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TEST OF RADIATION ATTENUATION THROUGH CONCRETE SHIELD
CONTAINING A HELICAL DUCT

ABSTRACT

This report presents the test results of ths effect of a helical duct
on the shielding properties of concretes. These tests were conducted at the
X-10 pile at the Oak Ridge National 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 helixs Survey of the helix was made
with uncovered and cadmium covered BF; counters. Gamma ray intensity
measurements were made along the helix as well as external to the helix.-

Results indicate e continuously varying ncutron attenuation along the
helix, so that no single relaxation length can be assigned to the shield.
The cadmium ratios also varied considerably along the helix as shown in
Fig. 17+ A specially constructed 100 R chamber indicated a gemma ray
relaxation length of 14.8 cms

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

The results of these tests indicate that the helical duct of the
dimensions tested has possibilities for use in conducting coolants from
the pile without unduly reducing the effectiveness of thc shield.

This document contains restricted data within the mcaning of the
Atomic Bnergy Act of 1945 and/or information affecting the National
defénse of the United States within the meaning of the Espionage
Act, 50, U, S, C. 31 and 32 as smended. Its transmission or the
revelation of its contents in any manner to an unauthorized perso
is prohibited and may result in severe criminal penaltye '
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TEST OF RADIATION ATTENUATION THROUGH CONCRETE 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 concormed with removing the coolent from the
pile without seriously roducing the cffectiveness of the shielding. This
could be accomplished by using e duct with a large number of.bends,but use
of a duct of this nature would introduce large pressure drops in the coolant
flow. Another method that has bcen considered is the use of a scction of
duct containing pebbles so that radiation could be attenuated without unduly
restricting the flow of coolant; this method however, requires the ugse of
a duct of large dimonsions in order to permit flow of coolant around the
pebbles without undue pressurc drop.

The most promising proposal has becen that involv1ng the use of a helical
duct., Pressurc drop calculations indicate that for e 5" diameter duct in
the shape of a cork screw with two complete turns on a 12" mean diameter
the frictional loss is one-third of that for four standard right angle bendsys

Since no means is available for computing the effcctiveness of & shield
containing such a helix, a joint Physics, Power Pile end Technical Divisions
program was undertaken to measurc the reduction in effectiveness 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 f90111ty hole in the rcar face of the
X-10 pile shield.

It was recognized that test of a single helix would not yield sufficient
datae for extonsive generalizstion. It was fé¢lt, however, that such a test would
give the effect in at lesst one useful conflguratlon and would indicate the
advisability of further testss

II. Construction of Helix

For the purpose of this test a 5" helical duct was comstructed from 24
pieces of straight pipe made of 16 gauge mild stecl plates The duct was
welded into a continuous right hand helix which had two complete turns
wrapped on a 12" meen diemetcr, 84" long, to fit into the 84" thickness of
the X-10 shield. The duct wes cut into four sections which were then mounted
in four steel forms so that concrete could be poured arcund them. These
forms arc normally used for tests in the ¥X-10 shield test hole. The concrete
was pourcd around the duct scctions in such 2 vay that when the blocks were
inserted in the hole they formed a continuous helix, A diagram of the blocks
as aligned in the test hole is shown in Fig. 3.
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The concrete used for these blocks consisted of a standard mix containing
one part by volume of Lone Star Portland cement, two parts of sand (made up
chiefly of 5i Op) and three parts of coarse aggregate of almost pure (98%
celcium carbonate) limestone. This concrete containg about 20% water by
welght.

The blocks are numbered consecutively from 1 to 4 beginning at the pile
side of the shielde Block number 1 was providod with & 1 1/2" inside diemeter
vorticel steel tube, lined with e 1/4" thickness of paraffin into which was
inserted a 1" wooden dowel notched to hold five gold foils for measurement of
the transverse neutron intensitys Block number 2 was provided with two such
holes, one vertical and onc horizontal, to receive wooden dowels containing
seven gold foilss The location of these holes are indicated in Fig. 3.

