LEG BILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to . iness, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




LA-UR-83-2084

[ 7L W RCTGT -l

Los Alainos National Laboratory 18 operated by the Univerzity of Calfornia for the United States Depariment of Energy under contrac' 'N-7405 ENG-16

La=U.==63=2ub4

DEG3 0lhzay
TTLE.  TEST AND EVALUATION OF A HICGH-SENSITIVITY
ASSAY SYSTEM FOR BULK TRANSURANTC WASTE

AUTHOR(S) .).E()nl(lwﬂl. D. A, Closey 1. He Kuckoertz
W. E. Kunz, and J. C. Pract ‘

NOTICE
PORTIONS OF THIS REPORT ARE ILLEGIBLE.

It has heen reproduced fzom the best
available couwy to permit the brozdoest

SUBMITTED TO INMM 24th Annal Meet ing possible availability.
Vall, Colorado

July 10=-173, 1984

Y 9

DISCLAIMER

This tepart was prepared as an iccount ol work spomsored by an agoney of the Umited States
Government  Neher the United States fiovernment nor any apeney thereot, nor any ol their
cployees, mahes any warranty, cxpress of imphied, or assumes any legal hability or responsi-
tality tor the accutacy, completensss, or uselulness ol any wmlormation, appatatu., product, or
proxess dindlined, o1 represents thist s use would not intringe § nivitely owned nghts Refer-
enve herein 1o any speafic commerctal product, priwess, of seivive by tride name, trudemark,
mannlacturet, or otherwise docs not necessanly constitile ol rphy iy crdogsement, recom
mendation, o Lavoring by the Uimited states Government or any apency thereot  The views
amd opinions ol authors expressed herein oot nevessanhy state o reflect those of the
Ulnited States Gavernment or any ageney thereol

Iy accephare e of e
' ot 1 thi [ .
' they pubtoshine tocogegos that the LS Gynynr et eolans 4 noneg Bysas oy gty !
the pgbtoting e ol phae, - ey e b A epedue

cotnlhbeoan oo e gl b, W o g G LS

iy nmnnd g pose
The | o Algerere, P gt "
[] At baboratony ce et that the pablesher adenbily s b e as wiork protfor g gl (i
o R e Wi UYL YR

con cHthy 8 % D tmany of | norgy

 MASTER
ﬂ:@S A @][ﬁﬁ]@ Los Alamos National Laboratory

Los Alamos,New Mexico 87545

TTNHDY e oM “‘ '

PONM Mo e 11a

o U Mgy (-
W, LLAL TR DAL


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


TEST AND EVALUATION OF A HIGH-SENSITIVITY
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K. W. Haff and F. J. Schultz
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ARSTRACT

During the past vear, ve tested and evalunted the
performunce of an assav system thnt accommadates
5=l drams of fransurnnie waste ot Opk  Ridee
Natinnnl Lebaratory, This nentron pssav svstem pro-
vides a routine nuspy of fissile teansurnnie isntopes to
the T-mr <onsitivity level with a Dulsed petive neutrnn
interroirntinn hased an the differertinl dienwny leeh-
niaur, A hirhly sensitive passive begteon men surement
detepmines the  eontent af  spontaneons fissinn
transaranie  isotopes i oneh deim g well as an
uppier=honnt estimate of the total ninhn netivite., Al
comborents of th. eamhined, pleed potive and mnggjye
neutron wrav system performed v ell ap o roitine hasis
during the tect-pnd-cynluntion perind, W performed
more than 00 enmhined pussive and netive  nespy
mepsyreents of waste dripms at Ol Rideres, One=fifth
of the initinl set of waste dene megegred oontnin lege
toan 100 0y of totnl transurnnie jsotopes ot thay.
aquahifyv Tevradly is nontransurne,je wnute,

