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A NSUTRON PORTAL HONITOR FOR ~ICLES*

Kenneth L. Coop, Paul E, Fehlau, ●nd Henry F, Atwater
LQS Alemos National Lsborstory

Los Alsmos, NM 87545 USA

,SSTRACT

‘e hsve desitined ●nd built ● PO* vmhicle mcnitor-
ng system for detecting neutron-omitting special
uclesr msterial (SNN) such as plutonium. Monte
Arlo calculations were used te optimize the
●sign of the 15-cm-deep x 122-cm-high x 244-cm-
ong detector chsmbers, which utilize sl+s proportion.
1 counters inside ● hollow polyethylene box.
esulte for ● variety of parametric studies,
ncluding polyethylene thickness and detectar
umber, me described. Our ●xperimental measure-
●ts ●re in good ●greement with the computer
slculations. The ❑onitor’s decision logic uses
he Sequential Probability Ratio Tast (SPRT) on
oisson distributed counting dsta, which is sqmrior
o other statistical tasts in many applications.
a performed computer simulations of the SPRT
og~c to determine ●xpected fslse.posltlve, decision.
st9s . A controller unit .f our design that uees
his SPRT wns built commercially. The cost of the
moplete monitorin~ #ystem is similar to that of
chicle portml mo?itors thut dettct gemma rays.
his naw neutron monitor earl serve as ●n ●ddition
D standard gsmma.rsy vehicle portals or ●s a
cand.alono portel monitor in particular safeguards
mltoring situations, The monitor ~s being
rsted ●t LQrn Ahmos and ie scheduled for in-plant
va]liation et e~,u~lter i.iOE facility in 1987,

he use of neutron detectors in S~fOgU~rdS portal
mitars has been very limlted compsred with gamns.
By ,deuectors. There sre several rnaeot,s fox
310. Ln tha cara of uranium mttal, ●ssentially
o nautrcrm ●re emitted, to neutron detectors are
r no vmlue. And pluton!,um amltc many ●$rn gamma
Iys than neutrons, tht,s making gsmma.rsy titactlon
nwiderably mor* ●onsjtlve in typical monitoring
ltuationsl Another problem with rmutron purcal
mltors has been th~ir hi~tr cost compared with
mma tysteme, This F.igher coot 1s generally
Bsocistcd wl~h the large rrumhr of ●xpefisive
tutron proportional counterd typically used in
~ch systems,

rhls work was supported by !},c US LMpartmrnt of
lcrgy, Assistant Secretsry for Dcfens@ Programn,
rflcc of Safeguards snd Security,

However, if costs could be rc$uced, there ●re
situations where a neutron portal would be the
instrument of choice. For ●xsmple, ● few cen-
timeters of lead or other high-Z materials cm
●ttenuate the gsnm rays from plutonium so ●ffec.
tively that detection of the neutrons ❑ay become
the more sensitive technique. The prasence of
such shielding is ● potential safeguards problem
when it cmnot be dettctod readily by odmr rntiods
such ●s visusl inspection or the use of metal
detectors, ●nd a neutron portal monitor might
solve the problem. It cculd be used in conjmction
with ● gmmma.ray monitor, or ●s a standalone
system for particular ●pplications where moderate
●ansitivity to unshielded plutonium would be
sufficient. Other monitoring conditions, such *S
high ●nd vsriable gsma-ray background, might
●leo favor the use of neutron detection systems
that are insensitive to gsmma rays.

