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ABSTRACT 

Th i s r e p o r t p r e s e n t s the r e s u l t s of a c r i t i c a l - e x p e r i m e n t p r o ­

g r a m conduc ted to s tudy the H a l l a m N u c l e a r P o w e r F a c i l i t y (HNPF) 

r e a c t o r c o n c e p t and to ve r i fy d e s i g n p a r a m e t e r s . E x p e r i m e n t a l 

p r o c e d u r e s and r e s u l t s a r e g iven , and c o m p a r i s o n s a r e m a d e w i th 

c a l c u l a t i o n a l t e c h n i q u e s c u r r e n t l y in u s e for d e t e r m i n i n g the n u ­

c l e a r c h a r a c t e r i s t i c s of the H N P F r e a c t o r . 
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I. INTRODUCTION 

A s e r i e s of c r i t i c a l e x p e r i m e n t s u s ing fuel s i m i l a r to t ha t p l a n n e d for the 

H N P F h a s been p e r f o r m e d a t the S o d i u m G r a p h i t e R e a c t o r (SGR) C r i t i c a l F a c i l ­

i ty to a s s i s t in the f ina l d e s i g n of the H N P F r e a c t o r . M e a s u r e m e n t s of c e r t a i n 

c r i t i c a l i t y p a r a m e t e r s and the r e a c t i v i t y w o r t h s of s e v e r a l t y p e s of c o n t r o l - r o d s 

h a v e b e e n m a d e for s e v e r a l k inds of l a t t i c e s . The p u r p o s e of m a k i n g t h e s e 

m e a s u r e m e n t s w a s to give a id in s e t t i n g the f ina l fuel e n r i c h m e n t va lue a n d in 

def ining the c o n t r o l r e q u i r e m e n t s . A l s o s t u d i e d w e r e r e a c t i v i t y w o r t h s of s e v ­

e r a l d i f f e ren t fuel e l e m e n t s , i nc lud ing a s e c o n d - l o a d i n g u r a n i u m - c a r b i d e e l e ­

m e n t . C o r e flux d i s t r i b u t i o n s w e r e m e a s u r e d , and a s tudy w a s m a d e of the 

p e r t u r b a t i o n of the l o c a l p o w e r d i s t r i b u t i o n c a u s e d by a p a r t i a l l y i n s e r t e d c o n ­

t r o l r o d . 

C a l c u l a t i o n s w e r e m a d e on the v a r i o u s l a t t i c e s , both a s an a i d in p l ann ing 

the e x p e r i m e n t s and for c o m p a r i s o n of p r e s e n t a n a l y t i c a l t e c h n i q u e s wi th e x ­

p e r i m e n t a l r e s u l t s . T h e s e e x p e r i m e n t s w e r e p e r f o r m e d in con junc t ion wi th a 

s e r i e s of e x p o n e n t i a l e x p e r i m e n t s wh ich u s e d the samie fuel e l e m e n t s and d e t e r ­

m i n e d the i n t e n s i v e n u c l e a r p a r a m e t e r s for a s e r i e s of l a t t i c e s p a c i n g s ; t h e r e ­

fo re l i t t l e i n t r a c e l l w o r k w a s r e q u i r e d to be done in the c r i t i c a l a s s e m b l y . The 

r e s u l t s of the e x p o n e n t i a l w o r k w i l l be f o r t h c o m i n g in a s e p a r a t e r e p o r t . 

A p p l i c a t i o n of the r e s u l t s of the c r i t i c a l e x p e r i m e n t s to the d e s i g n of the 

H N P F i s n o t c o v e r e d in th i s r e p o r t . 

A . THE H N P F R E A C T O R 

The H a l l a m N u c l e a r P o w e r F a c i l i t y , c u r r e n t l y u n d e r c o n s t r u c t i o n a t a s i t e 

n e a r H a l l a m , N e b r a s k a for the Uni ted S t a t e s A t o m i c E n e r g y C o m m i s s i o n , i s 

d e s i g n e d to g e n e r a t e a s t e a d y - s t a t e p o w e r of 256 Mw t h e r m a l , 75 Mw e l e c t r i c a l . 

The p l a n t w i l l be o p e r a t e d by the C o n s u m e r ' s P u b l i c P o w e r D i s t r i c t of N e b r a s k a ; 

the p o w e r w i l l be fed into the e x i s t i n g p o w e r d i s t r i b u t i o n n e t w o r k . The r e a c t o r 

i s g r a p h i t e - m o d e r a t e d , s o d i u m - c o o l e d , and fueled wi th u r a n i u m - 10 w t % m o l y b -
2 35 d e n u m a l l o y , e n r i c h e d to 3.6 w t % U 

The m o d e r a t o r w i l l be in the f o r m of s t a i n l e s s - s t e e l - c l a d h e x a g o n a l g r a p h i t e 

l o g s , 1 6 - i n . a c r o s s f la t s wi th c o r n e r s s c a l l o p e d for fuel l o c a t i o n s . The s o d i u m 

coo lan t i s p u m p e d u p w a r d , a r o u n d and t h r o u g h the e l e m e n t , and b e t w e e n a d j a c e n t 

g r a p h i t e l o g s . 
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Figure 1. SGR Cr i t ica l Assembly 
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The fuel e lement is composed of 18 U-Mo rods a r r anged in a c lus te r about 

a center tube of s ta in less s teel ; the planned second-core loading will use u ran ium 

carbide fuel rods . The rods a r e surrounded with a NaK bond and individually 

clad in s ta in less s teel , and the c lus ter is enclosed in an open-end Zircal loy p r o ­

cess tube. The control -safe ty rods will be located in fuel-element channels , r e ­

placing every sixth fuel e lement in the cen t ra l core region. The control rods 

will be an equal mixture of Gd^O„ and Sm^O , with an act ive length of 12.5 ft. , 

and will operate in hel ium-fi l led th imbles . The f i r s t core loading will consis t of 

137 fuel e lements , 10 of which may be UC; the r ema inde r will be U-Mo, with 19 

driven control safety rods , six fixed control rods which rep lace additional fuel 

elements nea r the center of the c o r e , and 39 graphite dummy elements at the 

outer edge of the co re . 

The active core will be 13.5-ft high by 12.9-ft d iamete r ; the total core is 

17-ft high by l6.8-ft d i ame te r . The average a t -power t e m p e r a t u r e s of the sodi­

um, fuel, and graphite a r e a l l in the range 400-450 °C. The init ial unpoisoned 

k rf of 1.100 is designed to allow 2.0% Ak for control and xenon, 3.8% Ak for 

fixed control rods , and about 4% Ak for the ini t ial burnup per iod, A more de ­

tailed descr ipt ion of the HNPF is available in Reference 2. 

B. THE SGR CRITICAL FACILITY 

1. Genera l 

These exper iments were per formed on the SGR Cr i t ica l Assembly (Fig-

ure 1) which is descr ibed m o r e fully in the Hazards Summary . This a s sembly 

has been designed to pe rmi t exper iments on graph i te -modera ted r eac to r s of 

var ious s izes and fuel-element configurations. It cons is ts of a cyl indr ical a r r a y 

of hexagonal graphite logs into which fuel and poison elements may be placed in 

a wide var ie ty of lat t ice spacings and a r r a n g e m e n t s . Provis ion is made for a i r 

heating the a s sembly in o rde r to study t empera tu re effects. F e a t u r e s of the 

facility, per t inent to the in terpre ta t ion of the exper iments , a r e given below. 

