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All .,._..ed clebyed MUIJOn CGUntiaa ~ laslrumenul neutnlll lldtntlall lllllydl sy-. 
lem has been cleteloped at loa Alamoa National Llbontory'a 0mep West Retetor COWRI to 
lllllyze _,tel (or afllllum al 31 additional ellnneau with a m.Wmum t1uauJ1!put Cll 400 
.apia per oby. The aystcm .ad Its mode f!l operation far a !lip _...._ mmy wiD be 
detnlbed. 

Introduction 

An automated neutron activation analysis system has been developed to 

analyze t.undreds of thousands of stream sedlmer.t ~~'!lf'lPs for- a 

H)drogeochemlcal and ~tream Sediment Reconnaissance (HSSR) throughout the 

United States.l The HSSR is part of the National Uranium Resourc~ 

£valuation sronsored by the u.s. Department of lnergy. 

Approxi~~~ately lbO,OOO stream sediment samples h11ve been analyzed for 

uranium concentrations using delayed neutron counting (UNC) and for 31 

additional elements using instrumental ~eutron activation analysts (INAA). 

It is Important to note that the HSSR is a reconnaissance program of 

enormous size and SOIII! parameters such as Stlmllle decay times and count inCj 

intervals required c~r01nlse to ~~~axionize sample throughput. At lower 

throughput, additional elements can be detected and improved sensitivity 

for most elements can be obtained. 

"'Praem lddms: Batllllle, Pxll'oc Nor1hwetl National Llbaratmy, Ricbllnd. WA 9CilS2. USA. 
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M. M. JUN0R et ~.: At1 AUTOMA.Tt!D ACTIVATlON ANALYSIS 

T'"' systeta utilizes two independent pneumatic transfer systems eat• 

having a sensitive neutron detector and four lithh1m-drifted gel'llllniF 

(Ge(li)) g~-ray detectors under the control of a single data acqutsitt~ 

coq~uter. Samples are irradiated tn the graphite thermal colulll'l of the 016 • I 

In a flux of ,6Xl012 n/rJ.Jsec and are counted !.mediately fc•l 
delay-neutron emission to obtain the uranium assay. lhe saJRPles are thf·l 

routed to a delay device where the salllllles are allowed to decay forti 

preset time (typically 20 min.) before they are counted for short-li~: 

gamaa activities. The samples are then given a second irradiation~~ 

stored for later counting of the longer-lived activities at night when •. 

reactor ts shut down. Systeta para~~eters are sUIIIIIBrlzed _in Table 1. 

Ga11111o1-ray spectra along with timing and flux data and DNC data tr· 

collected and dumped to ~gnetic tape for sub~equent data reduction ~ 

second or.-:lr.e minic~·.~er. Automatic analysis of data is performed~ 
code which identifies gamma-ray peaks and calclllate'> ele<Wr:; 

concentrations. 

System description 

I. HtUdwttr~ 

(a} P,.eumt~tic' Samplt JIIJPidling fllcilities 

Samples to be entered into the automated systl!l'l are loade<t into 4 ;· 

irradiation ~ials (rabbits) 1.2-ct~~ dia. by 6.0-C"' long. The rabbitS,. 
Tne pneoPI! -~ 

system is designed to automatically lead a sample and rapidly .o•et~ 
sample Into the thermal col\11111 of the OWR and frOIII there to the ,..v· 

detector, tnd later to a shielded location in front of a Ge(U} g.,..a-'l'l I 

fabricated from high purity etltylene-butylene copolymer. 

I 
J. llAitlitMIML a.- 1011,:: 
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Salllple size 

Neutron Flux (NV) 

Irradiation Ports 

Irradiation Ttee (T1rl 

Decay T11111 ( T d ) 

Counting Time (T,) 

DNC Detectors 

Type 

Number 

Moderator 

1-absorber 

Efficiency 

Shielding 

Maximum sensitivity 

Detect ion limit 

c.mma-Ray Detectors 

Type 

Number 

(fficiency 

Resolution 

Absorbers 

Counti~g Geometry 

I lltarticrJ..J. ('1wm 70 119821 
I! 
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' TIJJIII 
INAA ~ IDmmmy 

4 cm3 (max) 

6 x lol2 n/c.Z/sec (max) 

2 

S sec (m1n) 

S sec (m1n ONC) 

4 sec (min gamma) 

S sec (min DNC) 

S sec (min gamma) 

~e (4 atm., 2.~-cm dia. x ZS-c111) 12 ed. 

