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The Health ,Physics Research Reactor- is a small pulse 
reac to r a t tne Oak Ridge Nat ional Laboratory, " i t i s ^ e s i r -
i . * * "I 4 5 1 * ^ T" T ~ n n "5 ** * * '*•• •>, , ^ • • . , » - - - i » Wi. ?J» 
t i n e basis tha t a l l the fue l nieces are present in tfte 
reac to r core. Accord ing ly , a technique Jias been devised 
wherein the 'Con t ro l rod readings are recorded w i th the 
reac tor a t delayed c r i t i c a l and correct ions, are r-ade to 
conpensate f o r the effects- of va r i a t i ons in" reac tor he ight 
above the f l o o r , reac tor power, core temperature, and the 
presence o f a n y massive neutron r e f l e c t o r s . The operator 
then compares these readings w i t h the values expected 
based"on previous operat ing experience. I f t h i s rout ine 
opera t iona l check suggests t h a t the core fue l loading 
might be d e f i c i e n t , a nwre r igorous fo l low-up may be 
" i d Q t r . " !j 



- INTRODUCTION 

I t i s important tha t f i s s i onab le reactor mater ia ls not be d iver ted 

f o r uses other than those fo r wftich they were intended. At the Health 

Physics Research Reactor (HPRR), a oroqjdure has been developed whereby 

the operator can demonstrate, on a rou t ine bas is , tha t the " f u l l complement 

of reactor fue l i s indeed s t i l l present in the core. 

This procedure has been designed so tha t i t can be used w i th a min-

imum' o f d i s rup t i on to the normal reactor operat ing rou t i ne . A much more 

tedious "s tandard-condi t ions" t es t may be performed by the operator when-

ever a more de ta i led check o f the core fue l inventory i s requi red. 

METHOD OF TESTING 

A.nuclear reactor^ should repeatedly achieve c r i t i c a l i t y at the same 

cont ro l rod se t t i ngs i f a l l parameters remain unchanged. Thus, by demon-

s t r a t i n g , under r i go rous ly con t ro l l ed cond i t i ons , that the^reactor goes 

c r i t i c a l w i t h the cont ro l rods "posi t ioned w i t h i n tha acknowledged accu-

racy of t h e i r prescr ibed s e t t i n g s , one confirms t h a i the amount o f fue l 

present in the^cdre i s co r rec t . The^basic tes t i s s t ra i gh t f o rwa rd , and 
c 

the only cooipl icat ions concern the treatment' o f the var ious in f l uenc ing •> 

parameters and the degree^of p rec is ion requi red. 

° PARAMETERS AFFECTING T E S T S , 
i> 

The fo l l ow ing parameters were considered dur ing the development o f 
e ° 

t h i s procedure: " 
O o 

1. Neutron poisons i n the core. Neutron poisons are not a problem 

a t the HPRR, because there i s no s i g n i f i c a n t bui ldup o f xenon 
% 

or other core poisons, and the HPRR employs no movable or burn-

able poisons i n i t s design. 

2. Neutron moderators,or r e f l e c t o r s a t the core. Neutron moder-

^ a tors or r e f l e c t o r s are not designed to be par t«of the HPRR 
core. 

o 
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3. Large'neutron r e f l e c t o r s near the core. Large neutron r e f l e c -

tors may be oresent i n the-'form o f the concrete f l o o r ( reac tor 

height determines t h i s - e f f e c t ) or as large_shie lds o f metal or 

hydrogenous mater ia ls tha t are used to a l t e r the rad ia t i on 

spectrum dur ing c e r t a i n reac tor experiments. 

Control rod pos i t i ons . Control rod pos i t ions "are under the 

d i r e c t cont ro l ' ' o f the reactor operator a^d are* subject only 

_ to the prec is ion of the cont ro l rod l i m i t switches and cont ro l 

?rod pos i t i on i n d i c a t o r s . 