2. Core 

The graphite forming the basic a r r a y is contained in and supported by a 

nominal "tank" made up of flat m i ld - s t ee l p la tes , l / 4 - i n . thick. The twelve 

sides of the core "vesse l " , used to approximate a cylinder, a r e supported by a 

ring of beams a r r anged around the tank in such a manner that they can be 

NAA-SR-5584 
3 



adjusted la tera l ly and tightened, once the modera to r logs a r e loaded ins ide . 

This design pe rmi t s study of r eac to r s of var ious d i a m e t e r s . The height of the 

r eac to r also may be easi ly adjusted by addition of another layer of graphite logs, 

s t ruc tu ra l suppor ts , and side p la tes . Reac tors from 10 to 14 ft in diamieter and 

up to 17 ft in height can be accommodated, by slight modifications of the bas ic 

s t ruc tu r e . The initial s ize of the core tank was 12 ft in d iameter and 13 ft high. 

The bottom of the tank is made of l / 4 - i n . - thick m i l d - s t e e l plate supported by 

10-in. channel b e a m s . The bottom has a hexagonal opening in the center of the 

vesse l which is 6 ft 3-1/2 in. a c r o s s the f lats . Graphite modera tor logs in this 

a r e a a r e individually supported on 3 -1 /2 - in . d iameter s tee l tubes . The bottoms 

of the tubes r e s t on a 2 - l /2~ in - th i ck s tee l plate located 2-1/2 ft below the hex­

agonal opening. A platform enci rc les the tank at approximately the same eleva­

tion as the top of the core vesse l to enable personne l to work on the r e a c t o r . 

3. Moderator 

The naoderator consis ts of hexagonal graphite logs 4 in. a c r o s s the flats 

and 4 ft long. The assembly consis ts of two layers of these logs standing on end, 

with 1171 logs in each l ayer . Individual graphite logs may be removed from the 

core by pushing them from below, with a jack, through holes in the bottom plates 

which support the logs . Special graphite logs which have a mil led slot on two 

adjoining edges a r e used at the points where control rods a r e inse r ted . The con­

t ro l rods t r ave l ver t ica l ly in the l / 4 - i n . -wide x 2-in. -long slots formied by 

three adjacent cont ro l - rod logs . Three logs which have been mil led out on a 

2.386 in. rad ius , about a co rne r , a r e faced toward a common center to provide 

a fuel element location. Round plugs of 4.74-in. d iamete r a r e used both as end 

plugs on the fuel elements and for filling vacant fuel locat ions . 

4. Startup Source 

The s tar tup source for the r eac to r is a polonium-beryl l ium neutron 

source with a s t rength of 2 x 10 n / s e c . It is located in a ve r t i ca l hole dr i l led 

into one of the graphite logs, and is at tached to a dr ive s imi la r to that used for 

the control rods for removal from the core after cr i t ica l i ty is at tained. The 

source is contained in a 20-ft-long, a luminum-clad , graphite rod, so that its 

r emova l does not leave a void, and m.oderator continuity is only slightly p e r ­

turbed at a l l t i m e s . 
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5. Control System 

Poison elements which a r e combination sh im, regulat ing, and safety 

e lements a r e used to control the c r i t i ca l a s sembly . The number of e lements 

and thei r posit ions in the a s sembly can be var ied as requ i red by the expe r i ­

ments being per formed. Nine control rods were used for a l l of the Hallam 

la t t i ces . 

The poison element is composed of th ree V-shaped 0.032-in. - thick 

plates of a 70% s i lver - 30% cadmium alloy, joined in the shape of a "Y" with 

l~7 /8- in . a r m s . The poison e lements move ver t ica l ly in slots mil led from 

the surfaces of th ree graphi te modera to r logs at the in tersec t ion of the logs . 

A s tee l tube, mounted on top of the graphi te , contains two sets of ro l l e r s which 

guide the poison e lement . This tube also contains a lower - l imi t microswi tch 

and a lead-shot snubber . 

The rod dr ive units a r e located in the penthouse di rect ly over the c r i t i ­

cal cel l . The units a r e modified a i rcraf t -au topi lo t se rvo m o t o r s , each with a 

d rum on which the cable supporting the control rods is wound. The rod dr ive 

units a r e fai l-safe since in terrupt ion of brake solenoid power resu l t s in a 

s c r a m . 
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II. EXPERIMENTAL 

A . F U E L E L E M E N T S 

F u e l e l e m e n t s m o c k i n g up the H N P F 

fuel d e s i g n w e r e u s e d . A t y p i c a l fuel e l e ­

m e n t ( F i g u r e s 2, 3 , and 4) c o n s i s t e d of a 

6 6 - i n . - l o n g , 4 . 7 4 - i n . - d i a m e t e r , a l u m i n u m 

c y l i n d e r con ta in ing 19, 0 . 6 0 4 - i n . - d i a m e t e r 

h o l e s to r e c e i v e 18 f u e l - s l u g c o l u m n s (the 

c e n t e r ho le w a s left e m p t y to c o n f o r m to a 

l a t e H N P F d e s i g n c h a n g e ) . The fuel p ins 

a r e so l id b a r e r o d s , 0 . 5 9 2 - i n . - d i a m e t e r , 

3.448 a t . % e n r i c h e d u r a n i u m m e t a l a l l o y e d 

wi th 10 wt % m o l y b d e n u m . The a l u m i n u m 

in the e l e m e n t s s e r v e d a s a m o c k u p for 

s o d i u m c o o l a n t . No m a t e r i a l e q u i v a l e n t to 

the s t a i n l e s s s t e e l fuel c l add ing and the 

p r o c e s s tube of t h e H N P F fuel e l e m e n t w a s 

i n c l u d e d . 

The e l e m e n t s w e r e hung f r o m the t op 

of the r e a c t o r by h a n g e r r o d s s u p p o r t e d by 

the g r a p h i t e s u r f a c e . G r a p h i t e end p lugs 

f i l led the c h a n n e l a s shown in F i g u r e 4, 

t hus c o m p l e t i n g the a x i a l r e f l e c t o r s , A 

2 - 1 / 2 - f t vo id be low the fuel e l e m e n t s a l ­

lowed t h e m to d r o p p a r t l y out of the c o r e 

in the even t of a n a c c i d e n t a l m e l t - d o w n . 

