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INTRODUCTION 

Exponential and critical approach type measurements have been made to determine 

the critical mass, material buckling, and in a few cases, the extrapolation length 

for the lattices. This report attempts to list all measurements on water-uranium 

heterogeneous lattices made to date at Hanford. All lattices were water moderated 

,hexagonal arrays loaded with uranium of enrichments up to 3.1$. 

Ratios given are volume ratios. The radii of loadings are calculated assuming 

cylindrical geometry by the following formula 

where n is the number of tubes and 1 is the lattice spacing (distance between fuel 

rod centers). 

Plots of buckling and critical mass in spherical geometry vs H20/U volume ratios 

are included. The critical masses in spherical geometry are calculated from the 

'measured bucklings assuming the same value of extrapolation length as used in calcu- 

lating the bucklings, 

The value of extrapolation length, h, was taken from Brookhaven experiments , ' ' L. 
except where noted. The curve of RNL data used was from BNL-C-7592. Values of /1 

for some of the 3.063 percent enriched uranium measurements were calculated-by setting 

the bucklings for exponential and critical approach measurements equal+ oRs, Vol,;. I a , 
and CM,, are estimated critical values for spherical geometry as calculated from 

measured values of buckling or cylindrical critical masses. 

Standard error of the buckling is that calculated from the least square fit and 

does not include errors due to uncertainty in the value of extrapolation length. 

References are listed so that more detailed information of each measurement can 

be readily obtained if desired. 



(0.925" dia.) 

Date EXP 0 Lattice Height, h No. H2O/U Reff ~=J=J x Buckling Std, 
No 0 Spacing Tubes Vol. Ratio 

(inches) (cm) (cd .hd (4 10°6cm-2 Error 

5-60 108 1.400" 101.60 85 1.37 17.21 10.30 7.56 0 *55 

3-60 102 1.500” 1’ II 1.89 18.44 10.63 7.16 -24 k61 

3-60 103 1.600” ?l 11 2.29 lg.67 10.83 6.96 -367 *40 
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, EXPCINENTIALMEASUREMENTS OFO.95 PEB CENT ENRICHi3DlJBANIUd"2 - e 

Lattice ;. ,D 
I  

Date EXp. Spading No;, i Al/U %0/U *eff bil X 
Buckling' SW. *Es CM 

No l (Inches) Tubes .(VOI) (TOl) . (cm) (cm) (cm): ( &O%mm2) 
VOl& 

a Error (cm) (liter&) 

70 
, 

55 2 40 63 092 1,694 18,450 

t 32 '58.68 846 120 943 

8-58 lg.78 13*21 7.70 1924 2.00 

2.10 

2*20 

2.40 

0.159 1*20 

0.159 1.46 

0.159 1.72, 

20.77 14.14 ,7.46 2257 4-58 

4-58 

4-58 

63 55 

2115 . 62 

64 

2~0.76 14.51 7.27 

21.74 14.65 6.97 I *' 

55 iI 22 61.05 + 953 13,279 

0.159 2.28 

Fe/U 

0.160 1.19 

55 1474 z!L 34 74.86 1,758 ‘20; 582 

-. 
- 303 8-58 

5-58 

5-58 

5-p 

71 19.78 11.22 7.72 

20..77 m8g 7.48 

2900 55 

65 

66 

I? L44 9 0 2.10 

2.20 

2.40 

55 $69 

55. I Tl 1.70 21.76 $2.93 7.28 I - 52 

55 . v 2.27 $3.74 !12.01 6998 800 - , 67 
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EXPONEINTIALMEAS~ S OF 10007 PERCENT l!iNRICm UEtANIUM?J4'596 
.925" DIAMETEB, 44" LEiNG!I!H 

Date Exp 0 Lattice 
(kn) 

But in 
I!? 8 Std. R Vols 0 CM 

No 0 spacing (10' em" ) Error (d, (liters) (lb:) 
(inches) 

11-57 37 ~26 85 0.157 .87 15e49 10.58 8.20 1377 k42 76.47 1,873 38,146 
Project 

U-55 Bath 1640 89 11 . 1.37 17.61 12.68 7956 2903 u.6 50.75 548 9,018 
Tub : 

10-55 'I 1*50 89 1) 1.74 18.87 14.14 IFI25 3470 ag 46.08 410 5,889 

’ 
h 

ID-55 " 1.55 91 If 1.94 19*72 14.65 7.14 3357 f25 47.08 437 5,876 

10-55 " 21 1.60 89 If. 2.15 20.13 14.38 7..02 3012 *2l 50.22 531 6,698 
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ExPoNEN!rIAL L OF 1.007 FEiRcEN!I!.~Icm lJRANruM7 
1 66” 0 O.D.; 0.94" I.D., 44" lXNG!I!H 

Date Exp. Lattice No. Fuel 
I No l Spacing' !Cubes Core 

Std. R, Vol, % Error 
(inches) 

(cm) (liters) s(lbs.) 
Cond. 

