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TEST OF RADI.ATION ATTENUATION THROUGH CONCRETE SHIELD 
CONTAINING A HELICAL DUCT 

ABSTRACT 

This report presents the test results of th~ effect of a helical duct 
on the shielding properties of concrete. These tests were conducted at the 
X-lO pile at the Oak Ridge Natio:aal Laboratory. 

Tests included transverse neutron intensity measurements across the 
specially constructed test blocks containing the helix as well-as longi­
tudinal neutron surveys along the helix. Survey of the helix was made 
.. 'lith uncovered and cac1rnium covered BF3 counters. Gamma ray intensity 
measurements were mB.de along; the helix as 'Nell as external to tho helix.-

Results indicato a continuou~ly varying neutron attonuation along the 
helix, so that no single relaxation longth can be assigned to the shield .. 
The cadmium ratios also varied considerably along the helix as shovm in 
Fig. 17. A specially constructed 100 R chamber indicated a gamma ray 
relaXation length of 1408 em,; 

Data is also presented on the characteristics of an experimental methane 
counter for me8.suremont of fast neutrons. 

Tho'results of these tests indicato that tho helical duct of the 
dimensions testod has possibilities for use in conductin~ coolants from 
the pile '~thout unduly reducing the effectiveness of the shield. 

This document contains restricted data within the moaning of tho 
Atomic Enorgy Act of 1946 a.nd/or information affecting the National 
defense of the Unitod States within the meaninG of the Espionage 
Act, 50, U. S. c. 31 nnd 32 as OOlendod.. Its transmission or the 
revelation of its contents in any manner to an unauthorized person 
is prohibited and may result in severo criminal penalty. 
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TEST OF RADIATION ATTENUATION THROUGH CONCHETB SHIELD 
CONTAINING A HELICAL DUCT , 

I. Introduction 

One of the problems encountered in the design of high power gas cooled 
and water cooled piles is that concerned with removing the coolant from the 
pile without seriously reducing the offectiveness of the shielding. This 
could be accomplis hod by using a duct "lith a large number of, bonds I but use 
of a duct of this nature would introduce largo pressure drops in the coolant 
flow. Anothor method that has boon considered is the use of a soction of 
duct containing pebbles so that radiation could be attenuated without unduly 
rostri'cting'the flow of coolant; this method however, requires the Ul3e of 
a duct of largo dimensions in ordor to permit flow of coolant around tho 
pebbles 'without undue pressure drop. 

The most promising pI'oposal has been that involving the use of a helical 
duct. Pressure drop calculations indica.te that for 8. Sll diamet~r duct in 
the shape of a cork screw withO two complete turns on a 12ft mean diameter 
the rrict fonul loss is one-third of that for four standard right angle bends. 

Since no means is available for computing tho effoctiveness of a shield 
containing such a helix, a joint PhYSics, Powor Pile and Technical Divisions 
program was undeI'taken to measure the reduction in off\;,1ctivenoss of the 
shield caused by insertion of such a. helix. This was done by casting a 
helical duct in concrete test blocks similar to those which previously had 
been testod as solid blocks in the fe.cility hole in the roar face of the 
X-IO pile shield. 

It was recognized that test of a single helix would not yield sufficient 
data for extonsive generalization. It was felt, however s that such a test would 
give the effect in at least ono useful configuration and would indicate the 
advisability of further tests. 

II. Construction of Helix 

For the purpose of this tost a S" helical duct was constructed from 24 
pieces of straight pipe made of 16 gauge mild steel platcb The duct was 
welded into a continuous right han,d helix vmich had two complete turns 
wrapped on a 12 It mean diametor, 84" long, to fit into the 84" thickness of 
the X~lO shield. The duct was cut into four sections which wore thon mounted 
in four steel forms so that concrete couldo be poured around thom. These 
forms arc normally used for tests in the X-lO shiold tost hole. Tho concroto 
was poured around tho duct scctions in such a vray that when thf) blocks wore 
inserted in the hole they formod a continuous helix. A diagram of the blocks 
as ali~ned in the test hole is sho~~ in Fig. 3. 

-7-
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The concreto used for those blocks consistod of a standard mix containing 

one part by volume of Lone Star Portland cement, two parts of sand (made up 
chiefly of 8i 02) and three parts of coarse aggregate of almost puro (98% 
calcium carbonate) limestono. This concrete contains about 20% water by 
weight. 