B e s i d e s t h i s b a s i c e l e m e n t , s i n g l e 

m o c k u p s of s e v e r a l o t h e r fuel e l e m e n t s 

w e r e a v a i l a b l e for s t udy : a 1 9 - r o d e l e m e n t 

( f rom the p r e v i o u s fuel d e s i g n ) , a r e d u c e d -

e n r i c h m e n t (2,778 a t . % ) U - M o 1 8 - r o d e l e ­

m e n t , and a 1 2 - r o d 3.448 a t . % e n r i c h e d 

u r a n i u m c a r b i d e e l e m e n t . 
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FUEL ELEMENT SUPPORT PIN 

PLATE 

HANGER ROD 

GRAPHITE 
PLUG 

ATTACH PLATE 

UPPER GRID PLATE 

SCALE - ^ ' = I F T 

LOWER GRID PLATE 

GRAPHITE SUPPORT TUBES-TYR 

GRAPHITE 
PLUG 

HANGER ROD 

PLUG SUPPORT 
PLATE 

TYP. FUEL ELEMENT 
SCALE I " 

Figure 3. HNPF Cr i t ica l Core Assembly and Fuel Elenaent 

B. GRAPHITE 

Sigm.a-pile exper iments on a solid column of SGR graphite 8 ft high x l2 f t 

in d iamete r , using a PoBe neutron source placed 2 ft f rom the bottom of the 

pi le , gave the following values for the graphite cons tants : 

l} = 2381 cm^ 

D = 0,872 cm 

E = 0.000366 cm"'^. 
a 

Where p ~ 1.67 g m / c c 

and T = 20 °C. 
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Fuel : U 3.448 a /o Enriched, 10.15 w/o Mo 

Density of Fue l 
Density of Graphite 
Density of Aluminum 
a = 0.296 in, Radiub 
b = 0.302 in. Radius 

17.12 g m / c m ^ c = 2.370 in. Radius 
1.68 g m / c m 3 d = 2.386 in. Radius 
2.71 gm/cm-^ 

Ai r Gap e = 0,872 in. Radius 
b -a = 0.006 in. R, f = 1.660 in. Radius 

0.012 in. Dia. 

F igure 4. Fuel Element Dimensions 

d-c = 0.16in. R, 
0.032 in. Dia. 
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The graphite to be used in the HNPF wil l be quite different: m.old-type graph-
4 

ite is specified, for which the following values a r e a s sumed in making i n t e r -
compar i sons : 

L^ = 2068 cm^ 

D = 0,872 cm 

Z = 0.000422 cm"^ . a 

No a t tempt was made to mock up the cladding of the HNPF graphite logs . 

C. LATTICES 

The la t t ices studied in this exper iment has a slightly different lat t ice spac ­

ing from the HNPF lat t ice; i . e . , the c e n t e r - t o - c e n t e r fuel e lement distance was 

9.228 in. as conapared to 9.237 in. for the HNPF la t t i ce . This difference was 

due to the geometry of the SGR graphite logs . The fuel e lements were 66 in. 

long (see Section II-A), and the graphite was 8 ft high; the re fore , the 5-1 /2- f t -

high core was reflected axially by 1.25 ft of graphi te . 

Two main types of la t t ices were constructed: an "open" la t t ice (five fuel 

locations plus one void location per hexagonal cell) and a "full" lat t ice (fuel a t 

al l six locations of the cel l ) . F igures 5 and 6. The open lat t ice was a lso studied 

with graphite filling the void s i tes in o rde r to achieve a s impler case with which 

to compare calculat ional methods . 

Because of the smal l number of e lements needed to achieve cr i t ica l i ty in 

these l a t t i ces , the re were few repeat ing ce l l s , pa r t i cu la r ly in the open la t t i ces , 

and ref lector effects were l a rge . In o rde r to i nc r ea se substantial ly the core 

d iameter of the l a t t i ces , the core was poisoned by introducing s ta in less s teel 

tubes to approximate the neutron absorpt ion of the modera to r cans in the HNPF 

r e a c t o r . These type 304 s ta in less s t ee l tubes were 1.9 in. OD, 65-mil wall 

th ickness , and 8 ft long. They were placed throughout the core in the cen te rs of 

hexagonal r ings of fuel, as shown in F igures 7 and 8. The la t t ices thus formed 

a r e r e f e r r ed to as the "open-poisoned" and "full-poisoned" l a t t i ces . In one c a s e , 

the poison was also introduced into the ref lector of the open poisoned la t t ice , 

forming a region of poisoned rad ia l re f lec tor . 

Moderator logs with a 2- in . -d i amete r hole were located throughout the core 

in these la t t ices , and filled with graphite plugs. These holes provided foil holder 

locations for use in making flux t r a v e r s e s . 
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D. CONTROL RODS 

Mockups of s eve ra l con t ro l - rod designs w e r e available for in te rcompar i sons 

and for determinat ion of absolute values of con t ro l - rod wor ths . Some of these 

a r e shown in F igure 9, along with the holders used in the exper imen t s . The 

J "CONTROL SLUGS - * • 

LUGS f 

4 

^*- SMALL HOLOE 

Figure 9. Exper imenta l HNPF Control Element 

la rge holder was 5.5 ft long, 1/2 in. thick, and was made of type-1100 aluminum; 

a 0 .096- in . - th ick z i rconium sheath could be inse r ted over this to s imulate the 

Zircal loy p roces s tube of the HNPF cont ro l - rod th imble . The poison e lements 

were 6-in. -long s tee l cy l inders , 3 -3 /8 - in . -OD, in which were compacted v a r i ­

ous mix tures and th icknesses of r a r e ear th oxides , as detailed in Table I. 

TABLE I 

HNPF CONTROL ELEMENTS 

Mater ia l 

R a r e - e a r t h (45-45%) 

R a r e - e a r t h (45-45%) 

B4C 

90% Gd203 

Thickness 
(in.) 

1/4 

1/8 

1/4 

1/8 

Density 
(gm/cm^) 

5.46 

5.46 

1.63 

4 .76 

Pack Weight 
(g) 

1268.9 

755,3 

354.8 

652.8 
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A smal l thin-walled aluminum holder for s ingle-s lug exper iments , a lso 

shown in figure 9, was available; a 20-mi l cadmium cylinder and end-plates 

could be inser ted around the poison slug being studied in this holder to separa te 

epicadmium and total react ivi ty wor ths . 
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III. EXPERIMENTAL PROCEDURES AND RESULTS 

A. CRITICAL MASS 

The c r i t i ca l m a s s was determined for the var ious lat t ices by loading the 

core radial ly in steps involving in tegra l numbers of e lements . Near c r i t i c a l ­

ity, the steps consisted only of single e l ements . The excess react iv i t ies of the 

c r i t i ca l loadings were measu red using the rod-ca l ibra t ion technique d iscussed 

in section I I I -D-1 . The resu l t s of these measu remen t s a r e shown in Table II 

for the various lat t ices 

TABLE II 

CRITICAL LOADINGS 

Lattice Type 

Open 

Open 

Full 

Ful l , poisoned 

Open, poisoned 

Open, poisoned 
Core and ref lector 

Open, poisoned 
Core and ref lector 

F igure 

5 

5 

6 

8 

7 

7 

No. of 
Holes 

Voided* 

4 

0 

-

-

0 

0 

i t 

No. of 
Elements 

17 

16 

17 

26 

25 

28 

29 

Excess p, 
(cents) 

94.2 

92.1 

23.3 

44.5 

202.8 

27.6 

46.5 

*The unoccupied lat t ice s i tes in the open lat t ice (every 6th fuel element location) 
were plugged with graphite for the c r i t i ca l m a s s determinat ions except as 
noted h e r e . No vacancies exist in the full l a t t i ces . 

fCent ra l . 

