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SHIELDING-RESEARCH AREA AT BATTELLE 

Walter R, Morgaxi, Harold M. Epstein, 
James N. Anno, J r . , and Joel W. Chastain, J r . 

The design and construction of the shielding facility at Battelle is described in 
this report. This facility consists of an open pool with a fission plate, an instrument 
bridge and tower, a control room, and radiation-detection instruments. The shielding pool 
is located at the end of the thermal column of the Battelle Research Reactor (ERR). 

The fission plate is 28 in. in diameter and contains approximately 3.5 kg of 
uranium-235. The plate was fabricated from three pieces of highly enriched uranium and 
clad with about 25 mils of 2S aluminum. It generates about 24 w during steady-state 
reactor operation. 

The fission spectra of neutrons and gamma rays produced by the fission plate are 
free from appreciable background radiations. The ratio of thermal to epithermal neutrons 
impinging upon the fission plate is approximately 67, indicating a low fast-neutron back­
ground. Assuming an average energy of 2 Mev for background gamma rays results in a 
ratio of thermal-neutron flux to gamma flux of 16. 

INTRODUCTION 

The development of nuclear r e a c t o r s r equ i res information on the per formance of 
ma te r i a l s and configurations as shields against nuclear rad ia t ions , p r i m a r i l y neutrons 
and gamma r a y s . This repor t t r e a t s the construct ion and p re l imina ry cal ibrat ion of a 
facility developed for the General E l ec t r i c Company, Aircraf t Nuclear Propuls ion 
Department , to obtain data on ma te r i a l shielding. (^' 

The needs for shielding data may be divided into th ree pr inc ipal ca tegor ies . 

(1) Requirements for general bas ic information. 
Shielding r e s e a r c h has not developed to the point where complete hand­
book data a r e available on such things as removal c r o s s sect ions and 
p a r a m e t e r s for determining the production of secondary g a m m a r a y s . 

(2) Data to support calculational methods . 
Data a re required to improve and develop shielding theory . E x p e r i ­
ments can provide checks on p resen t theory and indicate the direct ion 
for new and improved t h e o r i e s . ' ' 

(3) Information on specific shielding des igns . 
Shields of complex geometry-^with i r regu la r ly shaped ducts mus t be 
checked experimental ly to obtain accura te shielding data. Even when 
the deficiencies in Areas (1) and (2) above have been reso lved , the 
need for exper imental data may still exist . 

(1) References at end. 
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Most shielding data compiled to date have come from either " l id- tank" facilities 
or r e s e a r c h reac tors which can be used for shielding studies. \^) A l id-tank facility is a 
pool of water (or other liquid) in which shields a r e exposed to a f ission source of n e u ­
trons and gamma rays . The source radiat ion is produced in a uranium-bear ing con­
v e r t e r (fission) plate by thermal neutrons from a r eac to r . The pr incipal mer i t s of the 
l id-tank facility a re bet ter defined neutron and gamma sources than obtainable with 
d i rec t core radiations; also, r e s e a r c h can be conducted independently of the other e x ­
per imenta l p rog rams using the r e a c t o r . On the other hand, d i rec t use of a reac tor p r o ­
vides a more intense radiation source (advantageous to spectroscopy work) and pe rmi t s 
ful l-s ize shielding mock-ups to be placed around the co re . The facility descr ibed in 
this repor t is a l id-tank facility which differs from the ORNL Lid-Tank Facil i ty p r i n c i ­
pally in size and source s trength. 

The thermal column of the BRR is approximately 12 ft in length and 4 ft square 
and is stacked with high-purity graphite b locks . To produce the des i red power in the 
fission plate, the column is par t ia l ly voided to provide a higher flux at the horizontal 
a c c e s s . The long thermal column provides a thermal -neut ron flux with a low f a s t -
neutron background. The end of the t he rma l columji has been modified by a paraffin 
col l imator to produce a cur ren t of the rmal neutrons with a fairly flat distribution ac ross 
the d iameter of the fission p la te . 

The shielding specimen is placed in a tank adjacent to the fission plate and is 
subjected to fission neutrons and g a m m a s . The radiations a r e detected by ins t ruments 
suspended from the instrument tower which is supported by a motor ized br idge spanning 
the shielding tank. Figure 1 shows the tank and bridge in the foreground and the con­
t ro l room in the lower right background. 

In addition to gross radiat ion attenuation, information can be obtained on fas t -
neutron removal c ross section, secondary—gamma—ray production within the shield, 
and energy degradation of the rad ia t ions . With special ins t rumentat ion t empera tu res 
within the shield may be measured . Exper iments can be per formed with various th ick­
nesses of mater ia l to optimize shield thickness with respec t to the quantities of r a d i a ­
tion absorption and secondary-gamma production. Combinations of s labs can give i n ­
sight into intershield gamma- ray production and attenuation. Shield optimization can 
also be examined with respect to combinations of different m a t e r i a l s . As mentioned 
previously experiments can also be per formed on shields of special geometry. 