INTRODUCTION

Tho pentron sy svstoen cong,sts nf hoth pyglued
aehive  nentron intepporatioe. (i forentinl enwny
g nne! PSSy e neilron rensgretnents,
inehcius preave nenteon eopge, lenee, passive wentron
tatnly paskive neuteon mnltinlieay determinntions, and
roduec U vnrinee, A deseription of  the cestem, in
cludimge the ohvsies of the mogcarements, mpy he fongne!
in nrtieles e Koz ot nl, b ane Calivea) o nl.""

teehneene)

The pualuess petive portion of he pesny delopmipne.
the i ale component of o Jdepm's teanearnnie CFREY
isatope content, Thoe soweident prscive negtron mene,
urcment determico-ss the cpontyneons figeinn eomponent
nre' the paesive totel neatenn mensueement,  yfter
nocounting for the spontpnenns fisvjion  enntrilnit:on,
ean he et e edtinnte ol othepr TR juotope
contrihntinng, The negtran poltinhiety mensgrement .
nerve to denify whne's cpontaneons fiasion juotopee pee
prosent i caprmfieant amntity, The peduced var nee
mensrement poogeeful o ouantifvime very i tense
spontaneons, fissinn sogpeees.,

L I '
Phin seork  woaes sipportes' by the 1 Doepaimtiment o
Fnerey, Hefen e Teananaentine Wocte Ppageet,

The TRU' wnaste At Nak Ridre is eamplex in
isntopic makeup with more than 20 TRU' isatopes
havine been  identified, This eomplexity in isnatopie
makeup  eseates  a o eorrespondinrly earplex  pesav
problem, For snome waste drums It will not he posijhle
tn anentify all TRU' jsotones present, althouch the
additional  information  provided hy  the segmented
Famma-rav sennnine svstem® will .n helnful, In alt
ensng, howeyer, the neutron ass.y system provides an
upper  limit  estimate of  tatnl TRI' aetivitv,  In
nddition, estimntes of totrnl spontaneons fission netivity
nnd totnl fissile mnss  are abtained.  This <et  of
information, whilr ineomplate, will «uffire ta detep-
miae the aparanrints waste eaterory for most drumy,
Loy, non=TRT" less than 100 neti/e), or TR (grenter
than 100 nj/e),

The it of the tedt-nnd evalimtion dntn were
tnben for nosot of 113 patentinl PRU wast e depme
currentiv hallt n starpee gt Ol Vjdien, In repern),
soveprn] independont mepsurements vope mnde of oneh
dran-,

INSTRUMFNTATION, DATA  ACQUISITION, AND
DATA PROCESSING

Passive Neutron

The hagie indmmentntion  is docerihed in the
WY e Tie proportionn] saunter pentron
detoetion systom oomprices 11 modules, oneh modle

rofomonoes,

hnving n wepoente prenmn, nmplifior, et Qjuerimg-
tntor, The  pount aeecrringe in oneh modnle nee
recoapded! sepnentelv, Thege ditn peove to b oitite
e ful for novnrlety of purposes, sueh one teaeimgr nogse
profdems in fndivicdun) modnles,

The ottt of the B o modyl e o cpmomedd for o
most ensitive oty eolneidenes, and wonltie" eity
inforvintion dntn ety For Iy sommesd et (onfgennied!
syt talpls) the detostion efficiency jo nhougt 140y,
In mltition, the  dix endimdine wenappedd modygles e
srmned aned this set (eciennted shielded totnls) faondas
procesed g o sepneate entity with totnls, enlnejdene..,
nned mnttinkefty cntn Feeopded,  The dielded tolnl:
efficinney s nhont 4L

Phos pasesstvre ddgtn o copred nhove nre e ?
stnuglteneonste nnd poutinely for o)l wnete o - 10



calibration measurements.  Coinecidence and  multi-
plicitv backgroundas for bnth summed sets are measured
simultaneouslv  with foregrounds. DNata processing
occurs At the end of A passive ne.itron data acauisition
run, generallyv ahout 500 s, using specinlized software
written for the LeCrov 31500 data acquisition svstem,
No operator intervention other than run initiation is
required. Al data—foresrround, hackeground, and
processed sets—are recnrded on marnetie disk for a
permanent retrievable record,