8-56 31-5 2.05 

8~56 31-4 2.05 

7*56 31-3 2.20 

7-56 31-2 2.20 

~56 31-g 

956 X-8 

6t56 31-6 2.70 

&56 31-7 2.70 

2.45 

2.45 

85 Dry 0.163 .873 25.20 16.36 8.25 

Wet tt 1.272 25.20 17.61 7.66 

Dry II 1.248 27.05 20.3'3 7.67 2378 k6 56.760 766 11,195 
Wet tt 1.648 27.05 22.53 7.34 2920 415 50.795 549 8,023 

Dry II 1.933 30.12 24.72 7.14 2529 a3 55.331 710 8,361 

wet /I 2.333 30.12 26.12 6.94 2745 a4 53.027 625 7,360 

D;zry tt 2.692 33.20 22.38 6.80 1619 k20 71.275 1,517 14,717 

wet tt 3.Ogl 33.20 21.79 6e68 1531 *5 73.602 1,670 14,036 

1434 f42 74,7ll . 1,747 29,348 
2133 *9 60.365 ga. 15,480 
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EXPONENTIAL B S OF 1.007 PERCENT ENRICHEiD URANIUM?~4 
1 66” 0 DIAME!ES, 44" LENGTH 

Date Exp. Lattice No. WJ H2°/U R,f b But in Std. R Vol. 
s No l spacing Tubes (vol) (vol) (crnf (~3 (h). ts15 (10' cm" ) Error (&) (liters) c% 

(Ibs 1 
(inches) 

10-55 Project 2.20 87 0 069 0.86 27.37 18.48 8.22 1639 *36 69.39 1,399 3%104 
Bath 

Lo-55 !t!ub 2.45 fl 11 1.33 30.48 28.34 7.a59 2747 *7 52.36 601 10,428 

I$-55 " 2.70 tt (1 1.85 33.59 28.00 7.18 2205 *11 59*73 893 12,749 
b 
P 
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8 EXPONFXK'IALMEASUl3EMEBTSOF lJXI7PEEEENT ENRIClBDUfUNIUM 
~ COMI3~TION LATTICES OF 1. 

Date EXP 0 Lattice H2Q/U .- No. Combination L66 inch .925 inch 
No 0 Spacing (vol) !lkibes But in ii? !s Jimuing Buckling 

~ (inches) 

5-21-58 68 1080 0086 44 43 14.45 8olg 1396 1639 1377 

2-6-58 49Et 1*95 1020 44 41 17.60 7.25 2524 2640 2440 

1117-58 46 2,05 1045 44 . 41 18.23 6.87 2606 2700 3130 

2-3-58 48 2.20 1084 44 41 18018 6061 2078 2230 3440 
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BUCKLINGMEW3~SFORFUELE~TS~AlRRNDora 6AP 
._ ARRILYVSAUNIFORM~Y 

A series of buckling measurements had previously been taken with random arrx~ys 

of fuel elements to see if such configurations would have bucklings signiffc~%ly 

less than those resulting from a uniform distribution of fuel elements. The zx6uY!x 

of these measurements, together with the error Pimits, axe EWUEMX ized in the focELow~ 

ing table. 

The average value of the,measurtd buckliqp art Icss irz aJ.2. three cases for 

the random arrays, but, in view of the 95 percent eoa7i.fidcncc limits predi.cted ~XEII 

the t dist,ribution, it is not advisable to increase the safe critSlsa2L ma88 XJKLts fos 

the fuel elements in a random distribution over the'critical mass baeed QEJ the most 
t 

reactive uniform rod lattice. Large errors are inherent in the reduction of data 

from this type of exponential experiment because of 1ocaJ. perturbation8 in the 

neutron flux caused by local va;riations in the HzO/U volume Patio. The emxw 3tii.ta, 

prcdicsttd by student t distribution, were determined by personnel of the Retige&nzh a~2 

Syntheesis Operation. 
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Date Ekperfmcnt .68$ u-235 - RefILeetor 

10-55 Bathtub 536 em/l 8,:9 AI .Y? 



12 .m Lo4 II 406 43.8 

5-3 iL.4 II zero 43.8 

llr 14 0 If zero 43.8 

4 15 l 1) 495 ( a 1 42.5 

5 

6 

7 

8 

‘9 

10 i; 

ILL 

2l 

15 0 

15 l 

15 l 

15 0 

15 l 

15 0 - 

15 l 

15 l 

II 
Z&L?0 

ff 486 

tt 490 

t1 ,406 z 

It 203 

11 203 

tf 406 

tr 179 

42 c5 
@ .J 

1200 

22.2 

22.2 

22.2 

42.5 

42.5 

12.0 

12.81 

SLOG 

X.37 

14.22 

13ao7’ 

14.u 

14.3a 

14.05 

13*58 

13.36 

13.90 

13.44 

O*Y ad 

ObO3 

cl.04 

o*op 

0.04 

0003 

0.04 

0.03 

0.04 

0.04 

0.05 

0.04 

0.05 

tf Bf 

No stainless &eel b 
-2 

l/16-inch staitiess 
steel lattice task 

1? 

tt 11 

(a) Estimated from values for experiments 3 and 6. 

(b) The degrees of freedom for aJ.l. experiments are four. 



Moderator Reflector 
Solution Solution Relaxation 

Lattice gms Uranium gms Uranium Reflector huh 
Ex]Fo Spacing per Liter per Liter Thickness (b 1 

NO 
1 

0 inches of Water of Water em* 

23 

2 

16 

15 0 

16. l 

16 l 

431 J 

zero 

zero 

zero 

526 

405 

1200 

4103 

4le3 

lleag 

1$,20 

14e92 

17 16 l . zero zero 4L3 13*93 OeO3 

18 

19 : 

16 0 

- I) 
16 l 

zero zero 4le3 13e57 

zero zero 41.3 14e46 

22 16 l zero zero 41.3 14.44 

(b) The degrees of freedom for all experimtents are foUre 

09 Nitric Acid 
Error Content 

ZiJa bl 
(Sbl) 
cm _ 

0*03 18~ 

OeO8 6~4 tt 11 

0.02 

0004 

of Uranyl Exponential 
Nitrate 

esrJ ) 
Assenibly 

liter Conditions 

L/16-i.1~~ staitiess 
steel lattice tank 

-0 3/16-inch stainless 
steel lattice tank 

0.07 -0 No stainless steel t& 

0006 tt # -0 

Cylindrical radii of lattice cores: le4-inch lattice 172l em, le5-inch lattice L8e44 em, 
le6-inch lattice lg.67 me 



-lP- 

EFl!!EZTIKEURANYL-NITRATl2REmC 
VS:URANIUM CONCEZU!RATI 

Experiment 
Number 

Reflector 
Concent*ation 

Grasls ~uraw 
Per Li;ter of Water 

Reflector 
!,lThkCh8SS 
' ccd 

9 

8 406 22.20 L72 

7 

6 

203 22e20 

490 22e20 

179 12eO4 

486 12eo4 

Reflector (as> 
Savings 

(a) Data are plotted in figure SQllowing. 

