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ABSTRACT

I

A neutron transport equation which was solved numerically (the

SNG code by B. Carlson) has been connecixd with multigrou~ neutron

cross sections and critical assemblies to display the area of coverage

(fast to epithermal reactors) and range of errors (Ak ~ ~1~) . The

cross sections, critical assemblies, and results are tabulated.
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INTRODUCTION

A continuing effort has been made to generalize neutron cross

sections in reactor physics for a very wide variation in neutron flux

distribution, i.e., for a very wide variation in reactor size and

materials. It is demonstrated in an accompanying note that inter-

mediate reactors are tractable; work by R. Kiehn, G. Hansen and others

has shown that fast reactors are tractable. The complete set of

possible nuclear reactors is of “interesthere.

METHOD

The equations

group numerical form

used in this study are only the

of the transport equation known

familiar multi-

as the SNG

equations of Carlson.
1

Diffusion theory results will be reported

separately. The associated number and description of fast neutron flux

groups proposed to be most general and to make best use of the recent

%. G. Carl-son,“Solution of the Transport Equation by Sn Approximations,”
IA-1891, Oft. of Technical Services, Dept. of Commerce.



work of Hansen, Kiehn, and Bell is shown

heavily on the technical notes of Hansen

on Table I. This table leans

and Roach2 for the higher

energy groups I.-6of the 18 group intermediate reactor set both because

of the care with which the group energy limits, etc., were chosen and

because of the relative absence of systematic errors.

The complex of neutron cross sections, computing code, and “clean”

basic critical experiment is displayed in part in Tables II, containing

neutron cross sections, ~bles III containing experiments, and Tables

IV containing a set of critical

reactor experiments were chosen

variety of fast systems and the

experiment calculations. The fast

to provide adequate coverage of a wide

intermediate systems were chosen to

represent extremes in intermediate reactor parameters for each different

moderator. T%bles II, the microscopic neutron cross sections, are subject

to revision and extension as the systematic study of the experiments in

Tables III is developed and as new data appears. Safety experiments

and calculations are included to illustrate the extreme versatility of

the data and methods.

COMPUTING PROCFJXJRE

The operational procedure is to compute all reactors with

%. A. Tech. Notes, N-2-731 and’753by G. Hansen and W. Roach.
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existing neutron cross sections constructed from available tabulations

(Bell, Hansen, Kiehn, and Mills), as derived from the many sources of

cross section values (see cross section bibliography) consistent with

Table I. Systematic errors then force changes in the light of theo-

retical work of Beyster et al., BNL-325, etc., and other sources such

as reactor experiments. A sufficiently wide change of parameters

(compositionand size) of the reference reactor

essentially weights different energy regions of

in an integral way, because of the large change

critical experiments

the neutron cross sections

influx spectrum (#(u)

or @(E)) from system to system as well as in various positions in one

reactor. Thus a display of keff for each of a small number but a wide

variety of reactors is sufficient as a first order validation of the

accuracy of the energy dependence of the neutron cross sections of the

materials in an integral sense. More detail is possible by foil acti-

vation and material (element) reactivity and reactivity distribution.

NEUTRON CROSS SEZTIONS

The group averaged fast (107 to 103 ev)

for the heavy elements are those evolved by G.

*
their fast reactor study. These could not be

neutron cross sections

Hansen and W. Roach in

improved by a careful

*
This is in process of publication.
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study and were accepted

theoretical development

in toto. A. Green is presently engaged in a

of fast neutron differential cross sections

and may be able to improve this set.

Neutron cross sections in the light elements used as moderators

were evolved by conventional procedures , weighted by neutron flux

spectra. Resonance analyses by J. Devaney and G. Bell permitted facile

inclusion of these very troublesome numbers. The restrictions implied

by l-dimensional computing methods were relieved in part by a simple

“equivalent escape probability” for the second dimension in slab or

cylindrical systems.

In spite of the great volume of work available in reactor physics,

still “the proof of the pudding is in the eating,” so a laborious

justification of the group averaged neutron cross sections evolved will

not be attempted.

numbers will be in

treatment.

Possibly in the not too distant future the basic

sufficient supply to justify more exact methods and

REACTOR CRITICAL ASSEMBLIES

The fast reactor critical assemblies were supplied by G. Hansen;

the fast reactor “safety” experiments were found in a summary by

H. Paxton.3 Intermediate reactors studied are described with appropriate

3H. C. Paxton, “Critical Masses of Fissionable Metals as Basic Nuclear
SafetyData,’’L/i-l958(1955).
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references (through the present writer, when no cross check by the

originating person was possible) from the literature.

The existence of possibly correct neutron flux distributions

(also see IAMs-2240) for a wide variety of reactor critical experiments

is of interest to those groups limited to one or few group methods for

few,group averaged neutron cross sections. For this reason, the energy

and space distribution -ofneutron flux in these systems is presented

below.

It should be emphasized that in a sense all of the reactors

herein described are implicit in the neutron cross sections displayed

and the numerical computing code.

both interpolated and extrapolated

same sense, and novel or developed

There is then an infinity of reactors

(but not too far) implicit in the

systems can be analyzed and predicted

in detail with confidence consistent with the small systematic errors

herein displayed. Clearly, more clean systems should be studied to

decrease these errors.

