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Abstract

We hava modified the Andersson-Braun remmeter to improve the directional
dopendence of the instrument to chirme? and fast ueutrons and increase its
sensirivity to thermal neutrons, The wodifications consist of partially
rounding tha and of che instrument, moving the BFJ tube forward by 1/2 in.,
incressing the sizv of the holes In the boron-loaded polvsthylene slacve,
roplacing one of the boron-luaded end plugs with a polyethylene plug, changing
the location of the nther and plug, and adding a small disk of cadmjum over
the hole where the B)'3 tube enters the moderatot.

The cost of making thase .odifications tc the Lawrence Livermore
Laboratoty andersson-Braun remmeters ls v $50.00 ecach.

These modificationa to the instrucenc {ncrease the thesw=i neucron
aenpicivity by a factor of ".3 when exposed at the side and a factor of A9 atr
the end opposite the instrument packet. The high thermal sensitivicty at the
tnstrument picker end (a fector of \17) is eliminaged, and the directiomal

dopendence to both thermal and {sst neucrons §s reduced to :10% (except at the

*#ork purformed under the ausplces uf the U.S. Energy Research and Development

Administration, under contract N¥o. W-7405-ENG-48.
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instrument packet end).

The senaitivity of the inslrument to fast neutrons
1s iner=ased by ~15%,

The sers{tivity of the mod{fied remmeror to fatermediare-neutron cnergy

18 increrqed, and i similar to that of the 9-in. sphare. We compare the
readings of the modified {nstrument, the Anderssou-Braun remmeter, and the

9-Ln.-sphere remmet.r vith numerous spectra encountered in field applicatlon.
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Introdyation

A mecutron remmeter has an enecZy dependence similar to the dose-
cquivalent curve. Thesa instruments have count rates that are essencially

Independent of neutron energy over a large energy region (thermal to 7.0 MeV).

Three of these remmeter i 8 are the And Braun {1964)
renmeter {(A~B), the 10-in. sphere (Hankins, 1962a,b) and the modified 9-in.
aghere (Rankins, 1967, 1968).

The A-B remmeter has a cylindrical moderator which has a count rate
that varies with the angle of the incident neutrans. Figure 1 shows the
results obtained from an A-B Lype remmeter at various neutron energies
(Hanktiae, 1974). The instrument was rotated slowly while belng exposed, and
the count rate as a function of angle was recorded on o multichaunel analyser.
The zount rate of the {istrument drops {except for thermal neutrons, see
below) when the inatrument packei is located berween the moderator and the
source, Thism is caused by absorption or scattering of neutrons by the
ingtruwent packet. The count rate also drops when the instrument is positioned
with the corner of the mwoderator between the source and the BF, tube (which
{n lorated at the center of the moderator). This drop {n count rate is
caused by the increar ‘d thickness of the mclerator between the BF, tube and
the source.

The directional dependunce of the instrument shown in Fig. 1 is
saw-toothed in shape with the magnitude becoming larger at the lower neutron

cnergles. Also, av the lower cnergies there is an increase in the count
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rate at 90° (wich the instrument packet located between the source and probe)
wnich is believed to be caused by thermal neutrons coning from the target
assembly or being producad in the instrument packet.

The directional dependence of the instrument to thermal neutrons is
strongly affecfed by rhe void in the modarator in which the cable and
connector for the BF tube nre located (see ¥ig, 2). When the instrument is
positioned with thic hole oriented toward the thermal neutron beam, the count
tate of the insttumens jumps by a factor of 17 when compared to the count rate
ar the side of the instrument.

The sensitivity of the instrument tu therm-:l neutrons impinging on the

nide of the instrument is low by about a factor of three (Larsen ef al., 1971;

Thempson et al., 1971; Hankins et al., 1974, 1975). For most survey work,

where the thermal cuaponent of the dose is small, this is no problem. However,
at reactors ind especially at thermal columns, a low reading by as much as a
fa:rar of 3 or more could be obtained if the instrument is cxposed at the end
(90° in Fig. 1 t& referred ca as the "end" in this report).

This low thermal neutren sepsitlvity of the inatrumenct probably resulted
when the designers uscd. an isetropic neutron flux to determine the thermal
neutron sensicivicy. Thermal |.-Aeu|:rons reach the BF3 tule by streaming down
cne cabls and associnted void, and would have caused 2 high count rate. When
averaged with the low couit rate obtained arvund the remafnder of the
moderator, the net count rate was probably gquite accucate,

This study was mado to derermine what modificarion to the A~B remmeters
would be necessary to improve the directional dependence (especially for

thermal neutrens) end to incremse the senaitivity of ctha remmecer to thermal
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neutr.ns, If possible, these modificarions should be easy to perform and
inexzenyive.
Pracedyre

To improve the directional dependence to fast nourronk, the corners of
the r<derator ar one end were cut off simflar to the design of the new
Studs ik remmeter., This was done by piacing the moderator in a lathe and
round.ag the end ot o radius of 4-13/16 incher. The center of the radius was
Jocat.d 4=1/2 inches from the end of the {nstcument (see Fig, 2).