With thesa considerations in mind, we hsve designed
●nd built ● vehicle portal ❑onitor specifically to
detect only neutrons. Our coal was to design ●

monitor that could be built ●t m price comparable
to thst of gsmma.ray monitoring systems, with the
b~st neutron sensitivity possible given the cost
constraint, and to transfer the technology to the
commercial instrument manufacturing sector, We
concentrated our design ●fforts on the wo critical
component of the system: the neutron detector
chamber ●nd the monitor logic controller. The
other ●lectronic ●nd mechantcsl ~.ponents of the
cysteia ●ro standard off-the-shelf items, similar
or ldontical to those used in g-s.ray moi~ltors
we’ve previously designed, l

lmrrzcAualrmfRaQ SUAMS?ORToAxmltATIoNs

The starting point for our neutron detector chmobsr
calculations wcs ● rectangular box 122 cm high ●nd
244 cm wide (4 ft x 8 ft), ● standard size for can.
mcrcially avallabls polyethylene shoots, with only
● few nwtron.eens~tive propo~tional counters
located in ● void inclde, We uced thn HCNP Mont?
Carlo neutron trsnsport code? to investigate the
sensitivity of detection efficiency to variations
in th depth of the inside void, the thickness of
polyethylene on the front ●nd back factt, t}lP

number of countars, the counter type (DHe or
10B~t), snd the mount of polyethylene moderst~r



surrounding the fiwsion-nautron source. Gwnarslly,
enough neutrons were atartod to provide reeults
with statistical mtandsrd ●rrors in the range from

.3 to7t. Tho detector chsmber geometry was set up
with the long dlumaion placed horizontally on ●

large (affectively infinite, bslw ths gromdplsm)
cencrete pnd. The fission neutron source was
centered on the front face ●t a distance of 229 cm
(Fig. 1). Thus , the neutrons dstoctod included

Fig. 1. Schanetlc of the geometry usad for the
HCNP calculations. The caso shown is for tvo
proportional counters, The chsmber sits m ●

concrots pad tht.c is ●ffecclvely of l@flnice
extent belov the ground plane.

those coming directly frcm tie source ti surrounding
source moderator, ●nd those reflected (after
single or wltiple collisions) from the concrete
pad ; The solid ●ngle mbtended by the detector
chsmber face at thie distance vas 0,49 ●r. Al 1
proportional counters var. 183-cm (6-ft.) ●ctive
length ●nd 5 cm (2 in.) in diameter. They were
e~otrically poeftioned in the void, with the
distance betveen the top ●nd bottom of the void
snd the nearest counter set ●t half the distance
separating nmighborlng counters. The counter fill
pressure used vss 2 ●tm for % ad 1 ●fxn for ‘“BFs.

Selected results of the HCNP calculations sre shovn
in Table I ●nd Fig. 2. Table I contains CS.lculbtbd
detection efficiencibrn using four ‘Ha proportional
counters for ● bsre fission source or with tie source
surrounded by ● polyethylene sphere with ●ither ●

5. or 15-cm radius, vhila var,ying front- ●nd back-
fece thicknesses of polyethylene on the detector
chamber. Increasing the back thlcknesa from 5 cm
to 10 cm should generally increase ●fficiency,
l’hls is demonstrated in the cmse of ● bara sourca
and thin front face (1,3 cm), vhere the ●ffect ie
About 15,, We vould ●xpact frtctionsl incresaes
in efficiency due to this bmk.faca thickness to
be less for ●ithar ● modarated source or a thi--ar
front face. For ● here source, the thickest front
face ●xsminbd (5 cm) provides the best ●fftcimcy,
vheraas for the 5- ●nd 15-cm moderatsd sources,
tha thinner faces are batter, Howaver, even vith
● source moderator 15 cm thick, the 1,3-cm.thick
face provides bettar detection than having tm front
face.

Tha abova rasults vara obtainad vlth a void dapth
of 6,3 cm, just anough to ●ccommodate tha counters
●nd ●ounting brsckete, For CODlpariSOn, vb made

TABLE I

MONTECARLO EFFICIENCY CAi.CUMTI@NS

Polyethylene
Source Moderation

o
0

:
5
5

1:
15
15

Chsmber
back Face

XMiiknuJJMll

5
5
5

10
10
10
10
lC
10
10

Choker
Front Face
RL&kMAL(fiJrlJ

3,7
25
1>3
1,3
5,0
2,5
1,3
2,5
1,3
0,0

Summed Chamber
E;ficiancy (counts
a.U.Q’_aCUUUQ

3,8
3*4I
2,4
i. 8
29
3>7
3,?

