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ABSTIACT

A thirty year old Liquid waste dlaposal site at Los Alacws Sclentifle Laboratory
s been cored and o portion aof each six tnch increaent snalyeed for plutonfum
g americtlum,  The site cecelved unprocessud lov luvel wanty solutfons (rowm
{945 to 1951, and tredted vaste effluents from 1952 to 1967, The sctinidn
cuntent of eoch core increment wuy dolurmined by lov energy photon spectruscopy
utiiizing the characteristic L xe=cays of wach nuclide, The data obtnined are
presented an o histogrom und compared to gross activity mensurements made at

the site,

A luborutory simulatiun of the site vas aulso prepared usfuy simuloted waste
sulutiune and a epecioen of disposnl wite's geolugic materlal, tuff, a velded
voleonie ashy  This staulatlon van sculed awd propordioned asccording tu
archival records of the vrikinal wlte, The resulis of this experinent ure
compared with measuremvoty £rom the actunl core susple,

{HTRUDUCTION
(
One uf the soat werivus problems cunlronting the nuclear energy indusiry tp .
the long term fnolatton of cadlusctive vastes, Tronsurahsc uvlesents contalned (}
in such waste cuntribute signilicantly to the hazard, buth in toxicity and “
pursistence,  Vhatever method Ly Cloatly chosen to contaln thene vasten, e

access of the actinldes (o the waviromsent nust be restricteds  Deep terrentetal "
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burial with odequate buffer gunes uppeay Lo by one of the nost pronlsing
upproachen, Oetsils of such o avthod have not been worked out but it seesw
rensonuble to assume high luvel procuss waste svlutfons will bu calcined and
converted to veronics or giasses before jvading into retriwvable contulners,
Thete contuiners would then bo Inserted into avfected pesloglc formations at
apprupriste dupths {51000 muturs) tn isolsicd geographle locotivns, In aptte
of these precoutions, vae wyst cunsider the rock or uthee guuvlugical siratum
tn which the waste [liled contatners have been burfed as the ultinate barrier,
Corroslon und leaknge may violute the integrity of any contuiner over the 10?
year timw epan requleed for safukeeping,
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An underwtonding ol che algrotionol behavior of actinldes ln geclogical muterlal
Is thetefore extremoly impurtant, Since therw are no vpsratlng dispussl siten
an described; the information obtained up to now hus been the resulc of
supposition, thearetical moduls and in vur vvn cise sesll senle laburatory
sudelis: fapurtant as these vesults are, they do not slininote the need of a
large acale pilot plant on=site experizent,

Hovever, weveral wites exist which have recelved lov level wasta, One such
has been svlected for this studyi & liquid vaste disposal trench at Los Alomun
Behentilfic Laburatory that vas used [or vastu diaposal starting in 194%, This
wite dues not match the description of an ldeal disposni method since 1iquid
was pusped dirsctly Into a trench excovated Ly porous roek and allowed to
parcolate downvard: Howsver, {4 can be consldered as a vapld accelvrstion of
what could vccur In a deep reposttory in vhich vater latruded,

—
MATERIALS AMU RETHODS
W
(14
The original disposal sice ((in, 1) 4o constructed fn 1945 nt Lux Alanca -
consinted ol four trenchem of trapezoidal cruwn section 120 feet long, 20 feut )
wide and & fevt deep, The foutr trenches were srranged in a square configuration —
with the [irsc tvo connected to the process plant by o tee pipe, The primary w

trenclies Vere connected by overflow pipes to the uthee tvo trenchea. 1t wvan
near the discharye and of onk of the nverflow pipes that coring vas done for
the sumplus reported on hure. Ench trench was f{lled with coarse rock debris,
grading from lorge boulders ip the hottom to sand at the surfoce,

Unprocesawd vasie solutions were dincharged to these trenches from 1945 to
1252 Estimites vl the chenlcal compoaition and pluroniun content are boased
prinarlly on data collected tovards the end of thot perlcd, Beginning in
1932, through about 1967, the trenches received varylng wnnual voluans of
elfluent from o Llguid wante trvatment plant] no unprocessed vastes vers
Jdischatged oftur 1932, Thu ustimated chemicnl composition and plutuniwm
content of the -suste discharged to the trenches is Indicated in Table .