The lat t ices were centered not about the center of the SGR cr i t i ca l facility 

co re , but r a the r about one of the fuel s i tes removed 9.24 in. from the center 

of the c o r e . This permi t ted cont ro l - rod worth measu remen t s and danger -

coefficient exper iments to be per formed at the center of the la t t ice , thereby 

avoiding the necess i ty of applying buckling cor rec t ions to the r e s u l t s . Since 
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the ref lector thickness was , in al l c a s e s , more than two feet, and usually three 

feet (effectively infinite), the variat ion of the ref lector thickness over an a z i -

muthal angle had lit t le effect on these m e a s u r e m e n t s . 

The c r i t i ca l d iamete rs of the var ious lat t ices were only about four to five 

feet, as may be seen in F igures 5-8. With such smal l cores and thick re f l ec ­

t o r s , d i rec t , accura te measu remen t of the geometr ica l bucklings would be dif­

ficult because of the smal lness of the region of asymptot ic flux. Moreover , the 

number of repeating cells was very smal l , and readi ly available foil locations 

were l imited to relat ively large separa t ions . 

B. FUEL-ELEMENT WORTHS 

Following the react ivi ty determinat ions of the c r i t i ca l la t t ices , var ious ex­

per iments were perfornaed to determine other data such as pe r iphe ra l and cen­

t r a l element wor ths . These were measu red by making the des i red substitution 

in the co re , again finding the total excess react ivi ty of the la t t ice , then equating 

the net react ivi ty change to the difference between this naeasurement and the 

reference react ivi ty . 

In the determinat ion of the central-elenaent worth in the full la t t ice , m e a s ­

urements were made both with and without the graphite end plugs on the e lement . 

When the plugs were removed, the e lement ' s worth was slightly negative with 

respec t to a void at that location. This resu l t had been somewhat anticipated 

from the resu l t s of theore t ica l calculat ions, since the calculated m a t e r i a l buck­

ling of the full latt ice was sma l l e r than that for the open lat t ice; however, a 

s t reaming correc t ion had not been applied to the voids in the open lat t ice calcula­

tion, and the actual s t reaming effects could have nullified this resu l t had they 

been much l a r g e r . 

A summary of these measu remen t s is given in Table III. Al l react iv i ty 

worths given in this r epor t a r e with r e spec t to a void unless specifically noted 

o therwise . The shadowing interact ion between control rods and this effect on 

the resu l t s has not been determined; hence, e r r o r l imits a r e not ass igned to the 

tabulated measurenaents , although the individual period and react ivi ty de t e rmina ­

tions a r e general ly accura te to ±0.2 4., and rod positioning e r r o r is ±1 m m , co r ­

responding to ± <0.2 <£/step in a l l c a s e s . Various smal l react ivi ty effects, such 

as t empera tu re changes, cont ro l - rod voids, voids in the plugs for hanger rods , 

hanger rods , nonuniformit ies , and a i r p r e s s u r e , were not taken into account 
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TABLE III 

FUEL ELEMENT WORTHS 

Latt ice 

Open 

Ful l 

Open, poisoned core 
and ref lector 

Full 

Ful l , poisoned 

Full , poisoned 

Location 

P e r i p h e r a l 

P e r i p h e r a l 

P e r i p h e r a l 

P e r i p h e r a l 

P e r i p h e r a l 

P e r i p h e r a l 

P e r i p h e r a l 

§ Centra l 

Cent ra l 

Cent ra l 

Centra l 

Cent ra l (end 
plugs removed) 

Centra l 
(U-Carbide) 

P e r i p h e r a l 

P e r i p h e r a l 

Total No. 
of Elements 

17 

18 

19,20 

21,22 

23,24 

18,19 

29 

29 

19 

17 

17 

17 

17 

26 

27 

Worth Relative to Void 
(cents) 

+ 103.7 (symmetr ic location) 
* 

+ 12 3.4 (tight location) 

+ 95 

+ 83,8^ 

+ 88.0''" 

+ 82,4^ 

+ 108.0^ 

+ 80.3 

+ 23.1 

+ 5,5 

+ 3.4 (symmetr ic lat t ice) 

+ 0.5 (tight latt ice) 

- 17.2 (tight lat t ice) 

+ 61.8 

+ 38.7 (tight location) 
** 

+ 57.2 (symmetr ic location) 

*"Tight locat ion" re fe rs to a pe r iphe ra l e lement located in a n o n - s y m m e t r i c 
lat t ice position re la t ive to the center of the co re , in which it has m o r e 
neithboring e lements . 

tMeasured in pa i r s only. 
§This location is a vacancy for this la t t ice , and cor responds to a full lat t ice s i te . 

**With r e spec t to a graphite plug. 
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since these effects were negligible. The reference in the table to " s y m m e t r i c " 

and "tight" locations differentiates the positioning of a pe r iphe ra l e lement in its 

c o r r e c t location, where it is symmet r ica l ly located with r e spec t to the center of 

the latt ice and projects considerably into the rad ia l ref lector because of the 

smal l core d iameter , and in a non - symmet r i c location, in which it has more 

neighboring e lements . The large additions of fuel in the open lat t ice were made 

in the course of the cont ro l - rod measu remen t s (Section III-D-2). 

The worths of s eve ra l different fuel designs were measu red in the 29 -e l e -

ment po i soned-core -and- re f lec to r open lat t ice, in a tes t location jus t off center 

(Figure 7). The cen t ra l location in this lat t ice corresponded to a cont ro l - rod 

(void) lat t ice s i te , but was plugged with graphite for these m e a s u r e m e n t s , as 

were the other void locat ions. A summary of these measu remen t s is given in 

Table IV. 

TABLE IV 

WORTH OF FUEL IN POISONED-CORE-AND-REFLECTOR OPEN LATTICE 
(In the nex t - to -cen te r location) 

Fuel Type 

18-rod U-Mo 

UC 

19-rod U-Mo 

2.778 at .%, 
18-rod U-Mo 

Relative to Graphite 
(cents) 

93.6 

122.7 

93.8 

50,9 

Relative to Void 
(cents) 

119.5 

148.6 

119.7 

76 .8 

C. GRAPHITE-PLUG WORTHS 

The effect on react ivi ty of renaoval or inser t ion of graphite plugs in the open 

latt ice si tes was noted. These changes could be at t r ibuted p r i m a r i l y to loss of 

neutrons due to s t reaming (the open lat t ice is nea r the min imum of the c r i t i c a l -

m a s s vs^ fue l - to -modera to r - r a t io curve) and can thus provide a check on calcu­

lated s t reaming co r rec t ions . These measu remen t s a r e given in Table V; the 

react ivi ty shown is the worth of the graphite plug with r e spec t to the resul tant 

void (air) at the location l is ted. 
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TABLE V 

