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ABSTRACT 

The init ial physics t e s t s on the Shield Test Exper iment reac to r 

and the p rec r i t i ca l i ty rod-drop tes t data a r e presented here in . 
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I. INTRODUCTION 

The Sh ie ld T e s t E x p e r i m e n t (STE) r e a c t o r a c h i e v e d i n i t i a l c r i t i c a l i t y O c t o b e r 9 

1961. Th i s r e a c t o r w a s d e s i g n e d and bu i l t for u s e a s a h i g h - i n t e n s i t y n e u t r o n 

s o u r c e for c o m p a c t r e a c t o r s h i e l d i n g e x p e r i m e n t s . The i n i t i a l p h y s i c s t e s t s on 

the r e a c t o r a s w e l l a s the p r e c r i t i c a l i t y r o d - d r o p t e s t da t a a r e h e r e i n d e s c r i b e d . 

A c o m p l e t e f ac i l i t y d e s c r i p t i o n a p p e a r s in the " S N A P Shie ld T e s t E x p e r i m e n t 

F i n a l H a z a r d s S u m m a r y , " N A A - S R - 5 8 9 6 , wh i l e a d e s c r i p t i o n of the p r o c e d u r e s 

u s e d in p e r f o r m i n g the a b o v e - m e n t i o n e d p h y s i c s t e s t s a p p e a r s in the " S N A P S h i e l d 
2 

T e s t E x p e r i m e n t O p e r a t i o n s M a n u a l , " N A A - S R - 5 8 9 7 . 

II. SUMMARY AND CONCLUSIONS 

The i n i t i a l c r i t i c a l i t y for the S T E r e a c t o r w^as a c h i e v e d w^ith 60 r e j e c t e d 

SNAP 2 E x p e r i m e n t a l R e a c t o r (SER) fuel r o d s hav ing an a v e r a g e NTT of 5.69 and 
235 a t o t a l U con ten t of 2591 gm. The s e c o n d S T E c r i t i c a l i t y w a s a c h i e v e d wi th 

235 56 r e j e c t e d SER fuel r o d s hav ing a n a v e r a g e N^j of 5.90 and a t o t a l U con ten t 

of 2471 g m p l u s 16 B e O r o d s con t a in ing a t o t a l of 7505 g m of BeO. The i s o t h e r ­

m a l t e m p e r a t u r e coef f ic ien t for the s y s t e m w^as found to have an a v e r a g e va lue 

betw^een 60 and 100° F of + 0 . 8 2 ^ / ° F. The p o s i t i v e effect i s b e l i e v e d to be due to 

the w a t e r r e f l e c t o r . Al l i n - c o r e void m e a s u r e m e n t s p r o d u c e d n e g a t i v e ef fec ts 

wh i l e r e d u c i n g the d e n s i t y of the w^ater r e f l e c t o r r e s u l t e d in a p o s i t i v e r e a c t i v i t y 

effect . The p o w e r and g r i d - p l a t e coe f f i c i en t s w e r e m e a s u r e d to be -0 .4 j t /kw and 

-0.4>t/° F , r e s p e c t i v e l y , r e s u l t i n g in a 24.4jt i n i t i a l p o w e r def ic i t in add i t ion to 

xenon, s a m a r i u m and f u e l - b u r n u p e f f ec t s . The i n o s t a c c u r a t e d e t e r m i n a t i o n of 

r e a c t o r p o w e r w a s the m e t h o d of e l e c t r i c a l hea t s u b s t i t u t i o n w h i c h y i e lded a 

r e a c t o r po'wer of 50 ± 2 kw. The t o t a l w^orth of the c o n t r o l and sa fe ty r o d s y s t e m 

w a s m e a s u r e d to be - $ 8 . 3 9 ± 0 .40 . A m e a n ef fec t ive p r o m p t - n e u t r o n l i f e t i m e of 

48 fxsec w a s d e t e r m i n e d for the r e a c t o r s y s t e m . 

Some of the m e a s u r e m e n t s p e r f o r m e d d i f f e red f r o m the b e f o r e - t h e - f a c t 

p h y s i c s a n a l y s i s p r e s e n t e d in the h a z a r d s s u m m a r y ; h o w e v e r , the d i f f e r e n c e s 

do not a p p r e c i a b l y a l t e r the c o n c l u s i o n s r e a c h e d in the r e p o r t . The S T E r e a c t o r 

h a s b e e n sho'wn to be s a t i s f a c t o r y for the p u r p o s e for v/hich it w a s d e s i g n e d . 

N A A - S R - 7 3 6 8 
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III. EXPERIMENTAL TESTS 

A. CONTROL AND SAFETY ROD SCRAM TESTS 

The reac to r t r ans ien t studies descr ibed in the STE reac to r haza rds summary 

assurne 70 m s e c a r e requ i red from the t ime a s c r a m signal is init iated until the 

control and safety rod magnets begin to r e l ea se . An additional 330 m s e c a r e r e ­

quired for the control and safety rods to s t r ike the snubbers and begin the snub­

bing action for a total s c r a m time of 400 m s e c . 

The exper imenta l t e s t s pe r formed indicated that all 4 rods w^ere w^ithin the 

total s c r a m time of 400 m s e c ; however, the total s c r a m t ime var ied from 316 to 

382msec , depending upon the par t icu la r rod. Twenty-five drop t es t s were p e r ­

formed on each rod p r io r to init ial cr i t ica l i ty . The m e a s u r e m e n t technique con­

sis ted of determining the instantaneous posit ion of the rod with a prec is ion poten­

t iometer which was read out on an osci l loscope. A strong flexible wire was 

at tached from the control or safety rod, being m e a s u r e d to a pulley on the poten­

t iometer shaft and then to a coil spr ing. As the control or safety rod t rave led 

the full 10-in. s t roke, the voltage a c r o s s the potent iometer var ied from 10 to 0 v. 