Tt wok dosirable t: modify the instrument without requiring that new
bizron-lnaded potyethylene by produced, Tharefore, twe additional boron-loaded
polycthylene slceves and end pieces of the atandard leading were obtained.
The hole sizeo in the aleeves and end pleces were increased to L/2 and S/8 in.
diamers, We also made additional end pleces and one sleeve of normal
polycthylene,

Later it was found that to obtain the ruquired incresse {n thermal
nuuteon scasitivity ac the end of the fnscrument, the BF y cube had to be moved
toward the end ot the noderator, A series of discs and a modified cencer
polyctaylene plug were prepared which allowed the tube to be moved in L/4~in.
staps,

Obtuining the right combinacion of moving the tube forward and size of
hulzs In the borated polyethyiene proved to be difficuic. Approaimatcly 49
passihle comblnatjons were trizd, with cerves being drawn to evaluate trends,
before we ubtatnad the right comdlpation,

The modificarions to the moderator provued to be falrly simple, and arc
~hown in Flg, 2. The changes are as follows:

1. lucrease the size of the holes in the borca-joaded polyethylepe

slecve (enly) to 5/B-In. diameter.
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2. Round the cornera of the moderator as shawn in the drawing. The
feet and handle may aave to be reposicioned.
3. Remove boron-loaded polyethylene disk and replace with disc from
other ead (see step 5).
4. Drill hole in polyrthylene insert 1/2 in, deeper to allow BFJ tube
to be muved forward 1/2 in.
5. Replace boron-loaded disk (see step 3) with polyethylene disk r;nving
the same dimensions.
See Note.
6. Tape a 3/4-in. llameter disc of 30-mil cadmium over the old cable
hole,
7. Drill 5/8-in. diamcter hole for cable at location shown in diagram.
8. Reverse position of p)' 2 re hold DF tubc fn plare, and cut groove
in plug for cable.
9. Remove cuanector aad cunnect cable directly to BF | tube. Use
silastic (or equivalent material) in end cap to hald cable {n place.
NOTE: Stecps six through niac wlll depend on che design of the {nscrument.
The polyvethylenc disk at the end of the Instrument is used to hold the
inscrument packet to the moderator {n the LLL-deslgned Lnstruments, and may
aut be present In other instruments., IE the disk {s not present, the cable
should be bent to the side and a cadulum disk (v2-in. dlametsv) taped over the
hole ta prevent thermal neutcon leak.ge through and around the cable to the
BF, tube. The polyechylenc plug should still be reversed (step 8) to hold the
BF, iube Ln place, ur possibly 4 mew plug will be required.
The cost «t making these modlfications to the existing A-B remmeter at
current houc!y charges was estimated t> be $50.00 cach. These mdifﬁcntinn‘ﬁ

result {n an {ncrease {n the number of neutrun counts per Lcem by “-15X,
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Resules

Tne cirectional dependence of the modified insirument 's siown in Fig. 3.
when eapossd at angles from 1R0° ro 360°, the direcrional dependence to Pulle
neutrons ts very flat, and for thermal ncutrons is within 10%. The directional
dependetice %o thermal neucrona could possibly be improved, hut the moa:fications

. v uld nor be as simple as rhose described above and would not result in a

significant improvement, The drop in count rate caused by the Instrument
packet still exists, but th~ high count rate to taermsl nestrons at 90° has
been vliminated. The thermn neucron gensitivity of che insacrument when
vxposed to the side has been Increased by about a factor of thruee, and ls now
#fual to the fast nevtron sensitivity of the instrument.

[ncreasing the thermal neutron sensitivity of the instrument also

Increases its sensitivity to futermediate energy neutrons. Measurements made

at the 2~, and 144-keV beams ac SBS indicate that the modified A-B
cetmoter has an energy dependence simifar to that of the 9-in.-sphere
remmeter, o determine what effect this would have on cho readings sbrained
uvith the po2ifted A-B remmerer, a comparison study was made at 46 fileld
locations. Three surve, instruments were used in rhe study, and inciuded rhe
A-B remmeter, the modified A-B remmeter, and the 9-in.-sphere remmeter, At
vach lonetion two readings were made with the A-B and medificd A-B remmeters:
(1) with z-¢ 3ide and (I) with the end oriented toward rhe source. Only one
ceading wa: obtalned with the 9-in.-sphere rermeter.since it has essentially
na directi-nal dependence.