Lattice spacing for all experiments is 1.5 inches and 

B 2 = 3386 x 10’~~~~. iI : 1 _ , 
m 

(b) Reflector savings uncertainties 0.1 to 0.25 cm. -. 

7018 

8,01 

7Qo8 

(c) Same for all three reflector thickxlessese 



(l/lb” Stainless Steel at moderator - reflector interface) 

(1.5” lattice only) 

Reflector Thickness 

A -AR=QS cm 
0 -h~=22.2cm 
Q -AR= I2.O cm 

I I I I I 
0 100 200 400 600 800 

Uranium Concentration - grams/liter 

Effective Uranyl-Nitrate Reflector Savings vs Uranium Concentration 
for Reflector Thicknesses 12.0, 22. 2, 42.5 cm 



Ekperiment 
Number 

Lattice 
spacing 

kches 

13. 
8 12 ri 

3 

5 r 
k 

10 

11 

lb 

17 

16 .* 

2 

14 0 

14 . 

14 0 

15 0 

15 . 

15 . 

15 0 

16 . 

16 0 

16 . 

EH!EETIVE a ( 1 URANXLNI!FRA!EREFMCTOR SATtINGS ^ I 
VSo URANIUM CONCENTRATION 04 

Reflector 
Concentration 

Gram of Uranium 
per Liter of Water 4 

'203 

406 7 

495 . 42.52 

zero 

405 . 

526 

Reflector 
Thickness (cm) 

(a) These data are plotted in Figure following. 

(b) These are effective values, due to the stainless steel at moderator-reflector interface. 

43.75 

43.75 

43m75 

42.52 

42.52 

42.52 

41.29 26.1~ 6.43 

41.29 27.19 7.52 

41.29 27.48 7.81 

k+R 
-k!k 
24.24 

25.36 

25.64 

25.02 

25.37 

25.99 

26.35 

%iNH Miscellaneous 

7.03 

8.15 

8.43 

2 . . 
B m = 2869 pb 

R = 17.2l cm 

6.58 

6.93 

7.55 

7.91 

B z = 3386 pb 

R= 18.44 cm 

B 2 
m = 3336 Pb ia.. 

R= lg.67 cm 



8.0 

(I/lb” of Stainless Steel at moderator - reflector interface) 

Effective Uranyl Nitrate Reflector Savings 
vs Uranium Concentration 

I 200 I 300 I I I I I I 
400 500 600 

. 
700 800 

- 
900 1000 

Reflector Concentration-Gram Uranium/Liter 



EXP0NEiNTIA.L MEWUNMWSOF l .OO7EEFtCENT ENRICIfEDURANIUM~J4 
COMPARISONOF AIRAND WA!l!EZI REF'LEC!I!OR 

(1.55' lattice, .925" diameter, 44" length, H20/U F 1.94) 

Date Condition 

u-55 

.JJ-55 

11-55 

HE0 Reflector - l/8" Al Tank 

II20 Reflector - Cd cover tank 

No Reflector - Cd cover tank 

14.6 7.14 

12.7 

3.~6 3e4 f 0.2 



a 24- 

INFINITEWATERREFLECTORSAVINGSV6; S!I!AINUSS S!lBEZ 
THICKNESSATTHEMO~TOR- REFLEZTOR INTEZ@ACE 

Stainless Standard 
Lattice Steel Error in 

Experiment spacing Thickness Reflector Savings S 
Number + (inches) (inches) x (cd 

h 
( 1 cm 

14 14 0 0 7.56 0.05 t0 o.25ta) 

13 14 . 1/16 7.04 0.1 to 0.25 

19 and 22 16 l 0  7.02 0~05 t0 0.25(~) 

17 16 l 1116 6.43 0.1 t0 0.25 

18 16 0 3/16 ‘6.01 0.1 t0 0.25 

x b) 15 a 0 7.25 0.05 t0 0.25(~) 

5 15 . . ~116 6.70(~) 

(a) Zero thickness-Stainless steel reflector savings and errors obtained 
from IBM; data. 

(b) Expperiment not done, 

(c) Determined by linear interpolation between l&-inch and 1.6~inch lattices v 

values. 



7.7 

7.0; 

6.5 

6.0 

0 

Infinite Water Reflector Savings vs Stainless Steel Thickness 
at the Moderator-Reflector Interface 

I-4 inch lattice 

\ 

/ 
\ 

\ 
\ \ 

\ 
\ 

\ 
\ 

\ 
\ 

1.5 inch lattice 

(Error limits relative to zero thickness values) 

l/8” 131 lb” 
1 

0.05 0.10 0.150 
Stainless Steel Thickness - Inches 



EXPONENT= MEiAsm OF 1.007 PERCENT ENRICHED URANIXJMUITH B&ON POISONED MODERATOR 
(0.925 inch Diameter, 44 inches Length) & 

Lattice 
Date Eq). 

No l 

3-60 104 1.400 

4-60 105 tt 
lu34. 