0.6
10
c,?

calculationa~ ttt~p: Four BHe counterg, ●ech 16] CIrnlong ●nd 5 cm l,)
diameter, wILh a fili pr?ssur~ of 2 atm, Thr chemb?r BidoB (othmr than
front and back) wer~ 1,3 cm thick, Tha fission aourcr wss located
229 cm from thp front fer~, 61 cm off the concr?tt pad InBidQ void
spacing between tho front and back faces vas 6,1 cm
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‘lg. 2. HCNP calculated values for ●bsolute
‘fficiorlcy, The cfrcles ●re for ‘/fe Counters
ocated in ● 6.3 cm x 230 cm x 109 cm vofd. A
-th curve has been drswn by eye through the

‘bet points. The #quare 1s for 10BF. counters in
h. same void, artd the crlangle 1s for *He counters
ith the void completely fiiled with polyethylene.
he wrcical bsrs represent the s&itlsticsl stadd
rrors of the UCNP calculations.

dditional MCNP calculations with four SHOcnmters
nd ● be.re fission source using void depths of
6.3 cm and 36,3 cm. The counteric were centered
rent.to.back in tha void, Ttm calculated ●fficien-
f for ths 16,3.cm void depth was che same ●s for
MI comparable 6,3.cm case shown in the tabls,
7ila tho ●fficiency for the 36.3.cIa depth was 209
1ss. Because incraased depths result in incressod
)sts and bulk (but don’t improve ●fficiency baeed
! these calculations), the 6.3.cm depth was used
>r ●ll other calculations and was the ●pproximate
lpth selected for the chambers we constructed,

Igura 2 shows the ●ffsct of chang:ng the number
! sHe counters when the source it moderated by
cm of polyethylene ●nd the front fmce thickness

I 1.3 cm. In the range of 1 to 8 counters, doubling
18 numbe: of counter~ incrtiases officiancy by
)Out 50-7ot, Also shown by the triangle is the
tcrsasod efficiency for the 6.countor csse that
Isults when the void is filled with polyethylene,
~ ●xpect that filling the void with polyethylene
,.., cmhdding the ceuntors in colid pmlysthylsm)

suld be lnes detr!rsencal when ❑ore counters sre
led ●nd vice versa, The square point is for ●ight
~BF8 counters, and it shows they t,ive the same
rflcitncy ●s four ‘He counters for this p~tic~ar
1s8, Because the cost of ●ach JOBFS counter is
tly about orte.third the commercial cost of ● ‘He
>unter* (about $750 versus $2300), it would be
>rc cost effective to use ‘0BF8 However, we ●re
)1* to purchas~ tht ‘H? gaq directly frmm th- pro.
JC@r●t a reduced (government) pric?, which m~kes

\?ut@r Stokes, Tvlnsburg, ON 4J087,

*. cent of one ‘He counter the same ●s two BF~
counters. Furthermore, the ‘He counters can be
operated ●t much lower voltages (900 V versus
2100 V), raeulcing in i%wer problems with spurious
noiee. F@r these reasons, we chose to use 8He
counters in our vehicle neutron monitor rather
than BFS countars.

Aftar &clding on the &signof tln ~ datactor
chamber (dascribed in thf following ●oction), wc
●at up tha HCNP code to more closaly ●pproximate
tkat configuration, including tht ●xact wall thick-
nesses and compositions. With ● a&2Cf fission
source in a S-cm-radius polyethylene splmre located
●t 229 cm from the front face of the detector
chamber, we calculated ●n ●fficlc,ncy of 3.5 x 10-s
counts per emitted neutron, whict we compared with
the experiment below.