Special experiments can be per formed on the effects of the medium in which the 
shield is placed, i. e . , the tank may be filled with water , bora ted wate r , or oil. With a 
few modifications the facility may be converted to a gamma source for gamma-shielding 
measuremen t s undisturbed by the p r e s e n c e of neut rons . The l id- tank facility is also 
adaptable to studies of basic physics p rope r t i e s of fission neutrons (neutron age, r e l a x ­
ation length, etc . ). The well-defined fission source can be used in developing i n s t r u ­
mentation for shielding m e a s u r e m e n t s . This listing of possible uses is by no means 
complete but demonstra tes the flexibility of such a facility. 

DESCRIPTION OF SHIELDING-RESEARCH AREA 

! 
The design and construct ion of the sh ie ld ing- research a r e a have constituted the 

major effort during the first year of the r e s e a r c h p r o g r a m . Since two s imi la r 
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installations have been constructed and operated for severa l years(3) , the experience 
obtained with these facili t ies could be drawn upon in the design of this facility. 

The fission plate is 28 in. in diameter and 0. 020 in. in thickness . It is made of 
highly enriched uranium foil and jacketed in aluminum. The diameter chosen was smal l 
enough to a s s u r e a relat ively flat flux ac ros s the plate and to avoid radiation leakage 
around the shielding spec imens . Experimental ly, it has been shown that the inc rease in 
power production is small for an increase in uranium thickness above about 0. 020 in. 
The p rec i se thickness was determined by the availabili ty of the mate r i a l and l imitat ions 
of fabrication techniques. 

The uranium for the plate was fabricated by Metals and Controls Nuclear , I nco r ­
porated, in the form of a disk 28 in. in d iameter made of three pieces 9-1 /3 in. wide. 
Measurements at Bat tel le indicated the initial thickness to be 0. 0228 in. with a r oo t -
mean-square deviation of 0.0001 in. and the d iameter to vary between a maximum of 
28. 036 in. and a minimum of 27. 985 in. 

The uranium was nickel plated and then enclosed in an aluminum picture f rame 
which had been cleaned and pickled. Then cover plates of aluminum were welded onto 
the picture frame to form an assembly 30 in. square . This assembly was evacuated and 
p r e s s u r e bonded, and t r immed to about a 28-in. c i r c l e . 

Final Specifications of the F i s s ion Pla te 

The principal dimensional change in the uranium core during fabrication was a 
reduction in the core thickness due to loss of uranium in the pickling p rocess p r e p a r a ­
tory to nickel plating the co re . The final thickness of the core is es t imated to be 
19. 9 mi l s . 

The thickness of the completed plate was measu red at severa l locations and the 
resu l t s a r e shown in the sketch of F igure 2. As seen from this sketch, the m e a s u r e ­
ments of the actual plate thickness var ied from 70. 0 to 73. 0 mi l s . On the bas i s of these 
measurements it can be est imated that the cladding thickness var ies from about 24. 5 to 
25.8 mi l s . 

The specifications of the fission plate a r e l is ted below, 

P la te diameter 

Over-a l l 28-3 /8 ± 1/16 in. 

Core 28, 0 in. 

P la te thickness 

Over-a l l 0.070 in. (nominal) 

Core 0. 0199 in. uranium 
0. 0014 in. nickel 

Cladding 0. 025 in. (nominal) 
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FIGURE 2. THICKNESS MEASUREMENTS ON CLAD FISSION PLATE 
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Plate ma te r i a l s 

Cladding 2S aluminum 

Core Nickel-plated uranium, 
3741 g total uranium 
(3484 g uranium-235, 
93. 14 per cent enrichment) 

It is suggested that these specifications (subject to the qualifications discussed) 
be used in all future calculations concerning the fission plate . 

F i s s ion -P l a t e Assembly 

The complete f ission-plate assembly consists of an aluminum frame containing the 
source plate, res i s tance the rmorae te r s , and e lec t r i ca l -hea te r plate, and Lavite 
s p a c e r s . The source plate and hea ter plate a r e in intimate contact and insulated both 
thermal ly and electr ical ly from the aluminum frame by the ce ramic s p a c e r s . An ex­
ploded view of the assembly is shown in Figure 3. 

The heater plate consists of a 1/4-in. -thick flat a luminum disk 28 in. in d iameter 
with a heater coil embedded in a sp i ra l groove cut into the pla te . The heater coil is 
24-gage copper wire covered with a double layer of g lass- f iber insulation and has 2 0 -
gage feeder leads . The cover for the source and hea te r -p la t e assembly is a 31-in. -
d iameter aluminum disk r e c e s s e d to receive the fission plate . 

