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Introduction 

At present lattice experiments are being done in ZEEP with 19-

elementj uranitam metal rods# ^ e geometrical details of these rods 

are shown in Pig» 1, 

At the time of writing three hexagonal lattices composed of 

these rods have been assembled in ZEEP, These were lattices with 

hexagonal spaelngs of 8^66", 10,00'̂  and 11*50'^ 

Experimenta 

Part A 

The following experiments were performed for each lattices 

I Critical Laplacian 

Bie pile was made critical and radial smd vertical distrib­

utions were taken from which the extrapolated radius and height were 

obtained^ Prom this information the critical Laplacian was derived 

in the normal manner* 

I I Fine Stracti ire 
In each lattice the thermal neutron flux distribution was 

measured through the central cell. ISiis was done by irradiating l/l|.' 

lengths of Mn wire in the centre of representative elements of the 

rod^ l/i|." lengths of Mh wire in representative positions between 

elements, and Ifci wires which ran radially into the moderator. 

Ill *Mass Epi-Cadmiiim Absorption'^ 

The cadmitim ratio of depleted uraniiaa was measured In ttie 

centre of the elements of the central rod for each lattice. Hie 

interpretation of these measurements will be discussed in a later 

talk, 

IV Miscellaneous Central Rod Experiments 
The following c e n t r a l rod experiaents have been performed 

for each of the l a t t i c e s : 
a) Effect of removal of cen t r a l rod 

h) Effect of replacing the cen t ra l rod with a 19-eleia0nt, UO2 rod 
of Iden t i ca l design (except fuel diameter = ,521'*) 

c) Effect of replacing the cen t ra l rod by a 19-element, metal rod 
in which 9 of the elements had the tiraniimi metal replaced with 
DgO. 

d) Effect of replacing the cen t ra l rod by a 19-elenientj metal rod 
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itj which 9 of the elements bad the uranitm metal replaced f̂ ith 

air» 

One rod was then revised by the addition of two concentric 

aluminium tubes® Biese tubes had the following geometryi 

1) Inner tube I.D. = 3.i|l|l|." 

11) Outer tub© I.D« = 3.833" 

O.D. = 3*9075" 

The space within the inner tube not occupied by fuel elements 

is referred to as coolant space and the space between the two tubes 

as annulus ® 

The following experiments were then done in each of the lattices? 
e) Critical height with the central rod replaced by the above t od 

with DgO in the coolant space and air in the annulus» 

f) Critical height with the central rod replaced by the above rod 

with air in the coolant space and air in the annulus® 

g) Critical height with the central rod replaced by the above rod 

with DgO in the coolant space and DgO in the annulus® 

The critical heights in e), f) and g) were directly related to 

the critical height of the uniform pile in the case of the 8#66'* and 

10'* lattices but not in the case of the 11 ®5" lattice. Therefore 

for the 8,66" and 10" lattices e)^ f) and g) can read, "Ihe effect 

of replacing the central rod by" the rod described*, 

Part B 
In addition the following experiment was don©. 

V 2^^^ t U^^^ Fission Ratio 

a) The r a t i o of t r ^ ° f i s s ions to U ^^ f i s s ions in a 3 foot length of 
a normal, 19-eleittent metal rod was measured in the cen t r a l pos i ­
t ion of the 10** l a t t i c e o In t h i s case the rod was suspended 
d i r e c t l y in the moderator and hence the spaces between elements 
were f i l l e d with B^O, 

b) The r a t i o of u ^ ° f i s s ions to U ^^ f i s s ions in a 3 foot length of 

a normal 19-element metal rod was measured in the -central pos i t ion 

of the 11®5" la t t ice® In th i s case the rod was suspended In a 
If." aluminium thimble from which ©2© had been excluded and hence 
the spaces between the elements were f i l l e d with air® 
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I,... 

T 

L a t t i c e 
P i t c h 

8 .66" 
10 .00" 

ii,5o« 

Or3 t i c a l Lapl. 

E x t r a p o l ­
a ted 
Radius (cm) 

1211..1 

128 *lt. 
125 .0 

aciaii 

5h cm 
Clamp 
Cor r ec t i on 

- 1 5 . 9 
- ! • ? 
- 5*6 

I l i i t rapol -
a t ed 
He i sh t (cEi) 

191 a 
178^9 
211.0 

27 .l|. 
31 .3 
29 .8 

ciu 

38 Ji-

2 9 . 5 

31.7 

6.1f7-.25 

6.62iao 
5 . 9 5 - . 1 0 

A-, i s t he sum of upper and lower e x t r a p o l a t i o n l e n g t h s 
^ i s the r a d i a l e x t r a p o l a t i o n l e n g t h s 

!Ilie e x t r a p o l a t e d h e i g h t has been c o r r e c t e d fo r meaauring t h l i A l e s as 
well as olaaps^ 

II Pine Structige 

The experimental results for the thermal neutron dlstrib~ 

ution through a cell for the three lattices are given in Pigs® 3, ib 

5, 6, 7 and 8« 
III "Mass Epi"Gadmium Absorption" 

The measured cadmium ratios of depleted uranium in the 
three lattices are shown in Figs, 9̂  10 and 11, 

I¥ MiscellMieous Central Rod Experiments 

Hie following table shows the measured critical heights for 

the experiments described. 