SUMMARY

The compilations of neutron cross sections and the available

reasonably clean basic reactor critical assemblies have been coordinated

by the SNG transport approximation. It is apparent in studying the

tabulated results that few reactor critical assemblies can be considered

either “clean” or “basic.” Within the normal uncertainties

9

in studies



of this sort the entire set can be considered consistent. The group

averaged neutron cross sections are shown to have approximately second

order accuracy, so that more detailed experimental analyses of moderated

systems is in order. In this connection, the “speed up” probabilities

of neutrons moving from the cold to hot regions of reactors, computed

by J. G. Griffin (LASL), are added to the cross section tabulation

without validation to assist in evaluation of the thermal flux distri-

bution in high temperature critical assemblies.

10
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ImJTRclIvFLUX WJPJ’)

Group

1

2

3

4

5

6

7

8

9

10

11

1’

13

14

15

16

17

18

Energy Range
from 10 Mev

3 Mev

1.4

0.9

0.4

0.1

17 Kev

3

0.454

61.44ev

22.60

8e315

3.059

1.r256

0.4141

0.1523

0.0561

0.0252

Thermal

a. ~ (# weighted)

i
u

1.204

1.966

2.408

3.219

Ik.605

6.377

8

10

w

13

14

15

16

17

18

19

19.8

.-

b. Mean value in group i

c. Y (jd/vweighted)

Ui

1.’04

0.762

0.442

0.811

1“386

1.772

1.623

2

2

1

1

1

1

1

1

1

0.8

1

(a) (b)
Fission
Spectrum

-i
v (x108)cm/sec fi

28.5

19.9

14.7

11.0

6.7

2.70

1.237

‘.5071

.1%6

.0854

.0518

.0314

.0191

.0116

.00701

.00425

.00270

0.00220

0.204

0.344

0.168

0.180

0.090

0.014

0

0

0

0

0

0

0

0

0

0

0

0

from integration of spectrum f(u)

11

(c)

vth/~

0.00033

0.00081

0.00172

0.00471

0.01.28

0.0263

0.0433

0.0714

0.1176

0.1770

0.320

0.528

0.8’4
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TABLESIII

CRITICALEXPERIMENTS

A. SafetyCriticalExperiments

This set of criticalsystemspecificationswas obtainedfrom a

NuclearSafetyData tabulation(3)by H. C. Paxton. The centralregion

was Oralloy;the reflectorsvary in thicknessand material.

Core Rad. (cm) Refl.Rad.(cm) Refl.Density(gm/cc) ‘eff (S4)

Oy Fe

Oy H20 6.88

6.77

OyD20 7.17

6.59

OyBe 7.35

6.57

5.77

7.88

7.35

7.01

OyNi 7.14

6.68

Q 8.71

Oy!m 7.67

Oyu 7.48

6.48

6.28

Pu 6.26

Pu m 4.56

Puoy 3.155

PUTU 4.56

11.96

16.93

1.2.m

16.75

9.89

il.65

15.93

10.42

12.42

17.17

12.22

16.84

—

12.75

10.02

11.92

16.44

—

16.24

10.539

16.24

7.87

8.35

18.8

11.48

19.0

1.00 1.00

L.08

1.11 1.00

1.00

1.84 1.02

1.02

1.02

1.02

1.02

1.04

1.00

1.00

1.CQ

1.02

1.01

.99

1.02

1.00

11.48

18.8 1.00

19.0 1.02

Densityof Oralloy (%) 18.8 6m/cc 93.5Percentenr~c~ment”
plutonium (PU) 15.8gin/cc.
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TABLES III

CRITICALEXPERIMENTS

B. CleanCriticalExperiments

1. Fast cleansystems.

Thesesystemswere abstractedfrom LA safetymeasurementsby Hansen.



Critical~lment SunmurySheet

1. ReactorShape (SkelA)

o#>\@
4?{

2. Elementsin eachregion

I Region I 1

I Element I
NMlle Vol. fxuction”

or atomicdensity

U-235 1 o.oq511

U-238 2 0,0021{5

u-237 3 0.000 q5

4

5

6

bdius or thicknessof I
I eachregion IIu
“Materialdensityrequired

Ix3te Feb. \q58

Name GoJiva

Laboratory LA5L

Classificationof data UnclAsS.

2 3 4

3. Supplementaryinformation(e.g.,foil spcing and thickness,
uraniumenrichment,Impurities,powerdistribution,etc.;my be on supplementary
sheets).

76



Ihte Feb. iqs$

mm 16’44 ~o ~emiti~

Labo=tory LASL

Classificationof data (heiass.

CriticalIWperlmentS~ Sheet

Region 1 2 3 4 5 6 “**
4

Element

[ame Vol● rraction*
or atomicdensity

U-13 5 1 ,00’7’77 ,()()034

u-238 2 *03T11 ,0472/

N3Y 3 .00007
4

5

6

7

Radius or thickness of
eachregion

k
‘Materialdensityrequired

3. Supplementaryinfo-tlon (e.g.,foil s~cing and thickness,
uxzmiumenrichment,Imp=ities, powerdistribution,etc.; m%y be on supplemen~
sheets).



CriticalExperimentSunmurySheet

1. ReactorShupe (Sketch)

0------
2. ElementsIn each region

Region

I Element

Vol. f’raction*

I or atomicdensity
Ie

u-l%q 3

4

5

6

‘7

~adius or thicknessOr

Date

Ubontory LA5L

Ckssificationof data UnLlA3s.

6 ..!

“Material density requhed

3. Supplementaryinfox=mtion
uraniumenrfchmmt, Impurities,power
sheets).

78

(e.g.,rOil f3pbciw
distribution,etc.;

and thickness.
my be on supplezmsntary



lhte Feb. 17s$

CriticalExperimentSunmEUYSheet

1. ReactorShape (Sketch)

2. Elementsin eachregion

Labonltory LASL

Classificationof data lA(/66s.