Six res is tance t h e r m o m e t e r s of g lass- insula ted nickel wi re (Model SN-1 Stikons) 
were attached to the front side (shielding-pool side) of the fission plate to permi t t e m ­
pe ra tu re readings for power cal ibrat ion. See Figure 4. The finished f ission-plate 
assembly is shown in the photograph of Figure 5. This photograph is a view looking at 
the r ea r ( thermal-column side) of the assembly . The lead wi res for the heater coil 
enter from a 1/2-in. a luminum tube (seen attached to the side of the assembly) through 
the back of the heater plate at the center . The r e s i s t a n c e - t h e r m o m e t e r lead wires 
c ross the front of the source plate and also feed from the 1/2-in. a luminum tube. 

Shielding Tank 

The dimensions of the tank a r e based on the space requi red for la rge rad ia t ion-
detection instruments with col l imators and for the l a rges t shields which were an t i c i ­
pated. The inner dimensions of the tank (15 by 15 by 12-1/2 ft) give ample room for 
angular studies of radiation from the shielding specimens and provide a sufficient 
volume of water for biological shielding in front of the fission pla te . 

The tank consists of a bu t t r e s sed 8-in. -thick concrete shell lined with 3 / l6 - in . -
thick aluminum sheets . A sketch of the tank showing the pr incipal ma te r i a l s and dimen­
sions is shown in Figure 6. 

The section of the wall pa ra l l e l to the face of the the rma l column and the f irst 
3 -1 /3 ft of the l a t e ra l walls a r e composed of bary tes high-densi ty concre te . The 
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FIGURE 4. LOCATION OF THE SIX RESISTANCE THERMOMETERS 
ATTACHED TO THE FRONT OF THE FISSION PLATE 
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remainder of the tank is a monolithic pour of regular concre te . Twelve tie b a r s were 
left protruding from each section of the wall para l le l to the thermal -co lumn face to sup­
port stacks of bary tes blocks a r ranged for biological shielding during operation of the 
facility. A 3-in. drain was installed in a r e a r corner of the pool, and a 5 00-gpm e l e c ­
t r ic pump was attached to the drain to change liquids in the pool. 

The 3 / l6 - in , a luminum lining for the pool was formed from sheets of 6061 alloy 
4 by 12 ft. 

The f ission-plate a r rangement consists of the aluminum wall section, con.trol c u r ­
ta ins , f ission-plate holder , f iss ion-plate assembly , and Bora l cur ta in . These compo­
nents a r e shown in the exploded sketch of F igure 7. By reducing neutron reflection, the 
Boral curtain on the pool side of the fission plate minimizes power changes in the 
fission plate due to neutron reflection from shielding spec imens . 

To shut down the fission plate without shutting down the reac tor (both to p r e s e r v e 
uranium and to permi t measurement of the background radiat ions from the reac tor ) a 
removable curtain was constructed and installed in the a r e a between the tank wall and 
the fission-plate holder (see Figure 7), The shutdown cur ta in is a sheet of Boral 30 by 
30 by 1/4 in. backed up by a 0. 060-in. -thick sheet of cadmium, both mounted in a s l id­
ing f rame. The ent ire curtain mechanism may be removed from the tank during o p e r a ­
tion. The curtain is held in place and guided in its t rave l by a graphite slide a r r a n g e ­
ment. The curtain is r a i sed by activating from the ins t rument console a pair of 1/8-hp 
a -c motors which drive a set of sprocket chains . It may be moved a total of 31-1 /4 in. 
to remove it completely from the path of the neut rons . Limit switches indicate, by 
position lights on the control console, the ex t remes of the curtain t rave l . 

To reduce the power for gamma- ray measu remen t s a duplicate of the shutdown-
curtain mechanism was constructed and can be equipped with l i th ium-magnesium-al loy 
plates of severa l th icknesses . This second curtain is easi ly interchangeable with a 
curtain of 0. 020-in. a luminum foil. The aluminum curtain is used to support foils for 
neutron-flux measuremen t s and does not disturb the neutron beam incident on the 
fission plate to any appreciable extent. 

A stepped shielding plug has been constructed to fit the gap above the curtains to 
prevent s t reaming of neutron and gamma radiat ions f rom this gap. 

A pair of 7-in, I -beams a r e attached to the top of the b u t t r e s s e s along the l a te ra l 
wal ls . Square hardened s teel ra i l s were bolted to the top of the I -beams . The tops of 
these rai ls were milled flat, and the ra i ls were leveled to within ±0. 005 in. over the 
15-ft span. These ra i l s support the br idge, which r ides on two pa i r s of hardened steel 
r o l l e r s . Rollers contacting each side of one ra i l guide the b r idge . To drive the br idge, 
a Boston L2016 3/4 by 5 /8- in . rack was installed along the length of each ra i l . 