The s c r a m button on the reac to r console w^as connected to t r igger the scope sweep 

For each drop test , a t ime photograph was made of the scope t r ace . In o rde r to 

check the c lu t ch - re l ease t ime, exposures were made at tenfold expanded normal 

osci l loscope sweep. The resu l t s obtained a r e l is ted in Table I. 

TABLE I 

STE CONTROL/SAFETY ROD DROP TIME 
(msec) 

Descr ipt ion 

Control Rod No. 1 

Control Rod No. 2 

Safety Rod No. 1 

Safety Rod No. 2 

Rod Release 

20 ± 1 

49 ± 2 

20 ± 1 

30 ± 1 

Rod Drop 

296 ± 5 

333 ± 7 

323 ± 10 

288 ± 6 

Total S c r a m 

316 ± 5 

382 ± 7 

343 ± 10 

318 ± 6 

As descr ibed in the STE operat ion manual, these t e s t s will be repeated s emi ­

annually, and, with the measu remen t of the d iameter of the control and safety 

rods, will be used as moni tors for swelling of the B .C control and safety rods . 
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B. F U E L LOADING 

1. In i t i a l F u e l Load ing 

The i n i t i a l fuel load ing c o n s i s t e d of 60 fuel r o d s hav ing an a v e r a g e N „ of 
235 5.69 and a t o t a l U con ten t of 2591 gm- In add i t ion , the c o r e load ing c o n s i s t e d 

of 4 c o n t r o l / s a f e t y r o d t h i m b l e s ( w a t e r f i l led w h e n c o n t r o l r o d s a r e w i t h d r a w n ) , 

21 w^ater- f i l led d u m m i e s , and 1 P u B e s o u r c e e l e m e n t . With Safety Rod (SR) 1, 

SR 2, and C o n t r o l Rod (CR) 2 w i t h d r a w n , a c r i t i c a l p o s i t i o n of 6.18 w a s o b t a i n e d 

on CR 1. Th i s c o r r e s p o n d e d to an e x c e s s r e a c t i v i t y of abou t 26(t at a pool-w^ater 

t e m p e r a t u r e of 60° F . The i n i t i a l c o r e a r r a n g e m e n t i s show^n in F i g u r e 1. 

The i n i t i a l c r i t i c a l i t y c a l c u l a t i o n s (45 fuel e l e m e n t s ) w^ere b a s e d upon an 

N-T of 6.0. How^ever, s i n c e t h i s N-j w a s no t a t t a i n a b l e w^ith the fuel r o d s tha t w^ere 

u s e d ( r o d s r e j e c t e d f r o m the SER) allow^ance h a d to be m a d e in the d e s i g n of the 

r e a c t o r l a t t i c e for a s m a n y a s 82 fuel and d u m m y e l e m e n t s to i n s u r e m a x i m u m 

f lex ib i l i ty in fuel a r r a n g e m e n t . 

2. S e c o n d F u e l Load ing 

The in i t i a l fuel l oad ing a r r a n g e m e n t w a s not e f fec t ive for d r i v i n g the S T E 

f i s s i o n p l a t e , the p u r p o s e for w h i c h the r e a c t o r w a s c o n s t r u c t e d . T h e r e f o r e , a 

s e c o n d r e a c t o r load ing w a s m a d e , i n c o r p o r a t i n g B e O r e f l e c t o r e l e m e n t s to r e ­

duce the s i z e of the fuel l oad ing . The s e c o n d S T E r e a c t o r fuel load ing (the c u r -
235 

r e n t loading) c o n s i s t s of 56 fuel r o d s wi th a n a v e r a g e N^T of 5.90 and a t o t a l U 

con ten t of 2471 gm. In add i t ion , the c o r e i s r e f l e c t e d w i th 16 BeO r o d s c o n t a i n ­

ing 7505 g m of BeO, 9 w a t e r - f i l l e d d u m m i e s , and 1 P u B e s o u r c e e l e m e n t . T h i s 

c o r e c o n f i g u r a t i o n ( F i g u r e 2) i n i t i a l l y y i e l d e d a co ld (60° F) c l e a n e x c e s s r e a c t i v i t y 

of 67^ w i t h the t h e r m a l c o l u m n in p l a c e . The r e a c t i v i t y w o r t h of the t h e r m a l 

c o l u m n g r a p h i t e w^as m e a s u r e d to be +21.5it. Af te r s e v e r a l full p o w e r (50 kw) 

r e a c t o r r u n s w e r e p e r f o r m e d , the n e u t r o n s o u r c e w a s r e m o v e d f r o m the s y s t e m , 

s ince a d e q u a t e f i s s i o n p r o d u c t s h a d b e e n g e n e r a t e d w i t h i n the fuel to p r o v i d e suf­

f ic ien t s o u r c e n e u t r o n s f r o m the ( v , n) r e a c t i o n s on the BeO r e f l e c t o r e l e m e n t s 

to s a t i s fy the s o u r c e i n t e r l o c k on the r e a c t o r s t a r t u p i n s t r u m e n t a t i o n . The r e a c ­

t iv i ty w o r t h of the s o u r c e in the p o s i t i o n shown in F i g u r e 2 w a s m e a s u r e d to be 

+ 0.6(t w i th r e f e r e n c e to a w a t e r - f i l l e d d u m m y w h i c h now o c c u p i e s the s o u r c e 

l oca t ion , t h e r e b y b r i n g i n g to 10 the n u m b e r of w^ater - f i l led d u m m i e s in the c o r e . 
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C. ISOTHERMAL TEMPERATURE COEFFICIENT 

1. Reactor Pool 

The water - f i l led pool that s e rves as a radiat ion shield and coolant r e s e r ­

voir for the STE r eac to r contains 3000 gal of water , and is insulated from the 

concrete pit in -which the tank is supported by a 6-in.-thick a i r and grave l annulus. 

This w^ater tank was used as a low^-grade ca lo r ime te r for two t h e r m a l m e a s u r e ­

men t s : (a) power cal ibrat ion of the r eac to r (see Section III-G), and (b) the i so ­

the rma l t empera tu re coefficient of the STE reac to r which is he re in descr ibed. 