GRAPHITE PLUG MEASUREMENTS 

Latt ice 

Open 

Open 

Open 

Open 

Open 

Open, poisoned 
core and r e ­
flector 

Open, poisoned 
core and r e ­
flector 

Open, poisoned 
core and r e ­
flector 

No. Fue l 
Elements 

22 

18 

18 

16 

18 
+ poison 

holder 

29 

29 

29 

Mater ia l 

3 graphite plugs 

graphite plug 

3 graphite plugs 

graphite plug 

graphite end plug 
(1.25 ft) 

graphite plug 

graphite plug 

graphite plug 

Location 

3 pe r iphe ra l void 
locations 

cen t ra l void 

3 pe r iphe ra l void 
locations 

cen t ra l void 

top of poison holder 
center hole 

cen t ra l void 

pe r iphe ra l void 

jus t -of f -center 
fuel location 

Worth 
(cents) 

+ 54.2 

+ 66.5 

+ 49.6 

+ 72.3 

+ 7.7 

+ 45.7 

+ 14.7 

+ 25.9 

D. CONTROL-ROD WORTHS 

1. SGR Control Rods 

Various determinat ions of con t ro l - rod effectiveness were made on SGR 

control rods , p r i m a r i l y for the purpose of determining the excess reac t iv i t ies 

of the var ious lat t ice configurations. The p rocedure followed was to de te rmine 

the c r i t i ca l position with a single control rod where poss ib le , then reduce power 

and withdraw this rod a sufficient dis tance to obtain about a 30-sec per iod . After 

sufficient counts were obtained, c r i t ica l i ty was rees tab l i shed by pa r t i a l inser t ion 

of another control rod, and the p rocess repeated until the or ig inal rod was fully 

withdrawn. The react iv i ty data were reduced on the IBM 709 using a per iod 
5 code to which an approximate value of i / p was supplied. 

F o r smal l react iv i ty changes, previous rod-ca l ib ra t ion curves were 

general ly a s sumed valid, and data were taken only to a known point on the rod. 
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Figure 10. Calibration Curve of Control Rod No. 4 

However, for la rge changes such as the addition of a fuel element , the rod worth 

changed significantly, and the ent i re curve had to be rede te rmined . 

The SGR control rod normal ly used for control and react ivi ty m e a s u r e ­

ments was rod No. 4 (see F igure 5), with rod No. 9 opposing it for cal ibrat ion 

pu rpose s . A typical cal ibrat ion curve of rod No. 4, taken for the 22-element 

open la t t ice , is shown in F igure 10. 

2. HNPF Control Rod 

The effectiveness of an HNPF-type control e lement was m e a s u r e d at the 

cen t ra l (void) location of the open la t t ice . The exper iment was done in s teps ; 

by adding poison s lugs, building from, the bottom edge of the core ; by adding 

pe r iphera l fuel e l ements , as neces sa ry ; and noting, at each s tep, the change in 

react iv i ty worth from the previously determined rod-ca l ibra t ion curve . Graphite 

end plugs were positioned on the aluminum poison holder , jus t as on the fuel e l e ­

ments . 

NAA-SR-5584 
18 



A c o r r e c t i o n m u s t be a p p l i e d to the o b s e r v e d r e a c t i v i t i e s , s i n c e the a d ­

di t ion of fuel i n c r e a s e s the ef fec t ive c o r e s i z e and t h e r e b y r e d u c e s the r e a c t i v i t y 

of any s lug i n s e r t e d into the e n l a r g e d c o r e wi th r e s p e c t to tha t wh ich would be 

m e a s u r e d in the i n i t i a l c o r e . S ince t h i s c o r r e c t i o n w a s found not to be v e r y 

l a r g e , the fol lowing a p p r o x i m a t e e x p r e s s i o n w a s u s e d to n o r m a l i z e a l l m e a s u r e d 

v a l u e s to the i n i t i a l 2 0 - e l e m e n t c o r e s i z e (2l c e l l s ) : 

Pr. = P 
(R. + sr 

° ~ ̂ i (R + 8)2 

•, -o -s- /no cells x cell where R. = core radius = „ / — 
1 '\j TT 

o - calculated reflector savings 

area 

This kind of correction, among others, must also be applied when extrapolating 

these worths to the Hallam reactor. No correction was made for possible shadow­

ing effects between the added slugs and rod No. 4, or between rodNo, 4androdNo.9. 

The measured and corrected values are indicated in Table VI, and a plot 

of the integral and differential data is shown in Figure 11. 

TABLE VI 

HNPF CONTROL ROD RESULTS 

No. Fuel 
Elements 

20 

22 

22 

22 

24 

24 

24 

(extrapolated) 

No. Poison 
Slugs 

1,2,& 3 

4 

5 

6 

7 

8 

9 

11 

/O (Observed) 
Rare Earth 

(cents) 

-184.9 

-78.9 

-93.6 

-87.7 

-78.8 

-77.7 

-65,5 

_ 

Correction 
Factor 

1.000 

1.07 

1.07 

1.07 

1.16 

1.16 

1.16 

_ 

^p (Corrected) 
Rare Earth 

(cents) 

-185 

-269 

-370 

-463 

-555 

-645" 

-721 

-825 

Lp (Corrected) 
B4C 

(cents) 

"204 

_ 

-403 

-

-

-

_ 

_ 
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TOTAL NUMBER OF RARE EARTH SLUGS 

Figure 11. Calibration Curve of R a r e - E a r t h Control Rod 

Three B^C slugs were substi tuted for the r a r e - e a r t h slugs at the bottom 

of the control column when more than six slugs were to be inse r ted in the r a r e -

ear th m e a s u r e m e n t s , and a new reference point was determined from the new 

cr i t i ca l posit ion. The worths of the two types a r e so s imi la r , that l i t t le e r r o r 

is incur red by doing th is . The final total worth value for eleven slugs was found 

by extrapolating the differential curve and integrating to get the additional worth, 

in preference to extending the core st i l l further to obtain the n e c e s s a r y r eac t iv ­

ity for further measu remen t . 

The worth of the a luminum poison holder was -87.3 cents; that of a z i r ­

conium sleeve around the holder was -4.0 cents , when observed with five r a r e -

ear th slugs in the poison holder . The sleeve was not in position during the rod-

worth exper iments . 

3. Single HNPF Control Slug 

Exper iments to study the re la t ive the rma l and epithernaal worths of the 

various HNPF poison slugs were performed on single slugs at the center of both 
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the open and the open poisoned l a t t i ces . The resu l t s of the m e a s u r e m e n t s , indi­

cated in Table VII, show that there is l i t t le difference in control worths among 

the var ious elements tes ted . The procedure was to position the individual slugs 

in the r eac to r , with and without a cadmium cover , in the sma l l holder descr ibed 

in section III-D. In each s tep, the c r i t i ca l position was found, and react iv i t ies 

were determined from the cal ibrat ion curve of control rod No. 4 for this loading; 

the effect of the poison slug on the rod cal ibrat ion was not considered. 

TABLE VII 

MEASUREMENTS ON A SINGLE CONTROL ELEMENT 
(At the center of the latt ice) 

T .a "M"! c f^ 

Open 

Open, 
poisoned 

Poison Control 
Element Thickness 

1/4-in. 