The blocks are numbered consecutively from 1 to 4 begirining at tho pile 
side of the shield. Block number 1 was provided with a 1 1/2n inside diameter 
vortical ste,ol tube; lined with a 1/4" thickness of paraffin into which was 
insertod a 111 wooden dowel notched to hold five gold foi Is for measurement of 
the transverse neutron intensity. Block number 2 was provided with two such 
holes# one vertical and ono horizontal~ to receivo 1NOoden dowels containing 
seven gold foils. The location of' theso holos are indicated in Fig. 3. 

Each block was 
on tho longitudinal 
foi for obtaining 
ax'cs of the blocksjI 

further provided on each end with a 4" x 4" plug ... 2" thick" 
centerline of tho blocks behind which wore placed gold 
neutron intensity measurements along the longitudinal 

Theso plugs are not shown in Fig. 3'. 

III. Radiation DetQction Instruments 

Neutrons wore detected by throe mothods. The first was by means of 
BFS proportione,l counters. Theso consisted of thin-vmlled brass tubes filled 
vrlth enriched boron trifluoride (80% BlO) at 13 em Hg pressure. One t'ube 
was 1" in diameter 'wit.h a lO" effective length. The other was 1/4" in 
diameter and had a 1/2" effective length'. Those tubes 1Nore used in conjunction 
with a one stage preamplifier of the cathode followor typo, tho output of 
which was fed into a standard Al typo linear amplifier with controllable 
pulse height seloctor, band lNidth and ga.in. 1'ho 'pulse height seloctor output 
of the preamplifier ~~s fod direotly into a. 1024 scalor. This circuit has 
scaled as high as 3 x 106 counts/minuto vii th a large BF3 counter ~ when a scale 
of 64 was in series with tho soale of 1024.. Howevor, in this test the count­
ing rate did not exceod 500,000 c/m. 

Attempts wero also made to use a new typo methane-fillod proportional 
counter constructed in the seme llianner as the large BFS tuba. This tube is 
operated in tho proportional rogion and records the pulses obt'ainod from 
proton recoil, and honce should be an energy dependent neutron detector. 
It was hoped that this tube could be used to obtain the attenuation through 
the duct of fust ~eutrons. However, sinoe the tuba also responds to gamma and 
beta radiations, tmich wero very intonso in tho innermost portions of tho 
shield and which could not be duplicated in intensity with the abslOnec of 
neutrons, tho de.ta is subject to question. Also, since this tube is vary 
insensitive to neutrons, it was not possiblo to calibrato it in tho low fast 
flux availablo from knO\\!!l radium beryllium sources. HO':'Jever, it is felt that 
this data might be valuable in the light of further invostigation. 

Neutrons w(~ro 8180 detocted by m08.ns: of. gold foils which wore 1 1/2·t x 
2 S/gn x 5 mils. Thoso foils woro exposed for a period of ono wcck and 'NOra 
then counted on a standard GM tube counto'r and corrected for docay. A series 
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of readings were taknn on each foil to verify the half life" All foils 
sho'WOd the accepted 2.70 days "lith the exception of ono set which exhibited 
1:1 long half lifo contamination, the cause of which is being investigated 
further .. 

Ga~a attenuation was measured in two geometries, and with both aM 
tubes and an ion chamber. 'l'he GM tube or tho ion chamber was inserted in tho 
51t duct of the helix by means of a special pro be. "'The aM tube VV'"d.S also 
mounted in a lead shiold 82" from tho outor fa.ce of the X shield. The lead 
shilOld consisted of at least a" of lead completely surrounding tho tube,. 
through which vms bored a 1" halo aUgnod vlith the conterline of tho facility 
hole. This hole. v~s chosen to admit only radiation from an area somewhat 
smaller than the actual size of tho f~.ci1ity holo. It should be noted that 
this geometry Was such as to measure only gamma rays paral1el viii th tho axis 
of the facility holo •. Gamma ray attenuation was also measured \'rith an 101). 

chamber 'which consisted of B. thin (10 mil) vml10d aluminum tubo 2 1/2" in 
diameter and 4 1/2" effectivo length •. 'This chamber was filled with air at 
1 ntmosphero and designed to give full scale readings in a flux of 100 R/hr. 

Figure 1 is a photograph of-tho probe tube. ' 2 is a photograph of 
the end of the Drobe tube showing the counter and proamplifier" 'Figure ii shens 
a diagram of the duct in the blocks. < 

IV. Test Procedure 

The measuremonts taken in this test were as follows: 

(1) Neutroh Attenuation along the Centerline, of tho Five Inch Duct. ' 
This ·was mea.surod in tfu'oo vmys. 

(a) BFS countors, rilountod on a corkscrew probe. 'Both 
the largo and &mall tubes wore used with and without 
£:'. 40 mil c8.dmium cover. . Data are presontod in Fig. . 
12 and Fig. 17. 