DETMTUR aiAMBHl MAsmsmms

Based on chamber fabrication cos:e ●t Los Alamoe
versus proportional counter costs ●nd cfficiancies,
we chose to use four 8He countacs per datactor
chamber (Fig, 3), He picked ● front face ~iches
of 1,3 cm to optimize the chambers for moderately
shielded (5-15 cm of polyethylene) neutron ●ouwts.
me polyethylene thickness on the back ●nd sides
was fixed at 5 cm, with ●n ●dditional 2,5 cm of
berated (59 B) polyethylene on the outside of the
back ana ●ides to raduce background count rates.
Based on meaauraments we made on ● similar neutron
datection ●ystam, we ●atlmata that the berated
polyethylene raduced background c:ount ratoe by
●bout 20t.

To provide weatherproofing, the ●nt,lre chamber wae
●ncloeed in ● 0,3-cm.thick ●luminum frmme (which
is attached to a heavi~]r framework around the
●ides of the chamber). A small ventilation fan
was later •dde~. when corrosion was found on the
~He Counters ●ftex the dttactor ch~tmbar had been

, ----=--’-+=’7

,,
,.-

Flgl J+ PhotogrAp) of one of the two identical
neutron datmctor ch mbcrs, with the front ●luminum
houslnt ●nd polytlb ,iene face removeJ,



mutdoors for several ●onths. The four propor-
tional counters are connected In series to ●

●tanderd preamplifier that is houged In a steel
●lectric~l junction box ●ttached to tb beck of the
detecto~ chamber. The high-voltage, power, and
●ignel csbles from both chambers ●re routed to en
●n-weather sleetronice cebinet, containing ●

combinet mmplifler ●nd ●ingie-channel ●nalyzer, ●

high-voltage power ●upply, ●nd the controller
logic unit with fte teletype. ?Iore details on
these can be foLmd h References 3 and 4.

To compare the Monte Carlo reeult described ●t the
●nd of the preceding section with the experi.mnt,we
●et one of the detector chambers on a concrete
floor in our laboratory. Uming ● 2&2Cf ●ource in
s polyethylene svhere with a 5-cm wall thickness
●nd ●et at ● distance of 229-cm, we measured ●

detection ●fficiency cf 3,2 x 10”s counts per
●mittad neutron. This ie in ●xcellent egreement
with the calculated value of 3.5 x 10-’, Considering
the potential ●ourcea of ●rror, and supportn our
reliance on the UCNP calculations.

For teet purpoees, the two chamber8 wwre then ●et
facing ●act. other with ● reparation of 1.3 m
(Fig. 4), The combined background count rate for
the two chambern was ●pproximately 60 c/s when
●euured outmide our laboratory ●t Loe Alemos, ●t
●n elevation of approximately 2100 m. We used a
Zb2Cf fiae~on.neutron ,Ource to ~h.r.cterize the

positional reeporme of the detector chambars
(Fige, 5.7), For the source centered between the
detector chambers, 1,0 w from the road surface,
the measured ●fficiency for the sumoed chambers
was 2.15 x 10”~ counts por ●mitted neutron.

Based on ● one-eecond count at this pomltion ●nd
~in~ io~lr times the square root of the ~C*~tiI

in this rmee 4 x ,~, as the lower limit of dotac-
tion, w. calculated a source strength of ●bout
1.6 x 104 n/s ●s the minimum detectable. A vehicle
pa~aing thrwuh the center of the monitm’ ●t
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Fig. 5. Relatlve count rate in the ce~ter of the
experimental setup (ace text) as a function of
height for ● barw 2&~Cf source. The #t#tisticnl
●tmdard ●rror bare ●re ●meller than the circles.
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rlbl 4, Te#t setup of the neutroil monlforlns
8ystem ●t Los Alanm ●howlng th~ two fiautron
detector rhamber~ ●nd, ntir :hc back chamber, the