Tw ô 440-v i m m e r s i o n h e a t e r s having a total m e a s u r e d power rat ing of 

38 ± 1 kw w^ere inse r t ed into the pool tank, and the w^ater was continuously c i r cu ­

lated through the r eac to r core from the pool at the ra te of 30 gpm, or one com­

plete pool-water change every 100 min. While maintaining the reac to r cr i t ica l , 

using the automatic r eac to r control ler , the t empe ra tu r e of the \vater and the fuel 

e lements was moni tored as a function of total excess react iv i ty in the r eac to r 

sys tem. The w^ater t empera tu re was var ied from 40 to 164° F during the course 

of the exper iment . The control rods had been cal ibrated, using both per iod- and 

pulsed-neutron techniques (see Section III-D), p r io r to the t e m p e r a t u r e coefficient 

m e a s u r e m e n t s . These m e a s u r e m e n t s w^ere pe r fo rmed at a r eac to r coolant inlet 

t empera tu re of 60° F. As the w^ater t e m p e r a t u r e of the pool tank is changed, the 

actual posit ion of the poison section of the control and safety rods differs f rom 

the synchro con t ro l / sa fe ty rod position indica tors , due to the t h e r m a l expansion 

of the rods . The d iscrepancy is appreciable since the cont ro l / safe ty rods a r e 

18 ft in length and a r e composed of Al. The actual data, the expansion cor rec t ion 

and the final i so the rmal t e m p e r a t u r e coefficient, a r e p resen ted in Figure 3. The 

i so the rmal t e m p e r a t u r e coefficient of react ivi ty va r i e s from +1.6^/° F at 40° F to 

+0.14^/° F at 160° F. The average value over the no rma l operat ing range (60 to 

100° F) was de termined as +0.82^/° F. The positive coefficient could not be a t t r i ­

buted to i n - co re effects since the power, gr id-p la te , and void coefficient m e a s u r e ­

ments within the fueled r eac to r lat t ice yielded negative effects with r e spec t to 

t empe ra tu r e i n c r e a s e s . Ho\vever, void m e a s u r e m e n t s per formed in the posit ions 

occupied by water - f i l l ed dummies led to posit ive effects (see Section III-F) . Based 

on these r e su l t s , an exper iment w^as designed to de te rmine if the posit ive effect 

was due to reducing the density of the water ref lector as a function of t empe ra tu r e 

inc rease . The detai ls of the exper iment a r e descr ibed in the following text. 
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2. Reflector Tank 

An exper iment w^as designed to evaluate the react iv i ty effect of heating 

the water ref lector adjacent to the r eac to r core w^ithout t r ans fe r r ing an appre ­

ciable amount of heat to the r eac to r p roper . To achieve this resul t , a 4 - 1 / 2 by 

16 by 17-1/2- in . ID box w^as constructed of 1/8-in. s ta in less s teel . The box was 

covered with l / 4 - in . Lucite glued with an epoxy res in , to act as t he rma l insula­

tion. Six 500-w s t r ip hea t e r s were mounted inside the box. Steam generated by 

local boiling near the hea t e r s escaped from the box through a smal l hole in the 

peak of the sloping roof of the box (see Figure 4). During the exper iment the 

water t empera tu re w^ithin the box, the fuel e lement t empera tu re , and the reac to r 

core inlet and outlet t e m p e r a t u r e s were monitored. The reac to r was maintained 

c r i t i ca l at a power level of 10 w by the automatic contro l ler . The react ivi ty was 

m e a s u r e d from a ref lector t empera tu re of 43 to 165° F. The data a r e p resen ted 

in Figure 4. The data obtained in the exper iment yield an average value of 

+ 0.015 ± 0.004<:/° F for the react ivi ty effect of heating the water in the ref lector 

tank. The geometry of the exper iment does not allow a d i rec t quantitative com­

par i son to the above -measu red i so the rmal t empe ra tu r e coefficient; how^ever, it 

is noteworthy that the react iv i ty effect, although small , is definitely posit ive. If 

it w^ere physically possible to pe r fo rm the exper iment in c lose r proximity to the 

actual fuel e lements , the react ivi ty should be even more pronounced. The closest 

approach on the inside of the ref lector tank to an active fuel e lement is 2 -3 /4 in. 

Large void m e a s u r e m e n t s within the core box a r e d i scussed in Section I I I -F. 

D. REACTIVITY MEASUREMENTS 

1. Technique Employed 

A s e r i e s of react ivi ty m e a s u r e m e n t s w e r e per formed using posi t ive-

per iod and pulse-neut ron techniques. The c i rcu i t ry used in performing the 

pos i t ive-per iod m e a s u r e m e n t s is s imi la r to that used at other r eac to r ins ta l la­

tions, and is shown in b lock-d iagram form in Figure 5. 

The range of per iods m e a s u r e d using this technique var ied from 20 to 200 

sec, which cor responds to excess reac t iv i t ies from 25 to 5^, respect ively . The 

cur ren t from a boron- l ined uncompensated ion chamber was converted to a voltage 

by a v ib ra t ing - reed e l ec t rome te r . This voltage was then converted to a frequency 

by a vol tage- to-frequency conver ter . The frequency was then m e a s u r e d by the 

e lec t ronic counter, counting for ei ther 1- or 10-sec repet i t ive in tervals , and 
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r ecorded on pr inted tape by the digital r e co rde r . The r i s ing exponential obtained 

was then fitted by l e a s t - s q u a r e techniques and a per iod determined. The excess 

react iv i t ies corresponding to these reac tor per iods were then obtained from the 

in-hour equation, using the m e a s u r e d mean effective neutron lifetime of 47.9 zxsec, 

with an a s sumed effective delayed-neutron fraction (/5 rr) of 0.0079, which was 

obtained analyt ical ly by boron substitution techniques.^ A plot of the STE in-hour 

equation is shown in F igure 6. 