Region I “1

Element

~81Ut? Vol. f’m3ction*
or atomicdensity

U-L33 1

V-138 2

U-235 3

U-234 4

w 5

6

I ‘7 I
?adiueor thicknessof

each retzfnn I

2 3 4

(W?\b

oooqO ,00251

.0Y517

,ooooh5

,00033

“Material densityrequired

3. Supplemen&%ryinformation(e.g.,foil s~cing and
uraniumenrichment,impurities,powerdistribution,etc.; my
sheets).

thickness,
be on supplementary



CriticalExperinumtSuuxuxrySheet

1. ReactorShape (Sketch)

c1n k=

2. Elementsin eachregion

IL,= ‘7,725cm.

AL=ww cm,

Region 1 2 3 4 5 6 . . .

Elemnt

Kulle Vol. fraction*
or atomicdensity

U-235 1
0,09511 ,()()034(J

U-13$ 2 0,00zq5 d)qlbqq

u- am+ 3 o)oooy5 “

4

5

6

7

Radiusor thicknessof
eachregion

‘&aterialdensityrequired
#

3- -Symlemntfw information (e.g., fOil spacitM -d
m%mlum enrichment,impurities,powerdistribution,etc.; my
sheets).

thiclmess,
be on supplementary



Criticall&perimnt’Summry Sheet

1. ReactorShape (Sketch)

@

n.
A&

2. Elementsin eachregion

Region

Elemsnt

Ivame vol.fractiozl”
or ~tomicdensity

(J-235 1

ti23a 2

LL-23q 3

4

5

6

7

Radiusor thickness of
eachregion

Date Feb. 1’75%

Name 1,16” TtA ~efil~ckd OY

Laboratory LA5L

Classificationof data UvICbsS,

1 2 3 ‘4 5 6 . . .

Olowt I ,0M346

0,00245 ,Oqqwq

b*oooq5

*
Material densityreqtied

3. Supplementaryinfo~tion (e.g.,foil spacingand
uraniumenrichment,Impurities,powerdistribution,etc.; wy
sheets).

thickness,
be on supplemen~

*

81
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1.

2.

Reactor

Classificationof data UncLass,

SunmmuySheet

Shape (Sketch)

Elementsin each

M==20,5 kg 93.?%

IL,= 4at3ql cm

n.’ \5,3w cm

region

r

Region 1 2 3 4 5 6 ● =*

Elemnt

Name Vol. fraction*
or atomicdensity

U-135 1
0,0451/ J)(M346

U-238 2 OXJ024.5*Ovwl

U-23~ 3 00000Y5

4

5

6

7

Radiusor thicknessof
eachregion

*
M%terialden6ityrequired

3. SupplementaryInformation(e.g.,foil spacingand thickness,
manium enrichment,
sheets).

impurities,powerdistribution,etc.;smy be on

82

supplementary



Experiment

1.

2.

Date Feb 1~50

MflDe3,q25 “ Tw 1’e+Iected Oq
Labontory LA51-

Classification

Sheet

M== 1’7,75 kg

Elementsin eachregion

Region 1 2 3 4 5 6 ● **

Elem?nt

lame Vol. fl’Tictioxl*
or atom.lcdensity

~ 235 1 0,0H511 (Mot)346

V-2.38 2 0,002Y5 aoW+?~

u-23y 3 O*OOOLIs

4

5

6

7

Radiusor tilckneaeof
eachregion

u
‘B@terialdensityrequired

3. Supplementaryinfo-tion (e.g., foil SWCiU and
uraniumenrichment,impurities, etc.;my be on supplementary
sheets).

83



CriticalExperimentSuumkrySheet

1. ReactorShape (Sketch)

/~’\

2. Elementsin eachregion

Region 1

Elenx?nt

1- L%liE%i

I I 5

I I 6 I

7

bdiue or thicknessof I
1 eachregion I
u
Bterial densityrequired

2 3

,0003%

cB17&M

3. Supplemen~ information
uraniumenrichment,impurities,power
sheets).

4 5 6 . . .

3
(e.g.,foil spacing
distribution,etc.;

and
IKby

thickness,
be on supplementcmy

W



Critical~eriment

1.

1.

2.

2.

Reactor

Date 6-13-58

N- G. Han8en/C.M.

Laboratory LASL

Classificationof Wti Uncq.

SunmarySheet

ShRpe (Sketch) C refl.Oy

Mc(kg 93.5 do Q) H/D
ratio

P(C) 1.67 gtII/CC 40.10 ~.172

P(OY) 3.8-M gill/CC @.$3 1.441

Elementsin eachregion

8h

‘=5●7

42.03

Sphere

Region I 1 I 2 I 3

Element

Tame Vol. fraction* 1
or atomicdensity

I

U-235 1 .ok50 [

u-238 2 .0031

c I 3 I .0838I
4

5

6

7

Radiusor thicknessof
eachregion 7.756 10.296

*
Materialdensityrequired 12

3. Supplemen* Information
uraniumenrichment,Impurities,power

4

f==

.0450

_&w-.

6( cm) Ref1.
T(in)

0.952 1.000

0.597 oo~

I

8 12 4

(e.g.,foil spacingand thickness,
distribution,etc.;nE%ybe on supplement?=y

sheets).
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CriticalExperiment

1. Reactor

Date 6-13-58

Name G. Hansen/C.M.