~ . 
Polyethylene 

3.8 em Pb 

-27'1 (absolute) 

J.~m HzO. 0.7S~ Cd 

6.~x1o·4 cts/"V/gram(Tir••, T0=o, Tc••) 

0.01 microgram U (natural) per gram 

Ge(l,. i) 

B 

-1~'1 (relative toNal) 

'? keV fWHM 

o.a ~AI, 4.3 ~ ple•lglass 

0.5- to JIY.}-cm 
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The sylllbol P indicates die lam- of diiFO"IIc photo detect<X units plad ill the cnllcal pdll 

of the syotem 

detector for subsequent radioactive decay counting. The pneumatic syst- , 

Is sUI'll'<lrized ;., Figure 1. .J 
The individual samrles are wetghed and loaded •nto clips ~~c~ 'j 

each hold fifty safllllles horizontally stacked. The aut011lat1c loader ~~ 

each system can hold four clips and can seq..,entlally load a maxi111J111 of, .. 

samples into the pneumatic system on c~nd from the control c~tf~ 
The ,,.,.;mum rate at which samples can be loaded into the system is lit"! 

by the rotating rick-ur mechanism in the loader to approximately ones~· 

every 34 seconds. ~ 
The sadll'les are irradiated in a thermal neutron flux in a sPfC'' 

irrad•ation port placed in the graphite thermal column of the OW~· 

irradiation port contains two pne~tlc tubes fabricated t"1 
I 
I 

462 I. 1W*-" ONI& 10 flf121 

1.6-CII o.~. AIUIRinUII tubing bent tn an •s• sh1pe to prnent ga~~~-rlf beck 

streaming. The tubes, Which are surrounded b, graphite, extend 

horizontally to the center of the thenn.l column and are approxl.ately 

100· and 110-cm from the center line of the reactor core. The ends of the 

tubes, which are separately vented by ~tier diameter tubing, are bent 

downward, and the rabbit comes to rest tn the Irradiation position at 

approxllllltely 42u from horizontal.· A fission ton chamber is Inserted fn 

the graphite stringer between the two end positions to monitor the relative 

neutron flux at either Irradiation position. 

A delay loader was designed for use in the system to allow the 

Irradiated samples to decay for set periods after irradiation before they 

are gamma-ray counted. The delay loader consists of two vertic:! pneumatic 

tubes terminated by a short s~ction of tubing which can be switched fr~ 

one vert leal tube to the other. The short. switch sect ion can hold only one 

rabbit vial, and Is connected by flexible tubing which can be pressurized 

to blo. a sample out of the delay line. In nor11111l operation teft Sifllllles 

are allowed to sUck up on the input side of the delay loader aftd then ar"e 

removed one at a time from the bottom of the stack, at the sample rate at 

which samples are being added to the top of the stack. Two delay loader 

mechanisms are Installed side by side in a shield hole in the reactor room 

floor. 

In order to route samples between the loader and reactor and the 

various counting stations in tile system, two four-way pnellfllltic dherters 

are used in the systelll. Each diverter has four rigid pneuutlc input tubes 

and four output tubes which are connected by four flexible polyethylene 

Pnelllllltlc tubes which can be switched to two positions at the Input or 

J. ~a-.. 1(J( 1981/ 
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output sides allowtng twelve different pneU~Mtlc paths through the 

dherter. 