A second technique used in obtaining STE reac to r react ivi ty m e a s u r e m e n t s 

w^as the pu lse-neut ron method, which consis ts of repet i t ive pulsing of a sub-

cr i t i ca l a s sembly with a neutron source . A mult ichannel t ime analyzer is used 

to r eco rd the neutron population as a function of t ime following each pulse from 

the neutron genera tor . 

This s e r i e s of exper iments was per formed after the STE reac to r had 

achieved cr i t ica l i ty and the second loading configuration had been establ ished, 

but p r io r to inser t ion of the t he rma l - co lumn graphi te . The neu t ron-genera tor 

t a rge t tube w^as placed in the the rma l column adjacent to the bismuth window^ on 

the r e a c t o r - c o r e center l ine . Four ZnS(Ag) t he rma l neutron de tec tors were 

placed adjacent to the bismuth window and were g a m m a - r a y shielded with leak 

br icks from x - r a y s produced by the neutron genera tor . A block d iagram of the 

ins t rumenta t ion sys tem js shown in Figure 7. The ins t rumenta t ion sys tem is 
4 

essent ia l ly that used at KAPL for s imi la r m e a s u r e m e n t s . 

The react ivi ty of a r eac to r sys tem is re la ted to the mean effective prompt-

neutron generat ion t ime by the following re la t ions : 

NAA-SR-7368 
10 



1000 

100 

</> 
c 
o 

Q 
O 
cr 
UJ 
Q-
CC 

< 
UJ 
Q: 

u 
_ j 

CD 

C/5 

I-" 

10 

10 

1— 

-U 

/Sgf f = 0 0079 

jl=^79/M sec 

p_ 4 . 7 5 2 2 x 1 0 " ^ 5 . 3 0 x 1 0 " ' * , 5 3 0 x l 0 ' ^ , 1 38 x lO"^ 
r ^ 0 6 2 + T 2 2 0 + T 6 4 8 + T 

5 2 6 x 1 0 ' ^ 2 x I 0 ' 2 

3 1 7 + r 8 0 0 + T 

\ 

REACTIV 

^ ^ 

ITY (%yO) ^ 

.REACTIVITY 

\ 

($) 

\ 

0 2 0 4 06 
REACTIVITY 

0 8 1.0 

Figure 6. STE In-Hour Equation 

NAA-SR-7368 
11 



DETECTORS (4) 
ZnS(Ag) 

GOW a RUBY 
NEUTRON 
GENERATOR 

PRE-
AMP 

HP 460AR 
AMP 

PRE-
AMP 

HP 460AR 
AMP 

THERMAL COLUMN 

FLUKE 
MODEL 405 

HV POWER 
SUPPLY 

SYSTEM 
PULSE 

GENERATOR 

HP 460AR 
AMP 

HP 460BR 
AMP 

TMC CN-IIO 
WITH MODEL 212 
PULSE NEUTRON 

LOGIC -UNIT 

PRE-
AMP 

TMC 220A 
DECIMAL 

CONVERTER 

ATOMIC LABOR­
ATORIES, INC 

NEUTRON 
GENERATOR 

CONTROL UNIT 

HP S6IB 
DIGITAL 

RECORDER 

CONTROL ROOM 

Figure 7. Pu lse Neutron Ci rcu i t ry 

P - - ^ - 1 . . (1 ) 

w^here 
P = subcr i t ica l react ivi ty ($) , 

a = decay constant at c r i t i ca l (sec ) 

L 
a = decay constant for m e a s u r e d react ivi ty (sec ) , 

and 

eff eff ' (2) 

where 

H rr = effective delayed-neutron fraction (unitless) , 

t. rr = mean effective p rompt -neu t ron generat ion t ime (seconds), e f f I- J- o 
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Upon pulsing a subcr i t ica l assembly, the shor t bu r s t of neutrons c rea tes 

a high neutron flux which dies out exponentially, with the fundamental mode be­

coming predominant. The t ime analyzer is so constructed that events occurr ing 

at var ious t imes after an init ial event a r e sor ted and s tored in the memory of the 

unit. The slope of the curve of counts vs t ime is a , as defined in Equation 1. 

The t rue value of Ct is complicated by the effects of the res idua l delayed neutrons 

which a r e also decaying exponentially. In order to evaluate a, a leas t squares 

computer p rog ram w^as w^ritten w^hich separa tes the slopes of the two exponentials. 

A typical pu lse-neut ron decay plot is sho-wn in Figure 8. The details of actual 

exper iments a re descr ibed below^. 
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Figure 8. Typical Pu l se -Neut ron Decay Plot 

2. Control and Safety Rod Cal ibrat ions 

The large react iv i ty v/orth of the STE control and safety rod sys tem 

($8.3 9, total) does not allow complete cal ibrat ion of any one rod using posi t ive-

period techniques, due to the 75(t excess react ivi ty l imitat ion placed upon the 

sys tem for safety considera t ions . However, as shown in Figure 9, the lower 

7 in. of CR 1 was ca l ibra ted by this method. Subcri t ical m e a s u r e m e n t s were 

then per formed with CR 1 completely inse r ted to evaluate the total rod worth. 

The CR 1 uses s ta in less s tee l as the poison element and is used in conjunction 

with the automatic control ler for fine adjustment of the r e a c t o r power level. The 

rod is identical in physical s ize with the other th ree contro l / safe ty rods , but is 

NAA-SR-7368 
13 



100 

-90 

-80, 

-70 

I—-

2; 
> 
> 

w 
^ 
<1 
00 

00 

a> 
u 
> 
1-
> 
1-
0 
< liJ 
tr 

- 6 0 

-50 

- 4 0 

- 3 0 

-20 

-10 

^ ^ 

^ 

^v 

A SUBCRITICAL PULSE NEUTRON DATA 

0 POSITIVE NEUTRON DATA 

^ \ 

^ ^ ^ ^ 

^ _ . 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 

CONTROL ROD POSITION, inches 

F i g u r e 9- S T E C o n t r o l Rod No. 1 C a l i b r a t i o n C u r v e 

8.0 9.0 10.0 



s l igh t ly h e a v i e r in we igh t , due to the d i f f e r ence in c o m p o s i t i o n of the p o i s o n 

s ec t i on . 