●ll. wmthrr ●lect,-onlcn cabinet,
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Fig, 6s Relative wunt rate for ● bare ‘Oz Cf SII
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detector chamber centers The bsrc ‘~ 2Cf #ource
was O. 61 m from the ground. StatfstJcal standard
●rror bars are mel J#r than the circles,
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B. 7. Relative count rhte for the detector
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D grotrnd. Statistical standard error bars are
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) m/s (5 mph) with such ●n unshielded source
J).d give approximately this signal while in the
>ter of the monitor, Integrating the signal
!ing t\e entire passage (Fig, 7) would decrsase
) size of the ❑inimum source that could be
:acted. However, ● more ●ubctantial improvement
dd be made by forcing the vehicle to pass
~ser to one of the detectore or by simply moving
~ detector chambers cloeer together. For example,
the spacing between the detector chambers was

iuced to 3,6 m, we deduce from Fig. 6 that the
: counts from the same eize source ● t the.center
~ld lncrtase by ●bout a factor of 4, Requiring
t vehicle to wait in the monitor would ●lso
~rove detectability ●lgnificantly, For example,
16.second .ong counting interval wouli ●leo

:rease the lower limit of datection by another
:tor of 4, (In such ● wait-in monitor, additional
:ector chambers might be r,eeded to ●dequately
leme the ●ntire length of ● long vehicle, ●nd
❑ight be deeirable to test the output of aach

:ector chamber aepnrately, instead of eumming
lm.)

~rofore, with both theee changes in g~ometry and
mting times, ● source emitting ●bout 10s n/a
~ld be reliably dtitected in vehicles monitored

theee detectors, Of couree, if the sources
re heavily ahlelded with low-Z moderators,
ore’r detachability would result, but ●ven 15.cm-
lck polyethylene on ●ll ●ides of the ●ource
~ld only caune ●n increase of a factor of 3 in
t minimum detectable amount (Tabl~ 1), SQvcral
ntimctere of lead will hav~ iittle shielding
feet, as will th~ at~~l frames of ordinary
~icles,

aleo expect to improv~ detectability when the
liter is IIs?d at facilities near sea lQVP1,
cauee cofimic radiation, ● major eourcm of bae~.
ou,ld neutrons, will b? much lens, W? hn\,? vtt

meabure th~ magnitud? of this ●ffect, but we
P“ct th~ backgrounds to decreas~ bv a factac of,

perhaps, 4 or 5 ● t aea level. If the decrease
were a factor of 4, the minimum detectable amount
would be reduced by ●bout 50t,

In gamma-ray portal monitors the presence of
vehicles often suppreaaee the background significant-
ly . In some cases, we have obserwed background
wppreasion of 2C!C or more,s Because the gamma
background rates can be relatively high, these
percentages represent several standard deviations
of backgro,xwt. This suppression significantly
increase= (by ● factor of 2 or more) the signal
requited to trigger an alarm. For our neutron
uoaitor, however, vehicle euppresaion of the
background is relatively small (< 39) and the
background count rate is muck less, ao there is no
significant effect on detection due to the preserze
of the vehicle.

PORTAL CONTROLLER

The decision logic used in our monitor controller
is the Sequential Probability Ratio Test (SPRT)
for poisson counting statistica.b We have shown
that the SPRT makes decisions faster with fawer
errors in many applications than tne more familiar
eingle irrtensl test or alidlnL interval decision
logic.$, e Our previous SPRT contrcllerae’7 were
designed for use in gamma-ray monitors, w~ere
background count ratea were sufficiently high to
approximate the counting statistics with a normal
distribution. However, with neutron dztectors,
the background count rates mey be mo low that the
normal distribution would not provid@ ●n adequate
approximation., Ae ● result, we modified our
controller to uae the SPRT on Poisson distributed
background counts.6 Te our know>edge, this is tha
firet time ● Poisson SPRT controller haa been used
for nuclear counting ●pplication,