Labontory LASL

ClassificationOr data Unclass.

Summmy Sheet

Shape (Sketch) Polythenerefl.Oy

Mc(kg 93.5 ‘~ Oy) Ref1. H/D Mc(sph.)
T(in) ratio

1. *.78 1.000 1.014 32.92

2. 46.42 .s00 1“357 40.56

P (pOWhene) 0.921gin/cC

P (~) 1.8.W @i/CC

2. Elementsin eachregion

Sphere

Region 1 2 3 4 5 6 ● .*

Elemnt

Name Vol. ft’actlon”
or atomicdensity 1 2

.
( \ [ t

U-255 1 .0450 .0450

u-238 2 .0031 .0031

H 3 .0790 ●0790

c 4 .0395 .0395

5

6

7
,

Radiusor thickness of
eachregion 7.477 10.017 I8.016 9.286

*
“Material densityrequired 12

3. Supplementaryinformation
uraniumenrichment,impurities,power
sheets).

S(cm)

I.232

0“693

8 12

(e.g.,foil s~cing
distribution,etc.;

4

and thickness,
xmy be on supplementary
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TABLE III

CRITICALEXPERIMENTS

B. Clean Critical Experiments

2. Intermediate to thermal systems.
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CriticalExperimentSunmkrySheet .

1. ReactorShape (Sketch)

!

Cylinder
31 cm long
%.48 cm dia.

2. Elementsin eachregion

Date 12-13-57

Nanu? A. D. Callihan et al./C.M.

~bo~~ry ORNL-K343p. 41 (P●76)

Classificationof d4* Unclass”

H/U23~ = 320
~c235 235

= 1.78kgU

Sphereize with B2 = B2Cyl sphere

s“ .32cm

HC6 Sphere

Region 1 2 3 4 5 6 ...

Element

Name vol.fmction”
or atomic density

H 1 .0668

0 2 . .0335

U235 3 .000209

4

5

6

7

Radiusofeachregion(cm) ~6.78

*
~terial densityrequired

3. Supplementaryinformation(e.g.,foil spacingand
uraniumenrichment,impurities,powerdistribution,etc.;=Y
sheets).

thicknefm,
be on supplementary

88



Date 12-13-57

Name A. D Callihan/C.M.

LaboratoryORNL,K343,Pt. III,P“39

Classificationof data Unclass.

CriticalExperlnn?mtSunmry Sheet

1. ReactorShape (Sketch)

Cyl.inder
X cm long
25.4.cm dia.

H/ua = 52.9
J@ = 7.90kg $35

Sphereize by B2 = B2Cyl sphere

2. ElementsIn eachregion

HC3 Sphere
r

Region 1 2 3 4 5 6 ““”

Element

Name Vol. fraction*
or atomicdensity

H 1 .0665

0 2 .0334

U235
3 .001237

4

5

6

7

Radiusof e=chregion(cm)
14.7 J

*
Materialdensityrequired

3. Supplementaryinformation
uraniumenrichment,Impurities,power
sheets).

(e.g., foil s~cing and thickness,
distribution,etc.;my be on supplementary



CriticalExperimentSummnrySheet

1. ReactorShape (Sketch)

mate 1.2-13-57

NanE A. D. Callihan, et al./C.M.

LaboratoryORNL-K343pt. III P.65

Cbssificationof d4* Unclasso

H/U235= 3Q7
Al can

Cylinder
22.4 cm long

Sphereizeby

25.4 cm corediam.
60.96cmrefldiam. B:eflo~ph =fare. ‘(E%$ +(.::4:5+ )2

d =2.88 cm, ~= .32 cm

2. Elementsin eachregion

HC-1 Sphere

Region 1 2 3 4 5 6 ● “”

Elexmmt

Name vol. fkaction*
or atomicdensity

H 1 .0662 .0669

2 .0335 .0335

;35 3 .0002157

4

5 —

6

7

Radius of each region(cm)
13●45 31.8

%aterial densityrequired

3. Supplementarytnfornation(e.g.,foil spacingand
uraniumenrichment,impurities,powerdistribution,etc.;my
sheets).

thicknew,
be on supplementary
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CriticalExpex’inmtSuxmmaySheet

1. ReactorShape (Sketch)

Cylinder
44.3 cm long
~. 1 cm core diam.
60.96 cm refl. diam.

2. Elements in each

HC-2 sphere

Ikzte 12-13-~7

Name A. D. Callihan et al./C.M.

Labomtory ORNL-K343part IIIP.33

Classificationof d4@ unclass.

H/U235= 999
Al can

Sphereizeby

d = 2.88 Cm

region $= .32cm

1

Region 1 2 3 4 5 6 ● **

Element

Name Vol. fraction*
or atomicdensity

H 1 .0665 .0670

2 .0334 .0335

;35 3 .0000713

4

5

6

7

Radiusof each region (cm) ~.~~ 33.7
x.
“Material densityrequired

3. Supplemen~ information (e.g., foil s~cing and
uranium enrichment, impurities, power distribution, etc.; xmy
sheets).

thickneae,
be on a,upplementiy
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I

Date March ~, 1958

Name J. T. Thomas/C.M.

