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OAK RIDGE NATIONAL LA.BO~TORY 

PROGRAM FOR THE ORNL BULK SHIElD TESTmG,FACILITI 

Abstract 

. 2x108nElutrons/om
2

seco emerging from a hole in the ORNL pUe shield generate 

gammas and fast neutrons in a 28" x 329Q source plate of natural urani1.ltIle The 

radiation. enters a 7' x 11' x 7' water tank~ in whioh the test sample oan be 

looatede After initial calibration, it will be possible to investigate one 

sample of fixed oomposition and geometry in two weeks, or one given set of 

components such as iron and water in representative geometrlis and relative oon-

centrations in two monthse' .Measurable attenuations areg with thermal neutron 

det~ctors . 109
9 with ionization ohambers for gammas 4 x l~ with Go Me tubes for 

gammas 106 "" 107 
S) with devioes measuring biological neutron dosage, or mea sur ... 

ing"n~utron and gamma speotra 104 ~ 1050 Fundamental information pertinent 

to shield design will be sought, the desired accuracy being ! 5% of the thicki

nass or g/ cm2 required for any given attenuation" Present one-shift operation 

of the facility requires about 10 peoplell not all of which are available at the 

time of writing" Expansion to two shifts 9 and to the use of the thermal column 

on the top of the OENt pile, as a second facility are under considerationo The 

personnel requirements increase somewhat less than proportionally to the number 

of shifts6 
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10 Description of the Facility 

The ORNL Bulk Shield Testing Facility (see sketch) uses the neutrons which 

:·.~·.·A·.·.o/Io;: .~':A::..11::·.::b 

I~ -- - -- - ----, /l.' A .' - --- Pile 
.~ .-- - • ',A Shield A 

. 
" " 0 

" b.' "'6 
" A . ' 

.b,.' " ,: Water A. , , A I:!t ~ , 
~ 

0 

Tank !- a, • • b .. , b. 6 .' " Source' or 

I~ :;;c:..... 
,I ~ 

__ --- "donverter" Plate 

" 
I~ b. 'oA • ' ".0..'" \ 6. ""''l J 

• AI ,. • , 
11 . A' t:> • ,0, ___ 

" 
.~ " 
• A . 

'b-
I' ---- --- - . 
" - -- - --- A' A. '. A 

Pile 

.. 
'.f4',.".·b·,\·~~_~'.·A·.· \ .... p;_~ ~ 

emerge from the 28vv x ,32~G holel through the 7 1 shield of the OBNL pile" These 

neutrons, most of which are thermal" impinge on a IJ1)converter plate", made up of 

cylindrical slugs of natural urani~ Hence the converter plate becomes a sourc~ 

of neutrons and y=r~ss with a spectrum whi~h is~-except for degradation inside 

the plate -- a fission spectr~ 

Outside the converter plate, there is a water tank~ 11 feet wide, 7 feet 

high and 7 feet thick., The test samples are inserted into this tank and the 

radiation penetrating various thicknesses of the sample is measuredo The pur-

pose of the water is, mainly, to protect the operating personnel from radiation 

while allowing easy maneuvering of the test sample so 

The thermal flux at the pile end of the core hole is 5 x 109 n/ cm2 sec .. , but 

this flux is attenuated by a factor of about 25 before it reaches the converter 

plate" This attenuation is merely a geometrical effect, due to the absorption 

of some of the neutrons by the walls of the core hole, and it results in a colli-

1 E~ Po Blizard, C~ Eo Clifford, Jo Cassidy~ ORNL ,32, po,3, and figa 9 
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mation of the neutronsQ The remaining .2 x lOS neutrons create fast neutrons 

in the converter plate and considering the competing reactions and the loss of 

the neutrons traveling in the direction back to the pile~ a source current of 

the order of lOS nlcm.2 sec is expected from the converter platee The fissions 

in the converter plate correspond to a power of the order of 10 watt so 

There will be some fast neutrons and y~r~s from the pile which penetrate 

the 20urce plate9 and enter the water t~ The neutron background is estimated 

to be about 10% of the total flux entering the tanko For y's the background is 

not known at presento A movable boron shutter is provided which when closed 

absorbs most of the thermal neutrons before they hit the source plate and con-

sequentlY prevents most of the fissions in the plateo This arrangement makes 

it possible to measure the background effects aloneo Subtraction of the background 

from the measurements with the shutter open reveals the effects of the fission 

spectrum of both neutrons and gammaso 

Unforttmately, the source plate and some material in its neighborhood sends 

some neutrons back into the core hole where they cause capture yS's in such com

ponents as the iron lining of the holee These neutrons, and hence the secondary 

y'ls which they create9 are influenced by the shutter position, and this makes 

the background measurements less clear~cut than outlined aboveo 

Furthermore, the background radiation is collimated; that iS9 the neutrons 

or y-rays proceed all in about the same direction€) On the other bandS' radiation 

from tbe source plate is isotropic; tbat is, the radiation is emitted :in all 

directionSe There is some difference in the penetration of collimated and iso-

tropic radiatione This complicates matters furtber~ but offers, on tbe other 

band, some bope of investigating tbese two types of radiation separatelYs 

 



" 

" 

.' 

