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PREFACE 

The use of the loose-leaf form for ARH-600 has permitted easy addi
tion and modification of data. A loose-leaf notebook, however, can 
only be filled to the point at which ring holes begin to tear out be
cause of restricted movement. The amount of data accumulated in the 
first voliime of ARH-600 and new data expected to be added in the near 
future has required the expansion to two volumes, and the re-distribu
tion of data between the two. The expansion into two volumes without 
overloading one has temporarily required division of data at a some
what awkward location, the middle of Section III. However, completion 
of the U-233 part of Section III and the addition of data to Sections 
IV, V and VI as time permits, will probably require the addition of 
a third volume. At that time, it is hoped that the data can be re
distributed more artistically. 
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III. HOMOGENEOUS SYSTEMS 

A. PLUTONIUM SYSTEMS 

B. URANIUM-235 SYSTEMS 

C. URANIUM-233 SYSTEMS (SEE VOLUME III) 

D. MIXED AND MISCELLANEOUS SYSTEMS (SEE VOLUME III) 
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III. HOMOGENEOUS DATA 

A. PLUTONIUM SYSTEMS 

1. Correlation Between Calculation and Experiment 

2. H/Pu versus Plutonium g/I Relationship 

3. Critical Sphere Dimensions 

Earlier graphs within this and following 
divisions have the percentage by weight of the 
major fissile atom (Pu-239) as the fourth 
identification number (e.g., III.A.3.97-2 would 
signify the second graph showing data for plu-
tonium containing 97 weight percent Pu-239). 
Later graphs have been modified to set off the 
weight percent by parentheses. III.A.3(97)-2, 
in the interest of clarity. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Critical 

Critical 

Critical 

Critical 

Critical 

Critical 

Material 
Factor 

Cylinder Dimensions 

Slab Dimensions 

Mass - Sphere 

Mass per Unit Height - Cylinder 

Mass per Unit Area - Slab 

Volume 

Bucklings and Infinite Multiplication 
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UNCLASSIFIED III.A-2 ARH-600 

BASIC PLUTONIUM CRITICAL PARAMETERS 

Metal 
(2) Full 

239, Minimum critical mass, kgs ""'̂ Pu 

Infinite cylinder, diameter inches 

Infinite slab thickness, inches 

Minimum spherical volume, liters 

Homogeneous Solutions (3) 

239 Minimum critical mass, g Pu 
239 
'̂ •̂ P̂u - H O 
239 
•̂'''Pu(N03)4 " ^2° 

Infinite cylinders diameter, inches 
239, 
239 

Pu - H2O 

Pu(N03)4 - H2O 

Infinite Slab thickness, inches 
239, 

239 
Pu - H2O 

Pu(N03)^ «2° 
Minimum spherical volume, liters 

239, 

239 
Pu - H2O 

Pu(N03)4 - H2O 

Minimum critical aqueous 
concentration, g/1 Pu 

Reflection 

5.425 + .027 -̂"-̂  

1.7 

0.28 

0.28 

Full 
Reflection 

531 

547 

*** 

6.41 

*** 

2.44 

*** 

8.3 

Bare 

10.2 

2.4 

1.1 

0.51 

* 
Bare 

905 

*** 

9.15 

*** 

5.30 

*** 

16.9 

7.8 + 0.3 (H/Pu = 3392 + 100) 

* 
** 
*** 

(1) 

(2) 

(3) 

Reflector is water unless specified otherwise. 
0.125 inch thick stainless steel container shell. 
There is no minimum value for theoretical Pu - H_0 solutions 
unless a maximum concentration is assumed, see pages 
III.A.4.100-3, III.A.5.100-3 and III.A.9.100-3. 

W. U. Geer, D. R. Smith, Measurement of the Critical Mass of a 
Water - Reflected Plutonium Sphere, ANS Transactions Vol. II 
No. 1, 1968. 

H. C. Paxton, J. T. Thomas, Dixon Callihan*-E. Bj-Johnson,-^^ 
Critical Dimensions of Systems Containing U, Pu and U, 
TID-7028, 1964. 

C. R. Richey, Theoretical Analyses of Homogeneous Plutoniiom 
Critical ExperTments, Nuclear Science and Engineering; 31, 
32-39, 1566. 
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UUCLASSIPIED III.A.1-1 ARH-600 

III.A.l Correlations Between Calculation and Experiment 

The primary means of producing the data in this section has been 
•with the combination of the GAMTEC-II and HFW computer codes. The 
GAMTEC-II code was used to produce l8 neutron energy group cross-
section sets which were then used in the HFN multigroup one-
dimensional diffusion theory code to calculate critical sizes, 
extrapolation distances and material bucklings. A thorough analysis 
has been made by C. R. Richeyv-^) using this method to calculate the 
effective multiplication factor for critical experiments. A 
selection of these are produced below: 

Geom. 

Sphere 

Cyl. 

II 

Reflector 

Water 

ti 

Bare 

It 

Water 

II 

11 

M 

II 

It 

It 

Bi g/l 

33.0 

hl.9 

39.0 

172.8 

26.33 

28.63 

73.0 

ll̂ O.O 

268.0 

11.1̂.7 

U5.i^5 

io 2i<-0 

h.6 

k.6 

k.S 

k-.6 

0.5^ 

0.5^ 

h.6 

k.6 

k.6 

1.5 

1.5 

Molarity 

2.061 

6.698 

0.376 

1̂ .898 

0.806 

2.553 

0.165 

2.238 

1.084 

2.058 

2.091̂ -

Calc. Kgf^ 

0.999 

1.005 

0.997 

0.993 

0.998 

0.997 

1.001 

1.001 

1.001 

0.98^6 

0.9T39 

Remarks 

Ik in. dia. 

Ik in. dia. 

15.2 in. dia. 

15.2 in. dia. 

Ik in. dia. 

lit- in. dia. 

11.2 in. dia. 

11.2 in. dia. 

11.2 in. dia. 

11.6 in. dia., ht.=12.28 

12.8 in. dia., ht.=10.3ij-

(1) C. R. Richey, "Theoretical Analysis of Homogeneous Plutonium Cr i t i c a l 
Experiments," Uuclear Science and Engineering, January, 1968. 
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Richey found that as the height of the cylinders increased 
the agreement between theory and experiment became better, 
approaching a least-squares-fitted value of k __ equal to 
1.0086 for infinite cylinders. ® 

The dimensions shown in Section III.A have been calculated 
with the GAMTEC II - HFN combination for k ^- equal to 1.00. 
The comparison with experiment shows that tnis can sometimes 
be slightly non-conservative. Dimensions which are less than 
critical with some degree of confidence can be obtained by 
reducing the calculated critical values to values equivalent 
to k r:r: equal to 0.986 for spheres and 0.980 for infinite 
slabs and cylinders. (See page II.B.1-6) Critically favor
able values can be obtained by adjusting the critical values 
by the appropriate safety factor given in Section I.C. 

The buckling and extrapolation distance curves (Section A.10) 
are derived from GAMTEC II - HFN calculations and can be used 
for calculating general geometries other than those represent
ed by the curves for the simple sphere, infinite cylinder and 
infinite slab. It might be noted that the use of the buck
ling and extrapolation distance curves for these simple 
geometries may give a somewhat smaller critical dimension 
than the geometry data shows. Since each geometry has a 
slightly different extrapolation distance for the same plu-
tonium concentration, the graphing of all data would result 
in an unreadable mess of lines. Therefore, only the most 
limiting extrapolation distances were used in Section A.10 
for each particular solution. 

Revised - 7/10/69 UNCLASSIFIED 



III.A.1-3 ARH-600 

Ad.justments of High Plutonium-?liO Snlutinn Pa.r-ampt.Pr-c; 

The parameters calculated for plutonium solutions containing plutonium 
isotopes higher than Pu-239 have been shown to be non-conservative (l). 
Under certain assumptions, it has been common practice to perform plutonium 
solution parameter calculations using only two isotopes (Pu-239 and Pu-2Uo). 
The normal assumptions are that the Pu-239 represents the Pu-239 and Pu-2i+l, 
and the Pu-2i+0 represents the Pu-230, Pu-2i+0, and Pu-2l+2. The parameter 
studies made in III.A of ARH-6OO used the two-isotope approach. Correlations 
reported in reference 1 with solutions of high exposure plutonium with 
weight percent composition of Pu-238 (0.2), Pu-239 (i+l.̂ t), Pu-2i+0 (U2.9), 
PU-2U1 (10.8), and Pu-21+2 (U.7) show that the two-isotope GAI4TEC II -
HFiI calculation with the above assiimption will actually be low by up to 
four percent in k-effective if the effect of Am-2Ul is included. The results 
for a number of computer codes and cross sections are shown in the table. 
(Since the effect of Am-2Ul was significant and the cross sections were not 
available in the original GAMTEC II set, the effect must be determined from 
the other calculations.) From these correlations it is apparent that the 
parameters calculated for plutonium with PU-2UQ greater than 5 weight 
percent must be interpreted with caution. To safely use these parameters 
one of the following assumptions must be made: 

1. The Pu-2U0 shown on the curves must be assumed to be only 
Pu-2lt0, not both Pu-2lt0 and Pu-2l+2; and the Pu-239 must be 
assumed to represent Pu-239, Pu-2ltl, Pu-2U2, and Pu-238 
(if any). 

2. If the PvL-2kO shown on the curves is assiimed to represent 
both Pu-2lt0 and Pu-2lt2 then the parameters shown on the 
curves should be decreased by an amount commensurate with 
the Ik shown on the graph, page III.A.1-5. 

R. D. Carter, "Criticality Parameter Calculation With High Burn-up 
Plutonium Solutions," ARH-SA-135, November 7, 1972. 



Cross Sec t ion 
Soiirce 

Code fo r 
k c a l c . 

Pu K / 1 

ll*0 
I l 6 

99.26 
75.61* 
65.12 
1*0.58 

lUo 
116 

99.26 
75.61* 
65.12 
1*0.58 

lUO 
116 

99.26 
75.61* 
65.12 

, 1+0.58 

No. 
I s o . 