After samples have been Irradiated a second time, the samples are 

blown to a ~torage unloader where the samples can be stored for any length 

of ti111e in the same order in wtlich they were Irradiated. The unloacse~ 

cons•sts of a circular twenty-posttlon Indexing mechanism and reGO¥able 

storage pipes l'ach of which can hold fifty samples vertically. T~e 

unloader· can be automatically Indexed to place any one of twentj tut:M 

undE'r the input pncurnat ic line. Thl' unloader is mounted at the top of 

cased hole whtch e•tl'nds underyround for shieldin~. 

t f1 1 Control and I)Qta A rqumtion 

!he .:.~:::rCll and <1Jta acqu•stt io11 systc-.> is ,ormally controllt'd ty l 

POP-11/)4 miniC0111puter, A !>E'COnd C()t1\Juter, a rOP-11/f>O, IS used fJt 

oro-line dat~ andly!>is. r.cth Cll'"I'Ult>rs are conf1qur~<1 su'f•ci.-ntly a1•H 

tht! e•thrr t<'-''f'ut•~r cc~n co~tr'>' !he J•JtQI!Id•ed s_ystc•• hy ch.t"9i"9 one :~IW 

brandt hiyl • .o11 CJble frOt" one CA~IAC u>tcrfc~ce to the other, thus s¥111~1 

c1n be run ever 1f the I'Oi'-11/34 m:~st be taken do.n far mai"ten<~nce. 

All hardwt~r.: in the system art interfaci'!d t'l ttte co·•~ral a11<1 
d~:· 

d~'l'• i!, It \•;n co. 'l"ito:r throuljh CAAAC.. A. Micrlll rogrc~nnable !:ranch Cr•·•e' 

;:·lt\:l) ioterfdC<·S t•orec ro.t're•! rAl·/IC cr.nes ~:l the c•l•·:.utt:r. 
T11e ~121J :. 

i•n:ializ••d Jll:l <1own-l• nc 1 oaaed f ro•·• !he rOP·Il c~•uter wi".h I' 

interpretiYC rro<Jra•rt. 11\e ~0 cc1n Q~;tJ•ut t'l am.l dCt<lilre ddt.s fro" ,·~",:: 
o:odo•l <:!S wi ~tti" the crcttes i., para lie 1 .,.; ~h the c:~ uter c~nd 1> proo;r...,.....~ 

Beca~se of :~ I 
t'l i.,terru1>t the PUP·ll wht>11 It has finished a process. I 

I 
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modular CAMAC systea, repair, replaeeaent and/or substitution of IDdules, 

and conftt~ratton change or upgrade h c~arathely easy and raptd. 

The i"ttut and mvement of saraples to and from the reactor and to the 

neutron and gamma-ray counters ts controlled in real time ~ a precision 

CAIW: t11111r module which generates an interrupt every second. The numerous 

solenoid actuated air valves tn :the pne~~~~attc syste111 are driven by 

solid-state optically isolated AC relays which are activated by a CAMAC 

output register. Photo detectors ate installed in the pneuaatlc system to 

detect the passage of samples at eleven locations to detect any 

-alfuncttons. The outputs from the photo detectors are fed Into a special 

CAMAC module which can latch the data (sample passage) until it Is read. 

The ll&utron detector used in the system is described !n detail 

e 1 sewhere. Z The proportional signal from the neutron detector array Is 

preampltfled by a special preamplifier for large arrays of detectors and 

amplified by a standard NIH amplifier. The output of the amplifier Is fed 

into a single channel analyzl'r which Is set to geftl'rate a logic output for 

input pul,es generated by delayed neutrons stopped in thl' detector. The 

neutron e~ents c~re counted in a CAHAC scaler which can be cleared and read 

by the c~ter. 

The neutron flux Is ~nltore~ during all sample Irradiations wtth a 

fission ton chamber. The bias current which is proportional to the thermal 

neutron flux. is fed into a current to frl'quency converter. The output of 

the converter ts counted for the duration of all irradiations and is thus 

proportional to the Integrated neutron flux tn the sample. 

Each multielement analysts system utilizes four Ge(li) ~-ray 

detectors with integral charge sensitive preamplifiers. The preampltffed 

J.,..,.,.,. ~ 10(/981} 
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t 

signals are fed to high-resolution spectroscopy aiiP11f1ers connected to I 
conventional nuclear AOCs set for 4096 channel conversion gain. 