Hexagonal Spacing 8̂ 66̂ * 10̂ 00̂ * 11̂ 50̂ ^ 

Wnifom l a t t i c e 
I¥ a) ^ p t y c e n t r a l s i t© 

h) UOg Hod i n c e n t r a l s i t e 

e ) (10 U + 9 DgO) i n c e n t r a l s i t e 

d ) (10 ¥ + 9 a i r ) i n c e n t r a l s i t e 

Coolant Space Anmilus 

I ¥ - e ) B^O Air 
f ) Air Alp 
g) DgO DgO 

C r i t i c a l H t s . 
182 ,211. 

183.58 

1 8 3 • J l 

181.39 
181.7l|. 

183.96 

183.53 
183.60 

ll|.9.30 

l5i|.^08 
150^92 

ll|.9.9i|. 
150.07 

i5oao 
1I1.9.68 

150.05 

i n Cm. ' 

186.78 

203.92 

191.69 

i9oao 
189 ̂ 8l|. 

183,33 
186.90 

188.56 
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1«B, The last 3 values in the 11»5" column cannot be compared with 
the other values in that column. 

Bie values given in the table above have been corrected for 
clangs on the central rod« ISiese corrections were in all cases 
•^0*03 cm in magnitude. Hence the critical heights listed are for 
central rods without clamps in a lattice of 19-element, metal rods 
with claB5)S^ !aie effect of the clamps on the thermal utilization 
of the lattice can be deduced from the table In section I« (Kie 
reason for this treatment is that the clamps on the central rods 
were different than those on other rods due to the requirement that 
they had to be removed frcM the reactor easily) 

Part B 
? 11̂ 38 , ̂ 235 pj^ggjon Ratio 

There are four syinmetrle positions in the 19-eleiaent rod 
which have been labelled 

type A (1 element) - centra element 

type B (6 elements) - Inner ring, radial distance from centre 0,705" 
type G (6 elements) - outer ring, '* ** ** " 1»1}.10*̂  
type D (6 elements) - middle ring, » " " ^ 1«220» 

Definet 

p - no* of 28 fissiona 
no* of 25 fissions 

Bie results given below are preliminary* 
a) With coolant space-filled with DgO, lattice pitch 10'̂  

P^ = 0 a 0 6 * 
Pg « 0.091g 
FQ = 0*060|^ 

Pp « ( 0 . 0 7 0 Q ) 

and for the whole rod P»^ *= 0»073K^ 
(I0B® Ha© value for P^ was obtained by interpolation since no foils 
were placed in this position)# 

The distribution of fissions in the rod is given by the 
following relative figures 1 

Type A B C D 

28 fissions 190 187 171 (177) 
25 fissions 1789 2031 2825 (2528) 



• ) ' o '-'oC :-;] coolant s-'-̂-aĉ  (i»o» in air-x 11.1'̂ d thiiTit.le)̂  lattice 

dlch 11.'i" 

' = O. lOl t^ 

l-'y = 0.057rj 

PB = 0.066^ 
F^y = 0.071j^ 

The d i s t r i b u t i o n of f i s s i o n s i s g iven hji 
Type A B C D 

28 f i s s i o n s 65 ,3 61^6 5i|.#3 56 .9 
25 f i s s i o n s 628 677 9l|.0 855 

Die r e l a t i v e va lues of" the B''s should be pood to about a 

p e r c e n t and t h e i r ab so lu t e va lues t o - 3«5 percent® 

Sources of E r r o r 

P a r t A 
• !Qiere are s e v e r a l f a c t o r s which might c o n t r i b u t e to e r r o r s i n 

t h i s s e r i e s of exper iments* 
i ) *Hie c o r r e c t i o n reqtiir«=5d fo r clmaps was f a i r l y lars© i n 

the 8#66" l a t t i c e * At p resen t^ the e r r o r a s s o c i a t e d wi th the 
c o r r e c t i o n in t h i s c a s e i s a l s o f a i r l y l a r g e due t o some tmce rba in ty 
in p o s i t i o n i n g of clamps® 

i l ) fhe geometry of the rods -cou ld a l s o c o n t r i b u t e t o e r r o r s * 
Ihe p o s i t i o n i n g of the elements i n a rod was checked on sone sample 
rods a t a p o s i t i o n between the two clamps^ and c o n s i d e r a b l e v a r i a t ­
ion i n spac ing was founds a l t h o u ^ the o u t s i d e diameter of the rod 
was r ea sonab ly accurate® ' 

i i i ) The l a r g e e r r o r put on the Lap lac ian of the 8 ,66" l a t t i c e 
i s due l a r g e l y to an unexpla ined asyBmetry in the r a d i a l d i s t r i b u ­
t i o n s . 