Each block was further provided on each end with a 4" x 4" plug, 2" thick,
on the longitudinal centerline of the blocks bechind which were placed gold
foils for obtaining neutron intensity measurements along the longitudinal
axes of the blocksy These plugs arc not shown in Fig. 3%

IITI. Radiation Detcetion Instruments

Neutrons were detected by three methodse. The first was by means of
BFz proportionel counters. These consisted of thin-walled brass tubes filled
with enriched boron trifluoride (80% Bjg) at 13 cm Hg pressure. One tube
was 1" in diameter with a 10" effoctive length. The other was 1/4" in
diameter and had a 1/2" effcctive length. Theso tubes were used in conjunction
with a one stage precamplifier of the cathodc follower type, the output of
which was fed into a standard Al type linear amplifier with controllable
pulse hcight selector, band width and gaime The pulse height selector output
of the preamplifier was fcd directly into & 1024 scaler. This circuit has
scaled as high as 3 x 108 counts/minute with a large BFz counter, when a scale
of 64 was in series with the scalec of 1024. However, in this test the count-
ing rate did not cxceed 500,000 c/me

Attempts were also made to use & new type methane~filled proportional
counter constructed in the same manncr as the large BFz tube. This tube is
operated in the proportional region and rccords tho pulses obtained from
proton recoil, end hence should be an cncrgy dependent ncutron detectors
It was hoped that this tube could be used to obtain the attenuation through
the duct of fast neutrons. However, sincc the tube also responds to gemme and
bete radiations, which were very intense in the innermost portions of tho
shield and which could not be duplicated in intensity with the absence of
neutrons, thc data is subject to quostion. Also, since this tube is very
insensitive to necutrons, it was not possible to calibratec it in the low fast
flux available from known radium beryllium sources. However, it is felt that
this data might be valueble in the light of further investigation.

Neutrons wore also detected by mesns of gold foils which were 1 1/2" x
2 5/8" x 5 milsy, Theso foils were exposed for a period of onc week and were
then counted on a standard @ tubc countcr end corrected for decays 4 series
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of readings werc ftaknn on each foil to verify the half life., All foils
showed the accepted 2.70 days with the exception of onc set which exhibited
a long half life contemination, the causc of which is being investigated
furthere.

Gemma attenuation was measurcd in two geomctries, and with both @
tubes and an ion chamber. The BM tube or the ion chamber was inscrted in the
5" duct of the helix by meens of a special probes ‘The @ tube was also
mounted in a lead shield 82" from the outer face of the X shicld. The lead
shield consisted of at least 8" of lead completcly surrounding the tube,
through which was bored z 1" hole aligned with the centerline of the facility
hole. This hole was chosen to admit only radiation from an area somewhat
smaller than the actual size of the fecility hole. It should be noted that
this geomotry was such as to measure only gamma rays parallel with the axis
of the facility holes Gemma rey attcnuation was also measurcd with an ion
chamber which consisted of & thin (10 mil) walled aluminum tubc 2 1/2" in
diameter and 4 1/2" effectivo lengths, 'This chamber was filled with air at
1 atmospherc and designed to give full scale readings in a flux of 100 R/hre *

Figure 1 is a photograph of the probe tubec. Figure 2 is a photograph of
the end of the probe tube showing the counter and prcamplifiers Figure 3 shows
a diagram of the duct in the blocks.

IV. Test Procecdure

The mcasurcments taken in this test were as follows:

(1) Noutron Attenuation along the Centerline of the Five Inch Ducte *
This ves mecasured in throec ways,

(a) BFz counters, mounted on & corkscérew probe. -’ Both
the large and smell tubes were used with and without
& 40 mil cadmium cover. Data arc presented in Fig.
12 and Fig. 17.