Instrument Bridge 

The ins t rument br idge spans the pool para l le l to the plane of the fission plate and 
moves normal to the pla te . An instrument tower is at tached to the bridge and is capable 
of la te ra l , ver t ica l , and rotational movement to position the radiat ion-detect ing 



Reactor thernnal 
column 

\ "^ ^ , 
Barytes 
concrete ^ 

ft _ 5 

^ 

Power monitor in 
north boundary of 
thernnal column zi-

r<] 

Barytes concrete 
(biological shield) 

A-

Paraffin Lead 
collimator gamma 

shield 

I f air gap 
for Boral 
and Li-Mg 
curtains 

[ U 
Al fission 
plate 
holder 

Fission-plate assembly 

T Al 
heater 

plate 
Ceramic 
spacers, 
3 " on 
center 

Ceramic 
spacers, 
3 on 
center 

| A I 

pool 
wall 

0.073 
A l -c lad U 
f iss ion-
plate 

holder 

Pb 
0 -

ring 

Al 
fission-
plate 
cover 

32 square 
\ Boral 
sheet in 
Al hanger 

A - 2 9 0 6 6 

FIGURE 7. VERTICAL CROSS SECTION OF FISSION-PLATE ENVIRONMENT 



13 

ins t ruments in the pool. The tower can be rotated through 180 deg about a ve r t i ca l ax is . 
The br idge can be seen in F igure 1. Two concentr ic tubes attached to a c a r r i age or 
trolley make up the instrument tower. The outer tube is a 4-in, cast i ron pipe which is 
geared to rota te in a casting attached to the t rol ley. The inner tube is a 3-in. a luminum 
pipe. It is free to move ver t ical ly but is keyed to prevent rotation within the l a r g e r 
pipe. Vert ical drive is accomplished by a long screw which turns in a threaded b r a s s 
bushing secured to the top of the aluminumi tube. This assembly is capable of lifting 
1500 lb. The car r iage is moved la tera l ly by driving along a 1-in. - squa re gear rack 
bolted in place paral le l to the machined ra i l s guiding the c a r r i a g e . 

All the dr ives use a d-c motor geared direct ly to a t ransmit t ing synchro . The 
drive speed is controlled by a Var iac and can be continuously reduced to ze ro . The 
t ransmit t ing synchros a r e geared so that one revolution is equal to about 1/8 in. of 
t r ave l . The receiving synchros t r igger a f ive-decade mechanical counter which sub ­
t r ac t s a count for a revolution in one direct ion and adds a count for a revolution in the 
opposite direct ion. The motion between revolutions is indicated by a dial on the r ece iv ­
ing synchro. By this a r rangement posit ions can be read to 1/180 revolution which c o r ­
responds to about 0. 0007 in. 

Thermal -Column Modifications 

With the initial solid graphite the rmal column, the neutrons emerging f rom the 
column were well thermal ized but the magnitude of the flux at the horizontal a c c e s s was 
found to be too low to produce the des i red power in the fission plate . A study of the 
diffusion length for the the rmal neutrons in the column led to the decision to par t ia l ly 
void the in te r io r . In the final a r r angemen t , 29 per cent of the graphite was removed by 
use of a single la rge void in the center of the thermal column. A layer of solid graphite 
approximately 8 in. thick was left around the boundary of the the rmal column as a 
ref lector . 

Although removing graphite from the the rmal column dec reased the cadmium 
ra t io , the rat io of thermal to epi ther inal flux is approximately 67. This value is st i l l 
sufficiently la rge to provide a low ep i thermal -neut ron background at the fission plate . 

Neutron Coll imator and Gamma Shield 

To el iminate neutrons which would add to the background by entering the pool 
around the per iphery of the fission plate , a paraffin neutron col l imator was constructed 
as shown in Figure 7. A 4-in. thickness of paraffin is sufficient to e l iminate raost of 
the neutrons not directed through the 28-in. -d iamete r window. Since it has a la rge 
scat ter ing c ross section, the paraffin is not completely black to the neutrons at the 
per iphery of the 28-in. -d iameter window and, hence, does not d e c r e a s e the neutron flux 
at the edges of the window as abruptly as Bora l or cadmium sheet . 

In addition to the neutron col l imator , it was des i rab le to further modify the 
thermal -co lumn entrance by adding a final g a m m a - r a y shield to suppress the gamma 
radiation mixed with the neutron beam. Fo r this purpose a lead slab was placed in front 
of the neutron coll imator as shown in F igure 7. 
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After the collimator and shield were added, the neutron-flux distr ibution was 
again measured with the geometr ical and mate r i a l environment of the fission plate 
mocked up with aluminum, polyethylene, and Bora l . A 1/4-in. -thick Bora l plate 28 in. 
in d iameter was used to nnock up the fission plate . The thermal-neutron-f lux d i s t r i ­
bution was obtained by activating manganese- i ron wires attached to the pla te . The r e ­
sulting flux distribution at the face of the plate is shown in Figure 8. As seen from this 
d iagram, the flux is fairly uniform over the plate. The roo t -mean- squa re deviation 
from flatness is approximately 10.5 per cent. The drop in flux at the edge of the plate 
could be reduced by enlarging the i r i s of the neutron col l imator . However, this would 
lead to higher neutron leakage around the fission plate into the pool. 