P r e d i c t i o n s and I n t e r p r e t a t i o n 

Before the experiments were done^ the Lap lac ians were p r e d i c t e d 

by the methods l a b e l l e d "conventional* ' i n CRRP~655^ Tliese p r e d i c t ­

ions and the exper imenta l r e s u l t s a re r^iv^n in Pic# 2^ 

Hie i n t e r p r e t a t i o n of these experiments w i l l be d i s cus sed 

f t j l ly a t a l a t e r date . . 
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SCALE: FULL SIZE 
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19-ELEMENT, U-METAL ROD FOR ZEEP 
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ZEEP 19-ELEMENT METAL RODS. 

PREDICTIONS a EXPERIMENTS. 

6.6-

6.2 

PREDICTIONS BASED ON 
CONVENTIONAL METHODS 
IN CRRP - 655 PRIOR TO 
EXPERIMENTS. 

• X--PREDICTIONS ON SAME 
BASIS EXTENDED AFTER 
EXPERIMENTS. 

I EXPERIMENTAL 
RESULTS. 
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PRELIMINARY RESULTS 
N O T E 5 

VomTS SHOWM tU THE E L E M E N T S AUm FOR X H P 
C&MTRE OF T H E E L E M E N T . 

lMTE.RWEOI«TE. POINTS ^ R E WOHBE-REO ON T H E 
Di«&RAM ^ M p LISTED BELOW. 

(Tfl.aj 

^9(^f (Q) f (g)^ i 

® SO.4 @ 63.2. 
0 CZ.5 @ 74'.B 

THERMAL NEUTRON FLUX D I S T R I B U T I O M m 

THE C E N T R A L R O D or T H E e.^^" L A T T I C E 

OF II - E L E M E H T , METAL RoDS. 
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P R E L I M I N A R Y R E S U L T S 

M O T E : 

PoiMXS SUOWU m Tl+E E L E ^ E M T ^ ^RE FOR -Tlf E 
CENTRE OF THE HLEMEWT . 

iMTeRHEDIftT-E P O I N T S ARE WOMBERED OH T i fE 
Bm&fl^H nUD L ISTEP eeLOlA/. 

2zo] (^^z] (ZZ7 

232) f/^o] (/70) 22^, 

2 2 ^ ( /64^ f/68 1 ^ 2 2 ^ 

0 198 
@ I 7 0 

@ 22Z 1 Pass I OLE mreRCHn^GE 
® / 9 9 J 6F PoiMT-S 

e^-rih^MTeD FR0BABL£ BRK,OU,S ^ z X 

X H E R M A L N E O T R O M F L U X D I S T R I B U T I O N IN 

THE C E N T R A L R O O O F T-ME I O . O O " L A T T I C E 

OF l 9 - E L E H e N T ^ M E T A L R O D S . 
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P R E L I M I M ^ R Y R E V O L T * 

PoiMxs srt-oWM IM Trt-e E L E M e M T s # a E P o R T r t e 

CENTRE OF T » E EL.^ME.r4T. 
lM- reRMEPI«TE FOIMX^ ARE. MUMBERED ^M TM-^ 

569^ /3 i3) (37s] 

ZS6] (266) (339 

(347) ^ 5 ^ ^ ^5"8] ( 3 4 n 

0 3 3 8 @ 334» 
© 2 7 7 ® 3 7 ^ 
@ 266 

£&TiM^T£^ PKOB0BLM B^KOK^ £ZZ 

T H E R M A L N E U T R O M F L U ^ D I S T R I B O T I O N IN 

THE C E N T R A L R O D O F T H E ih^o" L A T T I C E 

OF 1 ^ - E L E M E N T ^ H E T A L R O D S . 
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COVERED ^CTl y^TlOW I'll * « « ) 

0 
r2.Z3J r2„3^ ^ . 7 ^ 

ESTIMATED PROBMBL^ ERRORS ±ZZ 

Qmmmn RATIOS OF DePLereo Umwiyw W I R E S 

kr THE CENTRE OF mn ELEMENTS OF THE 

C E N T R A L Ron O F T H E 8 .64 ' ' LATTICE. 
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cmnmtum KftTio s 

ai7^ ^ . - 7 ^ (2..6M P^»' 

E&TIMATED Pf70BMBL.£. ERROR^ ±2.% 

CADMIUM R A T I O S OF D E P L E T E D URAMIUH W I R E S 

AT T H E C E W T R E OF T H E E L E H E H T S or T H E 

C E N T R A L R O D O F T"H-E lOaOo" L A T T I C E . 
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p.sn 

ESTIMATED pHOmABLB E^/^OHS ±Z% 

Cnummm RATIOS OF DEPLETED UR^HIIIH WIRES 

AT TWE CEMTRE OF T H E ELEMENTS O^ THE. 

C E N T R A L ROD O F T H E ll^so" L^TTIC^ . 