LaboratoryORNL-1992

classificationof datauNcIASSIHED

CriticalExperimentSuumnJ’YSheet

L ReactorShape(Sketch)

Spherical Al (x; 1.27 m thick)

26.4and 32*O cm diam

Ref1. 15 cm H20

u-23593.4&

Test1 95.14SE@
Test2 50.29gm/~
Test3 K5.18 ~~

2. ElementsIn eachregion

1 2

A ~&
b-1.3x 10- -1-1

-5.5x 10-50 c

3 (bare)

Region I 1

Elemnt ET
:268.8

lame ’01” ‘Ction’ zL5°c
or atomicdensity/-

I H I 1 l*@w
0 2 .-

U-235 3
● 0002436

u-238 4

Al 5

6

I I 7 I
Radiusor thicknessof
L each region I13.2

*

@668 i066s21

, 0334 0332 ,0334

●

*
Mterial densityrequired

3. Supplementaryinfo-tion
uraniumer.richment,impurities,power
sheets).

.00 I

-4H/ll
-203.5

q“c

1.0652

--l.0326

.000320

I

116.0
1

(e.g.,foil spacingand thickness,
distribution,etc.;my be on supplementary
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Critical Experiment 8ummry Sheet

1. ReactorShape (Sketch)

SphericalAl (3S;1.27xu thick)

26.4and 32.0 cm dia.

Refl* 15 cm H20

U-233 %*7 $ A~AT°C .

wet 161.34 gin/l
Test238.75 gin/l

-1.4x 10+
-6.7x 10+

Test3$7.37 grI@

Note: ~ = 2.31 if

q(u-235)-2.08

2. Elementsin each region

1 2 3 (b#Me)

Region 1 2 3 1 2 3 ● *.
1

Elenx?nt E/tW~
= 418.3 ~

H/t@3 ~fi233
=663.1 2 =3810D

Name Vol. fraction* *OC 26.3°c a“c
or atomicdensity<

H 1
● 0663 ..0668 ,0664 ,0668 .06626

0 2
● 0332 .0334 ,0332 ,0334 .0332

U-233g8.* 3 ● 0001584 ,Ooo1oo1 ●0001739

u-238 4

Al (35) 5 ●060 .060

6

7

Radiusor thicknessof 13.2 ,13.~ 28.327 16.0 16.w 31J27 16*oeachregion
m
%terial densityrequired

3. Supplementaryinfo~tion
uraniumenrichment,Impurities,power
sheets).

(e.g., foil spacing and thickness,
distribution,etc.;my be on supp~ementary
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. Ihte 3- 27-38

NanE J. K. Fox et al./C.M.

Laboratory ORNL-2367p. 24

Classification of da~ Utlclass.

CriticalExperimentSwmmu’ySheet

1. ReactorShape (Sketch)

1) Cylinder in Al to sphere: B~yl=B~phere 16.4kg @35

2) Sphere- oorefl.H20 3.2kg F35

Al shell

2. Elementsin each region

I Reactor

I Element

Fame Vol. fmction”
or atomicdensity

IHI 2

Iol 3

I 7

kadiw m thicknessof
I each region
*
‘Materialdensityrequired

1 2 3 4 5 6 ““’

Cyl. sphere
H/u= core Refl.

H/U = 47.3
27.1

.-.
.002122 .oo12g5

.0>75 .0613 .0670

.02875 .O* .0335

.

—

11.55 11.43 -40

3. Supplementary inform3tlon (e.g., foil s~cing
uranium enrichment, impurities, power distribution, etc.;
sheets).

and
my

thlcknefm.
be on supplementary
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Date 1,2.5.57

NaIM Re N. Olcott/CoMo

Classification of data unclassified

Critical Experiment Summary Sheet

1. Reactor Shape (Sketch)

D/$5 = 230

“ 1=2- p(t?5)=.&4gU I/CC M.=21.6 kg.

L-J71.5.cm B2 m

I 63.11–
R~ph - 36=o5 W?S!?

2. Elements ~each region ~(D20) = 1o11

Calc.No.DCl Sphere

Region 1 2 3 4 5 6 . . .

Element

Name Vol. fmction*
or atomicdensity

D 1 .0670

0 2
● 0335

#35 3 .0002gl

4

5

6

7

Radius of each region (cm)
36.05 ,

*
~terial densityreqtied

30 Supplementaryinformation(e.g.,foil s~cing
uraniumenrichment,Impurities,powerdistribution,etc.;
sheets).

and thickness,
my be on supplementary
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Mte 12-5-57

Name R. I’?.Olcott/C.M.

Laboratory(~) - N.s.E.1, 327 (X3%)

Classificationof data UNCLASSIFIED

Critical ExperimentSmm%ry Sheet

10 ReactorShape (Sketch)
D/@5 -2081.

f@3~= OeO12h @l/CC N= = 4.243.

I 76.081
cm

~ = 43.22 cm

2.

DC-2

Elements in =ch region

Sphere

I Region 1 2 3 4 5 6 ““”

Elem?nt

Name Vol. fraction*
or atomicdensity

D 1 .0670

0 2
● 0335

#35 3 .0000322

4

5

6

7

Radiusof each region (cm) 43.22 ,

*
Kterial densityrequired

3. Supplementary inforxmtion (e.g., foil s~cing and thickness,
uranium enrichment, impurities, power distribution, etc.; my be on supplementary
sheets).



Date I-2.7-57

N- R. N. Olcott/c.M.

Labomtory (IA) - NSE 1. 327 (1956)

Clmsificationof d4* Uncl.