C o n t r o l Rod No. 2 i s l o c a t e d in a r e g i o n of l o w e s t n e u t r o n flux of the 

4 c o n t r o l / s a f e t y r o d s , and t h e r e f o r e h a s a low^er c o r r e s p o n d i n g r e a c t i v i t y w o r t h 

than the o t h e r 2 sa fe ty r o d s w h i c h a r e of i d e n t i c a l d e s i g n and c o m p o s i t i o n . The 

l o w e r 4 in. of t h i s r o d w a s c a l i b r a t e d wi th p o s i t i v e - p e r i o d t e c h n i q u e s in con ­

j u n c t i o n w i th the c a l i b r a t i o n of CR 1, i . e . , i n c r e m e n t a l s e c t i o n s of e a c h of the 

r o d s w^ere c a l i b r a t e d by s h i m m i n g wi th one r o d wh i l e e v a l u a t i n g a n i n c r e m e n t a l 

s e c t i o n of the o t h e r . In no c a s e did the m e a s u r e d p e r i o d s e x c e e d the f a s t - p e r i o d 

s c r a m l i m i t a t i o n of 10 s e c . S e v e r a l da ta po in t s w^ere ob t a ined by p u l s e - n e u t r o n 

t e c h n i q u e s in the c e n t r a l r e g i o n of the rod, and one m e a s u r e m e n t wi th the r o d 

fully i n s e r t e d . S i m i l a r i nd iv idua l m e a s u r e m e n t s wi th SR 1 and SR 2 fully i n ­

s e r t e d w e r e p e r f o r m e d a s w e l l a s a t e s t w i th a l l r o d s i n s e r t e d to e v a l u a t e the 

effect of rod " s h a d o w i n g . " The c a l i b r a t i o n c u r v e for CR 2 is shown in F i g u r e 10, 

wh i l e the to t a l c o n t r o l / s a f e t y r o d r e a c t i v i t y v a l u e s a r e l i s t e d in Table II. 

T A B L E II 

M E A S U R E D C O N T R O L / S A F E T Y ROD REACTIVITY WORTH 

Rod 

C R - 1 

C R - 2 

S R - 1 

S R - 2 

Al l Rods 

Rod W o r t h ($) 

- 0 . 7 9 ± 0.05 

- 2 . 3 0 ± 0.10 

- 2 . 6 2 ± 0.10 

- 2 . 6 8 ± 0.10 

- 8 . 3 9 ± 0.40 

The fact tha t the s u m of the i nd iv idua l c o n t r o l / s a f e t y r o d s y i e l d s the 

s a m e r e a c t i v i t y va lue a s the a l l - r o d m e a s u r e m e n t i s s t r i c t l y co inc iden t a l ; a l ­

though the e r r o r s in the m e a s u r e m e n t a r e r e l a t i v e l y s m a l l , ~ 5 % , they indeed 

ex i s t . 

3. F u e l and R e f l e c t o r E l e m e n t R e a c t i v i t y M e a s u r e m e n t s 

The r e a c t i v i t y w o r t h of S T E r e a c t o r fuel e l e m e n t s w a s e v a l u a t e d a s a 

funct ion of p o s i t i o n f r o m the v e r t i c a l c e n t e r l i n e of the fueled r e a c t o r c o r e . The 

m e a s u r e m e n t s w e r e p e r f o r m e d by r e m o v i n g the fuel o r d u m m y e l e m e n t in q u e s ­

t ion and m e a s u r i n g the r e a c t i v i t y of the s y s t e m . R e a c t i v i t y v a l u e s < + 75^ w e r e 
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obtained by pos i t ive-per iod techniques in conjunction w^ith the previously ca l ib ra ­

ted control rods , while reac t iv i t ies >+75it were obtained by pulsed-neutron tech­

niques. All m e a s u r e m e n t s w^ere performed re la t ive to w^ater filling the same 

core position. The data obtained from these m e a s u r e m e n t s a r e l is ted in Table III 

and plotted in Figure 11 as a function of r e a c t o r - c o r e rad ius . For comparison, 

a plot of the square of the m e a s u r e d re la t ive t he rma l neutron flux is also p r e ­

sented in Figure 11. 

TABLE III 

FUEL/DUMMY REACTIVITY WORTH AS A FUNCTION O F CORE POSITION 

Core Posi t ion 

1-4 

2 -8 

3 -9 

3-12 

4-15 

5-15 

5-17 

6-6 

7-2 

Element Removed 

A-44 

A-13 

A-31 

A-50 

A-18 

D-8 (BeO) 

D-13 (BeO) 

D-22 (H^O) 

D-20 (H^O) 

Element Worth (jt) 

+ 168.0 

+ 122.2 

+85.8 

+ 84.1 

+56.0 

+ 14.7 

+ 11.9 

<±1.1 

<±1.1 

The fuel rod react ivi ty ag rees fairly well with the square of the t h e r m a l -

neutron flux as would be expected. The react ivi ty effects of water- f i l led dummies 

vs a w^ater-filled column-were not measurab le ; i .e . , the actual react ivi ty change 

resul ted in a stable r eac to r period longer than 1000 sec . 

4. Measurement of the Neutron Lifetime 

The prompt -neu t ron lifetime of the STE reac tor core was m e a s u r e d with 

pulse-neut ron techniques. By r e fe r r ing to Equations 1 and 2, 

P = - ^ - l . . (1 ) 

c ^eff' eff ' . . . ( 2 ) 
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it can be seen that at c r i t i ca l P = 0, a = a = /3 Ii Assuming a /3 rr oi 

0.0079, ' a measu remen t of i rr can be made by measur ing a while maintaining 

the reac to r at c r i t i ca l . 