10.99 

10.39 

9.90 

6.92 2794 85 17m31 0 
tt It 15 0 

1.37 0 

0 26 

0 53 

0 79 

0 

l 26 

. 53 

1.06 

13.03 

IA.41 

10.49 

9.33 

0 13.94 

. 26 12.47 

l 53 10.66 

. 79 ~0.18 

t t 1643 
4.0 f 0.3 

663 4-60 106 it it t-4 tt 30 l 

4-60 107 k 
s. . I_ l  

g-59 85, 86 1.500 
9-59 89 tt 

tt ti 
. 

I? 

-269 

1.74 tt tt 18.44 0 6.65 3294 
r; tt tt 11 15 . 1502 

3.4 =I: 0.5 f 
97 9-59 87 i, tt It 30 0 

* 
Y-59 88 tt If tt /I tt 60 . -2303 

1259 97 1.600 

2-60 g8 ft 

If 
lg.67 o 

tn It 15 . 

2.15 6.43 3341 
11 2061 

3*2 * 0.5 
-313 2*60 99 it tt it 30 0 tt 

3-60 100 tt t? 45 0 -1162 

*BNL-C-7592 mlues multiply by 0.916 to correct for l/16” se stainless steel tank at the moderator- . 
-reflector interface. 
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. EXPONEINTIAL MEASUREmTS OF 1.25 P,ER C&T ENRICHED URANIUMlo i . - s -. . 
1.33b" ooti. 0.500". LD. a 

Lattice Fuel ' 
Date Exp;‘ Sptklng h NO Core Al/u H*du Reff bll x 

Buckling 
4 ) S$ No' (inches) (cm) &@&s I- CCWL '(vol). (VOJ) (cm) (cm) (cm) (10'6,,"2 

stth R, 
) Error (cm ) 

Volg- CM, 
,(LQers lbs) i , , L I 

3-59 ' 1.85 114.14 55 1 
4-59 

3-59 

a4 

85 

-83 

I’ tt 

tt 

‘I 

tt 

tr 

‘1 

tt 

‘1 

Tl 

‘I 

tt 

11 

.‘I 

tl 

It 

Wet 
11 

Dry 

l 125 1.31 ;18.30 15*91 7.63 

.  125 1.31 tt 15090 11 

LOO 1.18 I t  15.70 7077 

l 125 l*73 19.78 lg.26 7.29 

so0 1eyg " I 18.66 7.38 

l 125 2.02 20.77 me93 7.115 , 
0 125 2.02 'I 20.66 7.115 

0 LOO 1.89 I’ 20.24 7,19 

l 125 2a33 21.76 21.05 6*g6 

l 125 2*33 I' 21.63 6,g6 

JO0 2020 #' 20.97 7.02 

0 125 2.99 23.74 19.72 6s72 

l 0 125 2*99 I’ zo.10 6.72 

JO0 2.86 I1 19.92 6.76 

4650 f 19 38.44 238 

4645 ziz 19 38.47 238 

4450 k 35 39*33 255 

4004 

4011 

4286 

l-59 

l-59 

12-58 74 

l-59 75 

l-59 80 

11-58 

l-59 

2-59 . 

n-58 73 

l-59 77 

3-59 82 

78 

79 

72 2.20 

76 .i 
81 

2.10 
‘1 

2.b 

tr 

tt 

101.60 

114;14 
tt 

lo1.60 

114.14 
'1 

101.60 

114*14 
II 

. 

wet 

Dry 

wet 

11 

Dsy 

wet 

tt 

Dry 

Wet 
I1 

WY 

5196 

4.969 

5152 

5092 

4957 

4755 

4874 

4709 

3661 

3757 

3696 

k 14 36.29 

k 23 37JY 

=): 22 36dS5 

k3 36.gi 

*9 37*43 

* 68 $3.. 60 

2 13 38.04 

z!z lo 38.76 

49 45.20 

f-10 44.53 

2 10 44.92 

200 2883 

215 3101 

206 2641 

211 2750 

220 2868 

241 2810 

231 2743 

244 2902 

387 

370 

380 

3792 

3698 

3794 



0 Buckling (Wet) 

l BuckLing (Dry) 

A CM sphere Wet) 
A CMsphere (Dry) 

I 
1.0 

I 
2.0 

H20 /U (Volume Ratio) 

I I 
2.5 3.0 

Buckling and Critical Mass vs. H20/U Ratio 
(1.25% U-235 - 1.336”O.D. - 

0.500” I.D.) 



ExPomNTIALMEAsuHEMENTsoF1,44pERcENTENRIcmwIw7 
1,336" diameter. 32" lencth 

Lattice 

7-56 33-6 2.00 , 4g 0.159 .li21 18.67 18.23 7.72 5294 *EL 35.456 187 3148 

6-56 33-4 _ 2.10 52 11 1.46 20.20 2l.a 7.45 5678 *27 34.243 168 2573 

7-56 .33-P 2.20 49 If 1.73 20.54 24.15 7.25 5774 *3 34,095 166 2314 

7-56 33-7 2.40 49 w 2.30 22.4o 25.01 6.95 5115 *5 36,977 222 2480 

7-56 33-5 ~dso 49 11 2.92 24.27 a.30 6.72 3818 , f1o 44.122 360 3590 
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EXPQNENTIAL MEAS-TS OF le44 PERCENT~~ECHED IJRANId1'1* 
1.37 O.D., 0.48@ 

. 
3aa6 0,172 1.5a’ 18.67 tio,i8 7.44 2*00 101.60 4g Wet 4 $6 

m 

4b56 

3: 7 33.16 152 

* 5 35.94 195 

* 7 33.01 151 

* 6 34e40 171 

* 7 33033 155 

* 6 34,41 171 

* 6 36.60 205 
f 14 36.97 21.2 

2364. 