5 
5 
5 
5 
5 
5 

3 
3 
3 
3 
3 
3 

2 
2 
2 
2 
2 
2 

C a l c u l a t e d k - e f f e c t i v e 

GAMTEC I I ( O r i g i n a l ) 

HFN 

1.01*35 
1.01*63 
1.01*1*0 
1.01*12 
1.0396 
i ; 0 3 9 3 

1.0329 
I.O33I* 
1.0303 
1.0263 
1.021*1* 
1.0239 

0.9770 
0.9797 
0.9772 
0.9735 
O.971I+ 
O.968I* 

KENO 

1.01*101.0079 

1.01*98+. 0060 
1 .0 l*60+ .0071 
1.01*051-0059 

i.oi*ii*+.oo6o 
1.01*191.0071* 

I.O367+.OO68 
I.OI95+.OO57 
1.02591.0059 

0.971*61.0059 

0.9836+.0078 
0.9692+.0070 
O.97I+3+.OO5O 

GAMTEC I I 
(ENDF/B I I ) 

HFN 

1.0395 
1.01*06 
1.0365 
1.0308 
1.0273 
1.0215 

1.0271 
1.0266 
I.022I* 
1.0155 
1.0123 
1.0057 

0.9872 
0.9886 
0.9856 
0.9798 
0.9769 
0.9693 

GAMTEC I I 
(ENDF/B I I 

w/Am) 

HFN 

1.0280 
1,0297 
1,0261 
1.0215 
1.0183 
1,0138 

0 ,9761 
0.9782 
0.9758 
0.9708 
0.9683 
0.9620 

Haxisen-Roach 

KENO I I 

1.1013+,0069 
1.05951-0071 

l,06!*3+.0079 
1.05291.0060 

I.O8I+9+.OO70 
1.051+91.0076 

I.0289+.OO71 
I.0I+15+.OO7I* 
1.0621*1.0061* 

1.01561.006I* 
— 

O.9731+.OO65 
I.OO23+.OO67 
1,0115+.0058 

GEM 1* 

GEM 1* 

O.993O+.OI3I 
0,9920+. OO9I* 
O.982O+.OI36 
0.9922+.0l l*l 
O.979I++.OI33 

0 . 9 8 6 9 + . o n ? 

0.991+3+.0100 

0.9789+.0122 
0.9955+.0199 
0,9755+.0107 
0.9670+,0135 

HAMMEE 

HAMMER 

1.0356 
I.03I+I 
1.0311* 
1.0298 
1.0277 

1.0158 
1.0193 
1.0176 
1.011*7 
1.0132 
1.0118 

0.971*6 
0.9799 
0.9791 
0.9771 
0.9757 
0.9730 

HAMMER 
w/Am 

1.0167 
I.O23I* 
1.0228 
1.0213 
1.0203 
1.0186 

0.9622 
O.968I* 
O.968I+ 
0.9676 
0.9666 
0.9658 

GAMTEC I I 
(ENDF/B I I 
w/Am) 

DTFl* 

I.O2I+9 
I.O26I* 
1.0238 
1.0189 
1.0152 
1.0101 

0.9736 
0.9768 
0.9739 
0.9696 
0.9677 
O.96OT 
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III.A.1-6 ARH-600 

Plutonium In Soil 

The critical parameters (k = l.OOO) for plutonium-water-soil systems 
were calculated using the GAMTEC II - DTP IV combination with eighteen 
group cross sections. According to Hansen and Clayton (l) this 
combination calculated experimental plutonium systems above an 
H/Pu = 25 with a slight conservatism, but in under moderated systems 
the results compared very well with experiment. The dry soil 
composition (representing Hanford area soils) and densities for two 
void vol\imes, 30 vol^ and 1*0 vol^ void, are shown below in atoms per 
barn-centimeter and g/cm^ respectively (2): 

Nuclide 

0 

Si 

Al 

Ca 

Fe 

Mg 

Na 

Dry Soil Density 

30 Vol^ Void 

.032860 

.Oli+070 

.0012i+2 

.000966 

.000552 

.000516 

.000273 

1.701 

1+0 Vol^ Void 

.028166 

.012060 

.001065 

.000828 

.OOOi+73 

.OOOi+i+3 

.00023̂ + 

l,i+58 

For the saturated soil systems the void volume is assumed to be 
completely filled with plutoniiim containing 3 wt^ Pu-2J+0 and water. 

(1) 

(2) 

L. E. Hansen and E. D. Clayton, "Critical Parameters of Plutonium 
Systems," Nuclear Applications, Vol. 6, p. 371-390, April I969. 

K. R. Ridgway and R. D. Carter, "Criticality Prevention Parameters 
of Plutonium in Soils," ARH-2622, October 5, 1972. 



III.A.2-1 AEH^600 

III.A.2 H/Pu Versus Pu g/it Relationships 

The calculations for the critical parameters for homogeneous 
plutonium systems were taken from the following H/Pu relation
ships : 

For Pu nitrate solutions: 

„/„ 26,539 - 638.T X Molarity of Excess Nitric Acid „ . . . H/Pu = ,^^^ 9.606 

This equation was derived from work performed by C. R. Richey 
and G. M. Hess. 

For PU-H2O solutions: 

These are essentially earlier versions of the equations on 
page II.C.3-2 and actually only differ in the round-off of 
niimbers and in the fact that the newer versions take into 
account the variation with Pu isotopic variation. Neither 
would significantly affect these calculations. 

These equations are shown graphically on page III.A,2-2. 

Revised 4/7/72 
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H Z î --.+::: :± S : "-T + T ' Kt. : ::: s ^ T i d S + v i l S i i t a S \ -^H-H > + 4 i t + + ^ *, 
S T : T ^: ^ .:+: Itt... ..:: : It : ::: • 4: t - i - . . . it__s __ , •.,. 1̂11... i . t - -X-.. 
H : : . : „ ; ; " : : " S : : ? ; " " " T " i " ' ' ' , " ' ' _ 
St ^ \ 'J" I t \ H \ .s___ '••.,..., , _ I 
ffi^ X- X ^ 'V I 
gu :__t:::::::: : :_j:: : : : i : : ::t:::::;:::; : : : : : wi + s !. , . i t__4,ttf ., :•; , _ ._. 

q , V. ,..5_.;^ 1 = 
i t i t 1 s •. n ^ 

- i -T XXl T " " + " S j : '••• t •• 
_ . T : "" :: ; f ;:,, :::::,:: \ :::: . ,, i '' u 

*' il -— — -•"""" 
r ' , 

. ^ 4 "'.1 1 
j : 1 1 

! • • . 

. 1 ' ' i i 1 ! 1 1 

__L—L J a ^ - L - :: 111 L [L _^. 
|T . , 1 1--1 -J 4_.|-|-L.-.| jj= y. 

I I I 1 { ! 1 11 
1 H 1 4-U--L 1 - - - ^ ^ + + 4 l i .+ .4 ™ 

-i-t- l l t j 1 1 1 M P 
y^+- + Mt-i + -++-- +f V 

'ITIIIIIIill 1 1 1 1 1 1 M 1 
L U T O N I U M , g / 

1 1 1 1 1 1 I I I I I I I I I I I I I M l i i i i i i i i i ' i i i i i i i m i i i i i i i i i iiiiii 1 1 miiiiii 1 1 M 1 11I I 

IIMMIIIi I I MIIIIMM!lllllllimlllllill!lllllillllll!;illlll!ll 
1 

: 1 c R i 
1 
i ' P L U T O N I U M 

X IXTI No Exc 
GAMTEC I I 

i 

"H-pr 

«fi. 
^d^^ Lr' 

' t ' V ' ^ , - -
• ,-ri . t®5t-,^' 

M^Vc. - ' ' 
ll iHT ..-TnT 

TICAL SPHERE 

NITRATE - 20 Wt% 240 

e s s N i t r i c Acid 

- HFN C a l c u l a t i o n 
t t 

— x : : : : : : : : : : : i [ j , \ 

1 ' 
t 1 T 
1 1 1 1 TT TT 

X 1 H !I 

T T 

T, 

,'•' \ 
*̂ •' 

; 

" " " ^ ^ l O ^ '. ••• 
- r . t ,^^ J^:;;'!: :: :: : 

1 ^ M " . . . i ^ ' ' , ^ + t t ^ 
jrt-^-, 0 '^-

± . . . i . . .M^" ^^3J--r: 
(̂  *• ^ 

: j ^ ' zz : 
- - " " 1 1 

J ^ ' " - - T 

t t+t ' t • •• 
• r\f\ I 

— ; " + r t ^ ^v® , , , l l l . , , . ' •• ' 
•ae^^ iU4+tTT .. 1' '-ti u - . , iiu+rr 1 

J 1 ' A \ ' ' V . 
•f*̂  L 

i- ••''̂  

- = ' ' ' 
. . 1 : : ; : ! . . 

1 

l : : : : : : : : : _ : : : : : : 

* - ' ' T 1 

^-•• . t 

1 
l[l[t 

c z o 
> 
w 
en 

td 
D 

> 
U) 

00 

o 

> 
m 
I 

O 
O 

10 20 30 50 70 100 200 300 500 700 1000 



26 

24 

22 

20 -

18 -

16 

14 

12 

1 — 1 , , ' 1 ' 1—TT 

( 1 
• ^ r U T i 

M M 
M i l ' ! M 1, : 

• ! 1 1 1 1 1 1 
i 1 ' 1 ' i 1 1 1 
j 1 1 1 { : ; 
' • M ! 

M l ! 
M l M l ' ! 

• M I 1 ! l 
1 M ! i 
: 1 M I 
M i l l 

i 1 M 1 i 
1 1 ' I ' 

1 i 1 i 1 I 1 1 

' 1 i 1 1 ; 1 1 
; ; 1 1 i 1 : 1 
1 I j i . . 