(b) Methane tube with variable pulse height selecter. ~ 
This was used to determine if .this tube would 
give any indication of the variation of neutron 
spectrum through tho sample. Data are in 
Fig. 14 •. 

(c) Gold foils in paraffin filled duct. was done to 
simulat.o duct being fillod viii th a hydrogenous liquid. 
Data in Figs. 12 and 13. 

(2) Neutron Attonuation along tho Longitudinal Centerline of the 
Blocks by moo.ns of Gold Foils e· Foils wore insorted 2" in 
from the front and roar face of tho blocks by means of the 
plugs mentionod abovo (Section II); the throe center foils 
on the pipe insorts, positioned as indicated in Fig. 31 
provided additione,l data along this c~nte!'lino e 
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From previous measurements it has be on dotormined 
that the foils in tho pipes, which a):"e surroundod by 
paraffin l will rCD.d approximately 5 to 8% higher than 
those in ttic p~ugs. Those data are presented in Figs. 
12 and 13. 

(3) Neutron Maasurements along Horizontal and Vertical Traverses 
at various thickness of blocks. 

(a) BF3 . counter horizontal traverses both across the 
horizontal centorline of blocks and across tho 
horizontal centerlino of tho duct exit, behind 
84" (Figs. 5 and 6) and behind 64 11 ~Figs. 7 end 13) 
of shield. 

(b) Gold foils in pipe inserts\bohind 16" of shield 
(vertical travorse) Fig. 9, behind 25" (horizontal) 
Fig, 10, an~ behind 34tt (vertical) • 11. 

(4 ) Gamma Att,onuation ThI'ough Blocks. 

(n) Measurements along 51t helix yv.i.th ion chamber 
(Fig. 15) and vnth the GM tube with. pile power 
on ~nd off (Fig. 16). 

(b) Overall attenuation of pc.rallol rays with GM 
tube in tho goemotry desoribed in Radiation 
Instrument Section. (Fig. 15) 

ThE) gold foils ,vcre counted on a stande.rd glass ,valled GM tube sot up 
and '\.'!Ore corrected for decay only. Since all the foils wore exposed for an 
interval of one weak during which time the pilo povrer varied somo'what" the 
saturated activity "vas not cf;.,lculatod; hovrevor I enough data has been taken 
in previous tests to indicate that for a ono weck exposure with the pilo 
operatod in 'its nor.mal routino, doviations of loss than 10%, can be expected 
from week to woek .. 

The BF3 counter was covered with a U shaped (40 mils cadmium) shield 
for all horizontal traverses tho open side of which was against the face 
of 'tho block; ~co Fig. 4. The BF3 counter tubes had previously boon exposed 
to a neutron free grunrna fluX of 500 R/hr. from a 10 gram antimony sourCD 
in which they ge.v~ no counts.. ' 

V. Discussion of Results 

(1) Neutron Measurements along Conterline of Five Inch Duct. 

Sinco the intensity from the front face t~ tho back face of the 
blocks varied by a factor of 108 it vms necessary to use tl~ BF3 counters 
of th'o geometrios described in Section III 0 Readings wore taken with the 
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large tube by reducing the pilo pOl~r as the tube was inserted further into 
tho helix. By this means it was possible to measure ovor 73" along tho duct 
wi th tho single tube., The data. from tho large tube was normalized to tho 
small tube in Fig. ,12 to give a continuous distribution.' 

The small BFS tube used in these measuroments was a recent development 
of the Instrumont Deparunent and has not boon sufficiently in usc to deter-
mine all its operating cha~acteristics. Tho tuba oxhibited a very short 
plateau (50 vo Its) and non-uniform pulse height. ' These facts may be on 
Qxplanation for the low readings of the Cadmium covered small tube (see Fig. 12) 
since it has boon noted that e,xcessivo grumna flux decreasos tho pulse height 
of tho tube and the; Cadmium cover would groat ly increase the gamma. flux in 
\mich tho tube was op~rating duo to capturo gamma production. The largo 
tube, howover, had a plateau of 250 volts and a very uniform pulso height, .r 

Fig. 12 is pres~nted to compare attOO1u£ttions for different situations 
and detecting techniques. The gold foil data obtained in the different 
situat ions ho.ve been normalized by different factors so that they would all 
coincide with the small BF3 data. ,All the data from the large BFS tube, 
hO'!T0vor, were multiplied by the srmo constant (.00375) eo that it would 
coincide with th?.t of the small tube. . 