Core temperature. °Core temperature i s a f ac to r because the 
UDDP n̂"̂ -"rir ^ • * » c s ^ 1 v * r; * i c - i * c- royr* 
tu re r i ses . This parameter is d i f f i c u l t to con t ro l because 

the core temperature var ies (a) day by day; (b) minute by min-

ute dur ing s ta r tup toward high power; (c) l o c a t i o n by l oca t i on 

w i t h i n the geometry o f the core. Thus, the simple app l i ca t i on 

of the core 's known average negative temperature . c o e f f i c i e n t 

o f r e a c t i v i t y w i l l not au tomat ica l l y s a t i s f y a l l desired tes t 

cond i t ions . 
o J 

° TEST REQUIREMENTS " 

An e f f e c t i v e tes t should reveal the absence of the smal lest piece 

o fc fue l tha t could be removed from the core wi thout major,disassembly. 

I t has been demonstrated t h a t the only pieces of core f t i e f removables 

w i th simple too ls are the samp le - i r r ad i a t i on hole U-Mo plug (105,grams 

o f 23 5 l l ) and the nine U-Mo b o l t i nse r t s (112 grams o f r 3 5 U each); (See 

Figure 1 . ) c 1 

0 
A t e s t run was made w i t h one o f the U-Mo b o l t i nse r t s miss ing, and 

,y-} - * 

a comparison of cont ro l W d pos i t i ons a t c r i t i c a l revealed i tha t the 

missing U-Mo i n s e r t is worth 13 cents o f r e a c t i v i t y . The samp le - i r rad i -

a t i o n - h o l e plug i s worth s l i g h t l y more than 13 cents , because i t is 

located c l ose r to the center o f the core. 
I t was decided tha t a rou t i ne tes t . shou ld be developed which w i l l 

f o rma l l y demonstrate tha t the fue l loading i s complete w i t h i n 10 cents t) 



of r e a c t i v i t y (36 grams of 2 ' S U at the b o l t i n s e r t l o c a t i o n ) . In p rac t i ce 

such a- t e s t should be capable o f de tec t i ng a de f i c i ency represent ing as 

l i t t l e as 5 cents i n r e a c t i v i t y . 

ROUTINE OPERATIONAL TESTS / 

During a normal reactor s ta r t up from room temperature the sa fe ty 

block i n s e r t e d , the regu la t i ng rod i s estab l ished a t 7.0 inches from 

i t s f u l l y inser ted p o s i t i o n , and the reactor is made c r i t i c a l l y means 

of the mass adjustment rod. The mass adjustment rod reading i s recorded 

a f t e r a de lay ,o f several minutes wh i le successive rod adjustments are 

"lade to cor rec t ^or the cont r i"but TOT?' ^vnm delaved neutrons but before ' 

any rod adjustments are made in the opposi te d i r e c t i o n toGcorrect for 

the e f f e c t s o f core heat ing. <• J 0 ,f< 
As noted e a r l i e r , var ious parameters in f luence t h i s rod reading and 

a r i t hme t i ca l compensations are made according to the e m p i r i c a l ! ^ der ived 

in fo rmat ion shown i n Figure 2. Compensatory add i t ions are made to the 

mass adjustment rod readings i f : (a) the reactor core height i s above 

1 .5 meters; (b) the reactor power is above 100 wa t t s ; (c) the .core 

temperature a t s ta r tup i s above 70 F; or (d) the reactor i s i n Pulse-

Preparat ion mode (pulse rod latched OUT) rather^than i a Steady-State = 

mode (pulse rod latched IN) . Compensatory values are subtracted from 

the observed mass adjustment rod readings i f : ( t , (a) the reactor, core<>» 

height i s below 1 . 5 meters; (b) the 'core temperature at s ta r t up i s below 

70°F; or (c) i f massive sh ie lds are d o l e enough to sca t t e r an appre-

c i ab le f r a c t i o n Gf neu t rons^ac? in to the core. ] c, - ' C ~ 
I rubber stamp has been prepared to f a c i l i t a t e u f e c o r d i n o on the 

operat ing log sheet the rod poscUons a t c r i t i c a l and a^so the Compensa-

to ry co r rec t ions to be app l ied. The recorded in fo rmat ion (see Figure 3) 

documents the f a c t tha t the c.pre fue l load ing was shown to be ngrmal f o r 

t ha t p a r t i c u l a r operat ion and also preserves jth'e computations ' leading t o ^ t-t ha t de terminat ion . n « . 6 ,. 0 'is ' " -
% 