' 

- _ 

C 
I 
E 

^ 

- 0 

- & 
0 

1 

' • 

" ' ' ' ' 
iT 1 1 : I ' 

•1 1 1 1 1 
n ' ' 1 1 
iA 1 i 1 1 1 1 

a MltdXT 

g ^ t i i m 
3 -f-H-HHi 
"- I I I 
i l l 

M M I M 
' 1 1 

' 1 ! 1 { 1 ! 1 

-\-^ 1 i i—-L 
M ! M i ; ' 

1 i 1 

1 i j 
I ' M 

J ! M i 1 1 I 
M T • 
1 i i M 1 1 

I 1 M h ' 1 i 
--H-f-pH-pT 
-i^Trl't+T 

. M 1 1 1 1 1 

iVH-h ' l i l l . ' ' 1 
1 1 I ' ' ' 1 1 ' ' ' 1 ' 1 1 1 1 1 1 j 1 1 ' ! 1 1 ! ; j i 1 ' 

1 i 1 : 1 1 ! 1 j 1 1 ' ' 1 1 ' M ^ ' 1 ! 
\ \ 1 1 i 1 1 1 1 : 1 ' ' ' 1 

[ j l l ! 1 ; 1 j 1 : 1 i 1 1 I I I 1 h 1 ' 1 
II 1 ' 1 1 ' 1 1 ' i 1 { 1 i 1 1 1 1 ' ! ' 1 1 ' r 
| l ' \ ^ ' ' > ' i | i : l ' ' ' ' 
I \ ' '1 ' ' 1 ' ' ' ' 1 1 i 1 ' ' ' 1 . : 1 ' 1 ' 
1 111 ' 1 ' ' i 1 ' 1 i ' ' ' \ 

111 1 IV ' 1 
l\ 1 l \ 1 
11 1' ' \' 
1 \ \ ! l l 1 

L L | T \ I i 4 -L i i _ L 4 ^ L i l : 
1 1 1 M i 1 1 ! 1 i 11 i' 1 i 
1 1 1 I j J i ! 1 L i i 
1 1 1 i ; 1 ' ' 1 ' . 1 ' I 

'vV \ • • • • 
\ \ iV i i ! ' I 1 •, : : . . 
V 'V ' \ l 
11 i \ i \l 

\ | \ i ; ; \ 

111 \ K 
• 1 \ ' \ 

-p \ i \ 'P 

' M l ' ' H ' i 1' ^ 1 ' 1' 
1 ' ' 1 > 1 ' I ' l l 1 M 1 1 ' ' 1 ' 
I I I ! ' \ ' '' ' ' j ] ' 

V 1 1 1 1 1 1 1 ' • • • 1 ' 
1 1 . \ 1 |\ 1 1 \; 1 1 1 ; ' 1 ; 1 . 1 ' . 1 ' 
1 i \ i M ! \ ' 1 I 1 i 1 1 1 1 1 M 1 

\ 1 \] ! \ 1 i 1 ' ' ' ' 
| ! \ | 1 ' l \ ' ' ! > ' 1 ' ' j 
11 \l N ' ' \ i M ' i ! i ' ' ' ' ' 

I ; \ l\; 1 \ 1 ' ' ' 1 ' ' 1 ' r 1 ' \ \ | M i ; , 
1 i ; 1 1 \ 1 1 \ ' 1 i 1 ; ' ' 1 . • 1 i ^ I 

1 1 \l i \ Nl ' ' ' ' ' '' ' 
1 t \ 1 \ i \ j 1 i ' 1 ' 1 ' 

' 1 \ ' \ ' ' M\l 1 I 'M 
' \ ' \ ' \ ' ' ' • 1 • 

I I I \ \ 1 i ^ i . ' < 

i 1 \ \'W s. M M 1 
h i M \ 1 l\ l 1 \ M lill 1 1 ' 1 
1 1 

i 
1 i ' ! 1 1 

J \ 1 Pv 4 M 
JlJl^vlU^ji^iRUi^ 
i^tdj^-d^Mtr'r "\ \ ' K ' i 

1 ' 4.1 iHv 
N X iHl W r. ' rr \ \ ' . N L i i 'v 1 u J 

'1; ;• 1 ; M pv, M 
ii II 1 M s V I 

M M ^ r\L\\ I ' M \ ii "H 
Ml \ " n 11 1 M M 1 1 1 .̂. 11 P 

^=[^hRTf4ff=-+=-=ttte-F 
'j'i iM ! ^ + - 1 - - " Ml 
T'-fi+^T i 14 1 U^ J -L I t^Uu Q 
; i 1 M ' : 1 i 1 1 | i M i l 1 i : ' I 4 M 1 
i l l ! ' ; . M i l l 1 ' ' ' i ' ' 

T-^i ' M : 1 h UVr T^ tHT^ fMT 
^+--4T'~fnTi"l"fn""TiIT Tfiir 

1 1 i M II1 {1 1 I I 1' i l l ' 

iir::iliLTi iI'iilLi|4|:..|i l l . i l X i - l i.-!-L!U 1: iU.IU. 1 ' 1 

' ' ' ' ' I 1 1 1 ' 1 ' ' Ll ' 1 
• r iI ii M' 1, M i M 1 1 ' i \'' 1 PLL 

' ; . ' i ' l '! ' I ' M I I I 
' • • M ' i i ' M ' M I J M ' M _ L M '11 

1 • \ M i ' 1 M M 1 M " 1 i l M GP 

' ' ' 1 ' ' ' '' ' ' M ' ' ' 1 i i 

'M'T 1' 'P'' i ' IIIf M '^ ' 
' ' '' 1 '' [• ' ' r 1 1 ' 

' ' ' ' ' ' '- ' i ' ' ' 1 ' ' M ' < 
' T T ' l l ' 1 lii IMII I ! ' ' 1' 1 1 M 1 i i M I I I 

M . ! . 1 1 hi : || : i i t ' l l 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1 1 1 

1 1 . ll '1 1 '111 ill: 11 .1 1 1 1 1 1 1 1 1 1 ' 1 M 1 

1 ' i l ' il V\ i M ' l i l ' l i l l i t 1 1 1 1 
' M T! TI f' t- I il r i ' ' ' ' M 1 ' M ' '' T' I'M'' i > ' 1 i j 1 i M ' i ' 
M ' ' 1 i 'MI 'I'l J M M' 1' '1' 1 ' M M i I I 
' , 1' M ' ' i '' 11 ' 1 1 M M M 
< 1 ' i 1' M 1 '11 '1 M 1! T il 11'' t 1 1 1 M I I I 
i : i ' 1 ill i l l i i' Ii M ' ' < 

M't t T'M ' I'l 1 M M 
lfMjl[dM;||M 
1 :1 M 1 11'' l|j; , MI'MIM' 1 .11 ' 1 ' 1 1 M 1 ; 1 1 ' 1 i 1 I I I 
1 1M ; |{ < I'l ji 1 ' |,' '|ii llij If ' 1 1 1 M 1 M 1 I I I 
1 'i 'M 1 'Ni l i I I I M l 1 r 

1+1̂ ' ' M ii'1 M i-Otv* 
i M^fUJi Mil ' I'M' M ' ' 11 -HM 
[ ll i^.j LiiJ_^ 1 ll i 1 j i 1 i i j . . - - - - T -
1 Mil 1' p! MIII 1 11 'Il'l! 1 11 M 
. II1 'i 11 1 ' 1 [ 1 11M ll il 1 1 1 1 1 1 1 I I I 

1! : l 4 M l M ' : i ' r i : 4 ' M | . 1 __ .i.li i.l: L_Ji;j"illll 
C R I T I C A L SPHERE k^M 

a^! I 1 
TONIUM NITRATE - 15 Vy t% 240 pM 1 

No E x c e s s N i t r i c A c i d i f l l 

iMTEC I I - HFN C a l c u l a 

1 M 1 ill 
I ITIIM r tnltil M ll 

1 1 M '' M M : 1M 1 11 l''l 1 
Mj . ._ _|_ t i 1M MM I I 1 j 1 1 1111 1' 1' 1 

' H i 
1 |ll 

1 1 11 
1 1 ' M'' M 

1 1 1 1 [ 1 111 ' ' i 
1 1 1 1 1 1 i j ' ' 

' i r 1' 
! il 1 ' 

I I I 1 1 1 111 M111111 
1 ' H ' 

M 1 ' 
1 

~n Mi 11 • ipfnl 

' 
1 -^T^—T"^! it-14*1 M M / > ^ J -r" 'ni M ' 1IJ 

' AeC^4M=.-^-'"ITLllJll^ 
^ iJ- i - " ' IMOI^ I N 
u j ^ |.._-.m J 
1 1 1 1 1 1 ' 'v O '^ 1' 1111 

M+fHt+^*ieC^'"alJtt!H 
^ ^ "^^^Ml+f^ffl^ 

^xJ^ _.j>H+tirj III 11' iiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiii 1 1 n i l 1 , A " ' • ^ , • j .HTi II 111 MIIIIII 
M i il M ' 
nr\\ i i iM i ' L 
'• I- rn It' 4 i\ MM -Wn rfrlrfilK-"' ''tHi*ltiiliiirili''l:l'i 1 1 1 l4dd- '̂- —^^"tM-

.il 'IP II ' i'li I I "iH^H ' M ' ' 1 1 1 1 
[TH JH 1 1 ' \-\ 1' ' 1 i 1 M 1 1 ' 
1 r"̂ *̂ ' 1 1 1 r Mr 1 1 M . i ! 4 I I I 

THHfinM44mMTrTt[j:-::i^^itrf 
Mi Ii p I I j Ji'TrF'rr'il 1 i 1 -111 h " 
lill l| 1 1 1 PT.TTTOMTTTM rr / I liliilH M II 1 II '^•'-''-'iUINlUM, g / l 1 1 1 

u.4r 1 ' ' 1 j -+ rn 1 . II". 

i 
i J 

!t 
1 1 

1 
rtl 1 

1 MA 

Mi 
1 
'' 

''1 
! 

MS Wi 
t i o n 4,|i 1 

T i i * ^ ! ] ] '(Ii ^ 1 

E||iPpi 
- T 1 |i|Jii^N| 1 
•' iii t t t ia 
..,' tll 

1 ' .MM T i . a M Lil in .IE. SE 1 ij J 
IJQ I 1 

utinitliijirt̂  u s I 
J1 1 i M 'll ' i i J 

i'iU tJ 1 JT Mijilr j 
1''Mii*TtiMM 

iM! 1 1 i 

.. ,. ^ .1^ J. . . Jifi L . L i 

m"-'- """*Pfjr!' h | 
1 1 i| 1 M ' ' '' T 

Tii iiiitij II 1 
J 1 1 M ft 

•+t -lllil 
1 1 I ' l 1 ' 
]] n I J' ^ I 

t t i i T t l •r\'] I I ~ 1 i 1 M 
I I " - V V < - ' " ' 1 1 1 1 ll I l i l l 

Mj j r -^^ " ie t ' ^® lM 
- v M o ^ lou^i^mli 

i i . , v \ ^^ ,,ixi-M+mln 
t""M '̂ M il 1 
T t t l i 1 ll I'tt n 

M r " ' j j - - - 1 M i l 1 11 
- H " ^ ^ = - T ^ - - - | ^ 4 ' ' + - ^ 4 | H t t | { ^ l l - i + . . } • • 

iTl TT^'MT^"'''[ Mlrn̂ MMM ̂  Ii 1 
Ti i fh i ["""mTTPTTHr "t̂  ] " " 
1111'' 1 I Ml llllil'iil j 

10 20 30 50 70 100 200 300 500 700 1000 



24 

22 

20 

18 

16 -

14 

12 

10 

i 1 , ' ' ' ' 1 111 I i l l l l i l M 1 1 M 11 l l l l ! ' | l i ' T ' " i r ' 
1 1 ' 1 l l M 1 1 ' ' 1 i 1 1 I I 1 1 1 111 11 ̂ 1 1 1 1 1 i M 1 M 1 1 11 1 1 1 1 1 1 1 , 1 I I I . ! . 