.......... ,., of ... ""' ........................ .., ....
.... .: I 

word CAHAC metnOI"J IIIOdule lldlich is autOIIIati .. ally 1ncrl!lllented with eadl ,. 

conversion. The 111et110ry modules can be cleared. read out, and enabled or 

disabled to accept digital conversions on c011111and frcm the computer. lilt ( 

4096 word store ~~emory IIIOdules have 16-blt words and can accUIIIUlate 651 I 

events per channel before overflowing. When a channel overflows, ill/ 
interrupt to the Cllll\'uter is generated and the overfl011ing ~ry locatlat. 

IS ~ad Into the data acquisition computer and stored in an overflow tablt. 

Since the s.t~~~ples counted vary greatly in gaJIIIIIit-ray source strengt~. • 

it Is necessary to correct gross count rates for each sample ~ .easurl~ 

the percent dead time of the AOC. This is acc~llshed by counting t 

10 MHz oscillator (real t1me) and the s~ ui,lllator source gated~~ 

'~~~:-~ :lt~~-;~~~- ;· . _~,:··.;~ ... !,f.>,·~~y: ~~. ·. ~--;. 
,-!.·~'to~-"'./··:-~ 
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samples aay be analyzed 1n a noraal day s~ift with the reactor at full 

power. Each sample cycle takes approximately 32 minutes to complete. thus 

there are as many as 15 samples In each system at any given time. The 

program executes a number of steps every second Including reading photo 

cell latches and other diagnostic Inputs. and handles asynchronous 

interrupts including ~ry module overflows. All dtsk and magnetic tape 

Input or output routines are flagged for execution during the synchronous 

time critical loop but are actually run asynchronously at low priority 

background level. The program automatically backs up accumulated gam.a-ray 

spectra to magnetic tape and stores all pertinent data Including 

Irradiation times and fluxes required by the long half-life analysis 

program. 

The multielement analysts program for long half-life activities, 

LONGS, tncludes only a gao~~~~a-ray. counting cycle for each sample. The LONGS 

during ADC busy (live time). 

with each gamma-ray count. 

2. Software 

(a} Control and Data Arquisiticm 

The rea 1 tIme and 1 iwe t ltlll!s are accumu lattc Program loads and counts up to 400 samples which have normally decayed for 

{ 14 days after being processed by the SIIORTS program. The LONGS program Is 

f run at night while the reactor Is shut down and processes a new sample 

I P.very 360 seconds In each system. Each sample is typically counted for 

1020 seconds. 

Two basic programs e•ist to acquire 1) Multielement data fr~ sho~ 

half-life Isotopes, and 2) Multielement data fr0111 long half-life isotoPfS· 

The 111.1ltiele1111!nt analysis program for short half-life acthtties, SHORTS· 

in addition to the delayed neutron counting cycle, includes a 20-111111111'1 
decay period. an a-minute ga~~~~~a-ray count period, and an add it tonal ql 

second irradiation for each sample. The program Inserts a..- s,..,le ti!tl 

.. " , ...... ", ............ ~~ ... ...... ..... , .. ..., .......... _of "I 
4f>b 

l ~ Olea 70 ( 19811 

fb} (itlmmJHay Data Reduction 

The computer program for gamma-ray data reduction, RAYGUN, Is a 

vartant of GAMANAL3 tailored to the POP-11 and the specific requir~nts of 

the HSSR project. Data to be analyzed are shipped to the Data Analysts 

Computer as a 4096 channel spectrum tn which the data of the ftrst 30 

I.~ O'wiiL 10119821 
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channels have been replaced by a header block of constants required far 

data reduct ion. 

The RAYGUN analysis code requires approximately 24K words of POP-1: 
l 

metN>ry in wtttch to run. A single spectru11 can be fit, gaana-ray Ptel! 

1
. 

~f~~~~~entratlons ca 1culated In approxi..ately r 

second~ --- .. ··-·-. j 
.. ----~ -----------

I 
Sysam perfonnaac:e 

f 
ThE' analytical detection of uranium using DNC has ~n employed 1'1'1 

m.any years. 4 The standard ONC measurements In the syst!!lll are ca libra!e 

for fhed irradiation (20 sec), decay ( 11 sec). and count (30 sec) tilt' • 

using satuples of known natural uranium concentrations. The counting scllftll 

IS less than opttm.al but results in a high specific sensttlvltJ 1J' 

geoloyical !>.,..,.:.,s (e.g., a four-grdlll sa"''>le 111ith 2 ppn1 uranium 1111!1 7:t1: 