In o rde r to mainta in the reac to r at c r i t i ca l w^hile pulsing the reac to r w^ith 

the pulsed-neut ron genera tor , cyclic operat ion was neces sa ry . The reac tor w^as 

pulsed until a measu rab l e r eac to r period w^as initiated, at w^hich time the neutron 

genera tor w^as turned off and control rods inse r t ed until the initial c r i t ica l posi ­

tion w^as again es tabl ished and the neutron pulsing w^as again s tar ted . This p roc ­

ess w^as continued until sufficient data w^ere accumulated for the n e c e s s a r y stat is­

t ics . A value of 1 / a of 6069 u,sec w^as obtained in these m e a s u r e m e n t s c o r r e s ­

ponding to 

^ / " c " ^effZ-^eff = ^°^ '^ /^^^ ' ' ' 

•'• "̂ eff "" (6069) • (0.0079) = 47.9yU.sec . 

1 2 This compares with the theore t ica l value of 30 a s e c . ' 

5. Reactivity Worth of the Thermal Column 

Upon completion of the pulsed-neutron react ivi ty m e a s u r e m e n t s , the 

pulsed-neut ron genera tor , de tec tors and amplif iers w^ere removed from the the r ­

mal column. The t he rma l column w^as then loaded w^ith r e a c t o r - g r a d e graphite 

and the react ivi ty effects upon the reac to r evaluated by establ ishing cr i t ical i ty 

and measur ing the resul tan t react ivi ty effects w^ith the ca l ibra ted control rods . 

The addition of the graphite i nc reased the react iv i ty of the reac tor sys tem by 

+ 21.5(t. 

E. IN-CORE THERMAL NEUTRON FLUX TRAVERSES 

The rma l neutron t r a v e r s e s w^ere per formed within the reac tor core, using 

5-mil - th ick c i rcu la r gold foils w^ith a d iameter of 1/4 in. One fuel e lement and 

one dummy element w^ere modified in such a manner as to allow^ the t he rma l -

neutron flux to be m e a s u r e d at the surface of the fuel on the center l ine, and 

axially along the center l ine of the summy element . The gold foils were con­

tained in 20-mi l - th ick cadmium and aluminum boxes. The foils and foil counters 

were i n t e r - ca l ib ra t ed w^ith the Oak Ridge National Labora tory (ORNL) high-
5 

p r e s s u r e ion chamber and the ORNL Standard Graphite P i le . The gold-foil 
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m e a s u r e m e n t s -were c o r r e c t e d for flux d e p r e s s i o n and self sh i e ld ing , u s i n g the 
f\ 7 

e x p e r i m e n t a l da t a o b t a i n e d a t ORNL ' for gold foi ls e x p o s e d in w a t e r . The foil 

a c t i v i t i e s w e r e t hen d e t e r m i n e d , u s i n g a NaI(Tj?) s c i n t i l l a t i o n s p e c t r o m e t e r hav ing 

a 2 - i n . d i a m e t e r c r y s t a l . 

An eas t -w^es t t h e r m a l - n e u t r o n plot a c r o s s the r e a c t o r c o r e i s show^n in F i g u r e 

12. It c a n be s e e n t h a t the t h e r m a l - n e u t r o n flux t e n d s to p e a k e a s t of the c e n t e r of 

the fuel l oad ing . T h i s can p o s s i b l y be e x p l a i n e d by the c o m b i n a t i o n of tw^o e f f ec t s : 

(1) the d e p r e s s i o n due to a s t r o n g c o n t r o l r o d p o s i t i o n e d at 4 .2 in. w e s t of the c e n ­

t e r of the fuel loading , and (2) the good r e f l e c t i o n c h a r a c t e r i s t i c s of the BeO on the 

e a s t s i de of the c o r e vs the poor l e a d and b i s m u t h r e f l e c t o r l o c a t e d on the w^est 

s ide of the c o r e . A r a d i a l f lux plot f r o m the c e n t e r of the fuel load ing to the sou th 

edge of the r e a c t o r c o r e i s show^n in F i g u r e 13. No f lux t r a v e r s e w^as p e r f o r m e d 

f r o m the c e n t e r of the fuel l oad ing to the n o r t h edge of the r e a c t o r c o r e , s i n c e it 

w a s fel t tha t due to the s y m m e t r y of the load ing s u c h a t r a v e r s e would only d u p l i ­

ca t e the da t a p r e s e n t e d in F i g u r e 13 w^ithin the e r r o r of the e x p e r i m e n t . 

The u n c e r t a i n t y in p o s i t i o n of the d a t a p o i n t s w^ithin the r e a c t o r c o r e a r i s e s 

f r o m the c o n s t r u c t i o n of the m o d i f i e d fuel e l e m e n t w^hich, l ike a l l of the fuel and 

d u m m y e l e m e n t s , is he ld in the c o r e box by a d o u b ] e - l e a d A c m e t h r e a d a t t a c h e d 

to the b o t t o m of the fuel e l e m e n t . An u n c e r t a i n t y thus a r i s e s in the a n g u l a r p o s i ­

t ion of the r o d s , s i n c e the fo i ls w e r e a t t a c h e d to the o u t s i d e of the fuel c l add ing . 

S ince the foi ls w e r e l o c a t e d on the c e n t e r l i n e of the d u m m y e l e m e n t , no s u c h p o s i ­

t ion u n c e r t a i n t y e x i s t s in the r e f l e c t o r p o i n t s . 

The m e a s u r e d r a d i a l p e a k - t o - a v e r a g e t h e r m a l - n e u t r o n flux in the r e a c t o r c o r e 

w^as m e a s u r e d to be 1.62 v s a c a l c u l a t e d 1.13, and 1.18 vs a c a l c u l a t e d 1.09 for 

the a x i a l d i r e c t i o n . Th i s l e a d s to a v o l u m e t r i c p e a k - t o - a v e r a g e t h e r m a l flux of 

1.91, a r e a s o n a b l e v a l u e for t h i s s i z e and type of r e a c t o r . 