M l Nil 1 M 'N 
1 i l i l l \ 11 1 h 1 '1 IMT hiMl 1 M 1 M 1 1 N M M 1 11' 

M i l 1 ' 1 1 1 r 1 1 ' 1 1' 
1 ! 1 1 1 1 1 1 1 11 11 k I I ! ' 1 1 I i l i l i i l l 1111111' 1 ' 

M 1 1 1 M I'i M M11' 1 M M M i l . 1'' {1' 1'' 
1 1 M 1 1 1 1 ji 111 1 1 M i l l 1 111 1 111' 
1 M l l | l l l i i i \ l l i l l l l i l l l j l 1 IHIII 

1 1 N11 1 M M 1 1 M 
1 1 \l 1 1 1 1 1 1 
1 1 I I 1 II 11111 \ 1 l l \ 1 1 1 M 11 1 Ml 1' 1 i 1 i I 
. M ' i i r l | \ M l i ' ' ' I N 

1 1 1 i 1 M 111 Al ' M 1 1 ' ' 1 11 11' II 
1 1 ' \ 1 "I 1 1 < ' < 1 

1 1 1 11 \ l\ 1X ' l i l l 
l l I I 1 11! 1 \ l i \ l 1 l\l I I 1 1 M I I11 ' 111 M 1 1 1 M 

i l l 11 11 1 \ 1 1 1 1 ' 11 11 
M 1 i 1 1 1\ \ n \ 1 ' 1 ' 1 1 1 i1 

1 ' 11 \ M\ 1 M 1 1 ' 1 
M | i { ' \ \ i l \ l i ' 1 

1 1 M M 11 i 11M 1 11 1 l \ i 1 1 I , 11 1 1' 1' 1 
1 • M 1 1 M 1 1,1 '\ 1 1 [ 1 1 (V.l i M 1 11 1 i 1 1 1 , 1' 
M 1 i Nl k M \ 4 , 1 ' i l l 
M \ P 1L 1 ' 1 

\ M N1 ' 11 . M r 
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'̂ "F "-=E 3 •- S cEE 
1 t i N 1 t^4=m ^ 1 J \ \ U|_-_f_J \ j . _ | 1 1 

1 1 I I % 

: , ' " ^ 1 tffl 

I 1 ' ,JS> 
1 1 • LI' • ^ 

1 ! ^ ' ss" ' ^ • M B -
1 i_f_ _ i_ | ' 2 - ^ 

H^^-tii >n \X\ 
^-r~z,^ y- — r. •y.^ -/^ - 0 

^ ^ m ^^ ^2 ^^ -Z ^ ^2 •^ ^ 5 ' 

^^ 
^ • ^ 

^^ 
J 0 

/ la aHHHds IT 'T" i - i 0 1 1 1 1 ! 1 1 1 1 1 i ' 1 ' ' ' J j 

J -
(M 

CVJ 
(M 

O CO 
H 

J -
H ^ 

UNCLASSIFIED 



UNCLASSIFIED I I I . A . 3 ( 9 5 ) - 3 ARH-600 

^ —z 

m 
| i 

== 

i ! 

— 

^ 
•^ 

^ "̂̂  
" 

^ 

-

1 
E 

E 

~ 

— 

m III 

0 § 
•H 

ffi^ •:: 

H 1 M EH 2 ; 1 " 

S S M ^ R &I H -

*r^ r i 

^ t i 
' 3 

CiJ 

i s a 

i__-
L.-

1 1. 

i= 

II 

1 
~ 
= \ 

- : 

— 

f' 

=M 

= = 

= = 

— 

n^ 

,^ 

E 

— 1 

_ 

_ 
1 

1 
= 

1 

— 

= 

— _ 

_ 
i 
1 
= 

1 

— 

> 

s ! 

— — 

_ 
1 
1 
1 

1 

— 

, 

u-

l i 

I I 

E| 

,,̂  

E 

= 

— — 

_ 
i 

1 
1 

1 

— 

-1 

—1 

—. 
1 

1 
i 

1 

— 

^ 

~ 

— — 

_ 
i 

1 
— 

y 

^ 

= 

— — 

1 
1 

i 

— 

/ 

= 
— 
u 

= 

= 

/ 

^ 

= 

= 

1 

/ 

,^ 

/ 
/ 

y 

^ 

^ 

— — 

1 
1 
1 

E 

— 

, / 

/* 

^ 

— 
= 

1 

1 

/ 

, 

^ 

1 

= 

—' 
—' 

_, 
1 
= 
1 

1 
— 

^ 

= 

-— — 

_ 
1 

1 
1 
~ 
^ 

— 

/ 

= 

— — 

_ 
1 
1 
1 

1 

M 

y 

~ 

= 

^ 

1 

i 

/ 

* 

"%' 
f. Vi 
•"l 

• CH 

- M 

/ 

p . 

1 

— — 

.' 

i 

_̂  

1 

/ 

i i 

— 

= 

„ 

_ 

? 

m 

— 

«) H 
iH 1 

/ 

v i . 

« -
T ' 

— 
i 
1 
= 

E 

— 

'XXX •PTfl-j.'TOivTfr rram^Tfl 
t _ l _ U - ,_ L . L_J 1 1 L ^ L J L U _ 

^ 

j i 
=f 
m 

== 

- -

-^ 

== 

J 
3 ::: ?-

1 

-

= 

1 
= 

_ 

-

^ 
1 
1 
1 

1 
— 

0 

'e 

_ J 
=? 
=-

^ i 

- = 

— 

' 

i 

— 

_ 
i 

1 
^ 

i 

— 

-. 

i 

— 

_ 
1 

1 
i 

1 

— 

1 

— 

— 
1 
^ 
1 

1 

-— 

-J 

E 

— 

1 

1 
i 

— 

= 

— 

_ 
1 

1 
= 

E 

— 

i 

~ 

= 

— 

I 

1 

E 

— 

= 

— 

1 

1 

— 

s 

— 

s 

: M^ 

^ 

1 

— 

1 
= 

— 1 

• 

0 
0 
0 
H 

0 
0 
t -

0 

0 

0 

0 
0 H 

t -

0 

n 00 

0 

,-1 
OJ o 

CM 

00 \o ?) CO 

UNCLASSIFIED 



£L£L "T — 

\_ 

< 
A 
c J 

o n 1 _ _ ' , . _ f c . 

^^ I V H 

""" " "̂  
" : : " : : : : : : ; ^ 

' L 

t ^ V 
n q 1 . ,, 
J-o S 

: : : : : : : : : : : j \ 
. _ Lk 

V 
• L. _ L. 

a V \ 
_ - H ^ . ^ 

_ ^ s _Q? ^t^ 
Tf̂  . § ,_ $ 
-•-O _ H k- L-

% \ \ 

1 .̂ ^ 
Q L 

: " """ : ' > 

^ 
Til . 5 i 
-•-̂  .w 

12 T ~ " " l - -

- - _ 

i n 

i- . -L ^ „ 

A t TT <" 

J- 1 i IH J 

' \ l ^ T J l "" " 

L I 
> ^ t t 

V '~ ^- + - -

i : ? : : " "" : : :::::::::::•: ;• t::T; ;;;:• 
> 

.. ^ , 1 1. 

s_ .s \ _ _ + i, n 
__: .._\^ J t • • 
: - r - - r - - ; t - " ; ; - - - ; - - - - ; ; ; ; - ; ; ; + •;;•• ;; i 

1 l ! l i i l l l l l 1 
j 

! M 1 1 1 i l i l l lMIIIIIIIINIIIilllll l 

CRITICAL SPHERE \ \ 
PTiininwmM mrpnAmiP -i. u+rf o k n ^̂^̂^̂^̂^̂^̂^̂  ™ 

UAMl'JiC - II - HFN Calculation 
1 

1 M TInTy>f-1 Pnt.Pr5 

! ^ TV 

\ 

1 j | | | | | | ] | | I I I 1 1 1 1 1 1 1 X ' U J - J . . . c i O V , J . J , W X X C V , U X U 1 I NIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

\ M 1 MNMn>illllMIMIIIIIIIIIIIIinnillllllllllHlllllillll1i|lllllll 1 M M M M II IMHMII 1 
:, 5 . , 

v.\ ! , . , , , I. ., 
\ A \ : ' . _ . ! . . .„ i. . 
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'Mil i i IMfJtH+t; 4 
fi rPTi t \\ 

t 1 
U i 

1 i[: [ r 
: m n: 

T1 m [L 

IDI E •• 
10 20 30 50 70 100 200 300 500 700 1000 



.. .</> 
(/> 1A • UJ 

' * 5I 

0 " 

H 
' CO 

12 ^ -
• M 

8 

' ' 

s 1 

: i^ 
1 

_̂  
1 

t 

• • • • 

H 
1 tm 
W^ 
1 1 

1 11 ^ 
IN IIH ^ 
Kin n S 
llyli ^ 

it lyiiU \ ^ tUlmlii I 
Knm K \ 
IrUlii ^ s 
WmN \ S 
lllil i\ 
nm\ ** 
K I E 4 t ' 
Rj K ^ 
r r" L 5 

t vis 

-X 'x 
5 L 

P 

JlilJ ' 
Full H 

• T " " : M I : 1 

r 1 

I : 
1 

t 
1 Un 

«. ,. 
refle 

-. mi 
M T 'M.,... . yz 

••'...fft 
4 

^r"^ f: - - : • • • • : , 

: : i : : : : . 

X--ffltv ' ! ' ' • • 

\ ^ " ^ 
, 4 , 1 

TJ'. 
J l/l 1! IL 

2O Reflectic 
Im 
n 
iiiiii 

cted 1 
i l II 1 11 L 

llllllllllllllilllllllllllliiilillllliillil'll 1 1 1 lllllllllillilllllllillililiiilliiiiliiliilllllllll 

I CRITICAL INFINITE SLAB 

I PLUTONIUM IN FULLY SATURATED SOIL 
3 Wt%240pu ,n pu 1 

3 
^ 0 Vol% Pu-HjO i 

30 Vol% Pu-HjO 

GAMTEC II - DTF-IV Calculat ions 
^ Ref: ARH-2622 

IMHL l " H^o Retect ion m 
" j j j ^ [^ J. 

" Z " ' " 
J 
T 

j 

,,, ... 

.. 