Gamma Radiation 

To obtain a source of gamma rays only, a sheet of mate r ia l with a l a rge (n, 7) 
c ros s section for a given energy gamma can be inser ted in the place of the f i rs t of the 
two control cur ta ins . The thermal neutrons t ransmit ted by the f irs t cur ta in will be 
captured by the Boral curtain directly behind. Since the cadmium rat io at the end of the 
thermal column is near 100, the number of fast neutrons contaminating the gamma 
beam will be negligible. There will, however, be some stray gamma background from 
the r eac to r , thermal column, and s t ruc tu ra l m a t e r i a l s . 

The gamma dose ra te at the face of the fission plate was measured with fer rous 
sulfate chemical dos imeters p r io r to activation of the fission plate (with the Boral c u r ­
tain in the shutdown position). The background gamma source was 205 ± 1 0 rep per h r . 
Assuming a calculated attenuation of 28 per cent by the f ission-plate mounting and 
assembly , the gamma dose ra te at the cur ta in is 285 rep per h r . The the rmal -neu t ron 
flux at the curtain measured at the t ime of the gamma determination was 1. 26 x 10 ' 
n / ( cm )(sec). Thus the neutron f lux- to-gamma dose ra te rat io at the location of the 
curtains is approximately 4. 4 x 10 neutron flux per rep per h r . Assuming a gamma 
photon energy of 2 Mev, the rat io of the rmal -neu t ron flux to gamma flux is approxi ­
mately 16. Hence, with an efficient gamma conversion plate, a gamma source many 
t imes the background gamma level can be obtained. 

NUCLEAR INSTRUMENTS 

The sh ie ld ing- research a rea is equipped with instruments to m e a s u r e fast-neutron 
dose ra te , gamma dose ra te , the rmal -neu t ron flux, fast-neutron energy spec t rum, and 
gamma energy spect rum. Each detecting head is canned in aluminum and fitted with an 
adapter which at taches it to the ins t rument column of the br idge . In addition to the 
specialized radiation-detecting ins t ruments , the facility is ins t rumented for m e a s u r e ­
ment of pool and fission-plate t e m p e r a t u r e s , pool radiation level, pool water level, and 
cont ro l -cur ta in l imit posi t ions. The the rmal -co lumn neutron flux is continuously moni­
tored. A block d iagram of the ins t rumentat ion for the sh ie ld ing- resea rch a r ea is shown 
in Figure 9. The instruments shown within the dotted line a r e contained in a console 
located in a control room near to the pool. The RIDL 200-channel ana lyzer is located 
adjacent to the instrument console. F igure 10 is a photograph of the ins t rument control 
room showing the console and ana lyzer . 
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Fast -Neutron Dosimeter - ^ 
; 

A Hurst-typeV'*' ~'i fast-neutron dosimeter will be used. The detector will be 
cal ibrated by compar ison with a dosimeter which has a built-in cal ibrated alpha source . 
A polonium-beryl l ium source will be standardized and used to check the calibrat ion of 
the detector periodical ly. Supporting ins t ruments for the dosimeter include a p r e a m p l i ­
fier which is canned with the detector . 

Gamma Dosijneter 

For gamma dose - ra t e measurements a Westinghouse WX-3343 aluminum-walled 
50-cm^ ionization chamber is used. The chamber is filled with high-purity argon at 
250 psi and sa tura tes at 600 v. The output of the chamber is lO"!-^ amp/{mr)(hr) and it 
has a range from 10 mr per hr to 100 r per h r . Since the output is a low-cur ren t signal 
and the leads a r e more than 50 ft long, the ins t rument is sensit ive to s t ray e lec t r i ca l 
pickup due to motion of the chamber and from a - c fields present in the building. To in­
c rease the s ignal - to-noise ra t io , a balanced e l ec t romete r head feeds the chamber signal 
through the cabling to a Kintel electronic galvanometer . The galvanometer has a 1-v 
ful l-scale output which can be fed into a r eco rde r , 

Thermal -Neut ron-F lux Detector 

A 3/4 by 1-1/2-in. fission chamber is used to measu re the thermal-neut ron-f lux 
distr ibution. This chamber is equipped with a preamplif ier which feeds the signal into a 
l inear amplifier with a pulse-height d i sc r imina to r . For absolute flux determinat ions the 
output of the fission chamiber is normal ized to fluxes determined by foil activation. If 
the need a r i s e s , l a rge r chambers can be used to obtain thermal-neut ron fluxes below the 
sensitivity of the present chamber . 