F. VOID M E A S U R E M E N T S 

1. F u e l / S S D u m m y E l e m e n t Annulus M e a s u r e m e n t s 

The e f fec t s of an a n n u l a r void on the r e a c t i v i t y of the S T E r e a c t o r a s a 

funct ion of fuel e l e m e n t p o s i t i o n w a s e x p e r i m e n t a l l y d e t e r m i n e d . F u e l E l e m e n t 

A - 6 , w h i c h w^as u s e d d u r i n g th i s e x p e r i m e n t , h a s an N „ of 3.2 vs the s e c o n d 

fuel l oad ing a v e r a g e of 5.9. B e c a u s e of t h i s r a d i c a l d i f f e r ence in N ^ j , the effect 

of t h i s fuel r o d a s a funct ion of c o r e p o s i t i o n w a s of i n t e r e s t , and w^as u s e d a s a 

n o r m a l i z i n g poin t in the s u c c e e d i n g void m e a s u r e m e n t s . The r e a c t i v i t y ef fec ts 
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of A-6 re la t ive to the fuel e lements it replaced in the react iv i ty t r a v e r s e a r e 

l isted in Table IV. 

By plugging the inlet and outlet coolant annulus of Fuel Element A-6 with 

smal l rubber s toppers , the react iv i ty effect of an a i r annulus re la t ive to a water 

annulus could be measu red . These data a re also l is ted in Table IV and plotted 
3 

in Figure 14. The void volume per fuel e lement consis ts of-^57 cm . 

The annulus m e a s u r e m e n t s were repeated, using a dummy fuel e lement 

identical to Fuel Element A-6, with the exception that the z i rconium hydride w^as 

replaced by s ta in less s teel . The m e a s u r e m e n t s c rea ted a large t he rma l flux 

per turbat ion in the r eac to r core , but it is notew^orthy that the annular a i r void 

yielded a positive react iv i ty effect in the STE reac to r ref lector w^ith re ference 

to water . These data a r e also p resen ted in Figure 14. 

TABLE IV 

REACTIVITY EFFECT OF A VOID FUEL ELEMENT COOLANT ANNULUS 

Core Location 

1-4 

2 -8 

3-12 

4-15 

Element Removed 

A-44 

A-13 

A-50 

A-18 

Element Worth 
Relative to A-6 

U) 
+ 16.5 

+ 14.9 

+8.2 

0 

Void Annulus 

-5 .4 

-3.7 

-2.8 

-1 .5 

2. Dummy Element — Water 

The effect of la rge voids in the fuel region and ref lector was invest igated 

by inser t ing a void dummy element in the r eac to r at s eve ra l posit ions ajid using 

pos i t ive-per iod techniques. The m e a s u r e m e n t was per formed to evaluate the 

react ivi ty effects in core boiling and the influence of such boiling on the nuclear 

saiety of the sys tem. Measuremen t s were made by plugging holes in a s tandard 
3 

wate r - type dummy element creat ing a la rge air void of-^185 cm . Measu remen t s 

were made with and without water in the dummy element to m e a s u r e the effect of 

the air void on the react iv i ty of the sys tem. Unfortunately, no m e a s u r e m e n t s 

were made in the two cent ra l core posit ions due to the large react iv i ty swings 

involved, ' ^ 1 . 8 5 and $1.35, respect ive ly . (With the t he rma l column filled with 
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graphite , no means w^as easi ly available to use pu l se -neu t ron react ivi ty m e a s u r ­

ing techniques.) The effect of the la rge void is mos t appreciable where the thermal -

neutron flux peaks in the ref lector region, as is siio'wn in Figure 15. Voids of 

this size c rea te a large per turbat ion of the neutron flux in the r eac to r core . 

G. POWER CALIBRATION 

Three techniques w^ere employed to evaluate the actual pow^er generat ion of 

the STE r eac to r : (1) t he rma l flux integration, (2) coolant flow ajid At m e a s u r e ­

ments , and (3) ca lo r ime t r i c — all of which a r e descr ibed in the following text. 
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1. The rma l Flux Integration 

Using the t h e r m a l flux t r a v e r s e data obtained in Section III-E, a volumetr ic 

flux average w^as obtained for the STE reac to r core . Since the t he rma l flux data 

were obtained at the surface of the fuel cladding, data cor rec t ions were neces sa ry 

before the r eac to r pow^er level could be determined. Calculations per formed by 
Q 

Rhoades indicate a factor of close to 1.41 low^er average the rma l -neu t ron flux in 

the fuel over that m e a s u r e d at the surface of the fuel as a r e su l t of a cell calcula­

tion performed on the STE reac to r . After cor rec t ing for this effect, the p r i m a r y 

sources of e r r o r in the measu remen t a re due to the uncer ta inty in detector pos i ­

tion of the foils, and the e r r o r s associa ted w^ith the foil cal ibrat ion. These e r r o r s 

have been es t imated to contribute about a 20% uncerta inty to the power calculated 

from the m e a s u r e d t he rma l -neu t ron fluxes. Applying the cor rec t ions de termined 

by Rhoades leads to a power level of 54 ± 11 kw, using the t he rma l flux in t rgra t ion 

technique. 

2. Coolant Tempera tu re Rise Across Reactor 

The design of the STE reac to r does not allow easy r eac to r pow^er de t e r ­

mination through m e a s u r e m e n t of the coolant flow^ ra te and t empera tu re r i s e a c r o s s 

the core . However, the total flow^ ra te , bulk inlet t empera tu re , and the exit cool­

ant t e m p e r a t u r e s from the individual coolant channels at the top of each fuel e l e ­

ment w^ere de termined by using a specia l thermocouple probe. By maintaining the 

reac to r pow^er constant, t empe ra tu r e t r a v e r s e s were obtained a c r o s s the r eac to r 

core . By w^eighting the coolant t empera tu re r i s e a c r o s s the core according to 

fuel e lement coolant channel flow a r e a as a function of distance from the center 

of the r eac to r core, an average At for the sys tem was obtained. Using m e a s u r e d 

data, an express ion was obtained that could re la te the m e a s u r e d At of any fuel 

e lement to the average At for the r eac to r . The e r r o r s assoc ia ted with the m e a ­

surement of coolant t empera tu re and flow lead to an uncer ta in ty in the power level 

determinat ion of about 20%. The r eac to r power level was calculated to be 51 ±10kw. 