1/4-in. 

l /4~in. 

l /4~in . 

1/4-in. 

1/8-in. 

1/8-in. 

1/8-in. 

Composition 

R a r e ear th 
(45% Gd203, 45% 
Sm203 , 10% other 
r a r e - e a r t h oxides) 

B4C 

Excess B4C over R . E . 

B^C 

R . E . 

90% Gd^O^ 

45% Gd203, 45% 
Sm203 

45% Gd203, 45% 
Sm203 (at top edge 
of core) 

Negative 

Epicad. 

55.5 

75.2 

19.7 

54.8 

40.7 

27.6 

34.2 

9.1 

Reactivity 
(cents) 

Thermal 

125.9 

128.8 

2.9 

109.3 

107.9 

105.3 

106.3 

35.4 

Worth 

Total 

181.4 

204.0 

22.6 

164.1 

148.6 

132.9 

140.5 

14.5 

E . FLUX DISTRIBUTION 

1. Gross Axial and Radial Distr ibution 

Overal l dis t r ibut ions of the gross t h e r m a l flux were de termined in var ious 

la t t ices and cont ro l - rod configurations by means of the cadmiumi difference method. 

Round "al indium" foils (75% indium, 25% aluminum), 5 m i l s t h i c k x l / 2 - in . diam.eter, 
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were placed in 20 mi l - th ick boxes of aluminum or cadmium. The axial expo­

sures were taken by placing the boxed foils in a special graphite foil holder , or 

in milled cups on the side of fuel e lements or poison ho lders ; the c e n t e r - t o -

center foil separat ion was 10 cm and the foil plane was ve r t i ca l . Radial t r a v ­

e r s e s were made at the midplane of the core in a s e r i e s of ve r t i ca l graphite plugs 

in which the foil planes were horizontal ; o r , with the abovementioned graphite 

foil holder in a s e r i e s of radia l locat ions. The foil activations were counted on 

scinti l lation counters using automatic decay cor rec t ion . Other cor rec t ions were 

applied to the data for background, foil normal iza t ion , reso lv ing- t ime l o s s e s , 

and in the case of rad ia l t r a v e r s e s , for ce l l location and re la t ionship to the e s t i ­

mated local core boundary. 

F igures 12 and 13 show the radia l and axial flux distr ibut ions for the 22-

element open lat t ice with a poison column of five r a r e - e a r t h slugs inser ted in the 

cen t ra l lat t ice location. F igures 14 and 15 show the rad ia l and axia l dis tr ibut ions 

for the 30-element open po i soned-core -and- re f l ec to r la t t ice . Note the skewed 

shape of the total axial flux in F igure 15, due to the pa r t i a l inser t ion of rod No. 4, 

with its axis located 21 inches from the axis of flux observat ion. This t r a v e r s e 

0 10 20 30 40 50 SO 70 80 90 100 110 120 130 140 150 ISO 170 180 190 200 

R, DISTANCE FROM CENTERLINE (cm) 

Figure 12. Radial The rma l Flux Distr ibution 
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Figure 15. Axial Flux, 30-Element Latt ice 

was taken with a minia ture fission counter , about 1/4-in. in d iamete r , which was 

attached to a drive mechan ism s imi la r to that of a control rod. The counter 

t raveled in a slot milled into the side of a 2-in. -d i ame te r graphite plug extend­

ing axially through the r e a c t o r . The power level was held constant (within 1%) 

throughout the t r a v e r s e . The effective axial location of the fission counter was 

determined by extrapolation of the data to zero and the assumpt ion of a 2 -cm 

extrapolation length. 

2. Per turbat ion of Power Distribution (About a Par t ia l ly Inser ted HNPF 

Control Rod) 

A se r i e s of axial flux t r a v e r s e s were made, with the same foils as above, 

about a par t ia l ly inser ted Hallam control column (five r a r e - e a r t h slugs in the 

poison holder) . These t r a v e r s e s were made at var ious locations throughout one 

of the hexagonal cells which in te r sec t the poison s i te , and at 60° separat ions on 
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the surface of a neighboring fuel element (all th ree n e a r e s t neighbors were l o ­

cated symmet r ica l ly with respec t to the tes t e lement) . These data have been 

used to deter inine the per turbat ion of the power distr ibution in the lat t ice due to 

the pa r t i a l inser t ion of a control rod. 

The azimuthal ly averaged surface fluxes can be used to r e p r e s e n t the 

axial power distr ibution throughout the fuel volume of a nea res t -ne ighbor e l e ­

ment (Figure 16). The fluxes around the next c loses t ring of fuel e lements show 

only a slight skew from the n o r m a l dis tr ibut ion, so that a no rma l power d i s t r i ­

bution holds for al l but the f i r s t - r ing e lements . 

F . THERMAL UTILIZATION (With s ta in less s tee l tubes) 

As mentioned e a r l i e r , s ta in less s tee l tubes were used to poison the lat t ices 

and significantly i nc rease the core d i ame te r . The volume of s tee l introduced 

was computed in the following manner to approximate the neutron absorpt ion ra te 

of the var ious cladding and s t ruc tu ra l m a t e r i a l s p re sen t in the HNPF la t t i ces . 

The flux distr ibution in a cel l was a s sumed to be given by the in t race l l data ob­

tained in the exponential exper iments on the 16-inch full la t t ice; then, the r e ­

sults of o ther exponential exper iments , in which s tee l was placed around the 
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Figure 16. Power Distr ibution in a Pe r tu rbed Fuel Element 
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graphite logs and fuel element of one cell to s imulate the HNPF poison geometry , 

were used to provide a value of the s t a in l e s s - s t ee l t he rma l uti l ization. This 

value was then used to determine the volume of s ta inless s teel tube requi red at 

the center of each hexagon to provide the same rat io of poison absorpt ions in the 

c r i t i ca l la t t ice . This procedure gave a requi red volume of 0.3747 in. /hex = 
2 

0.1874 in. / ce l l , but neglected the depress ion of the flux by the tube, and dif­
ferences in graphite g rades ; (the exponential exper iments used graphite s imi la r 
to that of the HNPF). 

A determinat ion of the actual effect of the s ta in less s teel tubes on the c r i t i ca l 

experiment lat t ices was per formed. Foil exposures were made at the midplane of 

the core with and without an SS tube in the hex, to de termine the approximate 

change in the rmal uti l ization. This gave the following ra t ios of average fluxes in 

the poison tube, graphite , and fuel element surface: 

<^(SS)/<^ (at outer a luminum surface) = 1.66, 

and 

^ g r a p h i t e (with SS)/<^ graphite (without SS) * 0.90 . 

Though this last value is very approximate because of the incomiplete coverage of 

the graphite in the t r a v e r s e , it has only a smal l effect on f for the la t t ice . By 

using these values, together with a value of f from an Sn calculation for open la t ­

t i ces , the following change in t he rma l utilization due to the poison addition was 

found: 

f (fuel) — 0.893 in the unpoisoned open lat t ice (calculated) 

and 

f (fuel) - 0.854 ±0.004 in the open poisoned la t t ice . 