Sueh an elahorate passive neatron data acanisition
and pracessing svstem is reauired far the Npk Ridee
waste hecause of the laree dvnamie ranre nf passive
neutron sources, Of the 114 notential TRU waste
Apirms studied to daie, 31?2% eontanined neutron sources
af less than 3 x 107 n/s (these drums inelude thase mast
likelv to aualifv for the less then 190 nCi/e desirnn-
tion). Another ?6% eontained sourees hatween 3 ¢ 107
and 4x 10 n/s.  The remaincer (41%) contained
sources greater than 4 x 107 p/s, nelnding 10% with
sourees in exeess of 107 n/s,

Pulsed Active Neutron

The hacis nf auantifvine fissile TRU jsnotopes is the
I.nos  Alamos-developed  differentinl  dienwny  teeh-
nigue. =% Shart (15 ) pitse. af ariminallv 14-%1pv
neutrons are producs d by an interanily mounted, smal
nentron generator svetem, Thete nulses APe mingd-
erated in the drum matri. mateeiris ac well ac ip the
rraphite and polvethvliene walls nf the assav system in
ahout 0.5 me, with a sihuequent lifatima (7),0) in the
waste drinm ane pesav chamher af 0,1 10 08 me, The
sperinlly  desitmed prampt fissien noutronr deteection
(PFNIY modules (snme ns the  ghirlded  modiles
direpyssed in the passive nentron seetion) peeontier from
the dirret nffecte of the 14-VaV pulse in ahont 0,5 mg,

Thus, durirgr the periadt of  novimge fluy of
interroenting thermal neatrons withipn the waste degm,
the PEND madules doteet indnead fiecion events, Vap
the P70 camponent of the eantr’ U PRU waste, the
ohsepvel dntecticn officionoy nf fis n events iv phnnt
1%, Piraee | shows (n) n tvpienl inte sopenting thepmnl
flux time-history, (W the PEND putem oount eate
time-history with no fissile isotopes secvent in nownste
drum, and {eY the DENTDY time=hictory with  ahont
0-mre eepnvnlent of "1y present inon waste deoe,
The tnsle fissile nsav s obtained from the relntionchin
[(e) = (N (p),

The interroenting thermal nersn flyx i megye
need with o wmnll, hnee e connter alyesd vithin *he
nusny chamber, A similne mndernted and - hielded A
counter plaeed outsdde the pusey v tamy dipeetly
hehind the  14-MeV negtron soneratar,  Serves to
monftor the 14-NeV polsed neateon ontpnt,  The time
hntaries of the two flux mwonitors gt the BEND
wvsterm gre reeorded with theee separpte milti-channel
wenlime unjts andd nee stored on o maenatie digk for o
poermanen! recoprd,  The fiedle TR [gntopes contnfned
within the 11D drams atitied to dnte rangre froam 0 o
phont W0 e gn epeh dram, The pdrinsie flgalle puaany
vendtivity fs o nhoat |1 nu'1 "ousine norontine 090 Pt
nusny accomplished (n lews than b omin of slapsed thine,
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Pvpaenl beve nstary plats pecarded with b T poy LD gy
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it e e el e the s of o ey vorpeetion to fissale
ey vabaes, (b The 1N dnte with e frssgle s dopes | eseng
Aiffers drmstienlly fraee Y PEND et athe freale st opee
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SCREFENING PROCEDURY

A bpteh of patentind 121 wpste deeee delivered 1
the bl i wigeh the asuny veteon gy hegge!
Ml 91 pt ol Ndee) prenerntie sonsist, o
covernl dee that emgt 100 ga 105 0 e wel e



several druins that emit less than 104 n/s. Datailad
hirh sensitivity passive neutron assav of the drums with
less than 109 n/s is diffieult in the nresence of wources
that emit more than 108 n/s,