30% 

2126 

2407 

w 
1994 it 

CD 

2195 & 
Y 1 

2219 

2286 

k 8 45.05 383 3525 
k 15 44.33 365 3358 

6006 

5203 

6697 

5656 

6048 

5708 

5237 

5131 

3696 

3797 

32d 2.00 81.28 tt Dry tt 1.31 18.67 17.76 7*61 

32-7 4-56 

b56 32-10 

101.60 " wet 2.10 

2.10 
If 1.79 19.60 22.72 7.23 

2l.10 
It x*59 . lg.60 a.09 7e37 Dry 

l  . 

It 45 wet 

;t fr -'Dry 

k-56 32-5 

4+54 X-2 

2.20 

2.20 

II 2.07 19.68 22.J.8 7.07 
1.87 19.68 20079 7.17 

40156 

b56 

32-4 2.40 If 49 Wet If 2.69 22.40 25.49 6,81 

32-3 2.40 if 43 tt 2.45, 9 20.99 20.81 6.89 

tt 3a36 24.27 20.57 6.63 4Q-56 

4-56 

32-8 2.60 

32-Y 2.6i1 

tt 49 wet 
. tt tt - Dry 
l  . 

tt 3.16 24.27 EL.09 6.66 



6000 

cu? 5600 

‘E coo 
3 5200 w 

g 4800 

0 Buckling (Wet). 
l Buckling (D~Y)~ 

A I 

/ 3400 

4400 

4000 

3600 

2.0 
H2O/U (Volune Ratio) 

Buckling and Critical Mass vs. H20/U Ratio 
(1.44% U-235 -.1.3?” O.D. - 0.48” I.D.) 

3200 

A 

f! 
2800 -,, 

E 
‘3 

2600 

2400 



. 
EXPONENTIALMEVGUREMEXM OF.i.44 PER CENT ENRICHEDURANId2 I- I . 

Bismuth ik Core of 1.37” 0.D. 0:48~~‘1.~“., @v tin&h 

Lattice Fuel 
9ate Exp l Spacing No 

ko. (inches) mbtk 
Core Al/U %o/u Reff bll X Buckling 
Cond a (vol (Vol) (cm) (cm) (cm) ( 10”6&2) 

Std. R, Vols* CM, 
Error (4 (Liters) (l&5) 

11-56 32?16 2.00 49 Dry a 173 1.312 18.67 18.06 7.61 5308 k8 35'? 51 187.5 2917 

11-56 32-15 2.00 49 Bi 11 1.312 18.67 17.90 7.61 5253 f: 12 35.74 191*2 2974 & 
11-56 32-14 2.20 45 Bi 11 1.875 -19.68 2o.yi 7.17 5746 &8 34.28 168.7 2169 f- 

u-56 32-13 2.20 49 Bl * 11 ~875 20.54 23.56 7.17 5730 k5 34.33 169.5 2179 ., - I 
ii-56 32-12 2.20 49 Dry tt 1.675 M.54' 23.63 7.17 5741 *5 34.29 168.y 2172 I 



EXPomWIAL MlSASUREMENTS OF n+466 PERCENT ENRXXED IsU3ANd3 
1,394" O.D., 0.464" I.D., 40" Length 

Lattict Fuel 
Date Exp,. Spacing No, Core A1/u 

No. Inches TUbcs; Condo 
HgO/U R bl IL 

(vql) (vol) (cq (cm+ (cm) 
St& R 

Error (6) 
Vol CM : 

@k&i&s) (lb') 8 

15k 2464 
. 

157 2563 

154 2515 

49 Wet 0.17i 1.39 18,67 2o.ag 

I? 

14.85 13.27 

17.49 17.38 

19.78 23@65 

7052 
I? 

tt 

tt 

6003 

5876 

5936 

5971 

1.65 *o*77 32@13 7*3* 6360 

1.92 16.34 15032 

1g*24 ***35 
21.76 45.38 

7014 
If l  

11 

6229 

6307 
6438 

2.51 
' t t  

22o40 

*0099 

23.74 

*9*3o 

23463 
53.62. 

6.86 
1r 

If 

5590 
5666 

5828 

3.15 19*3J, 15.32 

22.74 20.46 

25471 31.31 

6.67 
I? 

tt 

4306 

4296 

4495 

4-57 

4-57 

4-57 

37-7 

37-6 

37-5 

37-4 

2.00 

2.00 

2.00 

*.oo 

43 

55 

5-57 37-14 2.10 55 

4r57 

3-57 

3+57 

37-3. 
. 

37-2 

37-2 

2.20 

2.20 

2.20 

31 

43 

55 

tt 

tt ;, 

ti i? 

5;57 

5-5'7 

5-57 

37-13 

37-12 

37-11 

2.40 49 ft tb 

2.40 43 tt ?I 

2.40 55 II 11 

5-57 37-10 2,&o 

4-57 37-9 2.60 

4-57 37-8 2.60 

31 II If 

43 tr 11 

55 tt I? 

33*03 

33*46 

33.26 

33.14 152 2488 

32eo7 138 

32.66 11.46 

32,4* 143 
32.01 137 

2046 cd 

P 
UQ 
CD 

1969 $ 

’ 1925 

35.L6 182 

34.88 178 

34.29 169 

1854 

2064 

2014 

1915 

41.21. 293 2833. 

4226 294 2843 

40.19 272 2626 



0 

0 

Buckling (Wet) 

CM sphere 

I 
1.0 

I 
2.0 

H20/U (Volume Ratio) 

I I 
2.5 3.0 

Buckling and Critical Mass vs. HzO/U Ratio 
(1.466% U-235 - 1.394”O.D. - 0.464"I.D.) 