Uritical Experiment Sumary Sheet

1. Rmctor Shape (Sketch)

R
- 35ill- .047 irlss,

D/U235 = 34.2

p(#35) = 0.679 @T1/CC Mc = 10.7 @

13.5in 1~~7

2. Elements in each region

Calc. DC-4 Sphere

Region 1 2 3 4

Element

iame vol. fraction*
or atomicdensity

D 1 .0594 .067

2 .0297 .0335

)35 3 .00174

Fe 4 .1306

5

6

7

Radiusof each region (cm) 17.14 17.2k 44.45
k
Materialdensityrequired

4

5 6 ● **

3. Supplementaryinfo~tion (e.g.,foils~cing and.—
urani~ enrichment, impurities, power distribution, etc.; my
sheets).

thicknetm,
be on supplementary
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Date U-7-57

Name R. N. Olcott/C.M.

Laboratory(LA)- N.S.E.1, 327 (1956)

Clm3sificationof data UNCLASSIFIED

CriticalExperimentSummry Sheet

1. ReactorShape (Sketch)

!%

35 in. D@5 = 135.3

.047 in. SOS.
347 PO?% = o.8~ @n/cc M= -9*2 k13.

6.5ino9.2
in.

2. Elements in each region

DC-~ Sphere
[

Region 1 2 3 4 5 6 ““”

Element

Name Vol. fraction*
or atomicdensity

D 1 .067 .067

0 2 .0335 ● 0335

#35 3 .ooa495

Fe 4 . l%

5

6

7

Radiusor thickness of 20.96 , 21.06 44.45
eachregion )

*
M%terlal density required

3. Supplementaryinformation(e.g.,foil smcing
uraniumenrichment,Impurities,powerdistribution,etc.;
sheets).

and
Imy

thictiess,
be on supplementary
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Date 12.7-57

.

Name R. No ol@t/ ceMc

Labomtory (IA) - ~E 1, 327 (19%)

Classification of data wc~~~

Critical Experiment Sunmnry Sheet

1. Reactor Shape (Sketch)

PI
—35 i/l. — D/I@= = 431

.047in.ss.-347
~(@s) = OotiO @n/CC M= = 3.2 @

Irjnsa2
in.

2. Elements in each region

DC-3 Sphere.-
Region 1 2 3 4 5 6 ● **

Element

Name Vol. i’mction”
or atomic density

H 1 .&To .0670

2
● 0335 .0335

;35 3 .0001554 -.
Fe 4 .1306—.

5

6

7

Radius of each region (cm) =.37 , ,23.47 44.45
u
“Matirial density required

3. Supplementary information (e.g., foil s~cing and
uranium enrichment, impurities, power dis~ibution, etc.; nEy
sheets).

thickness,
be on supplementx’y
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I

I

Critical Experiment

1. Reactor

Date 12-7-57

NanE Conwybear / C.14.

Laboratory (m) m 1769 (1951)

Classification of data Unclass.

Sunmnry Sheet

Shape (Sketch) ~/@5 - 36b+ 390 (Yo1.5,p.430UN COXlfO)

Me = 18.08 kg.

H1’’i”” -
I-v’in

2. Elements in -ch region

[ Region 1 2

‘f: ~ - .9060
-.0610

2s - .0004
Void - .0262

B2 = .w874

RC = 33.6 . 2 Cm

[
65 i 1 lomil. .Cn70y)8

Al 2 .-

30 3 .1121

4

5

I 6 I I

I 7 I I

badiusof each region (cm) I I

3 4 5

.—

Int. Conf. At. E.

6 . . .

J
3. Supplementary information (e.g., foil swcing and thickness,

uranium enrichment, imp&ities, power distribution,-etc.~ rmy be on supplementary
sheets).

100



Date 1.2-?-g

NanE A. D. Callihan/ CJL

Critical Experinx3nt

1. Reactor

I

Laboratory ORNL

Classification of data lJnclass.

Sumary Sheet Refer: Int. (hf. ... At,E. ~, 430

Shape (Sketch)-.

/“F%l– Be/@~ = 1455+ 1560

Z-/l” Me = 7.65 k%U-235

1/
—

?4.1

—--\
vo?y=:~,%

2. Elements in each region .

CA-1

Region

I Element

k--t+-
4

5

6

7

Radius of each region (cm)

*
l&terial density requtred

1 2 3 4

●WW

.W@

● U21

35.4

3. Supple=n~ information (e.g., foil spacing and thickness,
uranium enrichment, impurities, power distribution, etc.; nELybe on supplementary
sheets).



Critical Experiment SunmELV Sheet

1. Reactor Shape (Sketch)

Approximate cube -

Baae 24 x 24 in2.

IMZte 9/25/58

Name F. Kloverstrom/cm

Labomtory L.R.L. (Communication)

Classification of @* Uncl.

w (P=l.83gm/cc)

Be/U235 = 1*O

Critical Height 18.7 in.

Foils 8 roilsthick approx.

6 Z 1.5cm

B2 = .oo9170

2. Elements h each region

Sphere-..