We devised a simple "pre—sereenine® station to sort
« nms  quiekly and routinely at the anpproximate
ar ssinn level of 5 x 109 n/s. This corsists nf A simple
wr ~shielded slnh enunter that measures each drum in
le. than 1 min. Drums that emit less than 5 x 109 n/s
are set aside after the nresereening. Drums that fall
intn the preater than 5 x 107 n/s eateporvy are then
assaved immediately in the high sensitivity nassive/
nctive unit,  Backeround perturbations are  inconse—
quentinl for the drums in this hirh-emission catemorv,

When aAl! the drums that emit more than 5 x
104 0’z have heen nssaved, t ey are remover! from the
buildine, with n ennsequent return nf normal back-
reound conditions, Then the drums that emit less than
fx 10Y n/s are nssavee with high-sepsitivity passive
and aetive measturoments, The noaminal haelkpround for
syctom toatunls ranires fram 14 to 17 eounte/s, With this
bnrkpround n routine H00-< dAnta ncquisltion run pesnits
in a pnssive deteetion sensitivity of ahout 0.7 eounts/s,
cauivalent to s neuteon sourer of 2 n/s, This je An
impartant ennsiderption sinee onr astimate nf {otal
nlphn petivity i< hased on the exnerie ontnl ahsrrvatiop
that enct cuillieurie of alphn activity friveg pise tn
nhent @ e frem (gn) renotions in oxvrren, (The domi-
nnnt eheamjenl fTarm af TV U jkotopes in wpstoe js that of
nn nxide,)

A waste depm ean thus he shown 1o econtnin 1esy
than 100 pti/y of TR jentones if it prodiess n nentrop
wtiree af Jewe than 20 nf/c (100 ke af waste) ar o nest
Th povees
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DATA SUMMARY

Tahle | stimmarizes the passive and active neutron

measurements for the 114 Oak Ridee drums. In this
summary, the total fis;ilo mass is  expressed in
millierams eauivalent of "5, Conversion af a value

ta milligrar.s of >3%Py is abtained hy multiplvine it by
n.A7. For example, A 15-mg S mass produces the
same actlve netron sienal as A 10-me 7790y macs,

M onsiders.hlv mare information exists than ean he
expressed in Tahle!. The passive neutron data aAre
summarized in terms of A tntal neutran snuree in unit:
of noutrons/s. If the <onree intensity is sufficientlv low
(70 neutrons/s or Inwer) and if, at the same time, the
fissile inventory is less than 100 me, these data suffiee
to aualifv the drum far the defined non=TR1T' eaterory
(i.e., less thinn 10N PCi/m), On the hasis of this
simnlified interpretation of the passive and active
neutron data, ahout 10% of the deums symmarized in
Tahlel ean e eertifien tor the non-TRI' caterory,

Tahle | indientes that over S0% nf the driume are
potentinl eandidates for the non-TR1' enterorv, hased
on n fissiln inventory of less than 100 mr,  (Thic
prestimos the fissile cirmal s diue entirely tn 2 3%
Mgt of theen patentinl enndidntes enantnin sizahle
prssive noentron sourees, howeyer, and unraveling the
non-fissile TR jsntnpie eontent in these < aies i nnt
an ensy task, The Ol Pidre waste i fortunately nnt
tepienl nf mast TR waste in the DOV jnventary, whieh
instend eantnins princinnllv plutanium isntones,

Fer ape entorary nf the Onl Nidee woast o we have
heen ahle to eortify same gdditinnnl deams pns non=TREY
hy the nse af onr neutran maltiplicite datn, Thoge ero
drnme thint eontain T CF weYop BERTATSENITIN noeljringe
noeoapde af athor plphn cmitteps, Wo e pn nnplegic in

whioh the menctred net o moltplinity eates for cinelog,
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doubles, triples, and guadruples (P1, P2, P31, P4) are
analvzed in_a mode! composed of an arbitrarv mixture
of I02¢y, Cm, and a pure singles source of (an)
neutrons. The mndel is conservative. Using this
analysis, it is easily shown that anv source of (nn)
neutrons actuallv present (and thus indicative of other
alpha ~mitters) is over-representecd,