, ' 
Although it is not too apparont emong the multitude of points sho~n 

in Pi~. 12, the data for each run indicated a periodic fluctuation or 
i\ro.ve lVhich corresnonds roughly to half tho pitch of the helix. This might 
be due to several factors.t one of v!hiah is the fact that tho probo was not 
rigid and, honae, could quite possibly change its length as it was inserted 
into tho helix. Since the distance was always measured from the outside end 
of the probe and tho probe length assumed to be constant, this chango of 
length would o.ppear as a variation in tho data.. HovlCver J even the gold foils 
vJhich are cast into tho paraffin indicated somo waviness with a frequency of 
only hulf of tho BF3 dElta. There is t'..lso a possibility that the tube did not 
remain in the center of' tho helix .. Vihich could caUSe further perturbations. C 

Compared to th~ overall attenuation, deviations in neutron distribution 
and intonsi ty seem very slight, both. 1l:rl th instruments (gold foils vs. counters) 
and situations (solid blocks vs. helix). 

Tho data taken with the methane filled proportional counter (Fig_ ~4) 
-wero obtained 1Ni th various pulse height settings on tho Al amplifier with D. 

constant voltcge on the tube. The unusual behaviour for pulse height settings 
('.bovo 10 must be assigned to tube chare,ctoristics rather than neutron distri­
bution.. This tube also 1'IJD.S chocked with the 500 R por hour gamma flux" and 
the voltage 'Alns regulated so th£tt it did not count in this flux.. However .. 
it appears from tho dnta that the countor discharge pulse height was somewhat 
reduced due to the excessive bota El-'Yld gamma radiation inside the tube, both 
from the pile and from the incroasing radioactivity in the chamber walls. 
These phenomene. arc inrlice.tod by the row of points coming straight down fram 
tho ourve. (Fig. 14) l£l.belod "pulse height 1211. Successi va ronci.ings were 
taken with· all settings remaining constant ond show tho chtlracteristic decay 
wi th time. ~t is n.ssumed thut tho tube was becoming radioactive and decreaSing 
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tho averp..ge neutron pulse height, resulting in a decreasing number of counts. 
The attenuation measured by this tube on the lowest pulse height setting ,vas 
quito e: bit less than that observed in the region of 40" to 55" for either 
tho bar'!.) or cadmium covered BFS counters .. 

(2) Neutron Attenuation along the Longitudine.l Centerline of the Blocks 
by mel:'.ns of' Gold ·Poils • ' 

Tho neutron distribution obtained by the gold foils inserted in 
the conterline ef tho blocks containing tho helix has- beon plotted in Fig. 13. 
Included in Fig. 13 i~ a plet of data obtained from tests at an earlier d~te 
of sol~d concrete blocks~ ~ comparison of data from those blocks .nth the 
blocks containing the holix is questionable because tho two sets of blocks 
may have had different moistur~ content. 

(3) Neutron Measurement along Horizontal and Vertical Traverses At 
Various Thicknos'sQS of Blocks, 

Tho horizontal and vertical noutron traverses presented in Figs. 5 
through 11 wore obtainod by positioning the counter flush against the portion 
of the shiold being tested e.nd wore shielded .nth 40 mil cadmium on all sides 
oxcept the side against the shield, "[more thore was £I.n aluminumvdndow. A 
cross section of tho tuba so -wrapped is sho'!l!1 in Fig. 4. A single run was 
made _nth tho counter held perpendicular to the shield-as shoi'm in Fig. ;) 
in 'which tho counter was in a ca.dmium tubo ,Ji th the open cnd toward the shield. 
This mothod·tends +:0 measure only radiation parallel to tho axis of tho tupe 
and since it yielded 101'; counting ratos , it vms not usod for tho bulk of the 
tests. 

In Figs. 5 and 6 # yThero readings arc shovl!1 up to and beyond the 
edge of the blocks, a dip in tho neutron intonsity is indicated at the edge 
of the block below the level for tho main X-IO shield. This dip is due to 
the fact that tho of the blocks consist of a 3/8 11 stool framework 
Which holdS the concrete in place. Tho stool frame has a higher thermal 
neutron capture cross s::H.d::ion than tho cencrete t1.nd thoroforo reduces the 
thor.mal neutron intensity. 