., 

 .""!.7.-

It is also necessary to place a boron shutter on the outside of the source 

plate (between source plate and tank) to prevent the shielding sample from reflect-

ing thermal neutrons into the source plateo This would cause variation in the 

source strength, every time the sample is changed? and it also would prevent 

complete shut-off of the source, because fast background neutrons would be slowed 

down and reflected by the sample and cause fissions in the souroeo 

A third shutter can be inserted on the pile side of the souroe plate" This 

shutter has a circular aperture and confines the fissions to a circle in the 

center of the source plate, making a symmetrical source available, the size of 

which, can be controlled by using shutters with various aperture so 

The time required for the investigation of one sample of fixed composition 

and geometry is estimated to be two weeks.. A given set of components such as 

iron and water should be investigated in various relative concentrations, so 

that one such set of components will take about two monthso These time estimates 

refer to one shift operationo 

These long measuring times become necessary because several types of measure ... 

ments mus~ be made and long count::ing times are essential at low fluxes" An 

additional time consuming factor is also the necessity of taking, in some cases, 

numerous measurements off the center linee 

The measurements off the center line are sometimes necessary for the follow

ing reason. The source is 28°0 x 32°9
, and the samples are about twice as large" 

The measurements have to be reduced to some definite geometrY9 such as an infinite 

plane source, or a point source, in an infinite sample.. In some cases, the 

Hurwitzl equation is applioable which makes this reduction on the basis of 

measuremants along the centerline Onlye I:n the other cases, the measurements 

1 See QRNL..436, PoS .. 
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otf the centerline are essential, and they can be tedious in spite of the use of 

automaticall.Jr recording instruments, and careful choice of the measuring time 

at each point ~ designed, to obtain a given statistical accuracy in a minimwn of 

timeo 

For the measurements close to the walls and surface of the water tank-- such 

as measurements behind thick samples or measurements far off the centerline-- , 

one must consider the background of radiation generally prevailing in the pile 

building.. A one-foot concrete wall has been built around the tank, and this wall 

attenuates the neutron background to the point where the sensitivity of the 

instruments, rather than the background limits the detectable radiation.. This 

is not true at the upper surface of the tank and hence the measuring instruments 

must be kept somewhat below the surface where the background is sufficiently low" 

This'limits the useful excursion of the instruments to about 75 ems above the 

center line.. For gamma r~s the background is not detectable with the ioniza-

tion chamberso However, with the more sensitive Go tubes the background can 

be reached and it amounts to about five times the background of cosmic r~s and 

spurious pulses .. ,-

With thermal detectors a total neutron attenuation of 109 seems to be 

measurableo For this attenuation the lowest reading, taken with a BF tube of 
.3 • 

50 square inches effective areag would be about 10 coUnts/min and this is still 

above the background at the center line of the sampleo For y's the ionization 

chambers measure to an attenuation of 4 x 105 9 the instrument being the limit

ing factor~ Go M.. tube can measure into the background which is about 10 ... 6 to 

10-7 of the intensity at the sourceo Regarding attenuations through which the 

energy spectra can be followed ~ see Section .4& 
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The sample sizes used at present are believed to be adequate to minimize 

spurious effects at the sample boundary~ As long as inexpensive materials like 

iron and lead are used, it appears unnecessary to determine the required sample 

size very accuratelyo However~ with tungsten it becomes important to consider 

the sample size caref'ully9 since a reduction in size by one foot corresponds to 

several tons saving in expensive materialo It may be necessary to investigate 

such tricks as surrounding the test sample by another material of similar nuclear 

properties but greater availabilityo 

20 Purpose of the Program 

The purpose of the ORNL bulk shielding program is to obtain fundamental 

information pertinent to the design of shieldsa The emphasis on fundamental 

information contrasts the program with cut-and-try tests which would be, applicable 

only to specific caseso However, the information is not intended to be as f'unda-

mental as cross sections, etc~, which require Monte Carlo or complicated analytical 

calculations to be converted into actual shield design& 

Specificall1, the investigations to be done will fall into the following 

categories, listed approximately in the order in which they will be attacked .. 