Fas t -Neut ron Spec t rometer 

A proton-recoi l - type fast-neutron spec t romete r s imilar to the type developed at 
Oak Ridge National Laboratory '"? ' ' is being const ructed . The p ro ton- reco i l s p e c ­
t romete r util izes the principle that protons produced by interaction of an incident f a s t -
neutron beam with a hydrogenous mate r i a l ( radia tor) have an isotropic distr ibution in 
the center of a m a s s s y s t e m ' ' ' . Consequently, the range of the recoil proton is directly 
related to the energy of the incident neutron for a specified recoi l angle. The detecting 
instrument consists of a radiator wheel and th ree - sec t ion counter that is connected to 
three nonoverloading l inear ampl i f ie rs , a coincidence circuit , and a sca le r . The s p e c ­
t rometer is jacketed by a waterproof aluminum can designed to part ial ly support the 
weight of the spec t romete r . Since this is a low-efficiency device, neu t ron - spec t rum 
data can be taken only in high-flux neutron fields (i. e. , very near the shield). 

( 
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Mult icrysta l Gamma Spect rometer 

A th ree -c rys t a l gamma spec t romete r has been constructed, pat terned after a 
s imi la r instrument developed by Oak Ridge National Laboratory(°> 9). 

With this instrument measu remen t s in the range of 0. 2 to 10 Mev a r e poss ib le . 
Two methods a r e em.ployed to de termine the energy of an incident gamma ray . Fo r 
energies l e s s than about 2 Mev, the Compton effect is used. The Compton-recoi l e l e c ­
t ron and sca t tered gamma rays a r e detected in coincidence and the energy of the inc i ­
dent gamma ray calculated from the measured energy of the recoi l e lectron and known 
scat ter ing angle. For energies above 2 Mev, pair production is used by measur ing the 
energy of the e lec t ron-pos i t ron pai r detected in coincidence with the two annihilation 
quanta. The principal modifications of this ins t rument from the ORNL design a r e that 
the entire c rys ta l suspension may be rotated within the l a rge outer shielding shell and 
the distance from the center c rys ta l to either outer c rys t a l s may be var ied . The f i rs t 
modification pe rmi t s var ia t ion of the detection angle for Compton sca t ter ing . This will 
a lso permit selection of the bes t angle for interception of the gamma rays produced by 
pai r production. The second modification pe rmi t s improvement of resolution (at the 
expense of detection efficiency). 

Other Instrumentat ion 

The radioactivity in the a r e a of the pool is monitored by a GM remote a rea count-
ra te system (with console indication) which t r ips an a l a r m at 4 m r per h r . 

The bulk t empera tu re of the pool liquid is measu red by two Alnor thermobulbs . 
The f ission-plate t empera tu re , of course , is measu red by the six nickel r e s i s t ance 
t h e r m o m e t e r s . 

The thermal-neutron-f lux level in the the rmal column is monitored continuously 
with a boron thermopiles^^). The thermopile consis ts of s eve ra l closely spaced 
t empera tu re - sens i t ive elements with the a l te rna te e lements boron coated. The output of 
the thermal -co lumn monitor is approximately 3 3 /Ltv at a r eac to r power of 1 megawatt . 
This output is recorded at the control console and is ca l ibra ted in t e r m s of f iss ion-plate 
power. 

FISSION-PLATE CALIBRATION 

In the Battel le facility, two methods of calibrating the fission plate a r e used; 
(1) direct e lec t r ica l substitution, and (2) measu remen t of the thermal- f lux depletion 
in passing through the plate . The f i rs t method yields the most accura te resu l t s and will 
be discussed below. 

As previously descr ibed, the f ission-plate chamber cons is t s of a hea ter plate in 
intimate thermal contact with the fission plate, and isolated f rom the walls of the cham­
ber by an a i r gap as seen in F igure 7. The d iameter of the f ission plate is 28 in. A 
1/4-in. annulus of a i r insulates the c i rcumference of the hea te r - f i s s ion-p la t e a s sembly 
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from the chamber walls . E lec t r i c power is supplied to the heater through 1250 in. of 
24-gage copper wire embedded in a uniform spiral groove on the side of the heater plate 
which is in contact with the fission plate. Small ce ramic space r s a r e used to insure 
uniform a i r -gap dimensions. Tempera ture drops a c r o s s the 0. 092-in. a i r gap between 
the fission plate and pool a r e measured with thin, nickel r es i s t ance t h e r m o m e t e r s . 