It appears that ghout 10% of the Oak Ridge waste
mav be certifiable In this second non-TRU' categorv.
We use standard well-characterized 2°20f and 244cm
sources for proper calibration. Table 11 shows some
representative calibration and waste drum data for this
category,

A third categnry of M1k Ridege waste is certifinble
by A simple combination of passive and active neutron
data with the gamma-rav spectral data discussed in
Ref. A. In this special case onlv a aualitative use s
made of the gAM MA-rav data: to identifv the dominant
presener of A3, (The minor isntope 23?0 and its
daughter amissions provide a suitably strong passive
gamma-rav sienAature.) For this case a <mall passive
neutron shmal in enmhination with a fairlv laree fissile
active neutron signal (1000 me of 2330 in a drum is
still ;enernllv An amount ennsistent with non-TRU
status) is the indieative sipnature., We have eertificd n
fow such drums to date—the overall fraction nf these
drums in the Onk Ridpe inventary is likelv to he prenter
than we encountered in our smaull, 1=vear sampling.

We anticipate certifieation of additional drums
whan wns eomplete the eomhined passive sammp-rav,

SYSTEM PERFORMANCE

ANl haraware has performed well during the 15
months to date (Julv 1983 of our test-and-evaluation
program at Cak Ridge. The original neutron generator
is stil! in operation; it has provided steady serviee with
neutenn output levels eonstant to ahnut +10% of an
average value, We estimate that the neutron renerator
hRs produccd the eaquivalent of about 5000 pulsed
ietive assrv runs (2000 pulses each) to date, ineludine
oneration at Los Alamos for several months hefore it
was shipped to Opk Ridge.

All 11 neutron detection modules currently displav
the same detection efficiencv tn within +1% af the
original (April 19R") values. Svstem electronies stahil-
itv and raproducihilitv of hoth passive and active assav
results are impressive, Repeat assavs nf a Arum after

severel months clapsed time eenerallyv agree  with
original results at the +3% Jevel or hetter.
The Lefrov 1500 data aecquisition svstem js pro-

vidinF excellent serviee nfter repair of an apparentiv
defective power supplv.

Althoueh detailed reeords of systeam  availahility
were not kept, we estimate that the assav svstem
provided hetter than 5% up time durine the 15-maonth
test-nnd-evaluation nerind.  Almost the entire down
time was Adue tn the problem with the datn aeanisitinn
system power supplv,

'errs and potentinl nf instriments

sers NSSAV

pnssive nentron, And active nenteon analvsis loon,  As invarinblv  ask, "what i< vour assav Accurace?” A
diseussed in Ref, A, manv nf the NOak Ridee TRU fr thright answor, as anv assny instrument deyelaper
i<ntapes are steong pammp emitters that ean  he will reply, is thet "it depends,”  This  apswer -
auantifisd with the sermented pamma-rav  seannine particularty nnnrapriate for the asepv nf hgik TR
system, wastng,
\
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We have demonstrated with this neutron assav
qustem that, for more than 50% of the waste matrices
encountered at Oak Ridge, our hasic pulsed active and
passive measurements can he performed at the #20%
level of accuracv without the use of matrix com-
pensation, The #20% value is determined from mnalysis
of a considerable amount of detailed mackup waste
matrix data and A neutronic comparison of the
mockups with actual waste matriecs. The $20% value
also assumes that the TRU isotapic content is elther
fairlv well known or can he determined from our
measurements, At present, studles are in r)|-m=r|-et=s4-"i
to implement routine matrix corrections hased on the
thermal neutron flux monitor measurement (Fig. 1a).