2600 

2500 

2400 

. 
2300 2 

1800 



EXPONENTIAL &EASUIREMEblTS*OF 1.6 PElRCEblT EXRICEIED URANIUMl~ 
1,394" O.D., Oo464.n I.D., 40” Length 

Lattice 

..-_ 
3-58 . . 
b-58 

58 

59 

2.00 

2000 

3b58 

3-58 

54 

53 

2.10 

2.10 

3-58 

3-58 I . . 
6a58 

3-58 

55 

51 

69 

52 

2.20 

2.20 

2.20 

2.20 

3-58 56 2.40 

b58 61 2040 

3-58 57 

rcl-58 60 

2060 

2060 

1.375 

lo25 

19.49 

17091 

7.53 

7,65 

6605 

6033 
6 

6941 

6483 

37 
zfz 14 

10637 18.36 23.52 7035 

1.512 18,36 a033 7045 

$4 30.36 117 2730 

* 10 31.57 132 1945 

1.91 

1079 

1.79 

1.79 

19024 

16.34 

a.76 

19.24 

27.62 

16.21. 

59.81 

24.iy 

7.a4 

7.25 

7025 

7*25 

7000 

6587 

6592 

6587 

2e497 20099 3&o 70 6088 6450 *4 

2,373 20099 27.92 6.93 6136 * 10 

30135 

30011 

22.74 

22074 

25 l 35- 

24c.00 

6.68 

6.70 

5125 k 10 37.2-l 

4937 *2 38,oi 

126 2055 

148 2405 

3.18 

130 
0 

130 

J-30 

1384 

1754 . w 
8 

175k * 
& 

1754. -2 

140 aj86 

153 a728 

21.6 

230 

2078 

2211.6 

43 

43 

43 

43 

43 

31 

55 

43 

43 

43 

43 

43 

0 3165 
tt 

II 

tt 

tt 

tr 
1 

tt 

tt 

II 

If 

II 

tt 

31013 

32.80 

wet 

Dry 

wet 

Dry 

wet 

Dry 
t? 

it 
l  

Wet 

Dw 

Wet 

Dry 

30.41 

51.46 

31.44 

31.46 

32,211. 

33oi8 



5000 

0 Buckling (Wet) 
. Buckling (Dry 

A CMsphere (Wet) 

ACM sphere (Dry) 

2500 

A 
d 
Y 

2300 m  
E 
u 

2100 

1900 

1700 

1500 

2.0 2.5 3.0 3.5 
H20 !U (Volume Ratio) 

Buckling ad Critical Mass vs. H2O/U Ratio 
(1 .@7o u-235 - 1.394” 0.0. - 0.464” I.D.) 



CRITICAL APPROACH MEASU~TS OF: 1.6 PER CENT ENRICH&D URANti5 I. a . . , , . I. . , 

(1.394" OhL~.0.464" I.D..,.40" L&q=@) 
l  

La'ttice / l 

Date E&p. Spacing Jy?Iu Ex%. N CM c;l. Rc x 
>( ( 1 Noo inches I vo <. cm cm.> 

Buckling Vol 
RS CM, 

(.10"scmw2) (cm) (lit; e:s) (lbs) 
. . 

7-58. qc1 2 02.0 
.I 

1.91 60.58 $'.86 ‘: 22a ’ * 32 -; *  a 

I : I 

. 22 0.745 
* 

7-58 O-la 2.20 1.91 59.09 rt: l l2 21~83 ~44 " . 22f5sJ 

6-58 o-2 2.20 1.79 68.08 f .78 Y 251;6 =f= 29 - 24.208 7.25 

6-58 O-*a 2.20 1.79 64.21 =4 .47 2373 .f 17 ..* 23.510 

6-58 o-3 2.4g 2.50. 57043 & it85 3722 .3: 6% 24.255 

6-58 0-3a 2.40 2.50 58011 zt 0047 *-‘a47.k ~7. + 24.398 

6-58 o-4 2.40 2.37 64.86 k l 38 2397. * 14’ ) 25 + 776 

6-58 O-4a 2.40 2037 ,a 62.31 A 1,2 .--‘2302f44. . 25.265 

7.14 

7014 

7.25 

6.88 6707 31.480 

6,88 6653 31.636 

6093 6147 33.141 

6.93 6320 32.589 

7210 29 0858 .lllL/5 1k9g 

7294 29 l 644 109.1 1468 

6576 31.491 

6844 30.724 

130.8 1759 

121.5 1634 

‘d 
130.7 1476 $B 

7i 
13206 1499 A 

Y 

152.4 1723 

14500 1638 

The Al/U Volume Ratio for all above exp. was l 165 l 

Type of plot to-get Ext. N was N/CR. 

Poison corrections were calculated for expo O-lo These amounted to Oo48 rod so were not made for others0 

Exp. No. with (a) denotes back off, the others are approach measurements, . 

Va?iation in H20/U for the stie latt%ce spacing is ,dtie to dry or wet center core. 



EXPONENTIAL MEASUREMENTS OF 3.0063 PER CENT,ENRICEiED Umud7918~1g~20~21~22 1, 

Lattice 
Date BP a Slug Dia. Spacing 
8' (inches) (&nchwl NO 0 

H$vu 
(volunle) 

Hei&-k,b I NO. 
( > ‘cIll Tubes , 

*eff Relaxation Length9 bll 
(cm> ( 1 cm b 

11-58. 12-c 

11-58 12-b 

6-59 

6-59 

7-59 

7-59 

7-59 

7-59 

3-59 

5-59 

4-59 

4-59 

5-59 

12-59 
l-60 

IO-59 
10-59 
10-59 

10-59 

42 

44 

46 

47 

50 , 
52 

21 

35 

23 

25 

27 

71 
74 
61 

57 
59 
63 

0.925 
11 

0.600 

tI 

11 

0.300 
11 

tt 

t ? 