PLUTONIUM, 
u n i t iiiiiiMii 1 1 1 1 1 

1 

_ ' • M 

- = ^ : ^ ^ t t b 

- ., 

9/1 
I I I I I I I , 1 1 F 

. 
• • 

' 
• 

II 

n 
n 
n 1 n 
Ij 
n 

" s 
l ^ ^ - I 

._^,. 

i - 4 
IF---: 

' - - T 
"•- iX^v. 

^^Jx ...... :-. ', 
- : - . M l . 

M mnow iiniMJ 11 
HTMi l m+my rMffl iiiiiiiiiii-SLn4.iiiiiiiiiiiiimj 

„ -: 
: : : : : : 1 \ 

-

• • 

h 
• • 

. 

Ill 

K 1 - -

> 
(0 

> 

at o o 
10 20 30 SO 70 100 200 300 500 700 1000 2000 5000 10,000 



UNCLASSIFIED I I I .A .5 (100 ) -1 ARH-600 

J -

M 

" — r 

Ep 
—r 

1 1 

1 
\ r 

M 

—T 
1—|-

1 

1 
1 

1 
H' 
1 1 

rr. 

1 

rMMJi 

• p f ' ' 

:[ 
:1 -f 

0 
J -
OJ 

pq-E^ 
< -p k 

§ 
•H 

°l 

^ 

0 
•H 
-P 
a 

<>H 

few +5 (U 
H g g 0 -p 

: a I I 1 1 
1 , 1 1 

1 

p 

l b : 
-\— 

1 

~ 
— 

1 1 
1 

,y^ 

"j 

, 

^ 

^ 

^ 

~ r 
— 1 ~ 

j 

.^ 
' 

h 

—4' 

—T 

{ 1 

4i 

L 

. i ^ r 

"LI L 
M L 
n r 

1 1 1 1 ! 

P 

I Z I 

-'— 

^r" 

-4" 

1 

~ 
— 

i 

zzz 

— 

^ 

^^ 

-

^ 

— h 
— p 

1 
' r 

1 

^ 

- p 

I l l l 

1 1 

P 

4x1 

-|— 

^r 

^ I * 

L̂  

1 

]x! 
• — ' 

^ 

-—' 

1 : 

-

^ 

X 

— 

^ 

-

-

• • 

1 

~ 
-
z 
"̂  

i 

z; 

— 

-

' 

' 

^ 

X 

X 

— 

i 

I I 

— 

._ 

<'' 

^ 

= 

™ " 

-
pz 
I— 

= 

~ 
— 

> 

-̂  

1 

__ 
= 
zz 

— 

^ 

iz 
— • 

' 

' 

f 

1 

— 

/ 

In;: 

1 

— 

y 

s 

~ 
~ 
—; 
—̂ 

1 

z; 

— 

,̂  

^ 

~ 
X 

~ -J 

i 

— 
— 

Z' 

^ 

t^ 

k 

~ 
^ 
P 
— 

1 

~ — 1 

^ 

~ 
E 

_ 
— 

1 

,' 

^ 

^ 

r 

X 

"~ 
_ 

7 
X 

-

'^ 

m 

'~ 

5 

i ; 

— 

x" 

^ 

5 

^ 

^ 
I 

~ 
= 
— — 1 

t 

qi 

^ 
y 

~ 
E 

~ 
— 

3 

7 

_ - - H 

•̂  

^ 

" 
— 
_ 

-

1 

~ 

^ 

^ 

i 
1 i 

^ 

1 
1 
1 

s i 
. 

/ 

3 
E 

^ 

iXi 

( 

/ / 

E 

-

' 

1 

3 

1 ^ 

/ 

orao 

T l 

-M 
- + M 
—M^ 1 li ~ 
= 
^ 1 — 

5 
=1 

— 

~ 
X 

~ 
— 

1 

1 

1 
1 

^ ; 

i 

z 

— 

r' 

,* 

/ ( 1 

1 

~ 
— 

7" 

J 

1 

X 

~ 
— 

^ 

^ 

I I 
a 

~ 
r 

~\ 
— 

= 

± 
3 

3 
z 

z 

— 

J 

X 

X 

_ 

1 

1 

1 

• '\ 
& 

1 

= 
= 

—' 
—' 

/ 
y 

/• 

1 
/ 

1 

z 

^ 

/ 

1 
i 

( 
1 

i 

z 
— 

/ 

a 

„ 

1 

~ 
= 
z 

— 

i 

z 

— 

i 

1 

/ 

3 

1 

1^ 

•UT 'ssaMoniji avis 'a'aiiDaiiaH' iTiM 
L-L.. i... i_ l_ , . .., ,. ,_ u L-L_ L_ i _ i_ L_ L. 1_ u L_ u _^ u 

==1 
C 

E 

1— 

a 

t 

1 

I 

~ 
= 

— 

— 
— 

1 

Mi 
— 

D 

i 
3 
X! 

—' 

1 

Z 
- j ' 

ST 

" 
— 
__ 

1 

l u 

" 
— 
— 

E 

— 
— 

^ 

., 
? 

~ 
E 

— 
— 

1 
~ 
— 

JSE 

~ 
= 
zz 

— 

1 
~ 
— 

n 

~ 
= 
x: 

— 

/ 

i 
z 
— 1 

i 

m^ 

1 

/ / / / / 
u\_ 

'• ML \\\V\ 
\ / 

i 
m 

tztzLz 

1 

""MM+M 
T T 

1 

pp 

-IMLIL-

^ 

1 

1 / / 1/ 
1 

= 

x: 

= 
~ 
— 

= 

_ 
E 
XI 

__ 

= 

~ 
X 

n 

__ 

1 
1 - -1 

^ ; 11 1 ou 1 
1 

/Mtx 

¥ 
-

E 

E = 

z; 
__ 

i 

—1 
—1 

r i i M ^ 

3 
3 

E 

\zz 
1— 

^T^^ ^ 

O 

O 
o 

o 
o 

o o m 

o 

o ro 

CO <M 

UNCLASSIFIED 



10 " T T T ' T "• 
X \ 

± ^ JT ±"ix:""'" V V""^ 
- • ' - - V - - r -

T "' 

\ """ 

9 x X t r i X ^ 
r " " 

-Z~A:::::z.yzz. 
J . , . . . 

__ _̂ . 

+ --....-!,..--° — J - - - r - - - - -
^___, .^ _ - J - - - - ^ A 

\ - -T-
_y 

^ 1 

' 5 -- r; 
" A' ;. . 3 

rj. ' S' 4 . . . 
7 -

CQ ' 

p3 C 
S 
CI 
u 
rt 
tP 

r £ 
3 
M 
CQ 

5 x " -

h 

O _ 

1 , l l l l l l l 

L 

3 
L T 
3 " 

- + 
^ 

V S-XM::: : : :4x:: : : : : : : : 
3 x x x : : 1 5̂  ^ 
^^ s 
s \ V ^ 

s -^ _ M:: ... 
\ ^ ^ 

A X - \ - - + -
s s ^^:— _^.-.:!,,..Mi4"" 

X x : 4 
\ --M 4 
Xs - - -S_ T... . 

^s 4 - -.S, 
. ! > . . . . 4 , :: 

^ s 
' s 1 
. +.. , 

-^ _ 4 X . ••. 
- - - = ;; 
xx444:::::::::x::::: 

:::,, 

. 
''. ':: : 

" 
; ' 

1 

• * 

m 

u 

i ifc 
CRITICAL INFINITE SLAB 

MENAL (ONE INCH) WATER REFLECTION 
PLUTONIUM NITRATE - 0 m% 2i|-0 

GAMTEC I I - HFN C a l c n i a t i o n 

•E:.i;::::;;;;:;:::z6Hz:::::..:::;::;:::L.::::4':i 
• l l i l l l l l l l l l l l l l l i l l l i ; . M i i i i i i n i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

M{\\\\\ ' ' 
sL nw 

Ulli 

3T0HIUM, g / l 
UlliUlll. . 1 . 1 1 L .[ .1. I 1 1 

X X' _:::::::::•: .«• j ' 

-It J, 

J l T 
^ • ' 

f 4 r. 

CO 

fed 
H 

H 
H 
M 

> 
V/l 

O 
o 
I 
ro 

O o 

10 20 30 50 70 100 200 300 500 TOO 1000 



UNCLASSIFIED I I I . A . 5 ( lOO)-3 ARH-600 

lilllllillllilllllllllilllllllWf1lll111lI^ 1111 M 11111111111 ll 111111111 IIM 11 M 1 i r r i 1 M i/ii 111111111 M M i/ITTI 1111 II I N — T g g j |T^^gd^z jda—I j - |—]4TI | | 4 4 | 1 | l-H~fT"MM~qN 1 1 H^J 1 N ~ j 1 1 r r i — ^ ^ ^ ^ ^ ^ ^ H -

Fttffl l « " s i' H"S"HH M-̂  fffl 1 H . f ^ 1 1 i^ 1 1 1 1 "̂  M^ « 1 • 1 MD M M-* ^ 1 S « ' 11 i P i S ' ^ 
r̂  ^ LJ Mu 1 1 m , Ei 5 ^•^ u J M 1 ° l l l i l t-J r> V ^ 1 1 1 1 1 1 1 1 1 "̂  11 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 . .n 1 1 1 1 1 1 1 1 1 1 1 1 1 
H S R M ftj « W 

1 r ^ ^ ^ M J I ' 1 '~1 1 
1 ^ j 5 I t i i i c 3 i * J l i i i iJ l I M I I i l i l i l i l 

^ ^ M^ L~< r̂  / 
#H III i 11 i 11 y^=j^^j^a j^^ j^d=f f l j^ J1J44MJ ti^-^ Im \\\\\\\\\\\\ \\\\\\ \u 

1 M / / 1 / / 4 1 / . J H 1 4 ' 1 : 1 M M 1 i~^ 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /I 1 1 1 1 1 1 1 1 1 1 1 1 i 1 J 1 1 1 1 1 1 1 1 1 1 1 ,, hn 1 
/ N 1 J ' / 1 -. 