(b) Mothanc tube with variable pulse height selectors *
This was used to dctermine if this type tube would
give any indication of the variation of ncutron
spectrun through the samplecs Data are given in
Flgo 14, ' »

(¢c) Gold foils in paraffin filled ducte “This was donc to
simulate duct being filled with a hydrogenous liquids
Deta in Figse. 12 and 13,

(2) Neutron Attcnuation along the Longitudinal Centerline of the
Blocks by means of Gold Foils. Foils werc inscrted 2" in
from the front and rcar face of the blocks by means of the
plugs mentioned above (Section II); the three center foils
on the pipe inscrts, positioned as indicated in Fig. 3,
provided additional date along this centerlince.

9o
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From previous measurecments it has been dotermined
that the foils in the pipes, which are surrounded by
paraffin, will read approximately 5 to 8% higher than
those in the plugs. These data are presented in Figs.
12 and 13. ‘

(3) Neutron Measurements along Horizontal and Vertical Traverses
at various thickness of blockse :

(a) BFs counter horizontal traverses both across the
~horizontal centerline of blocks and across the
horizontal conterline of the duct exit, behind
84" (Figs. 5 and 6) and behind 64" (Figs. 7 and 8).
of shield. '

(b) Gold foils in pipe insertssbehind 16" of shield
(verticel traverse) Fige 9, behing 25" (horizontal) :
Fig. 10, end bchind 34" (vertical) Fig. 1l.

(4) Gemma Attenuation Through Blocks.,

(s) Meesurements along 5" helix with ion chamber
(Fig. 15) end with the GM tube with pile power
on and off (Fig. 16), '

(b) Overall attonuation of perallel rays with QM
tube in the goemectry described in Radiation
Instrument Section. (Fig. 15)

The gold foils were countcd on a standard glass walled G4 tube sct up
and were corrected for decay only. Since all the foils were cxposed for an
interval of one weok during which time the pilc power varied somewhat, the
saturated activity was not celculated; however, cnough data has been taken
in previous tests to indicate that for a once woeck exposure with the pile
operated in ‘its normal routine, deviations of less than 10% cen be cxpected
from week to weoka

-~

. The BFz counter was covercd with a U shaped (40 mils cadmium) shield
for all horizontal traverses the opcen side of which was against the face

of thc block; sece Fig. 4. The BF3 counter tubes had previously becn exposed
to a neutron frce gamme flux of 500 R/hr. from a 10 gram antimony source

in which they geve no countse ‘

Ve Discussion of Recsults

(1) Neutron Mcasurements along Ccnterline of Five Inch Duct.

Since the intensity from the front face 4g thc back face of the
blocks varied by a factor of 10% it was nccessary to use two BFz counters
of the geometrics described in Scction III. Readings were taken with the
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lerge tube by reducing the pile power as thc tube was insertced further into
the helix. By this means it was possible to mecasure over 73" along the duct
with the single tubes 6 The data from the large tube was normalized to the
small tube in Fig.,12 to give a continuous distribution,-

The small BFz tube used in these measurcments was a recent development
of the Instrument Department snd has not been sufficiently in use to deter-
mino all its operating characteristicss . The tubc exhibited a very short
plateau (50 volts) and non-uniform pulse heighte - These facts may be an
explanation for the low readings of the Cadmium covered small tube (sce Fig. 12)
since it has been noted that cxcessive gamma flux decreascs the pulsc height
of tho tube and the Cadmium cover would greatly ingrease the gamme flux in
vhich thc tube was opcrating due to capturc gamma productions The large
tube, however, had a platcau of 250 volts and & veory uniform.pulsc heighte

Figs 12 is prosented to comparc attenuestions for different situations
end detecting techniques. The gold foil data obtained in the different
situations have becn normalized by different factors so that they would all
coincide with the small BFz data. .All the date from the large BFg tube,
however, were multiplied by the smme constant‘(.OQS?S)-so that it would
coincide with thet of the small tube. :