11 

00175 
tt 
11 
t? 

It 

11 

1.950 
t ? 

1.000 

loi 

10200 

1.300 

l&o 

10600 

0.500 

Oa600 

0.700 

00800 
1 

oogoo 

0 0300 
0 0375 
00450 
0.500 

0.550 
0.600 

I 

3.89 
tt 

2.06 

2.71 

3041 

4.18 

5.18 

6.84 

2.06 

3.41 
5.00 

6.84 

8.92 

2.24 
4.06 
6.29 
8.00 

9.89 
1X.96 

61.28 
1 

60.96 

81.28 

t? 

tt 

I? 

11 

t ? 

81.28 
11 

11 

11 

11 

59.69 
II 
t1 
t1 

tt 

11 

3l* 
1t 

14.48 

97 

73 

67 

61 

61 

65 

13il3 

12*53 30.40 

13 010 

13.54 

14.79 

17.20 

289-l 11034 
253-l 12.73 

187 12.77 

163, 13.62 
163 15.32 

781-l 
611-l 
433-l 
279-l 
379 
379 

11.18 
12.86 
12.49 
12.98 
14028 

15.58 

l  

23 a67 

24.91 

39.24 

35 A% 

35007 

41010 

37*87 

15088 

43 087 

32.38 

31.58 

35 008 

14001 
38040 
24.27 
23 a00 

27.17 
28.18 



Date Ex.~. CeMe ' 
, 

Slug bttece CeM* 
't NO. Dia. Spacing kb H2w‘J Cylinder A (2) But %n 

(iJlches > (ZiJxhes) (cm) (val) ii? fi 
SghetXTt 

w (cm) (10" cm- > m39 
9-5 * 0 l 0  - 0  ’ xl8 lb ye 0‘ 

7-58 2 
8-58 4 
7-58 3 
8-58 5 
7-58 1 
Y--58 6 
9-58 7 
ion58 11 
11-58 12a, 

12-58 
6-59 
lOa58 
6-59 
Y-58 
7ti29 
12-58 
7-59 
12-58 
7-59 
12-58 
7-59 

3)3-59 
_ 2a5Y 
5-59 
2-59 
4-59 
2-59 
6-59 
a-59 
4-59 

3) 3-a-59 
12-59 
10-59 
10-59 
J-o-59 
LO-59 

15 
41 
10 
43 

9 
45 
13 
48 
34 
49 
16 
51 

2l 
19 
33 
16 
22 
17 
40 
20 
26 

71 
72 
60 
56 
58 
62 

10 

tr I’ 
-40, 

tt 

1 if . 
-* . 

O? 

. r; : 
. . , ‘r” 

tr 

ir 

it 
, 

0.175 
I: 
It 
tt 
iI 
ri . 

II 

1.600 
tt 

1.700 
II , 

i.8oo 
tt 

1.950 !I 

60096 
4oe64 
60096 
40.64 
60096 
40.64 
60096 
40.64 
60096 

It 

2029 tt 
a072 I9 

3917 It 
s.3 A39 ! tt 

d: 60.0 
1 6305 

15050 
17*01 

' 5204 15045 
58,6 17.35 
49.2 15.90 
56.7 18008 
46.9 16044 

60.4 2002l 
48,6 18.13 

662e6 
46706 
57808 
431.3 
54301 
41766 
51803, 
44407 
536.. 8 

6,23 a&a2 437 

6012 14027 403 

6000 13536 392 

5086 1&08 4a 

l*iIOO 
/I 

lolO tr 
lr200 1) 
1.300 If , 
10420 It 
10600 I? 

40.64 
al028 
40.64 
81.28 
40.64 
al.28 
40064 
81.28 
40064 
8102ij 
4oe64 
al026 

2106 
tt 

2.71 11 
3.41 

4”18 0 
tt 

5.18 

6”84 
.; 

152.1 16045 *471.2 
114.9 14.30 '7r1og 
118.6 15.97 367.4 

91.2 14001 564.8 
104.5 16.36 323.7 

79@9 14.30 49409 
98.9 17e24 30604 
74J 14, ye 458.8 

100.3 18.97 310*7 
73*8 16.27 45701 

122eO 23e57 378*0 
82e4 19*37 510.4 

6.16 14834 

6.52 14855 

5077 15435 

6013 14115 

5086 12984 

5046 10576 

oo$oo 
00600 

- II 

00700 
tt 

0,800 n 
00 go0 tt 

81.28 
40.64 
81.2a 
40.64 
81.28 
40064 
81.26 
40,64 
81.28 

2006 
3.41 Ii 

624 16.7 964 
38705 x5*75 299 2 
298.1 13.82 460.3 
296.9 16.09 229.2 
230.0 14.16 35503 
2714 17#59 209~9 
199.9 15.09 308,7 
28T.7 20~29 220.6 
203 l 8 17.14 31497 

6oao 13607 465 
6e51 15098 274 

5.00 

6"84 
r3 

8.92 tt 

Boo5 15352 209 

6.17 13758 

5.94 a1986 

0.300 59.69 2024 1786 16.9 689 71 .r 11477 
0.375 59e69 4006 ' 873@3 14.78 337.1 6.91 1412l 
00450 59.69 6,29 628.3 15.04 242.5 6.53 14292 
0.500 59.69 8.00 56907 315092 219 09 6.43 13458 
0,550 59.69 9.89 55402 17.27 a3.9 6.30 ~2301 
00600 59*69 ~1.096 572.5 iy.i5 22l.o 6.31 1.0809 

(1) m  . N/CR vs I&used to evaluate NC. 