Some sddltional [LUL was added tu the arun during the late 19608 and 1970s,
ralaing the ground murface to o neter or so above the tup of the trenches,
Pruchpitation taliing on the arva i» prudominantly veevaporsted to the alr, or
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TABLL L
COMPUSITION OF EFFLUENTS

bare Yolumu Chumical Plutoniun
(gulious) Componltivn Concentration

1943 - L4 x 07 160 ppm 17, 60 c/n/al
19350 13 ppe N)lh
1981 ~ 1.0 » 0% *Cone® 7 x 10? c/n/mi
1931 assoniun

cltrate _

200 ppm ¥
1931 - 4,0 x 108 0. 1% Trace
1967 nn.'m’

1i8

¥
produces frowdfate surfacy Jmnr:
the annual precipitotion of 00 ¢
distribution of the vaste mlriuuv
For oodeling purposed, {t vak ast
collected rucceived ton percopt of

Cores wera taken ot aix lnch%tmr
accunplinhed vithout water for o
wit packagud in armall polyethylen
Laboratury, Each sanple vas gprov
use (o prevent cruss contaminat ie
into o sasple hulder. Sample ho)
snuares & cm on a side vith n 5/}
callovhans tape oh ench side fore
0.4 =l of puwdered muterlaly  The
Sevaral analytical wsethods for du
bufore chovsing low energy photun
by nipha proportional counting v
sanplen to insure conpletm recove
offers the greatest sensitivity,

and, nithough prosising, oltfurs n

The spoctrometer consints of a pl
by 5 mn thick, [tx nhallow desiy
enirpy photons,  lts seall diamset
350 oV i the L xerny reglon, and
wuthre delvctorecryontnt sasenbly
backgpround ahiedd vith a graded »
L x=ruy roglon §s 0,27 ¢/m A mu
contrulied real tlee dota acquing

in operation, nll namples were co
fug vas acconplished by inltial »
fron o snzplu spectrun, <“TAm th
kal' photopeak and that value used
in turn vas subtracted from the w:
x=ray contritution from Lhat port
2y wak then duterained by wuse.
spectromvter efficluncy vas collh
an ldentfcal mannnr to the saeple.

A laboratory sisulation of this o
validity of our wodeding techn g
taken neor the nite vas cut {nte
surlface van vaxed to testrlet late
vas attached to n glaes tube uhicl
vere to porcolate the rock, Wasts
3Py cracery thy latter fn place
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pruducen lamedinte surfoce runoff. A small fraction, perhaps luss than 5%, of n',
the annusl precipitation of 460 ma Infiltratun the vasty trenches, The actusl }i {
distributton of the waste wolutions within che {our treaches (s not known, n
For moduling purposes, Lt van assumed that the trench {roa which the coro was {

coblectud recelved ten percent of che total Jischarged,

uceunpl inhed without vater for Lubrication or cooling, A portion of each cote
vas paciased In senll pulyethylene bottlen and shipped to Arpomne National
Labseatury, Each somple was ground In o hew mortar which wvas discarded ofter
use t5 prevent cross contamination, dried four hours at LW0Y €., and loaded

tute o sample holder, Sample holdurs were constructed froc 2 ea thick enrdboard
squaren 6 co on g olde with o 5/8 inch holo In the center. A single strip of
celiophane tope on vach slde foroed o thin, vafursshaped cavity which contafned
0.4 ul of povdered miturial, The avernge weight of vach saoplu was 0,35 g
sSeveral annlytienl methods for deterstining octinlde content wre conaldered /-
befory chousing lov energy photon spectroscopy, Chemical separativn followed -
by slphn propertlonnl counting wiav rejocted buenune of difficulty in dlesuiving

wamples to lnsure completw recovery of thy actinides, This methad, however, .'.'
olfars the greatost senwitivity, Neutron nctivation annlysis wvas alao tried .
and, althourh proatsing, offers no greater sunsitivity than our chosen osethod,

Cures ware taken at wlx Inch intervals to n depth of 20 feet. Drilling was :"‘( j.‘
e

The dpvetroseter cunuises of a planar Lithlus drifeed permaniun dutector 2 en?

by 3 on thlek. 1ttty shallow design vounlts Lln o tow backprowmd {ron hiph o,
vhurgy photonds [ty wenill dlaoeter i 4 compromise between hipgh resolution, .
350 wV in the L it-ruy reglon, and good peowntric uificlency, about 8%, The

entlee Jotector-cryontat awwenbly win contained tn a large 6 inch thick uteel

buckground shield with o4 graded xeray Liner, The resulting bochpround in the

Loxetay region 1 0,27 ¢/ny A multichannul analyzer coupled to o computer R
controliud real tiew datn acquinition system coapletod the upectroauter.

In vperation, all soaples wore countud for u pinioun of 15 hourn. Data procesa=
{og van acconplinhed by tnitlal subcractlon of o normillzed background count
from o sample wpeetrum,  2%1im then uaw doturasined by Integrating under the #0
k¥ phiotopesk ond that value used to normalize a standard ¢“'An spectrun which
In turn was wubtrocted froo the snmple spectruns This gtep eliminoced the As
N+ray contributiun from that pertion of the specirum due to the Pu xeray,