. 1

£lthough it is not too apparent among the multitude of points shown
in Tig. 12, the data for cach run indicated a periodic fluctuation or
wave which corresvonds roughly to half the pitch of the helix. This might
be due to several factors, one of which is the fact that the probe was not
rigid and, heonce, could quite possibly change its length as it was inserted
into the helix, Since the distence was zlways measurcd from the outside end
of the probe end the probe length assumed to be constant, this change of
length would appear as a variation in the data. However, even the gold foils
which are cast into the paraffin indicated some waviness with a frequency of
only half of the BFz data. There is also 2 possibility that the tube did not
remain in the center of the helix, which could causc further perturbations. °

Compared to the overall sttenuation, doviations in neutron distribution
and intensity scem very slight, both with instruments (gold foils vs. counters)
end situations (solid blocks vse. hclix)e

The date taken with the methenc filled proportional counter (Fige. 14)
werc obtaincd with various pulse height settings on the Al amplifier with a
constant voltage on the tubes The unusuel behaviour for pulsc height scttings
ebove 10 must be assigned to tube characteristics rather than neutron distri-
butione This tube also was checked with the 500 R per hour gamma flux, and
the voltage was regulated so thet it did not count in this flux, However,
it appears from the date that the counter discharge pulse height was somewhat
rcduced due to the excessive bete and gemma radiation inside the tube, both
from the pile and from the incrcasing radioactivity in the chamber walls.
These phenomene are indicated by the row of points coming straight down fram
the ourve.(Fig. 14) labecled "pulse hecight 12", Successive rcadings were
taken with- all settings rcmaining constant end show the characteristic decey
with time., It is assumed that tho tube was becoming radioactive and decreasing

«11-
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(SMEER B 17
the average neutron pulse height, resulting in a decrcasing number of counts,
The attenuation measurcd by this tubo on tho lowest pulse heizht setting was
quite & bit loss than that observed in the region of 40" to 55" for cither
the bere cor cadmium covercd BFz counters.

(2) VNeutron Attenuation along the Longltudlnal Centerline of the Bloclks
by means of GBld'F01I*

Tho neutron distribution obtained by the gold foils inscrted in
the centerline of the blocks containing the helix has- been plotted in Fige 13.
Included in Fig. 13 is a plot of data obtained from tests at an earlier dete
of solid concrete blocks. & comparison of data from these blocks with the
blocks contaeining the helix is questionable because the two sets of blocks
may have had different moisture content.

(3) Neutron Measurcment along Horizontal and Vertical Traverscs At
Various Thicknesscs of Blocks,

The horizontal snd vertical ncutron traverses presented in Figse 5
through 11 werc obtained by positioning the counter flush against the portion
of the shicld being tested end were shiclded with 40 mil cadmium on all sides .
except the side against the shield, where there was an aluminum window. A
cross section of the tubo so wrapped is shown in Fig. 4. 4 singlec run was
mede with the counter held perpendicular to the shicld -.as shown in Fige 3
in which the countcr was in a cadmium tube with the open ond toward the shield.
This method tends o measure only radiation parallel to the axils of thc tube
. and since it yloldod low counting rates, it was not uscd for the bulk of the
testse. .

In Figs. 5 and 6, wherc readings arc shown up to and beyond the
edge of the blocks, & dip in the ncutron intensity is indicated et the edge
of the block below the lovel for the main X-10 shield. This dip is duc to
the fact that the edges of the blocks consist of a 3/8" stcel framework
which holds the concrete in place. The steel frqme has a higher themal
neutron capture cross soction then the concrete and therefore reduces the
thermal neutron intensity.

The neutron traverses along the face of the block (Fig. 5-11) indicate
more clcarly the effect of the open helix on the shiclde “To indicate the
extremcs of the variations from solid block to open helix the ratio of the
highcst intensity noted in the open helix mecasurcments to that of the solid
or paraffin filled blocks is presentcd in the following table.
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TABLE I

Retios of Extreme Incroase in Neutron Intensity of Open Helix to Solid Block

Fig. No.: 5
Shield thick 84"