/̂  / s^ / p 

"1 ' i i ^ ^̂̂̂̂^̂̂̂̂  ' w lllllllllll̂  
II III 

=^=^ - . ^=^ I ^ : : ^=^=^Z^=^4^3 :^444=^=^=^=^^=^^=^=H=H=^444-H/ 'H M" =^4i X 4 4 H ^ ^ T 1 ^^PMi^^fP^ WMl\\W\ 
m^^MHx^r^^H-^---^^^'^'^^fl^-^fflflMH1--^-M^^x^^ffl-^^MM+^f-^ yl J 1 / f 1 1 1 1 i I i 1 1 1 1 1 1' 1 1 1 1 1 1 1 1 1/ 1 1 1 1 1 T 1 1 { 1 J'̂  I l,'.l 1 M'.,. ... " \J 1 .'1 '." 1 11 1 M i 1 1^ 

Un 4 I4 I'l J'l 4f 1 Kl J'' M Ml M^ M M M r i M M Ml M l U'^ 1 
MH MM M I .K UH1 M-n M M l UH n ' N-1 t 1 

r 4 4 T n ~ " i M n T = 1 T n n l T ^ T T — ^ T T T — ^ 4 4 — T T ' M T T T — M i — ' in 1 
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III.B-1 ARH-600 

III. HOMOGENEOUS DATA 

B. URANIUM-235 SYSTEMS 

1. Correlation Between Calculation and Experiment 

2. E/U versus Uranium g/l Relationship 

3. Critical Sphere Dimensions 

Earlier graphs within these divisions have the 
percentage by weight of the major fissile isotope 
(U-235) as the fourth identification number 
(e.g.. III.B.3.97-2 would signify the second 
graph showing data for uranium containing 97 
weight percent U-235). Because the use of 
fractional percentages made the page number 
difficult to read, later graph identification 
has been changed to set off the weight percent 
by parentheses, III.B.3(97)-2 , in the interest 
of clarity. 

k 

5 

6 

7 

8 

9 

10 

Critical Cylinder Dimensions 

Critical Slab Dimensions 

Critical Mass - Sphere 

Critical Mass per Unit Height - Cylinder 

Critical Mass per Unit Area - Slab 

Critical Volume 

Material Bucklings and Infinite Multiplication Factor 
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III.B-2 ARH~600 

BASIC URANIUM-235 CRITICAL PARAMETERS 

These basic values are taken from references which would 
normally be used as bases for standards. ARH-600 values 
compare favorably. 

METAL 

Minimum critical spherical mass, 
Kg ^^^U 18.82 g/cm^ 

Minimum critical spherical mass, 
Kg 2^^U(93.5) 18.8 g/cm^ 

Infinite cylinder diameter, inches, 
2^^U 18.82 g/cm^ 

Infinite slab thickness, inches, 
^^^U 18.82 g/cm^ 

Minimum spherical volume, liters, 
2^^U 18.82 g/cm^ 

(4) 
HOMOGENEOUS SOLUTIONS^^ 

Minimum critical mass, g ^^^U 

Infinite cylinder diameter, inches 

Infinite slab thickness, inches 

Minimum spherical volume, liters 

Minimum areal concentration g/ft^ 

Minimum critical aqueous concentration, 
g/l 2^^U 

Minimum enrichment for criticality. 
w 2 3 5TT vo; 

Full 
Reflection* 

21.85^^) 

22.8 (2) 

3.0 (̂ ) 

0.586(1) 

1.16 (1) 

820 

5.63 

1.93 

6.1 

390 

11.8 

.034 + 0.010 

(3) 
Bare**^ ' 

47. 

4.5 

2.2 

2.7 

1400 

8.5 

4.5 

14.0 

.̂ 520 

t% ^̂ '̂U _ 

Minimum enrichment for criticality for 
UNH solutions, Wt% ^^^u'^^' ' 2.104 + 0.010 

* Reflector is water unless otherwise specified. 

** "Bare" solutions have 1/16-inch stainless steel reflector, 

W. H. Roach and D. R. Smith. "Estimates of Maximum Subcritical 
Dimensions of Single Fissile Metal Units", ORNL-CDC-3, 
October, 1967, (reflected metal systems). 

(2) 
G. A. Graves and H, C. Paxton, "Critical Masses of Oralloy 
Assemblies", Nucleonics 15, No. 6, 99, June, 1957, (bare 
metal systems). 

Revisea h/TXj^ 



UNCLASSIFIED III.B-3 ARH-60 0 

H. C. Paxton, et al. "Critical Dimensions of Systems 
Containing ^^^U, ^^^Pu and ^^^U", TID-7028, June, 1964, 
(for all "bare" systems unless otherwise noted; 
solutions are U(93.2)-H2 0 with correction for H/U re
lationships of actual solutions). 

J, W. Webster. "Calculated Neutron Multiplication Factors 
of Uniform Aqueous Solutions of ^^^U and ^^^U", ORNL-CDC-2, 
October, 1967, (for reflected UdOOOzFa systems unless 
noted otherwise). 

H. E. Handler. "Measurement of Multiplication Constant 
of Slightly Enriched Homogeneous UO3-H2O Mixture and 
Minimum Enrichment for Criticality", USAEC Report, 
HW-70310, August, 1961. 

S. R. Bierman and G. M. Hess. "Minimum Critical ^'^U 
Enrichment of Homogeneous Hydrogeneous Uranyl Nitrate", 
ORNL-CDC-5, June, 1968. 
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UNdiASSIFIED III. B. 1-1 ARH-oOO 

III.B.l Correlations Between Calculations and Experiment 

The data for 3 weight percent uraniijm trioxide and 93.2 weight percent 
uranyl nitrate in this section was obtained by the GAl-lTEC II (ref
erence l) and HFN (reference 2) codes. The GAMTEC II code was used to 
produce l8 neutron energy group cross-section sets that, in turn, 
were used in the HFN one-dimensional diffusion theory code to produce 
critical sizes, extrapolation distances and material bucklings. Un
less otherwise indicated, the material bucklings for the other enrich
ments and the k^Q and migration areas were obtained frcm the GAMTEC II 

- code alone. GAMTEC II utilizes a special averaging technique to cal
culate two-group constants, one broad fast group and one thermal group. 
From these two group constants the code calculates the material buckling 
and koQ. 

These parameters for low enriched uranitim and the correlation of the 
GAMTEC II code to experimental data have been reported previously 
(reference 3)« 

The migration areas provided by the GAMTEC II code are high compared 
with those calciHated using HFN material bucklings and GAMTEC ^OQ. 
When using the GAMTEC migration areas and material buckling, a keff 
within one percent of that calculated using HFW migration' areas and 
material bucklings will result. Therefojre, these GAMTEC 2-group 
parameters are included until the more accurate GAMTEC-HFN calculations 
for desired enrichments are Justified. 

The calculated effective multiplication constant of critical experiments 
obtained from GAMTEC II - DTF IV (reference k) (l8 groups) are also 
shown in this section. These results are included to show the calcu-
lational accuracy of the DTP IV code using multigroup constants of 
uranium provided by GAMTEC II. 

In some cases, comparison is made with data from the criticality hand
book issued by the United Kingdom Atomic Energy Authority(5) and is 
referenced as AHSB(U.K.) or U.K. 

(1) L. L. Carter, C. R. Richey, C. E. Hughey, "GAMTEC II," BKWL-52, 1965. 

(2) J. R. Lillie, "Computer Code HFN," HW-715^5, I96I. 

(3) K. R. Ridgway, "Calculated Critical Parameters of Low Enriched Uranium," 
ISO-17i4- and ISO-SA-4, 1966. 

{h) K. D. Lathrop, "A Fortran IV Program for Solving the Multigroup Transport 
Equation with Anaisotropic Scattering," LA-3376, I965. 

^5) J. H. Chalmers, et al, "Handbook of Criticality Data, Vol. 1," 
AHSB(S) Handbook 1, (1st Revision), I967. 
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UNCLASSIFIED III.B.1-2 ARH-oOO 

GAMTEC II - HFN and DTF IV calculations of critical experiments are 
listed below: 

K-Effective 
GA]\D?EC-HF1̂  GAÎ CTEC-DTF 

ORNL-TM-1195 U(4.98)0^Fg 901 g u/l 

15-39" I.D. Cylinder 40.04" high O.989 O.996 

ORNL-2968 u(4.89)gOg In Sterotex 47-9 g U-235/l 

Bare 24" x 24" x 18.8" O.995 0,993 

Full HgO Reflection 20" x 20" x I3.I" O.988 0,987 " 

ORNL-1926 U(93.2)0gF^ 

20" X 20" X 2.75" Full Reflection, 
3^7.7 g U-235/1 0.9951 

6" I.D. Aluminum Cylinder 35.^3" high. 
Full Reflection, 83O.9 g U-235/l l.OOSO 

10" I.D. Aluminum Cylinder 5-17" high. 
Full Reflection, 830.9 g U-235/l 0.9773 

10" I.D. Aluminum Cylinder 15.17" high. 
Bare, 83O.9 g U-235/1 1.0028 

ORNL-3973 U(4.98)0gFg 9IO.I8 g u/l. Bare 

19.99 I.D. stainless steel (.020") sphere 1.004l 

15.5" I.D. stainless steel (.03I") bare 1.0042 

ORNL-2367 U(93.2)0gFg 331.^ g U-235/1, 10" O.D. 

Alumintim (4/16") Annular Tank, Full Reflection on 
Outside Except Top 

4" I.D. filled with l̂ Ô 9-37" high 0.9973 

4" I.D. with air 10.87" high 1.0491 

4" I.D. 20 mil Cd sheet & air 12.56" high I.0300 

4" I.D. 20 mil Cd sheet & H^O 17.87" high 0.9754 

UNCLASSIFIED 



III.B.2-1 ARH-600 

III.B.2 H/U Versus U g/Jl Relationships 

The calculations for the critical parameters for homogeneous 
\aranium systems were taken from the following H/U relation
ships : 

For U-H2O and UO2-H2O solutions: 

Both the U-H2O and the low enrichment UO2-H2O 
relationships were calculated from the general 
equation on page III.C.3-1. The U-H2O relation
ship is shown graphically on page III.B.2-4, 
The UO2-H2O curves are shown on page III.B.2-6. 

For UO3-H2O solutions: 

This relationship was taken from the H/U relation
ship shown on pages III,B.2,2 or III.B.2-3. It takes 
into account experimental data in the H/U range from 
5 to 8. 

For uranium nitrate (low enrichment) solutions: 

The curve shown on page III.B.2-4 was used. It 
takes into accoiont denitration at high densities 
and results in lower H/U values (above about 300 
g/£) for a given density than would be calculated 
by the general equation in section II.D.3. The 
resulting curves of H/^^^U are shown on page 
III.B.2-5. 