Analysis of Electr ic-Substi tut ion Method 

In principal , the e lect r ic-subst i tu t ion method of cal ibrat ion consists of matching 
the tempera tures produced by the fission source to those produced by an equivalent 
e lec t r ic source . In prac t ice , an e lec t r ic source with the same power distr ibution a s 
the fission source is difficult to achieve. However, the 1/4-in. -aluminum heater plate 
dec reases the t empera ture gradients caused by the nonuniform fission heating, so that 
only a very slight numer ica l cor rec t ion is necessa ry . An analytical comparison of the 
tempera tures produced by fission heating with those produced by an equal e lec t r ic power 
indicates that if all of the r e s i s t ance the rmomete r s a r e used in s e r i e s , the f iss ion-plate 
power is overest imated by 1 per cent. This difficulty would not a r i s e if enough r e s i s t ­
ance gages were used to give complete a rea weighing. Exper imenta l measurements 
show the actual overes t imate to be 1. 4 ± 0. 5 per cent. 

Another assumption inherent in the electric—substitution method is that ambient 
wall t empera tures of the f iss ion-plate chamber a r e the same for the fission as for the 
e lect r ic heating. In the Bat te l le system, this condition is met by maintaining all of the 
chamber walls at the t empera tu re of the pool water . The front wall, being in contact 
with the water , p resents no difficulty. However, conditions at the surface of the back 
wall a re dependent on a i r t empera tu re s and curtain positions behind the chamber . With 
the 1-1/8-in.-thick plate on the back wall, variat ion of 10 F in the ambient a i r t e m p e r a ­
ture between the time of the e lec t r i c and fission heatings resu l t s in only a 1 per cent 
e r r o r . Actually, the two runs a r e made at nearly the same t ime, so that the var ia t ion 
is less than 1 F . 

In the design of the chamber , three principal factors were considered: (1) the t ime 
constant should be kept as smal l as possible in o rder that the sys tem may reach equi l ib­
r ium quickly, (2) t empera tu res must be high enough for accu ra t e measu remen t s , and 
(3) the heater plate should have a high heat capacity so that major correct ions for non­
uniform power distribution a r e avoided. The following formulas show that these factors 
a r e not mutually independent, and that improvement of one can only be done at the 
expense of another. 

E Cn P t 
a Pa'^a a 

AT = 6 /h , 

where 

Cp = specific heat of ma t e r i a l a 
a 

p = density of ma te r i a l a 
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t^ = thickness of mate r ia l a 

h = hea t - t rans fe r coefficient f rom fission plate to water 

T = t ime constant 

6 = heat generation per unit plate a r e a . 

A low h value produces a high AT, but a long t ime constant. On the other hand, a thin 
heater plate resu l t s in a small t ime constant, but poor integration of power var ia t ions . 
In the sys tem finally chosen, the t ime constant is 20 min, and the t e m p e r a t u r e drop is 
9 F for 33 w. The tempera ture drop and uniformity could be improved in the present 
system by par t ia l ly evacuating the fission chamber . This would, however, i nc rease the 
t ime constant, which is not des i rab le . 

Exper imenta l P rocedure 

The cur ren t supply for the heater consis ted of two 6-v s torage ba t t e r i e s feeding a 
voltage divider . The voltage divider was tapped off to supply the cur ren t neces sa ry for 
a given power. The current was measu red by an electronic galvanometer which ind i ­
cated the voltage drop ac ross a standard r e s i s t ance . The r e s i s t ance of the s tandard was 
determined with a double Kelvin br idge to an accuracy of ±0. 05 per cent . The e l e c ­
tronic galvanometer was standardized against a standard cell and checked after each 
reading. The galvanometer could be read to four p laces . 

The r e s i s t ance of the f i s s ion-p la te -hea te r wire was measured separa te ly with a 
Wheatstone br idge and a Kelvin bridge and found to be 2. 722 ± 0. 005 ohm. 

The res i s t ance change of the Stikon the rmomete r s is determined with an 
unbalanced-bridge method. One leg of the br idge contains the t h e r m o m e t e r s on the 
fission plate and another leg contains a set of s imi la r t he rmome te r s suspended in the 
pool water at the same level as the fission pla te . 

The br idge was supplied with a d i rec t cur ren t of 20 ma, applied at l eas t 1 hr pr ior 
to the actual cal ibrat ion and initial balancing of the br idge. The unbalance was sensed 
by a Kintel e lectronic galvanometer equipped with a Sola constant-voltage t r ans fo rmer 
and noted to have less than 1/2 per cent ze ro drift on a scale 100 t imes m o r e sensi t ive 
than the scale used. The output of the Kintel was recorded by a Brown r e c o r d e r . 

Calibrat ion Exper iment 

D i r e c t - c u r r e n t heating and cooling curves were run at 5-w intervals from 0 to 
35 w. These curves a r e shown in Figure 11. One hour and 15 minutes was allowed for 
heating to about 97, 6 per cent of equil ibrium, and the same timie for cooling. The p u r ­
pose of these curves is to allow an immediate rough evaluation of the fission power. 
For more p rec i s e comparisons further e lec t r ic-heat ing curves were run immediately 
after the f ission-heating run. These were matched to the fission curve , as shown in 
Figure 12. The purpose of calibrating near equil ibrium conditions is that minor v a r i a ­
tions in heating t ime and initial t empera tu re conditions become relat ively unimportant. 



