
CJ>^770>7££>--( 
PREPRINT UCRL- 78929 

Lawrence Uvermore Laboratory 
This Is a preprint of a paper intended for publication in 
a journal or proceedings. Since changes may be made 
before publication, this preprint is made available with 
the understanding that it will not be cited or 
reproduced without the permission of the author. 

A MODIFIED A-B REMMETER WITH IMPROVED DIRECTIONAL DEPENDENCE 

AND THERMAL NEUTRAL SENSITIVITY 

Dale E. Hankins 

June 27 , 1977 

This paper was prepared for submittal to the Twenty-second 
Annual Meeting of the Health Physics Society in 
Atlanta, Georgia, July 3 to S, 1977. 

L. 

MSTER 
DISTRIBUTION OF THIS OOCUMENT IS UNLIMITED 



A MODIFIED A-B REMMETER HITH IMPROVED DIRECTIONAL 

DEPENDENCE AND THERMAL NEUTRON SENSITIVITY.* 

Dale E. Hankins 

Lawrence Llvervoce Laboratory, 

Univernit,, of Cal i forn ia , 

P.O. Bo* 808 

Llvernor*!, CA 9 * J J 0 

Abstract 

Me have modified the Andersaon-Bra'.in remmeter to Improve che d i r e c t i o n a l 

dependence uf the instrument to thtrm^: and fast neutrons and increase i t s 

s e n s i t i v i t y to thermal neutrons. The »odi f ica t ions cons is t of p a r t i a l l y 

rounding the and of che Instrument, moving the BF cube forward by 1/2 i n . , 

lncre.ifing the Slz.i of the holes in thi. boron-loaded polvi.thyler.r sl.aeve, 

replacing one of the boron-loided end plugs with a polyethylene plug, changing 

the locat ion of the other end plu,{, and adding a small disk of cadmium over 

the hole where che BV, tube en te i s the moderator. 

The- t o s t of making chase .edif icat ions tc the Lawrence Livermore 

laboratory Anderseon-Braun remntetere i s "̂  $50.00 t ach . 

These nodifIcacions to the Inatruaenc Increase the the^*..!. neutron 

s e n s i t i v i t y by a factor of '-3 when exposed at che s ide and a faccor of M> ac 

the end opposi te the Instrument packet. The high thermal s e n s i t i v i t y a t the 

Instrument picket end {a factor of M7) i s e l iminated, and the d i r e c t i o n a l 

dependence to both thermal and tout neutrons i s reduced to :10£ (except a t the 
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instrument packet t in!). The s e n s i t i v i t y of the instrument to fast neutrons 

i s incr-ased by M5X. 

The eer.slilv.lty of the modified rem>ccr to Intermediate-neutron energy 

I s i n c r f i e d , and In s imi la r to that of the 9- ln . sphere . We compare the 

readings of the modified instrument, the Anders•011-Braun remoet^r, and the 

9- in . - sphere returnee.r with numerous spectru encountered in f ie ld app l ica t ion . 
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fntroduition 

A neutron remneter has an enet^y dependence similar to the dose-

equivalent curve. Th&da instruments have count rates that are essentially 

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

Ttireu of these renuoete!* Instruments are the Andersscn-Braun (1964) 

renncter <A-B), the 10-in. sphere ((tonkins, 1962a,b> and the modified 9-in. 

nphcro (Kankins, 1967, 1968). 

Thii A-B remmeter has a cylindrical moderator which has a count rate 

chat varies with the angle of the incident neutrons. Figure 1 shows the 

result* obtained from an A-B type remseter at various neutron energies 

(Hankine, 1974). The instrument was rotated slowly while being exposed, and 

the count rate as a function of angle was recorded on a multichannel analyser. 

The count rate of the instrument drops (except for thermal neutrons, see 

below) when the instrunent pocket, is located between the moderator and the 

source. This is caused by absorption or scattering of neutrons by the 

instrument packet. The count rate also drops when the instrument 1 B positioned 

with the corner of the moderator between the source and the BF. tube (which 

(n lor?ted at the center of the moderator). This drop in count rate is 

caused by the lncrear d thickness of the mclerator h-tween the BF tube and 

the source. 