ao: Calibrated measurements of the attenuation of fission neutrons and 

associated gammas in uniform shieldsle 

bo Calibrated measurements, as under ,§, but with the difference that pile 

structure materials such as Fe, Be, and H20 are inserted between the source and 

the sampleo 

I Uniform shields are shields with a composition which is constant over the 
sample, except for inhomogeneities of the order of a relaxation length or lesso 
Shields made up of laminations may be uniform according to this definitiollo 
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Co Investigation of graded shields, that is~ shields the average composition 

of which varies throughout the sampleo 

de Investigation of the effect on gamma rays of the addition of small amounts 

of boron in strategic locationso 

eo Investigation of ducts and voids1g 

fo Test of specific arrangements of shield components suggested by con-

templated applicationso 

30 Accuracy of Experiment§ 

It is intended to aim for an accuracy of ! 5% in the thickness or g/cm2 

required for ~ given attenuationo 

Connected herewith is a requirement for calibration of the measurements to 

within a factor of 2 or bettere This means that the wattage in the fission', 

source plate of specified design will be measured and that the neutron and gamma 

flux will be expressed in absolute units (eoge neutrons/cm2 seGo, biological 

dosage)o In a shield with an attenuation of e20 an error by a factor of 2 in 

the absolute calibration corresponds to 305% in the shield thicknesso 

40 Measuring Techniques 

At present the gamma flux is measured by ionization chambers and G. N.b tubeso 

The neutron flux is measured by BF 3 counters; natural U til 25 and 28 fission 

chambers; and gold and indium foilse 

An important quantity will be the biological dosageo For gammas this is 

being measured by suitable ionization chamber so An integrating proton recoil 

counter for measuring the biological dose due to neutrons above thermal energies 

is being developed by the ORNL Health Physics Division and will be adopted for 

1 It may ve~well be that ducts and voids will have been tested to a large ex
tent in connection with critical assemblies~ by the time the ORNL Bulk Shield 
Testing F~cility gets to this' phase of the program., 
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shielding measurementso This instrument requires considerably higher fluxes 

than thermal neutron detectorso 

None of the above neutron instruments distinguish in themselves between 

neutrons of different energies except that the 28 fission chamber is sensitive 

only to neutrons above about 1 Mave 

It is contemplated to use instruments specificallY designed for spectroscopy, 

such as fluorescent crystal counters and deuterium loaded films for gammas, and 

proton recoil counters and films for neutronse This is also discussed under 

v'Expansion of Facilities" Q Some ideas regarding the spectrum could perhaps 

be obtained with the present instruments by follOWing the attenuation throllgh 

the water "' ... or any other "analyzerQV substance ~- behind the sampleo The shape 

of the attenuation curve in the analyzer should be indicative of the spectr~ 

It should be emphasized that any type of spectroscopy ~=whether by means of 

the "analYzer" discussed above~ or by a specifica~ designed spectroscopic 

instrument~-- requires'higher fluxes than the mere measurement of thermal neutronso 

Hence, the spectroscopy will be limited to attenuations of the order 104 ... 105 9 

and even so, long counting times will be requiredo 

5. Priority and Limitations 

Priority shall be given in the following order~ 

a. Calibration of the facility, such as measurements of the background9 

measurement of the power in the source plate and so o~ 

bo Tests on materials of interest primarily to mobile reactors such as 

Pb, W, Fe, B and hydrogenous materiaL. U offers a somewhat more complicated 

problem because of the neutron multiplication and national policy and,accarding 

to present plans, it will not be attacked in the near futureo The first tests 

will involve water and combinations of water with Fe and Pbo 
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c.. Tests on materials of interest primarily to stationary reactors j such 

as MO; anhydrous MO; Hanford type shields; and such materials and configurations 

as suggested by the MTR~ Hanford and Schenectady projectse These tests are to 
\ 

be interleaved with the mobile reactor tests$ and they are to be carried out 

at such times that they do not interfere seriously with the mobile reactor 

projectse Many of the tests contemplated primarily for mobile reactor appli~ 

cations are of direct interest to stationary reactorsc 

Limitations of the present bulk shielding facility includeg 

ao The fact that the attenuation factor through which neutron biological 

dosage, and neutron and gamma spectra can be measured is not as great as the 

attenuation factors anticipated for future reactor shields~ Hence~ extrapola-

tion with, inherent uncertainty is requiredo This is particularly true with 

respect to fast neutronsQ 

bo The large amounts of material requiredo Even if it is possible to use 

the trick of surrounding the test sample with cheaper material of s1mjJar pro= 

perties~ it still will be difficult to test such substances as BfO and L169 

although these substances very likely could be obtained in sufficient quantities 

for actual shields 9 once their value was establishedo Cross section measurements 