Figure 4 i s & histogram of the d i s t r i b u t i o n o f mass a^justmend r o d 0 

readings at de layed 1 ' c r i t i ca l f o r ^ the r e a c t o ^ r u n s dur ing one quar te r o f 



a year ; a, new histogram is developed each quar ter . Also shown on the 
f i g u r e , i s a por t ion o f the mass adjustment rod c a l i b r a t i o n curve. The 
l as t two d i g i t s o f the current reactor operat ion number are f i r s t p lo t ted 
below the base l i n e at the hor izonta l locat ion corresponding to the 
uncorrected^ass adjustment rod reading determined fo r that pa r t i cu l a r •< 
operat ion. Then the various compensations as determined from data i n 
Figure 2~are appl ied, and the same f i n a l two operation-number d i g i t s 
are again p l o t t ed , t h i s time above the baseline and at the hor izonta l 
l oca t ion corresponding to the corrected mass adjustment rod reading. I f 
a corrected point f a l l s below the "check po in t " value (cur ren t l y 5.50) 
representing the l i m i t i n g acceptable reading, i t suggests tha t the core 
fue l loading may be d e f i c i e n t by as much as 10 cents of r e a c t i v i t y . In 
p rac t i ce , any corrected po in t f a l l i n g ' o u t s i d e the normal grouping w i l l 
be invest igated. 

SPECIAL STANDARD-CONDITIONS TEST 
O (t 

A special standard-condi t ions tes t can be performed, whenever the 
regular operational t es t ind icates that a more deta i led fo l low-up check -
should be made.,, For t h i s more accurate check, the reactor is raised to / o 
U s hjghest e levat ion (5.08 meters) and mass adjustment rod readings are 

'.taken at c r i t i c a l wi th the pulse rod ar\d the regu la t ing rod at t h e i r 
\ ^ • V-
respective l i m i t s , thus:,, 

Pulse <rod OUT, regu la t ing rod OUT, *J u 
Pulse rod^OUT, regu la t ing rod IN, J ) <, 

" P u l s e r o d IN, regu la t ing rod OUT, 
Pulse rod ' IN , regu la t ing rod IN. 
These ma'Ss adjustment rod readings are then corrected=to give the 

tJ o n " 0 headings expected at 70 F (by applying the 0.17<t per F negative tem-

perature c o e f f i c i e n t o f r e a c t i v i t y already establ ished f o r th i s reac to r ) , 

and the resul ts are p lo t ted on the"mass adjustment rod c a l i b r a t i o n curved 
as shown in Figure 5. I t has been observed that these four check points i i - O 
are repeatable w i t h i n rather narrow respective=ranges, and l i m i t s of 
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accep tab i l i t y have been establ ished (cu r ren t l y 0.1 inch'above or below 
the respect ive check po in ts ) which w i l l assure the operator tha t the 
core^fuel loading has not been a l te red . 0 , . 

CONCLUSIONS 

The rout ine operat ional check can be used to detect va r ia t ions i n 

fue l inventory tha t are smaTlver than the smal lest piece of fue l used in j o 
the core. The special standard-condit ions t es t i s ava i lab le when more 
precise observations are bel ieved to be necessary. The;se checks combined 
w i th rout ine v isual observation of the3core provide assurance to the 
operator tha t the fue l loading remains unchanged. 
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Fig. 1. HPRR Core 
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OPERATIONAL CHECK OF HPRR CORE FUEL LOADING 

POSITIONS: Reg. Rod 
CORRECTIONS: 

Reactor Power 
Reactor Height 
Reactor Temp. 
Shields 

^ M.A. Rod 
Total Corrections 
_ As Corrected 

Must Exceed 
Fuel Loading 

„ Certified OK 

Fig. S.ix^Form Used to Record Ar i thmet ica l Correct ions to Mass 
tr Adjustment Rod-Readings. 
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