The directional dependunce of the instrument shown in Fig. 1 is 

now-toothed in shape with the magnitude becoming larger at the lower neutron 

energies. Also, at the lower energies there is an increase in the count 

u 
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rate at 90° (with the Instrument packet located between the source and probe) 

which is believed to be caused by thermal neutrons coning from the target 

assembly or being produced in the instrument packet. 

The directional dependence of the instrument to thermal neutrons Is 

strongly affected by the void in the moderator in which the cable and 

connector for the UF, tube are located (see tig. 2 ) . When the instrument is 

positioned with thin hole oriented toward the thermal neutron beam, the count 

rate of the Instiument jumps by a factor of 17 when compared to the count rate 

at the side of the instrument. 

The sensitivity of the instrument to therml neutrons impinging on the 

Hide of the insu'uaent is low by about a factor of three (Lareen et al.. 1971; 

Thompson et al.. 1971} HankIna et al., 1974, 1975). For most survey work, 

where the thermal cusponnnt of the dose is small, this is no problem. However, 

at reactors and especially at thermal columns, a low reading by as much as a 

factor of 3 or more could be obtained If the instrument is exposed at the end 

(90 G in Fig. 1 Is referred to as the "end" In this report). 

This low thermal neutron sensitivity of the instrument probably resulted 

when the designers used un isotropic neutron flux to determine the thermal 

neutron sensitivity. Thermal neutrons reach the BF~ tube by streaming down 

the cabl-" and associated void, and would have caused u high count rate. When 

averaged with the low c"'Mt rate obtained around the remainder of the 

moderator, the net count rate was probably quite accurate. 

This stud;- wan mado to determine what modification to the A-B remmetcm 

would be necessary to improve the directional dependence (especially for 

thermal neutrons) and to increase the sensitivity of the remmeter to thermal 



ricutr-.ns. If poBUlblc, those modlf leaf Ions should be easy to perform and 

Inexpensive. 

To Improve the d i r ec t i ona l dependence to fas t neutron*, the corners of 

the r/.-taratar at one end were cut off s imi la r to the design of the new 

Studv.lk renuncter. This was done by placing the moderator in a l a the and 

round.ng the end at a radius of 4-13/16 inches. Th,> centfC of the radius was 

local . J ' i - l /2 Indies from the end of the instrument (see Fig. 2 ) . 

TL was des i rab le i:-. modify the Instrument wiLhout requir ing that new 

(j-;r»n-londe6 polyethylene b> pruducud. Therefore, twe- addi t ional boron-loaded 

polyethylene sleevea and end pieces of the standard Iciding were obtained. 

The hole slzen In the alcoves and end pieces were Increased to 1/2 and 5/8 In. 

dlamt-t'.-r. Me alsn raadt ndditiDnnl end pieces and one sleeve of normal 

[•olycihylcnt'. 

Lattsr It wss found th it to obtain the required increase In thermal 

nuucro'i s e n s i t i v i t y a t the end or the instrument, the BF cube had to be moved 

ii.-ward Lhii end 01 the moderator. A s e r i e s of d i scs end a modified canter 

fiolyeinylene plug were prepared which allowed the tube to be moved in 1/4-in. 

Obtaining tlrn r i gh t combination of moving the tube farvard and s ize of 

huli.s In the bornted polyethylene proved to be d i f f i c u l t . Approximately 40 

l>(iMititle combinations were t r i a d , with curves being drawn to evaluate t rends , 

before wi' obtained the r igh t corcnlnation. 

The modifications to cite moderator proved to be f a i r l y simple, and are 

shown In Fig. 2. The changes are as follows: 

I . lii^redBi; tliu HiiiL- vif the holes in the boron-loaded polyethylene 

sleeve (on!'. I to 5/8-In. diameter. 
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2. Round die corners of the moderator as shown In the drawing. The 

feet and hnndle may .iave to be reposi t ioned. 

3. Remove boron-loaded polyethylene disk and replace with d isc from 

other end (see s tep 5) . 

U. D r i l l hole in polyrthylene i n s e r t 1/2 i n . deeper to allow BF tube 

to be moved forward 1/2 in . 

5. Replace boron-loaded disk (sec s tep 3) with polyethylene disk having 

the same dimensions. 

See Note. 

6. Tape a 3/'<-in, J l ane te r disc of 30-mll cadmium over the old cable 

hole . 

7. Dr i l l 5/8-in. diameter hole for cable at locat ion shown in diagram, 

fl. Reverse posi t ion of pi i to held BF tube hi pi.irc, fcnd cut groove 

in plus for cable . 