For U(93.5) and U(lOO) nitrate solutions; 

The general equation on page II.C.3-1 was used and 
therefore no denitration effects were calculated. 
The relationship is shown graphically on page III.B,2-4, 

Revised 4/7/72 
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4tt p[4444l4444t4l4441iT4ll4ll4l4tfl4~M~Hl M44t 444444 PM 44 MiM#ia JBM=ii|=||4 
PMilllP-llxixpiSMMPlPiXP îilMiMiM^ 
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Fill IIIII 
AA"^ "VA\ 

** 1 14 

^n II .. uciu r^«»i»..io-f:MM 41 ipnPu ml 
44 14 r I 1 1 tti n 1 

i 
it i M l l D 

1 1 1 i il i 
i i 1 1 ll ! 

i i ' 1 
1 
1 T 

-y •"! t t -F i -4t •!•• 
1 i 1 

1 1 i ' 

± ± T - I - I T X L . T I Id.i 

!4 m 

4 41 
"̂  j 

r t 
u U 
l i+ i 

XX I 4 
- . 1 . u . . . . . j . . i . . i i . i . i , . . | . . . ^ ,. ll 1 
X_. _L ' 4 F 

1 

i 

1 
1 1 1 1 

i i M 1 ' 1 1 1 
' I I 1 

1 I i l l 
' 1 i 1 

i l l H 
, fr 1 

Jnref lected - f ' - - f f i - 4 l U T I 
^ ^ • . • • • \ 

- - ^ = = P = " - + M - ^ - - t t T + T ^ T M 4 - ^ t ' • *" r 
1 1 

4 4 4 ' T t K "• • 1 1 - 4 4 - 4 4 4 
-. .. Pi' T"^p-M 4-4'•• ,:: W 1 1 1 IX 1 » , M lT4- tUd d i ' I M2U Hetlection 4 p X l j | i i t t t * ' ' 

M 1 i 1 Mill 1 ™ L Ml 1 11 MM ri+-4-a.i 1 . ^ . l i iU iVt rm llllll 1 
- ^ Z J M U J t4fM|df ^ - 4 | i 4 - - T 4 " " " - —= = 

1 ' 4 4 ' • ili'i ^ 4 ' 1 
! 1 nil! 4 ^«^ j i ! 1 

ni l i i i i i i i 
1 4 4-

t : : """"t E""E:E4 UR 

llillllill 

ANI l 

= ==.. , 4^r- - t t^ : : : iT i . |MEL+-. -n i . .M 4 
4 i "̂'~ r '''' I 

X"""ti t t t T dp" 
I I I ' 1 1 1 1 

illllillllillllllllillllllll 1 1 ' T ^ 4 L Fu l l H . n R A f l n r t i n n i i li 1 4 1 1H Ml l U M 
•• • 1 •* T *• • 4-- \ 
J M . g / cm3 -p " " t TTt-t-|-j_( 

i~ 1 I4l 1 il ! 
- ' 1 '• 1 1 1 44 111111111 I . .4+1 
11 mllllUHIII'H- 1 nt 

44l«4ttffl-
1 Millil Hii 

.01 .02 .03 .05 .07 .3 



' • IPX " I H I P -LL XP 
X 1 ' 1 1 I \ 

\|\ \ L , 1 1, 1 1 ' ' 1 \ \ \ 1 4 
i \i \ \ 

I V \ 

• ""p|| \t Pi"^" 
1A I..L I P ' 1\ 1 \ M 

I X l\ \l \ 
1 \ 1 \ \ 

\ \ \ 
\ \ i \ i I 
\ i \ 

1 1 4 1 \ L 1 
14. i 1 \ \ 

1 ! \ \ 

i"~44ni:]i4 ""irt 
I M \ 1 

i l l 1 1 . , i \ 

C 1 1 1 1 1 1 \_ 
.— I K n .; . 1 
**i 
UJ I M X 
1- : 1 
l " J—^^ _ M -
S 1 

; <Ep ii ixxxT""4 XE" 4 - Q - - I - - 4 4 -4-

—u-i—1 "i"-4 

s 

1 
' i 
1 L 1 " 4 ~^^—^— 

A 

4 —"^-- n .:_:-

1 M ' ' 1 1 M III ' ' F "' 

' ' P 
1 1 , . 4 i 1 1 , i! 1 1 

r 1 " I '41 "4iMtpFi 4x4 1-4+ 4EE+4xtt'4 + x4 4 pit is (- -,--H ^ J - f - 4 i ^ 4 4 4 - t . f t l t 4 4 , - - , l - 4 - 4 j l ^ . 
i l l ' J J ' ' X .I'll 11.]..,.,.,. 

! 1. ' ' 1 ir . ' ' 1 111 
X .1 X l 1 4 1 II i 1 1 11 
i .1 ii M . 1 1! 1 1 III mill 

y 4 1-̂ 4 i ^ - ^MMipPPd 
tS----4-4-4-4ltt - 4 4 4 X P 4 S ' 1 1 11! X il I 

X F I X I ^ I t i l t l 
4->.X - I z L . I i . - X X X M Ml 

\ : \ , '" ! !! '1 ,i!l ' M 4,4; t! I ik , N ' •, 1 , i 1 1, 4 1 ,li ,1 4' , ,1! •'' 

P^IxPl^-XXplMdtl^Xt l t 4p44 
''^T F" 4" x4t"""d dp i d '^" 4 - S - 4 1 s,-44i4!:xtiit 1 PM ^ fttixi xttt-ix^rMTM^I 4 

^V4NPP++ 3., 4 P 4 X 4 4 4 . ptrfl - \ i4-$P dXXFXtpitlx jffit lts 
-.45,.-- s... X- 44'Pt^ t X 5 f-.... - .4 . . . 

s,-t,$p4-t4'"-S-44di 444^ s,-_ \t 4 tdPiSEPPxiiP p I " i tt4tdt4lixj?444t4 I 
i-+.:.z:v:ttE..:i!;444i44D iSatt t 4- ^ 'y n r i t s 2 +:E"E-..E.'-:rpE td" I I \ + '., * t t trt if t tt ' 
XXT ;XEE! : !PEEEXX 'P :4 4 .1 ! P i__44 4 i.-t 4 dff l ,1 tt t t i t i l 

^^444, :i tpSr F4'""-=-̂ 44t-"'sl4 SSSsiil I I 4 'S I 4̂  A'ttt ' 1 
; EE..4:T4:a^ >: .. t .1 4 r + "TTrf' z 4c 4 P' 

I E 4 ttttdtd tftM X* jt '^44"444 4Fit4444x ^444 r4-4-^--Pt'^tp^t -44^ 4 
t4i"444:iM'l lMpHip!4i • 

1 1 ' 4 , 1 1' ,1 , ''4 
—H4^"h" t"^**^****+h*tTtf*-^**f ̂  tit̂ ^M 

X::TXEEEEET:EEE EiFJltPllL tl 
; t t t '4 X t t I fl i _-XXX:+tlEE|px4 -A t 4 Jl !! ts!! 

t I tt URANI 

1 , , 

-
^E p 414, 11 1 1 11 I 1 i I I 

r n i T i r A i 1 1 

EP 4-dx.p , 
. 
, —^-

I 1 U A M B b U 
1 I ' l l , 

i p i : ,, , 1 , 1 ' X , i ! ' P i 1 1 . . . . ' 1 1 • 1 ' 
1 ' , , 1 1 , 1 i 1 1 1 ' 

PTXz IE^^PTF ^ TTT^rn 
: 1E4 1 i l i p . i , ' 1 i ' 1 M ! 1 

. . . , . . . . • ' I 

1 1 , . . , I 11 . 1 1E! . M 1 , l i 1 
X E J X 1 ^ X X "--MMXI-^ 

I ' 4 ' 
M P T P ^ - P P M ^ - i Pi 1 ' ' E Elij M l 

i ' I E : El i l X M M i l I 
1 1 

' ' M P X 

1 1 i ' 

i 1 1 
Ml 

. Ip in 4 1 1 
1 1 !dFr" ^ d 

"^4^d 1 ' ' '11 1 ' 
T "''*̂ "S*4. ' I I 1 , I i _ 

1 • 1 ' • ' ! " 1 ;••! 1 1 1, l i i ' i , 1. 1 
, i „ 

1 pp 
NFINITE CYLINDER - - P 

J(93.5)-H20 - i l t l i 
,iX 

1 - HFN Calculation 4 : 
,t: 

,^r 

J ^ f ^ ^ 

E! I'4 11 i!' 4 ;'"!" II 1 
4 4 ^ - ^ , E F P I ^ F - 4 ''• 1 

M x 1 , 4 I 1 , ,1, 1 
I 1"* M' • • 

d .. , MP . 1..1 X . ''! t 

ll 

P 
1 

1 
1 

II M i l .1 , ll . 
X 41 IX IF F IXITEXXX X4 
' 1 4 1 , 4 M M ' I N 41 4 

' 1 II " ", If 
1 1 i 1 '. '1 1 . li i 

: 4 i l T 4x PT f P IXEJ 4 x 4 tti nil . 'UJ .11 i 4i ,J4 M 
1 1 

- - - - - 4 4 - | ^ - - 4 , . 4 ----44|4 4 4 - - 4 - , t 4 4 1 
44 xIE 4 FXni I4Kl4 l l i 4 3 1 1 1 . 1 .1 1 Mil I I . ' j 

i '4 M Ml 4ii 

xTp" "p"""4"--"' Fpti " 
_xi ^ J t . T . 4 X , . . , X I F M l 

M ' • 1 • ' i^-M.4.,*4i 11 ' 1 1 ' 1 ' w i i i B i i e u i e u I i !l illMijIll ' lijiir ii|!ji:ii|||||||||'|ii|;;i|:!i; 
--4- ^ - E E - r ^ - ^ . ^ t T t t ^ ^ u^ 
- ^ i r ^ " 4 ^ ^ ^ ~^' r ' 4 
i x 4 ̂ 4 4t444- dXpp 
4"S4;^ I d ! 1 ^ - 4 4 ^ 1 " H_0 1 ' • 1 ^ ^ " » 4 i n^v 

- ^ M 4 ^ - T - T 4 - - I - - - + - T 414-4-̂ = . . 
-^ 14 -J ^-U 

X ' ^ P I ' l 1 n > H 4 

. . , | . | ,i . , , , . 1 , . |,.| 1 , | 

=4 1 E4'-M^"4--^.tX44 4t4 4 4 l i ^ 1 1 ' i iii 1 i 1 iiil li 1 1 nil 
X-4X """M'̂ P xt'"' 1 

R a f l a f ^ ^ i f t n L 1. 1'̂  \ ' 
1, , 1 4 t t E P t i i T 4 .ffijIIlHi 

---fUl4i i f : ; ;S;SH;lM | i i I l 1 11 i .1 1 . 1X li 1 
1 i i i i i i i i i , ' l i i i i i ; 14114 i l E lii; 

' i l l 
' , . FTH..^ . ' Fu l l H-O Ref e c t o n . .. ... ' 1 1 . . ' ' ' 

J ^ — 4 _ ^ — 1 ' ' i ' ^ = ^ - r 4 M - i 4 . . ^ ^ ' 

X I P I 
11 

1 1 
J M , g /c 

1 1 , 1 1 1 1 

F 4 4 -X X 
34 " "4+ '' r ' t ^3 -E-E '1 1 t . i l l , . .1. _,. 