This >roved to be an [nteresting study of laboratory versus fleld results.
When exposcd te Pude or 292C§ gources, the directional dependencr of the

mdificd 2

remmeter (as shown in Fig, 3) is verv good. [n the field

applicatic- we found that the side readings ware sonetimes lower than the end

readings, nis occurred when the source of neutrons wss through a weil or
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floor and the acutrons were essentially a plane source. When the side of the
instrument is expusad to the plane sBource, the dectrease in gensitivity at

ihe instrument pocket causes the teadings to be lower than end readings. This
effect is not found when the readirgs are obtatned from a point or near polat
scurce or when the neutruns are impinging on the instrument {sotropically
(for example, rtudings made inside a source storage vault).

The A-8 remmr:er also gave low side readings wnen exposed re plane
sources, bur nat s consistencly as the madified A-B. It {s believed thac
thermal ad low-energy ncutron leakage to the er tube compensates for thy low
readings at’ some cxposurce vondirions.

The cuncluston from chis part of the rield study 1s that the modified
A-B remmcter should be exposed vith the end toward the aource, and if variations
in readinpe are obtufned when the instrument fa expoded at different angles,
the highest reusding 1s the correct reading.

The readings of the instruments were eassentlally the same at all survey
locations except those from the LPTR reacror. Ar the reactor, the modified
A-B and 9-in.-sphere gave higher readings than the A-B remmeter, averagi g
32 and 37 respectively, and che rcadings of tho mod{fied A-B and 9-in.-sphere
were egseatially the same. The exact values are difficuic to determiane
because leakage neutruns were from a broad soutce, and the A-B remmeters
gave different readings depending on thelr orlenration. 1t 1is not clear
whether thie ~ide or end readings shonle be uscd to conpare the instrument
Tesdings.

The concl .=jons (rom Lhis part of che study are thay the Lhcee remneters
will give the sane dose rate readlng at al)l locatteas throughcout the Lawreace
Llvermore Laboratary, except at the reactor where the madified A~B and 9-tn.-
sphere would wive u reading higher thas the A-B remmeter.  The extent of the

higher reading would depend on the orientarion of the varioms inetruments,
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but wauld be around 35Z. Since the energy dependence of the modified A-B and
9-in.=sphere 18 correct for thermul neutrons but is high across the entire
intermediate-energy region, Li.c!ir readings co the resctor leaknge spectrum
(which is VvI/E) are known to be high. The readings of the A-B remmeter at the
reactor are probably high in spit» of ite low semsitivity to thermal- and

near-thernal BY . The over to around 10 keV

probably overcompensates for the low sensitivity to thermal neurrons.

We olso obtained dota with neutron sources and D,0, H,0 and polyethylene
moderators in our irvadiation facility. The results with 15- and 25-cn Dzo
confirm the observations wade in the field with highly moderated speccra
(LPTR reactor), The moderation resulting from 25-cm of Hz° or 10-cm of
polyethylene is small compared to that from 25-cm of Dzu. Consequently,
oignificant shielding of uzcl or equivalent is necessary to give 1 spectrum
that would cause the 9-in.-sphere or modified A~B to overrespond when compared
to the A-B remmeter. Our ficld results contained dats obtained chrough
several feat of concrete, and no diEier;m:es 1ia the three rommeter instrument

readi{ngs were observed,

Canclusions

The A-B remmeter has been modified to improve the directionral dependence
of the {nstrument to therm.l and fast neutrons, and to increase 1ts ccasitivity
to thermal neutrons by a fmctor of A3 when enposed at the side. The high
theraal sensitivity 1t the lnstrument packet end (a factor of “17) s
eliminated, and the directional dependance to both thermal and fast neutrons
te reduced to *10% (oxcopt at the instrument packer end). The sepaitivity of
the instrument to fast-energy ncutrons i8 increased by ~15%.

The sensteivity of the modified (emmecer to Intermediate-energy neutrous

is increased, and (a asimilar to chat of che 9-in.-sphere. We compared the
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readings of the modif{cd A~B remmeter, the A~B remmeter, snd the 9-fn.-sphere
remmeter to numerous mpectra encountered in fileld appli:acion., All three
I.nsl:rumen;s gave similar reudings from greatly varying spectra except for the
reactor leakage apectra whare the 9-in.~sphere and modified A-B Lnstruments

were higher than the A-B remmweter by 35%.
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Figure Captions

Fig. 1. Directional response curves for the A-B remuocter when rotated while
in normal, hand-hcld poeition,

Flg. 2, Schemaci¢ of che moderator for the A-B remmeter and of the modifi 4
A=B remmeter.

Fig. 3. Directionel rasponse curveés for the modified A-B remmeter in the

normal, hand-held positiun,
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