3. E l ec t r i ca l Heat Substitution 

The mos t accura te method of r eac to r power level determinat ion was found 

to be e l ec t r i ca l heat substitution. 

The r eac to r pool tank, containing 3,000 gal of water , is well insulated on 

the bottom and sides by a 6- in . - thick gravel and air annulus; this annulus s epa r ­

ates the pool tank from the 18-in.- thick concrete pit which s e rves as a secondary 
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containment ve s se l and reac to r support s t ruc tu re . By insulating the top of the 

pool tank and inser t ing e l ec t r i ca l i m m e r s i o n hea t e r s into the water , the ra te of 

r i s e of the pool water t e m p e r a t u r e as a function of t ime for a known amount of 

e l ec t r i ca l pow^er was determined, using the p rocedures outlined in Section III-C 
2 

of the STE operat ions manual . Two such e l ec t r i ca l runs were performed. Two 

440-v i m m e r s i o n hea t e r s w^ere used in the f i rs t run, which extended over a per iod 

of 27 hr, coincident w^ith the i so the rma l t empe ra tu r e coefficient m e a s u r e m e n t s 

descr ibed in Section III-C of this repor t . The second e lec t r i ca l run used one of 

the 440-v i m m e r s i o n hea t e r s , thereby reducing the heat input to the pool tank 

from 38 to 19 kw. The cu r ren t and voltage to the hea t e r s were recorded hourly, 

and show^ed no significant change over the course of the m e a s u r e m e n t s . Follo'wing 

each run, the water in the pool tank was cooled to 60° F p r io r to s tar t ing the next 

exper iment . After the tw ô e l ec t r i ca l runs had been completed, the hea t e r s w^ere 

removed and the r eac to r w^as r a i s ed to a power in the range of the 38-kw e lec ­

t r i c a l run, using the data obtained from the second pow^er level de terminat ion 

technique, i .e. , by measu r ing flow ra te and coolant At a c r o s s the r eac to r core . 

By extrapolat ing the data from the tw^o e l ec t r i c a l runs , the po-wer of the f i r s t 

nuclear run w^as de te rmined to be 3 9-5 kw .̂ With these data, the procedure was 

repea ted for aji e s t ima ted 50 kw by l inear extrapolat ion of the r eac to r control in­

s t rumenta t ion readings , based on the m e a s u r e d value at 39-5 kw. 

The t e m p e r a t u r e vs heating t ime data for the two e lec t r i ca l and the two 

nuclear heating tes t s a r e shown in Figure 16. The uncer ta in ty in the e l ec t r i ca l 

substi tut ion technique, including e r r o r s in ins t rument cal ibrat ion and drift during 

the measu remen t , amount to '"^%. Therefore , the full power of the STE is 50 ±2 kw. 

A s u m m a r y of the th ree techniques is l is ted as follows: 

Technique Resul t 

1. The rma l flux integrat ion 54 ± 11 kw 

2. Coolant t e m p e r a t u r e r i s e 51 ± 10 

3. E lec t r i ca l subst i tut ion 50 ± 2 

All the m e a s u r e m e n t s appear to be consis tent within the expected e r r o r s of the 

m e a s u r e m e n t s per formed. 
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H. POWER AND GRID-PLATE COEFFICIENT MEASUREMENTS 

1. Coefficient Measu remen t s 

The m e a s u r e m e n t s of the STE reac to r power and gr id-p la te coefficients 

w^ere per formed by varying the r eac to r pow^er level in s teps from 0 to 50 kw, and 

by varying the coolant flow ra te at each step in pow^er. Reactivity m e a s u r e m e n t s 

were obtained at each step in coolant flow ra te and power. By c ro s s plotting the 

m e a s u r e d react ivi ty as a function of r eac to r power and At a c r o s s the core , gr id 

plate and power coefficients can be separa ted analytically (see Figure 17). 

-40 -38 -36 -34 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4 -2 -0 

REACTIVITY CHANGE ( t ) 

Figure 17. Reactivity as a Function of Reeictor Power and Coolant At 
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The best fit of the m e a s u r e d data yielded values o f -0 .4 ±0. Ijt/kw and-0 .4 ±0.1<:/°F 

for the power coefficient and grid plate coefficient, respect ively . The react ivi ty 

data w^ere obtained by using the control rod cal ibrat ion curves , andwere co r rec ted 

for the react ivi ty effects induced by the t e m p e r a t u r e coefficient of the sys tem. 

2. Fuel Tempera tu re Measu remen t s 

Fuel Element A - I T was placed at four different locations within the r e a c ­

tor la t t ice. This fuel e lement was specially constructed with three s ta inless s teel 

clad thermocouples located at th ree different radia l posit ions on the axial cen te r -

line of the fuel element . Tempera tu re m e a s u r e m e n t s w^ithin the fuel w^ere then 

obtained at a pow^er level of 50 kw. These data a r e presen ted in Figure 18. In 

order to obtain a mean fuel t empe ra tu r e for the r eac to r fuel, the t empera tu re s 

m e a s u r e d in the fuel were volumetr ical ly w^eighted, using an axial peak- to -ave rage 

ra t io proport ional to the the rma l -neu t ron flux, i .e. , 1.18. These mean values for 

the four core locations w^ere then plotted as a function of reac to r core radius , and 

a re show^n in Figure 19. By again volumetr ical ly w^eighting these values, a mean 

fuel t empera tu re of 103°F above coolant inlet t empera tu re w^as obtained. 
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