Horiz., or Vert, H

Block or Block
Helix

Centerline

Pezk : +012
Poraffin 00585
Concrete’
Ratio Peak -

to Paraffin 24051

Ratio Peak to
Solid Concrete

6
84"
H

Helix
exit

0145

.00565

24566

7
64"
H

Block

37

.293%

14263

8 9 10 11
.64" 16" 25" >_ 35"‘
H v H 4

Helix Block Bloqk Block
exit
3.1 1.47x108 1.22x107 8.8x10°

4283 3.75x107  1.71x106 1.12x10°

3.95%x107  2.3x108  1.72x10°
10,954  3.920 74135 74857

3,722 5¢304 5,116

* This value obtained by cxtrapolation from value in Fig. 5

Qualitatively, the locelized effect of the helix diminishes with

increcase in shicld thickness; hcence,

the peck intensity appears over the

portion of the helix closcst to the outer surfaces It should be noted that the
counting rate wes very low behind the full 84" of shielding and, thercfore,
st?tlstlccl error is high in these readings,

(4) Gemme Attenuation Through the Blocks.

Since the helix in this test arrangement afforded a more adaptable
facility than any previously available for measuring gamma ray intonsities in
the bulk of the shield, extensive data, at close intervels were taken to
compare results obtained with various types of instruments and geometries.,
Fige. 16 prescnts the datz token on the ion chember inserted into the helix and
on the @ tube in the lecad shicld located 82" from the shicld fzces The data
shown in Fige. 15 for the GM tube in the lcaed shicld located 82" from the
shield face was obtained with two different apertures in the lead shicld and
have becen normalized for plotting.

Figs 16 prescnts the data obtained using the @M tube inscrted into the
five inch ducte The curvature cxhibited by this data at high counting rates is
assumed to be due to a very oxcessive counting rate and is not indicative of
a real distribution of gemma intconsitys
was too limited for the rcadings at 3750 KW to be very conclusives During the

~]13=
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B o
readings at zero pile power the pile was, of course; decaying; however, two
runs werc teken, one following another and the discrepancy duec to decay

not excessive and all data have been plotted without correction.

The following gamma relaxation lengths were obtained by the various
techniques described aboves

(1) 100 R ion chamber alomg hclix, pile power on - 14,8 om
(2) @1 tube along helix, pilc power on - 18.2 cm

(3) @ tube in lead shiold,‘pile povcr off -
Through 2nd Block = 15.7 am
Through 3rd Block - 20 ‘cm

No quantitative explanations of tﬁesc numbers is presented at this times

VIi. Conclusions-and Recommendations.

The data presented in this report is inadecquate for eoxtensivergencraliza=
tion about the effoctivencss of shields containing holiczal ducts.  Even for
the specific helix tested a more complete mepping of the neutron intensities
should be made to permit thc comparison of volume of the helix with the
volume of extra shielding requireds ‘

The results of these tests indicate that the helical duct of the dimen-
sions tested has possibilitics for use in ¢onducting coolants from the pile
without unduly reducing the effectiveness of the shields In order to provide
data for engineering design additionel tests should be made on ducts of

different dimensions and a dimecnsional correlation of their effects on the
shiecld should be made,

This documcnt contains restricted date within the meaning of the
Atomic Encrgy Act of 1946 and/br information affoecting the National
defense of the United States within the mcaning of the¢ Bspionage
Act, 50, U,S.Cs 31 and 32 as cmendeds Its trensmission or the
revelation of its contents in any manner to an unsuthorized person
is prohibited and may result in scvere criminal pcnaltys
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FIG. 4

CROSS-SECTION OF CADMIUM COVERED BF;
COUNTER USED FOR EXTERNAL NEUTRON

TRAVERSES

TEST OF RADIATION ATTENUATION THROUGH
CONCRETE SHIELD CONTAINING A HELICAL
DUCT.

ALUMINUM WINDOW

BF..5 COUNTER CADMIUM SHIELD

(40 MILS.).
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COMPARISON OF NEUTRON INTENSITY -
MEASURFMENTS OBTAINED BY GOLD FOILS

Test of Radiation Attenuation Through
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