9. RtiTaove connector and cvnnect cable d i r e c t l y to BF tube. Use 

s i l a s t i c (or equivalent mater ia l ) in end cap to hold cable In p lace . 

NOTE: Steps six through nine wi l l depend on the design of the instrument. 

The polyethylene disk at the end of the Instrument i s used to hold the 

instrument packet to the moderator in the LLL-deaigned Instruments, and may 

not be present in other instruments, If the disk i s not present , the cable 

should be bent to the side and a cadmium disk (^2-in. diameter) taped over the 

hole to prevent thermal neutron leakage through and around the cable to the 

BF tube. The polyethylene plug should s t i l l he reversed (step 8) to hold the 

BF tube in place, or possibly a new plug wil l be required. 

Thf1 cost oi making these modifications to the ex is t ing A-B remmeter at 

current Imuriv charges was estimated t> be S50.00 each. These raodific.itinns 

r t a u l t In an Increase in th» number of neutrun counts per urem by "-152. 



Row ii I t s 

Ine j i r e c t i o n a l dependence of ttie modified instrument 9 shown in Fig. 3 . 

(Jlnsn fX|ios'J at a-igLes from ISO" to 360°, the d i rec t iona l dependence to PuBe 

mittriins Is vary f l a t , and for thermal neutrons i s wi thin 102. The d i r e c t i o n a l 

dependence *o thermaL naucronn could possibly be improved, hut the moti 'fications 

«. uld not be as simple as rhase described above and would not r e s u l t in a 

( lgnlf leant improvement. The drop in count r a t e caused by the instrument 

j».i«:ket a t t . l e x i s t s , but th" high count r a t e to thermal neutrons at 90° has 

b t tn e l iminated. The thermn neutron Bensi t ivjry of the instrument when 

L-xposod to the Ride has been increased by about a factor of th ree , and i s now 

•qual to the fas t neutron s e n s i t i v i t y of the instrument. 

Increasing the thermal neutron s e n s i t i v i t y of the Instrument a l so 

Iiii-readc.i i t s s e n s i t i v i t y to intermediate energy neutrons. Measurements made 

.it liic 2- , J5 - and lii-ki-V btiaras a t SBS indica te that tht- modified A-B 

reunctor has an energy dependence s imilar to that of the 9- in . -sphere 

remmeccr. To determine what effect t h i s would have on the readings obtained 

Willi '.lie codif ied A-B roraraeter, a comparison study was made at 46 f ie ld 

locut ions. Three survej instruments were used in the study, and Included the 

A-B rommetMr, the modified A-B remmeter, and the 9- in . - sphere remtneter. At 

each lor; u ; ion two readingR ware made with the A-B and modified A-B remmeters: 

(1) with :-.tr -;ide and (2) with t're end or iented toward the source. Only one 

reading ua- obtained with thu 9- in . - sphere rerraieter s ince I t has e s s e n t i a l l y 

no d t rL -c t i na l dependence. 

This proved to be an In t e res t ing study of laboratory versus f ie ld r e s u l t s . 

When imposed tr. Pu8e or ci sources, the d i r ec t i ona l dependent- of the 

modified A - ; remmeter (as shown In Fig. 3) i s verv good. In tht> f ie ld 

•inplUotl^- we found that tin.- side readings were sometimes lower than the end 

readings, ."nis occurred when the source of neutrons was through a wall or 
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f loor and the neutrons were e s sen t i a l l y a jJone source-. When the s ide of the 

instrument i s expu&jd to the plane source, the decream 1 in s e n s i t i v i t y a t 

Liie instrument packet can BUB the readings to bit lower than end readings. Thin 

effect i s not found when the read i rgs a re obtained from a paint or near point 

source or when tlie neutrons a r e impinging on the instrument i s o t r o p l c a l l y 

(for example, readings made ins ide a source storage VGUIC) . 

The A-3 remn'ver o l s j gave low side tendings wnen exposed to plane 

sources, but not is cons i s t en t ly as the modirtod A-B, I t i s believed thac 

thermal aid low-energy neutron leakage to the BF- tube compensates for tho low 

readings a f some exposure cond i t ions . 