by means of high voltage machines and subsequent theoretical calculation seem 

to be a better method of investigating the value of such expensive substancesc 

co The difficulty of testing whole shields (shadow effects~ etce)e Cr it i-

cal experiments 9 used as shield testing facilitiesiJ1 might be more suitable for 

tests of this kindo 

60 Expansions under Consideratiaq 

ao Two~shift operation at the present facility~ instead of the present one-

shift operation9 The introduction of more than two shifts would not help much 
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because the time not occupied by the two shifts could be used for operation of 

automatic device so 

b" The conversion of the thermal column on top of the ORNL pile into 

another bulk shield testing facilityo This would not interfere with the thermal 

column work of the Biology Divisione 

Co The above mentioned use of neutron and gamma spectrometers9 such as 

proton recoil counters, fluorescent crystal counters, and D-loaded fi~ A 

fluorescent crystal counter is available, but at present unusedo 

70 Personnel Requirements 

ao One-shift operation of the present facility; no spectroscopy 

1 Engineer to direct operations and to assist in planning of future 

operations and to make preliminary reports on datao 

3 Technicians to take the readings at the test facility and in the 

counter room .. 

1 Instrument Man to check the instruments according to established 

. checking procedure, and to replace and repair faulty onese Possibly part ... time 

service of the instrument man wOlLld do, provided the bulk' shielding would have 

priority before other worko 

1 Computer to bring the data into standard forml;) plot them, etco 

3 Physicists 9 to analyze and report the data; to plan future operations; 

to compare the results with existing theorieSe 

1 part~time Secretary to type reports as well as to be responsible for 
! 

files and the shielding librarY9 and to assist the computer if' possibleo 

bo Additional Personnel for Two~hift Operations of the Present Facility; 

No Spectroscopyg 

1 Engineer to direct operations 
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1 Technician to take readings 

1 Instrument Man (as under §)", One full."time instrument man would not 

do for both shifts~ because of the possibility of failure of instrumen~s during 

the second shifto 

1 Computer (as under ~) 

1 Physicist 

1 Secretary £ul1=time would suffice for both shiftso 

Co Second Facility - Initial Phase~ 

This would require the fU1l~time services for at least a month of a 

mechanical engineer and of a PhYsicist familiar with the shielding proble~ 

These two men should come up with a report recommending or discouraging the use 

of the thermal colUlllIl as a shield testing facilitY9 and if they recommend its 

use, they should point out what is required in the way of preparation for this 

application", The time required for these preparations should be estimated in 

the report, and if possible, earliero 

do Further Additional Personnel for __ Two~hift O~ration of Two Faci1ities~ 
With SpectroscoEIg 

:3 Technicians ll one for normal operation of each extra shift, and one for 

spectroscop,y measurement so 

1 Engineer to direct operations (the type of work during at least one 

shift would be such that it could be done by a technician)o 

1 Senior Physicist or Electronic Engineer to design the spectroscopic 

instruments and to assume responsibility for spectroscopyo 

1 Computer 

1 Physicist 
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1 part-time Secretary 

2 Instrument Menlj tu1l-time~ one for each shift, should be sufficient 

for both facilities, but their qualifications should be rather high because of 

the complex spectroscopic instrument so 

The following table swnmarizes the personnel requirementsl: 

Engineers to direct operations 

Technicians 

Instrument Men 

Physicist or Electronics Engineer 
for n-and gamma spectroscoP,1 

Computer 

Physicists 

Secretary 

Core Hole 
1 Sh.ift 

1 

.3 

1/2-1 

1 

.3 

J/2 

Core Hole 
2 Shift 

2 

4 

2xJ/2or 
1-1/2 

2 

4 

1 

Core Hole and 
Thermal Colunm 
(2 ShUts Each) 

.3 

7 

2 

1 

.3 

5 

1-1/2 

Note: The operation of the thermal column, as included in the last colunm9 of 

the table would have to be preceded by a study !I requiring one meohanical engineer 

and one physicists! for one monthe 

80 Procedure in Expanding the Facilitl~ 

At presents) we do not have quite sufficient personnel for the one-shift 

operation of the present facilityo The instrument man9 one physicist and two 

technicians are lackingo It is recommended that the full staff for one-shift 

operation be assembled~ before two shifts are attempted, and that the second 

facility be investigated but not designed until the two shifts are running& 

The investigation of the second facility shall have lower priority than the 

operation of the present set-upo 