Region 1 2 3 4 5 6 . . .
—

Element

Name Vol. fraction*
or atomic density.—

#35 1 8 mil— Kmo899

Be 2 0.I.222

t

3 1-.
4-—-

\- 5

6.-.—

7
,-.—-—.
Radius or thickness of

each region 31.31
*
hkterial density required

\

3. Supplementary information (e.g., foil s~cing and thicbeee,
~manium enrichment, impurities, power distribution, etc.; nny be on supplementary
sheets).
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Date 12-10-57

Critical Experiment Sumna.rySheet

1. Reactir Shape (Sketch)

Reduced B2 = 21.64 X 10-4

Nw A. J. Kirschbaum /~

Labomtory WRL-4983-T P.13

Classification of data Unclaia6ified

2. Elements in each region

Sphere

I Region 1

I c I 1 I .0825

$35 2
● 000122

B 3 1.40 x

b

I I 5 I

I I 6 I

I I ‘7 I
Padius of each region (cm) 65061

~ I

Material density required

c/@ = 675
P(c) = 1.645&n/cc

B - 14.4 ppzn& others:

‘%
= .00102

R~ph=67.53 - 1.92 UU(MSUMOdS)

= 65.61

2 3 4 5 6 ..(

04

3. Supplementary infomtion (e.g., foil s~cing
uranium enrichment, impurities, power distribution, etc.;
sheets).

and
my

thickness,
be on supplementary



Critical Experiment Summary Sheet

1. Reactor Shape (Sketch)

Reduced B2 D 20068 X 10-4

2. Elements in each region

Ikte 12-10-s7

NSJIE A. J. Kfis~ba~ /*.

Labo?.story IK!RL-4983JIP. 13

C18SSifiCL3thn of data Unclassified

Sphere .
,

Region I 1

Element

Vol. fraction* I
or atomic density
I I

I c I 1 I .0825

B 3 104 x :

4

c/I?5 = 1379

p(c) = 1.645 @l/cc

R - 69.og CM - 1.92(ass-d S )
sph.

ImpuritkM3Za = ● 00102cm-l

1

5

6

2 3 4

-6

5 6 . . .

*
Material density required

3. Supplementary information
uranium enrichment, impurities, power
sheets).

(e.g., foil spacing and
distribution, etc.; my

thickness,
be on supplementary



Critical Experiment Sunmmry Sheet

1. Reactor Shape (Sketch)

Reduced B2 = 19.04 x 10
-4

2. Elements in each region

Date 12-10-57

Name A. J. Ktischbaum /(m

Laboratory UCRL-4983-T p.13

Classification of data unckssifl~

Sphere
,

Region 1 2 3 4 5 6 ● **

Element

Name Vol. fraction*
or atomic density

c 1 .0825

&35 2 .00003190

B “3 104OX 10-6

4

5 I 1 1 1
6

I 7
1

Radius of each region (cm) 70.08
*
Material density required

3. Supplementary information
uranium enrichment, impwities, power
sheets).

105

C/@-2586
p(c) = 10645 gm./cc

& s@ = 72.00 cm -1.92 (assured $ )

Boron and Impurities: Xa = .00102cm
-1

(e.g., foil s~cing and
distribution, etc.; zmy

thickness,
be on supplementary



mix =-’r-n

Classification of data ~~~

Critical Experiment Suxnary Sheet

1. Reactor Shape (Sketch)

Extrap.(c!ontrol)
51 x 51 x 44.1 1?? With

2. Elements in each region

CA-4 B2 = ●001863
Region 1 2 3 4 5 6 ● =*

Elexumt

Name Vol. fraction*
or atomic density

&35 110 Imll. ●-*7 ‘
Al 2 .oo@

c 3 .q’?w

k

5

6

7

Radius or thickne8s of 10
each region 7 55

*
Material density requtred

6 PpmBoron; O.- @ SS-316 (in skewers) In Cm
Cadmium fraction 0.14 to 0.20 in a cell (ealco .1*)

fcm’20 mil cd on .0015 in In
More data given in report.
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Date 8-7.58

N- G. Hansen et al./C.M.

Laboratory LA-2141 p .31

Classification of d4@ UNCLASS.

Critical Experiment Sumary Sheet

Right

1. Reactor Shape (Sketch) Assemblies 8, 9, 10

cylinder C/Oy = 384; Mc = 32.3 kg Oy
core radius (equal area) 40.56 cm
core length 81.28 cm

p(c) = 1.50; P(*) = 1.66 gin/cc

End reflectors (cm Be) B2

AsS. 8 10.16 10.16
Axial escape DB2 =~ (~)

3 ~tr
9 ~o.~6 O 1

10 0 0
where — is listed as an

3 ~tr
absorption cross section.

2. Elements in each region Ass.10 B2 = 1.363x 10-3
9 0.854 X 10-3
8 .562 x 10-3

Region 1 2 3 4 5 6 “*”

Element Ass .8 A 0S. 9 Ass. 10
(Cyl.)

Vol. fraction*
(CyL.)

Name
or atomic density

U-235 1 .000183 .000183 .000183

*
c 2 ,0752 .0752 .0752 .0782

Al 3 .0037 .0037 .Q037 .0037 .0037 .0037 .0037

Be 4 .1108 .1108 .1108

C-DB2x3atr 5 .00747 .01149 .01812

Be-DB2X3atr 6 ●00507 .00779 .ou229

7

Radius or thickness of
each region& 140.56 53.64 40.56 57*3O 40.56 68*14 73.89—

*
W%terial density required

Refl. savings ~ ~2.2Be refl. thickness (p(C) = 1.42) from study ofAss. 1-7.

Value of Be on ends assumed 5= 2.2 (10.16 + 1.4) ~ - 1.9 cm = 22.4 cm.

*Second reflector C(p = 1.56 gin/cc)
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Critical Experiment Summary

1. Reactor Shape (Sketch)

Approximate cube -

Base 24 x 24 in2.

Date 9-23-38

Name F. Kloverstrom/cm

Laboratory LRL (Communication

Classification of data Uncl.