~000 net neutron counts 111ith a statistical accuracy of 1.41). • 
The INAA techniques e"'!>lOyed are novel only in respect to the ~·11 

I 

degree of automation and analysis volume. Sample irradiation times «" 

selected after a review of data taken on HSSR samples prior to construe~'"" I 
of the automated systl!lll. Short and long sample lrradiat Ions of 20 and 0! • 

seconds induce sufficient activity tor sample masses greater than 1 ~' .. 
and prov1de good counting statistics for the majority of eleme~~ • 

Interest. Only ..hen sample weights of less than 1 gra111 are used does t"' 

counting rate fuf several elements become ~rglnal. 

The samples are counted directly in their Irradiation vials. 
TJil 

'II 

vials are sufficiently free of trace elements that analyses are taade 
111 

no blank subtrtction. Counting room background subtractions are rtf. I 

~ 
I 
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t~~~~en 

l.Dwtr limlu cl dluctlae· 

Element Detection Crustal Etanent Detect ton Crustal 

ltmit Average Lilllit r.verage 

AI 3200 8.231 Mg 2700 2.3~ 

As"* 3 1.8 Mfl ~~ ~0 

-------- r---tl..Ul> ll.004 I 
Na 1000 2.361 

Br 
... 

4 2'.~ Rb 13 90 

Ba 1!10 42~ Sb 1 0.2 

Ca 1000 4.1~\ Sc o.g 22 

Ce 10 60 Se 5 o.o~ 

Cl ~0 130 Sm 0.4 6.0 

Co 1.7 Z!i Sr 110 375 

Cr 10 IOU Ta 1 2 

Cs 2 3 Tb 1 0.9 

~y 0.7 3.0 lh 1 9.6 

lu 0.4 1. Z Ti 7!i0 O.!i7l 

fe 1100 ~.b3' .. v 6 JJij 

Ga"" !i 1!i Yb I 3.0 

ltf }. 3 3 Zn 11 70 

t( 3400 2.09~ u 0.01 2.7 

La 7 30 
.... I 1.5 

lu 0.1 u.s 

• All values are given In ~arts per million except as noted. Detection 

limits were calculated on the basis of a typical 4-graM sample of stream 

sediment run at maximum throughput. 

••observation requires an additional count at 4 days. 
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required. for short-lived activities since contributions to the nuclides of 

interest are negligible. Minor contributions to 46St, ~9re, 60co, and 65zn 

are present wlten counttng long-lived acthities. Provision for discrete 

badtgrcasnd s\lbtract.'on ts incorporated in the analysts code. 

At Malll- thf'OU9bput tnt: ~ut.OIIIIted systt!lll yields elellefltat assays for 

ll ele.ents fro. the •shorts• anat•sfs (~. ~. At, Cl, K, Tt, v. Mn, Sr, 

Oy, and U (by DNC)) and 19 elements fr011 the •10ft'JS• au1ysts (Sc:, Cr, Fe. 

to, Zn, Rb, Sb, Cs, La, Ce, Sal, Eu, Tb, Yb, lu, Hf, Ta, Au, and Th). 

Typical detection limits for most of the above elements are well bel~ 

average crustal abundances and are below 1 Plllll in several eases (See Table 

It). Uncertainties tn the measured trace-element concentrations an 

usually less than 101 at concentration values one order of magnitude abo¥t ! 
the lower detect ton limits. 

I 
Dilr:alion 

The automated activation analysts system has thus far been used .,stlJ 

for high volUIIIe analysts of stre1111 sediment sa..,les for the HSSR. tleor 

software has been written to allow IUCh more flexibility in the choice ~ 

Irradiation, decay, and count times. These changes allow a .uch great~ ' 

vartety of sa~~ple size and Rliltrh to be analyzed with greater sensithitJ 

and precision with the advantages and reprodueibtl1ty5 of a fully autout~ 

lftAA syste~~o With add it tonal ga1111111-ray counting at tntel'llll!dtate cteel1 

ttmes (e.g., 4 days) additional elements can be observed (see Table Ill· 
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