Heating Time, mm Cooling c-29067 

FIGURE 11. HEATING AND COOLING CURVED FOR ELECTRICAL HEATING OF FISSION PLATE 
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The six res is tance t he rmomete r s were attached in se r i e s for raaximum sensitivity in 
these cal ibrat ions. 

The tempera tures a c r o s s the plate were measured at each r e s i s t a n c e -
the rmomete r position. A t empera tu re decrease of 4 per cent from the center to the 
outside of the plate was found in the fission-heating case . To co r rec t for this tempera­
ture distribution, it is neces sa ry to decrease the fission powers determined in the cali­
brat ion by 1. 4 per cent. 

The fission-plate power, with the above correc t ion , was found to vary from 
28. 19 w at the beginning to 24. 43 w at the end of the cycle. This variat ion is due to 
changes in control-rod positions in the reac tor . Most of this var ia t ion occurs during 
the first 2 days of the 12 days of continuous reac tor operation. 

E r r o r Analysis 

The sources of e r r o r in the power calibration fall into three groups: (1) e r r o r s 
due to difference in extraneous heat loss between the fission and e lec t r ica l runs , 
(2) e r r o r s due to nonuniform tempera tu re distr ibution in the plate , and (3) instrument 
e r r o r s . The f irst group consis ts of e r r o r s from changes of ambient a i r and water t e m ­
pe ra tu re s between the e lec t r ic and fission runs , A 6 F change in water t empera tu re 
causes enough variat ion in the hea t - t rans fe r coefficient in the a i r gaps to produce a 
1 per cent e r r o r . However, the e lec t r ic and fission runs were always done close 
enough together that the t empe ra tu r e variat ion of the water was m^ch l e s s than 1 F . 
The total e r r o r due to Group (1) was est imated to be l ess than 0. 2 per cent. The e r r o r s 
in Group (2) were d iscussed previously. After the 1,4 per cent correc t ion was made, 
this e r r o r was es t imated at 0,5 per cent. Instrumentat ion e r r o r s , Group (3), include 
the e r r o r s in measur ing I'^R for the heater and the e r r o r in matching t empera tu re 
cu rves . Table 1 shows the individual e r r o r s over the over -a l l r oo t -mean - squa re e r r o r , 

TABLE 1. ERRORS IN FISSION-PLATE-POWER CALIBRATION 

Source of E r r o r P e r Cent E r r o r 

Group (1) 0. 2 

Group (2) 0.5 

Current squared 0. 2 

Resis tance 0.5 

Matching t empera tu re curves 0. 25 

Root -mean-square e r r o r 0. 8 

In converting from watts to fissions per second, it is n e c e s s a r y to know the 
average power per fission for the sys tem. Since gammas and fast neutrons can easily 
escape the fission plate, this value will be lower than the 200 Mev per fission figure 
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usually used for r e a c t o r s . The bes t value avai lable for the energy per fission, neglect­
ing the energy of the neutrons and gammas , is 177 Mev ±3 per cen t ( l l ) . Using this 
value, 1 w equals 3,53 x 10^0 fissions per s ec . 

F i s s ion -P la t e Power With the Bora l Pla te Removed 

For normal use of the facility, a 1/4-in. Boral plate is at tached to the front of the 
fission plate (between the fission plate and shielding specimen) to prevent changes in 
power due to neutron reflection from the shielding specimen. However, exper iments 
can a lso be performed without the Bora l plate , which is easily removed. Removal of 
the plate has been observed to increase the power of the fission plate by a factor of 
1. 36. Hence, at the initiation of a r eac to r operat ing cycle a power of approximate ly 
38 w can be obtained which would then d e c r e a s e to about 33 w within 2 days and remain 
at this power during the remainder of the 12-day cycle. 

CONCLUSIONS 

F r o m the work performed on the sh ie ld ing- re sea rch a r e a during the f i r s t year of 
the r e s e a r c h p rogram it is concluded that 

(1) The fission plate for the facility produces a power of approximately 
24 w during s teady-s ta te r eac to r opera t ions , and under special condi­
tions can produce a power as high as 38 w. 

(2) A low epi thermal-neut ron background is p resen t at the f ission pla te ; 
the ra t io of thermal to epi thermal flux in the impinging neutron 
beam is approximately 67. 

(3) The neutron flux is fair ly uniform over the f ission pla te . In a 
mock-up experiment it was found that the r o o t - m e a n - s q u a r e deviation 
from flatness is approximately 10.5 per cent. 

(4) With a few modifications the facili ty may be used as a p u r e - g a m m a 
source . Assuming a gamma photon energy of 2 Mev, the ra t io of 
the rmal neutron flux to gamma flux at the control cur tains is 
approximately 16. 
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