433 

337 

295 

283 

290 

353 

195 

207 

560 
257 
184 
171. . 
171 
184 

(2) x for 0.925 d&meter extrapolated frond mrves~ of h vs rod diameter, X calculated from setting values of buckling equal, . When mc&e! than two meas?z~men=ks .were madis; a weighted #average ,was '-t;&em, 
(3) ExpomentI.aJ. measurement only - A from &zapoSating rnwssured X curve0 



EXTRAPOLATION LENGTH VS. H2ON VOLUME RATIO 
(for 3.063 Per Cent Enriched Uranium) 

S- I I I I I 
o X-0.175” DIAMETER ROD , 

I 
. 0 x- o.300an 88 . 88 

* 
I A X- 0.600” I8 88 

8’ -- x-0.925” I8 88 
# 

. I EXTRAPOLATED DATA ; 1 
\ 1 

\ 

7 
\ . 1 

- 

1 I I I 
5r ; H20/U (VOLUME RATIO) 1 

c .- 1 
. T 

6 9 IO 0 2 3 
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0 
0 
0 a 
In - 

0 
0 
0 a 
co - 

0 0 
0 0 
0 0 c a 

0 
0 
0 a 
cu - 

0 
0 
0 a - - 

0 
0 
0 a 
0 - 

0 
0 
0 a 
m 

- 

I 

0 - 
I- a. 
a 
W 
=E 

- 3 
I 
0 
> 

1 
\ 
0 

cu 
r ----- I: 

7 

. ----_- 

/ I-- 
-- 

d 

--_ _ __. 

1 

> 

-- 

i  

0 
0 

0 
0 
N 



500 

400 

300 

200 

CRITICAL MASS AND BUCKLING vs. H2OAJ VOLUME RATIQ 
(3.063 PER CENT ENRICHED URANIUM 9 0.600” DIA. RODS) 

I 

I 

- MAXIMUM BUCKLING 
15250 at 2.0 

A BUCKLING 

o CRITICAL MASS FOR - 
SPHERICAL SHAPE - 

2 3 4 5 6 7 8 

16,000 

15,000 

14,000 cu” 1 

12,000 ; 
=I - 

II ,000 s 

10,000 * 

9,000 



CRITICAL MASS AND BUCKLING vs. H20/U \iOLUME RAT-IO 
(3.063 PER CENT ENRIC-HED URANIUM, 0.300” DIA. RODS) 

480 

400 

200 

I20 
0 

i / 1 I j MAXIMUM BUCKLING ; I / 
I I I L ! I i : ; 15,450 UB at 4.5 j , ( I 1 / I ! I I 1 I I I  

I I  I  

f 

/  

I I - : : LI :BUCKLING i 

I 
j j i I 

I 
I j 

I 
, I 

1 I I j 
H20/U (VOLUME RATIO) 

I I 

2 3 4 5 6 7 8 9 IO II I2 

16,000 

15,000 



300 

250 

200 

CRITICAL MASS AND BUCKLING VS. H2O/U VOLUME RATIO 
(3.06 Per cent Enriched Uranium, 0..175-Inch Dia. Rods) 

17,000 

- 560 Ibs. at 2.25 
l3UCKilNG ’ - 
CRITICAL M 
SPHERICAL 

ASS FOR- 
SHAPE - 

-t 

NG 
+ 

/ MINIMUM MASS: ./ 
170 Ibs.at 9 i I/ I 

-4- I - 
I T 1 I 

i H20/ll (VOLUME RATIO) - f 
2 3 4 5 6 7 9 II 12 IO ’ 

16,000 

- UJ 

I 

10,000 



MAXIMUM BUCKLING AND MINIMUM MASS VS. ROD DIAMETER 
(3.06 Per cent Enriched Uranium) 

400 

A BUCKLING I I I I / . 
1 0 CRITICAL MASS FOR SPHERICAL SHAPE 0 @ I I I I I I I I 

I I I I I I 1 I I I 
I 1 1 16,000 

0 6 7 l l 8 a 9 



IONS OF 3.063 p!EwzNc ELNRICHED uRANIuM(23J24'25) 
ter, 23.5" Length, 0.50w ,%attica Spacing) 

_- . 
ELLIP!rICcY~ 

Date Exp a .Eccentricity . AXiS NC CM cyl. B 2 x 
No 0 Bad- semi- (rods 1 (lb* 1 

l&jor &iXAOJ? (10°%mo2) 

3=l-19-59 69 15.88 15.88 

u-y-59 64 a2 16.07 15.71 
*( .224) 16.2 15.6 

u-u-59 65 465 
('480) 

16.92 x4.98 
l 

,.. 
11-13-59 6.6 647 

('624) 
18.34 13.99 

('74)" 0 
19.2 13.6 
21.9 12.6 

Calculated values from (25), others calculated fY'rom measured moments. 

- - ~- 

567*3 f 1 2Lp.o f 0.4 

I  -  

LiecTAMJGLAR CY-S - - - 

568.2 f 1.5 219.3 * 0.6 

570.3 f 2.5 220.1 * LO 13,520 64 l 

572.2 f 1.5 222.8 f 0.6 13,550 

13,530 64 0 

13,520 64 l 

64 l i- 
.y 

Date - Exp. 
No l 

Critical. Dimensions 
a b 

(cm) (cm) 

N C CM cyl. 

(roas 1 (lb) 

~~16-59 67 28.oy 29,22 587.7 * 0.6 226ey f 0.2 131440 63 0 

11-17-59 68 25@30 33.00 597J * 1.5 230.7 f oe6 13,510 63 0 
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REmCEs 

1 l 

2 l 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

ll 0 

12 0 

13 0 

14 0 
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