Navertheless, {t will alwavs he nossihle to posti-
late eireumstances where the assav accuracy will he
poor, Fxamnles of extreme ecases are fissile TRU
isntopes plared at the center of A water-filled 55-gnl,
drum ar weanped in cadminm sheetine. On a proba-
hilistic hasls, these easec will rarelv oceur in TR
whastes,

SUMMARY

We have suecenssfullv completed s 15-month test
and evaluntion of a hirh-sensitivity assav svstem for
bulk teansuranie waste At Onk Ridre.  All hardware
performer satisfactorllv and  reproducihly, with an
overall uptime for the assav svstem of 95%, We
measitred! the conteni nf 114 waste drams with prssjve
and pulsed acotive neitren techniques, Ahont 20%  af
thase drums ean he ecertified in the lopal non-TRI?
entepnry, hased on  our measurements,  Additinnal
drume are likelv ta he eertifinhle when annlvsis af the
pnssive pamma-ray assav dnta® §s flly interraind with
the nentron resnlts,

REFERENCES

o W, Kunz, 10 Dy Atenein, and 1,1 Caldwell, A
I-nfi’/e-Sensitivity  ‘Transuesnie Vaste Aggny
System Using Pulsed Nontran Interrneation,” Drone,
M INMAY Appinl VYeetine, 1. Inst, of Nuelear
Materinls Met,, Vol TN, TORD, b, 131-117,

W. F. Kunz, .J.D, Ateneln, W. Rernard, .,
Herrera, J.C.Pratt, and .J,T.Caldwell, "A
1-mg-Sensitivitv Fissile Assav Svstem,"” Preoc, 3rd
FSARDA Svmposium on Safegmuards and Nuclenr
Material Mgt,, Karlsruhe, F. R, Germanv, Mav =R,
13R1, pn, 119-179,

W, FE, Kunz, "A Fissile Waste® or Secrap Assav
Svstem with 1-mr  Sensitivitv," invite? paner
presented at the San Franciseo Amer. Nuel. Soe.
Annual Meeting, Novemher 1981, Transactinng
ANS, Vol. 39, p. 341.

W, F, Kunz and .I. T, Caldwell w .1, N, Atenein,
W, Rernard, S, W, France, €, C,Herrera, 1, 11,
Hau, T, H, Kueckertz, rnd .1, . Pratt, "Current
Qtatus of the ANulti-lsotople Transuranic Waste
Assav Svstem," Ppoe. ANS Tanical Meeting an the
Treatment and Handline of Radinnctive Wastes,
Riehland, Washington, April 1082, pp, 797-101,

I, T, Caldwell And W, F, Kuny, with 11, F, Atwater,
1. D, Ateneln, G, C, Herrera, R, F, Moreadn, and
J. O, Pratt,  "Fxperimentnl  Fvaluation of the
Niffarential Nin-Awav Pulsed-Nentron Techninne
for the Tiscile Assav nf 1lat Irradiated TFunl
Waste," Prae, ANS  Tapieal  Mentinge on the
Treatment and 1'andling of Radinnetive Wastes,
Richland, Wachinrtan, April 1982, pp, AN2-305,

N, A, Close, 1, *, Ppatt, 1, T, Caldwell, W, F
Kunz, F. .I. Sehultz, and K, W Haff, "Multi-
[setapie Ciammpa-<Rav  Assav Svstem  for Alphn-
Contaminated Wasta" Ppoe, INMY 24th Annin)
Meeting, Vall, Coloaradn, July |0-13, 10879,

o0, Dowdy, 05, N, Vlenry, A, A, Rnbhn, nnd i, ©,
Pratt, "New Nontean Corrslation Mepcurement

Tochpniones far Speeinl Nuelear A'nterinl Accav
ane Acenuntabllite,”  Ppae,  TAFA Syrmposinm
"Nyuelear Saferruards Toehpnlomy 1072 Viennn,
1e7a (JAFA, Viennn, 1970}, V'), 19,

T. 6, Wieea, "Operationn) Manmnl  far Sanctin
NMA-IRS Nentrnn Geperntnap Svstam " Snnedin

Nationnl 1 nhorntary roport SAN D-RN-] 405 (10RM),