The value of Ak/k = Af/f = 4.37 ±0.45% obtained from these values ag rees quite 

well with the observed react ivi ty change result ing from poisoning the lat t ice as 
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determined from summation of the worths of the additional fuel e lements neces 

s a ry for cr i t ica l i ty in the open poisoned lat t ice; i . e . , 

25 
Ak V"^ 

= ) p. + p excess (16 element core) - p excess (25 e lement core 
i= 17 

= $6.72 = 4.70% 

where p. = denotes worth of i th elenaent. 

A react ivi ty worth measu remen t on a s ta in less s tee l tube in a n e a r - c e n t e r 

location (distance from center plug = 9.24 in. ) in the 29-element lat t ice gave 

p = - 72.3 cents , which is a lso in reasonable ag reemen t with the above r e -" s s " 
su i t s . 
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IV. CALCULATIONS 

A . METHODS USED 

The c e l l f luxes and the f lux- and v o l u m e - w e i g h t e d t h e r m a l Maxwe l l i an m i c r o ­

s cop i c c r o s s s e c t i o n s of the c o r e w e r e c o m p u t e d wi th the S . c e l l code on a n l B M -

709 c o m p u t e r , us ing the m a t e r i a l c r o s s s e c t i o n s in Tab le VIII. T h r e e - f a s t - g r o u p 
7 

c r o s s s e c t i o n s w e r e ob t a ined for the c o r e and r e f l e c t o r r e g i o n s wi th the M U F T -

IV c o d e , us ing h o m o g e n i z e d m a t e r i a l d e n s i t i e s . F i n a l l y , A I M - 5 , a m u l t i g r o u p , 

o n e - d i m e n s i o n a l , d i f f u s i o n - t h e o r y c o d e , w a s e m p l o y e d , u s ing four e n e r g y g r o u p s , 

to c a l c u l a t e the c r i t i c a l l o a d i n g s , m a t e r i a l b u c k l i n g s , and flux and ad jo in t d i s t r i -
8 

bu t ions for the v a r i o u s l a t t i c e s . 

T A B L E VIII 

SUMMARY O F M A T E R I A L DATA 

M a t e r i a l 

G r a p h i t e 

A l u m i n u m 

F u e l (U-Mo) 

u"5 
^ 2 3 8 

Mo 

F u e l - U C 

^ 2 3 5 

^ 2 3 8 

C 

S t a i n l e s s S t e e l 

Type 

A G O T 

1100 

-

3.448 a t . %E 

_ 

10.15 wt% 

_ 

3.448 a t . % E 

-

4.95 wt% 

304 

D e n s i t y 

( g / c m ) 

1.68 

2.7 

17.12 ± . 0 2 

0.530 

14.85 

1.738 

13.2 

0.427 

12.12 

0.625 

7,87 

W t / E l e m e n t 
(kg) 

_ 

-

-

2 .834 

97.200 

-

-

2.609 

-

_ 

(1-/I ) a ^o s 
(ba rn s ) 

4 .534 

1.366 

-

9.972 

8.27 

6.952 

-

-= ( T = 2 0 
cr m a x ^ 

(ba rns ) 

4 .38 X IQ"^ 

0.195 

-

600 

2 .48 

2.4 

-

1 
See Above 

See Above 

See Above 
t 

9.7 2.62 

'O 

C y l i n d r i c a l g e o m e t r y w a s i m p o s e d on the S c e l l c a l c u l a t i o n s , wh ich n e c e s s ­

i t a t e d s e v e r a l s impl i fy ing g e o m e t r i c a l a s sumip t ions to m a k e a c e l l m o d e l wh ich 

could be d e s c r i b e d wi th in the code g e o m e t r y . A d e s c r i p t i o n of the c e l l m o d e l s 

adop t ed for e a c h of the v a r i o u s l a t t i c e s i s g iven in the n e x t s e c t i o n . 
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Volume-weighted number densi t ies for the MUFT~IV code were computed 

from the cel l geometry (Figure 5), the lat t ice geometry , and the m a t e r i a l data 

l is ted in Table VIII. 

Self-shielding fac tors , L, must be entered in the MUFT-IV code for a l l 

lumped resonance a b s o r b e r s ; a rubber-band surface was chosen to depict the 

effective fuel surface of the 18-rod c lus te r , and an L-factor was computed from 
238 9 

this to give the resonance in tegral in U in accordance with Hel l s t rand ' s for­

mula for uranium meta l . A modified-Dancoff cor rec t ion of 15% was applied to 

the rubber-band surface in this formula to account for the inner fuel surfaces 

which a r e supplied with a luminum-modera ted resonance-energy neu t rons . The 

effective resonance in tegra l for molybdenunn. gives the best fit between calculated 

bucklings and bucklings measu red in the exponential exper iments when set 

equal to 5 ba rns ; there fore , the Mo L-factor was chosen to give this value in the 

MUFT-IV code. The 5-b value also may be deduced di rec t ly from recent naeas-

urements of 21 to 22 b for the infinitely dilute molybdenum resonance in tegra l 
at 
14 

12 13 
ca r r i ed out at Harwell and UCRL, and from the use of molybdenum resonance 
p a r a m e t e r s , 

The bucklings used in both the MUFT-IV and AIM calculations were assumied 

to be constant over a l l spat ial regions and energy groups . 

B. CASES STUDIED: CELL MODELS 

For the t he rma l co re -ave raged p rope r t i e s , it was n e c e s s a r y to pe r fo rm 

calculations on a snaall repeating portion (cell) of the core by use of t r anspor t 

equations (Sĵ  code). This code pe rmi t s solving for the flux distr ibution in the 

cel l and computation of effective flux- and volume-weighted c ros s sections of the 

cell; hence, of the co re . Fo r the more complex la t t i ces , it was n e c e s s a r y f i r s t 

to compute individual port ions of the cel l (subcells) , and then to use these resu l t s 

in a final cel l (supercell) calculation to obtain the t h e r m a l core p r o p e r t i e s . This 

method was used in lieu of a single two-dimensional calculat ion. 

Fo r the full la t t ice , a single cel l was used, which consis ted of one fuel e l e ­

ment surrounded by a cyl indrical graphite region; the total cel l a r ea equals half 

the a r e a of one hexagon (16-in. a c r o s s flats) of the core pa t te rn . The fuel e l e ­

ment was subdivided into six cyl indrical reg ions : a cen t ra l void, a luminum, Al + 

fuel, Al, Al + fuel, and Al . Mater ia l p roper t i e s were volume-weighted in those 

regions where neces sa ry , in o rde r to obtain homogeneous c ro s s sections for each 
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region. The resu l t s of this calculation give the the rma l core p roper t i e s for the 

full la t t ice . This model of the fuel e lement was a lso used in a l l of the following 

cell calculat ions. 

Because of the complexity introduced in the open lat t ice by the vacancies at 

every sixth lat t ice s i te , it was n e c e s s a r y for this case to use a superce l l cons i s t ­

ing of six lat t ice s i t e s , with a total a r ea of three t imes the a r ea of a 16-in. hexa­

gon. This superce l l was then pictured as consisting of two types of subcel l s : five 

fuel-and-graphite ce l l s , as descr ibed above, and one graphite cel l with a void in 

the cen t ra l region, each cell having l /6 th the a r ea of the superce l l . An S^ calcu­

lation was run, in which the graphi te-and-void cell is surrounded by five fuel cells 

in the shape of a cyl indrical region, to obtain ce l l -averaged t he rma l core p r o p e r ­

t ies for the open la t t ice . Neutron s t reaming was not accounted for by this method. 

