\ calculated Crt tical AtOClic COncentrat1ons (atOCIa/cam-em) GItS. Fi.o1le 
R/rl33 Fiss1le Isotope Isotope 

in Fissile plus 
rl38 T\l232 rl33 p'.,239 

Fer or239 Fert11e Isotope. H 0 N IJ.ter R/Pu 

3.36 4.69 E-2 5. 33 E-2 9·90 E-3 2.43 E-3 8. 47 E-5 32.8 554 
4.67 5.97 E-2 4.al :B-2 4.05 E-3 7.87 E- 4 4.81 E-5 18.0 1240 
6 .43 6.17 E-2 3.81 E-2 2.43 E-3 5.86 E-4 4.01 E-5 15·5 1540 

9·07 6.35 E-2 3.64 E-2 1.52 E-3 3.62 E-4 3.60 E-5 13·9 1770 
18.2 6. 54 E-2 3.47 E-2 6. 44 E-4 1.44 Z-4 3.19 E-5 12·3 2050 

100 0 6.66 E-2 3· 36 E-2 6.08 E-5 2.92 E-5 ll·3 22So 

1.24 3.90 E-2 4.59 ,-2 6.64 ~-3 3·22 E-3 4.04 E-5 16.0 966 
1.78 5.1.0 E-2 4.06 ~·2 3.79 E-3 1.83 E-3 3.3) £-5 13·1 1550 + 3·03 5.88 £-2 3.71 E-2 1.94 E-3 9.14 E-4 2.84 E-5 ll·3 2070 
6.51 6.35 E-2 3.50 E-2 8.26 E-4 3.62 E-4 2.51 E-5 9·97 253) 

14.5 6.54 E-2 3.42 E-2 3.79 E-4 1.42 E-4 2.39 E-5 9.49 2740 
23.4 6.60 B-2 3.39 £-2 2.;0 E-4 7.So E-5 2·37 E-5 9.41 27So 
42.5 6.61, E-2 3· 37 E-2 1. 55 E-4 3·19 E-5 2.34 E-5 9· Jl 28Jl 

100.0 6.63 E .. 2 3.36 E-2 9·04 E-5 2.32 E-5 9·22 2870 

2.46 4.69 E-2 5.33 E-2 9.99 E-3 2. 43 E-3 5.96 E-5 23.6 787 
3.86 5. 97 E-2 4.20 E-2 •• 1.0 E-3 7. e.7 E-4 3·85 E-5 15·3 1550 
5.34 6.17 E-2 3.81 £-2 2.47 E-, 5.86 E-4 3·21 E-5 12.7 1920 

7·55 6. 35 E-2 3.64 E-2 1. 56 E-3 3.62 E-4 2.87 E-5 ll.4 22lO 

15·39 6.54 E-2 3.47 £-2 6.77 E-4 1.44 E-4 2. 54 E-5 10.1 2570 
100.0 6.66 E-2 3· 36 E-2 9·0 E-5 2·32 E-5 9·22 287c 



'l'able 2 . Critical COncentration. ot 
lUI Nitrate Solutio"" in lIstural Water 

'Jt~ Calculated. Crit1cal. Atomic Coacenttat1ona (atocia/barn-em) Gc&. na.ile 
HI,,"33 n.olle Isotope Isotope 

1n n .. ile plus 
,,"38 T!l232 ,,"33 Pu2Y,J 

Per or2Y,J 
Pertile :isotopes H 0 1/ Liter H/Pu 

3.38 4.69 E-2 5.33 E-2 9·90 E-3 2.43 E-3 8.47 E-5 ;)2.8 554 
4.67 5.97 £-2 4.20 £-2 4.05 E-3 7.87 E-4 4.81 £-5 18.6 121 

6.43 6.17 E-2 3.81 E-2 2.43 E-3 5.66 E-4 4.01 E-5 15·5 1540 

9·07 6.35 E-2 3.64 E-2 1·52 E-3 3.62 £-4 3.60 E-5 13·9 1710 
18.2 6.54 £-2 3.47 E-2 6.44 E-4 1.44 <:-4 3.19 E-5 12·3 2050 

100.0 6.66 £-2 3.36 £-2 6.08 E-5 2.92 E-5 ll·3 2260 

1.24 3.90 E-2 4.59 E-2 6.64 E-3 3.22 E-3 4.01;. E-5 16.0 966 
1. 73 5.lD E-2 4.06 E-2 3·79 E-3 1.83 E-3 3·J;) E-5 13·1 15;;0 

3·03 5.88 E-2 3.71 E-2 1.94 E-3 9.14 £-4 2.84 £-5 ll·3 2070 
6.51 6.35 E-2 3. 50 <:-2 8.26 E-4 3.62 E-4 2.51 E-5 9·97 25J;) 

14 .5 6.54 E-2 3.42 <;-2 3.79 E-4 1.42 E-4 2.Y,J £-5 9.49 2740 
23.4 6.60 £-2 3· Y,J £-2 2.50 £-4 7.80 E-5 2·37 E-5 9.41 2780 
42.5 6.64 £-2 3· 37 <:-2 1.55 E-4 3.19 E-5 2.34 E-5 9. J;) 28J;) 

100.0 6.03 £-2 3.36 £-2 9·04 E-5 2.32 E-5 9·22 2870 

2.46 4.69 E-2 5.33 £-2 9.99 E-3 2.43 E-3 5.96 E-5 23.6 767 
3.66 5.97 £-2 4.20 E-2 4.lD E-3 7.57 £-4 3.85 £05 15·3 1550 
5.34 6.17 <:-2 3.81 £-2 2.47 E-3 5.66 £-4 3.21 E-5 12·7 1920 

7·55 6.35 E-2 3.64 E-2 1.56 E-3 3.62 £-4 2.87 E-5 ll.4 22lO 

15 · Y,J 6.54 <:-2 3.47 E-2 6.77 <:-4 1.44 E-4 2.54 £-5 lD.l 2570 

100.0 6.66 £-2 3.)5 £-2 9·0 E-5 2·32 £-5 9·22 2870 



-7-

REFERENCES 

1. J. P. Niellols, Soluble Neutron Poisons as a Priaary Cri ticall ty 

Ccntrolin Shielded and tontained Rad1ochelll1cal lacill tie. , ORIIL- 33:>9 

(July, 1962). 

2. J. P. !licl1ola, Lilll1ti!!§ Critical Concentrations ot Bltrate Solutions 

ot Enricl1ed Uranium and tJ235_'l'h232, ORIIL c:r 62-10-55 (October, 1962). 

3. Personal 0 ml cation, E. D. Clayton, IIAPO, to J. T. 'l'hoaas, ORNL . . 
(*y, 1962). 

4. V.:i. Neeley, et a1., !.ot'l'hree We:lght Per Cent u235 Enricl1ed 00
3 

and 002 (NO~ Jlydro§eneous ByatellS, BlI-66Be2 (September, 1961). 

5. F. E. WOltz, et al., !luclaar Safety Guide, TID-7016, Rev. 1 (1961). 

6. Personal C __ m1 cation, E. D. Clayton, IIAPO, to J. P. !I1c11ols, ORNL 

(October, 1960). 