Sheet BeO reactor, p(Be) = 2.84 gin/cc

BeO/f35 Crit.Ht.(in.) Foils/pack. p(BeO)

2@ .5 20.8 4 2.83
491 22.3 2 2.84
491 22.8 4 2.84
982 25.4 1 2.84
982 26.6 2 2.84

Foils weig$ 16.07gm L?35, 17.24gm Oy, and
are 5 1/4 x 5 1/4 x .002 in.

2. Elements in each region

Sphere

Region 1 2 3 4 5 6 .**

Element Reactors, BeO/$35

Name Vol. fraction* .

or atomic density 21> ●s 491 491 982 982

U235 Foil
t

10 Inil 4 mid 10 Inil 2 mil 4 mu
1 Nx10 2.77 1.393 1.393 .697 .697

Be 2 .0681 .0684 .0684 .0684 .0684

0 3 .0681 .0684 .0684 .0684 .0684

4

5

6

7

Radius or thickness of
each region 33.64 34.53 34.81 36.o8 36.58

*
Material density required

3. Supplementary information (e.g., foil spacing and thickness, uranium
enrichment, impurities, power distribution, etc.; my be on supplementary
sheets).
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Ihte 12-10-37

Name A. J. Kirschbaum/C.M.

Laboratory uCRL-4983-T p.6

Classification of datBUNC~SSO

Critical Experiment Sumnry Sheet

1. Reactor Shape (Sketch)

Bare ended 8 sided cylinder
with 6 in. thick C on all
lateral surfaces.

CAJ = !599 MC =&).5 kg. U235

Equal area Core radius 46.31 cm

Equal area refl. radius 65.I.2cm

p(U-235) = .05345 gin/cc

~2
axial = (108.1*+ 3.84)2 = .0007882

2. Elements in each region

Ass●s Cylinder

Region 1 2 3 4 5 6 ● **

Element

Name Vol. fraction
or atomic density

1 .0825 .0853(1)

;35 2 (2mil) .0001377

B(14.hppm) 3 1.2X lo-6

CF2(neglect) 4

N(B2Daxi~1)* 5 .00955 .00924

6

7

~9.59@) 64.83(2)
Radius or thickness of

each region

(1) Assumed p = 1.70 gin/cc

(2) Equal area B2 correction for an octagon is 1.0090; Rrefl = 64.83

*N=
B2 B2

m
for axial escape E = —

m 3ci1tr



Date 12-11-37

Critical Experiment

1. Reactor

Bare ended cube

Sunmm?y Sheet

Shape (Sketch)

C = (36 ~)2square in.

Be: 6 in. thick on 4 sides

Length 35.05 in.

20 Elements in each region

Ass.No. 3 Cylinder

Region

Element

Name Vol. fraction*
or atomic density

c 1

2 (1 roil)

IB(lh.4p’pm) 3

Be 1 I 4

N(C-DB2 5

4N(Be-DB ) 6

*
Wterial density

1. Assumed full

@N B2
‘m ‘or

required

density

Name A. J. Kirschbaum/C.M.

kboratory UCRL-4983-T p.6

Classification of d4~ UNCWS

c/u~ ~2340

P(u-235) = .01369 @l/cc; Mc = 11.0 kg 335

p(c) = 1.649 gin/cC; 6= 1.92 cm.
B2Cyl = 2u2/(92.Tl + 2 x 32.8)2 = .000786;

B~xial = .0011440

1 2 3 4 5 6 ● ..

0825

0000353

..4x 10
-6

.1.23

.0139

.0093

52.89 68.13

B2axial escape E =
m%
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CRITICAL EXPERIMENT CALCULATIONS

These experiments are presented as computed because of the general

interest in neutron flux spectra for a wide variety of reasonably clean

systems. Safety calculations are omitted since the set

are the best interpolations

many of which are presented

this tabulation.

Godiva*

Jemima*

Jemim*

A brief

%0

D20

Be

c

CA-4

1

2

3

1

2

3

4

1

2

1

2

3

(93 ●4

(37*5

reasonably possible between

on Table III B and computed

of specifications

the actual systems,

results shown on

summary of computed keff values is as follows:

per cent &35)

per cent &’35)

(16 .25 per cent #35)

H/&35 = 900 (ZO refl.)

H/~35 = 300 (1$0 refl.)

H/U235 = 53(bare)

D/~35 = 230 (bare)

D/#35 = 2081 (bare)

D/~35 = 34.2 (refl.)

D//35 = 135.3 (refl.)

Be/U235 = 364 (bare)

Be/&’35 = 154.6(bare)

c/u = 675 B2 = 21.64 X 10-4

c/u = 1379 20.68 x 10
-4

c/u = 2569 19.0 x 10 -4

c/u = 1063 (bare)

*
S8 calculations for these
and -.00I.2respectively.

L.A.

II

It

ORNL

!1

II

LA.

11

II

II

ORNL

ORNL

LRL

lt

!t

ORNL

1.00

.98

.98

1.01

1.03

.98

1.00

“1.01

.%

●*

.99

1.00

●99

.99

.98

1.01

10 mil foil

10 mil foil

10 railfoil

three systems reduces ~ff by Ak=-.00bq, -.0027,
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MixedSystem

Oyc (1/2 in. c on Oy)

(1 in. C on Oy)

Oy CH2 (1/2 in. CE on Oy)

(1 In. CH on Oy)

Oy IJ233
Oy’hl

Be reflected C c/oy = *4

C reflected C C/@35 = 599

Be reflected C c/u235 = I.@

L.A.

It

It

!1

n

n

II

1.00

1.00

1.00

1001

1.00

1.00 - 1.01

1.02 - 1.00

●97

●96
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