The open poisoned lat t ice introduces one more complexity; therefore , one 

more subcell was needed, which consisted of a cen t ra l graphite region, the s ta in­

less s tee l annulus, and an outer graphite region. The 4~in. radius of this subcel l 

was chosen to have the outer cel l boundary near the point of maximum flux in the 

composite cell , since the condition d<^ldx = O is imposed at the outer boundary 

in a cel l calculat ion. The a r e a s of the f i rs t region and of the fuel subcel ls were 

reduced to make up for the cel l a r e a taken up by the s ta in less s teel subcel ls ; a 

cel l calculation was then run on this smal l fuel cel l . The superce l l was then 

composed of a smal l graphite subcell surrounded by an annulus of th ree s ta in less 

s teel subcel ls , whose p roper t i es were obtained as descr ibed above, and a third 

region of five smal l fuel ce l l s . Vacant lat t ice s i tes were he re assumed to be 

plugged with graphi te . 

For the poisoned-ref lec tor ca se , the outer region of the above model of the 

superce l l was assumed to be graphite; the resul tant Sn-determined p roper t i e s 

were then asc r ibed to an equivalent poison-ref lec tor region and were used in the 

AIM calculations for the po i soned-core -and- re f l ec to r open la t t ice . 

The superce l l of the full poisoned latt ice used the same subcells and region 

volumes as that of the open poison la t t ice , except that the cen t ra l region had the 

same ma te r i a l p roper t i es as did the outer region. 
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C. RESULTS AND COMPARISONS 

1. Buckling 

Mater ia l bucklings of the various la t t ices were computed by running axial 

b a r e - c o r e AIM calculations with t r ansverse -buck l ing cr i t ica l i ty s e a r c h e s . F r o m 

these values and the resu l t s from axially reflected runs , the axial ref lector sav­

ings and axial buckling values were determiined. The la t te r were used in the 

radial ly reflected one-dimensional cr i t ica l i ty s e a r c h e s , which determined the 

c r i t i ca l core radius of the fully reflected r eac to r . F r o m this data and from 

the rad ia l buckling found above, the rad ia l ref lector savings can be de te rmined . 

A s u m m a r y of the calculated values of m a t e r i a l bucklings and ref lector savings is 

given in Table DC. A compar ison with bucklings measu red on the exponential a s ­

sembly (using HNPF -grade graphite) is also shown. 

TABLE IX 

CALCULATED REFLECTOR SAVINGS AND MATERIAL BUCKLINGS 

Latt ice 

Open 

Ful l 

Open, poisoned 

Open, poisoned 
core and r e ­
flector 

Ful l , poisoned 

B^ m 
(m-2) 

6.30 

5.70 

4.98 

4.98 

5.27 

s 
ax 

(cm) 

40.1 

37.1 

35.5 

35.5 

37.1 

rad 
(cm) 

55.0 

55.8 

54.3 

48.5 

56.8 

B (exponential ) 
m ^ 

(m-2) 
5.46*t 

5.50 ± 0.07t§ 

-

-

-

*No e r r o r l imi ts appear on this value, although the exper imenta l e r r o r is of the 
same o rde r of magnitude as that given for the full lat t ice value, because of the 
la rge s t reaming effect of the voided vacant lat t ice s i te , for which cor rec t ion 
was not made . 

tThe graphite used in the exponential exper iments has a Z.^^ - 0.00059; for com­
par i son with the calculated values , these resu l t s should be inc reased by approxi ­
mately 0.30 m - ^ . 

§The fact that l i t t le or no change in buckling is observed by filling the void loca­
tions with fuel e lements is in line with the resu l t s of Section III-B. 

2. Cr i t ica l Mass 

The c r i t i ca l number of cells can be computed from the c r i t i ca l core a r e a 

divided by the cel l a r e a . A compilation of the calculat ional r e s u l t s , and a 

NAA-SR-5584 
31 



compar ison with the exper imenta l c r i t i ca l s i ze s , is given in Table X. No a t ­

tempt has been made to adjust the various p a r a m e t e r s of the calculations to 

achieve resu l t s c loser to the exper imenta l values as yet; however, this may be 

done at a la ter date . 

TABLE X 

CALCULATED AND MEASURED CRITICAL MASSES 

Lattice 

Open 

Ful l 

Open, poisoned 
core 

Open, poisoned 
core and r e ­
flector 

Ful l , poisoned 
core 

Cr i t ica l No. of 
Fuel Elements 

15.1 

17.0 

22.4 

27.6 

25.2 

* 
No. of Dummy 

Cells 

1 

-

2 

4 

_ 

Total Cells 
(Experimental) 

(16.1)^ 

17.0 

24.4 

31.6 

25.2 

Calculated 
Cells 

13.6 

17.8 

27.0 

31.2 

21.7 

Note: All calculations a s sumed an effective molybdenum resonance in tegra l of 
5 b and a S of 15% on the U^^^ rubber-band sur face . F u r t h e r , a l l ex­
per iments and calculations were with al l void locations (if any) plugged 
with graphi te . 

^Because of the sma l l c r i t i ca l core size and the fact that a vacancy was 
chosen to be at the center of the la t t i ces , many of the p r e sc r ibed void 
locations were outside the core boundaries and sensibly no different from 
the ref lector . Thus, the nuinber of cells in the core was not inc reased 
by the expected rat io of 6/5 t imes the number of fuel e lements for the 
open la t t i ces . 

fin this ex t reme case , what was actually measu red , was a full lat t ice with­
out a cent ra l element; a l l other vacant lat t ice s i tes a r e out of the co re . 

3. Element Worth 

The i terat ion steps of the AIM program,which a r e printed out along with 

the final resul t , can be used to de te rmine the pe r iphe ra l worth of a smal l ring of 

core a r e a , which can be re la ted to number -of -ce l l s by the cel l a r e a . In this 

manner , the pe r iphe ra l fuel element worth in the open poisoned core and ref lector 

lat t ice was calculated to be 47^^, compared with an exper imenta l worth of 65^. 

For the full poisoned lat t ice, these numbers a r e 63^ and 57^ respect ive ly . 
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4, Fluxes 

Theore t ica l fluxes were a lso computed by the AIM-5 code. A typical 

four-group flux distr ibution is shown for the poisoned open lat t ice in F igure 17. 

A compar ison is made between calculated and exper imenta l t he rma l fluxes in 

F igure 16 (See section III-E) with the two magnitudes normal ized at the unper ­

turbed ref lector (in the exper iment , rod No. 4 is par t ia l ly inse r ted and p e r ­

turbs the flux in the upper portion of the curve) . 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 

DISTANCE FROM CENTERLINE R (cm) 

Figure 17. Calculated Radial Fluxes in Open, Poisoned Latt ice 
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