The tvinclusion from th i s part of tho r le ld study i s that the modified 

A-B remmcter should be exposed » i t h the end toward the source, and i f va r ia t ions 

in readings a re obtained when the Instrument Is exposed a t d i f ferent angles , 

the highest re.iding i s the correct reading. 

The readings of the instruments were e s sen t i a l l y the same a t a l l survey 

locat ions except those from the LPTR reactor . Ar the reac tor , the modified 

A-B and 9-in.-split-re gave highar raariings than Lhe A-B rum/ne'er, averag; $ 

32 and 37i' r e spec t ive ly , and the readings of the modified A-B and 9- in . -sphere 

were e s s e n t i a l l y the name. The exact values are d i f f i c u l t to determine 

because leakage neutruns were from a broad source, and the A-B reramcters 

gave d i f fe ren t foldings depending on their o r i e n n c i o n . I t i s not c lear 

whether the Mde <jr end readings should be used to conpar*. the instrument 

readings . 

The concl --iona from Lhls par t of the study ar« :hi»t the three r e e n t e r ! , 

w l ] l give the sar.e dose r a t e reading at all locations throughout the Lawrence 

LIvermore Laboratory, except ,n the rc-artor where the nidif ied A-B and 9 - in . -

sphere would i;ive a reading higher than the A-B remcieter. The extent of the 

higher reading would depend on the o r i en ta t ion of the various instruments. 
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but would be around 352. Since the energy dependence of the modified A-B and 

° - in . - sphere i s correct for thermal neutrons but i s high across the e n t i r e 

inturnediate-energy .region, I ' .ulr readings to the r eac to r leakage spectrum 

(which i s irl/E) are known to be high. The readings ot the A-B remnecer at the 

reactor a re probably high in s p i t " of i t s low s e n s i t i v i t y to thermal- and 

,, near-therraal-ent;rgy neutrons. , The ovorreaponse to neutrons around 10 kuV 

probably overcompensates Tor the low s e n s i t i v i t y to thermal neutrons . 

He a l so obtained data with neutron sources and 0 , 0 , H-0 and polyethylene 

moderctors in our I r r ad ia t ion f a c i l i t y . The r e s u l t s with I S - and 25-cm D_0 

confl in the observations made in the f ie ld with highly moderated spectra 

(LPTR r e a c t o r ) . The moderation r e s u l t i n g from 25-cm of H_0 or 10-cm of 

polyethylene i s small compared to that from 25-cm of D_0. Consequently, 

s ign i f ican t sh ie ld ing of H-0 or equivalent i s necessary to give i spectrum 

that would cause the 9- in . - sphere or modified A-B to overrespond when compared 

to tti£ A-B r e r a e t e r . Our f i e ld r e s u l t s contained data obtained through 

several feet of concrete, and no dif ferences in the three rotameter instrument 

readings were observed. 

Conclusions 

The A-B remmeter has been modified to improve the d i r ec t i ona l dependence 

of the instrument to therm. 1 and fas t neutrons, and to increase i t s s e n s i t i v i t y 

to thermal neutrons by a fac tor of i-3 when exposed a t the s i d e . The high 

thennal s e n s i t i v i t y i t the Instrument packet end (a fac tor of V17) in 

el iminated, and the d i r e c t i o n a l dependence to both thermal and fast neutrons 

Is reduced to -10% (except at the instrument packet end) . The s e n s i t i v i t y of 

the instrument to fast-energy neutrons i s increase-] by "-15%. 

fj The s e n s i t i v i t y of the modified icmmeter to Intermediate-energy neutrons 

Is increased, and la s imilar to chat of the 9 - l n . - sphe re . We compared the 
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readings of the roodifiud A-H rrmroctcr, the A-B rerameter, Jind the 9-In . -sphere 

remneter to numerous spectra encountered in f i e ld app l ica t ion . All three 

instruments gave s imilar readings from grea t ly varying spectra except for the 

reac tor leakage spectra whore the 9- ln . - sphere and modified A-B instruments 

were higher than the A-B remraeter by -^35%. 
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Fig. I . Direc t ional response curves for the A-B remmeter when rota ted while 

in normal, hand-beId pos i t ion . 

Fig. 2, Schematic of the moderator far the A-B remnetttr and of thy modifJ J 

A-B remmeter. 

KIR. 3 . Direct ional response curves for iho nodifled A-B rcmoeter in the 

normal, hand-held pos i t ion . 
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