The teat parameter used in the Poisson SPRT ia the
logarithm of the probability ratio

zi - (t40-Ml)@+ [ln !KlflO)l Ci , (1)

where MO is the mean of the backgrowsxl distribution,
N is ● user selected parameter, ●nd Ci ia the groes
counts obtained ● t step i of the sequential counting
procedure. MO ia determined by the controller
software from the background count rate, which ia
periodl.tally updated. MI is the mean of ● nominal
counting distribution corresponding to background
plus ● radiation source. Its value la dependent
on hd, ●nd O. ●nd PO, the nominal falae.positive
and falae-negative detection probabilities, respec-
tively.

The #larm ●nd background decision levels, A ●nd B,
reapectj.~ely+ ● re determined by the ●quations

A- In [(1 . 80)/00] md (~)

B- in [A9q/(1 . O.)] , (3)

Dataila on the ua~ of ●q!latione 1.3 in the Poisst)!l
SPRT ● re contairwd in Reference 5,



)Lnco HO changes with h background, It fs frequent-
ly mecem~my to determine ● new Ml. To calculate
U ●ccurately ●fter ●ach background updete for em
ubltrary O. end 80 would require ●n inordinate
mount of time in our controller, using eq methods
}f which we are aware. We heve, therefore,
‘estricted the number of (ao,~o) paira permitted
nd have devieed A procedure for determining the
Ipproximete value of Ml for integer HO values ● s
Iescrlbed bolov.

n our controller logic desl,gn, we initially ●elec@d
o = 66, ae - 10-s, ●nd PO - 0.5, typical VSIUCS for
ur neutron monit9r. By calculation, we determined
hat the value of M corresponding to these parem-
ters was 101 (the nearest integer). We then picked
1 values of 00, more or less ●verily covering the
ange fxom 0.01 tc 0.000006, cd &termined for ●ech
he corresponding ~0 that would give M1 * 101 for
D - 64. This table of (ao,po) values is incor-
Drated in the controller’e memory (PROK). When
he user types in a desired value for the false-
larm probability on the controller’e teletype,
ie progrem goes to the t~ble ●nd selects the
Barest value of no smeller than the input value;
t then uses that ●nd the corresponding tabulated
Ilue for PO to cslculate the decision levels A
Id B.

?other tsble in memory contains (MO, HI) integer
~irs thst we calculated for )40 - 1,2,3,...,256,
zrasponding to a. = 10-s ●nd LIO- 0.5. Beth th
~e background of the controller is updated, ●

klue ie dec~rmined for MO (exp), the ●xperSntel-
? determined background ●ean, which ir normally
m-integer. The controller selects the integer
) value from the table nearest HO (exp) and
malna r.he corresponding tabulated M value; the
to tablm values are than used for ●ubeequent csl-
datione of Zi, However, if HO (fixp) is greater
~an 256, it is used directly es MO, and ● value
) calculated for M based on the normal distribu.
bon, using the ●quation

Kl -4.26 (140)i12 +HO . (4)

Iue, this controller cen be used for very low to
try high count retes; the only restriction is
1~ 1, We can chow that the ●quation for Z1 used
Ire is ●quivalent to that urad in our 8emma.ray
mtrollers, when the background count rate, ● re
mge ●nd, consequently, MO/Ml - 1.

should ●mphasize that the ill VSIUSS in the
IO,M1) tables are only approximations of the
lrrect Ml values for particular (OO,BO) paire.
r 00 - 10”s #nd L90= 0,5, the ●pproximations sre
ry close to the true values, ● s they mrt at
- 64 for *11 (aO,#O) pairs For MO values far
OUI 64, ●specially smaller values, and 00 values
rwldorably lar5er than 10-8, the approximation mey

poorer, To obtain tom- idea of what ●ffoct
1s might have on the SPRT, we perfonmd ● ca~ter
mulatlon of the Po’sson SPRT for 00 - 0,00125,