1 M;4iip'4"4r •^tif^rTniitt ffi 
4 1 4 4t^ F i-4 U l i 

7 + - H-̂  -4^ r 4 WT ^ *T n ^ *• r * 
^ ' 44114 •titM 4 T l L L 

4 44M' 4 14 4 u 1 • r^ -r -4- 1 -̂  -f f j 
I I I 

-..Li..,, .1... 1 --....i L.li ;t,L, llllll 
.01 .02 .03 .OS 0 7 .3 .5 



^o^E. iX- : L'XE^LXIMI-^-M -U-iIpIf 
-4-4- ; M ' : 4 ; 41 I z -1- 1 : .1 .-PlUpXl 
-44t-4i-p4M'̂ -^- -^'VF^-- -•-i4^4t 
4 ' i 1 1 i ' 1 4 li ' 1 ' ' 4 1 . 1 ! 1 
4 1 1 • 4 4 1 •' •' l\ ' ' ' d ' 4 1 1 ' ' i d ' r' \\ i ' 1 i 4 1 I { 

M i 4 M 4 4 ' ' ' \i 1 ' ' ' ' 1 d ! 

M ' d • ' '' J \ M M 1 ' 
1 I I 1 M 1 111111 M ', i \i 4 ' ' ' ' 1 i ' ' 

1 j 1 4 j 14'1 K' \ ' M ' '̂ I I I 
1 4 4 1 i 1 4 1 M' \ \ 4 i ' 1111 1 i 1 1 1 j 1 1 1 i 1 i \< i\i M ' ' ' 1 
1 1 4 M 1 l l ' 4 11 1\ : 1 :' 11 1 

M I I I ' I ' M i \ ' \ M ' ' ' d 
M 1 4 j ' 4 11 1 \ \ jV M i ' ' d 

, ^ 1 1 i , ' 4 4 1' • 1 1! fc A ! \ 1 1 i 1' 1' 11 
M M 4 I j 1 ! 1 l\ 1 1 1 \ l > i 1 11 11 

1 M 1 ' ' 1 4 \i \ 1 1 i ' ' 1 M 
' ' i j i i i i P ' i \ i K i 4 i l M 

1 1 M 4 1 1' 111 M \ ' \ ' i \ i 1 1 11 
1 1 1 I M 4 1 1 • 1'T • 1 \ 1 \ 1 1 \ 4 1 4 

M 1 ' 4 4 i 1 \ ' \ ' i \ ' ' • ' ' 
; 1 1 1 4 i I ' 1 M ' \ ' \ 1 ^ ' 1 1 1 

l i l l l j | | { | j | l { ' . 1 \ ' \ | i \ ' | ' l | 
1 M 1 1 1 1 1 1 1 ' • • 1 ' \ J i 1 i \ M 4 

-* L 1 1 4 111 • ' Y \ 1 \ l 111 
' * c P 111 111 •''' M \ ' N X1 J 1 

•- I dz 11 \ M \ i \ 
- 1 111 did 1 M\ r M oc 1 1 1 E 1 ! 1M ' X 1 ^ 1 

m 1 i ^ ' I X 
t- Id i l l \ i i \ F 
e i p 1 \ h\\\ S P ddd M M\ M\ ,f\ < M 1 4 M 1' 1' 1 4 \ P H 

Q F'' 1 H 
1 11 4 1 1 ^ i i 1 

1 t 1 t 1 1 1 1 1 1 1 II i 1 1 M 4 1 1 M 1 M ' 1 i\ 1 
M ' 1 pd M M i h K 1 ' 4 PM ' ' M ' i ' ! \ 

1 M ' 1 1 1 1 4 11111 4' M ' 1 1 1 1 4 1 i 11 
iQ 1 M M X ' 4 d '" 'd • ' ' M d 

111 P i i ' ^ i M P 11 P 1 
11 M 11 P 11L d 1' 1M 4 1 M d ' 
I I I M 41 1 i 44i'p 4 ' — • P^^^ p ^ 

1 P i 1 d M ! 1 P i p li 1 1 1 1 M 1 1 1 i i 11111 E ; 1. 1 1 1 1 ' i 1 
.1 1 1 1 X 1 1 1 111111 i 11 III 1 l i 1 1 i M i l 11! 

1 1 il M P1 d 
n F ' 1 4 M l l l l j ; . 4 

M ' i 1 1 1 M i i 1 1 1 1 1 1 1 i 
1 1 M i 1 1 I 1 1 i 1 1 1 1 1 1 1 
1 1 1 i 1 i X 1 

I ' l 
J I I1 1 Fi 1 1 1 1 l td 

! .l-!XUPlXili4XX-,.!l! P ̂ ..,X!l!MpX-!Xl44-l-4 IMIUIiXiX-MU 1 1 1 1 1 m4m44lX4-llMlM4di:.i.l4J44.LXL 

td4 4 MlMpdlMpP l i l i t e CRITICAL INFINITE CYLINDER SmM 
in4-Mpil-4rr''Pd!MMFiyp---''P'"''4"i'" u(ioo) URANYL NITRATE x i x l l i 
1 P t 4 p 4 p j 4 P 4 P ' ' p 4 M P l t i H 4 ^ : " ' - p X 4 ' ^ ' ^o Excess HNO3 -h rzh ^ 
j II III p i 11 P" "dd 'd ill i ' I! i 1 X : ' ' i 11 d I I I , ! 
d 1 ii 4I' '4 PI pi ' :| p -li 'll !, 1 il! 1 M ' . ' M 1 i 1 G A M T E C 11 - H F N C a l c u a t i o n .1414-41411 

1 14' M 41'' ' 4 ' '4' ' ••' '4'44' 1' 1 ' ' • • : i 4 ' ' •' i F ,i-' i ill' pi 
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^[i4p[4 4 ff t'lfipSi i l l|î "̂̂  4444411 FffffttTfr^F IMS f dtFittffiltLtt 
4 I ' , |T>u i_i Full HjO Reflection ii p i P Xpi: 1 ip'|| idlii'. ^ 

1 1 URANIUM a/cm3 4 T F 4 i t 4 4 ^ , , dlPlh P'4 1' M'1 P t i t i k f 
+t44l}Hi+P,„„ mil,.:. II:;,.,.!.,' W4mi+4fflW^+4444i±ii±i±it±ti4i t ^ t ^ lti*.fĉ  ̂ l^l*fR? M M P ^ 
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URAIMYL NITRATE SOLUTIONS 1 1 M 4 M M 4 1 M M 1 1 1 ' 1 1 1 M 
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1 1 1 1 ' 1 1 ' ' 1 [ ' ' ' ' 

1 ' 1 
1 1 L ' [ _J_ _i L j 
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VJl • \ T1 i' L L I 44~^'tlt u uri4 URANIUM, g/ l _|| [4 L L L L L L L L L , i • 1 1 1 . 1 i 1 ! 1 ! I I 1 1 I 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I 1 1.. 1 1 1 _. i _ ^1 1 ^ 

1000 2000 3000 4000 5000 6000 7000 



I I I . B . 5 - 5 ARH-600 

100 

70 

50 

30 

20 

10 

3 
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1 1 1 \ \ •"'^ > .-'"'̂ ^ if-'T 1 
1 1 1 f-''^ 1 -^ -^ XT ix' 
1 I ( V \ - * l ^ > "̂  - ^ fX*^ ' i-^ 
1 1 \ ^ \ "^^ t^^ ^^ 'r^*^ . ^ ' ^ 1 
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141 r 6 ^ ^ ^ ^ p 4 - ^ ^ ^ ^ ^ 4 l 4 i T l T t ^ § 4 t T ^ :4|ifi4^4 -:|;.; pijrl:"' 
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il4.ifa4" '̂l^riW^4F44TlFFM "'̂ wt'̂ 'tt f 1 faF- \ 4 4F 
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• n j —" -^--^- 1 J -^^ 1 ^ ^ 1 1 ' f—r̂  ^••-- - ^ ' - n^- -? 
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...4^ .r4-+ F fal 14 Fl ri "4 P14fâ  1 rifafa ' r̂ 4 f̂a 
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1 \ rli'T L< L/^ L/^ 1 i \ ' ' ' ' >iJr jr XX 1 \ . . . . I . / ' •̂  y ^ 4 -
X I I ^ U ( 3 ) 4 ^K-^ A i.-'^v'^ 

i 1 ^ ^ 1 itf^ y .^ .^ 

±j" ' " , ^ / rf - _ _ _ xjt p .,.=' -,^ ^ t: 
ittt ^ , '^ , ' ' 
"t t -̂"̂  /̂"̂  I J i i i i i i y y^^ 

t t r i s "'*' ,̂ ^ ,̂ ^ -̂_ M|pm̂F̂ r̂d'M j FF m m 
iSlfc u(5) jilpliiiiiiiiiiliiilliiliililliiiliiiliiliillllililillli ppuuin 4r^lfa N^M m 
fa^4u(6: =ziEEEEEEE-EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE itPfe^^EPEEEEEEEEpEiEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE^ 

l_ ... __ . 
- 4 =4 1 ^~= 4 4 1 ==EEE^i: = E = = = = = E = = = = E = EEEE = = E = = = =EEEE = EEE = EEEE = = = = = = = 

M 1 M 1 1 4 ' ' • 11 

Prir4iF#̂ riF̂ =====================̂  
—1— P i 

' ~i~ P iE t i F '' - - -
I 

• t 4 l 4 ^ 4 4 4- URANIUM, g/l fa i f a fa - -
i 1 1 i l l I I I I I I I I I 1 

1000 2 0 0 0 3 0 0 0 4 0 0 0 5000 6 0 0 0 7 0 0 0 



III.B.6-5 ARH-600 

iqooo 

7000 

5000 

3 0 0 0 

2 0 0 0 

lOOO 

700 

5 0 0 

300 

200 

lOO 

70 

50 

30 

20 

10 

- H - | 1 H t M i l ' -4M 1 ^ 1 - + ^ t-f 4 - '+M-4 i 4 t-l-44-|-+4 +-441- ^ i- -H-t-4-H-TI T-TI T'-U 1 1 1 1 M H ̂  

H44P PII444 4444̂ , f ip4444ffi4tm44f4i 'p4 , t ifpfriTPfafafafat / I |#P44pi4-^^fa-444i ^ î t444falfat=jii4=m4 ^44 ^ i444P4#|#P n/ 
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