3%y win thun duteratned by summing che Intograls of the three L xerava,  The
spoctromutey ol fleteney van callbeated using synthecie standardn prepared In

an Wentlcol manher to the sasples,

A laburatory sloulation of this site van prepared primarily an n test ol the
valldity of our sodeling techniques (18, 2). A speciron of Low Alamos tuff
Loken near the wite vas cut {nto a cylindricnl plug 18 = 77 a0 The curved
nurlace vas vaxed to resceict laceral flow of liguid, The eylinder of rock

wou attached to a plone tybe which served an o reservolr for liquids vhich

were to perculate the roek, Waste solutions were syathusized from <%¥m ang
Vg procer; the latter o place of <37y to facllitate lov level detersinat fon,
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solution velumvs and concentrations vere proportional (s closely as possible
trow avatlable Los Alamus records) to purmit an arblirory scale of 2,2 ftfcn
The synthetle vaste solutlons veee then delivered to the tost specisen fn the
sawe suiuence on ot the site at a contrulled rato of 2 mi/bour using a metering
pusps  Disposal at the site, however, vas not continuous but eacher sporadle.
Since nw record of the eycle ts avallubluy no attenpt vas made to repruduce

Its We Fully realize the complications such simplificat fon of tiw wodol would
produce but fult the chance to compare wven a crude model te an actual site
Justified this approach, The effluent vf the colum was collected ond prepared
for anslyesin, AL the conclusion of the experiment the aspecimen vas recoved
from the spparatus, dried, cut Into 0.5 cw sections, and also nnnlyzed by
aapna spectrometry to deternine the distribution of the actinldes i the roek,

RESULTS

Exsuinntion of the actinide content in tha core (fig, 3) showed that detectable
amountu of (hese nuclides did indesd migrate dowmvard uwader the prevatling
conditions to 20 feet belov thu bottom ol the trench, Klevated concentrations
of both nuelidew are fuund at teaw than | fool and et 13 feat. The bulk of

the smericium lw contered around the 9 foot marks Hotevorthy ts the nbrupt
dininution of plutoniuvs and americlum balov 1) feet: {n fact, only 0.2% of the
detected slutunium wne below that level. On the other hand 455 of the plutaniun
var | foot or lesw from the bottom of the trench,

The distridutton of actinfdes dn the salwulated sodel (flg. &) 48 in excellent
agreesmit with our earlier wdueling vork using tracers and simolated rain
(Feled ot uliy W976), Characturistic of these datu ure strony retention of
actinldus at the near nurface with exponentinl talling downvard. In additton,
plutonium exhibity o wecond concentration band beyond this tall, The percent
of plutonium in this band I8 o lunctlon nf the prior chemlcal trenteent of the
tracer materlal, The chamiutry of plutonium is complex, existing in a IV, ¥,
and & Y1 onldation state: Polymeric states sre also known at high pH. The
strongly retalned lurge pedk ot the sueface ix sost Likely Pu(lV), Thu fauvter
woving specles Ln not so readily characterized, The amount of fast eoving
plutonium in tiv wodel haie Jepleted in wuch smaller than earlier modely,
reflveting, perhape, the lover pll of the feed solution, It apposrs in the
histopram 5m a slight rise ut b cn vith o rapid drop.  An exanination of the
eluent {fip:-3) from the mniel nhovs no readily discernable pattern, It
contalne nv umaclcium mud anly 3% of the plutonium: It dous Indicate the
wobilizing influence of the varlous wnste solutions upon plutonium,  Most
interasting is the vapid drop in the ulution of plutoniun once vatar has
rinsed the waste sojutlonn From the rock and s the only eluting agent. This
agreey vith previous work which shows that disteibutlon of plutonius lu depen=
dent upun the conlitione of loading on the rock such us chealcal composition
and vate, Onee plutonium iy adworbed by the rock, the setual vater inducod
migration In axtrenely slow,
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concLustons

In order to compure tesubts of the wodel to rusulty from the actusl uily,
cartaln reservations sust be underwtood, The mudel constructud in the labora=
tory was peimarily o chemical podels 1t could nut reproduce peolugic conditjons
of the site, the wose prominent of which are [ractures in thu rock which can
gteatly acculurate ur retard the flow of solutions through n stratum dipending
upun whether they nra void or clay f1lled, Such geolopic fentures contribute
to the charscter of the site data and, in fact, may vutvelpgh the chemical
eflacts, For exaaple, examinstlon of the core indlcated the presence of
clay-filled fracture at appeoxizacely 16 feat, This fructure apponred to be
rantricting downuard flov of nolsture, possibly accounting for the reduced
astivity below that depth {n the core. Neverthaluss, the model currectly
predices the Large surface concentration for plutanium as will au n wixioun
dupth of penetration of L4 feet, The intter §s based on the eoduling scale of
2,2 ttlem, Our predictions {or americiva B not fare nenrly so vell, Inwtesd
of the pear suriace pesk predicted by the svdel, asericiun vas found at the
site in o Giffune band near Y feet. The danger of inferring too wuch from a
single coring cxperimant ns obvious, Therefors, oore corlngs and evalust fons
nre plasned and under vay vith the hope of resolving the discrepanciey anyg
confiraing the predictions.
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