The neutron travorses along the face of tho block (Fig. 5~11) indioate 
more cloarly the effect of tho open holix on the shield. -To indicate tho 
extremes of tho variations from solid block to open helix the ratio of tho 
highest intonsity noted in tho open helix moasurements to that of tho solid 
or pe.raffin fillod blocks is presented in the follmv:i.ng table. 
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TABLE I 

Ratios of Extreme Increase in Neutron Intensity of Open Helix to Solid Block 

Fig. No. ; 5 6 7 8 9 10 11 

Shield thick 84" 84" 64" 6411 1611 25" 3511 

Horiz •. or Vert. H H H H V H V 

Block or Block Helix Block Holix Block Block Block 
Helix exit exit 

Centerline 
Peak .012 .0145 .37 3.1 1.4'7xl08 1.22xl07 a.SxlOS 

Paraffin .00585 .00565 .293* .283 3 .. 75x107 1. 71x106 1.12x105 

Concreto 3095::<10 1 2.3xl06 1.72xlOS 

Ratio Peak· 
to Paraffin 2,051 2.566 1.263 10 .. 954 3.920 7~135 7 .. 857 

Ratio Peak to 
So lid Concrete 3.722 5,304 50116 

'" This value obtained by extrapolo.tion from value in Fig. 5 .. 

Qualitati vely" the lOCB.lizod effect of the holix diminishes "rith 
incrof',se in shield thicknoss; henco, tho peak intensity appears ovor tho 
portion of the helix closest to the outer surface. It should be noted that the 
counting rate 1J'JaS very low behind tho full 84 11 of shielding and, therofore, • 
statistical error is hie;h in those readings. 

(4) Gamlna Attenuation Through the Blocks. 
; , 

Since the helix in this test arrangement afforded a more cdaptable 
facility than any previously available for measuring grumma ray inte!lsitios in 
tho bulk of tho shield; extensivo datu, E,',t c lose intervals were taken to 
compare results obtained 'Nith vurious types of instruments end geometries. 
Fig. 15 presents the date. takon on the ion chombor inserted into tho helix and 
on tho G.~ tube in the leud shield located 82" from the shiold fr.co. The data 
shO'\'J!l in Fig. 15 for tho GM tube in tho load shield locatod 82" from the 
shield fD.ce 'was obtained with two different apertures in tho loud shield and 
have been nonualized for plotting. 

Fig .. 16 presents tho data obtained using the OM tube inserted into the 
five inch duct. Tho curvature exhibited by this data at high counting rates is 
ass~cd to be due to a very oxcessive counting rate and is not indicative of 
a rcal distribution of gruruma intonsity* Unfortunatoly tho rango of tho tube 
was too limited for the readings ct 3750 K1:Y to be very conclusive" During the 
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readings at zero pile power the pile was, of courso, decuying; howevor" two 
runs l"rere taken, one following another and the discrepancy due to decay 
not excessive and all data haV'e been olotted without correction. . ' 

Tho follo-.'ling gruinna rele.xation lengths were obtained by tho various 
techniques'described above. 

(1) 100 R ion chamber along helix, pile povrer on - 14.8 cm 

(2 ) 

(3 ) 

GM tube along helix, pilo po¥ror on - 16.2 cm 
, 

GM tube in load shield .. pile pOifrer off -
Through 2nd Block - 15.7 am 
Through 3rd Block - 20 am 

No quantit at ivo explanations of those numbers is presented at this time. 

VI. Conclusions-and Recommendations. , 

The data presented in this report is inadequate for oxtensivc"genornliza­
tion about the effoctiveness of shields containing holie'al ducts .. ' Even for 
the specific helix tested a more complete mapping of tho neutron intensities 
should be mado to pC11llit tho comparison of volume of tho helix 'with the 
volume of extra shielding required_ r 

The results of those tests indicate that the helical duct of the dimen­
sions tested has possibilities for usc in conducting coolants from the pile 
wi,thoutunduly reducing the effectivoness of tho shield. In order to provide 
data for engineering design additionRl tests should be madoon ducts of 
different dimensions !.'l.nd a dimonsional correlation of their effects on the 
shield should be mRde. 

This document contains restricted data vvi thin tho meaning of the 
Atomic Energy Act of 1946 anq/or information affecting the National 
dofense of tho Unitod Statos within tho moaning of tho Espionage 
Act, 50, U.S.C. 31,e~d 32 as R~endodo Its tr~nsmissien or tho 
rovolation of its contontsin any manner to an unauthorized person 
is prohibitod and may rcsult in 30vore criminal ponalty~ 
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FIG.4 

CROSS- SECTION OF CADMIUM COVERED B F3 

COUNTER USED FOR EXTERNAL NEUTRON 

TRAVERSES 

TEST OF RADIATION ATTENUATION THROUGH 

CONCRETE SHIELD CONTAINING A HELICAL 

DUCT. 

ALUMINUM WINDOW 

SF! COUNTER 
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COYPARI$ON OF NEUTRON INTENSITY 
MEASURFllF2lTS OBTAINED BY GOLD' FOIIS 

Test of Radiation Attenuation Through 
Conerete Shield Containing a Helical Duet 
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