- 0,125, ●nd N- 10, while varying MO from 1 to
6 (in incrcm~nts of 2 x MO). Owr the ●ntire
nge, the calculmced false-alarm probability

renued from 4 x 10-6 to 7 x 10-4, rsmuMlng reesmeb-
ly constant end well below the nomhel input ao.
Thus , It appeare from this U.z.ited ●xamination
cbet the &FlprOX-tiOIU used here do not heve m
●ignlficent detr~ental effect on the SPRT.

The controller can be used in both the Singles and
Continuous modes. The Singles mmde ie wst ap-
propriate for ● sznicor where vehicles etop and
wait for ● period of time.* The vehicle must wait
until ● ●ingle SPRT IS completed, roeulthg in
either cm alerm or ●n ●n-clear signel. The
Continuous mode ie more ●xpropriate for a drive-
througb portal end consists of repeated sequential
tests until the vehicle clears the monitor or en
●larm occurs. Several tests may be completed
during the vehicle passage; ● minimum of one test
is alwnys performed for each vehicle. Various
●udio and visuel indicators Lnform the monitor’s
●tten&nts (guerdrn) of the stetus of the m~mttor
●nd the results of the test (as in our previously
described portal monitors”’).

Wl?crmlm?s

A complete neutron vehicle monitoring ●yatem hss
been built ●nd ●seembled, and has operated con-
tinuously for ●bout ● year outdoors at Los Alemos.
No significant problems hava been noted, except
for the corrosion problem, which was ●lleviated by
ventilating the chember, We ●xpect tne system to
be ●asier to maintain and calibrate than gemme-rey
portal monitors, Standerd proportional counter
●lectronic cen be used in the system, and the
neutron controlle~ end ‘He countere~* can be
purchased co~ercially,

Although we built the detector chembers in-house
their ●imple design can be ●asily reproduced by
commercial vendors. In fact, if ● production-
model, weatherproof cabinet of the ●xpropriate
size can be obtained to replete the custom-built
●luminum housing we used, we think fabrication
costs might be reduced significantly. We ●stimate
that the cost to duplicate our ●ntire sybtem would
be *bout $30K plus the cost of installing it ●nd
febricatir,g the detector chembers,

Thus, we consider that it ie quite feasible to use
thio neutron ■onitoring system ● s ● stand-alone
portal monitor for particular applications or as
an ●dditional safeguards partal monitor used in
conjunction with gemma.ray monitoring ●quipment,
We have ●cheduled ●n in-plant ●valuation of our
●ystem ● t another Department of Energy fecility
later this year,

*Note that if the user selects N-1 in the Singl@S
● oc.fl ●nd forces ● decision ●fter this step, the
●eme result ●e the single intenal test (SIT) is
given. Thus, this test is tleu ●n option with the
controller, oven though it isn’t ●xplicitly indicated
in the softwara ❑ enu,

WJomar Systems, Inc., LOU Alam?s, NH 87544.

+e*Reutor Stokes, Twinsburg, OH 64087.
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W. vant to ●xpreee our ●ppreclmt:
menbere of the Advanced Nuclear
I(eehanical Fabrication groups ●t

on to the neny
Technology ●nd
the Los Alemos

Nationel ~boretory tho @vialed eseentlalassi.stsrme
●nd semlces ● t various ●ceges of the project. We
particularly thank John Caldwell for useful discus-
sions on the neutron chamber design cmcept, vhlch
hs U5 others in our group developedfor ● different
●pplication, and Krag Alhnder for hic villing
help vith the fabrication of tha chsebers. Cery
Wlig snd Bob Anderson of Joiner Syetems, Inc. ,
~}ro,gr-{ed the ●onitor controller, vhfch vas built
,:0 our mpecificatione by that firm.
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